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Abstract

Health Technology Assessment (HTA) is one of the mechanism for High-level management or
policy-maker to make use of academic data to support decision making process as to obtain
efficiency in allocating of health-resources. Therefore, ultimately ensure benefit maximization and

cost-effectiveness.

In year 2557, World Health Organization (WHO) gave global support to strengthen HTA, especially
in countries where Universal Health Coverage Scheme have been employed. Since year 2551, HTA
has been adopted in decision making process in the realms of policy-making in Thailand. However,
the use of HTA is not yet rampant due to limitation in workforce specializing in HTA, and the fact
that there was no standard operating procedure (SOP) to use academic data to conduct evaluation
in an official manner. Under Thailand Research Fund (TRF) support, an aim to strengthen Health

Intervention and Assessment Program under Health Policy and Strategy as followed:

1) Develop capacity building for young junior researcher, and HTA health professionals.

2) Conduct HTA research to be used in policy making decisions in hospital settings and at a
National level.

3) Develop methods, tools, and guidelines necessary for HTA evidence generation locally.

a) Research and develop systems and mechanisms to promote the official integration of HTA

information to be incorporated into policy decisions, including resource allocation under public

health plans.

Under TRF support, from 25th of September 2555 to 24th of September 2558, Health Intervention
and Technology Assessment Program (HITAP) recruited 15 young researchers and subsidized 8
researchers to further studies at both domestic and aboard institution. Fellow researchers under
the supervision of Dr. Yot Teerawattananon, whom received funding under Senior Research Scholar
Program (SRS), had completed 46 topics of HTA researches. The outcome of researches were
presented to policy-maker of 17 for domestic and international organizations. Out of 46 topics,
there were at least 35 were selected for policy-making decision. HITAP does not only conduct
research to support the policy-making process, it also conducts studies to measure the quality of
life for Thai citizens. In addition to this, 2nd edition of HTA manuals were produced as guideline to
conduct HTA. Besides developing researchers’ capacity by building research experiences, and
making improvement on tools used to conduct HTA research, research dissemination was another
activity to arouse people’ interest, educate public, and draw in stakeholders as to acknowledge
them on the importance of HTA. Communication methods were selected for various target group

such as policy brief, researches reports, pamphlet, and presentation of studies in academic



conference. Additionally, 22 domestic and international peer review journal were published, which

exceeded the target set by TRF.

In the lisht of HTA development from year 2555 to 2558 lead by Dr.Yot Teerawattananon
demonstrated accomplishment in performance according to the objective of SRS, and exceed the
target set by TRF. Moreover, the work of HITAP, and HTA in Thailand was recognized internationally
by World Health Organization (WHO). Consequently, HITAP was able to obtain additional funding

for development of HTA in other countries as well..

Keyword: HTA, Capacity building
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Abstract

Background

Inborn errors of metabolism (IEM) are a rare group of genetic diseases which can lead to
several serious long-term complications in newborns. In order to address these issues as
early as possible, a process called tandem mass spectrometry (MS/MS) can be used as it
allows for rapid and simultaneous detection of the diseases. This analysis was performed to
determine whether newborn screening by MS/MS is cost-effective in Thailand.

Method

A cost-utility analysis comprising a decision-tree and Markov model was used to estimate
the cost in Thai baht (THB) and health outcomes in life-years (LYs) and quality-adjusted life
year (QALYs) presented as an incremental cost-effectiveness ratio (ICER). The results
were also adjusted to international dollars (I$) using purchasing power parities (PPP) (1 1$ =
17.79 THB for the year 2013). The comparisons were between 1) an expanded neonatal
screening programme using MS/MS screening for six prioritised diseases: phenylketonuria
(PKU); isovaleric acidemia (IVA); methylmalonic acidemia (MMA); propionic acidemia (PA);
maple syrup urine disease (MSUD); and multiple carboxylase deficiency (MCD); and 2) the
current practice that is existing PKU screening. A comparison of the outcome and cost of
treatment before and after clinical presentations were also analysed to illustrate the poten-
tial benefit of early treatment for affected children. A budget impact analysis was conducted
to illustrate the cost of implementing the programme for 10 years.
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Results

The ICER of neonatal screening using MS/MS amounted to 1,043,331 THB per QALY
gained (58,647 1$ per QALY gained). The potential benefits of early detection compared
with late detection yielded significant results for PKU, IVA, MSUD, and MCD patients. The
budget impact analysis indicated that the implementation cost of the programme was
expected at approximately 2,700 million THB (152 million I1$) over 10 years.

Conclusion

At the current ceiling threshold, neonatal screening using MS/MS in the Thai context is not
cost-effective. However, the treatment of patients who were detected early for PKU, IVA,
MSUD, and MCD, are considered favourable. The budget impact analysis suggests that the
implementation of the programme will incur considerable expenses under limited resources.
A long-term epidemiological study on the incidence of IEM in Thailand is strongly recom-
mended to ascertain the magnitude of problem.

Introduction

Inborn errors of metabolism (IEM) comprise more than 30 genetic disorders that can lead to
several serious long-term complications to neonatal and young children [1]. Without rapid
diagnosis and appropriate treatment, these diseases can cause mental retardation (MR), physi-
cal disabilities, and even death [2]. Although the incidence of IEM seems to be low and varied
among different ethnicities [3], high incidences are found in the North American and Euro-
pean populations with an incidence of 40.00 and 29.51 cases per 100,000 live births respectively
[4, 5] whereas the incidences of IEM in Asian populations range between 16.08-26.35 in
100,000 live births [6-8].

Tandem mass spectrometry (MS/MS) is an advanced technology that has the ability to iden-
tify more than 30 diseases [9] by testing compounds from a single dried blood sample collected
from infants during their second to third days of life [10]. Analysis for identifying each condi-
tion is simultaneous and rapid with high specific sensitivity (100%) and specificity (100%) [11].
With this technology, many high- income countries such as Italy, Denmark, Canada, Australia,
Qatar, and Taiwan have expanded their neonatal screening programme in order to cover more
IEM, which in the past consisted of only phenylketonuria (PKU) [12].

In Thailand, a neonatal screening programme was introduced in 1996 to screen for PKU
[13]. Currently, PKU is the only disease screened among the IEM group and the screening
method used is the Guthrie test due to its simplicity and inexpensiveness. For other diseases, to
date, no study has been carried out to identify the magnitude of the problem especially in
terms of incidence and/or prevalence of the diseases in a systematic way. Without such funda-
mental information to support the necessity of advanced and expensive technology, convincing
policy-makers to introduce MS/MS as a population-based screening tool in Thailand will be
very challenging.

So far, many studies have shown that MS/MS is cost-effective in their specific country set-
tings [14-22]. However, due to generalizability and transferability issues, the results of the eco-
nomic evaluations in the original country of study cannot be transferred to other countries
because of the differences in multiple factors (e.g. demography, epidemiology of disease, health
infrastructure, clinical practice, and healthcare cost) [23-25]. Thus, this study was conducted
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to determine the cost-effectiveness of screening and treatment for selected IEM in Thailand.
The result of this study will be mainly used to support policy-makers of the National Health
Security Office (NHSO) to determine whether this screening intervention should be included
into the benefits package of the country’s Universal Health Coverage (UHC) scheme.

Materials and Methods
Selection of IEM disorders

By recognising that screening all diseases detectable by MS/MS may not be possible in Thailand
where healthcare resources are limited. For example, with a small number of physicians who
specialise in IEM treatment, managing medical care for all detected patients is impracticable.
Therefore, only most significant diseases will be screened for an initiative period of the pro-
gramme. Among the diseases detectable by MS/MS, we prioritised which diseases are appropri-
ate to be included in the study. We first held an expert panel of IEM specialists (DW, NV, PW,
VS, SP, and CK) from four major hospitals in Bangkok where most of the IEM patients are
treated to help with the selection of the diseases, including Siriraj Hospital, Ramathibodi Hos-
pital, Chulalongkorn Hospital, and the Queen Sirikit National Institute of Child Health. The
selection criteria were modified from the principle of population-based screening proposed by
the World Health Organization (WHO) based on the recommendations of Wilson and
Jungner [26] which included the magnitude of the health problem, availability of technology
(screening and treatment), safety, and effectiveness of the treatment. As a result, six diseases
consisting of PKU, isovaleric acidemia (IVA), methylmalonic acidemia (MMA), propionic
acidemia (PA), maple syrup urine disease (MSUD), and multiple carboxylase deficiency
(MCD) were selected for an economic evaluation.

Study design

The cost-effectiveness analysis followed the standard guidelines of economic evaluations [27,
28] with present health technology services as the comparator. Thus, the analysis compared: 1)
the current practice—or “pre-expanded newborn screening programme”—where only PKU is
screened using the Guthrie test and PKU patients received early treatment whereas the other
diseases detected were treated after symptomatic presentation; and 2) the “expanded newborn
screening programme using MS/MS” where the six prioritised diseases were screened and
treatment was given early or before symptomatic presentation. The costs and health outcomes
of these alternatives were then compared by taking the societal perspective into account as sug-
gested by Thai Health Technology Assessment guidelines [29].

The health outcomes of interest were measured in life-year gained (LY) and quality-adjusted
life year (QALY) gained. A discount rate of 3% was applied for both the cost and outcome [30].
All costs were subsequently converted to year 2013 adjusted using the consumer price index
medical care for medical goods and services and general consumer price index for those non-
medical and other costs as recommended in the Thai health technology assessment guidelines
[31]. The analyses were performed in Microsoft Excel 2007 (Microsoft Corp., Redmond, WA)
and the results were presented as an incremental cost-effectiveness ratio (ICER) in Thai baht
(THB) per QALY gained. For intercountry comparisons, costs can be converted into interna-
tional dollars (I$) using the purchasing power parity (PPP) exchange rate of 1 I$ = 17.79 THB
(2013) [32]. This analysis used the cost-effectiveness ceiling threshold of one times the gross
domestic product (GDP) per capita (120,000 THB ~ 6,745 I$) per QALY gained as recom-
mended by the Health Economic Working Group under the Subcommittee for Development
of the National List of Essential Drugs and the Subcommittee for Development of the Health
Benefit Package and Service Delivery of the NHSO, Thailand [33].
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Analytical model

A probabilistic multivariate model was conducted using a combination of a decision-tree and
Markov model that followed a cohort of newborns with a cycle-length of one year. Our model
consisted of newborns at birth starting either at the stage of being at risk for one of the six
selected diseases or the normal newborn stage. Next, these newborns were able to transit
through three possible scenarios consisting of early diagnosis, late diagnosis, and normal new-
borns (Fig 1). After that, the affected newborns were followed by applying a Markov model to
capture possible changes in the health status for each year of life within the designated cycle-
length for 100 years or lifetime. This is to ensure that all cost and outcomes related to the dis-
ease and intervention were comprehensively accounted for.

Although the six prioritised IEM diseases have the potential to cause several severe clinical
manifestations, only the most common long-term complications were taken into account as
health states in this analysis (Fig 2). Since it was highly possible that a majority of IEM patients
would have neurological complications, this complication was deemed integral to the model
[1]. The other important long-term complications represented in the model were renal failure
in MMA and cardiomyopathy in PA [34]. Thus, the health states applied in each disease were
divided into three different groups based on the most common long-term complications: 1)
PKU, IVA, MSUD, and MCD (Fig 2A) were designated the health states of living without any
complications, having neurological complications, and death; 2) MMA (Fig 2B) was consisted
of the health states of living without any complications, having neurological complications,
having renal failures, having both neurological and renal complications, and death; and 3) PA
(Fig 2C) was presented the health states of living without any complications, having neurologi-
cal complications, having cardiomyopathy, having both neurological complications and car-
diomyopathy, and death.

Estimation of disease incidences

The incidence of PKU in the Thai population is 2.22 per 100,000 live births. This data was
obtained through a newborn screening programme at Siriraj Hospital—which had screened
over 180,000 infants born in Bangkok Metropolitan—as well as a continuity programme for
screening-positive cases [35]. Due to the lack of existing data on the incidences of the other
IEM in Thai setting, the present study adopted the incidences of other Asian populations—spe-
cifically the Chinese and Japanese—which were considered comparable to Thai ethnicity. The
incidence of the remaining five IEM ranged from 0.54 to 2.69 cases per 100,000 live births [7]
[8] (Table 1).

Transitional probabilities of long-term complications and mortality

Transitional probabilities, or tp(u) (i.e., transition to long-term complications and/or death),
are required for the Markov model to simulate the events of patients entering each health state
(Table 1). Our base-case analysis mainly estimated a baseline rate of long-term complications
using a retrospective review of the registered medical records of patients with the six IEM dis-
eases at the four hospitals from 1992 to 2012. The data consisted of clinical variables such as
the survival time, demographics, clinical complications, and patient status (alive/dead) of 119
patients (IVA =23, MMA = 20, PA =8, PKU = 26, MSUD = 32, and MCD = 10). The annual
transitional probabilities of long-term complications were estimated by employing nonpara-
metric methods and the annual probabilities of mortality were estimated using survival
analysis.

A parametric survival-time model was applied in order to derive a time-dependent proba-
bility of mortality for IVA, MMA, PA, and MSUD. In particular, a Weibull model which was
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Confirmation test +
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MS/MS Screening test -
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O
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Expanded newborn screening program Normal newborn
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Newborn with disease
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Diagnosed clinically . .
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_____________________________________ Normal newborn

Fig 1. Simplified-decision-tree. Comparing the strategies of expanding the newborn screening programme with the pre-expanded newborn screening
programme. MS/MS = Tandem mass spectrometry; PKU = phenylketonuria; M = Markov model.

doi:10.1371/journal.pone.0134782.g001

compared with exponential model was used as the AIC (Akaike information criterion) indi-
cated that it was more fit to the actual data. The survival function, S(t) which describes the
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Fig 2. Markov model. Health states transition of selected IEM. (A) represents PKU, IVA, MSUD and MCD; (B) represents MMA; and (C) represents PA.
PKU = phenylketonuria; IVA = isovaleric acidemia; MMA = methylmalonic acidemia; PA = propionic acidemia; MSUD = maple syrup urine disease;

MCD = multiple carboxylase deficiency.

doi:10.1371/journal.pone.0134782.9002

probability of survival as a function of time is [48]:

and

S(t) = exp{—H(t)} (1)

H(t) = o 2)

where H(t) which is the cumulative hazard; A (lambda) is the scale parameter; t is time in years;
and and ancillary or y (gamma) is the shape parameter that describes the instantaneous death
rate, the hazard rate h(t), which increase which time if y > 1.

The transitional probability of dying during the cycle, tp(u), is therefore estimated from the
following formula (where u is the cycle-length of the model):

tp(u) =1 — exp{A(t —u) — A’} (3)

For PKU and MCD, the reviewed data showed that patients who were admitted to hospitals
were all still alive which prevented us from capturing their lifespan by applying survival analy-
sis. In the case of PKU, the probability was adopted from the data of the United States’ national
survey on PKU[36] whereas the lack of long-term literature on MCD patients required the
experts to make the assumption that their mortality is equivalent to the normal population. In
addition, for all six IEM, apart from the probability of mortality caused specifically by the dis-
eases, the model also included death from other causes estimated from the Thai life table [49]

(S1 Table).

Sensitivity and specificity

At present, only PKU is screened using the Guthrie test. This traditional method yielded a sen-
sitivity of 98.50% and specificity of 99.50% [39] as shown in Table 1.

Due to a prior systematic review supporting the high accuracy of MS/MS [19], we assumed
a screening test sensitivity of 100% and specificity of 100% (Table 1). The expert panel also
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Table 1. Mean and standard error (SE) of transitional probabilities used in the model.

Parameter

Uptake rate
MS/MS sensitivity
MS/MS specificity
Guthrie sensitivity
Guthrie specificity
Incidence of diseases
PKU
IVA
MMA
PA
MSUD
MCD
Death from the disease®
Yearly probability
PKU Age 0to < 10 years
Age 10 to < 20 years
Age 20 to < 30 years
Age 30 to < 40 years
Age 40 to < 50 years
Age 50 to < 60 years

Age > 60
Survival analysis
IVA Constant for baseline hazard

Ancillary parameter in Weibull distribution

MMA Constant for baseline hazard
Ancillary parameter in Weibull distribution

PA Constant for baseline hazard
Ancillary parameter in Weibull distribution

MSUD Constant for baseline hazard
Ancillary parameter in Weibull distribution

Long-term complications (Yearly probability)

PKU Neurological complication
IVA Neurological complication
MMA Neurological complication
Renal failure
PA Neurological complication
Cardiomyopathy
MSUD Neurological complication (Age 0 to <1 year)

Neurological complication (Age 1 to < 2 years)
Neurological complication (Age = >2)
MCD Neurological complication (Age 0 to < 3 years)
Neurological complication (Age 3 to < 7 years)
Neurological complication (Age = > 7 years)
Relative risk of early compared with clinical diagnosis
PKU Mortality
Neurological complication (RR)
IVA Mortality reduction

Distribution

Beta
Beta
Beta
Beta
Beta

Beta
Beta
Beta
Beta
Beta
Beta

Beta
Beta
Beta
Beta
Beta
Beta
Beta

Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal

Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta

Beta
Lognormal
Beta

Mean

0.97

1.00

1.00
0.9850
0.9995

2.22107°
1.08 107°
2.69107°
540107
1.08107°
6.60 107°

2531073
2.881072
4571073
4391073
354107
3.2410-3
1.13 10-1

-2.515
-1.424
-4.070
-0.865
-3.970
-0.745
-4.790
-0.665

0.1340
0.0509
0.0897
0.0339
0.6838
0.0468
0.2778
0.3846
0.6250
0.0572
0.0646
0.0218

0.67
0.02
0.20

SE
0.0001

0.01
0.01

1.11107°
5.38 107°
8.50 107°
3.8010°°
5.38 107°
3.3010°°

0.721
0.371
1.690
0.532
1.662
0.477
1.123
0.289

0.0852
0.0549
0.0730
0.0487
0.2080
0.1056
0.1056
0.1147
0.1122
0.0774
0.0819
0.0487

0.03

Reference
[38]
[19]
[19]
[39]
[39]

[35]
(8l
(8l
(8]
(8l
(7]

Estimated from [36]

Medical record review
Medical record review
Medical record review
Medical record review
Medical record review
Medical record review
Medical record review
Medical record review

[37]
Medical record review
Medical record review
Medical record review
Medical record review
Medical record review
Medical record review
Medical record review
Medical record review
Medical record review
Medical record review
Medical record review

[36]
[37, 40, 41]
[42]
(Continued)
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Table 1. (Continued)

Parameter

MMA

PA

MSUD

MCD

Neurological complication (RR)
Mortality reduction
Neurological complication (RR)
Renal failure (RR)

Mortality reduction
Neurological complication (RR)
Cardiomyopathy (RR)

Mortality reduction
Neurological complication (RR)
Mortality reduction
Neurological complication (RR)

@ See S1 Table for death from other causes.

Distribution Mean SE Reference
Lognormal 0.28 0.11 [43]
Beta 0.25 - [42]
Lognormal 0.63 0.41 [34]
Lognormal 0.33 0.31 [34]
Beta 0.25 - [42]
Lognormal 0.73 0.30 [34]
Lognormal 0.46 0.95 [44]
Beta 0.20 5 [42]
Lognormal 0.23 0.11 [45, 46]
Beta 1.00 - [47]
Lognormal 0.00 - [14, 47]

PKU = phenylketonuria; IVA = isovaleric acidemia; MMA = methylmalonic acidemia; PA = propionic acidemia; MSUD = maple syrup urine disease;
MCD = multiple carboxylase deficiency; RR = Relative risk of early-diagnosed patients compared with clinical diagnosed patients

doi:10.1371/journal.pone.0134782.t001

agreed with this assumption that a sensitivity and specificity of 100% for both should be used.
As such, this meant that no IEM cases were missed by the MS/MS screening programme.

Outcome of early detection

A relative risk (RR) was used as the main outcome measure. The RR of the experimental or
screened group compared with the clinical diagnosed group on neurological complications or
other complications of each IEM disease—was obtained based on a systematic search through
Ovid MEDLINE and Embase. Detailed information about the systematic search is available in
(S1 Search Strategy). Where data was available, pooling RR was performed (Table 1). The effec-
tiveness in the reduction of neurological complication of patients with early detection of PKU
was calculated based on data from three cohort studies consisting of: a collaborative study of
children treated for PKU in the US [41]; a study in Italy from the Regional Center for Inborn
Errors of Metabolism [40]; and a retrospective study of PKU patients diagnosed and controlled
in Spain [37] (RR 0.02, 95%CI (0.00-0.09)). For IVA patients, the reduction in risk of neuro-
logical complications was estimated based on a literature review investigating 155 IVA patients
worldwide (RR 0.28, 95%CI (0.07-0.50)) [43]. Two case series reports of MSUD patients diag-
nosed in the US [46] and Japan [45] were pooled to estimate the reduction of neurological
complications (RR 0.23, 95%CI (0.01-0.45)). For MMA and PA patients, the review study of
cases around the world comparing symptomatic cases and those diagnosed through newborn
screening [34] was used to calculate the RR of neurological complications (RR 0.63, 95%CI
(0.00-1.00) for MMA, and RR 0.73, 95%CI (0.00-1.00) for PA) as well as the RR of renal failure
in MMA patients (RR 0.33, 95%CI (0.00-0.93)). The RR of cardiomyopathy in PA patients was
0.46 (95%CI (0.00-1.00)) based on a German study comparing PA patients diagnosed through
newborn screening and those obtained through clinical diagnosis [44]. In the case of MCD, we
assumed no long-term complications if early detection and treatment was provided as results
according to the report of American Academy of Paediatrics [47] and previously published
data [14] showed.
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An extensive search of literature was also conducted to determine the benefit of early detec-
tion for reduction of mortality in patients but no any robust evidence-based information was
found. Nevertheless, the potential data found could be an estimation of UK paediatrician on
reduction on death of early-diagnosed IVA, MMA, PA, and MSUD patients ranged between
20%-25% given to a previous study [42]. So, the information was adopted into the model. For
PKU and MCD patients, normal life expectancy was assumed for the effectiveness of early
detection which was supported by the data from medical record reviews which showing no
PKU and MCD patients died due to the disease (Table 1).

Screening costs

Two sample quotations of MS/MS manufacturers and distributors were obtained to estimate
the capital and material costs of the MS/MS screening programme. In terms of human
resources, a proportion of labour costs to capital and material costs from international publica-
tions [15, 16, 19] were estimated and applied to the analysis (Table 2).

To screen around 750,000 births per year, we estimated that Thailand requires 7 to 9 MS/
MS machines. When requesting for the sample quotations, we received a difference in terms of
price. The cost per MS/MS machine ranged from 9.8 to 15 million THB in addition to an
annual maintenance fee of 1.8 to 4.8 million THB. To calculate for depreciation, the equipment
would have a lifetime of 7-8 years life without the salvage value. The prices of reagent per sam-
ple were also considerably dissimilar at 111 and 300 THB per sample. Meanwhile, the labour
cost accounted for approximately 28% of the screening cost and was calculated to be 64 THB
per sample. Thus, from this information, the cost of MS/MS screening per sample was esti-
mated to be 294 THB per sample (Table 2).

Treatment costs

This study was approached from a societal perspective so all costs relevant to patient, health
care system, and society were analysed. A cost analysis was conducted specifically for each of
the six prioritised diseases. Treatment costs mainly included hospitalisation expenses and die-
tary management. Retrospective information of the treatment costs for the IEM patients was
collected from each of the four hospitals’ databases, and then the resulting data were pooled
and analysed together (Table 2).

From the data, it was evident that the cost of inpatient care (IPD) was very high in the first
year of treatment due to an acute phase. The treatment cost decreased dramatically in the sec-
ond year of treatment. Thus, the IPD cost was divided into two periods: 1) the first year of
treatment; and 2) the second year of treatment onwards. Regarding the cost of outpatient care
(OPD), the cost per year was estimated by multiplying the cost per visit by the number of out-
patient visits per year (S2 Table).

Additionally, the cost of the supplemental metabolic formula was calculated based on the
assumption that patients needed a special formula for their lifespan to maintain normal meta-
bolic function. Price of this special product was provided by manufacturer and the data of
quantity used for patients was obtained from the IEM specialists. Regarding the cost of other
supplemental products such as orphan drugs, vitamins, and cofactors, the IEM specialists were
asked to answer a set of questions on a provided questionnaire survey about the type, the quan-
tity, and the unit price of the product being used to treat their [IEM patients. For productivity
loss and direct-non medical costs, data were collected via face-to-face interviews with the
patients’ families using a structured questionnaire. The parents of the IEM patients were asked
about the time spent to look after their children who have been disabled due to complications
caused by IEM. The average wage in Thailand [50]—classified by gender and age—was used
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Table 2. Means and standard error (SE) of cost parameters presented in 2013 Thai Baht. 1 1$=17.79 THB.

Parameter Distribution Mean SE Reference
Screening cost for MS/MS (per sample) Gamma 294 126 Survey
Screening cost for Guthrie (per sample) Gamma 5.00 - NSCO
Confirmation cost (per sample) Gamma 2,349 168 Hospital database

Hospital inpatient care (IPD) cost per year
First year of treatment

PKU Gamma 80,316 19,899 Hospital database
IVA Gamma 174,006 53,349 Hospital database
MMA Gamma 252,457 81,466 Hospital database
PA Gamma 284,718 91,965 Hospital database
MSUD Gamma 252,859 53,281 Hospital database
MCD Gamma 92,070 25,721 Hospital database
Second year of treatment onward
IVA Gamma 21,290 3,712 Hospital database
MMA Gamma 191,729 73,046 Hospital database
PA Gamma 160,951 44,432 Hospital database
MSUD Gamma 52,580 15,029 Hospital database
MCD Gamma 69,615 60,111 Hospital database
Hospital outpatient care (OPD) cost per year
PKU Gamma 16,366 321 Hospital database
IVA Gamma 44,925 1,335 Hospital database
MMA Gamma 108,671 2,272 Hospital database
PA Gamma 61,328 2,142 Hospital database
MSUD Gamma 17.928 519 Hospital database
MCD Gamma 4,055 362 Hospital database
Pharmaceutical product per year®
L-caritine (IVA, MMA) Gamma 1,470 - Survey
L-glycine (IVA) Gamma 276 - Survey
Cobalamin (MMA, PA) Gamma 7,350 - Survey
Biotin (PA) Gamma 13,597 - Survey
Biotin for (MCD) Gamma 10,198 - Survey
Metabolic formula per year
PKU Age 0 to < 4 years Gamma 75,511-81,552 - Survey
Age >4 years Gamma 45,306 - Survey
IVA Age 0 to < 5 years Gamma 51,347-78531 - Survey
Age >5 years Gamma 45,306 Survey
MMA Age 0 to < 7 years Gamma 51,347-75,511 - Survey
Age >7 years Gamma 45,306 Survey
PA Age 0 to < 7 years Gamma 51,347-75,511 - Survey
Age >7 years Gamma 45,306 Survey
MSUD Age 0 to < 4 years Gamma 55,878-86,082 - Survey
Age >4 years Gamma 45,306 Survey
Direct non-medical cost per year
PKU with long-term complications Gamma 27,704 - Survey
without long-term complications Gamma 12,941 9,768 Survey
IVA with long-term complications Gamma 27,704 = Survey
without long-term complications Gamma 15,781 4,924 Survey
MMA with long-term complications Gamma 46,516 20,107 Survey
(Continued)
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Table 2. (Continued)

Parameter Distribution Mean SE Reference
without long-term complications Gamma 22,408 15,429 Survey
PA with long-term complications Gamma 36,348 26,618 Survey
without long-term complications Gamma 22,408 15,429 Survey
MSUD with long-term complications Gamma 45,770 22,843 Survey
without long-term complications Gamma 22,408 15,429 Survey
MCD with long-term complications Gamma 27,704 - Survey
without long-term complications Gamma 14,361 7,346 Survey
Productivity cost per year
PKU with long-term complications Gamma 26,522 2,235 Survey
without long-term complications Gamma 127,896 - Survey
IVA with long-term complications Gamma 129,930 - Survey
without long-term complications Gamma 43,944 5,469 Survey
MMA with long-term complications Gamma 177,404 20,107 Survey
without long-term complications Gamma 50,880 11,493 Survey
PA with long-term complications Gamma 128,784 11,010 Survey
without long-term complications Gamma 50,880 11,493 Survey
MSUD with long-term complications Gamma 105,717 9,573 Survey
without long-term complications Gamma 50,880 11,493 Survey
MCD with long-term complications Gamma 129,930 - Survey
without long-term complications Gamma 35,444 85,000 Survey

#Calculated at patient weight 1 kilogram.
NSCO = Neonatal Screening Operation Centre; PKU = phenylketonuria; IVA = isovaleric acidemia; MMA = methylmalonic acidemia; PA = propionic
acidemia; MSUD = maple syrup urine disease; MCD = multiple carboxylase deficiency

doi:10.1371/journal.pone.0134782.1002

for calculating the productivity loss or opportunity cost. We also inquired about costs relevant
to hospitalisation such as travel costs from home to the hospital. From the data obtained, the
differences between the cost of mild and severe cases were observed, and the costs for these
cases were therefore classified into two groups according to the severity/complication of the
disorder(s), including without complications and with complications (Table 2).

Utility measurement

There are several concerns about assessing health utility weight from children, especially an
available and appropriate measuring instrument allowing children to complete their health sta-
tus [51]. In addition, both small number of living patients and their intellectual disabilities sta-
tus are factors that make it possibly impossible to perform primary data collection. Therefore,
the estimation of health utility was conducted by holding an expert panel consisting of the six
IEM specialists as proxies.

EuroQoL Five-Dimension Questionnaire (EQ-5D) was applied as a tool to estimate health
utility weight of each health stage of each disease. The IEM specialists were then asked to recall
from their current as well as previous IEM patients. Then, they filled out a score onto the pre-
pared paper sheet. Subsequently, the average score was presented and discussed among the
experts. As a result, a consensus for health utility weight was reached and applied into the
model (Table 3).
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Uncertainty analysis

To investigate the robustness of the cost-effectiveness results, we performed two types of uncer-
tainty analysis. The first was a one-way sensitivity analysis which examined the effect of
changes in key parameters on the ICERs of the base-case scenario. These variables included:
the incidence of six selected IEM; probability of long-term complications; the effectiveness of
the screening intervention (RR); health utility weight of six selected IEM; first year IPD and
OPD costs; second year direct medical costs; metabolic formula and pharmaceutical product
costs; direct non-medical cost of patients with complication; direct non-medical cost of
patients without complication; productivity loss of patients with complication; productivity
loss of patients without complication; uptake rate of screening; and MS/MS screening cost.
Since each of these variables (except for the uptake rate and the screening cost) comprised six
different values which varied by disease, we assumed that these values simultaneously changed
in the same direction to the lower or upper bound once each variable was examined. The value
being tested varied based on a 95% confidence interval (CI) of these parameters with standard
errors. The costs of the metabolic formula and pharmaceutical products—which are parame-
ters without standard error—were assumed to be varied by 50% from their mean value. Other
parameters (not one being tested) were randomly generated by using a probabilistic sensitivity
method.

The second, a probabilistic sensitivity analysis (PSA), was also conducted to assess the
uncertainty involving all model parameters according to their mean, standard error (SE), and
distribution shown in Tables 1 to 3. Probability distributions were defined as follows: (1) beta-
distributions were assigned where parameter values ranged from zero to one, such as transition
probabilities and utility parameters; (2) gamma-distributions were specified when parameter
values were above zero and positively skewed by costs variables; and (3) a log-normal distribu-
tion was used for survival parameters and RR. A Monte Carlo simulation performed in Micro-
soft Excel 2007 (Microsoft Corp., Redmond, WA) was employed to generate 1,000 rounds of
the simulation to demonstrate a range of plausible lifetime costs, health outcomes (LYs and
QALYs), and ICERs. The result of the analysis was plotted in a cost-effectiveness plane. More-
over, the result was further analysed for a relationship between the values of the ceiling ratio
and the likelihood of favouring each screening strategy as the result is illustrated using cost-
effectiveness acceptability curves showing.

Budget impact analysis

Based on the model, a budget impact analysis (BIA) was also conducted by following the stan-
dard BIA frameworks for healthcare intervention in Thailand [52] along with international
protocol [53]. The analysis applied the perspective of the budget holder in Thailand, i.e. the
NHSO, and aimed to project the financial plans between the implementation of the new
screening programme and the status quo. The costs were analysed and reported into two cate-
gories: screening cost and treatment cost. The costs were inflated at 0.5% each year [31] with a
time horizon of 10 years. Since there is a stable trend for population growth in Thailand, the
annual cohort of newborns was fixed at 750,000 per year [54]. The analysis was based on the
important assumption that the new programme will be managed by the existing screening
organization, i.e. the neonatal screening operation centre, and will replace the current PKU
screening. Therefore, there is no cost of setting up a new department in order to handle the
programme. The machine cost was considered as a fixed capital cost and was spread out
equally throughout each year of the programme based on the concept of equivalent annual cost
[55], while reagent and administrative costs were variable costs dependent on the number of
participants. We conservatively assumed that the uptake for the new screening programme was
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Table 3. Health utility weight of IEM patients.

Utility estimated Distribution Mean SE Reference
PKU without long-term complication Beta 0.71 0.02 Expert panel
with mental retardation Beta 0.13 0.19 Expert panel
IVA without long-term complication Beta 0.71 0.07 Expert panel
with mental retardation Beta 0.00 0.15 Expert panel
MMA without long-term complication Beta 0.62 0.06 Expert panel
with mental retardation Beta 0.16 0.18 Expert panel
with renal failure Beta 0.45 0.16 Expert panel
with mental retardation and renal complication Beta 0.14 0.22 Expert panel
PA without long-term complication Beta 0.49 0.13 Expert panel
with mental retardation Beta 0.05 0.21 Expert panel
with cardiomyopathy Beta 0.41 0.20 Expert panel
with mental retardation and cardiomyopathy Beta 0.00 0.28 Expert panel
MSUD without long-term complication Beta 0.60 0.07 Expert panel
with mental retardation Beta 0.00 0.04 Expert panel
MCD without long-term complication Beta 0.84 0.11 Expert panel
with mental retardation Beta 0.51 0.07 Expert panel

PKU = phenylketonuria; IVA = isovaleric acidemia; MMA = methylmalonic acidemia; PA = propionic acidemia; MSUD = maple syrup urine disease;

MCD = multiple carboxylase deficiency

doi:10.1371/journal.pone.0134782.1003

80% for the first year of the implementation and then increased it to 85%, 90%, 95%, and 100%
in subsequent years. The minimum cost and maximum cost scenarios of the screening budget
was examined based on the range of 95% CI of screening costs, while the scenario of the treat-
ment budget was tested based on the incidence of disease (varying the incidence of all diseases
simultaneously to the lower and upper bounds).

Results

Cost-effectiveness analysis of the pre-expanded and the expanded
newborn screening programme

The cost-effectiveness analysis via the adoption of a new screening strategy compared with the
existing screening programme indicate ICERs of 602,606 THB per LY gained (33,873 I$ per LY
gained) and 1,043,331 THB per QALY gained (58,647 I$ per QALY gained) (Table 4), both of
which are above the agreed threshold currently used in Thailand.

In order to understand the potential benefit of screening at the individual diseases level,
Table 5 illustrates the lifetime outcome of each affected child once they are detected early or

Table 4. Costs, health outcomes, and incremental cost-effectiveness ratios (ICERs) of two neonatal screening programmes. 11$=17.79 THB.
THB = Thai baht; LYs = life-years; ICER = incremental cost effectiveness ratio; QALYs = quality-adjusted life year.

Strategy Total cost
(THB)

Pre-expanded newborn 153.27
screening programme

Expanded newborn 676.55
screening programme

doi:10.1371/journal.pone.0134782.1004

Incremental Cost LYs LY ICER (THB/LY QALYs QALY ICER (THB/QALY
(THB) gained gained) gained gained)
— 66.42256 — — 66.42229 — —
523.28 66.42343 0.00087 602,606 66.42279 0.00050 1,043,331
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late. The analysis suggests that early medical treatment substantially improves the health out-
come in PKU patients resulting in 9.60 QALY higher than those with late detection. IVA
patients also noticeably benefit from early detection which extends their QALY by 3.69. In
MSUD patients, early detection also yields better health outcomes that help prolong QALY by
2.73. In terms of lifetime costs, the difference between providing early healthcare and late
healthcare to those with MSUD, IVA, and PKU ranges between 200,045 THB (11,245 I$) and
502,913 THB (28,269 I$) per patient. MCD patients gain 1.66 QALY from early detection and
it is the only disease where early medical management reduces the patient’s lifetime costs
(-256,779 THB (-14,434 I$)). However, in most diseases, the costs of giving lifetime care in
patients detected early are higher than those in clinically diagnosed patients; it is clear that
being detected early requires significantly much more costs in MMA and PA patients
(1,783,826 THB (100,271 I$) and 1,241,945 THB (69,811 I$), respectively), which is obviously
high relative to their health outcome gained (2.83 QALY and 0.81 QALY for MMA and PA,
respectively).

Uncertainty analysis

The results of the one-way sensitivity analysis using probabilistic model was further elaborated
upon using a tornado diagram as shown in Fig 3, indicating that the most sensitive factor to
ICER (THB per QALY gained) was the incidence. This was followed by: the MS/MS screening
cost; RR reduction; and health utility. Among the factors least sensitive to the results were the
uptake rate, productivity loss, and direct non-medical costs.

Fig 4 shows the result of the probabilistic sensitivity analysis. Monte Carlo simulation indi-
cated that compared to the ‘current practice’ strategy, the ‘expanded newborn screening’ strat-
egy was more costly but more effective in more than 95% of the simulated cases. The average
patient with screening accrued 0.00048 (95% CI: 0.00023-0.00077), and THB 484.09 (95% CI:
218.25-839.59) more QALYs and costs than that without screening, giving an ICER of THB
1,060,240 (95% CI: 534,228-2,195,143) per QALY which, however, exceeds the threshold for
cost-effective intervention in Thailand (THB 120,000 per QALY).

Fig 5 illustrates the cost-effectiveness acceptability curves representing the probability of
both screening programme scenarios at different thresholds or willingness to pay being cost-
effectiveness. When considering willingness to pay at less than Thailand’s value of one times
the 2013 GDP per capita per QALY gained, the current screening programme has the potential
to be more cost-effective. However, if the threshold is higher than approximately 1,100,000
THB per QALY gained, the MS/MS screening programme becomes a better option.

Budget impact analysis

From Table 6, it can be expected that the screening programme will have a total cost of 191.9
million THB per year in the earlier period and continually increase to above 300 million THB
after seven years of implementation. In detail, the cost of screening is estimated to be 179.8 mil-
lion THB in the first year and stays roughly at 200 million THB after three years of operation.
Whereas the treatment cost is only a small proportion compared to the total cost in the earlier
years (e.g. 12.1 million THB in 2013), it subsequently grows rapidly and is estimated to reach
93.9 million THB in the tenth year; this amount accounts for nearly one-third of the total cost
in that year. It is obvious that the total expense of the screening programme is expected to
increase overtime and the costs of treatment will be more and more substantial for the overall
budget as illustrated in Fig 6. The analysis also found that there is a considerable switching cost
from the current practice to the new programme, amounting to 2,539.6 million THB for the
ten-year period.
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Table 5. Difference of lifetime health outcomes and costs per patient after early detection or late detection. 113 =17.79 THB. The result was under
adjusting of 3.0% discounting rate. Undiscounted version was provided as (S3 Table). PKU = phenylketonuria; IVA = isovaleric acidemia;

MMA = methylmalonic acidemia; PA = propionic acidemia; MSUD = maple syrup urine disease; MCD = multiple carboxylase deficiency; RR = Relative risk of
early-diagnosed patients compared with clinical diagnosed patients.

Disease Cost (THB) Life-years QALYs
Early Late Difference Early Late Difference Early Late Difference
diagnosis diagnosis diagnosis diagnosis diagnosis diagnosis

PKU 3,145,203 2,642,290 502,913  29.55 19.57 9.99 20.91 11.31 9.60
IVA 3,728,014 3,409,629 318,384  17.63 14.84 2.79 11.51 7.82 3.69
MMA 7,685,602 5,901,776 1,783,826 16.33 12.14 4.19 8.67 5.84 2.83
PA 3,838,684 2,596,739 1,241,945 8.82 5.70 3.12 1.25 0.74 0.81
MSUD 3,462,620 3,262,575 200,045 14.88 12.64 2.24 3.93 1.20 2.73
MCD 2,544,647 2,801,427 -256,779  29.59 28.77 0.81 24.75 23.09 1.66

doi:10.1371/journal.pone.0134782.1005

Discussion

Based on the current threshold recommended in Thailand, the results of the present study sug-
gest that implementing the MS/MS screening programme does not meet the criteria for cost-
effectiveness. The incidence rate and the MS/MS screening cost are some of the major parame-
ters influencing the cost-utility results followed by the RR reduction and health utility weight.
A one-way sensitivity analysis shows that changing the parameters’ values did not affect the
conclusion of the study. The result of the probabilistic analysis suggests that the better option is
to continue implementing the Guthrie test for PKU. However, the benefits of early manage-
ment for IVA, MSUD, PKU, and MCD patients are attractive. The budget impact analysis sug-
gests that the likely costs of implementing the programme is about 2,700 million THB over a
projection of 10 years.

Incidences
Tandem mass screening cost

RR reduction
Utility

IPD and OPD costs-2nd year onwards
Probability of long-term complications

Metabolic formula and pharmaceutical product costs
IPD and OPD costs-1st year
Direct non medical costs-patients without long-term complications
Productivity loss-patients without long-term complications

Direct non-medical costs-patients with long-term complications

Productivity loss-patients with long-term complications
Uptake rate
-80% -60% -40% -20% 0% 20% 40% 60% 80%

m Percentage change in ICERs from a mean ICER in response to variation in input parameters

Fig 3. One-way sensitivity analysis. Tornado graph showing results of one-way sensitivity analysis derived from probabilistic method. These figures
indicating parameters which have the largest effect on incremental cost effectiveness ratio or ICER (THB per QALY gained) when they are varied individually.
IPD = cost of inpatient care; OPD = cost of outpatient care.

doi:10.1371/journal.pone.0134782.9003
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Fig 4. Cost-effectiveness plane. Monte Carlo simulation results on cost-effectiveness plane for the expanded newborn screening showing interval
estimates for cost, outcome and incremental cost-effectiveness ratio. The figure shows the horizontal I-bar representing the 95% uncertainty interval on life-
year gained, the vertical I-bar representing the 95% uncertainty interval on incremental cost, and the wedge represent the 95% uncertainty interval on the
ICER. THB = Thai baht; ICER = incremental cost effectiveness ratio.

doi:10.1371/journal.pone.0134782.9004

To our knowledge, this is the first study that comprehensively evaluated the cost-effective-
ness of MS/MS in low- and middle-income countries (LMICs). All previous economic evalua-
tions of MS/MS were conducted in high-income countries. Of those evaluations, most of
studies represented cost-utility analyses [14, 16, 17, 20, 22, 56] followed by cost-effectiveness
analyses [15, 18, 19, 42, 57]. Most studies also adopted a societal perspective [14, 15, 19, 56] or
used a health care provider’s perspective [17, 19, 20, 42], while a few applied the purchaser
view [16, 22]. The most frequently used comparator in the studies is the no screening pro-
gramme [14, 16-18, 20], followed by offering only PKU using the Guthrie test [15, 19, 42]. The
result found in this study is not comparable with studies in other settings where most of the
studies concluded that the screening programme is cost-effective either in screening for a com-
bination diseases like in the US (California [16, 20], Wisconsin [17], Texas [22]), Australia
[18], and UK [42] or screening for only some preferred disease like in UK [19] Canada [15]. As
such, there are several differences between our study and the previous studies which need to be
addressed.

Firstly, one important factor highly sensitive to the cost-effectiveness results of the screening
programme is the incidence of diseases [14, 17]. A high burden in some particular diseases
tends to make the intervention favourable, especially for diseases with effective outcomes of
treatment such as PKU and medium-chain acyl-coenzyme A dehydrogenase deficiency
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Fig 5. Acceptability curve. The graph shows the probabilities of each strategy being cost-effective at a given ceiling ratio. The dashed lines represent the
willingness to pay thresholds for the adoption of health interventions in Thailand.

doi:10.1371/journal.pone.0134782.g005

Table 6. Estimated annual budget impact during 2013 to 2022 of the MS/MS screening programme implementation compared with the status quo
(million THB). 11$=17.79 THB

Year® Expanded newborn screening programme Status quo Difference
Screening cost Treatment cost Total Screening cost Treatment cost Total Total
Base Min Max Base Min  Max (Base Base Min Max  Base Min  Max (Base (Base
case case case) case case case) case)
2013 179.8 102.8 256.8 1241 85 158 1919 3.6 36 36 3.2 2.8 3.6 6.8 185.0
2014  190.8 109.4 2723 20.5 144 267 2113 3.6 36 36 5.2 4.4 6.0 8.8 202.5
2015  202.0 116.1 2879 294 206 383 2314 3.7 37 37 71 5.9 82 107 220.7
2016  213.2 1229 3036 39.2 275 51.0 2525 3.7 37 37 6.9 74 105 10.6 2419
2017  224.6 129.8 3194 49.6 347 644 27441 3.7 37 37 103 85 121 14.0 260.1
2018  225.6 130.8 3204 58.8 412 765 2844 3.7 37 37 117 9.7 138 155 269.0
2019  226.7 1319 3215 67.7 474 881 2944 3.7 37 37 131 108 154 16.9 2775
2020 227.7 1329 3225 76.5 53.6 99.5 304.2 3.8 38 38 145 119 171 183 286.0
2021 228.8 134.0 3236 85.2 59.7 110.7 314.0 3.8 38 38 159 13.0 187 19.7 294.3
2022  229.8 135.0 3246 939 65.7 122.0 323.7 3.8 38 38 172 142 203 21.0 302.6
Total 2148.9 1245.6 3052.3 533.0 373.3 692.8 2681.9 37.1 371 371 105.2 88.6 1259 1424 2539.6

@ The uptake rate was assumed at 80%, 85%, 90%, 95%, and 100% in 2013, 2014, 2015, 2016, and 2017-2022, respectively.
Min = minimum; Max = maximum

doi:10.1371/journal.pone.0134782.t006
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Fig 6. Budget Trend. The trend of the budget required for the screening programme compared with the current situation over ten years. THB = Thai baht.
doi:10.1371/journal.pone.0134782.9g006

(MCAD) [17, 19]; all previous studies were conducted in countries with a high incidence of
PKU. For example, in the UK, the incidence of PKU used in that study was 9.00 cases per
100,000 live births while the incidence of MCAD claimed in the UK and American studies
were 8.00 and 4.50 per 100,000 live births [17, 19], respectively. In contrast, the incidence of
PKU adopted in our study was 2.22 in 100,000 live births or about four times lower than the
UK incidence. Furthermore, MCAD was not included due to it being uncommon in Thai and
Asian population [58]. In relation to this point, a systematic literature review of the economic
evaluation of an MS/MS screening programme also mentioned that the dissimilarity in the
demography of the countries and regions led to different MS/MS cost-effectiveness results
[57].

Secondly, the cost of treatment is another key variable influencing the difference in findings.
Ideally, an early diagnosis will prevent patients from serious clinical consequences resulting in
less health resources required for treatment. If this is the case, it will lead to a programme that
is more economically favourable. For example, in US, Schoen et al 2002 [20] indicated that if
glutaric aciduria type I (GA1) patients were diagnosed early, the cost of treatment will be
decreased about 46% compared with patients who were diagnosed late. The same amount of
reduction was applied with other diseases such as MMA and PA [20]. In contrast, based on the
treatment costs analysed from the hospitals, we did not find a difference between the costs of
patients diagnosed early or late. This could be because even though early detection can prevent
patients from severe clinical consequences at an acute period and help avoid some unnecessary
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costs for treatment, patients will still need more for preventive treatment in order to maintain
their health. Therefore, patients diagnosed earlier can live longer and require more expensive
treatment, some of which are required for a lifetime. This is agreeable with a previous study by
Pandor et al 2004. [19] in the UK which found that there was no difference in treatment costs
between the early diagnosis group and late diagnosis group for GA type I. This could be
because the nature of the disease is extremely severe even though it was detected and treated
early. Moreover, the effective treatment for this disease was not yet available. We believe that
unless there is strong evidence, the assumption that early detection can reduce the cost of treat-
ment should not be held.

Thirdly, there were huge differences in the outcome measurement, particularly the life-
years gained between the early diagnosis and late diagnosis group. In a study by Schoen et al
2002 [20], the assumption of life-years gained of 20 years is added into the early detection
group [20]. In an Australian study, it is assumed that patients who lived until 4 years of age
could live up to the age of 66.2 [18]. Accordingly, those values used might be key factors which
supported the favour of screening. However, a more conservative option was applied in a Cana-
dian study where clinical data and the assumption about life expectancy were both used in the
analysis [15]. In this case, it found that the average life-year gained was about 11 years (ranging
from 4-25 years). In our analysis, using Markov modelling to follow the patients for lifetime
estimated that having a screening programme will yield an average life-year gained of 13 years
(ranging 4-40 years without outcome discounting). In particular, if the life expectancy gained
by PKU patients was excluded, the average life-year gained for the rest of the IEM patients was
only 8 years. We believe that from the scarcity of evidence, a conservative assumption for life
expectancy should be the better option to apply to the model.

Lastly, the patient’s quality of life is one of most sensitive parameters to the result. The
higher the quality of life achieved by patients diagnosed early, the more favourable screening
became. From reviewing previous studies, we found that a relatively high value of health utility
weight was applied to the studies which concluded that interventions were cost-effective. The
utility weight of asymptomatic patients of 0.90 is used in the models by Feuchtbaum et al 2006
[16] as well as Tiwana et al 2012 [22], and 0.92 is used in the model by Autti-Roma et al 2005
[56] conducted in California and Texas in the US and Finland, respectively. It is important to
note that those data were obtained from expert opinion [22, 56] or even research assumption
[16] without reporting or mentioning the method of eliciting the utility weight of the patients.
In our study, a more systematic approach was used for an analysis even though we had a small
number of patients and most of them had mental retardation which resulted in difficulties in
trying to extract utility weight data. As suggested by the Thai guidelines for conduction eco-
nomic evaluations [59], the utility data was elicited by a proxy which is the group of people
with knowledge of the diseases through the application of Indirectly measured utility methods
(EQ-5D). This systematic tool for collecting the data was unique in that it can reduce the bias
of the value of quality of life used [60, 61]. From the expert panel, we found that the utility of
asymptomatic patients ranged from 0.49-0.84 for the six selected diseases (mostly under 0.71,
only MCD was higher at 0.84). Obviously, the health utility weight applied for our analysis is
lower than those of other studies which might plausibly result in the unfavourable outcome of
the new intervention.

To argue about whether or not the number of diseases added into the analysis affected the
results of study, we primarily believe that due to the variation of diseases, particularly in the
incidence, level of severity, effective treatment, and costs of treatment, an individual assessment
of the diseases is needed. The theory that including more diseases into the analysis would lead
to favourable results really depends on whether the incremental benefit of the added diseases is
above its incremental cost. If not, the added diseases can create a burden of costs for the whole

PLOS ONE | DOI:10.1371/journal.pone.0134782 August 10,2015 19/25



el e
@ : PLOS ‘ ONE An Economic Evaluation of Neonatal Screening in Thailand

screening programme. Thus, it can be concluded that it is not necessary to include all of the
diseases into the model but instead give priority to evidence-based prioritised diseases and
more attention to the details of each individual disease such as the effectiveness of treatment
and relevant costs. The studies in Wisconsin [17] and the UK [19] proved that even screening
for one or two diseases instead of a combination of 30 diseases may provide for a cost-effective
intervention. In the same way, it does not mean that if the analysis indicates one or more of the
diseases are economical for screening, another can be added to the programme and still be jus-
tified as cost-effective for the reason that there is no additional cost for screening. This is
because the variable costs that come attached to expensive treatments can distort the results of
study. By holding an expert panel, we believe that we have included the most significant dis-
eases into the analysis, and that adding more diseases will not result in a more economical
result unless there is new evidence such as high incidence of the diseases and effectiveness of
treatment.

This study showed a zero utility weight (the equivalent of death) in three groups of patients
including IVA, MSUD with neurological complications, PA with neurological and cardiomy-
opathy complications. This result is in line with a previous study which showed that Thai
patients with a mental retardation combined with a complication, have a very low health utility
that is close to zero [62]. For the three groups of patients, the zero utility can occur because the
diseases are extremely severe. It is also important to address that apart from the main compli-
cations used as health states in the model, patients can also have other complications. In addi-
tion, combining these factors with the algorithm of the Thai EQ-5D could also explain the low
score of patients. The observational study estimated a tariff-a coefficient that was used to sub-
tract full health utility weight (1.00). It was found that in Thailand the tariff is high compared
to other countries (i.e. UK and Japan) [63, 64]. For example, a tariff of constant term is valued
-0.202 in Thailand and -0.081 in the UK. As for the utility score for state 33222, the calculated
utility weight is -0.039 in Thailand compared with 0.161 in the UK.

The budget impact analysis points out that if the screening programme is implemented, the
national healthcare payer must prepare a budget of at least 200 million THB each year. That
amount can be considered substantial because it is comparable to almost one-tenth of the total
healthcare budget allocated to all current screening activities financed by public sources in
Thailand [65]. Therefore, implementing this screening seems to be very challenging under the
rationale of affordability, a core concept of budget impact analysis. Another important point is
that while the annual expenses of screening does not change much each year—thereby reflect-
ing the relatively stable trend of population growth in Thailand—the treatment expenses is
expected to rise sharply and will comprise a significant part of the entire budget in the future.
This reveals that there are higher numbers of cumulative patients each year, each of which
require lifelong treatment. This can be a crucial message delivered to policy makers when con-
sidering all aspects of providing the programme.

There are some limitations regarding the availability of data used in the model. Firstly, most
of the incidences adopted in the analysis were foreign data of Asian countries. Nevertheless,
the studies [6-8] indicated a similarity between uncommon IEM in Asia. So based on our cur-
rent knowledge, the incidence should not be much different as Thailand is comparable with
those countries in terms of ethnicity.

Secondly, although this study had advantages in using actual patient data to estimate the
baseline clinical data, the information on the health outcomes of early-diagnosed patients still
rely on unsubstantial evidence. Without existing well-established studies to observe the poten-
tial benefits of MS/MS screening for IEM, this study had to use information from observational
studies that consisted of a small number of cases as well as expert opinion. However, we believe
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that we performed an extensive search in order to seek for the most credible evidence and used
very conservative assumptions where information was limited.

Thirdly, the estimated cost of the screening programme did not include the cost of setting
up a new screening unit to perform IEM screening and confirmation, transportation, and other
logistics costs. Other potential expenses were also not included, example, human resources
training such as the training of IEM specialists and related paramedics/metabolic dieticians/
metabolic nurses. Nevertheless, we believe that if a new screening programme was provided, it
is likely to be a part of the existing newborn screening institute in Thailand. Thus, it might not
require lots of resource to set up a new centre for the screening programme.

Fourthly, the health utility weight was elicited from expert opinion. There were also many
challenging issues about using QALY measurements in infants and children [66-68]. Never-
theless, given the lack of incidence and extreme difficulties of eliciting health from babies or
patients with mental retardation, we believe that using an expert panel is a viable substitution.

Lastly, while there are several methods to measure health-related quality of life, based on the
pros and cons of each method, the EQ-5D was selected as the most appropriate method for
eliciting quality of life for economic evaluation by the Thai guidelines and this lead to the estab-
lishment of the national EQ-5D tariffs [69]. However, there are issues that needs to be
addressed when using the EQ-5D, especially when it is used to estimate the utility of [EM
patients. There are concerns for the generic health utility measures, for instance, the EQ-5D
may not be sufficiently sensitive for people with mental health problems [70]. It is also possible
that the EQ-5D does not assess some key health-related quality of life domains such as peer
relations or family functioning [60]. In addition, as specific health problems of a certain disease
may not be captured, it is possible to overestimate the utility weight which can potentially ham-
per the estimation of the incremental QALY especially if the differences in effectiveness
between comparators are marginal [70].

Conclusions

In conclusion, the results of the study indicate that screening for inborn errors of metabolism
in Thailand using MS/MS is economically unattractive given the threshold of cost-effectiveness
in Thailand. Continuing the current screening programme as well as prioritising treatment for
MCD, PKU, MSUD, and IVA patients diagnosed early is the appropriate action to take in
order to deal with IEM. The budget impact analysis suggests that implementing the screening
programme will incur considerable expenses. In addition, a nation-wide epidemiological study
on the incidence of IEM in Thailand was strongly recommended to understand more about the
magnitude of the diseases. Thus, we recommend that Thailand should perform a large-scale
pilot study for an IEM screening programme as a further study.
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Objectives: The aim of this study was to assess effect of adult diapers on health-related quality of life (HRQOL) and the independent level of performing activities of daily living
(ADLs) in people with urinary or fecal incontinence. Psychological consequences of patients” caregivers were also measured.

Methods: This quasi-experimental study was conducted at two rehabilitation centers in Thailand. People aged 15 years or greater with chronic urinary or fecal incontinence were
eligible. Study participants received adult diapers for 10 weeks after recruitment. Thai EuroQol Five Dimensions (EQ-5D) and the Barthel Index were measured at baseline and weeks
2,6, and 10 to evaluate HRQOL and the independent level of performing ADLs, respectively. The Braden Scale was used to assess the risk of having pressure ulcers. Mean
differences in the Thai EQ-5D, the Barthel Index, and the Braden Scale, before and after receiving adult diapers, were estimated using a multilevel linear regression model.

Results: There were ninety patients and forty-sight caregivers who took part in this study. HRQOL and independent level of performing ADLs had improved significantly by week 10
after receiving adult diapers with mean differences of 0.102 (95% confidence interval [C1], 0.046—0.158) and 4.40 (95% (I, 1.74—7.07), respectively. The risk of having
pressure ulcers had significantly decreased by 67 percent (95% CI, 16 percent—78 percent) by week 10 affer receiving adult diapers.

Conclusions: The results indicate a significant improvement of HRQOL and the independent level of performing ADLs among incontinent patients after receiving adult diapers. These
results were used to inform the development of the health benefits package under the Universal Health Coverage Scheme in Thailand.

Keywords: Urinary inconfinence, Fecal incontinence, Diaper, Quality of life

Urinary and fecal incontinence are defined as the involuntary
loss of urine or feces due to uncontrolled bladder or bowel func-
tions, respectively. Both urinary and fecal incontinence are ma-
jor causes of poor health-related quality of life (HRQOL) among
men and women worldwide (1). Incontinence affects not only
biological health but also social and psychological well-being.
Compared with the normal population, persons with urinary
incontinence have higher levels of depression and anxiety, feel
more stigmatized, and have poorer life satisfaction (1;2).

It is estimated that the prevalence of urinary incontinence is
as high as 30 percent, 36 percent, and 15 percent in European,
U.S., and Asian populations, respectively (3). The prevalence of
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Program (TGLIP).

fecal incontinence in the United States and Australia were found
to be 8 percent (4) and 6 percent (5), respectively. Although
there has been progress in the treatment of urinary and fecal
incontinence, none of these anti-incontinence solutions have
been proven to help people to fully control their bowel or bladder
functions (6). Therefore, most patients require support from
products that can contain urine and fecal leakages, enabling
them to maintain their lives confidently (6).

Absorbent products are pads or garments that absorb urine
and stool fluid and are used to keep skin and clothing dry.
Because they reduce wetness and odor from incontinence, using
these items can help patients continue with their social activities
and daily lives while avoiding the stigmatizing consequences
of incontinence. Therefore, these products are used together
with anti-incontinence therapy and play an important role in
the care of incontinence, especially for people with chronic and
untreatable incontinence.

However, there are many disadvantages of using absorbent
products. The long-term use of absorbent products may intro-
duce urinary tract infection (UTI) or dermatitis due to skin
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contact with stool and urine (6). Moreover, some people—
especially men—are reluctant to use these products as they have
connotations with babies or female sanitary ware (7). Most sur-
prisingly, although absorbent products have been widely avail-
able and used in both resource-rich and resource-poor settings,
their effectiveness in terms of improving quality of life and in-
creasing independence level of activities daily living (ADLs)
has not been studied.

Given that many of the causes of urinary and/or fecal in-
continences are incurable, people require long-term—if not
lifetime—use of absorbent products, thereby making the cost
of using them very high compared to standard living expenses.
It is estimated that 9 percent of the annual costs of incontinence
treatment in the United States comes from absorbent products;
this accounts for US$1.75 billion (8;9). In several countries,
including Thailand, the costs of absorbent products cannot be
reimbursed from public programs. As such, these costs are not
subsidized by any of the three health benefit schemes available in
Thailand. The reason for withholding financial reimbursement
may, in part, be due to the partially large budget requirement
for absorbent products, although their benefit is still uncertain.

In a review of relevant literature, we identified no studies
assessing the effectiveness (quality of life and adverse effects)
of adult diapers in new users with untreatable urinary or fecal in-
continence. In a recent Cochrane review (10), the performance
and patient’s acceptance between different types of absorbent
product (i.e., insert pads, T-shaped diaper, pull-up diaper) were
compared. Therefore, this quasi-experiment aims to assess the
effectiveness of absorbent products in terms of improving the
quality of life in people with untreatable urinary or fecal incon-
tinence. The adverse effects of using these products (including
pressure ulcers and dermatitis) and the effects of the products
on symptoms of anxiety and depression of patients’ caregivers
were also approached. This study was requested by the sub-
committee for the health benefits package and service delivery
development of the National Health Security Office (NHSO).
This is to consider whether adult diapers should be part of the
health benefits package of the Universal Health Coverage in
Thailand.

MATERIALS AND METHODS

Study Settings and Participants

The quasi-experiment was conducted from July to October 2010
at two health facilities that claim to be the national author-
ities for rehabilitation in Thailand—the Sirindhorn National
Medical Rehabilitation Centre and the Department of Rehabili-
tation, Phramongkutklao Hospital. People with urinary or fecal
incontinence were eligible for the study if they met the following
criteria: age > 15 years; untreatable incontinence for longer than
1 month or urine leakage despite using an indwelling catheter;
no previous use of more than two adult diapers per week; able
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to communicate in Thai; and no cognitive impairment. Patients
were excluded if they were severely ill or unwilling to participate
in the study. All participants provided written informed consent
and the study’s protocol was reviewed and approved by both the
Institute for Development of Human Research Protection and
the Institutional Review Board of each hospital.

Intervention

There are several varieties of absorbent products currently on the
market, with differences in the types of materials used (i.e., dis-
posable or washable) and form (e.g., inserts, diapers, T-shaped
diapers and pull-ups). In this study, disposable diapers were se-
lected as an intervention of interest because they can be used for
all disabled patients (i.e., those who are bedridden and those in
wheelchairs) and for both males and females. Seven brands of
disposable diapers sold in Thailand were evaluated for their abil-
ity to contain urine and fluid leakage, by applying the Rothwell
method (11). Only the disposable diapers that had the highest
water absorption capacity, measured as the weight of water ab-
sorbed (in grams) per cost of diaper, were used in this study.
Depending on the health condition of the participants, as as-
sessed by physical therapists, each participant received three to
six diapers per day for 10 weeks after recruitment.

Outcome Measurement

The primary outcome of interest was HRQOL in people with
urinary and/or fecal incontinence before and after receiving
adult diapers. HRQOL was measured by means of a stan-
dardized quality measure—the Thai EuroQol five dimensions
(EQ-5D) questionnaire. The Thai EQ-5D consists of five do-
mains (i.e., mobility, self-care, usual activities, pain/discomfort,
and anxiety/depression), with each domain containing three re-
sponse levels (i.e., no, some, and severe problems), and a visual
analogue scale (VAS). This tool is recommended by the na-
tional Health Technology Assessment (HTA) guidelines to be
used across HTA studies to ensure consistency of results (12).
After completing the questionnaires, the total scores from the
five domains were converted into a single EQ-5D index score
using the Thai population-specific preference weights (13). The
EQ-5D index score ranges from -0.452 to 1, in which -0.452 in-
dicates the poorest health state worse than death and 1 indicates
perfect health state.

The respondents’ level of independence in ADLs was also
measured using the Barthel Index (14), which contains 10 activi-
ties (i.e., bowel control, bladder control, personal hygiene, toilet
transfer, bathtub transfer, feeding, dressing, wheelchair transfer
to and from the bed, walking, and descending and ascending the
stairs). The total score can range from 0 (unable to perform task)
to 100 (fully independent). In addition, the potential adverse ef-
fects of using diapers on skin was measured by applying the
Braden Scale for Predicting Pressure Sore Risk (15). This tool
can be used to assess the risk of developing pressure ulcers and



comprises of six subscales (i.e., sensory perception, moisture,
activity, mobility, friction and shear). Each subscale is scored
from 1 to 4 and the total score ranges from 6 to 23, with a
lower score indicating higher risk. The number and severity of
pressure ulcers after using diapers were also determined.

As mentioned earlier, urinary and fecal incontinence im-
pact not only on the physical and mental health of affected
individuals but also on the quality of life of their caregivers.
The emotional and psychological disturbances of the caregivers
must therefore also be taken into account (16;17). Thus, we
measured the symptoms of anxiety and depression of the partic-
ipants’ caregivers by using the Hospital Anxiety and Depression
Scale (HADS) (18). The HADS is divided into Anxiety and De-
pression subscales and the final score of each subscale ranges
from 0 to 21, with a higher score indicating more distress.

Data Collection

The demographics of the studied participants and their care-
givers, that is, age, sex, marital status, educational level, occu-
pation, income, place of living, and underlying diseases, which
caused incontinence, were gathered during recruitment. All the
outcomes of interest—that is, the Thai EQ-5D, the Barthel In-
dex, the Braden Scale, the number and severity of pressure
ulcers for study participants and the HADS for caregivers—
were collected at baseline and weeks 2, 6, 10 after receiving
the diapers. All information was collected by well-trained in-
terviewers using structural data record forms at the two health
facilities where participants attended study appointments and
received additional diapers. The traveling costs of each individ-
ual were subsidized during the study period.

Sample Size Estimation

Because the primary objective of the study was to compare the
Thai EQ-5D before and after diapers use in the same partici-
pants, the sample size was estimated based on the two dependent
means method.

From the pilot study, the standard deviation (SD) of the
Thai EQ-5D in incontinence patients before using diapers was
0.181, with a type I error set at 0.05 and power, to detect the
difference, was set at 80 percent. Therefore, 73 patients were
required to detect a 0.06 difference in Thai EQ-5D before and
after diaper use. There was an expected drop-out rate of 20
percent. Therefore, 90 patients were enrolled in this study.

Statistical Analysis

The demographics of the studied participants and caregivers
were presented in terms of frequencies and percentages for cat-
egorical variables and means with SDs for continuous variables.
Differences in the mean Thai EQ-5D, Barthel Index, Braden
Score, and HADS between each visit, before and after receiv-
ing diapers, were compared using a multilevel linear mixed-
regression model. The time variable was treated with a fixed
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effect model, whereas the subject variable was treated with a
random effect model. The probability of reporting severe prob-
lems between visits for each domain of the Thai EQ5D was
compared by applying a multi-level logistic regression model.
The odd ratios (OR) along with their 95 percent confidence in-
tervals (Cls) between the 2nd 3rd and 4t visits were estimated
by the exponential coefficients. The number of pressure ulcers
on each visit were compared by applying a mixed-effect hier-
archical model with a log-link function using the “xtpoisson”
command. The relative risks (RRs) of having pressure sores
between visits with 95 percent Cls were calculated by the expo-
nential coefficients. Version 12 of the STATA software program
was used for analyzing the data. A two-sided test with a p-value
< 0.5 was considered statistically significant.

RESULTS

Among the ninety eligible subjects, seventy-one participants
completed the study and were assessed for the outcomes at
week 10, while seventeen patients were lost to follow-up and
two patients died during the study period. A flow chart of the
participant recruitment is presented in Supplementary Figure 1.
Forty-eight caregivers agreed to participate in the study but only
thirty-five of them completed the assessment.

Demographics and Baseline Data

The demographics of the study participants are described in
Table 1. More than half of the patients (60 percent) were affected
by both urinary and fecal incontinence, whereas 38 percent
and 2 percent suffered from urinary and fecal incontinence,
respectively. The major cause of incontinence was spinal cord
injury (46 percent) and approximately half of the participants
had suffered from incontinence for longer than 5 years.

The mean age of the caregivers was 47.02 (SD = 14.16)
years. The majority of caregivers were female (73 percent).
Almost half of the caregivers (46 percent) had only graduated
from primary school, while 29 percent and 23 percent had grad-
uated from secondary school and higher than secondary school,
respectively; only 2 percent of the caregivers were not educated.

At the baseline, the mean Thai EQ-5D, VAS, and Barthel
Index of patients were 0.18 (SD = 0.35), 66.19 (SD = 23.47),
and47.15 (SD = 25.13), respectively. Approximately 70 percent
of the patients had no pressure ulcers and the mean Braden
Scale was 15.15 (SD = 2.95). The mean anxiety and depression
subscales of the caregivers were 7.30 (SD = 3.86) and 5.47
(SD = 3.68), respectively.

Effects of universal access to diapers on health utility

£Q-5D. The mean difference of the Thai EQ-5D between base-
line and weeks 2, 6, and 10 were 0.060 (95% CI, 0.007-0.114),
0.057 (95% CI, 0.002—0.112) and 0.102 (95% CI, 0.046-0.158),
respectively, see Figure 1 and Supplementary Table 1. In addi-
tion, the VAS also increased significantly after the participants

INTL. J. OF TECHNOLOGY ASSESSMENT IN HEALTH CARE 31:4, 2015



Teerawattananon et al.

Table 1. Demographic Data of Study’s Participants

Characteristic Incontinence patients (N = 90)

Male (%)
Age, years, mean (SD)
Marital status (%)

40 (44)
49.13 (21.19)

- Single 45 (50)

- Married 21 (23)

- Divorced 21 (23)

- Separated 3(3)
Education level (%)

- None 8(9

- Primary school 31 (35)

- Secondary school 29 (33)

- Higher than secondary school 21 (24)
Income (%)

- No income 55 (61)

-500-5,000 Bath 16 (18)

-5,100-10,000 Bath 14 (16)

-10,100-30,000 Bath 5(6)
Health benefit schemes (%)

- Universal health coverage 66 (73)

- Social security 6(7)

- Civil servant 16 (18)

- Self-payment 2(2)

Type of incontinence (%)

- Urinary incontinence 34 (38)

- Fecal incontinence 2(2)

- Both urinary and fecal incontinence 54 (60)

Cause of incontinence (%)

- Spinal cord injury 38 (46)

- Cerebrovascular accident 17 (20)

- Others 28 (34)
Duration of incontinence (%)

- <1 year 7(8)

-1-2 years 13 (15)

- 2-5 years 22 (26)

- >5 years 43 (51)
Barthel Index, mean (SD) 47.15(25.13)
EQ-5D, mean (SD) 0.18 (0.35)
VAS, mean (SD) 66.19 (23.47)
History of having pressure ulcer (%)

-Yes 25 (30)

-No 59 (70)
Braden Scale, mean (SD) 15.15 (2.95)

received the diapers, with mean differences of 8.00 (95% CI,
4.04-11.94), 7.34 (95% CI-3.30, 11.43), and 9.65 (95% CI-
5.51, 13.78) when comparing the baseline VAS to weeks 2, 6,
and 10, respectively.
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The percentages of patients reporting severe problems in
each domain of the EQ-5D during each visit are presented in
Supplementary Figure 2 and Supplementary Table 2. There
were only significant decreases in the “self-care” and “usual
activities” domains after receiving the diapers during the 10"
week with ORs of 0.15 (95% CI, 0.04-0.57) and 0.23 (95% CI,
0.07-0.78), respectively.

In the subgroup analysis, providing adult diapers for those
with a Barthel Index score in the range of 25-49 signifi-
cantly changed the EQS5D score compared to other groups (with
Barthel Indexes in ranges lower or higher than 25-49). An un-
certainty analysis was performed as there were some missing
EQ-5D values, due to patient loss to follow-up. A worst case sce-
nario analysis was performed by assuming that patients without
follow-up data had no change from the initial EQ-5D values. The
results show similar findings with the complete case analysis. In
the worst case scenario analysis, the mean difference of EQ-5D
between baseline and weeks 2, 6, and 10 were 0.052 (95% CI,
0.004-0.100), 0.049 (95% CI, 0.001-0.097), and 0.080 (95%
CI, 0.032-0.128), respectively.

Barthel Index

Using the Barthel Index to measure the ability to perform ADLs,
incontinent patients showed a significant improvement after re-
ceiving the diapers. The mean differences when comparing the
baseline scenario with the 2", 6™ and 10" weeks were 2.92
(95% CI, 0.38-5.47),2.56 (95% CI, -0.06-5.18), and 4.40 (95%
Cl, 1.74-7.07), respectively (see Supplementary Table 1 and
Figure 1). This suggests that using diapers can significantly
improve an incontinent patient’s ability to perform ADLs inde-
pendently.

Risk of having pressure sores and other adverse effects on the skin. The number
of pressure ulcers in incontinent patients dropped significantly
during the 6 week and 10" week (see Supplementary Fig-
ure 3). When compared with the baseline, the risk of having
pressure ulcers during the 6™ week and 10" week significantly
decreased around 58 percent (95% CI, 8 percent—75 percent)
and 67 percent (95% CI: 16 percent—78 percent), respectively.
While the risk of having pressure sores decreased during the 2"
week as well (relative risk reduction = 30 percent (95% CI, -22
percent—60 percent)), it was not statistically significant when
compared with baseline.

Using the Braden Scale, to assess skin health and the po-
tential adverse effects of using diapers, the results did not differ
significantly from baseline and also slightly increased during
the 2" and 10" weeks with respective mean differences of
0.27 (95% CI, -0.31-0.85) and 0.19 (95% CI, -0.42-0.79), see
Supplementary Table 1 and Figure 1. This suggests that using
diapers does not increase the risk of developing pressure ulcers
in incontinent patients.
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Figure 1. Meon difference of outcomes of interest between baseline and 2'¢, 6™, and 10 weeks.

Hospital Anxiety and Depression Scale. The mean differences of the care-
givers’ anxiety and depression subscales between baseline and
weeks 2, 6, and 10 are presented in Supplementary Table 3
and Figure 2. Overall, the anxiety and depression subscales de-
creased after the participants received diapers. These results,
however, were not statistically significant. Only the mean dif-
ference of the anxiety subscale during the 2" week was signif-
icantly improve from baseline with a mean difference of -1.053
(95% CI, -1.826—0.281). This means that the anxiety subscale
of the caregiver significantly decreased by -1.053 after the pa-
tients had received diapers for 2 weeks.

DISCUSSION

To the best of our knowledge, this is the first study that evalu-
ates HRQOL and adverse events of providing adult diapers for
patients with permanent urinary and fecal incontinence. This
study does not only focus on the outcomes for patients, but also
takes into account caregivers’ psychological consequences. The
quasi-experiment indicates that, compared to the preinterven-
tion period, in which the patients had limited or no access to
adult diapers, HRQOL improves significantly from the first 2
weeks after access to adult diapers. Although there was no study
determining a minimal clinically important difference in EQ-
5D among Thais, the change of 0.06 can be seen as clinically
significant, based on international literature (19-21). The sub-

group analysis also shows that those with Barthel Index scores
in the range of 25-49 have the most benefit from access to
adult diapers, though this interpretation should be used with
caution, due to results being based on a limited number of sam-
ples. In addition, HRQOL and the respondents’ independence
in performing ADLs increase over time, although no significant
adverse effects were observed among respondents. The increase
of HRQOL is mainly due to an improvement of self-care and
usual activities, in which the latter had an earlier and higher
impact. The study illustrates no significant effect, of providing
adult diapers, on caregivers.

Considering each domain of the improved HRQOL, in-
creased access to adult diapers significantly enhanced the self-
care and usual activities domains only. These findings were
confirmed by the significant change in the Barthel Index after
receiving diapers. In our study, the Barthel Index in incontinent
patients increased significantly after receiving diapers for all
visits. From a psychological perspective, anxiety and depres-
sion symptoms did not change significantly in either patients or
their caregivers. As most participants had suffered from incon-
tinence for longer than 2 years, they may have already found
ways to manage, control, and cope with the emotional and psy-
chological difficulties associated with these symptoms (22-24).
Therefore, ever at baseline, we found that both patients and
caregivers reported low rates of anxiety, depression and psy-
chological problems.
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Figure 2. Mean difference of anxiety and depression subscales of caregivers between baseline and 2, 6, and 10™ weeks.

Although using diapers can help incontinent patients per-
form their daily activities, including self-care, wearing them
increases the contact of skin, around the perianal and genital
areas, with urine and feces. While this contamination results
in a loss of skin integrity and increased skin pH, which causes
susceptibility to a variety of biological, chemical and physical
insults and can eventually leads to diaper dermatitis and ulcers,
our study did not find this adverse effect. Moreover, the Braden
Scale did not show any significant difference from baseline to
post diaper access. In addition, the risk of having pressure ul-
cers decreased significantly after using diapers. Nevertheless,
this adverse outcome was only measured at weeks 2, 6, and 10
of the study. Thus, the long term adverse effects of using diapers
are still undetermined.

Our study has some notable strengths. First, the effective-
ness of using diapers was measured in terms of both health and
nonhealth aspects. Moreover, the data concerning the outcomes
of interest were collected by well-trained interviewers and with
the employment of standard tools with high validity and reli-
ability. In addition, we collected data from 90 patients and 48
caregivers, which is considered to be a relatively large sample
size, compared to other HRQOL studies.

However, our study also has some limitations. First, our
study was not a randomized controlled trial, which is the best
study design for evaluating the effectiveness of healthcare in-
terventions. Other constraints of our intervention include the
inability to blindly conduct the experiment with the patients.
However, incontinence is an unresolvable problem after time
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passed. Therefore, performing this quasi-experimental study—
which repeatedly measured the outcomes for several visits com-
pared with the baseline—did not have much bias and was suit-
able for answering our research question. Because the aim of
our study did not include the measurement of therapeutic ef-
fects of diapers, the majority of the participants included in our
study had untreatable incontinence resulting from a physical
disability, such as a cerebral vascular accident or a spinal cord
injury. Accordingly, our results on HRQOL improvement for
patients and caregivers are applicable to patients with perma-
nent incontinence and may not be relevant to other temporary
causes of incontinence. Also, these findings should be used with
caution outside of the Thai setting, as socioeconomic and cul-
tural differences may influence the study’s conclusions. Lastly,
our study measured the outcomes for 10 weeks after the patients
had received the diapers, thus the benefits and adverse effects
of diapers in long-term use are still inconclusive.

The results of this study have been presented to the sub-
committee, who are now confident about significant benefits
and minimum risks of providing adult diapers. Nevertheless,
several discussions have arisen. As it is expected that 360 thou-
sand Thai people are in need of adult diapers, which would cost
US$650 million per year, the potential budget implication of
providing adult diapers on a national scale is 13 percent of the
total Universal Health Coverage Scheme budget (25). Although
decision makers recognized that providing free-of-charge adult
diapers can improve equity, addressing the unmet needs of
the poor by improving accessibility to adult diapers, they also



considered the unsustainability of the program and decided not
to include adult diapers in the health benefits package.

CONCLUSIONS

This study confirms the significant benefit of adult diapers in
terms of increasing the HRQOL and the independent level
of performing ADLs in people with untreatable incontinence.
However, due to economic constrains, this intervention has not
been adopted in the health benefit package of the Universal
Health Coverage Scheme in Thailand.
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1. Context

Vaccines are regarded as one of the most successful health
measures to date and there is no doubt that vaccination is ideal
for health decision makers, health practitioners, and the public
because it is a preventive measure that is in most cases — once
provided - effective in the long-term. However, although there
have been a number of newly developed vaccines available in the
market over the past few decades, many of them have not been
widely taken up, especially in low- and middle-income countries
(LMICs), which comprise approximately 80% of the world popula-
tion. Many scholars have found that the affordability of vaccination
is among other important constraining factors, including a lack of
local policy-relevant information for making decisions and political
prioritization of vaccination or vaccine-preventable disease [1].

As aresult, the GAVI Alliance was established to ensure equitable
access to new and underused vaccines by negotiating for signifi-
cantly lower prices compared to the market price. However, these
negotiated prices are provided only to eligible GAVI countries. In
addition, the UNICEF Supply Division introduced a vaccine procure-
ment program to make some vaccines available for GAVI ineligible
countries at a relatively low cost by tapping into economies of scale
through a call for tender. However, some vaccines, such as PCV and
rotavirus, are still unaffordable for some countries, which result in
relatively low uptake through UNICEF. Similarly, the Pan American
Health Organization’s (PAHO) Revolving Fund negotiates vaccine
prices for countries in Latin America [2]. While these initiatives are
regarded as effective methods for price negotiation, limitations per-
sist; for example, countries with different levels of economies, such
as Haiti and Chile, pay the same vaccine costs under this regional
price negotiation.

For countries that are unable to procure vaccines at afford-
able prices through the above mentioned mechanisms and instead
anticipate price drops in vaccines over time, evidence indicates
that price drops are usually less than expected [3]. This leads to
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unnecessary delays in vaccine adoption by countries. As a result,
vaccine price negotiation is very important, although vaccine price
negotiation principles and processes at the country level are either
not practiced or well documented in literature. This paper aims to
discuss the experiences of medicine price negotiations in Thailand
with the aspiration of adapting these experiences to vaccine price
negotiation.

2. The experience of medicine price negotiation in Thailand

The Thai government has systematically established price nego-
tiation mechanisms for medicines, which is recognized as a
successful example in an LMIC. The government can introduce
previously unaffordable medicines into public programs from the
process and make its universal healthcare coverage scheme sus-
tainable. The success of this process can be attributed to three core
principles:

1. Establishing reliable and manageable process and mechanism.

Price negotiation is often seen by the public as a mysterious
and endless process that industry uses to lobby decision mak-
ers to introduce new technologies. Therefore, it is important to
make the price negotiation process trustworthy and manageable
by being transparent about who is responsible for the negotia-
tion, how to manage potential conflicts of interest, and what the
timeline is for each step of the process. For example, the Thai
government established the Working Group on Price Negotia-
tion, comprising multiple stakeholders such as representatives
from health insurance agencies, academics, and health profes-
sionals, under the national body responsible for designing the
pharmaceutical reimbursement list in Thailand [4]. The working
group members need to declare conflicts of interest and publicly
document the process and information used.

The working group begins the process of price negotiation
once the national body has expressed interest in a particu-
lar medicine without yet committing to include the medicine
in the reimbursement list. This makes price negotiation more
meaningful and effective because industry is aware that the
government has not yet decided on inclusion of the particular
medicine. This is contrary to common practice in many countries,
which conduct price negotiations after the decision has already
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Box 1: Experience of using evidence to lower the price
of HPV vaccine in Thailand.

In 2007, when two companies were applying for Human
papillomavirus vaccine (HPV) licensing in Thailand, the Thai
government knew that the vaccine could have a potential role
to reduce the high burden of cervical cancer. The Health Inter-
vention and Technology Assessment Program (HITAP) was
requested to conduct an economic evaluation and budget
impact analysis in order to inform the government about the
introduction of the vaccine as part of public health programs
in Thailand. The findings were revealed in 2009, showing that
at the price of US$450 per course (three doses), HPV does
not represent good value for money for public investment.
The report indicated that the price of the vaccine needed to
be reduced by approximately 60% in order for the vaccine
to become cost-effective at the threshold of 1 Gross Domes-
tic Product/capita/Quality-adjusted Life Year gained [5]. The
results were made publicly available and the government
decided not to include the vaccine, rather emphasizing cervical
cancer screening (a comparator to the vaccine in this study)
as a preventive measure. The two companies examined the
report and agreed with the findings. Three months later, the
companies reduced the price of the vaccine as per the rec-
ommendation of the report [6]. Although the government still
has not included the vaccine in the public program as of 2014
due to high budget implications, Thai households benefited
from the significant price reduction in the private market, from
US$450 to US$200 per course. This illustrates how evidence
can persuade the private sector to reconsider price strategies
of vaccines in a country.

been made to adopt a particular medicine, giving industry the
advantage.
2. Making evidence-based price negotiation.

Although many people recognize price negotiation as an art
rather than a science, the Thai experience suggests that price
negotiation can be more effective with evidence-based nego-
tiations (see example in Box 1). The working group always
requests for economic analyses from health technology assess-
ment (HTA) agencies on value for money and potential budget
impact of introducing new medicines in the reimbursement list.
If the medicine does not represent good value for money, the
working group will request for an assessment to be carried out
on the price at which the medicine would become good value
for money. Although in other countries the reference prices of
medicines in similar classes or in other settings are often used,
information on value for money and budget impact analyses that
incorporate the costs and benefits of introducing new medicines
in comparison to other alternatives as well as the size of the
problem signify whether the medicine is necessary and afford-
able. Using this information ensures that the working group
negotiates for medicines that are conclusively needed by the
population.

3. Creating incentives for industry.

While the above two principles may seem stringent, it is nec-
essary to recognize the importance of industry’s innovations and
productions for health systems. Therefore, in negotiating prices
it is critical to create incentives to lower prices as well as ensure
the sustainability of industry. Thailand has created incentives by
committing to procuring large amounts of products so that the
company can still make profits from lower price margins and
increased quantity of products sold. This issue has been taken
very seriously by the Thai government in introducing and adopt-
ing a “one choice” policy for medicine negotiations, which means
that the winner of the request for tender is entitled to providing
medicines for all public health providers.

3. Conclusion and challenges

The three principles mentioned above are likely to be applicable
for vaccine price negotiation, although it has some challenges. For
example, the market for newly developed vaccines is more likely
to be a monopoly or oligopoly compared to the medicines market
due to the lack of alternatives. Another challenge is that there are
fewer available vaccines compared to medicines, resulting in mech-
anisms that are put in place that are not used often; therefore, price
negotiation for vaccines may need to be part of medicines price
negotiation. The difficulty is that vaccines and medicines are dif-
ferent in many ways, including the need for special supply chain
and logistics for vaccines that should be included as part of vaccine
procurement. Similarly, price negotiation plays a role in vaccine
procurement.

As long as affordability is a major factor in making vaccines
available in public programs, vaccine price negotiation will become
a more important and significant process. As such, it is impor-
tant to make the price negotiation process more effective than
it is currently. Thus, global organizations, both public and pri-
vate, and academics should provide better support and conduct
more research in order to increase scientific evidence as well as
document the process for better implementation of vaccine price
negotiation.
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Influenza epidemiology differs substantially in tropical and temperate zones, but estimates of seasonal influenza
mortality in developing countries in the tropics are lacking. We aimed to quantify mortality due to seasonal influenza
in Thailand, a tropical middle-income country. Time series of polymerase chain reaction—confirmed influenza infec-
tions between 2005 and 2009 were constructed from a sentinel surveillance network. These were combined with
influenza-like iliness data to derive measures of influenza activity and relationships to mortality by using a Bayesian
regression framework. We estimated 6.1 (95% credible interval: 0.5, 12.4) annual deaths per 100,000 population
attributable to influenza A and B, predominantly in those aged >60 years, with the largest contribution from influ-
enza A(H1N1) in 3 out of 4 years. For A(H3N2), the relationship between influenza activity and mortality varied over
time. Influenza was associated with increases in deaths classified as resulting from respiratory disease (posterior
probability of positive association, 99.8%), cancer (98.6%), renal disease (98.0%), and liver disease (99.2%). No
association with circulatory disease mortality was found. Seasonal influenza infections are associated with sub-
stantial mortality in Thailand, but evidence for the strong relationship between influenza activity and circulatory dis-
ease mortality reported in temperate countries is lacking.

Bayesian regression; burden; developing country; influenza; middle-income country; mortality; seasonal variation;

tropics

Abbreviation: ICD-10, International Classification of Diseases, Tenth Revision.

The World Health Organization asserts that seasonal influ-
enza results in 250,000-500,000 deaths annually in industri-
alized countries (1). Estimates are lacking from low- and
middle-income countries but might differ substantially be-
cause of reduced health-care resources, differences in influ-
enza transmission dynamics, poorer nutrition, differences in
chronic illnesses, and lower levels of vaccine coverage against
influenza and interacting pathogens, such as Streptococcus
pneumoniae (2, 3). Differences in the pattern of person-to-
person contacts that spread influenza may also lead to differ-
ent patterns of epidemic spread that could potentially affect
influenza-related mortality. Such differences in contact pat-
terns may relate to the degree of urbanization and the demo-
graphic structure of the population. Finally, many developing

countries are in tropical or subtropical zones, where influenza
seasonality and strain diversity can differ substantially from
those of temperate regions (3). Very little is currently known
about mortality due to seasonal influenza in the tropics with
the exception of one very highly developed and fully urban-
ized population, Singapore (4, 5).

Although routine influenza vaccination programs have pre-
viously been limited to higher-income settings, there is in-
creasing interest in expanding such programs in developing
countries. Estimating influenza-related mortality in such set-
tings is essential for quantifying the likely impact of such
vaccination programs (1). However, a major challenge in es-
timating seasonal influenza mortality is that symptoms are
nonspecific, and few patients are tested for active influenza
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infection. It is also evident that, for most deaths where influ-
enza is likely to have played a causal role, no mention of in-
fluenza is given as the cause of death (2, 4-7).

To overcome these limitations, approaches have been
developed to estimate influenza-related mortality by using
routine surveillance data (2, 4—12). Most aim to separate mor-
tality time series into a predictable component of temporal
variation (annual periodicity and long-term trends) and,
added to this, a variable component. Mortality associated
with influenza is expected to be largely explained by the latter.
A seminal approach, the Serfling model (9), used a sine wave
to model the regular seasonal component of variation and a
polynomial in time to account for long-term trends. Mortality
exceeding this baseline model in “epidemic months” is termed
“excess mortality.” Much of this excess, itis argued, is caused
by influenza.

Because of several limitations of this model (likely to be
particularly severe in tropical and subtropical settings), recent
work uses more flexible functional forms (splines) for mod-
eling underlying seasonality and regression models to relate
mortality to influenza activity (2, 4, 6, 12). We adopt a similar
approach to estimate mortality due to seasonal influenza in
Thailand, adjusting for nonlinear associations of mortality
with meteorological data. We extend previous approaches by
allowing for year-on-year variation in the relationship be-
tween subtype-specific influenza activity and mortality.

We use data collected prospectively by the national influenza
surveillance system in Thailand. This combines epidemio-
logic and virological data and was set up by the Thai National
Institute of Health at the Ministry of Public Health in 2004 in
collaboration with the US Centers for Disease Control and
Prevention (13).

METHODS
Data sources

Weekly deaths in Thailand for 2005-2009 were obtained
from the Ministry of Public Health and included both all-
cause mortality and mortality with codes from the Interna-
tional Classification of Diseases, Tenth Revision (ICD-10),
for respiratory disease (JO0-J99), circulatory disease (I00—
199), cancer (C00—C97), diabetes (E10-E14), renal disease
(NOO-NO7, N17-N19, N25-N27), and liver disease (K70,
K73, K74). These have previously been reported to be asso-
ciated with influenza. We also included 2 control categories
that have not been reported to be associated with influenza:
septicemia (A40, A41) and unintentional injuries (V01—
X59, Y85, Y86) (2).

Influenza data consisted of reports of weekly numbers of
patients seeking medical attention with influenza-like illness
throughout Thailand and weekly laboratory-confirmed influ-
enza cases from April 2005 to March 2009. These dates were
chosen because the influenza surveillance system was not
fully operational until 2005 and, following March 2009, health
care—seeking behavior for influenza-like illness changed in
response to pandemic influenza (13). Visual inspection indi-
cated anomalies in the data in weeks 52, 53, and 1 of each
year, and these were excluded from the analysis. Laboratory
confirmation data included the number of weekly tests from

patients with influenza-like illness and the number positive
for influenza A(H3N2), A(HINT1), and B (13). Three meteo-
rological measurements were used: maximum temperature,
relative humidity, and rainfall. These were averaged over
daily readings from Bangkok obtained from the Thai Meteo-
rological Department. Six out of over 3,000 observations
were missing or represented coding errors and were replaced
with the last observation carried forward.

Statistical analysis

We defined an influenza activity measure, B, ,, as the prod-
uct of the proportion of laboratory tests positive for influenza
type j in week 7 and the number of patients with influenza-like
illness in week ¢. This is similar to a previously described in-
cidence proxy (2). The number of patients with influenza-like
illness due to noninfluenza causes may vary over time, as
may the probability that laboratory confirmation for influenza
is sought in a patient with influenza-like illness. The activity
measure, B;,, will not be affected by such variation and will
be proportional to the number of true cases with influenza
type j in week ¢, provided that the probability that a patient
with an influenza type j infection seeks medical attention
for influenza-like illness and test sensitivity do not vary with
time (refer to the Web Appendix, available at http:/aje.
oxfordjournals.org/).

We estimated mortality due to influenza using regression
models that expressed weekly deaths as the sum of a regular
seasonal component of variation, a long-term trend, a contri-
bution from each of the influenza types, a component related
to meteorological conditions, and an error term. We used sep-
arate models for all-cause deaths, deaths in 3 different age
groups (<17, 18-59, >60 years), and deaths for specific
groupings of ICD-10 codes. Seasonal variation was accounted
for by using periodic penalized B-splines (P-splines) (14, 15).

Models considered were of the form

Dt:St+Ll+Zj:1_'_3Bjx(fXBj,t—l +(1-f)

X Bj.z—z) + W, +¢&,

(1)

where D, represents deaths in week ¢, S; corresponds to the
week ¢ contribution from the periodic seasonal term, L, cor-
responds to the week ¢ contribution from the long-term trend
term, the B; terms estimate the contribution to mortality from
the 3 influenza types, W, corresponds to the week ¢ adjustment
for other covariates, and €, is the residual. We followed pre-
vious work in assuming that deaths caused by influenza will
lag influenza cases by 1-2 weeks; the f term represents the
proportional contribution to deaths of influenza cases 1
week previously (2).

Regression models were developed by using a 2-stage ap-
proach where we first performed an exploratory analysis to
select the best models and then estimated mortality using the
selected model. In an initial exploratory stage, we compared
12 different generalized additive models, accounting for sea-
sonal variation using P-splines, comparing approaches using
low-order polynomials and P-splines for modeling the long-
term trends, and comparing Gaussian models with Poisson
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Figure 1.

Time series of observed influenza-like illness (ILI) and influenza activity measures (B4, B, Bs) in Thailand, 2005-2009. Influenza activity

measures represent the product of influenza-like illness and the percentage of tested isolates positive for a given type in each week. Broken lines
show the proportion of tested isolates positive for influenza (A) and positive for specific influenza types (B-D).

models (with an identity link function). We used the Akaike
Information Criterion to assess model fit (16). This showed
that Gaussian models where long-term trends were modeled
by either a P-spline or a quadratic function of the week num-
ber gave similar fits (Web Table 1). We used the latter as-
sumption in the second stage, in which we implemented
models within a Bayesian framework and estimated parameters
using a Markov chain Monte Carlo approach, because it gave
greatly improved mixing of the Markov chain (Web Figure 1).
This enabled us to estimate the type-specific delay, f, from
reported influenza to death, account for temporal autocorrela-
tion between observations by using a second-order random-

walk prior, and consider 3 different assumptions about how
the coefficients in the regression model relating influenza ac-
tivity to mortality varied by year. For cause-specific mortal-
ity, we report the posterior probability of positive association
with influenza (i.e., the posterior probability that influenza-
associated mortality is greater than zero). We considered 3
different approaches to adjusting for meteorological variables
(no adjustment; adjustment assuming linear relationships;
and a semiparametric regression approach with P-splines to
allow for nonlinear relationships between meteorological
covariates and mortality). Finally, when we found evidence
of heteroskedasticity, we extended the best-fitting model by


http://aje.oxfordjournals.org/lookup/suppl/doi:10.1093/aje/kwu360/-/DC1
http://aje.oxfordjournals.org/lookup/suppl/doi:10.1093/aje/kwu360/-/DC1

4 Cooper et al.

8,000
6,000
[%2]
<
T
[0
a
S
e}
Z 4,000 —
2,000 '
f STERRRRAGEIETIRS ST
(s . . . .
T i — — i
April 2005  January 2006 January 2007 January 2008 January 2009
Date

Figure 2. Observed and expected deaths by age group in Thailand, 2005-2009. The figure shows recorded weekly deaths in those aged <17
years (open circles), 18-59 years (squares), >60 years (triangles), all ages (diamonds), and the expected number of deaths predicted by the full
model (red lines) and expected number of deaths excluding those due to influenza (black lines). Shaded areas indicate excess deaths attributed to
influenza (pink if positive, blue if negative). Vertical dashed lines indicate the first week of the calendar year, and vertical dotted lines mark the Thai

New Year (April 13-15).

allowing the variance to follow a first-order autoregressive
conditional heteroskedastic process (17).

Mortality in weeks excluded from the model fitting was es-
timated by linear interpolation based on estimated mortality in
weeks before and after excluded data. The assumed population
size of each age group in each year was derived from census
data (http:/web.nso.go.th/en/census/poph/cen_poph.htm) and
World Bank population estimates (http:/databank.worldbank.
org/). Full-model details are given in the Web Appendix.

Analysis was performed using R, version 2.13.0 (R Founda-
tion for Statistical Computing, Vienna, Austria), with the pack-
age mgcv for initial model exploration and WinBUGS, version
1.4 (freeware), for the Bayesian analysis (18-20).

RESULTS

Although influenza B was endemic throughout the entire pe-
riod, there were extended periods when 1 of the 2 influenza A

subtypes was absent (Figure 1). No clear seasonal pattern was
evident for any influenza type. All-cause mortality data, in con-
trast, showed a clear seasonal pattern, with peaks close to the
end of each calendar year (Figure 2). This seasonal variation
was not apparent in those aged <60 years. Combined mortality
with classifications previously associated with influenza was el-
evated close to the end of each calendar year, reflecting annual
peaks in mortality from circulatory and respiratory disease (Fig-
ure 3). There was also an increasing trend in mortality attributed
to influenza-related causes, reflecting increasing mortality from
cancer, diabetes, and renal disease. The 2 control causes of mor-
tality also showed seasonal patterns: Septicemia deaths showed
troughs close to the end of each calendar year but peaks shortly
after the Thai New Year (April 13—-15), and unintentional in-
jury deaths showed large peaks during the Thai New Year.

In the models relating influenza activity to all-cause mor-
tality, background seasonal mortality (not explained by influ-
enza) peaked near the start of the calendar year and was at a
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Figure 3. Observed and expected deaths attributed to causes commonly associated with influenza and 2 control causes in Thailand, 2005-2009.
Shaded areas indicate excess deaths attributed to influenza (pink if positive, blue if negative). Vertical dashed lines indicate the first week of the
calendar year, and vertical dotted lines mark the Thai New Year (April 13—15). Apr, April; Jan, January.

minimum at about week 30 (Web Figure 2). Adjustment for
meteorological data substantially improved model fit (Web
Table 2). This showed that, superimposed on the regular sea-
sonal variation, all-cause mortality decreased at high levels of
relative humidity and increased at high temperatures (Web
Figure 3). There was no evidence of any association with
rainfall. Allowing for year-to-year variation in the association
between influenza activity and mortality also improved
model fit. The best model overall accounted for both a non-
linear association between meteorological data and mortali-
ty and for year-to-year variation in the association between
influenza activity and mortality. We report results for this

model allowing for time-dependent variance below. Results
obtained by using alternative models are shown in Web
Tables 3-9.

The overall posterior mean of 6.1 deaths per 100,000 pop-
ulation per year corresponds to approximately 4,000 annual
deaths due to influenza in Thailand (Table 1).

There was considerable variation between the 4 years in
both total mortality due to influenza A and the relative impor-
tance of HIN1 and H3N2 (Table 2).

HINI1 was associated with only a small increase in mortality
in 2005-2006 when HINT activity was low but with 2—4 deaths
per 100,000 population over the next 3 years. Annual mortality
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Table 1. Estimated Number of Influenza-Related Deaths per 100,000 Population, by Age Group, Thailand, 2005-2009?
AgeGroup,  A(HING 'A(HaNZ) influenzaB L ilSoACAandB
years Mean 95%Crl Mean 95%Crl Mean 95%Crl Mean 95%Crl Mean 95% Crl
All ages 26 038,51 16 -1.7,54 1.9 -35,69 42 -02,9.2 6.1 0.5,12.4
<17 0.0 -0.8,0.8 06 -04,16 -04 -2.0,13 0.6 -0.8,2.1 0.1 -04,0.6
18-59 14 03,27 14 -04,31 -17 -4.0,06 30 05,56 1.1 -1.7,4.0
>60 281 11.1,459 13.0 -75,345 269 -7.7,622 41.0 13.7,69.2 68.0 27.2,108.1

Abbreviation: Crl, credible interval.

@ Estimates were obtained by using the model adjusting for meteorological data and allowing for annual variation in
the association between type-specific influenza activity measures and mortality using a random-effects model.

associated with H3N2 was even more variable: In 20052006,
despite evidence of a large H3N2 epidemic, there was no asso-
ciation with increased mortality, while annual associated mor-
tality subsequently ranged between 0 and 4 deaths per 100,000.
Alternative models gave broadly similar results, although
constant-variance models consistently found no evidence
that influenza B made any contribution to mortality (Web Ta-
bles 3-9). Models that accounted for annual variation in the
association between influenza activity and mortality all esti-
mated a larger number of deaths attributed to influenza A than
models that did not. In all cases, adjusting for this annual var-
iation led to improved model fit. There was evidence that the
relationship between influenza activity and mortality varied
over the 4 years for A(H3N2) but not for A(HIN1) (Web Fig-
ure 4). In particular, each unit of activity with A(H3N2) in
20062007 was associated with a far greater mortality risk
than in the other 3 years (Web Table 10). There was no strong
correlation between total annual deaths attributed to the 3 dif-
ferent influenza types and at most weak correlation between
their year-specific regression coefficients (Web Figure 5).
Almost all influenza-related deaths were estimated to occur
in those aged >60 years, with an estimated 68 influenza-
related deaths annually per 100,000 people in this age group—
about 2% of the age group’s total mortality rate (Table 1). There
was also evidence of an association between influenza A and
increased mortality in those aged 18—59 years, with about 3
deaths per 100,000 population per year or 0.3% of the total
mortality rate. In those aged <18 years, we estimated less than
1 death per 100,000 per year due to influenza, 0.1% of the
total mortality rate. In these age group—specific analyses,

influenza B was estimated to account for 40% of the influ-
enza-related mortality in those >60 years. There was no evi-
dence of mortality associated with influenza B in other age
groups.

Analysis of cause-specific mortality found evidence that
influenza was associated with deaths attributed to respiratory
disease (probability of positive association, 99.8%, based on
adjusted model), cancer (98.6%), diabetes (99.3%), renal dis-
ease (98.0%), and liver disease (99.2%). The highest mortal-
ity attributed to influenza (1.6 per 100,000 per year) was seen
in respiratory disease deaths; about 4% of deaths in this cate-
gory were attributed to influenza (Table 3). Again, these deaths
were mostly in those aged >60 years, and in each year apart
from 2005-2006, influenza A was estimated to play a domi-
nant role (Table 4). For the 2 control causes of death, we found
little evidence of any association with influenza (Table 3;
Figure 3). Posterior probabilities for a positive association be-
tween influenza and excess mortality were 87.2% for control
1 and 56.5% for control 2 (all prior probabilities were 50%).

Despite the strong seasonal pattern seen in deaths attributed
to circulatory causes (Figure 3), the model estimated that
influenza made little or no contribution to mortality in this
category (probability of positive association, 46.9%). Un-
planned analysis of deaths attributed to ischemic heart disease
and cerebrovascular disease (subgroups of circulatory disease)
(Web Figure 6) showed a similar lack of association between
influenza and mortality (Web Table 11). There was, however,
some evidence that influenza A was associated with increased
mortality for these categories, while influenza B offered pro-
tection, with the net influenza association close to zero.

Table 2. Estimated Number of Influenza-Related Deaths per 100,000 Population, by Year, Thailand, 2005-2009?

Influenza Influenza Influenza B Total Total Influenza
Year A(H1N1) A(H3N2) Influenza A Aand B
Mean 95%Crl Mean 95% Crl Mean 95% Crl Mean 95% Crl Mean 95% Crl

20052006 0.4 -0.1,09 -05 -6.1,5.1 33 -21,106 -01 -5.7,56 3.1 -46,11.9
2006-2007 41 09,75 36 -09,132 12 -29,6.7 7.7 1.6,17.8 9.0 2.2,20.1
2007-2008 22 -0.2,58 -04 -6.9,56 1.5 -72,86 1.8 -53,87 32 -6.5,123
2008-2009 4.1 0.7,8.4 3.7 -16,94 14 -9.0,838 7.8 11,155 92 -23,19.3
Abbreviation: Crl, credible interval.

@ Estimates were obtained by using the model adjusting for meteorological data and allowing for annual variation in
the association between type-specific influenza activity measures and mortality using a random-effects model.
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Table 3. Cause-Specific Mortality? Attributable to Influenza for Major ICD-10 Groupings, Thailand, 2005-2009°

Mortality per Cause-Related
Recorded Cause Mean Annual 100,000 Due to Deaths Attributed fa° °
of Death Mortality per Influenza to Influenza, %
100,000 Population
Mean 95% Crl Mean 95% Crl Mean 95% Crl Mean 95% Crl

Circulatory 51.5 0.0 -0.8,0.8 -0.1 -1.6,15 0.43 0.07, 0.85 0.51 0.16, 0.87
Respiratory 36.8 1.6 05,25 4.1 14,7.0 0.49 0.20, 0.80 0.34 0.01, 0.92
Cancer 77.7 0.8 0.0,1.7 1.2 0.0,2.2 0.54 0.04, 0.98 0.37 0.01, 0.93
Diabetes 11.0 0.4 0.1,0.7 3.8 1.1,6.6 0.44 0.03, 0.94 0.49 0.03, 0.96
Renal disease 17.6 0.4 0.0,0.8 23 0.1,45 0.51 0.05, 0.96 0.46 0.03, 0.96
Liver disease 7.4 0.3 0.1,0.6 4.4 09,77 0.51 0.03, 0.97 0.86 0.46, 1.00
Above causes combined 202.5 3.7 1.4,6.0 1.8 0.7, 3.0 0.48 0.08, 0.89 0.48 0.02, 0.97
Control 1: septicemia 34.6 0.2 -0.4,0.8 0.7 -12,26 0.58 0.14, 0.96 0.48 0.03, 0.97
Control 2: unintentional injuries 29.3 0.0 -0.8,0.8 02 -27,30 058 0.06,098 052 0.03, 097

Abbreviations: Crl, credible interval; ICD-10, International Classification of Diseases, Tenth Revision.

& “Mortality” was defined as number of deaths.

b Estimates were obtained by using the model adjusting for meteorological data and allowing for annual variation in the association between
type-specific influenza activity measures and mortality using a random-effects model.

¢ Refer to equation 1.

DISCUSSION representing 4,000 deaths per year. There was no evidence
of a net influenza contribution to circulatory disease deaths.

On average, 6 people in every 100,000 were estimated to Strengths of our study include high-quality surveillance
die each year in Thailand as a result of seasonal influenza, data, analytical methods that build on important recent

Table 4. Estimated Number of Influenza-Related Deaths Classified as Due to Respiratory Causes per 100,000
Population, by Year and Age Group, Thailand, 2005-2009%

Influenza A(H1N1) Influenza A(H3N2) Influenza B Total Influenza A and B
Age Group and Year
Mean 95% Crl Mean 95% Crl Mean 95% Crl Mean 95% Crl

Age >60 years

All years 41 1.3,7.0 5.7 2.4,9.0 1.8 -2.2,6.2 11.6 6.1,17.0

2005-2006 0.2 -1.8,1.6 -1.8 -6.6, 3.4 2.8 -2.2,83 1.1 -5.5,8.4

2006—2007 23 -1.9,65 8.9 4.6,13.4 0.1 -6.8,3.8 11.3 3.8, 18.1

2007-2008 7.0 0.9,154 5.7 -1.1,12.9 1.6 -5.6,84 14.3 5.8,23.0

2008—-2009 6.2 2.0,10.0 9.5 3.6, 15.1 2.8 -3.1,9.3 18.4 9.7,27.0
Age 18-59 years

All years 0.3 0.0, 0.6 0.2 -0.2,0.6 0.2 -0.3,0.6 0.6 0.0,1.2

2005-2006 0.1 0.0,0.3 -0.5 -1.1,0.1 0.1 -06,06 -04 -12,04

2006—2007 0.2 -0.3,0.6 0.3 0.0,0.7 -0.1 -1.0,0.3 04 -05,12

2007—-2008 04 -0.1,141 0.3 -0.4,11 0.3 -05,1.0 1.0 0.1,1.9

2008—-2009 0.6 0.0,1.3 0.6 0.0,1.3 0.4 -0.3,1.4 1.5 0.5,2.6
Age <17 years

All years -0.1 -0.3,0.2 -0.1 -0.4,0.3 -02 -0.7,0.2 -0.3 -0.9,02

2005-2006 0.0 -0.1,0.1 0.0 -0.5,0.5 -0.5 -1.1,00 -05 -1.2,0.16

2006—2007 -0.2 -0.6,0.2 0.0 -0.3,0.2 -0.2 -08,03 -04 -1.1,03

2007-2008 0.0 -0.5,04 -0.1 -0.7,04 -0.7 -13,0 -09 -1.6,-02

2008-2009 0.0 -0.4,0.5 0.0 -0.5,0.5 0.4 -05,1.4 04 -05,14

Abbreviation: Crl, credible interval.
@ Estimates were obtained using the model adjusting for meteorological data allowing for annual variation in the
association between type-specific influenza activity measures and mortality using a random-effects model.
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methodological developments, and thorough sensitivity anal-
yses (2, 12, 13). The credibility of our findings is strengthened
by the lack of association between influenza and mortality in
the 2 control groups. Although results were generally stable
under different model assumptions, estimates of mortality
associated with influenza B were close to zero in constant var-
iance models. This might reflect difficulty in identifying con-
tributions to mortality for a pathogen that circulates year
round, as is the case for influenza B in Thailand (Figure 1).

Limitations include those of any observational study. Asso-
ciations between influenza activity and mortality do not neces-
sarily imply a simple chain of causation from infection to death.
Additional limitations include the lack of spatial data and infor-
mation on pathogens other than influenza. Also, because of
changes in health care—seeking behavior for influenza-like ill-
ness following the 2009 pandemic, it was not possible to esti-
mate mortality associated with the pandemic using the same
approach. Accounting for these factors represents an important
area for future research. In particular, it will be instructive to see
if latitudinal variations in influenza-associated mortality re-
ported elsewhere are also evident in Thailand (21).

Thailand is a developing middle-income tropical country
with a predominantly rural population and a nominal per cap-
ita gross domestic product close to the world median (22, 23).
There is no routine vaccination against S. pneumoniae and, in
2008, influenza vaccine sales amounted to only 1.6 per 100
people (24). No national estimates of total mortality caused
by seasonal influenza A and B infections are available from
any other developing country in the tropics. Our findings may
therefore provide an important basis for generalization about
the probable burden of seasonal influenza mortality outside
high-income countries. Generalizations should, however, be
made with caution. In South Africa (which has subtropical
and temperate climate zones), influenza has been estimated
via a Serfling-type model to cause 340 annual deaths per
100,000 population in those aged over 65 years, 5 times the
corresponding rate in the elderly population in Thailand (10).
Reasons for this large difference are not clear and need fur-
ther investigation, but interactions with other pathogens may
be one contributory factor (25).

The only previous comparable estimates in a tropical climate
zone are from Singapore, a small, completely urbanized, and
very high-income country. Using 2004-2006 data, influenza
was estimated to account for a mean of 8.3 annual deaths per
100,000 population (5). Also in the tropics, a study in Bangla-
desh in 2009 (combining seasonal and pandemic influenza) es-
timated influenza-related mortality to be 11 per 100,000 (26).
However, only deaths with influenza-like illness were consid-
ered, and influenza-like illness was ascertained retrospectively
by interviewing household members the following year.

Seasonal influenza mortality has also been estimated in a
number of cities in China with a subtropical climate. In Hong
Kong and Guangzhou (both relatively developed populations
with gross domestic product per capita 7 and 3 times higher than
that of Thailand), estimates were 11.1 and 10.6 per 100,000
population, respectively (4); another study estimated influenza-
associated mortality in 5 subtropical Chinese cities to be 11.3
per 100,000 (27). In the United States, annual influenza-related
mortality was recently estimated to be 11.9 per 100,000 (2).
These results suggest that Thailand experiences a similar or

slightly lower influenza-related mortality than these much
higher income populations. However, influenza-related mor-
tality is highly age dependent and will be strongly affected by
a population’s age distribution. For example, the proportion
of the population aged >60 years in Hong Kong is 19% (http:/
www.census2011.gov.hk/en/) butaveraged only 11% in Thai-
land during 2005-2009. Adjusting for differences in age struc-
ture and calculating expected mortality for a world-standard
age structure give a more informative comparison (28). This
gives point estimates for standardized mortality that are very
similar in Thailand and Hong Kong (8.8 vs. 8.5 per 100,000
population) (4).

Our findings diverged from those of previous studies in the
relative importance of different influenza types. In the United
States, influenza A(H1N1) has been estimated to make a small
or negative contribution to mortality, while influenza B ac-
counted for about one-fifth of influenza-related deaths (2).
In Hong Kong, influenza B and A(H1N1) are estimated to ac-
count for about one-third and one-quarter as many deaths as
A(H3N2) (4), while another study estimated that types A and
B made similar contributions to mortality in northern (tem-
perate) Chinese cities, while in southern (subtropical) cities,
type B dominated (27). In contrast, we estimated that A(HIN1)
made the largest contribution to mortality, and that type B
was associated with roughly half the mortality associated with
type A. Some of these differences may reflect chance variation
associated with different virus types over the study periods.
For example, A(H3N2) mortality appears to have declined
following the emergence of the Fujian strain in 2003 (predat-
ing our data) (2).

A striking finding was the lack of association of seasonal
influenza with circulatory disease mortality. This contrasts
with high-income temperate and subtropical settings where
influenza is estimated to make a major contribution to circu-
latory disease hospitalization and death (2, 29, 30). There are
several possible explanations. First, “noisy” influenza data or
inaccurate ICD-10 coding may prevent a true association
from being found. However, although there is clearly poten-
tial for improvement in ICD-10 data from Thailand (as else-
where) (31), the similar seasonal patterns for ischemic heart
disease and cerebrovascular disease (Web Figure 6) and the
associations between influenza and other ICD-10 codes pre-
viously linked with influenza mortality suggest that this
explanation is unlikely. Second, because of differences in hu-
midity, aerosol transmission of influenza may be much lower
in the tropics than in temperature regions (32). There is evi-
dence that droplet or contact-based spread of influenza is less
likely to lead to typical influenza symptoms than is aerosol
transmission, and this could conceivably lead to differences
in cause-specific mortality (33). Third, associations reported
elsewhere between influenza activity and circulatory disease
deaths could be mediated by another factor, such as second-
ary bacterial infections, and such interactions could differ in
tropical and temperate zones (34). Fourth, the greater impor-
tance of acute rather than chronic circulatory disease in Thai-
land might be responsible for the different associations with
influenza. Finally, it is possible that the high incidence and
year-round circulation of influenza B result in more frequent
but milder infections that protect against other more severe
infections through nonspecific immunity. Interestingly, in
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Brazil, the 2009 pandemic was associated with a very large
increase in respiratory mortality but no association with cir-
culatory mortality (35).

In summary, we have shown a substantial but previously hid-
den mortality burden due to influenza in a tropical middle-
income country, less than 2% of which is likely to be accounted
for by hospitalized cases of influenza pneumonia (36).
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Abstract

Information generated from economic evaluation is increasingly being used to inform health
resource allocation decisions globally, including in low- and middle- income countries. How-
ever, a crucial consideration for users of the information at a policy level, e.g. funding agen-
cies, is whether the studies are comparable, provide sufficient detail to inform policy
decision making, and incorporate inputs from data sources that are reliable and relevant to
the context. This review was conducted to inform a methodological standardisation work-
stream at the Bill and Melinda Gates Foundation (BMGF) and assesses BMGF-funded cost-
per-DALY economic evaluations in four programme areas (malaria, tuberculosis, HIV/AIDS
and vaccines) in terms of variation in methodology, use of evidence, and quality of reporting.
The findings suggest that there is room for improvement in the three areas of assessment,
and support the case for the introduction of a standardised methodology or reference case
by the BMGF. The findings are also instructive for all institutions that fund economic evalua-
tions in LMICs and who have a desire to improve the ability of economic evaluations to in-
form resource allocation decisions.

Introduction

Increasing demand for health services together with the accelerating developments in health
technology place an ever-increasing strain on limited health resources. Health economic evalua-
tion measures resources used against the outcomes of alternative policy options [1]. The ultimate
aim of health economic evaluation is to improve resource allocation decisions by addressing effi-
ciency in healthcare. Over the past decade, this method has gained increasing attention from de-
cision makers in both resource-rich and resource-poor countries as well as among global health
funders [2-4].
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Established in 2000, an aim of the Bill & Melinda Gates Foundation (BMGF) is to enhance
healthcare through supporting technology development in areas beset by particular health
problems, including neglected tropical diseases and vaccine preventable diseases. Since 2004,
BMGEF has provided cumulative funding in excess of US$200 million for cost-effectiveness
analysis and related activities around the world.

To maximise the benefit of economic evaluation information to health policy decisions, it is
essential that the studies are comparable both within and across health problems as well as
properly performed and reported to effectively assist the health investment decisions that
could subsequently have a large impact on the health of target populations. Limited methodo-
logical quality is reported to be a significant barrier to the effective use of economic evaluation
information [5-7]. This is of particular concern in low- and middle- income countries
(LMICs) where research capacity in this field and reliable data sources are insufficient [7,8],
and there are few methodological guidelines for performing locally-relevant economic evalua-
tion [9]. As a result, BMGF, being a major funder of this type of research, aims to pioneer the
development of a reference case for conducting health economic evaluations in developing
countries to be referred to not only by its grantees but also by researchers who receive financial
support from other funders.

Prior to this review, there was substantial uncertainty regarding the number, quality, meth-
odology and focus of BMGF-funded economic evaluations as there was no repository or cen-
tralised collation mechanism. A key element of the reference case development and the aim of
this review was to present a snapshot of the current status of BMGF-funded economic evalua-
tions in focus programme areas.

Methods
Scope

The review included published economic evaluations undertaken in LMICs from 2000 on-
wards in four focus programme areas for BMGF [10] (vaccine, tuberculosis, HIV/AIDS, and
malaria). The initial review identified all types of economic evaluation (cost-minimization;
cost-effectiveness analysis; cost-utility analysis; cost-benefit analysis [1]) to provide an indica-
tor of the proportion of economic evaluations that are supported by BMGEF. The in-depth anal-
yses included variation in methodology, quality of reporting, and quality of evidence used and
was limited to economic evaluations that used the cost per disability adjusted life year (DALY)-
averted outcome measure and were funded by BMGF. The review scope was limited to cost-
per-DALY studies as i) BMGF sought consistency with the outcome measure of existing pro-
grammes that it funds such as the Global Burden of Disease initiative; ii) a cost-utility-study
focus was required as the intention of the reference case was to improve the ability of economic
evaluation to inform resource allocation decisions in terms of both allocative and technical effi-
ciency, iii) a single study type facilitated meaningful inference from within the time and re-
sources available for the analysis.

Search Strategy

The search aimed initially to identify all economic evaluations in LMIC settings relating to the
four programme areas to explore the number of existing studies during the time that BMGF
had been established and examine the proportion of studies funded by BMGF. These were then
narrowed down further to include only BGMF-funded studies that used cost-per DALY as
their most aggregated measure of outcome for the in-depth analysis. To identify these econom-
ic evaluations, systematic reviews of this type of studies were firstly retrieved. Since BMGF was
established in 2000, the period for the search of published systematic reviews in MEDLINE
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and Centre for Reviews and Dissemination databases (CRD) were limited to 2000 to May 2013.
Individual economic evaluations were then identified manually through the citations in the rel-
evant systematic reviews. An economic evaluation study was considered relevant if it was a full
economic evaluation, i.e. studies that contain comparison of both cost and health outcomes of
at least two alternatives [1]; conducted in LMIC settings and published from 2000 onwards.
The studies that met criteria were then investigated for their funding sources to identify those
which were funded by BMGF.

The search strategies used relevant terms of economic evaluation, including "economic

", "economic evaluations", "cost ef-

fectiveness", "cost utility", and "cost benefit" and the terms of intervention of interest, includ-
ing vaccine, HIV/AIDS, tuberculosis/TB, and malaria, and the filter ‘systematic review’

"o "o "o

evaluation", "cost-effectiveness”, "cost-utility", "cost-benefit

was applied.

Analytical Framework

All economic evaluations which were conducted in LMIC settings and published from 2000
onwards were analysed for their funding source and outcome measures. Most aggregate out-
come measure, i.e. the measure that capture the most aspects among the measure used in that
study, were considered. Therefore, if a study adopted both death averted and DALY, it would
be categorised as using DALY as the aggregate measure.

The analytical frameworks developed by Walker and Fox-Rushby [11] and Teerawattana-
non et al. [12] for identifying method variations in economic evaluations conducted in LMICs
were used on the included BMGF-funded cost-per-DALY studies. The analyses consisted of
two parts. First, the manner of reporting, i.e. whether researchers reported adequate details,
was explored using a number of variables adapted from Consolidated Health Economic Evalu-
ation Reporting Standards (CHEERS) statement [13]. This included i) describing intervention
and comparator(s) and the reason of choosing the comparator(s) ii) reporting characteristics
of target populations iii) describing the perspective adopted iv) reporting horizon used v) re-
porting that discounting of costs and outcomes was done where relevant vi) informing unit,i.e.
currency, and price date of cost data applied to the study and, if borrowed from other sources,
how the cost data was converted to the study currency and price date vii) describing all key
model parameter if a model was used viii) reporting Incremental cost-effectiveness ratios
(ICERs) ix) discussing generalizability/transferability of the findings x) discussing equity con-
sideration and affordability x) informing role of funders in the design and conduct of the study
and xi) describing conflict of interest. Further examination was done to explore variation in
methodology for certain variables, i.e. study perspective, analytical approach, uncertainty anal-
ysis, methods for currency conversion, methods for DALY calculation, and the threshold used.
Second, quality of evidence used was evaluated using an adapted framework for hierarchy of
evidence [14] (Table 1). Since the in-depth analysis was done only for cost-per-DALY studies,
the hierarchy of the evidence of utilities such as those recommended by Cooper et al. [14] was
not considered.

Results
General profiles of the review

Our study identified 56 eligible published systematic reviews of economic evaluations (Fig 1),
of which the search period of those identified systematic reviews did not include economic
evaluations published in 2012 and 2013. None of the systematic reviews except one (for Tanza-
nia [15]) focused on a particular setting but instead included published literature conducted in
low-, middle-, and high-income countries. From those systematic reviews, 204 economic
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evaluation articles were found to meet the inclusion criteria. The majority of the economic
evaluations focused on vaccines (90 studies), followed by HIV/AIDS (58 studies), malaria (41
studies), and tuberculosis (TB) (15 studies). In total, there were 47 economic evaluations, in-
cluding 20 cost-per-DALY studies (see S1 List of included cost-per-DALY studies), funded by
the BMGF (23% of 204 studies) (Table 2).

Although the majority of studies were funded by non-BMGF organisations, BMGF was
most often cited as the funding body compared to any other individual organization, except in
area of TB, of which only one study was supported by the foundation. Disease/programme-

Table 1. Hierarchies for data sources, reproduced from Cooper et al., 2005 [14].
Rank Data components

Clinical effect sizes/adverse events and complications

1+ Meta-analysis of RCTs with direct comparison between comparator therapies, measuring final
outcomes

1 Single RCT with direct comparison between comparator therapies, measuring final outcomes

2+ Meta-analysis of RCTs with direct comparison between comparator therapies, measuring surrogate

outcomes. Meta-analysis of placebo-controlled RCTs with similar trial populations, measuring the
final outcomes for each individual therapy

2 Single RCT with direct comparison between comparator therapies, measuring the surrogate

outcomesSingle placebo-controlled RCTs with similar trial populations, measuring the final
outcomes for each individual therapy

3+ Meta-analysis of placebo-controlled RCTs with similar trial populations, measuring the surrogate
outcomes
3 Single placebo-controlled RCTs with similar trial populations, measuring the surrogate outcomes

for each individual therapy

Case control or cohort studies

Non-analytic studies (e.g. case reports, case series)
Expert opinion

© o O »

Not clearly stated
Baseline clinical data (if applicable)

Case series or analyses of reliable administrative databases specifically conducted for the study
covering patients solely from the jurisdiction of interest

2 Recent case series or analyses of reliable administrative databases covering patients solely from
the jurisdiction of interest

—_

3 Recent case series or analyses of reliable administrative databases covering patients solely from
another jurisdiction

Old case series or analyses of reliable administrative databases. Estimates from RCTs
Estimates from previously published economic analyses:
Expert opinion

© o O b

Not clearly stated

Costs

1 Cost calculations based on reliable databases or data sources conducted for specific study: same
jurisdiction

Recently published cost calculations based on reliable databases or data course: same jurisdiction
Data source not known: same jurisdiction

Using charge (price) rather than cost when societal perspective was adopted

Recently published cost calculations based on reliable databases or data sources: different
jurisdiction

a A W N

]

Data source not known: different jurisdiction
9 Not clearly stated
RCT = randomised control trial.

doi:10.1371/journal.pone.0123853.1001
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malaria (n=27)
TB (n=61)
HIV/AIDS (n=199)
vaccines (n=217)

Identified systematic reviews (n=504)

Systematic reviews that do not
included economic evaluations

\ 4

A 4

Systematic reviews that meet
inclusion criteria (n=56)
malaria (n=4)
TB (n=6)
HIV/AIDS (n=15)
vaccines (n=31)

A 4

Individual economic evaluations
identified from the 56 systematic
reviews that meet the inclusion
criteria (n=1,814)

malaria (n=166)

TB (n=419)

HIV/AIDS (n=350)

vaccines (n=879)

conducted in LMIC settings
(n=449)

Economic evaluations that are

A4

Economic evaluations that met

in the analysis (n=204)
malaria (n=41)
TB (n=15)
HIV/AIDS (n=58)

inclusion criteria, and are partly used

A 4

Cost-per-DALY studies (n=71)
malaria (n=11)
TB (n=2)
HIV/AIDS (n=17)
vaccines (n=41)

A\ 4

BMGF (n=20)
malaria (n=9)
TB (n=1)
HIV/AIDS (n=1)
vaccines (n=9)

Cost-per-DALY studies funded by

Fig 1. Flow of study selection.

doi:10.1371/journal.pone.0123853.g001

A 4

conducted before 2000 or focus
on high income settings (n=1,610)
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Table 2. Number of identified economic evaluations by type of funder, country income level of setting where the economic evaluation was con-

ducted, and area of interest.

Programme area

Malaria

using DALY-averted outcome
measure

B

using DALY-averted outcome
measure

HIV/AIDS

using DALY-averted outcome
measure

Vaccines

using DALY-averted outcome
measure

Total

using DALY-averted
outcome measure

SR abstracts SR matching inclusion EEs in included EEs matching Included EE funded
identified criteria SRs inclusion criteria by BMGF
27 (5.4%) 4 (7.1%) 166 (9.1%) 41 (20.1%) 15 (31.9%)
17 (23.9%) 9 (45.0%)
61 (12.1%) 6 (10.7%) 419 (22.8%) 15 (7.4%) 1(2.1%)
2(2.8%) 1(5.0%)
199 (39.5%) 15 (26.8%) 350 (19.1%) 58 (28.4%) 5 (10.6%)
11 (15.5%) 1(5.0%)
217 (43.1%) 31 (55.4%) 899 (49.0%) 90 (44.1%) 26 (55.3%)
41(57.7%) 9 (45.0%)
504 56 1,834 204 47
71 20

SR: systematic review; EE: economic evaluation; BMGF: Bill and Melinda Gates Foundation; DALY Disability-Adjusted Life Year; TB: tuberculosis

doi:10.1371/journal.pone.0123853.t002

specific measures such as infection averted were the most common aggregated outcome mea-
sures, reported in 39% of studies. Death averted or life year saved were the outcome measured
in 11% of studies, while DALY averted and QALY were the most aggregated outcome measures
for 38% and 11% of studies respectively. Only two studies (1%) used monetary benefit (cost-
benefit analyses) as an outcome measure. (Fig 2).

ICERs derived from each BMGF-funded cost-per-DALY study illustrate that almost all of
the interventions in the areas of malaria, TB and HIV/AIDS represented good value for money
(as defined by the World Health Organization) as the reported ICERs were below a ceiling
threshold equal to Gross National Income per capita (1035 US dollars for low-income coun-
tries using World Bank classifications) [16] (Fig 3). It is noteworthy that in the case of vaccines,
different settings yielded fairly different ICERs, which may be due to several factors including
variation in epidemiology such as disease incidence/prevalence [17]. However, this can also be
a consequence of the difference in methodological approaches rather than the true differences
in effectiveness or costs of the evaluated interventions.

Manner of reporting and variation in methodology of cost-per-DALY
studies funded by the BMGF

The percentage of cost-per-DALY studies funded by the BMGF adhering to a set of reporting
requirements is shown in Fig 4. Generalisability/transferability and equity considerations were
the attributes most often neglected in the studies, followed by affordability, price date, method
of cost adjustment for time difference between price date in source for cost data and price date
in the study and method of currency conversion.

Further analyses suggested that there was significant heterogeneity in methodology used in
the cost-per-DALY studies funded by the BMGF. Most studies (12 out of 20 studies) were con-
ducted using a societal perspective, followed by healthcare provider (5 studies [18-22]) and
health system (1 study [23]) viewpoints, and two studies did not clearly state the perspective
used. Regarding the analytical approach, 13 studies were model-based, of which four studies
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Reported measure of outcome in EE published in LMICs
(n=204)

m DALY

= QALY

u Disease/programme-specific
measures

m Death averted/LY saved

= Monetary unit

Fig 2. Most aggregated outcome reported in EEs published in LMICs, either funded by BMGF or not (n = 204). DALY Disability-Adjusted Life Year;
QALY: Quality-Adjusted Life Year; LY: life year.

doi:10.1371/journal.pone.0123853.9002

[20,22,24,25] constructed a decision tree; two studies [26,27] adopted a Markov model; two
studies [28,29] applied a dynamic model; one study [21] used a mathematical model; four stud-
ies [30-33] did not specify the type of model used. Considering uncertainty analysis, most
studies performed univariate or multivariate sensitivity analysis while only two studies [20,23]
conducted a probabilistic sensitivity analysis. In some studies [23,25-27,32], a threshold analy-
sis was also carried out along with the sensitivity analyses. More than half of the studies (12
studies) did not describe the method used for converting currencies even though they bor-
rowed cost data from sources outside their study settings. Exchange rates were more frequently
used (5 studies [18,19,25,31,34]) rather than purchasing power parity (PPP) (3 studies
[17,24,32]) for converting foreign cost data to the local currency of the study setting.

Most studies did not follow the specific methodological recommendations of the Global
Burden of Disease Project for the calculation of DALY [35]. Only the study by Mbonye et al.
[36] adhered to all three major methodological specifications, namely using a standard life
table, applying age-weighting, and performing discounting for future DALYs. Four studies
[21-23,25] used age-weighting and discounting but not standard life table. Thirteen out of the
20 studies discounted future DALY but did not apply age-weighting and standard life table.
Two studies [34,37] did not clearly state whether any of the recommendations were applied.
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Fig 3. Cost-effectiveness league chart showing ICERs of interventions being evaluated in identified BMGF-funded cost-per-DALY studies (n = 20).
IPTi: Intermittent preventive treatment for infants, IPTp: Intermittent preventive treatment for pregnant women, LLTNs: Long-lasting treated nets, ITNs:
Insecticide treated nets, IRS: Indoor residual spray, JE: Japanese encephalitis, HPV: Human papilloma virus, DOTS: Directly observed treatment, short
course. Source of consumer price index and purchasing power parity: IMF World economic outlook database.

doi:10.1371/journal.pone.0123853.9003

When discounting was relevant and performed, 3% was the rate used, not only for DALY's but
also for cost data. Eleven out of 20 studies described the choice of study comparator(s). Com-
parators representing current or first-line practice were most commonly adopted (6 studies).
Approximately half of the studies referred to a ceiling threshold of 1 to 3 times of capita GDP
per DALY gained [38] as the decision rule for determining if a particular technology was good
value for money. Seven out of 20 economic evaluations made a recommendation for adopting
the technology based on the above decision rule. Lastly, twelve studies clearly informed the role
of funders in the study design and conduct.
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Percentage of studies adhering to the reporting practices
0 10 20 30 40 50 60 70 80 90 100

Describing intervention and comparator(s) being compared 85
Informing reasons for choosing the comparator(s) 55
Reporting characteristics of target populations 90
Describing the perspectives adopted 90
Reporting time horizon used 65
Discounting costs, where relevant 92
Discounting outcomes, where relevant 92
Informing unit of cost data 100
Informing price date 75
Explaining currency conversion method 40
Describing the method of cost adjustment for time differences 35
Describing all key model parameters, where relevant 79
Reporting ICERs 85
Discussing generalisability/transferability 30
Discussing equity considerations 30
Discussing affordability 35
Informing role of funders 60

Describing conflicts of interest 60

Fig 4. Percentage of BMGF-funded cost-per-DALY studies adhering to good practices for reporting health economic evaluations adapted from
CHEERS statement [13] (n = 20).

doi:10.1371/journal.pone.0123853.g004

Quality of evidence used

Studies generally employed a higher quality of evidence for cost and resource parameters com-
pared to other parameters, with the majority of studies estimating costs based on reliable ad-
ministrative databases or data sources conducted for specific studies in the same jurisdiction.
Baseline clinical data were often derived from relatively low data quality sources, e.g. case se-
ries, administrative databases. Similarly, the clinical effect sizes were mostly retrieved from a
single RCT (Fig 5).

Discussion

There is an increasing trend of conducting economic evaluations for the purpose of informing
resource allocation decision-making in LMICs [39,40], driven largely by increased investment
in this kind of policy research by major global health players such as BMGF, GA VT alliance,
and the World Health Organization. Although we believe that economic evaluation is a useful
priority setting tool, it is far from perfect, especially in a situation where there are no uniform
methodological approaches and reporting standards due to numerous methodological contro-
versies and variations, as well as the possibility of biases being introduced in many ways and at
various stages of the analysis [41,42]. Also, poor reporting quality is likely to restrict the useful-
ness of economic assessment in policy decision-making [12,13]. This review summarises key
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Fig 5. Ranks of evidence used in the included BMGF-funded cost-per-DALY studies (n = 20). Full details of hierarchy of evidence were provided in

Table 1[14].

doi:10.1371/journal.pone.0123853.9005

issues arising from the review of cost-per-DALY studies published in international journals in

selected areas.

The review indicates that

Methodological variation across economic evaluations is significant in almost every compo-
nent except for the discount rate used.

Societal and health care provider’s viewpoints are among the most popular study perspectives
used. Because household expenditure can be substantial, the use of these different perspec-
tives can easily generate different conclusions even for studies in the same setting, focusing
on the same intervention. Difference in perspective adopted among the studies reviewed may
be due to the difference in primary audience of the study results, but if the studies aim to in-
form the same audience, the perspective used should be consistent.

There is considerable disparity in the costing methods used. A majority of studies do not
offer sufficient information about currency conversion and method of cost adjustment for
time differences. For those giving adequate information, the exchange rate is often used to
convert unit costs borrowed from other settings with more reliable data sources (often re-
source-rich countries).

Despite the fact that purchasing power can better reflect opportunity cost of using resources
across different settings, PPP was used in only a few studies. This may be explained by the
fact that exchange rates are better understood by not only decision makers but also the
general public.

The poor adherence to the three methodological specifications for DALY estimation which
were recommended during the period the studies were conducted raises concern—the
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eight possible approaches to DALY calculation result in difficulties when making cross-
study comparisons. However, it is noteworthy that the latest reccommendation from the
Global Burden of Disease research program [43] has changed, omitting age-weighting
and discounting.

Only a few (2 out of 20) economic evaluations employed probabilistic sensitivity analysis
even though it is widely recommended in resource-rich settings as the most comprehensive
method of dealing with various forms of uncertainty in economic evaluation [44].

The findings of this review are consistent with previous reviews which found better quality of
cost and resource data were used for economic evaluations in resource-limited settings com-
pared to baseline clinical data and clinical effect sizes [12]. This may be due to the lack of reli-
able administrative databases or existing costing studies prompting researchers to conduct
primary cost studies.

Generalisability/transferability of results and equity implication of evaluated interventions
are only discussed in less than one-third of all reviewed studies.

Perhaps the most surprising result is that only 35 percent of the studies discussed the afford-
ability of the interventions being assessed, which is particularly poignant given that these
studies were conducted in resource-limited settings.

Implications for the way research is conducted

This review highlights the fact that serious attention needs to be given to the quality of report-
ing and consistency of the analyses, especially with regard to the following points:

« Itis important to adhere to good practice criteria for reporting economic evaluations includ-
ing providing reasons for choosing the comparator, describing the method of performing
currency conversion, and the method of adjustment for time difference between date of cost
collection and the analysis.

As generalisability/transferability of results and equity implications of evaluated interventions
are important issues in order to make use of the research finding, they should be discussed.

Since information on affordability of the evaluated technology is an important input for poli-
cy decision-making, it should be emphasised in the discussion.

The roles of funders and potential conflicts of interest should also be better addressed in

future studies.

o There is a need for uniform methodological specifications and reporting standards for con-
ducting health economic evaluations in LMICs for the purpose of improving the quality and
reducing the disparity in the methods and reporting used for future studies.

We hope our recommendations will help ensure standards that facilitate value-for-money
comparisons of health interventions being considered for introduction in resource-limited set-
tings. Without any standardisation of methods, the differences in a cost-effectiveness ratio may
arise from differences in study methodology rather than reflecting true differences between the
interventions being evaluated in a given setting.

This review provides an indicator of the variation in methodological approach, use of evi-
dence and quality of reporting in cost-per DALY, BMGF-funded economic evaluations in four
programme areas. The findings contribute to the multi-stakeholder and to the production of a

PLOS ONE | DOI:10.1371/journal.pone.0123853 May 7, 2015 11/15



@’PLOS ‘ ONE

Methodological Variation in Economic Evaluations Conducted in LMICs

BMGF reference case, not only by identifying key methodological areas that should be ad-
dressed within the reference case, but also by providing an indication of priority for methodo-
logical research to support the use of a reference case by BMGF-grantees.

Implications for funders and policy makers

This review serves not only to inform the development of a reference case for BMGF, but also
to provide insights for local governments, and global, regional and local development partners
who wish to make evidence-informed decisions to recognize potential problems in terms of
quality and comparability of studies if there is no standard methodological guideline for con-
ducting economic evaluations. Although there are instances of high-quality economic evalua-
tions in LMIC settings, their variability in quality and comparability limits their routine use as
a source of evidence for policy formation. This indicates that the reference case would not only
be of benefit to BMGF, but also to the wider donor community and local decision makers if it
was adopted more widely to enable the improvement of the quality and usefulness of evidence
produced by all economic evaluations in LMIC contexts.

Limitations

It is important to point out the limitations of this review. The major limitation was due to the
2-stage search method, i.e. published systematic reviews of health economic evaluations were
firstly identified, and then full economic evaluation papers recognised from the citations of
those systematic reviews were retrieved. This may result in the omission of individual econom-
ic evaluations excluded from the identified systematic reviews. Moreover, this review considers
systematic reviews that were published in English only. Thus, the search excluded conference
proceedings, master and doctoral theses as well as ‘grey literature’ such as government reports
as well as publications in other languages. However, the results tended to remain valid regard-
less of the limitations due to the search strategy. As the included studies were published in lead-
ing reputable international journals with relatively strong review process, including
unpublished material and grey literature works would most likely have resulted in greater vari-
ation of methods applied as well as a lower quality of reporting and evidence used. The scope
of the quality assessment section of the review limited inclusion of BMGF-funded studies.
While this was appropriate to inform a reference case for use by BMGF, this does limit unquali-
fied generalisation of the findings to all economic evaluation regardless of funding source.
However, as BMGF was shown to be the largest funder of economic evaluation in LMIC in the
included disease areas, we consider that the findings provide a useful indication of the quality
of economic evaluations funded by other sources. Moreover, the review focuses on malaria,
TB, HIV/AIDS, and vaccines, all of which have received strong support from major global
health donors, including Global Fund, the BMGF, and GAVI Alliance. In contrast, other ne-
glected tropical diseases might not have had as many economic evaluation studies of similar
quality as those four mentioned areas. Third, it would be of interest to assess the improvement
of study quality and reporting over time. However, due to the relatively small number of stud-
ies that met our inclusion criteria (use of cost-per DALY as an outcome measure and BMGF
funding) this was not possible.
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compared to EQ-5D-3L in the Thai diabetes
patients
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Abstract

Background: The EQ-5D is a health-related quality of life instrument which provides a simple descriptive health
profile and a single index value for health status. The latest version, the EQ-5D-5L, has been translated into more
than one hundred languages worldwide - including Thai. This study aims to assess the measurement properties of
the Thai version of the EQ-5D-5L (the 5L) compared to the EQ-5D-3L (the 3L).

Methods: A total of 117 diabetes patients treated with insulin completed a questionnaire including the 3L and the
5L. The 3L and 5L were compared in terms of distribution, ceiling, convergent validity, discriminative power,
test-retest reliability, feasibility, and patient preference. Convergent validity was tested by assessing the relationship
between each dimension of the EQ-5D and SF-36v2 using Spearman’s rank-order correlation. Discriminative power
was determined by the Shannon index (H') and Shannon's Evenness index (J'). The test-retest reliability was
assessed by examining the intraclass correlation coefficient (ICC) and Cohen’s weighted kappa coefficient.

Results: No inconsistent response was found. The 5L trended towards a slightly lower ceiling compared with the
3L (33% versus 29%). Regarding redistribution, 69% to 100% of the patients answering level 2 with the 3L version
redistributed their responses to level 2 with the 5L version while about 9% to 22% redistributed their responses to
level 3 with the 5L version. The Shannon index (H ') improved with the 5L while the Shannon's Evenness index (J)

reduced slightly. Convergent validity and test-retest reliability was confirmed for both 3L and 5L.

Conclusions: Evidence supported the convergent validity and test-retest reliability of both the 3L and 5L in

diabetes patients. However, the 5L is more promising compared to the 3L in terms of a lower ceiling, more

discriminatory power, and higher preference by the respondents. Thus, the 5L should be recommended as a
preferred health-related quality of life measure in Thailand.

Keywords: Diabetic, EQ-5D-3L, EQ-5D-5L, Health-related quality of life, Measurement properties, Psychometrics

Background

The EQ-5D - a widely used generic instrument for
describing and valuing health outcomes in clinical and
economic evaluations - was originally developed in the
1980s [1,2]. Due to its simplicity and brevity, it imposes
minimal respondent burden and can be administered
using a variety of modalities including self-completion.
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Many health technology assessment (HTA) organi-
zations including the National Institution for Clinical
Excellence (NICE) [3], the US panel on Cost-effectiveness
in Health and Medicine [4], and the Thai national guide-
line of HTA [5] have recommended the EQ-5D as the
preferred method for assessing the utility for health tech-
nology assessment.

The EQ-5D comprises 2 parts: a simple descriptive pro-
file that can be converted into a single summary index
(the EQ-5D index), and a visual analog scale (VAS). At
present, the first version of the EQ-5D - known as
EQ-5D-3L version (hereafter “the 3L”) - has now been
translated into more than 140 languages [6]. The 3L
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descriptive system is composed of five dimensions: mobil-
ity; self-care; usual activities; pain/discomfort; and anxiety/
depression. Each dimension has three levels of impairment,
namely no problems (level 1), some/moderate problems
(level 2), and extreme problems (level 3). The descriptive
response from the EQ-5D can be converted into an index
score which is useful for clinical and economic evaluations
[2]. For the VAS, a respondent will be asked to rate their
health on a 20-centimeter vertical scale. The scale ranges
from O to 100, where 0 means the worst possible health
that the respondent can imagine and 100 indicates the
best possible health in the respondent’s viewpoint.

Since the 3L is limited to three levels of response
categories, a substantial ceiling effect was observed
[7-12]. In addition, it has limitations in measuring small
changes, especially in mild conditions [13-16]. Previous
studies also found that the 3L appeared to be less sen-
sitive when compared to the SF-12 or SF-36 [7,8]. In
response to the problems previously mentioned, the
5-level of EQ-5D (EQ-5D-5L, hereafter “the 5L”) was
developed by a task force within the EuroQol group
[13,14]. This version includes five levels of impairment
in each of the existing five EQ-5D dimensions. At
present, the 5L has now been translated into more than
113 languages [17]. Several studies [15,16,18-24] exami-
ning the measurement properties of the 5L have found
that it is a valid and reliable instrument. When com-
paring the 5L with the 3L, it was found that the 5L had
a lower ceiling effect [16,18-21,23,24] and greater
discriminative power with the potential to better detect
the differences between groups [15,16,18,20,21,24]. In
addition, it showed better face validity [13,15,25] and
test-retest reliability [18,21,23].

Previous studies were conducted in several countries
to evaluate the measurement properties of the 3L com-
pared to those of the 5L [15,16,18-24]. However, there is
a substantial need to assess the measurement properties
of the 5L in different populations and patients. The Thai
version of EQ-5D-5L has been available since 2013 but
there has been no assessment of its measurement prop-
erties in Thailand to our knowledge. Therefore, this
study aims to examine this issue and to assess the mea-
surement properties of the 5L in comparison with the
3L among diabetes mellitus patients treated with insulin.
The measurement properties will be assessed in terms of
distribution; redistribution; ceiling; convergent validity;
discriminative power; test-retest reliability; feasibility;
and patient preference.

Methods

Subjects and settings

A convenience sample of patients with diabetes mellitus -
who received treatment at the outpatient department at
Ramathibodi Hospital, Thailand during 7 January and 31
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March 2013 - was invited to participate in this study.
Patients were eligible if they met the following criteria:
aged > 12 vyears, required regular insulin treatment, and
had no complications as determined by the nurse. Preg-
nant women and disabled persons were excluded from
this study.

Procedure and instruments

The questionnaire consisted of 4 parts: 1) one page of
the Thai version of the 3L and 5L response scale; 2) the
EQ-VAS; 3) two preference questions; and 4) the short-
form 36 health survey version 2 (SF-36v2) in Thai. The
permission to use the official Thai version of the 3L, 5L,
and SF-36v2 was granted by the authoritarians before
beginning the data collection process.

The single page of the 3L and 5L response scale con-
tained the 5L version on the left column and the 3L ver-
sion on the right column. Similar to previous studies
[15,18,20], respondents were asked to complete the 5L
first, followed by the 3L in order to avoid the tendency
to not choose levels 2 and 4 - the “in-between” options -
when the 3L was completed first. The index value of the
5L was obtained from an interim mapping generated by
the EuroQol group [26] as the valuation study of the 5L
in Thailand has not yet been completed. The 3L index
value was calculated using the Thai value sets studied by
Tongsiri et al. [27].

The preference questions comprised 2 items: 1) Which
response scale is easier to use? (the 3L or the 5L or in-
different); and 2) Which response scale best describes
your health? [15].

The convergent validity of the 5L and 3L were eva-
luated by comparing them with the SF-36 as it is a
widely-used generic health survey in clinical research
and has demonstrated validity among the Thai popu-
lation [28-30]. The SF-36 contains 8 dimensions, i.e.
physical functioning; role limitation due to physical
problems; bodily pain; general health perceptions; social
functioning; vitality; role limitations due to emotional
problems; and general mental health [31]. Since a
weighted Likert scale is used as the scoring system, the
items for each dimension are summed to provide a score
which is then linearly transformed into a value from
0 — 100 (100 indicating the best health level).

This study was approved by the Mahidol University
Institutional Review Board (MU-IRB), Thailand and the
Institute for the Development of Human Research Pro-
tections (IHRP), Ministry of Public Health, Thailand. All
participants provided written informed consent and all
instruments were self-administered. After completing
the questionnaire, the respondents received 3.25 USD
for compensation (1 USD = 30.73 Baht). All respondents
were also asked to complete a second set of question-
naires after 2 weeks and to return it by mail; the set
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consisted of one page of the Thai 3L and 5L response
scale and the EQ-VAS. If the second questionnaire did
not reach the researcher within 3 days after due date,
phone call or short message was made to remind the re-
spondent. The second questionnaires which reached to
the researcher later than 21 days were excluded from the
analysis.

Statistical analyses

The distribution of the 3L and 5L responses was demon-
strated in terms of percentage of each level reported.
The redistribution patterns of the responses from the 3L
to 5L for each dimension were also reported in terms of
percentage. Similar to previous studies [15,21], the re-
sponse inconsistency and size were determined and are
shown in Table 1. To determine the inconsistency, the
response of the 3L was converted into the 5L (the 3Ls;)
as follows: 1=1, 2=3, and 3=5. Then, the size of in-
consistency was calculated as |3Ls -5L|-1. A size of
inconsistency of < 0 indicated consistency, and thus only
7 pairs are considered as consistent responses.

For the ceiling, the proportion of respondents reported
‘no problems’ for all five dimensions - the proportion of
respondents scoring ‘11111’ [16] - was compared for the
3L and 5L. The percentage reduction from the 5L to 3L
was calculated as follows: (Ceiling 3L — Ceiling 5L)/
Ceiling 5L. We hypothesized that the ceiling should be
lower in the 5L compared with the 3L. Feasibility was
assessed by calculating the number of missing values for
the 5L and 3L.

Convergent validity was tested by assessing the relation-
ship between each dimension of the 5L and SF-36v2 using
Spearman’s rank-order correlation (Spearman’s rho). We
hypothesized that each dimension in the 5L would be
more highly correlated to related subscales than to other
subscales in the SF-36 compared to the 3L. Specifically,
we expect to see strong correlation between these pairs
of subscales: mobility and physical functioning; pain and
bodily pain; anxiety/depression and mental health. We
also expected to identify moderate correlation between
these pairs of subscales: self-care and physical functioning
or role limitation due to physical problems; usual activity
and role limitation due to physical problems. The EQ-5D’s
responses were recoded to signify that higher scores pre-
sented better health statuses. The strength of correlation

Table 1 Size of (in) consistent response

5L
3L Level 1 Level 2 Level 3 Level 4 Level 5
level 1 -1 0 1 2 3
level 2 1 0 -1 0 1
level 3 3 2 1 0 -1

Adapted from Janssen et al [16]. The size of inconsistency of < 0 indicated
consistency.
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was determined as follows: absent (r < 0.20), weak associ-
ation (0.2 < r < 0.35), moderate (0.35 <r < 0.50), and strong
(r=0.50) [32]. Additionally, the relationship between VAS
score and index value was reported using the Pearson’s
correlation coefficient.

Discriminative power (or informativity) was determined
by the Shannon index (H ') and Shannon’s Evenness index
(/). H and ] are often used to reflect the discriminatory
power of health state classification [15,16,18,21,33]. H ' re-
flects the absolute information content. The higher the H ',
the more information is captured by the measure. On the
other hand, /' expresses the relative informativity of a
system or the evenness of a distribution regardless of the
number of categories. In case of an even distribution -
when all levels are filled with the same frequency - J " is
equal to 1. When comparing the 5L to the 3L, we expect
the H ' of the 5L to be higher to reflect more discrimin-
atory performance. On the other hand, the /' of the 5L
might slightly decrease as the extra level might not be
used equally.

The test-retest reliability of both EQ-5D index scores
was evaluated using the intraclass correlation coefficient
(ICC) and the reliability of each dimension was assessed
with Cohen’s weighted kappa coefficient. According to
Fleiss’s standards for the strength of agreement for kappa
values [34], Cohen’s weighted kappa (k) was determined
as follows: poor reproducibility (k < 0.4); good reproduci-
bility (0.4 <k <0.75; excellent reproducibility (k> 0.75).
Regarding intra-rater reliability among each dimension
at different times, the data set lacked variance since
most respondents responded with level 1 for self-care.
The weighted kappa coefficient could not be calculated,
thus percentage agreement values was demonstrated also
[35,36]. It was calculated as: (a + d)/N, where the values
of a and d were obtained from a 2x2 table.

All data were analyzed using SPSS 19. Statistical sig-
nificance was set a priori as p < 0.05.

Results

Characteristics of respondents

A total of 117 patients with diabetes mellitus who met
the eligibility criteria were included. The characteristics
of the respondents are shown in Table 2. The average
age of the respondents was 45 years, with 62.4% being
female. Sixty-four (54.7%) respondents had type 2 dia-
betes. The average diabetes duration of the sample was
9 years and the average BMI was 23.30. Of the 117
respondents who completed the first survey, 101 respon-
dents (86%) returned the second questionnaire set by
postal mail.

The health state ‘11111" was observed in 29.1% in the
5L and 33.3% for the 3L. The second-most frequent
health state reported was ‘11121” which was 14.5% in the
5L and 15.4% in the 3L. Finally, there were no missing
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Table 2 Demographic characteristic of respondents

Demographic characteristic n (%)
Type of diabetes
Type 1 53 (45.3)
Type 2 64 (54.7)
Gender
Male 44 (37.6)
Female 73 (62.4)
Marital status
Single 58 (49.6)
Married 46 (39.3)
Widowed 9(7.7)
Divorced/Separated 4(34)
Education
High school 51 (43.6)
Primary school 27 (23.1)
Bachelor's degree 25 (21.4)
Diploma 10 (8.5)
Master's degree or higher 4 (34)
Occupation
Student 50 (42.7)
Government/state enterprise officer 20 (17.1)
Housewife 14 (12.0)
Business owner 11 (94)
Unskilled labor 7 (6.0)
Retired 6 (5.1)
Employee 4(34)
Agriculture/fishery 201.7)
Other 3(26)
Health insurance
Civil Servants Medical Benefits Scheme 58 (49.6)
Out of pocket 32 (274)
Universal coverage 20 (17.1)
Social security 7 (6.0)
Median (IQR)
Age (years) 45.00 (40.0)
Diabetes duration (yr) 9.00 (8.50)
BMI (Kg/M?) 2330(7.37)

Household income per month (Baht) 30,000 (30,000)

values from both the 5L and the 3L, indicating good
feasibility for both instruments.

Distribution and ceiling

For all of the dimensions, most respondents reported no
problems (level 1) for both the 3L (52-98%) and the 5L
(44-97%), as shown in Figure 1. Among responses with
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health problems, it was clear that the 5L demonstrated
better severity level distribution than the 3L except for
self-care.

With regards to the ceiling, the 5L showed a slightly
decreasing trend for no problem responses compared
with the 3L. The percentage of patients reporting the
health state ‘11111’ decreased from 33% in the 3L to
29% in the 5L. Nevertheless, no statistically significant
difference was found. Self-care reached the highest cei-
ling (98% for the 3L, 97% for the 5L) and showed the
smallest reduction in ceiling (1%) with the 5L. In con-
trast, pain/discomfort showed the smallest ceiling (52%
for the 3L, 44% for the 5L) and also showed statistically
significant reduction in ceiling with the 5L. No statis-
tically significant reduction was found for the other
dimensions.

Redistribution

Among the answers of no problem (level 1) on the 3L,
most of them (85-98%) remained the same (no problem)
on the 5L while 2-15% redistributed to slight problems
(level 2) on the 5L as shown in Table 3. The majority of
the respondents who reported moderate problems (level
2) on the 3L indicated slight problems (level 2) on the
5L (69-100%), while 9-22% shifted to moderate problems
(level 3) on the 5L. As such, redistribution occurred the
least in self-care. The mean VAS score tended to be
lower according to the severity level of the 5L. No in-
consistent response was found in this study.

Convergent validity

Table 4 demonstrates the Spearman’s correlation coeffi-
cients between the EQ-5D and SF-36v2 dimensions. In
general, the pattern of correlations between the 2 ver-
sions of EQ-5D and SF-36v2 was similar. As expected,
stronger correlation between similar dimensions of EQ-
5D and SF-36v2 were found: mobility and physical func-
tioning (r=0.54 for the 3L, r=0.53 for the 5L); pain/
discomfort and bodily pain (r=0.30 for the 3L, r =0.35
for the 5L); anxiety/depression and mental health (r = 0.45
for the 3L, r=0.49 for the 5L). However, self-care and
usual activity dimension of the EQ-5D were weakly asso-
ciated with various dimensions of SF-36v2. Additionally,
Pearson’s correlation coefficient between the VAS score
and index value was also similar between the 3L and 5L
(0.36 for the 3L, 0.35 for the 5L with p-value < 0.001).

Discriminative power

The absolute informativity (H ') of the 5L was higher
than the 3L for all dimensions as shown in Table 5. This
reflects that the 5L generated more informativity than
the 3L. We also found that the 5L generated similar
results compared with the 3L when it came to relative
informativity (J ').
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Figure 1 Distribution across severity level of the 3L and 5L dimension.

Test-retest reliability

The time interval between the first and second test was
approximately 3 weeks. Overall, the reliability coefficient
and percentage agreement of the 5L were slightly lower
than the 3L (Table 6). The weighted kappa coefficient
for the 3L ranged between 0.39 and 0.70, and between

Table 3 Redistribution pattern of response from 3L to 5L

Dimension 3L 5L n (%) Mean VAS Size of
inconsistent
response*
Mobility 1 1 83 (98%)  81.02 -1
2 2 (2%) 85.00 0
2 2 22 (69%) 72.38 0

3 7 (22%) 7143 =1
4 3 (9%) 72.67 0

Self-care 1 1 113 (98%) 79.19 -1
2 2(2%) 70.00 0
2 2 2 (100%) 60.00 0

Usual activities 1 1 93 (98%) 80.82 -1
2 2(2%) 80.00 0
2 2 20 (91%) 71.85 0

3 2 (9%) 50.00 -1

Pain/discomfort 1 1 52 (85%) 8154 -1
2 9(15%) 86.33 0
2 2 45 (80%) 77.77 0

3 10(18%)  64.50 -1
4 1 (2%) 50.00 0

Anxiety/depression 1 1 84 (94%) 81.38 -1
2 5(6%) 71.80 0
2 2 23 (82%) 7348 0

3 4 (14%) 67.50 -1
4 1 (4%) 60.00 0

*The size of inconsistency of <0 indicated consistency.

0.44 and 0.57 for the 5L; this indicated that the 3L had
better reproducibility than the 5L. The percentage agree-
ment returned higher values than the weighted kappa
coefficient; it was between 0.78 and 0.98 for the 3L and
0.67 and 0.97 for the 5L. The ICCs of the 3L and 5L in-
dexes were 0.64 and 0.70, respectively, which indicated
excellent reproducibility for both instruments.

Patient preferences

Thirty-six percent of respondents indicated that the 5L
was easier to answer than the 3L while 33% of respon-
dents indicated that there was no difference between the
5L and the 3L. In terms of reflecting health status, most
respondents (63%) agreed that the 5L was better in

Table 4 Correlation coefficients between EQ-5D and
SF-36v2 dimensions

Dimension PF RP BP GH VT SF RE MH

3L

Mobility S4FF 8% A1F* 4% 5% 007 011 014
Self-care 016 005 .19* 012 014 016 006 0.18
Usual activities 25% 21% 0 30" 9% 27%* 018 013 .28%
Pain/discomfort 9% 017 30% 24 8% 011 21% 22%

Anxiety/depression 0.05 009 .23* 22% 21* 32 29" 45
5L

Mobility S53¥% 0 20%% A4%x A4%x 23 008 009 O0.11

Self-care 24% 20%  23* 018 016 24% 21 22%

Usual activities 30%* 23%  29% 22%  24% 016 014 24
Pain/discomfort 24%% 23%  35% 8% 22 008 016 0.18
Anxiety/depression 0.08 0.12 .19% 21% 28 35%  D9¥* 4g%*

PF (physical functioning), RP (role limitation due to physical problems),
BP (bodily pain), GH (general health perceptions), SF (social functioning),
VT (vitality), RE (role limitations due to emotional problems), MH (general
mental health).

*Correlation is significant at the 0.05 level (2-tailed).

**Correlation is significant at the 0.01 level (2-tailed).
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Table 5 Shannon’s index (H') and Shannon’s Evenness
index (/') of 3L and 5L

H' J'
Dimension

3L 5L 3L 5L
Mobility 0.85 1.20 0.53 0.52
Self-care 0.12 0.21 0.08 0.09
Usual activities 0.70 0.78 044 034
Pain/discomfort 1.00 140 0.63 0.60
Anxiety/depression 0.79 1.06 0.50 046

describing their health states while 29% indicated that
both versions were similar.

Discussion

This report is the first study in Thailand that assesses the
measurement properties of the 5L and compares it with
the 3L. Similar to previous studies [16,18,20,21,23,24],
self-care showed the highest percentage of ceiling effect in
both the 3L and 5L. On the other hand, the lowest ceiling
was found in pain/discomfort (44%) [18,21,23]. Similar to
the previous studies [16,18-21,23,24], the proportion of
the ceiling in our study was lower in the 5L (29%) com-
pared with the 3L (33%). However, in the previous studies
that involved patients with a variety of severity higher re-
duction in ceiling of the 5L (3-17%) was identified
[16,18,21,23]. The smaller reduction in ceiling found in
our study is probably due to the fact that our respondents
were likely to perceive that they were healthy, which was
consistent with their median VAS score of 0.78. In fact,
our finding is similar to those of the previous study [20],
which found a slight reduction in ceiling effect among
participants; whose median VAS score was 80.

In each dimension, more than half of the responses were
in level 1 (no problem) for both the 3L and 5L. In
addition, we found that the majority of level 1 in the 3L
still remained at level 1 in the 5L (85-98%) while only 2%
(self-care) to 15% (in pain/discomfort) were upgraded to
level 2 in the 5L. The redistribution from 3L-level 2 (some
problems) to 5L-level 2 (slight problems) was also high,

Table 6 Test-retest reliability of the 3L and the 5L
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ranging from 69% for mobility to 100% for self-care. On
the other hand, redistribution from 3L-level 2 to 5L-level
3, ranging only from 9% for usual activities to 22% for mo-
bility. This is probably due to the fact that most respon-
dents in our study perceived that they were healthy and
have no problem. In addition, for those who indicated
having some problems in the 3L they are more likely to
have slight problems rather than moderate problems. This
finding supports that the 5L can present more details of
severity than the 3L and that the inclusion of the slight
problems (level 2) in the 5L is essential, especially when
the respondents were in mild condition. However, no sup-
portive evidence of the inclusion of severe problems (level
4) in the 5L was found in our study as no 3L-level 3 re-
sponses were reported. Again, this may also be due to the
fact that our respondents were likely to perceive that they
were healthy.

No inconsistent responses were found in our study.
This indicates that our respondents were able to consist-
ently answer both the 3L and 5L. This is similar to pre-
vious studies [15,18,20,21,23,24] which showed that
inconsistency was quite low, ranging from 0.5% to 3.5%.
However, the consistent responses may be due to the
low number of the sample size and the characteristics of
our sample - educated and healthy diabetic patients.
In addition, even when the respondents completed the
questionnaires themselves, they were well-advised by
trained staff. However, it should be noted that the single
page of the 3L and 5L response scale used in this study
was against the standards for the EQ-5D which should
be used separately in one page A4 format. As the result,
the answers from the 3L and the 5L may not be totally
independent and might generate less reliable results.

The measurement of reliability and agreement is im-
portant in health classification as it reveals the amount
of errors of the measurement. The concept of ‘reliability’
differs from ‘agreement’ in that reliability is a relative
measure which is the ratio of variability between sub-
jects to the total variability of all measurement in the
sample [36]. Thus, it reflects the ability of an instrument

Weighted kappa coefficient (95%

Dimension

Percentage agreement

3L 5L 3L 5L
Mobility 0.70 (0.53-0.86) 0.57 (0.40-0.74) 0.89 0.83
Self-care n/a* n/a 098 097
Usual activities 039 (0.16-0.62) 045 (0.25-0.65) 0.82 0.81
Pain/discomfort 0.56 (0.39-0.72) 044 (0.29-0.58) 0.78 067
Anxiety/depression 0.50 (0.31-0.70) 049 (0.33-0.65) 0.82 0.77

Intraclass correlation coefficient (ICC)**
EQ-5D index 0.64 (0.51-0.74) 0.70 (0.57-0.79)

*Not enough information to calculate kappa coefficient for self-care dimension.
**|CC was 2-way random, single measures, and absolute agreement.
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to differentiate between subjects. In contrast, an agree-
ment is an absolute measure which is the degree to
which responses are identical. Cohen’s weighted kappa is
often used in assessing test-retest reliability of ordinal
instruments as it takes the chance agreement into ac-
count. However, the lack of variance in the data set
meant that the kappa could not be calculated so it was
necessary to rely on the percentage agreement values.
However, it should be cautioned that the percentage
agreement may give higher reproducibility figures than
the kappa coefficient [35].

Unlike previous studies [21,23,24], our results of the
test-retest reliability/agreement showed that the 5L was
slightly less reproducible than the 3L in all dimensions.
This is probably due to the fact that the average time
interval between the two tests was too long (approxi-
mately 14-21 days) so the condition of the patients
might have changed [36]. If this is the case there is a
higher chance of distorting the 5L results as the 5L is
better than the 3L in capturing small changes in health
status. In fact, a simple question such as “Has your
health changed significantly since last time you filled in
the questionnaire?” should be added and only patients
whose conditions were stable should be included in the
test-retest analysis. Since there is no check whether
health status of the patients was changed or remained
the same the result of test-retest reliability should be
interpreted with cautions.

Convergent validity was evaluated by correlations be-
tween the EQ-5D and SF-36v2 dimensions. Both the 3L
and 5L presented an acceptable degree of association
and similar correlation pattern with the SF-36v2 in some
pairs of dimension, i.e. mobility versus physical function-
ing; pain/discomfort versus bodily pain; and anxiety/de-
pression versus mental health. The findings were similar
to the study by Kimman et al. [28] that assessed the rela-
tionship of the 3L with the SF-36v2 among the occupa-
tional population in Thailand.

Similar to previous studies [15,16,20], absolute infor-
mativity (H ') increased in all dimensions for the 5L while
in terms of the evenness of distribution evaluated by
Shannon’s Evenness index (/ '), the 5L was comparable to
the 3L. While the maximum value of H' for the 5L is 2.32,
our H' values ranged from 0.21 to 1.40 which was lower
than the findings from Pickard et al. [16] (0.84-2.00) and
Janssen et al. [15] (2.05-2.26). With the maximum value
of J' set at 1.00, our /' values ranged from 0.09 to 0.60
which was also lower than Pickard et al. [16] (0.36-0.86)
and Janssen et al. [15] (0.88-0.97). The lower H " and J'
values found in our study may have risen from the mild
characteristic of our sample since the extreme problems
(3L-level 3 and 5L-level 5) were not reported. As the re-
sult, the levels of responses of the EQ-5D were used inef-
fectively, resulting in low H " and J * values.
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In our study, diabetic mellitus was chosen as it is a
common chronic disease that substantial affects quality
of life [37,38]. Additionally, diabetes was ranked as third
and eighth in terms of Disability Adjusted Life Year
(DALY) loss in Thai women and men, respectively [39].
We included patients with no complications in our study
to ensure that the health status will be stable enough in
order to test the test-retest reliability/agreement. How-
ever, given the mild condition of our sample, we were
unable to assess the redistribution of answers from the
3L-level 3 to the 5L.

Further studies should be conducted for patients with
a variety of severe health problems. In addition, it should
be noted that the generalizing of the findings to different
groups of patients should be made with caution as the
pattern of responses may differ by disease characteristics
[8]. One further limitation is that the 5L index values
were obtained from the interim mapping generated by
the EuroQol group since the valuation study for the 5L
in Thailand has not been completed yet. Although the
calculation was based on the Thai 3L value sets, the re-
sults of the mapping may deviate compared to the actual
responses [40]. In addition, it is also worth noting that
about 20% of our respondents were in the age 12-15
years old. Although the use of adult version may be
allowed among this age group of respondents there is
very limited evidence on the suitable of the use of adult
version especially in term of validity and reliability
among this group of respondents.

Conclusions

In summary, this study suggests that the 5L was greater
than the 3L in terms of distribution, ceiling, informa-
tivity, discriminatory power, and patient preferences.
The 5L also showed reasonable convergent validity and
test-retest reliability. Thus, the 5L should be recom-
mended for use in research or clinical practice and can
also be used as a preferred health-related quality of life
questionnaire in Thailand.
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In response to a lack of cost-effective data on screening and early treatment of
diabetes and hypertension in resource-limited settings, a model-based economic
evaluation was performed on the World Health Organization (WHO)’s Package of
Essential Non-communicable (PEN) disease interventions for primary health care
in Bhutan. Both local and international data were applied in the model in order to
derive lifetime costs and outcomes resulting from the early treatment of diabetes
and hypertension. The results indicate that the current screening option (where
people who are overweight, obese or aged 40 years or older who visit primary care
facilities are screened for diabetes and hypertension) represents good value for
money compared to ‘no screening’. The study findings also indicate that expanding
opportunistic screening (70% coverage of the target population) to universal
screening (where 100% of the target population are screened), is likely to be even
more cost-effective. From the sensitivity analysis, the value of the screening options
remains the same when disease prevalence varies. Therefore, applying this model to
other healthcare settings is warranted, since disease prevalence is one of the major
factors in affecting the cost-effectiveness results of screening programs.

Bhutan, cost-effectiveness analysis, diabetes mellitus, hypertension, non-
communicable diseases, Package of Essential Non-communicable disease inter-
ventions (PEN)
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financially and technically feasible.

e An assessment of the entire intervention pathway of screening for hypertension and diabetes in patients who are
overweight, obese or over 40 years visiting primary health services in Bhutan found that the current screening
recommendations outlined in the WHO’s PEN offered value for money.

e While opportunistic screening resulted in 70% coverage, it is likely that universal screening may even yield better value
for money. Universal screening should be considered as a priority option in Bhutan and other resource-limited settings, if

Introduction

In recent years, there has been increasing global recognition of
the significant negative health and economic consequences of
non-communicable diseases (NCDs) such as cardiovascular
disease (CVD), diabetes, cancer and respiratory tract disease.
According to one recent analysis of the global burden of
disease, the last 10 years has seen an unprecedented rise in the
levels of NCD-related morbidity and mortality (Lozano et al.
2012; Murray et al. 2012), with the majority of NCD-related
deaths now occurring in low- and middle-income countries
(LMIC) (World Health Organization 2008). Because NCDs
disproportionately affect working age adults, this rise in NCD-
related morbidity and mortality has particularly significant
economic implications for LMICs.

Significant evidence has emerged on the benefits of early
intervention and proper management for certain NCDs, such as
CVD and diabetes (Chobanian ef al. 2003; Furie ef al. 2011;
Qaseem et al. 2012). However, most of this evidence relies on
data from randomized controlled trials (RCTs), and thus has
limited generalizability (The World Bank 2011) for application
in everyday clinical practice, particularly in low-resource
settings. Very little research has yet been conducted into the
cost-effectiveness of comprehensive programs for managing
NCDs in LMICs. The World Health Organization (WHO)
responded to the need for increased prevention and control of
NCDs in LMICs by initiating the Package of Essential Non-
communicable (PEN) disease interventions for primary health
care in low-resource settings. The WHO PEN uses an integrated
approach to assess and manage cardiovascular risk using
hypertension and diabetes as entry points (World Health
Organization 2010; Mendis and Chestnov 2013). In addition,
PEN aims to strengthen primary health-care systems’ ability to
respond to the rise in NCDs by offering a set of cost-effective
interventions for prevention and control that are feasible for
implementation in resource-limited settings (World Health
Organization 2010).

Bhutan is one of the LMICs where rising NCD rates have
become a particularly challenging health problem. The NCDs
account for 60% of the total burden of disease in terms of
Disability-Adjusted Life Years (DALYs) lost (The World Bank
2011). Although there are few quality health statistics for
NCDs, a study conducted by the Ministry of Health in the
capital city, Thimpu, identified alarming data that 93% of the
respondents were exposed to at least one of the common NCD
risk factors, including unhealthy diet, physical inactivity, and
consumption of alcohol and/or tobacco, more than 50% of the
respondents were exposed to at least two of the risk factors,
and more than 38% were exposed to at least three risk factors

(Non-Communicable Diseases Division 2013). As a result, in
2009, the Ministry of Health of the Royal Government of
Bhutan introduced several of the PEN interventions in two
selected districts—Paro and Bumthang (Wangchuk ef al. 2013).
The interventions focused on diabetes and hypertension be-
cause implementation of screenings and treatments/lifestyle
modifications for these diseases were deemed feasible within
the primary health-care context of Bhutan.

Due to resource restrictions in LMIC health systems, there is
often a gap between the planning and implementation of
interventions. Given this, the PEN framework for implementa-
tion recommends that all programs begin with an evaluation of
the likely impact and efficiency of the intervention program,
emphasizing the importance of evidence-based implementation
and program monitoring and evaluation (World Health
Organization 2010). Given that most LMIC governments work
within a context of multiple, often competing, health priorities,
economic intervention evaluations can also help policymakers
make evidence-based decisions about appropriate resource
allocation. However, to date, very few evaluations of this kind
been conducted on NCD prevention and control programs,
particularly in resource-limited settings (Mulligan et al. 2006).

This article hopes to go some way to address this lack by
assessing the cost-effectiveness of the PEN project implemented
in Bhutan and analysing the costs and health consequences of
the program in both the short and long term. A number of
recommendations are made for the use of economic modelling
to inform policy. The results of this study should be of use not
only to the Bhutanese government but also to decision-makers
in other resource-limited settings who are involved with the
prevention and control of NCDs.

Methods

Overview of PEN interventions and policy options

Bhutan’s PEN protocol informed the public about the criteria
for blood glucose and blood pressure screenings. This includes
patients who are aged 40 years or older, or overweight or obese
[body mass index (BMI) 23+], or had a high waist circumfer-
ence (WC) (WC >80cm in females and >90cm in males).
Therefore, in order for the population to visit a health facility,
they must perceive that their physical status matches the
eligibility criteria. This recommendation is in line with recent
findings that obesity is the best predictor of undiagnosed
diabetes (odds ratio 3.2) (Junrungsee ef al. 2011). Those
diagnosed with diabetes and/or hypertension were treated
according to Bhutan’s PEN protocol, which focuses on lifestyle
modification and medicine (Non-Communicable Diseases
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Figure 1 Decision tree model showing the three strategies for prevention and control of diabetes and hypertension.

Division 2013). Evidence from this pilot study found that
screening coverage reached the program target at approximately
70% of the eligible population in the two districts studied.
Another policy option is to scale up the screening program to
cover the remaining 30% of the eligible population who did not
perceive the risk or were not willing to visit a health facility for
diabetes and hypertension screening. This strategy includes
inviting the whole population aged 40 years or older or those
who are younger but with perceived health risks by initiating
more proactive public communication and invitations. The
counterfactual scenario was set as no screening program, with
most patients consequently receiving treatment at a later stage
in the progression of either diabetes and/or hypertension.

Analysis and model

A model-based economic evaluation was performed to capture all
of the costs and consequences of the entire pathway resulting
from diabetic and hypertension screenings (from screening to
death). The model consisted of a decision tree and a Markov
model and was constructed using Microsoft Office Excel 2007
(Microsoft Corp., Redmond, WA). The lifetime costs and DALY
averted were calculated for three possible strategies: ‘no screen-
ing’, ‘current PEN program’, and ‘universal screening’. The
decision tree diagram illustrating these three strategies can be
found in Figure 1. In the two screening scenarios (‘current PEN
program’ and ‘universal screening’), all eligible patients under-
went blood glucose and blood pressure testing. Patients who
tested positive for diabetes and hypertension were then treated.

In the mo screening’ option, the effect of medical treatments for
diabetes and hypertension differs among the early- and late-stage
of diagnosis.

For each strategy, three separate Markov models—one for
diabetes, one for hypertension and one for diabetes with
hypertension—were employed simultaneously to forecast the
costs, complications and health outcomes associated with the
diseases. The diabetes model contained the following seven
health states: diabetes without complications, coronary artery
disease, stroke, nephropathy, retinopathy, neuropathy and
death (Figure 2a-f). The hypertension model contained the
following health states: uncontrolled hypertension, controlled
hypertension, stroke and death (Figure 3).

A cost-effectiveness analysis was conducted from the societal
perspective. The lifetime time horizon for the adult cohort was
40 years or older, and the cycle length was set to 1 year. The
main outcome measures were lifetime costs, DALY averted and
the incremental cost-effectiveness ratio (ICER) per DALY
averted. DALYs were calculated using WHO standard methods
(World Health Organization 2003) without age weighting. In
addition, the Monte Carlo simulation was performed to
estimate costs and outcomes over a patient’s lifetime. In
accordance with the WHO’s guideline (World Health
Organization 2003), future costs and DALYs were discounted
at a rate of 3%.

Model parameters

The model input parameters are presented in Table 1.
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Figure 2 Markov model representing the possible events for (a) patients with diabetes without complications, (b) coronary artery disease,
(c) stroke, (d) retinopathy, (e) neuropathy, (f) nephropathy and death.
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Figure 3 Markov model representing the events that could occur for patients with hypertension and its complications.

Table 1 Model input parameters

Parameters Distribution Mean Standard error Reference
Epidemiological parameter
Proportion of hypertension in diabetes Beta 54.1% 0.00122 Giri et al. (2013)
mellitus patients
Prevalence of DM in Bhutan population Beta 8.2% 0.00561 Giri et al. (2013)
aged 25-74
Prevalence of hypertension Beta 26% 0.0092 Giri et al. (2013)
Transitional probabilities
Probability of death due to diabetes Beta 0.0044 0.000001 Pratipanawatr ef al. (2010)
Coronary artery disease
Probability of patients developing coronary Beta 0.0091 0.00001 Leelawattana et al. (2006)
artery disease
Probability of patients developing myocar- Beta 0.0305 0.0004 World Health Organization (2010)
dial infarction
Probability of death due to myocardial Beta 0.1622 0.02 Srimahachota et al. (2012)
infarction
Probability of death due to coronary artery Beta 0.0695 0.0003 Pratipanawatr ef al. (2010)
disease
Risk ratio of developing coronary artery Normal 0.85 0.09 World Health Organization (2013)
disease
Risk ratio of developing myocardial Normal 0.90 0.06 World Health Organization (2013)
infarction
Risk ratio of death due to coronary artery Normal 1.11 0.13 World Health Organization (2013)
disease
Stroke
Probability of patients developing stroke Beta 0.0055 0.0001 Leelawattana ef al. (2006)
Probability of diabetic patients developing Beta 0.0095 0.0001 World Health Organization (2010)
stroke
Probability of death due to stroke Beta 0.0013 0.0000004 Pratipanawatr ef al. (2010)
Probability of death due to recurrent stroke Beta 0.0024 0.0000004 Pratipanawatr ef al. (2010)
Risk ratio of developing stroke Normal 0.96 0.08 World Health Organization (2013)
Risk ratio of developing previous stroke Normal 0.96 0.08 World Health Organization (2013)

(continued)
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Parameters Distribution Mean Standard error Reference

Risk ratio of death due to stroke Normal 1.11 0.13 World Health Organization (2013)
Retinopathy

Probability of patients developing diabetic Beta 0.0388 0.00003 Leelawattana ef al. (2006)

retinopathy

Probability of progression from non-prolif- Beta 0.08 0.0102 Vijan et al. (2000)

erative diabetic retinopathy to proliferative

diabetic retinopathy

Probability of progression from non-prolif- Beta 0.03 0.0102 Vijan et al. (2000)

erative diabetic retinopathy to macular

oedema

Probability of progression from diabetic Beta 0.09 0.0102 Vijan et al. (2000)

retinopathy to blindness

Probability of progression from macular Beta 0.05 0.0102 Vijan et al. (2000)

oedema to blindness

Mortality multipliers for non-proliferative Normal 1.49 0.08 Vijan et al. (2000)

diabetic retinopathy

Mortality multipliers for proliferative Normal 1.76 0.03 Vijan et al. (2000)

diabetic retinopathy

Mortality multipliers for macular oedema Normal 1.76 0.03 Vijan et al. (2000)

Mortality multipliers for blindness Normal 2.34 0.03 Vijan et al. (2000)

Risk ratio of patients developing diabetic Normal 0.85 0.09 Coca et al. (2012)

retinopathy

Risk ratio of blindness Normal 1.0 0.02 Coca et al. (2012)
Neuropathy

Probability of patients developing Beta 0.0013 0.000001 Leelawattana ef al. (2006)

amputation

Probability of patients developing foot ulcer Beta 0.0069 0.00001 Leelawattana ef al. (2006)

Probability of patients developing peripheral Beta 0.0041 0.000004 Leelawattana ef al. (2006)

artery disease

Probability of progression from neuropathy Beta 0.0015 0.000002 Krittiyawong et al. (2006)

to amputation

Probability of death due to neuropathy Beta 0 0 Pratipanawatr et al. (2010)

Probability of death due to amputation Beta 0.1001 0.0045 Junrungsee et al. (2011)

Risk ratio of developing neuropathy Normal 0.99 0.02 World Health Organization (2013)

Risk ratio of developing amputation Normal 0.84 0.22 World Health Organization (2013)

Risk ratio of death due to amputation Normal 0.84 0.22 World Health Organization (2013)
Nephropathy

Probability of patients developing diabetic Beta 0.0835 0.00004 Leelawattana et al. (2006)

nephropathy

Probability of progression from Beta 0.028 0.0018 Adler et al. (2003)

microalbuminuria to macroalbuminuria

Probability of progression from Beta 0.023 0.0038 Adler et al. (2003)

macroalbuminuria to end stage renal disease

Probability of progression from Beta 0.003 0.0008 Adler et al. (2003)

microalbuminuria to end stage renal disease

Probability of death due to Beta 0.030 0.002 Adler et al. (2003)

microalbuminuria

Probability of death due to Beta 0.046 0.0054 Adler et al. (2003)

macroalbuminuria

Probability of death due to end stage renal Beta 0.192 0.0265 Adler et al. (2003)

disease

Risk ratio of developing microalbuminuria Normal 0.86 0.06 Coca et al. (2012)

Risk ratio of developing macroalbuminuria Normal 0.74 0.07 Coca et al. (2012)

(continued)
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Parameters Distribution Mean Standard error Reference
Risk ratio of developing end stage renal Normal 0.69 0.21 Coca et al. (2012)
disease
Risk ratio of death due to renal disease Normal 0.99 0.30 Coca et al. (2012)
Hypertension
Probability of progression from uncontrolled Normal 0.7258 0.0006 a
hypertension to controlled hypertension
Probability of progression from controlled Beta 0.05 Assumption
hypertension to uncontrolled hypertension
Probability of patients with controlled Beta 0.0070 0.0001 a
hypertension developing stroke
Probability of patients with uncontrolled Beta 0.0146 0.0004 a
hypertension developing stroke
Probability of death due to controlled Beta 0.0285 0.00002 Blood Pressure Lowering Treatment
hypertension Trialists” Collaboration (2000)
Probability of death due to uncontrolled Beta 0.0239 0.00001 Blood Pressure Lowering Treatment
hypertension Trialists” Collaboration (2000)
Probability of death due to stroke Normal 2.72 0.02 Lovibond et al. (2011)
Intervention effectiveness
Sensitivity of screening for diabetes (capil- Beta 84% Rolka ef al. (2001)
lary blood glucose)
Specificity of screening for diabetes (capil- Beta 88% Rolka et al. (2001)
lary blood glucose)
Sensitivity of screening for hypertension Beta 100% Lovibond et al. (2011)
(ambulatory blood pressure monitoring)
Specificity of screening for hypertension Beta 100% Lovibond et al. (2011)
(ambulatory blood pressure monitoring)
Risk reduction of intensive glycaemic and Normal 0.46 0.046 CDC Diabetes Cost-effectiveness
hypertension control Group. (2002)
Relative risk of intensive hypertension Normal 0.70 0.1 Blood Pressure Lowering Treatment
control Trialists” Collaboration (2000)
Costs (BNT per year)
Screening
Diabetes (capillary blood glucose) Gamma 1966
Hypertension (ambulatory blood pressure Gamma 1721
monitoring)
PEN program (per patient) Gamma 28 a
Costs of treating diabetes and follow up
Direct medical cost
No complication Gamma 24100 13427
Coronary artery disease Gamma 1904 000 311542
Stroke Gamma 337500 73299
Nephropathy Gamma 261314 35942
Retinopathy Gamma 25107 14309
Neuropathy Gamma 83807 16477
Direct non-medical cost a
No complication Gamma 531 173
Coronary artery disease Gamma 2214 536
Stroke Gamma 2214 536
Nephropathy Gamma 2214 536
Retinopathy Gamma 531 173
Neuropathy Gamma 531 173

(continued)
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Table 1 Continued

Parameters Distribution Mean Standard error Reference
Costs of treating hypertension and follow up
Direct medical cost
No complication Gamma 25371 13500
Stroke Gamma 337500 73299
Direct non-medical cost a
No complication Gamma 531 173
Stroke Gamma 2214 536
Disability weight
Diabetes Beta 0.015 0.002 World Health Organization (2004)
Coronary artery disease Beta 0.246 0.025
Stroke Beta 0.920 0.092
Previous stroke Beta 0.266 0.017
Nephropathy Beta 0.091 0.006
Neuropathy Beta 0.072 0.003
Blindness Beta 0.552 0.021
Myocardial infarction Beta 0.439 0.018
End stage renal disease Beta 0.098 0.005
Amputation Beta 0.102 0.017

?Analysis of primary data collected by the authors.

Epidemiological data

Prevalence was calculated using data provided by Giri et al.
(2013). The prevalence of diabetes, hypertension and diabetes
and hypertension was 2.08, 26 and 6.12%, respectively.

Health state transitional probabilities

Transitional probabilities between health states were obtained
from published studies, as shown in Table 1. This contains the
probabilities of disease occurrence, the probabilities of develop-
ing complications and the probabilities of death. In the model
analysis, data on relative risk reduction of complication or
death events from patients with diabetes and hypertension who
were receiving medication was also taken into consideration.
For example, patients taking angiotensin-converting enzyme
(ACE) inhibitors had a stroke risk 30% lower compared with
those taking a placebo [four trials, 12124 patients: relative risk
(RR) 0.7, 95% confidence interval (CI) 0.57 to 0.85] (Blood
Pressure Lowering Treatment Trialists” Collaboration 2000).

Intervention effectiveness

The sensitivity and specificity of the screening for diabetes and
hypertension were derived from the international literature. In
the model, sensitivity was set to 84% and specificity to 88% for
the capillary blood glucose tests (Rolka ef al. 2001); sensitivity
and specificity were both set to 100% for the sphygmomanom-
eter due to its extremely high levels of accuracy and it is
considered to be a gold standard diagnosis (Lovibond ef al.
2011).

Because no local information was available, baseline prob-
abilities of developing complications due to diabetes were
derived from the Thai Diabetic Registry, which contains
historical data of more than 5000 Thai diabetic patients
(Krittiyawong ef al. 2006). Local data from approximately

1000 hypertensive patients in Paro and Bumthang, some
whom underwent screening and subsequent treatment, and
some of whom did not, was used to estimate outcomes in terms
of controlled vs uncontrolled hypertensions. According to the
PEN protocol, the controlled hypertension defines as having a
blood pressure of less than 140/90 mmHg, and otherwise for the
uncontrolled hypertension (>140/90 mmHg). Baseline probabil-
ities for patients with uncontrolled hypertension suffering a
stroke and death were derived from a model developed by
Lovibond et al. (2011).

The effectiveness of early- and late treatment for diabetes was
from two large systematic reviews and meta-analyses—
Boussageon ef al.’s. on microvascular complications (World
Health Organization 2013) and Coca ef al’s (2012) on macro-
vascular complications. It was found that intensive treatment
reduces the risk of complications significantly more for
microvascular complications than it does for macrovascular
complications. The model assumed the results from the inten-
sive treatment would be equivalent to the early treatment of
diabetes. A systematic review and meta-analysis comparing the
risks associated with uncontrolled (which was assumed to be
the same as a placebo scenario) and controlled hypertension
conducted by the Blood Pressure Lowering Treatment Trialists’
Collaboration found that controlled hypertension reduced
stroke incidence by 30% (95% CI, 0.57-0.85) (Blood Pressure
Lowering Treatment Trialists” Collaboration 2000). For those
with co-morbidities, diabetes with hypertension, we assumed
similar outcomes to those for diabetes treatment, because the
majority of diabetes patients in trials also had hypertension.

Cost and disability weights
Costing data was garnered using a standard questionnaire
which was used to survey 16 key informants including

¥T0Z ‘g 4200100 uo 1589nb Aq /610'sfeunolpioxo’ jodeay//:dny wody papeojumoq


,
&percnt;
&percnt;,
,
-
o
(
,
) 
,
,
-
-
 (Coca etal., 2012)
-
-
-
http://heapol.oxfordjournals.org/

COST-UTILITY ANALYSIS OF PEN PACKAGE IN BHUTAN 9

Table 2 Lifetime costs and health outcomes of each strategy using a societal perspective

Options Costs (BTN) Incremental LYs Incremental DALYs averted ICER (BTN per DALY averted)
No screening 210023 - - —

Current PEN program 205735 0.018 0.038 —112906

Universal screening 203 897 0.008 0.016 —112906

BTN, Bhutanese Ngultrum (value as of 2013); DALYs, disability adjusted life years; ICER, incremental cost-effectiveness ratio; LYs, life years.
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clinicians, pharmacists and public health experts in Bhutan. A
societal perspective was adopted; as a result, both direct
medical costs and direct non-medical costs are included in
the model. Direct medical costs refer to the screening costs, the
annual cost of treating the diseases and its complications, while
direct non-medical costs refer to travel and food costs, personal
facilities and opportunity costs incurred by patients. All costs
were derived from 2013 values and presented in Bhutanese
Ngultrum (BTN), as summarized in Table 2. For international
comparison, costs can be converted into international dollars
using the purchasing power parity (PPP) conversion rate. A PPP
2013 dollar is worth 22.144 BTN (The International Monetary
Fund 2013).

The number of DALYs was based on the Years of Life Lost
(YLL) due to premature mortality and the Years Lost due to
Disability (YLD) of patients with diabetes, hypertension and
resulting complications. YLDs are calculated using a disability
weight for each health condition. The weight reflects the
severity of the disease ranging from 0 (perfect health) to 1
(death). The disability weights of diabetes, hypertension and
resulting complications were identified by the Global Burden of
Disease Project (World Health Organization 2004). A standard
life table with a life expectancy of 82.5 years was applied.
Detailed information on the disability weights exploited in the
model is presented in Table 2.

Uncertainty analyses

A probabilistic sensitivity analysis (PSA) was undertaken to
explore the impact of parameter uncertainty. A cost-effective-
ness analysis was also undertaken using a range of input
parameters, depending on their distribution. In each simula-
tion, one value from each variable was sampled to estimate the
costs and DALYs. The model was run through 1000 simulations.

The results were presented as a cost-effectiveness acceptability
curve, and compared to the willingness-to-pay of 159 168-
477504 BTN/DALY averted (The International Monetary Fund
2013). In addition, a one-way sensitivity analysis was con-
ducted where the lower and upper limits (95% confidence
interval) of certain input parameters were analysed to examine
the effect of that parameter on the cost-effectiveness so that the
main influential parameters could be identified.

Results

Table 2 displays the probabilistic results of life-time costs, life-
years gained, DALY averted and ICERs of all scenarios. Both the
current PEN program and universal screening had lower life-
time costs and higher health gains than no screening, and both
screening scenarios had negative ICERs, showing they were
cost-saving interventions. Figure 4 illustrates the cost-effective-
ness planes generated from 1000 model simulations. Each dot
shows how the possible costs and health gains compare
between the current PEN program and no screening (Figure
4a), and universal screening and no screening (Figure 4b).
Results confirm that the current PEN program and universal
screening are certainly cost-effective and, most likely, cost-
saving options in Bhutan.

Figure 4 depicts the cost-effectiveness acceptability curves for
all options and demonstrates that both the current PEN
program and universal screening are superior to no screening,
at any willingness-to-pay threshold. Figure 5 shows the cost-
effectiveness data from selected levels of diabetic and hyper-
tension prevalence (threshold analysis). The current PEN
program is shown to be a cost-saving intervention, as long as
the prevalence of diabetes and hypertension is higher than 0.3
per 1000 people in the population. This is significantly lower
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than the current prevalence of diabetes and hypertension in
Bhutan, which is 342 per 1000 people in the population (2 per
1000 for diabetes, 6.12 per 1000 for diabetes and hypertension,
and 26 per 1000 populations for hypertension alone).

Discussion

The WHO PEN is an innovative and action-oriented way for
LMICs to reduce the burden of NCDs. By focusing on primary
care interventions in low-resource settings, the program can
help LMICs to ensure efficient resource use, sustainable health
financing, and equitable access to basic essential health
services. This is the first economic evaluation of PEN and the
first economic evaluation of a joint diabetes and hypertension
screening program in a resource-limited setting. The findings
clearly illustrate that the current policy in Bhutan, i.e. oppor-
tunistic screening for diabetes and hypertension using the PEN
approach, represents good value for money. The findings also
suggest that expansion of this to a universal screening program
may be even more cost-efficient. The results support the WHO's
standpoint, which indicates that the WHO PEN is very cost-
effective and feasible to implement in all countries (World
Health Organization 2013). The findings are in line with those
from previous studies that assessed the cost-effectiveness of
diabetic screening (although all of these have been conducted
in resource-rich settings) (Mendis and Chestnov 2013).

Furthermore, our results are consistent with those from the
previous clinical studies that show the substantial benefit of the
effective management of diabetes compared to hypertension.
Indeed, the results of this study may somewhat overestimate
the clinical benefit of screenings because similar health
outcomes were assumed for both ambulatory screening visits
and community screenings initiated on the basis of age. In
addition, due to data limitation, this study did not assess the—
potentially larger—impact of lifestyle modification in prevent-
ing diabetes and hypertension among those with negative
screenings. As a result, we believe that the results of the
analysis are likely to be conservative and the scaling-up of
diabetic and hypertension screenings to a national-wide pro-
gram should be a priority in Bhutan. Moreover, this study
further recommends universal screening instead of opportun-
istic screening at primary care facilities because of the relatively
high prevalence of diabetes in the Bhutanese population. If
financially and technically feasible, universal screening though
community-based programs should be introduced.

As with any study, particularly in a new and relatively
unexplored area, our analysis contains certain limitations. First,
the results apply only to one particular setting—Bhutan.
Nevertheless, the inclusion of a sensitivity analysis allows
different disease prevalence to be inputted into the model,
enabling the study results to be used in other settings with
similar health and economic infrastructures. Second, this study
examines one-off, rather than sequential, screening options.
Although PEN does not state how often diabetes screening
should be performed, the American Diabetes Association
recommends repeated screenings at least every 3 years for
those who have received a negative screening result. The value
for money of repeated screenings in Bhutan and other resource-
limited settings is, as yet, unclear. Third, without availability of

local data, the long-term treatment effectiveness was derived
from the international literature rather than assessment of pilot
districts—a limitation that may affect the results of this study.
However, an evaluation of the short-term outcomes in the pilot
districts did indicate a significant reduction of CVD risk and
increased healthy lifestyle of the target population (Wangchuk
et al. 2013), suggesting that this limitation is unlikely to be a
factor that will affect the results. Fourth, costs were obtained
from local experts rather than from costing data collected from
local health providers. Although, some costs were validated
with previous study data and found to be consistent, indicating
that this limitation is also unlikely to result in a different study
conclusion. Furthermore, we assumed a large standard error
(equal to the mean) for each cost parameter and extensively
assessed the impact of this in the PSA. A prospective costing
study should be conducted in the future to complement our
findings. Fifth, we assume that the unit cost per person
screened, which includes community engagement, training
staff, and providing services, of the target 30% that are not
covered by the program is equivalent to the unit cost of the
current policy. This is a linear assumption, which may not be
true because the 30% of the population may be a marginal
group that requires higher unit cost. However, due to a lack of
data about the cost of access to the 30% and because we found
that the PEN program is very cost-effective, scaling up the
program to coverage at the highest level should be worthwhile.
This is also to send the message to decision makers that
although the previous target of 70% of the population has been
reached, the country should aim for a coverage that is as high
as possible. Lastly, this study did not include data on primary
NCD prevention interventions either at a population level (such
as laws or taxation aimed at reducing consumption of tobacco,
alcohol or high-fat food) or at an individual level (such as
increased physical activity or following a lower fat diet).
Because these kinds of interventions are likely to be even
more cost-effective than screenings and treatments of diabetes
and hypertension, Bhutan and other countries that use this
study as a resource should consider integrating these kinds of
interventions alongside PEN screening and treatment options.
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intervention and technology assessment for governments of
low- and middle-income countries.
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SCHLUSSELWORTER
Kosten-Nutzen-
Bewertung;

Thailand;

Erstattung;
Entscheidungsfindung

Zusammenfassung Ausgaben fur Arzneimittel machen einen groBen Anteil der offentlichen
Gesundheitsausgaben in Thailand aus, wo seit 2002 eine umfassende Gesundheitsversorgung
besteht. Die sogenannte National List of Essential Medicines wurde erfolgreich genutzt,
um damit ein Paket von erstattungsfahigen Arzneimitteln fur alle offentlichen Krankenver-
sicherungssysteme zu schniiren. Allen Patienten werden die darin gelisteten Arzneimittel
ohne weitere Zuzahlung gesetzlich garantiert. Dabei dienen Kosten-Nutzen-Bewertungen als
Instrument fur die Erstellung dieser Liste und liefern Informationen fur Preisverhandlungen,
insbesondere fur sehr teure Arzneimittel und Arzneimittel mit hoher Ausgabenwirkung.

Im vorliegenden Beitrag werden der derzeitige Prozess, die Mechanismen und der Effekt
von Kosten-Nutzen-Bewertung in Thailand dargestellt. Aus Sicht der Autoren haben sieben
Faktoren dazu beigetragen, dass die Kosten-Nutzen-Bewertung so effektiv in der Entschei-
dungsfindung genutzt werden kann: politischer Wille und Einsatz, Entwicklung der personellen
und institutionellen Ressourcen und Expertise, Beteiligung aller relevanten Akteure, Einfuhrung
methodischer und prozessualer Standards, Beriicksichtigung mehrerer Kriterien in der Entschei-
dungsfindung, Evidenz als Ausgangspunkt und nicht als einziges Entscheidungskriterium und eine
klare Umsetzung. Die Autoren gehen davon aus, dass diese Erfahrungen und Erkenntnisse auch
auf andere Lander ubertragbar sind, die sich der Entscheidungsfindung auf Grundlagen der

evidenzbasierten Medizin verpflichtet fuhlen.

Introduction

Since 2002, Thailand has been recognized as one of the few
lower-middle income countries that has introduced Univer-
sal Health Coverage (UHC) [1]. Although UHC was achieved,
Thailand has a pluralistic healthcare system in which three
public health insurance schemes exist. These are the Civil
Servants Medical Benefits Scheme (CSMBS) for government
employees and their dependents, the Social Security Scheme
(SSS) for private employees, and the Universal Health Cover-
age Scheme (UHCS) for the remaining population [2]. These
three schemes apply different provider payment mecha-
nisms and invest differently in terms of per capita health
expenditures (Table 1).

Economic Evaluation for Universal Health
Coverage

Between 2000 and 2007, the Thai government almost dou-
bled its health investments, good quality health service
became a right, and even more so, it was viewed as an
inherent right by all Thai people. An increase in health
investments, however, requires careful consideration of a
long-term budget impact and a sustainable UHC. As a result,
the introduction of UHC was coupled with an increasing pres-
sure to consider the value for money of health investments.

During this period, the capacity for using health eco-
nomic evaluations for health resource allocation had not
yet reached the level at which it could make a significant
contribution to public policy. A systematic review found an
increasing trend in economic evaluation studies conducted
from the year 1982, when the first study was published
in an international journal, and 2005 [3]. However, there
were a number of serious problems in terms of the qual-
ity of the studies conducted and the irrelevancy of the topic
with regard to policy. For example, studies applied different
methods and used inconsistent quality of data, resulting in
an incomparability of studies to inform allocative efficiency.
Furthermore, many of the studies were conducted based

on personal interest of the researchers, without any stake-
holder consultation, or initiated by funders who were mainly
international organizations or the industry. These practices
led to a call for a standardized method and systematic iden-
tification of topic priorities for health economic evaluation
studies.

An Initiative for Economic Evaluation Reform

In 2007, the Health Intervention and Technology Assessment
Program (HITAP) was established with the aim of promot-
ing evidence-based resource allocation focusing on the use
of health technology assessment (HTA), of which economic
evaluation plays a major role. HITAP is not only mandated
to generate evidence for policymaking, but it also builds
up human capacity, develops health technology assessment
infrastructure, and communicates and disseminates HTA
results to all stakeholders [4]. The decision makers who use
HITAP’s evidence to inform their policy decisions include the
Ministry of Public Health, the National Health Security Office
(which manages the UHC scheme), the National Science
Technology and Innovation Policy Office, and the National
Research Council of Thailand.

In 2008, HITAP issued the first method guidelines for con-
ducting health economic evaluation to help develop HTA
infrastructure in Thailand [5]. The aim of this guideline
was to create a standard for all economic evaluation stud-
ies in order to facilitate minimal variations in methodology
and support the use of high quality data. A number of
decision-making bodies endorsed the guidelines, leading to
the release of a second version in 2013. Apart from the
guidelines, HITAP also conducted a study on the willing-
ness to pay per quality-adjusted life year (QALY) among
Thai households and its results were adopted by multi-
ple decision-making bodies as the appropriate threshold for
health investment in the Thai setting, which is around 1-1.5
times of Gross National Income (GNI) per capita [6].

To ensure that the evidence generated by HITAP is pivotal
to the decision-making process, two-way communication
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Table 1 Characteristics of three public health insurances in Thailand.

Scheme (year of Beneficiaries Coverage Source of fund Payment method

establishment)

Civil Servant Medical Government employees, 6 millions, 10% General tax, non Fee for service
Benefit Scheme retirees and dependents contributory reimbursement model
(1963)

Social Security Private sector employees 8 million, 13% Payroll tax Capitation inclusive for all
Scheme (1990) tripartite ambulatory and inpatient

contribution care

Universal Coverage
Scheme (2002)

Population not eligible
for the above two
schemes

47 million, 74%

General tax, non
contributory

Capitation for ambulatory
care and case mix for
inpatient care

with relevant stakeholders is a key factor. HITAP man-
aged this by conducting a capacity gap survey for both
decision-makers and researchers to understand their level of
understanding of health economic evaluation and the need
for further learning [7]. The survey results were used to
design the first two-day basic health economic evaluation
workshop given to decision makers and three-day advanced
economic evaluation modeling workshop for researchers,
both of which now run annually. These workshops have
continued to run for the last ten years, making it one of
the longest running health economic evaluation training
workshops in Asia. It has expanded to occasionally include
training for international scholars from Vietnam, the Philip-
pines, Myanmar, India, and Bhutan. By keeping an open
channel of information exchange between stakeholders, the
workshops have consequently benefitted over 1,200 partici-
pants.

National List of Essential Medicines

In addition to HITAP’s role in advising the benefits package
for UHC, which includes applying health economic eval-
uation for medical devices, vaccines, and public health
interventions [8,9], the research unit has also success-
fully employed HTA to inform the National List of Essential
Medicines (NLEM). Thailand spends around 3.9% of GDP on
health and the public sector contributes to approximately
76% of the total health expenditure [10]. A majority of
this expenditure is spent on medicines, which accounted
for approximately 134 billion Baht in 2010 (45 Baht=1 Euro
as of March 14, 2014). This vast expenditure signifies the
extent to which medicines play a significant part in the
Thai health system. However, Thailand relies heavily on
imported medicines and around 74% of the total medicines
expenditure is accounted for by imports from multinational
companies. In order to ensure equitable access to medicines
across public health programs, the government requires all
three public insurance schemes to provide a list of medicines
issued by the NLEM at all public health facilities. Therefore,
only medicines on the NLEM are reimbursable pharmaceut-
icals in Thailand. Although it is unlikely that patients under
the UHCS and SSS can have drugs reimbursed outside the
NLEM, the CSMBS allows patients to have drugs reimbursed
outside the NLEM if there are at least three physicians who
confirm the need for the drug.

The concept of Thailand’s NLEM differs from the
World Health Organization’s (WHO) Model List of Essen-
tial Medicines in that, whereas the WHO list is a minimum
requirement list, Thailand’s NLEM is an optimum list. At
the moment, the NLEM has more than 700 items of active
ingredients and 1000 dosage forms [11]. When the NLEM
was first introduced in 1981, only cost, safety, and efficacy
were considered as criteria for inclusion whereas effective-
ness was added to the list of criteria in 2004. Since 2008,
cost-effectiveness has also been added as a criterion for the
consideration of including new medicines. As of 2009, the
NLEM can be divided into six categories, which are A, B, C,
D, E1, and E2 (see Table 2).

High-cost medicines or medicines with high budget
impact are unlikely to be available for patients under the SSS
and UHCS unless they are included in the E2 category. The E2
medicines are purchased by the government at the central
level (as opposed to purchase at hospital level for category
A-D medicines) and are supplied to the hospitals that dis-
pense them. It requires a pre-authorization and auditing
system for review in order to ensure appropriate use of these
high-cost or high budget impact medicines. For the CSMBS
with fee for service payments, the medicines are purchased
by hospitals so it is often at a higher cost than purchases
made centrally by the government. For the medicines on
the E2 list, economic evaluation and budget impact analysis
(BIA) information is required for the Sub-committee for the
development of the National List of Essential Medicines to
consider in decision-making.

Table 2 Categorization of Medicines on the NLEM.

Category  Type of Medicine

A Basic medicines that every health facility must
make available

B Alternative, second-line medicines of those in
category A

C Medicines prescribed only by specialists

D Medicines used only for particular indications
and diseases

E1 Medicines used for special or vertical programs

E2 Medicines that are of high cost but are

important for particular groups of patients.
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Table 3 Thai guidelines for pharmacoeconomic research.

Guideline item

Explanation of the requirement for pharmacoeconomic research

Study perspective
Comparator

Analysis technique

Time horizon

Costing methods

Quality of life methods

Modeling techniques

Incremental methods

Discounting
Sensitivity analysis

Expert panels

The economic evaluation should be conducted using a societal perspective.

The drug should be compared to the standard intervention that is currently offered by the
public health insurance. If there is no publicly funded intervention available, the common
practice is recommended.

Cost utility analysis is highly recommended in order to support allocative efficiency. In
particular cases, cost-effectiveness analysis or cost-benefit analysis can be used with good
justification.

A time horizon is sufficient in order to capture potential costs and consequences of all
interventions being considered.

A standard costing menu, which is a standard list of unit costs of direct medical, direct
non-medical and indirect costs in Thailand, is recommended. This is to ensure compatibility of
costing inputs across studies and to overcome resource and time constraints for health
technology assessment. Primary data collection on costs, using both macro- and micro-costing
approaches, is also acceptable with good justification.

EQ5D with the Thai preference score is the most preferable option. Other standard
health-related quality of life measures, such as HUI or SF36 as well as TTO and SG, are also
acceptable.

Epidemiological modeling is acceptable in order to capture long-term consequences of
interventions. The model should be conducted in a transparent manner and based on
high-quality input data, such as systematic reviews or national databases.

Incremental costs and incremental outcome should be reported alongside incremental
cost-effectiveness ratio.

All costs and outcome beyond 1 year should be discounted with a 3% discount rate.

A probabilistic uncertainty analysis is recommended, although a one-way sensitivity analysis
and threshold analysis is accepted.

Expert panels should be used to verify the model and study results, including fine-tuning

policy recommendations. It is also acceptable that the expert panel provides input
parameters in the case of a lack of primary data.

Health Economic Working Group

In order to monitor the high-cost and budget implications of
the medicines, a health economic working group (HEWG),
which functions under a Sub-committee for the development
of the NLEM, operates to develop processes and mecha-
nisms, generates evidence to support decision-making, and
assures quality [12]. To ensure a multidisciplinary approach,
the working group consists of health economists, representa-
tives from the Sub-committee, academics, representatives
from the three health insurance schemes, and the secre-
tariat, which is a joint position occupied by the Thai Food
and Drug Administration (FDA) and HITAP. The working group
enforced the standard method guidelines to ensure qual-
ity and compatibility of studies; it also endorsed process
guidelines for conducting health economic evaluation (see
Table 3).

After expansive consultation with all stakeholders,
including the private sector, the process guidelines were
adopted in 2010. These guidelines inform researchers and
scholars about how to conduct a health economic eval-
uation, starting with fine-tuning the topic. The process
guidelines also delineate a very clear timeframe and channel
for involvement of each stakeholder taking part in the health
economic evaluation study. These, for example, are deci-
sions on the length of the evaluation process itself (twenty
four weeks from the start of the process until completion)

as well as when and how stakeholders can provide input to
the studies. The guidelines also stipulate that researchers
must organize a stakeholder consultation meeting prior to
completing the study.

During the first few years after the establishment of
HITAP, most of the requests for HTA by decision makers were
made on an ad hoc basis; however, due to an increase in
demand for health economic evaluation and evidence from
the Sub-committee, the health economic working group pro-
posed a program framework which was also endorsed by
the Sub-committee in 2010 (see Figure 1). The framework
acts as a guide for (the topic for) health economic evalu-
ation studies in support of the development of the NLEM.
At the outset, seventeen groups of experts informed on the
topic and in 2013 the number of groups increased to twenty.
The groups of experts include, for example, cardiologists,
neurologists, psychiatrists, infectious disease specialists,
nephrologists, ophthalmologists, etc. Once these groups
identify the topic, they collect information about efficacy,
safety, and costs. If the costs are likely to be high, they pass
the topic onward to the Sub-committee, which considers the
information and decides whether a health economic eval-
uation should be conducted. Although cost-effectiveness
is a key factor in the decision-making process, the Sub-
committee has the opportunity to consider both the results
presented by the working group as well as other social
aspects.
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Figure 1

Before requesting the HEWG to conduct an economic
evaluation, the Sub-committee first prioritizes the list of
topics according to the burden of disease and the degree
to which the condition is considered life threatening. For
the final list of priorities, the Sub-committee will request
non-profit organizations that are part of the HEWG, such
as HITAP and most university research centers, to conduct
a study with a timeline of twenty-four weeks with finan-
cial support from the public health insurance schemes.
The study includes quality assessment through internal
(HEWG members) and external (experts outside the HEWG)
review, and if approved, the HEWG presents the results
to the Sub-committee. On the other hand, low priority
topics that are not within the capacity of the HEWG,
which normally conducts only (approximately) 12 to 15
studies per year, will be announced for those who are
interested in submitting a proposal to conduct the study
voluntarily without payment. These can be non-profit orga-
nizations outside the working group as well as for-profit
organizations such as pharmaceutical companies. Never-
theless, these organizations are required to follow the
method and process guidelines that are first reviewed by the
HEWG.

To date, thirty-two studies have been conducted by the
HEWG, while private companies have conducted four stud-
ies (see Table 4 for selected studies). As seen in Table 4,
health economic evaluation information plays a significant
role in adopting new high-cost medications for inclusion in
the NLEM. Although many medicines are now included, it
is not always the case that all medicines with an ICER less
than 1.2 GNI per capita per QALY (160,000 Baht per QALY),
which is the current threshold, are included. For example,
imiglucerase, for the treatment of gaucher disease type 1,
yields more than 6 million Baht per QALY, but the medicine
is still included in the NLEM for two reasons. First, the
medicine treats a very rare disease and the health economic
evaluation study estimated that there would be no more
than five people who require treatment per year. In addition,

Revise studies]

Ceoan)

Framework in incorporating health economic evidence into pharmaceutical reimbursement list.

gaucher disease type 1 is terminal but curable through bone
marrow transplantation (the patient who undertakes bone
marrow transplant needs to take imiglucerase for one to two
years before undergoing transplant). Second, if imiglucerase
were not included in the list, the bone marrow transplant,
which is currently under the UHC benefits package, would
mainly be available for the rich who are able to pay for
imiglucerase before undertaking bone marrow transplanta-
tion. For these two reasons, the Sub-committee decided to
approve inclusion of imiglucerase despite its ICER being well
above the threshold.

Economic evidence generated by private companies also
plays a role in determining the NLEM. Table 4 shows that
the economic evaluation study on ustekinumab conducted
by for-profit organizations turns out not to be cost-effective
under Thailand’s healthcare setting. As a result, private
companies are less likely to recommend the inclusion of
the non-cost-effective medicines in the NLEM given that
they are responsible for conducting the research on cost-
effectiveness of the drug. The procedure of passing on the
low priority topics to non-working group organizations is an
advantage because, as a result, private companies decide
to decrease the price of their drugs in the private market
accordingly.

Additionally, health economic evaluation also informs the
exclusion of medicines that may be of interest to particular
physicians. For example, the treatment of mild to moder-
ate Alzheimer’s disease and the treatment of osteoporosis
are two groups of medicines that have been vehemently
proposed by health professionals for inclusion in the list.
However, the first economic evaluation conducted in 2008
for both medicines found that good value for money was
not represented, resulting in exclusion. After the exclusion,
the medicines’ prices dropped significantly and the HEWG
revisited the study, finding that the medicines were cost-
effective but produced a very large budget impact. For that
reason, both medicines are currently still excluded from the
list.
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Table 4 Cost-effectiveness league table of economic evaluations supporting the development of the National List of Essential

Medicines in Thailand.

Medicines Comparator Indications Incremental Coverage Year
cost-effectiveness decisions
ratio (Baht/QALY)
Peg-interferon alpha 2b treatment of cirrhosis chronic hepatitis C cost-saving Yes’ 2011
plus ribavirin and hepatoma subtype 2, 3
Peg-interferon alpha 2a  treatment of cirrhosis chronic hepatitis C cost-saving Yes 2011
plus ribavirin and hepatoma subtype 2, 3
lamivudine or tenofovir treatment of cirrhosis chronic hepatitis B cost-saving Yes 2011
and hepatoma
bevacizumab ranibizumab Age-related macular cost-saving Yes 2012
degeneration, diabetic
macular edema
intravenous intravenous steroid and Dermatomyositis cost-saving Yes 2013
immunoglobulin (IVIG)  immunosuppressant
intravenous intravenous steroid and chronic inflammatory 57,000 Yes 2013
immunoglobulin (IVIG)  immunosuppressant demyelinating
polyneuropathy (CIDP)
intravenous intravenous steroid idiopathic 87,000 Yes 2013
immunoglobulin (IVIG) thrombocytopenic
purpura (ITP)
dasatinib, nilotinib high-dose imatinib chronic myeloid 92,000 Under price 2013
leukemia negotiation
oxaliplatin (FOLFOX) 5-fluorouracil/leucovorin  advance colorectal 126,000 Yes’ 2012
cancer
sidenafil digoxin, diuretic, pulmonary arterial 168,000 Yes 2013
anticoagulant and hypertension
oxygen therapy
Galantamine, donepezil  palliative care mild-to-moderate 157,000-240,000 No 2010
or rivastigmine Alzheimer’s disease
alendronate, vitamin D and calcium osteoporosis 300,000-800,000 No 2008
risedronate, raloxifene
rituximab + CHOP CHOP regimen diffused large B-cell 600,000 No 2013
regimen (cyclophosphamide, lymphoma
hydroxydaunorubicin,
oncovin, and prednisone)
bosentan or iloprost digoxin, diuretic, pulmonary arterial 1,023,000-4,462,000 No 2013
anticoagulant and hypertension after
oxygen therapy failing sidenafil
sunitinib palliative care metastasis renal cell 2,400,000 No 2013
carcinoma
rituximab sequential DMARDs rheumatoid arthritis 1,100,000 No 2013
gefitinib or erlotinib docetaxel Second-line treatment 1,500,000-2,000,000 No 2013
for non-small cell lung
cancer
ustekinumab palliative care chronic plaque psoriasis 3,500,000 No 2013
imiglucerase palliative care Gaucher disease type 1 6,300,000 Yes' 2012
Atorvastatin”, simvastatin High risk for acute negative dominant No 2008
fluvastatin or coronary syndrome
pravastatin
recombinant human blood trasfusion chemotherapy-induced negative dominant No 2008
erythropoietin anemia
adefovir, entecavir, lamivudine or tenofovir treatment of chronic negative dominant No 2011

telbivudine and
peg-interferon alpha
2a

hepatitis B

* inclusion in the NLEM after price negotiation.
™ withdraw from the NLEM as a result of health economic evaluation.
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Table 5 Results from price negotiation (unit in Baht: 30 Baht =$1).

Medicines Original price Reduced price Potential saving
tenofovir (per tablet) 43 12 375 million
Oxaliplatin (injection 50 mg/25 ml) 8,000 2,500 152 million
pegylate interferon alpha-2a (180 mcg) 9,241 3,150 600 million

Table 5 also shows the results of price negotiation using
health economic evaluation and BIA data. In 2010, the Sub-
committee established a price negotiation working group
within which information on cost-effectiveness is used to
engage in price negotiations with companies. As a result of
price negotiation through the work of this working group,
more than 1 billion Baht of the health budget is being saved
annually. An example of this would be the price negotiation
of oxaliplatin for the treatment of advanced colorectal can-
cer. The original health economic evaluation study indicated
that at that time the current price was not cost-effective
and the price would need to be lowered by at least 20%
in order for the medicine and regimen to become cost-
effective. The working group effectively negotiated with the
pharmaceutical companies and secured a discount of 30%,
resulting in the inclusion of oxaliplatin in the list.

Conclusion

Based on Thailand’s experience, the use of health economic
evaluation to inform policy on medicines is feasible and
useful. It not only helps to make fair and evidence-based
decisions on prioritization of medicines, but it also fosters
efficient use of resources. However, this will not happen
overnight since a number of supporting factors are needed,
seven of which have been essential to Thailand’s health sys-
tem.

First, strong political commitment from the Chair of the
Sub-committee has been crucial: During the past six years,
two Chairs have had very strong support regarding the use
of health economic evaluation as part of the development
of the NLEM. Both also helped develop clearer mechanisms
to make effective use of economic evaluation (as seen in
Figure 1).

Second, the development not only of the individual
capacity, but also the institutional capacity is critical:
in Thailand, HITAP plays a coordinating role in develop-
ing infrastructure and networking. Through training it also
enables other academic institutes and individuals to gener-
ate high quality and policy relevant evidence.

Third, similar to the policy process of the NLEM Sub-
committee, the HEWG encourages wide participation of
all relevant stakeholders in its process, for example, by
allowing an involvement of private companies in conduct-
ing economic evaluation for medicines in the low-priority
list.

Fourth, the establishment of standard methodologies and
the adoption of process guidelines are important in order to
ensure high academic integrity of studies as well as trans-
parent and participatory processes of the studies: this allows
all stakeholders to contribute to the process, irrespective of
the outcome.

Fifth, the versatility of the health economic working
group on the types of information used is a key element
in the decision-making process. In addition to the use of
health economic evaluation, other factors such as social val-
ues as in the case of imiglucerase come into play, which
raised the legitimacy of the decision-making process as well
as reduced resistance from stakeholders, especially patients
and physicians.

Sixth, health economic evaluation of medicines is not
the deciding factor of inclusion or exclusion in the list: Evi-
dence is used as a starting point for policy development of
medicines. Medicines that are not cost-effective may still
be included in the list if there are other strong supporting
factors, as is the case with imiglucerase. Also, the NLEM
development process in Thailand allows the use of economic
evaluation for price negotiation. The process in Thailand has
worked very well because evidence is justification for sound
negotiations, which is a powerful tool in engaging the public
and private sectors constructively, especially when private
companies take part in the research, as was the case with
ustekinumab.

Lastly, strong enforcement of the availability of the NLEM
to all patients who need those medicines is fundamental to
its purpose: by law, providers and health facilities cannot
refuse to prescribe the medicines on the list if the patient
meets the medical criteria. If done, there are serious con-
sequences in the form of lawsuits and public criticism (bad
press). Therefore, medicines on the NLEM are always avail-
able to patients, making the development of the NLEM a
very solid process. This is in contrast to the experience in
some other countries, where a NLEM exists but where no
mechanisms to enforce its implementation prevail. Without
enforcement, medicines become available only on paper and
patients do not receive the essential treatment that is much
needed, rendering the whole process meaningless.
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ABSTRACT

Objectives: In Thailand, axillary lymph node dissection (ALND) is the
dominant form of treatment for breast cancer, even though the
treatment often leaves patients with some degree of arm morbidity.
Sentinel lymph node biopsy (SNB) is widely accepted globally as a
preferable alternative procedure because of its lower rates of associ-
ated morbidity. This study compared the cost-utility of SNB and ALND
in patients with early stage breast cancer in Thailand. Methods:

A decision tree with a 5-year time horizon was developed. Outcomes
that were relevant to SNB and ALND were included, along with locore-
gional recurrence of cancer and lymphedema scenarios. The model
parameters were derived from a meta-analysis of international clinical
trials and other relevant literature. The resources and cost data were
derived from the medical records of tertiary hospitals. Health utilities
were measured by using the standard gamble technique. A sensitivity
analysis was performed using a set of plausible parameters. Results:
The incremental cost-effectiveness ratio (ICER) in the base-case

analysis showed that SNB was more cost-effective than ALND. ICERs
were —275,140 and —470,600 Thailand baht/quality-adjusted life-year
gained from the provider perspective and the societal perspective,
respectively. The most sensitive parameter was the utility score of
patients with early stage breast cancer who had received breast-
conserving therapy with lymphedema; the sensitivity and specificity
of SNB had no impact on the ICER. Conclusions: The study confirmed
that SNB was an economically viable alternative treatment to ALND. In
developing countries, where resources are limited, nationwide imple-
mentation of SNB warrants widespread support from relevant stake-
holders, including medical personnel and policymakers.

Keywords: axillary lymph node dissection, breast cancer, cost-utility
analysis, sentinel lymph node biopsy.

Copyright © 2014, International Society for Pharmacoeconomics and
Outcomes Research (ISPOR). Published by Elsevier Inc.

Introduction

Over the last 10 years, the incidence of breast cancer in Thailand
has increased significantly. The age-standardized rate for breast
cancer has risen from 20.4 per 100,000 in 2003 to 25.6 per 100,000
in 2006. Today, 29,167 cases are diagnosed each year [1], making it
the leading cancer in women in Thailand. Advancements in
cancer care that have occurred over the last 10 years, particularly
the multidisciplinary approach that has resulted from collabora-
tion between surgeons, oncologists, and radiologists, has resulted
in a dramatic improvement in both the survival rate and the
quality of life of patients with breast cancer. Although advanced
adjuvant chemo-radiation plays an important role in cancer care,
surgery is still the main treatment option for local control of
disease. Because the breast lymphatic system is drained through
axillary lymph nodes, axillary lymph node dissection (ALND) has
become a standard treatment for both cancer staging and the

controlling of local recurrence (LR). Axillary recurrence decreases
the 5-year survival rate of patients with breast cancer by approx-
imately 28% to 40% [2,3]. However, ALND causes arm morbidity in
around 20% of the patients, including symptoms such as frozen
shoulder, armedema, and lymphagitis [4]. Following the introduc-
tion of screening mammograms, the number of stage breast
cancer cases that exhibit axillary metastasis has decreased
significantly because of earlier detection [5]. Many studies [6,7]
report that as many as 70% to 80% of patients with early stage
breast cancer show no axillary lymph nodes metastasis. For
patients who show no palpable axillary lymph node, sentinel
lymph node biopsy (SNB) is conducted to identify the first drain-
age lymph node, which can prevent the need for ALND. SNB has
been widely accepted worldwide [8] as a comparative procedure to
ALND that can identify early metastasis in patients with early
stage breast cancer who have a tumor smaller than 5cm and a
clinically nonpalpable axillary lymph node. The procedure has
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been shown to reduce the risk of many short- and long-term
complications associated with ALND, including long hospital
stays, infection, lymphedema, and frozen shoulder. For instance,
Kell et al. [9] reported a 70% reduction in the rate of lymphedema
and a 75% reduction in the rate of arm numbness for patients who
underwent SNB as opposed to ALND. Veronesi et al. [10] also
found that SNB and ALND resulted in a similar 10-year survival,
LR, and metastasis rates.

Although ALND causes higher levels of morbidity than does
SNB, ALND is still the standard procedure for patients with breast
cancer in Thailand, due to a lack of both trained personnel and
facilities that are necessary to implement SNB nationwide. No
economic evaluation has yet been undertaken in any developing
country setting to compare the cost-effectiveness of ALND and
SNB in terms of cost, treatment outcome, and complications. This
study aimed to address this gap in the data by evaluating the
cost-utility of SNB compared with ALND in patients with early
stage breast cancer in Thailand. The results will help health care
providers and policymakers decide whether to put SNB into
clinical practice throughout the country.

Methods

Overview

In Thailand, all patients who are diagnosed with early stage
breast cancer and who have no palpable axillary lymph nodes
undergo either a mastectomy or breast-conserving therapy (BCT);
these surgical treatment options are conducted with either SNB or
ALND, depending on the surgeon’s preference. ALND is far more
common in standard treatment than is SNB, which is currently
performed only in a few university and tertiary hospitals through-
out Thailand. Following SNB or ALNB, chemo-radiation is usually
provided, followed by a 5-year hormonal treatment.

To compare the economic value of SNB with ALND, we
conducted an evaluation using a hypothetical cohort of women
aged 50 years who were diagnosed with early stage breast cancer
and had clinically nonpalpable axillary lymph nodes. We chose to
focus on postmenopausal women aged 50 years because this is
the age at which breast cancer incidence peaks in Thai women
[1]. All costs and outcomes after the first year were discounted at
a rate of 3% per annum, as recommended by Thailand’s health
technology assessment guidelines [11].

Design of analysis model

The study was based on a decision analytic model that compared
the cost and utility of ALND with those of SNB in patients with early
stage breast cancer in Thailand from societal and provider perspec-
tives. We generated a decision tree with a 5-year time horizon
(Fig. 1) that covered all relevant outcomes, including lymphedema
and locoregional recurrence rates. All patients were postmeno-
pausal and underwent BCT and either axillary dissection or SNB.
For each procedure, the pathology results may be positive (true
positive, false negative) or negative (true negative, false positive).
Some patients who undergo SNB may later undergo ALND as well,
in cases in which the axillary lymph nodes were found to have
metastasized. There are two main techniques used to identify the
sentinel lymph node in SNB—either a blue dye or a radioactive
substance is injected near to the tumor site. In this study, only the
blue dye technique was included in the analysis because this is the
procedure that is commonly used in the Thai setting. Given the lack
of frozen section data in Thailand, we assumed the frozen section
data from the diagnosis stage of SNB, which is conducted intra-
operationally, to be 100% accurate. Although sensitivity and specif-
icity of SNB were reported from the final histopathology
examination, we conducted sensitivity analysis on these two

parameters to minimize these parameters and frozen section uncer-
tainty. Another model assumption was that all SNBs were performed
by experienced surgeons who had passed the “learning curve”
period. After both SNB and ALND, there is a risk that patients may
experience lymphedema in the second and third years after treat-
ment. In the fourth and fifth years, patients experience one of three
possible outcomes—LR, regional recurrence (RR), or no locoregional
recurrence. For those who experience LR, a mastectomy is usually
conducted, either with or without axillary dissection; for those who
experience RR, axillary clearance is usually conducted. In both
recurrence groups, there is a risk that patients might experience
lymphedema after the second surgery. All patients received chemo-
therapy and radiation after treatment, as per standard guidelines.

Final health states represent the outcomes measurement in
most clinical trials, which use the presence of lymphedema, LR,
and RR in the arm (or absence thereof). The distance metastasis
rate in patients with early stage breast cancer is predominantly
dependent on initial staging, which is usually similar in both
arms; therefore, we did not assess this in the analysis.

Model parameters

Clinical parameters were decided on the basis of an extensive
search of the published data. They are summarized in Table 1.
The prevalence of axillary lymph node metastasis in 2-cm tumors
was 31.5%, which increased in-line with tumor size. The sensitivity
and specificity of SNB were derived from a meta-analysis of six
randomized controlled trials (RCTs) [15-20], which compared SNB
and ALND in patients with early stage breast cancer. The locore-
gional recurrences of SNB were derived from a meta-analysis of five
RCTs [10,15,22,23], while the recurrence rate for ALND was derived
from a single RCT [24] because no other published data were
available. Because many of the clinical trials that examine lymphe-
dema measurements use many different methods, we used data
only from one RCT (NSABP B-32) to avoid confusion. The NSABP B-32
trial measured the lymphedema rates for both SNB and ALND
patients using the water displacement method, which is recognized
as the most reliable method for assessing lymphedema rates [26]. We
analyzed the lymphedema rate as part of our sensitivity analysis.

Utility

Quality-adjusted life-years (QALYs) were derived from the patients’
life-years and utility scores. Utility was measured using the stand-
ard gamble technique in 110 healthy Thai women aged 26 to 60
years because women in these ages can develop breast cancer. All
hypothetical health states were developed on the basis of evidence
from the literature review and expert opinions. Patient-reported
outcomes [28,29] related to health quality of life in patients with
breast cancer were reviewed and modified so that they were
appropriate for the Thai context. Although the cognitive interview
included questions related to sexual well-being, these responses
were excluded from health state description because they were
deemed irrelevant. Content validation was conducted by three
medical professionals who specialized in caring for patients with
breast cancer and five patients with breast cancer. The construct
validity was proven by the statistical difference between better
health states and worse health states (such as early stage breast
cancer and recurrence of breast cancer). The six health states were
as follows: 1) early stage breast cancer treated with BCT, with no
recurrence, but with lymphedema; 2) early stage breast cancer
treated with BCT, with no recurrence and without lymphedema; 3)
LR of breast cancer, with lymphedema; 4) LR of breast cancer
without lymphedema; 5) RR of breast cancer, with lymphedema;
and 6) RR of breast cancer without lymphedema. Patients who
experienced LR were treated with a mastectomy with axillary
dissection, whereas those experiencing RR were treated with only
additional axillary dissection. We assumed that the outcomes of



VALUE IN HEALTH REGIONAL ISSUES 3C (2014) 59-6

6

61

True positive .. ALND pathway o

Local recurrence

Regional recurrence

No LE,RR

i

Local recurrence

Regional recurrence

No LR.RR.

il

Local recurrence

Regional recurrence

]

No LR,RR.
Local recurrence

Regional recurrence

il

No LR,RR.

Local recurrence

Regional recurrence

No LR.RR.

il

Local recurrence

]

Regional recurrence

w
SNB positive Lyaphedema.
L
False negative
NO Iymphedema
v
SNB
Lyraphederaa
True negative
NB negative NO Iymphedema
False positive . ALND pathway
S O
Lyraphederaa
Early breast cancer.
—_— -
True positive
NO lyraphederaa
ALND positive

f

No LR.RR

Local recurrence

]

Regional recurrence

P

f

No LR,RR.
Local recurrence

Regional recurrence

NoLR.RR

il

Local recurrence

Regional recurrence

Lyrphedera

L
alse negative

NO lyraphedera

o
LND

Lyraphederaa

{2

No LR.RR

]

Local recurrence

Regional recurrence

/
True negative <
NO Iyraphederaa
2
LND negative

Lyraphederaa

No LR,RR

il

Local recurrence

Regional recurrence

]

|

No LR,RR

f

Local recurrence

Regional recurrence

e

alse positive
NO Iyraphederna
e

il

NoLR.RR

Fig. 1 - Decision tree. ALND, axillary lymph node biopsy; LR, local recurrence; RR regional recurrence; SNB, sentinel lymph
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Table 1 - Model parameters and data sources.

Parameter Distribution = Mean Standard Data source
error
Probability of axillary metastasis in 2-cm tumors Beta 0.315 0.018 [12-14]
SNB
Sensitivity Beta 0.902 0.017 [15-20]
Specificity Beta 1.0 0 [15-20]
ALND
Sensitivity Beta 0.304 0.038 [21]
Specificity Beta 0.988 0.004 [21]
Probability of local recurrence
SNB negative and no metastasis lymph node (true negative) Beta 0.022 0.003 [10,15,22,23]
SNB negative and metastasis lymph node (false negative) Beta 0.019 0.006 [24]
ALND with no metastasis lymph node Beta 0.014 0.006 [10,15,22,23]
ALND with metastasis lymph node Beta 0.036 0.009 [24]
Probability of regional recurrence
SNB negative and no metastasis lymph node (true negative) Beta 0.004 0.002 [10,15,22,23,25]
SNB negative and metastasis lymph node (false negative) Beta 0.009 0.005 [24]
ALND with no metastasis lymph node Beta 0.004 0.001 [10,15,22,23,25]
ALND with metastasis lymph node Beta 0.005 0.003 [24]
Probability of lymphedema
SNB Beta 0.117 0.011 [26]
ALND Beta 0.276 0.013 [26]
Utilities for health states”
Early stage breast cancer status after BCT Beta 0.76 0.04
Early stage breast cancer status after BCT with lymphedema Beta 0.59 0.04
Advanced stage breast cancer with regional recurrence Dirichlet 0.60 0.04
Advanced stage breast cancer with regional recurrence and lymphedema Dirichlet 0.45 0.03
Advanced stage breast cancer with local recurrence Dirichlet 0.61 0.03
Advanced stage breast cancer with local recurrence and lymphedema Dirichlet 0.39 0.03
Cost
Direct medical cost’
First-year cost of SNB Gamma 39,673.80 2,561.30
First-year cost of SNB and ALND Gamma 61,100.37 14,947.61
First-year cost of ALND Gamma 47,737.25 3,794.58
Cost of follow-up of SNB per year Gamma 3,207.51 47.99
Cost of follow-up of SNB and ALND per year Gamma 5,013.62 210.05
Cost of follow-up of ALND per year Gamma 7,954.54 325.54
Operation after local recurrence (2 y) Gamma 44,022.99 44,022.99
Operation after regional recurrence (2 y) Gamma 3,9254.19 3,9254.19
Radiation cost in early stage breast cancer (5 y) Gamma 51,126.51 51,126.51
Chemo-radiation cost for recurring breast cancer (3 y) Gamma 11,7285.6 11,7285.6
Lymphedema care cost (4 y) Gamma 102,084.95 102,084.95
Lymphedema care cost (2 y) Gamma 82,966.29 82,966.29
Direct nonmedical cost
Cost of travel Gamma 142.55 11.60 [27]
Cost of food Gamma 52.51 5.35 [27]
Indirect cost
Cost of productivity loss of patient per day Gamma 80.29 11.34 [27]
Cost of productivity loss of one relative per day Gamma 95.51 35.41 [27]

ALND, axillary lymph node dissection; BCT, breast-conserving therapy; SNB, sentinel lymph node biopsy.

* Data source: Interview (standard gamble technique).
T Data source: Hospital databases

both the SNB group and the ALND group would show similar
clinical presentation and would share the same health states given
the similar clinical progression of both procedures but would differ
in the occurrence rate. The utility data are presented in Table 1.

Cost

Both the societal and health care provider perspectives were
examined in this analysis. The cost used in the societal

perspective was composed of direct medical costs and direct
nonmedical costs, whereas the cost used in the provider per-
spective included only direct medical costs. Direct medical costs
were grouped into three categories—surgical procedures, lym-
phedema care, and radiation and chemotherapy. Direct medical
costs of each procedure comprised operation costs, anesthesia
care costs, hospitalization costs, and related investigation and
medication costs. Lymphedema care costs comprised physiother-
apy care costs and medication costs. Radiation costs comprised
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radiation therapy costs and medication and investigation costs.
Number of resources used for all cost items and their charge were
derived from the financial databases of the university hospital
and the national cancer center. All charges were converted to
costs using the cost to charge ratio reported by Riewpaiboon [27].
Chemotherapy costs were taken from Supakul et al. [31]. Direct
nonmedical costs, which comprised patient expenses for food,
transportation, and costs arising from relative productivity loss
during hospitalization and outpatient visits, were derived from
standard cost lists for health technology assessment [27]. Follow-
up schedules and investigations were in line with those outlined
in international guidelines [32]. Costs of lymphedema comprised
first-year procedure costs and follow-up costs per year for 4 or 5
years of radiation treatment. For patients who experienced arm
lymphedema in the second year, additional lymphedema care
costs were calculated for 4 years. If patients had LR or RR, costs
included the operation in the first year plus costs associated with
two follow-up years and costs of the second operation and
chemo-radiation. For patients undergoing a second procedure
and who experienced lymphedema, costs included lymphedema
care for 2 years. We excluded the cost of chemotherapy and
hormonal therapy after the first treatment because we assumed
that all patients received the same treatment and so the cost
would not affect the results. All costs were adjusted for inflation
to the year 2012 by applying the Thai consumer price index [30].

Uncertainty Analysis

A one-way sensitivity analysis was performed on all relevant
parameters, including the prevalence of axillary metastasis,
sensitivity and specificity of SNB, cost of each procedure, and
utility score. The value of each parameter was tested within a
plausible range of 95% confidence interval (CI) or 10th and 90th
percentile. A threshold analysis was undertaken on relevant
parameters at a willingness-to-pay (WTP) value of 120,000 Thai
baht (THB) per QALY gained, as recommended by the Health
Economic Working Group under the Subcommittee for Develop-
ment of the National List of Essential Drugs. A probabilistic
sensitivity analysis using the Monte-Carlo stimulation with
1000 iterations was undertaken to test the uncertainty of the
model. A gamma distribution was used for cost, while the beta
distribution and the dirichlet distribution was used for probability
and utility parameters, respectively. Because cost of operation
after recurrence, lymphedema care cost, and radiation cost came
from the reimbursement list, values for standard error for these
were not available. We used standard error equal to mean in
sensitivity analysis. A cost-effectiveness acceptability curve was
also presented.

Results

The base-case analysis of the cost utility of SNB and ALND in
patients with early stage breast cancer found that SNB cost less
than ALND but resulted in higher QALYs. The incremental cost-
effectiveness ratios (ICERs) of SNB compared with those of ALND
were —275,140 THB/QALY gained from the provider perspective
and —470,600 THB/QALY gained from the societal perspective (see
Table 2).

One-Way Sensitivity Analysis

Our one-way sensitivity analysis (Fig. 2) showed that the utility
score of early stage breast cancer, post-BCT patients with lym-
phedema was the most sensitive parameter, in which a range of
95% CI in the parameter resulted in an ICER range of —145% to
316%. In contrast, the probability of a true positive outcome
(sensitivity) had a minimal effect on ICER for both ALND and SNB.

Tumor mass determines the prevalence of axillary metastasis;
given that, a threshold analysis was performed to explore the
effect of the axillary metastasis rate on the value for money of
SNB. The results showed that at a WTP value of 120,000 THB/
QALY gained, SNB was superior to ALND, even when the rate of
axillary metastasis changed from 0% to 85%. The axillary meta-
stasis rate in early stage breast cancer cases, in which the tumor
is smaller than 5 cm, was found to be approximately 49% to 58%
[12-14]. This means that SNB is statistically more cost-effective
than ALND for early stage breast cancer treatment. Given that
some model parameters obtained from international studies are
generally more accurate than parameters garnered from clinical
practice, the sensitivity and specificity of SNB were also tested.
The results from the one-way sensitivity analysis showed that
both parameters were less sensitive to ICER change and that SNB
was still more cost-effective even when the sensitivity and
specificity of the test decreased. The lymphedema rate after
ALND was tested because the severity of lymphedema in post-
ALND patients can vary widely, and many patients with a mild
form of lymphedema may not require treatment. We found that
ALND was the more cost-effective treatment option, when fewer
than 10% of the patients developed lymphedema; however, this
was not verifiable in the clinical setting, in which more than 10%
of the patients who had ALND develop lymphedema. Moreover,
direct medical cost applied in this study did not include the cost
that occurred during the learning curve of SNB; however, in one-
way sensitivity analysis, ICER showed minimal change when the
direct medical cost of SNB in the first year varied between 10th
and 90th percentile.

Probabilistic Sensitivity Analysis

The probabilistic sensitivity analysis showed that SNB is more
cost-effective than ALND for all WTP values (Fig. 3). At a WTP
value of 120,000 THB, the probability of SNB being cost-effective
was 77.5% while the probability of ALND being cost-effective was
22.5%.

Discussion

Our cost-utility analysis was based on a 5-year decision tree
model that compared the cost-effectiveness of ALND with SNB
treatments for patients with early stage breast cancer in Thailand
from both the provider and societal perspectives. SNB was found
to be cost saving from both perspectives, giving an ICER of
—275,140 THB/QALY gained from the provider perspective and
—470,600 THB/QALY gained from the societal perspective. At
Thailand’s ceiling threshold of 120,000 THB/QALY gained, the
probability that SNB would be cost-effective in patients with early
stage breast cancer was found to be 77.5%. Some model param-
eters were derived from international studies, in which breast
cancer tends to be diagnosed at an earlier stage than in Thailand,
and so tumors tend to be smaller and the risk of axillary meta-
stasis is correspondingly lower. Despite this, our threshold
analysis still confirmed SNB to be the most cost-effective option,
despite the significantly high risk of axillary metastasis (85%). In
clinical practice, however, SNB was not recommended for
patients with a tumor larger than 5cm because of its high
false-negative rate with tumors of that size.

In Thailand, most patients with breast cancer undergo a
mastectomy, in contrast to most international contexts that have
been studied, in which BCT is the most common surgical treat-
ment. Many studies [33,34] have shown that the outcomes of
mastectomy are comparable with those of BCT in terms of LR and
survival rate. However, because of criteria and follow-up period
limitations in previous studies, no definitive evidence has yet
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Table 2 - Cost-effectiveness of SNB and ALND in provider and societal perspective.

Treatment QALYs Cost (THB) ICER

Provider Societal Provider Societal
ALND* 3.385 152,212 215,473
SNB* 3.431 139,552 193,820 —275,140 —470,600

ALND, axillary lymph node dissection; ICER, incremental cost-effectiveness ratio; QALYs, quality-adjusted life years; SNB, sentinel lymph node

biopsy; THB, Thai baht.
* Excluding cost of first chemotherapy and hormonal treatment.

been established [35-37] on how the lymphedema rate differs for
each procedure. However, the one-way sensitivity analysis that
was conducted as part of this study on the probability of
developing lymphedema revealed a range of 95% CI. The results
showed a minimal change in ICER as a result of developing
lymphedema, and SNB was still considered more cost-effective.
The one-way sensitivity analysis of the sensitivity and specificity
of SNB demonstrated that SNB was still more cost-effective
than ALND.

In 2012, Verry et al. [38] compared the cost-effectiveness of
SNB with that of ALND from the provider perspective using a
Markov model over a 20-year period. The study parameters were
mainly garnered from the Sentinel Node versus Axillary Clear-
ance trial [18], and the utility was derived from Kanis et al. [39].
The study showed that SNB was marginally more cost-effective
than ALND and indicated several sensitive parameters that
affected the outcomes. The researchers highlighted the need for
more reliable information on the specificity of SNB and the risk of
axillary recurrence after SNB; we did not identify this need in our
study. Although no relevant clinical trials have yet been con-
ducted in Thailand from which we could derive our parameters,
we ensured that the parameters were appropriate for the Thai

Utility of early breast cancer status post BCT with lymphedema
(0.686,0.824)

Utility of early breast cancer status post BCT(0.683,0.827)

Cost of travel( 421.94, 0.00)

Direct medical cost of ALND in 1st year(54 810, 39 936)

Cost of food ( 155 42, 0.00)

Direct medical cost of SNB with ALND in 1st year(20 820,116 613)
Direct medicla cost of SNB in the 1st year (34 653, 44 693)
Probability of lymphedema after SNB(0.19,0.15)

Probability of lymphedema after ALND (0.25,0.30)

Probability of lymph node positive in early breast cancer (0.279,0.350)
Probability of lymph node positive after Sentinel node biopsy
(0.934,0.87)

Probability of lymph node positive after Axillary lymph node dissection
(0.23,0.378)

-200

context by deriving the utility from healthy Thai women and
testing sensitive parameters through a sensitivity analysis. The
most sensitive parameter that we identified in our analysis was
the utility of early stage breast cancer post-BCT patients with
lymphedema. Although SNB had the additional cost of patho-
logical examination, there were studies [40,41], which compared
direct medical costs between SNB and ALND in the early post-
operative period, that found that SNB was cost saving and
hospital stay cost was the most significant parameter. In our
study, the duration of hospital stay between both groups was not
much different because the patients were discharged early and
had follow-up at the outpatient clinic. Because most breast
cancer treatments are undertaken in outpatient clinics, we
included direct nonmedical costs and examined the data from
both the provider and societal perspectives. The ICER from the
societal perspective was found to be nearly twice that from the
provider perspective, and the cost of travel was one of the most
sensitive parameters. After conducting the probabilistic sensitiv-
ity analysis with 1000 iterations in a range of probable values of
total cost, health outcomes, and ICERs, the results showed that
the probability of SNB being more cost-effective than ALND at
different WTP values was more than 70%.

-100 0 100 200 300 400

Fig. 2 - The percentage change in ICER compared with the mean ICER for each parameter. Mean ICER = —470,602.22 THB/QALY
gained. ALND, axillary lymph node dissection; BCT, breast-conserving therapy; ICER, incremental cost-effectiveness ratio;
QALY, quality-adjusted life year; SNB, sentinel lymph node biopsy; THB, Thai baht.
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Fig. 3 - Cost-effectiveness acceptability curve. ALND, axillary lymph node dissection; QALY, quality-adjusted life-year; SNB,

sentinel lymph node biopsy.

Because we used a 5-year model, our study had insufficient
data to interpret the cost-utility between SNB and ALND over a
lifetime. Our model aimed to evaluate the efficacy of SNB in
reducing lymphedema while also giving similar LR and RR rates
to ALND. Recurrence almost always occurs within 5 years after
treatment, and so this model is deemed to be a good model for
predicting recurrence rates. We did not include survival as an
outcome because this fell outside the timescale of our model. Our
assumption was in line with the data from Veronesi et al. [10], the
longest follow-up clinical trial, results of which showed that
mortality in early stage breast cancer was strongly predicated
by initial staging and treatment and that after 10-year follow up
there was no statistically significant difference in the mortality
rate between SNB and ALND groups.

Conclusions

Our study demonstrated that SNB gives patients with early stage
breast cancer a better quality of life and is a more cost-effective
option than ALND. The results are generalizable to other
Southeast-Asian countries because these countries share broadly
similar living costs, cultural norms, and lifestyles to those
examined in our study. Moreover, our findings make a clear case
for clinicians and policymakers to provide SNB treatment nation-
wide to improve the standard of care for Thai patients with breast
cancer.
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Background: In Thailand, there has been no economic evaluation study of adjuvant
chemotherapy for stage Ill colon cancer patients after resection. Objective: This study aims to
evaluate the cost-utility of all chemotherapy regimens currently used in Thailand compared with
the adjuvant 5-fluorouracil/leucovorin (5-FU/LV) plus capecitabine as the first-line therapy for
metastatic disease in patients with stage Ill colon cancer after resection. Methods: A cost-utility
analysis was performed to estimate the relevant lifetime costs and health outcomes of
chemotherapy regimens based on a societal perspective using a Markov model. Results: The
results suggested that the adjuvant 5-FU/LV plus capecitabine as the first-line therapy for
metastatic disease would be the most cost—effective chemotherapy. Conclusions: The adjuvant
FOLFOX and FOLFIRI as the first-line treatment for metastatic disease would be cost—effective
with an incremental cost-effectiveness ratio of 299,365 Thai baht per QALY gained based on a

societal perspective if both prices of FOLFOX and FOLFIRI were decreased by 40%.

Keyworps: adjuvant chemotherapy e cost-utility analysis e oxaliplatin e stage Ill colon cancer e Thailand

Nowadays, colorectal cancer is a major public
health issue. It is the third most common type
of cancer with one million new cases worldwide
and was the fourth leading cause of death in
2004 [1]. In Thailand, colorectal cancer was the
third most frequent malignancy in males and
the fifth in females with age-standardized inci-
dence rates of 11.3 and 7.9 per 100,000 for
males and females during 2001-2003, respec-
tively [2]. Surgical resection is the mainstay ini-
tial treatment for stage III colon cancer. Almost
50% of patients who undergo curative surgery
alone finally relapse and die due to microscopic
metastases, which are present but undetected at
the time of surgery [3]. The role of chemother-
apy for colon cancer after curative resection has
been used as adjuvant chemotherapy, which has
anti-tumor activity that helps decreasing relapse
and death. It has been proven that the benefits
of adjuvant chemotherapy (i.e., 5-fluorouracil
combined with leucovorin [5-FU/LV]) are to
reduce relapse rates and improve overall survival
by 33% in patients with node-positive colon
cancer (stage III or Dukes” stage C), but not in
those with stage II or Dukes’ stage B [45].

At present, 6 months of 5-FU/LV treatment
is considered the standard approach for stage I1I
colon cancer [6]. Although several regimens of
5-FU/LV exist, some regimens can lead to a dif-
ference in toxicity [6]. Moreover, capecitabine
and oxaliplatin in combination with 5-FU/LV
have been evaluated as the adjuvant treatments
for patients with stage III colon cancer [7]. Cape-
citabine is an oral dosage form of chemotherapy
with convenience, favorable safety and better-
tolerated toxicity (7). The addition of oxaliplatin
to the 5-FU/LV has demonstrated a synergistic
activity, which leads to a significant improve-
ment in disease-free survival and overall survival
in the adjuvant setting [8-10].

In Thailand, only 5-FU/LV and capecitabine
are currently included in the National List of
Essential Medicines (NLEM), the reimburse-
ment drug list for patients enrolled under the
Civil Servant Medical Benefit Scheme (9% of
the Thai population), the Social Security
Scheme (11% of the population) and the Uni-
versal Coverage (UC) scheme (80% of the Thai
population). However, oxaliplatin is still costly
and has not yet been included in the NLEM.
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Table 1. All compared interventions in this study.

5-FU/LV Capecitabine
5-FU/LV FOLFOX
5-FU/LV XELOX
5-FU/LV FOLFIRI
Capecitabine FOLFOX
Capecitabine XELOX
Capecitabine FOLFIRI
FOLFOX FOLFIRI
XELOX FOLFIRI

FOLFOX: Fluorouracil/leucovorin/oxaliplatin; FOLFIRI: Irinotecan plus 5-FU/LV;
5-FU/LV: 5-Fluorouracil and leucovorin; XELOX: Capecitabine/oxaliplatin.

Prior to this study, there have not been any economic evalu-
ation studies of adjuvant chemotherapy for stage III colon can-
cer patients after resection in Thailand. Therefore, in 2010, the
Thai Subcommittee for Development of the NLEM requested
economic evaluation information of an adjuvant chemotherapy
regimen, particularly an oxaliplatin-added regimen in stage III
colon cancer, to determine whether oxaliplatin should be
included in the NLEM. The objective of this study is to evalu-
ate and compare lifetime costs and health outcomes of chemo-
therapy regimens with the standard treatment available in
Thailand (i.e., the adjuvant 5-FU/LV and the first-line capeci-
tabine for metastatic disease) for patients with stage III colon
cancer. The results from this study would be very beneficial for
the NLEM subcommittees for decision-making regarding
whether oxaliplatin should be included into the list.

Methods

A cost-utility analysis using a Markov model was performed to
evaluate and compare lifetime costs and outcomes of stage III
colon cancer patients aged 50 years who required the adjuvant
chemotherapy after resection. This study was conducted based
on a societal perspective as recommended by Thailand’s health
technology assessment guidelines, since it is the most comprehen-
sive viewpoint which incorporates all costs and benefits regardless
of who incurs the costs or gains the benefits [11). Studied inter-
ventions included the adjuvant chemotherapy followed by the
first-line chemotherapy for metastatic disease. The adjuvant che-
motherapy regimens were as follows: 5-FU/LV, capecitabine
monotherapy, 5-FU/LV/oxaliplatin (FOLFOX) and capecita-
bine/oxaliplatin (XELOX). Based on the current clinical practice
guidelines for the management of disease recurrence, the first-
line chemotherapy regimens for metastatic disease were as fol-
lows:  capecitabine  monotherapy,  fluorouracil/leucovorin/
oxaliplatin (FOLFOX), capecitabine/oxaliplatin (XELOX) and
irinotecan plus 5-FU/LV (FOLFIRI). Taee 1 demonstrates the set
of eight interventions compared with the adjuvant 5-FU/LV and
capecitabine as the first-line chemotherapy for metastatic disease
(i.e., a standard treatment).

All future costs and health outcomes were discounted to
present values at the rate of 3% per year as recommended by
Thailand’s health technology assessment guidelines [12]. The
primary outcomes were life year (LY) gained, quality-adjusted
life year (QALY) gained and the incremental cost—effectiveness
ratio (ICER) in Thai baht (THB) per LY and QALY gained.
The results of ICER values obtained from this study were used
to determine the cost—effectiveness of each alternative interven-
tion when compared with the societal willingness-to-pay
(WTP) threshold, the amount of money which the Thai soci-
ety is willing to pay for 1 year of life adjusted for its quality of
life (i.e., QALY) gained for the adoption of health technologies
and interventions. The societal WTP threshold announced by
the Subcommittee for Development of the NLEM and the
Subcommittee for Development of the Health Benefit Package
and Service Delivery, National Health Security Office (NHSO)
is between one- to three-times the Thai Gross Domestic Prod-
uct (GDP), or approximately 100,000 THB (6000 purchasing
power parity [PPP]$) to 300,000 THB (18,000 PPP$) 13). If
health technologies with ICERs below the per capita GDP are
considered very cost-effective, those between one- and three-
times per capita GDP being cost-effective, while ICERs above
three-times per capita GDP indicate that a health technology is
not cost-effective. These threshold values are in line with those
suggested by the Commission on Macroeconomics and Health,
WHO [14].

Economic model

Fieure 1 illustrates the Markov model structure used to estimate
the relevant costs and health outcomes during a lifetime hori-
zon with a cycle length of 1 year. The model simulation was
used to estimate the costs and health outcomes over a 99-year
period to cover the maximum expected lifetime horizon. The
study compared eight mutually exclusive treatment options
with the adjuvant 5-FU/LV followed by capecitabine as the
first-line therapy for metastatic disease as stated in Tase 1. The
Markov model consisted of three health states: alive without
relapse or pre-relapse, alive with relapse and death. All stage III
colon cancer patients aged 50 years who required the adjuvant
chemotherapy after resection start at the ‘alive without relapse’
state. If cancer metastasis, either local or distant, was detected,
the patients would move to the ‘alive with relapse’ state and
require the first-line treatment for metastatic disease. Patients
in all states could stay in the same state or move to the ‘death’
state. An arrow represents the probability of moving from one
state to another, known as the transitional probability.

Based on clinical information and practice, the assumptions
of the analytical model were addressed. First, patients complet-
ing resection of histological stage IIT colon cancer were treated
by adjuvant chemotherapy for 6 months. Second, all recur-
rences were assumed to occur within 5 years after resection of
the primary tumor. Third, the survival of patients with relapse
was equal to that of patients diagnosed with stage IV colon
cancer depending on the efficacy of the chemotherapy regimen
given over a lifetime period. Fourth, the survival of patients
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who were disease-free was estimated from the overall survival
of stage III colon cancer depending on the efficacy of the adju-
vant chemotherapy regimen given. Finally, it was assumed that
utility scores of patients receiving intravenous chemotherapy
regimens (i.e., 5-FU/LV, FOLFOX, XELOX and FOLFIRI)
were the same, but different from those of patients receiving
oral chemotherapy (i.e., capecitabine).

Cost variables

Both direct (i.e., medical and non-medical) and indirect costs
were included based on a societal perspective. All costs were con-
verted and reported in 2010 THB using the consumer price
index [15]. The average annual exchange rate of THB to one US
dollar was 30 THB in 2010 [16). For international comparison,
costs were converted to international dollars using the PPP$
exchange rate of 1 PPP$ (2010) per 17.8 THB [17]. Taswe 2 illus-

trates the cost and resource use parameters used in this study.

Direct medical costs

Direct medical costs covered all treatment costs (i.e., chemother-
apy cost and other healthcare costs) obtained from two data
sources (Taste 2). Costs of chemotherapy were calculated from che-
motherapy dosage based on body surface area which was defined
as 1.60 m” multiplied by the price per dosage retrieved from the
reference price database of the Drugs and Medical Supplies Infor-
mation Centre (DMSIC), the Ministry of Public Health [1s).
Other healthcare costs except the chemotherapy cost of stage 111
colon cancer patients were retrieved from the hospital database at
the National Cancer Institute (NCI). Direct medical costs were
classified into two states (i.e., ‘alive without relapse’ and ‘alive
patients with relapse’). Data included demographic characteristics
(e.g., age, gender), principal diagnosis (i.e., ICD-10), health insur-
ance type and total cost of treatment. All 114 patients with a prin-
cipal diagnosis related to colon cancer stage Il and IV receiving
treatment at the NCI from January 2005 to December 2010 were
selected. Based on demographic characteristic results of these
patients, mean age was 60 years and 51% were female. About
61% were patients with stage III colon cancer receiving adjuvant
chemotherapy, while 39% were those with stage IV colon cancer
receiving the treatment. The charges per patient per year were
adjusted to costs using the cost-to-charge ratio of 0.8 [19].

In the first year, direct medical costs of patients without
relapse included chemotherapy costs and other healthcare costs
without chemotherapy. Direct medical costs in the first year were
higher than those at subsequent years due to the cost of chemo-
therapy regimens given for 6 months. As such, the average che-
motherapy costs during the first year of patients receiving
XELOX were 344,094 THB (standard error [SE] = 344,094) fol-
lowed by FOLFOX (298,375 THB, SE = 298,375), capecitabine
monotherapy (124,146 THB, SE = 124,146) and 5-FU/LV
(10,680 THB, SE = 10,680). In addition, other healthcare costs
included the cost of central line, the cost of complications of line
infections, the cost of thrombosis for all interventions, the cost of
other medications without chemotherapy, cost of pre-treatment
medications, cost of management of adverse events and toxicities,

A

Alive without relapse

Figure 1. Schematic diagram of the Markov model. Markov
model consists of three health states as follows: (A) alive without
relapse or pre-relapse, (B) alive with relapse and (C) death. An
arrow represents the probability of moving from one state to
another known as transitional probability. The cycle length is one
year with a 99-year time horizon. All stage Il colon cancer
patients after resection who required the first-line adjuvant che-
motherapy would start at ‘alive without relapse’ state. If cancer
either local or distant metastasis were detected, the patients
would move to ‘alive with relapse’ state and required the
second-line treatment. Patients in all states could stay in the
same state or move to death state.

cost of laboratory and diagnostic tests (e.g., staging CT scan),
cost of procedures, cost of outpatient visits and cost of hospital-
izations. The average other healthcare costs of patients receiving
FOLFOX, XELOX, capecitabine and 5-FU/LV were estimated
to be the same in the first year (27,597 THB, SE = 26,666).
Direct medical costs of patients without relapse in subsequent
years were the costs of follow-up and other medication prescribed
after the first year of chemotherapy. The average costs per year
were estimated to be 28,228 THB (SE = 28,228).

Direct medical costs of patients with relapse in the first year
were estimated from the cost of treatment for stage III colon can-
cer patients with disease recurrence and patients diagnosed with
stage IV colon cancer. The annual cost of chemotherapy in the
first year was the same as that in subsequent years, since it was
assumed that patients with relapse would receive a chemotherapy
regimen over a lifetime period. The average chemotherapy costs
of patients with relapse receiving FOLFOX, XELOX, capecita-
bine and FOLFIRI were estimated to be 596,749 THB
(SE = 596,749), 688,188 THB (SE = 688,188), 248,293 THB
(SE = 248,293) and 878,359 THB (SE = 878,359), respectively.
Moreover, other healthcare costs of patients with relapse in the
first year and subsequent years included the cost of other medica-
tions without chemotherapy drugs, cost of laboratory and diag-
nostic tests, cost of pre-treatment medications and cost of
management of adverse events and toxicities. The average other
healthcare costs of patients with relapse treated with FOLFOX,
XELOX, capecitabine and FOLFIRI were assumed to be the
same (i.e., 70,133 THB, SE = 70,133).

Direct non-medical & indirect costs

Direct non-medical costs included the costs of food, accommo-
dation and transportation due to receiving the treatment as
well as direct medical costs incurred outside hospitals (e.g., at
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Table 2. Input parameters used in economic model.

Costs (range)

Outcomes (range)

Patients receiving FOLFOX
Patients receiving XELOX
Patients receiving capecitabine

Patients receiving 5-FU/LV

Patients receiving FOLFOX in the 1st year
Patients receiving FOLFOX in the 2nd year
Patients receiving FOLFOX in the 3rd year
Patients receiving FOLFOX in subsequent years
Patients receiving XELOX in the 1st year
Patients receiving XELOX in the 2nd year
Patients receiving XELOX in the 3rd year
Patients receiving XELOX in subsequent years
Patients receiving capecitabine in the 1st year
Patients receiving capecitabine in the 2nd year
Patients receiving capecitabine in the 3rd year
Patients receiving capecitabine in subsequent years
Patients receiving 5-FU/LV in the 1st year
Patients receiving 5-FU/LV in the 2nd year
Patients receiving 5-FU/LV in the 3rd year

Patients receiving 5-FU/LV in subsequent years

Patients receiving FOLFOX in the 1st year

Patients receiving FOLFOX in the 2nd year

Patients receiving FOLFOX in subsequent years
Patients receiving XELOX in the 1st year

Patients receiving XELOX in the 2nd year

Patients receiving XELOX in subsequent years
Patients receiving capecitabine in the 1st year
Patients receiving capecitabine in the 2nd year
Patients receiving capecitabine in subsequent years

Patients receiving FOLFIRI in the 1st year

Beta
Beta
Beta
Beta

Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta

Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta
Beta

3 (0-6)
3 (0-6)

0.133
0.140
0.149
0.175

0.040
0.063
0.056
0.035
0.030
0.072
0.044
0.047
0.020
0.082
0.100
0.074
0.020
0.112
0.103
0.090

0.287
0.489
0.490
0.344
0.538
0.705
0.386
0.571
0.800
0.350

0.0092
0.0097
0.0102
0.0121

0.0076
0.0095
0.0093
0.0077
0.0054
0.0083
0.0069
0.0072
0.0044
0.0087
0.0099
0.0092
0.0045
0.010

0.0104
0.0103

0.0189
0.0277
0.0343
0.0228
0.0305
0.0493
0.0256
0.0324
0.0560
0.0232

Meta-analysis
Meta-analysis

Meta-analysis

Meta-analysis
Meta-analysis
Meta-analysis
Meta-analysis
Meta-analysis
Meta-analysis
Meta-analysis
Meta-analysis
Meta-analysis

Meta-analysis

DMISC: Drugs and medical supplies information center; FOLFOX: Oxaliplatin/5-fluorouracil/leucovorin; 5-FU/LV: 5-Fluorouracil/leucovorin; NCI: National Cancer Institute;

SE: Standard error; XELOX: Capecitabine/oxaliplatin.
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Table 2. Input parameters used in economic model (cont.).

Parameter Distribution Mean

Transitional probability parameters (cont.)
Annual probability of death at relapse state (cont.)

Patients receiving FOLFIRI in the 2nd year Beta 0.515 0.0292 Meta-analysis
Patients receiving FOLFIRI in subsequent years Beta 0.573 0.0401 Meta-analysis
Patients receiving 5-FU/LV in the 1st year Beta 0.386 0.0256 [5]
Patients receiving 5-FU/LV in the 2nd year Beta 0.571 0.0323 [5]
Patients receiving 5-FU/LV in subsequent years Beta 0.800 0.0560

Annual direct medical cost
At without relapse state

Cost of FOLFOX Gamma 298,375 298,375 DMSIC
Cost of XELOX Gamma 344,094 344,094 DMSIC
Cost of capecitabine Gamma 124,146 124,146 DMSIC
Cost of 5-FU/LV Gamma 10,680 10,680 DMSIC
Cost of other healthcare without FOLFOX in the 1st year Gamma 49,844 49,844 NCI
Cost of other healthcare without XELOX in the 1st year Gamma 49,844 49,844 NCI
Cost of other healthcare without capecitabine in the 1st year Gamma 49,844 49,844 NCI
Cost of other healthcare without 5-FU/LV in the 1st year Gamma 49,844 49,844 NCI
Cost of follow-up in the following years Gamma 28,228 28,228

Cost of FOLFOX Gamma 596,749 596,749 DMSIC
Cost of XELOX Gamma 688,188 688,188 DMSIC
Cost of capecitabine Gamma 248,293 248,293 DMSIC
Cost of FOLFIRI Gamma 878,359 878,359 DMSIC
Cost of other healthcare without FOLFOX in the 1st year Gamma 70,133 70,133 NCI
Cost of other healthcare without XELOX in the 1st year and subsequent Gamma 70,133 70,133 NCI
years

Cost of other healthcare without capecitabine in the 1st year and Gamma 70,133 70,133 NCI
subsequent years

Cost of other healthcare without FOLFIRI in the 1st year and subsequent Gamma 70,133 70,133 NCI
years

Annual direct non-medical cost

At without relapse state

Out-of-pocket medical cost for patients receiving FOLFOX in the 1st year Gamma 68,006 33,973 Survey
Out-of-pocket medical cost for patients receiving XELOX in the 1st year Gamma 188,000 188,000 Survey
Out-of-pocket medical cost for patients receiving capecitabine in the 1st Gamma 53,991 22,466 Survey
year

Out-of-pocket medical cost for patients receiving 5-FU/LV in the 1st year Gamma 5220 4187 Survey
Out-of-pocket medical cost for patients in the following years Gamma 15,418 9954 Survey

DMISC: Drugs and medical supplies information center; FOLFOX: Oxaliplatin/5-fluorouracil/leucovorin; 5-FU/LV: 5-Fluorouracil/leucovorin; NCI: National Cancer Institute;
SE: Standard error; XELOX: Capecitabine/oxaliplatin.
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Table 2. Input parameters used in economic model (cont.).

Parameter Distribution Mean SE Ref.

Annual direct non-medical cost
At without relapse state (cont.)

Other non-medical costs for patients receiving FOLFOX in the 1st year Gamma 17,264 4566 Survey
Other non-medical costs for patients receiving XELOX in the 1st year Gamma 8736 1494 Survey
Other non-medical costs for patients receiving capecitabine in the 1st year Gamma 8736 1494 Survey
Other non-medical costs for patients receiving 5-FU/LV in the 1st year Gamma 27,956 4779 Survey
Other non-medical costs for patients in the following years Gamma 3495 597 Survey

At relapse state

Out-of-pocket medical cost for patients receiving FOLFOX Gamma 98,246 58,337 Survey
Out-of-pocket medical cost for patients receiving XELOX Gamma 364,000 364,000 Survey
Out-of-pocket medical cost for patients receiving capecitabine Gamma 68,181 27,340 Survey
Out-of-pocket medical cost for patients receiving FOLFIRI Gamma 70,362 69,639 Survey
Other non-medical costs for patients receiving FOLFOX Gamma 29,596 7828 Survey
Other non-medical costs for patients receiving XELOX Gamma 13,978 2390 Survey
Other non-medical costs for patients receiving capecitabine Gamma 13,978 2390 Survey
Other non-medical costs for patients receiving FOLFIRI Gamma 29,596 7828 Survey

Annual indirect cost
At without relapse state

Indirect cost of patients receiving FOLFOX in the 1st year Gamma 18,215 3582 Survey
Indirect cost of patients receiving XELOX in the 1st year Gamma 4625 4625 Survey
Indirect cost of patients receiving capecitabine in the 1st year Gamma 13,840 8096 Survey
Indirect cost of patients receiving 5-FU/LV in the 1st year Gamma 10,255 1776 Survey
Indirect cost of patients in the following years Gamma 1755 80 Survey

At relapse state

Expert Review of Pharmacoeconomics & Outcomes Research Downloaded from informahealthcare.com by Mahidol University on 10/31/14
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Indirect cost of patients receiving FOLFOX in the 1st year Gamma 62,550 13,113 Survey
Indirect cost of patients receiving XELOX in the 1st year Gamma 6845 6845 Survey
Indirect cost of patients receiving capecitabine in the 1st year Gamma 16,092 8091 Survey
Indirect cost of patients receiving FOLFIRI in the 1st year Gamma 70,613 8852 Survey
Utility of stage Il colon patients without chemotherapy Beta 0.85 0.1 (7]
Utility of patients receiving capecitabine Beta 0.651 0.0473 Survey
Utility of patients receiving intravenous chemotherapy Beta 0.60 0.0633 Survey
Utility of patients receiving capecitabine Beta 0.624 0.0429 Survey
Utility of patients receiving intravenous chemotherapy Beta 0.56 0.1010 Survey

DMISC: Drugs and medical supplies information center; FOLFOX: Oxaliplatin/5-fluorouracil/leucovorin; 5-FU/LV: 5-Fluorouracil/leucovorin; NCI: National Cancer Institute;
SE: Standard error; XELOX: Capecitabine/oxaliplatin.
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private clinics, drug store and traditional medicine suppliers,
etc.). Indirect costs (i.e., productivity loss due to receiving the
treatment and sick leave as well as informal care) were
included, while mortality costs were excluded.

In this study, annual direct non-medical and indirect costs
were collected from stage III colon cancer patients without
relapse and with relapse or stage IV colon cancer patients
receiving a chemotherapy regimen as well as their caregivers at
the NCI, Thailand. Ethical approval was granted by the Com-
mittee on Human Rights Related to Research Involving
Human Subjects, Mahidol University Institutional Review
Board (MU-IRB) and NCI, and informed consent was given
by the patients before data collection. A total of 48 patients,
24 without relapse and 24 with relapse or stage IV colon can-
cer, were interviewed using a developed questionnaire.

Clinical variables

Transitional probabilities were inputted into the Markov model
to simulate stage III colon patients when starting adjuvant che-
motherapy regimens. The transitional probability that patients
would move from the ‘alive without relapse state’ to the ‘alive
with relapse state’ was estimated from disease-free survival data
obtained from the mixed treatment or indirect comparison
meta-analysis of clinical efficacy studies using a Bayesian fixed
effects model in stage III colon cancer patients receiving adju-
vant chemotherapy [7-92021]. Furthermore, the transitional prob-
ability that patients without relapse would move to the ‘death’
state was estimated from the overall survival curves of stage III
colon cancer patients receiving adjuvant chemotherapy [7-920-22).
The transitional probability that patients with relapse would
move to the ‘death’ state was obtained from a systematic review
and meta-analysis of clinical trials in patients with metastatic
disease [23-40]. In addition, the mortality rates of the Thai general
population at each age were also applied in the analysis.

Health outcomes

Health outcomes were LY and QALY gained, defined as the
muldplication of utility weight or quality of life and life years.
The quality of life scores in terms of utility scores were col-
lected from patients receiving chemotherapy and caregivers
using the EQ-5D questionnaire at the NCI [4142). The utility
scores of patients without relapse were collected from two
groups (i.e., 12 patients receiving the adjuvant oral capecitabine
monotherapy and 12 patients receiving the adjuvant intrave-
nous chemotherapy such as 5-FU/LV, FOLFOX and XELOX).
For relapsed patients, the utility scores were collected from
12 patients receiving the first-line capecitabine for metastatic
disease and 12 patients receiving the first-line intravenous che-
motherapy such as FOLFOX, XELOX and FOLFIRI for meta-
static disease. The mean udility score of patients without relapse
was 0.85 (SE = 01) (TaBLE 2) [43].

Uncertainty analysis
A one-way sensitivity analysis and a probabilistic sensitivity
analysis (PSA) was undertaken to address the uncertainty of

Table 3. Total costs, life year and quality-adjusted
life years of all interventions for stage Ill colon

cancer patients aged 50 years based on a societal
perspective.

5-FU/LV Capecitabine 586,000 4.09 3.11
5-FU/LV FOLFOX 1,182,000 4.37 3.23
5-FU/LV XELOX 1,211,000  4.16 3.10
Capecitabine ~ FOLFOX 1,278,000 5.1 3.92

Capecitabine  XELOX
5-FU/LV FOLFIRI

1,301,000  4.91 3.81
1,311,000  4.25 3.16

Capecitabine  FOLFIRI 1,377,000  5.01 3.86

FOLFOX FOLFIRI
XELOX FOLFIRI

Total costs are calculated in 2010 THB.

*Costs are rounded up to nearest 1000 THB.

5-FU/LV: 5-Fluorouracil and leucovorin; FOLFIRI: Irinotecan plus 5-FU/LV;
FOLFOX: Fluorouracil/leucovorin/oxaliplatin; THB: Thai baht;

XELOX: Capecitabine/oxaliplatin.

1,610,000  6.69 5.27
1,762,000  6.12 4.78

parameters in the model. The one-way sensitivity analysis was
conducted to individually examine the uncertainty surrounding
each parameter and presented the results as a tornado diagram.
The threshold sensitivity analysis was also carried out to deter-
mine the cost-effective price in the case that the price of inter-
vention exceeded the societal WTP threshold. Moreover, the
PSA was carried out in order to simultaneously examine the
effect of all parameter uncertainties using a second-order Monte
Carlo simulation. Microsoft Excel 2007 (Microsoft Corp., Red-
mond, WA, USA) with the macro function was used to simulate
by sampling from the distribution of each variable with 1000 iter-
ations. The probability distributions were assigned to all parame-
ters, such as beta-distribution for all probabilities and utility
parameters and gamma-distribution for all cost parameters [44].
Eventually, these provided the average feasible results, expressed
in terms of probabilistic values of total costs, LYs and QALYs as
well as ICER in baht per LY and QALY gained. The results of
the PSA were presented as cost—effectiveness acceptability curves.

Results

Cost-utility analysis

Total costs, LYs and QALYs of all treatments compared with
the adjuvant 5-FU/LV and the first-line capecitabine for meta-
static disease in patents aged 50 years based on a societal per-
spective are shown in Taswe 3. Progression-free survival of 5-FU/
LV, capecitabine, XEROX or FOLFOX as adjuvant therapy
was 3.31, 4.14, 5.30 and 5.30 years, respectively. The total
cost of the adjuvant 5-FU/LV and the first-line capecitabine
for metastatic disease was the lowest (586,000 THB), while
that of the adjuvant XELOX and the first-line FOLFIRI for
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Table 4. Incremental cost-effectiveness ratio of all interventions compared with the first-line 5-fluorouracil

and leucovorin and the second-line capecitabine.

FOLFOX FOLFIRI 1,024,000 2.60
XELOX FOLFIRI 1,176,000 2.03
Capecitabine FOLFOX 691,000 1.02
Capecitabine FOLFIRI 791,000 0.92
Capecitabine XELOX 715,000 0.82
5-FU/LV FOLFOX 595,000 0.28
5-FU/LV FOLFIRI 725,000 0.16
5-FU/LV XELOX 625,000 0.07

"ICERs are rounded up to nearest 1000 THB.

2.16 394,000 474,000
1.66 580,000 707,000
0.81 677,000 855,000
0.70 862,000 1,025,000
0.75 867,000 1,055,000
0.11 2,137,000 5,205,000
0.05 4,406,000 14,567,000
-0.01 9,485,000 Dominated*

*Negative ICER due to lower effectiveness and higher costs of the first-line 5-FU/LV and the second-line XELOX compared with the first-line 5-FU/LV and the second-line

capecitabine.

5-FU/LV: 5-Fluorouracil and leucovorin; ICER: Incremental cost—effectiveness ratio; FOLFOX: Fluorouracil/leucovorin/oxaliplatin; THB: Thai baht; XELOX: Capecitabine/oxali-

platin; FOLFIRI; Irinotecan plus 5-FU/LV.

metastatic disease was the highest (1,762,000 THB). In this
study, all interventions had higher cost and yielded more LYs
compared with the adjuvant 5-FU/LV and the first-line capeci-
tabine for metastatic disease. In addition, patients receiving
adjuvant 5-FU/LV and the first-line XELOX for metastatic dis-
ease had more LYs (4.16) but less QALYs (3.10) compared
with those receiving the adjuvant 5-FU/LV and the first-line
capecitabine for metastatic disease (LYs = 4.09 and
QALYs = 3.11). Moreover, patients receiving the adjuvant
FOLFOX and then the first-line FOLFIRI for metastatic dis-
ease had the highest LYs (6.69) and QALYs (5.27).

The results obtained from the cost-utility analysis were pre-
sented as the ICER in THB per LY gained and QALY
gained (Tasie 4 when compared with the adjuvant 5-FU/LV and
the first-line capecitabine for metastatic disease. Of all the inter-
ventions, patients with stage III colon cancer receiving the adju-
vant FOLFOX and the first-line FOLFIRI for metastatic disease
had the lowest ICER value (394,000 THB per LY gained),
whereas those receiving the adjuvant 5-FU/LV and the first-line
XELOX for metastatic disease had the highest (9,485,000 THB
per LY gained).

The ICER values in THB per QALY gained of all interven-
tions exceeded the societal WTP threshold for a QALY in the
Thai context. It was shown that all of the interventions might
not be cost-effective compared with the adjuvant 5-FU/LV and
the first-line capecitabine for metastatic disease based on a socie-
tal perspective. However, out of all the interventions, the adju-
vant FOLFOX and the first-line FOLFIRI for metastatic disease
had the lowest positive ICER value (474,000 THB per QALY
gained), while the adjuvant 5-FU/LV and the first-line FOLFIRI
for metastatic disease had the highest (14,567,000 and THB per
QALY gained). Moreover, the adjuvant 5-FU/LV and the first-
line XELOX for metastatic disease had a negative ICER value
due to higher cost but less QALY gained, indicating that it was

inferior to the adjuvant 5-FU/LV and the first-line capecitabine
regimen for metastatic disease.

Uncertainty analysis

One-way sensitivity analysis

Ficure 2 shows a tornado diagram presenting the results of the
one-way sensitivity analysis in patients receiving the adjuvant
FOLFOX and the first-line FOLFIRI for metastatic disease
(i.e., the intervention with the lowest ICER value in this
study). Discount rates of 0 and 6%, the 95% CI of transitional
probabilities, udility scores and the minimum and maximum
cost of FOLFOX (i.e., 197,000 and 507,000 THB) were used.
It was found that when altering the value of each parameter,
the ICER per QALY gained was the most sensitive to changes
in the price of the FOLFIRI regimen, the discount rate of the
outcome, the probability of relapse when treated with FOL-
FOX, the probability of death when treated with FOLFOX in
the fourth year or longer in the ‘without relapse’ state and the
utility score of stage III colon cancer patients.

Threshold sensitivity analysis

For stage III colon cancer patients, since the adjuvant FOL-
FOX and the first-line FOLFIRI for metastatic disease seemed
to be the preferred choice of treatment, a threshold sensitivity
analysis was also conducted to calculate the optimal price of
FOLFOX and FOLFIRI based on a governmental perspec-
tive. If both the prices of FOLFOX and FOLFIRI were
decreased by 25% (i.e., 224,000 THB for FOLFOX and
659,000 THB for FOLFIRI), the adjuvant FOLFOX and
the first-line FOLFIRI for metastatic disease would be cost-
effective with an ICER of 288,000 THB per QALYs gained.
Moreover, if both prices of capecitabine and FOLFOX were
reduced by 60% (i.e., 49,658 THB for capecitabine and
239,000 THB for FOLFOX), the adjuvant capecitabine and
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Discount rate of outcome (%)

Prob of relapse for pt receiving FOLFOX

Prob of death for pt without relapse receiving FOLFOX at >4th yr
Utility score of stage Il colon cancer

Cost of FOLFOX

Cost of follow-up for pt without relapse at 2nd yr

Discount rate of cost (%)

Out of pocket costs for pt receiving FOLFOX at 2nd yr

Utility score of pt with relapse recieving IV chemotherapy
Treatment cost w/o chemo for pt receiving FOLFOX at 1st yr
Treatment cost w/o chemo for pt relapse receiving FOLFIRI at 2nd yr
Out of pocket costs for pt with relapse receiving FOLFIRI at 2nd yr
Out of pocket costs for pt receiving FOLFOX at 1st yr

Prob of death for pt with relapse receiving FOLFIRI >3rd yr
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Percent of changing ICER compared to mean ICER due to each parameter
(Mean ICER: 485,000 THB per QALY gained)

Figure 2. Tornado diagram of patients receiving the first-line FOLFOX and the second-line FOLFIRI.

Tornado diagram illustrates the percentage change in the ICER owing to the change of each individual parameter. The numbers at each
end of the bars indicate the most extreme values used in the one-way sensitivity analysis.

FOLFIRI: Irinotecan plus 5-FU/LV; FOLFOX: Fluorouracil/leucovorin/oxaliplatin;

5-FU/LV: 5-Fluorouracil and leucovorin; QALY: Quality-adjusted life year; THB: Thai baht; XELOX: Capecitabine/oxaliplatin.

the first-line FOLFOX for metastatic disease would be cost-
effective with an ICER of 282,000 THB per QALYs gained.
Furthermore, for those with relapse, the price of FOLFOX
in the regimen (i.e., the adjuvant 5-FU/LV and the first-line
FOLFOX for metastatic disease) would have to be decreased
to 194,000 THB per year in order to make FOLFOX cost-
effective, indicating that the mean price of oxaliplatin
should be reduced to 24 THB per mg.

Probabilistic sensitivity analysis

Fieure 3 demonstrates the cost—effectiveness acceptability curves
based on the PSA results among stage III colon cancer patients
receiving each chemotherapy regimen. The probabilities of the
adjuvant 5-FU/LV and the first-line capecitabine for metastatic
disease being cost-effective were 68 and 40%, respectively, at
the WTP threshold of 100,000 and 300,000 THB per QALY
gained. Moreover, the probabilities of the adjuvant FOLFOX
and the first-line FOLFIRI for metastatic disease being cost-
effective were 3 and 28% at the WTP threshold of
100,000 and 300,000 THB per QALY gained, respectively.
When the WTP threshold was increased, the probabilities of
the adjuvant 5-FU/LV and the first-line capecitabine for

metastatic disease being cost-effective decreased, while all other
interventions increased. For example, as the WTP based on a
societal perspective increased to 1,350,000 THB per QALY
gained, the probability that the adjuvant 5-FU/LV and the
first-line capecitabine for metastatic disease is cost-effective
would be decreased to 1%, while the probability that the adju-
vant FOLFOX and the first-line FOLFIRI for metastatic dis-
ease or other interventions are cost-effective would be increased
to 79%.

Discussion

Given that the Thai Subcommittee for Development of the
NLEM requested economic evaluation information of an adju-
vant chemotherapy regimen, particularly an oxaliplatin-added
regimen in stage III colon cancer patients after resection, the
results from this study would be applied to determine whether
oxaliplatin should be included into the NLEM. The use of oxa-
liplatin as the adjuvant therapy in stage III colon cancer
patients is well established and widely accepted around the
world including Thailand, especially in the patients with good
performance status [8-10]. Nevertheless, the 5-FU-based chemo-
therapy including capecitabine has also been accepted as a
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and required treatment.

When considering the next best inter-
vention based on a societal perspective,
the adjuvant FOLFOX and the first-line
FOLFIRI for metastatic disease seemed
to be the choice of treatment for stage I1I
colon cancer patients since its ICER value
yielded the lowest value compared with
other interventions. The threshold sensi-
tivity analysis results suggested that if
both prices of FOLFOX and FOLFIRI
were decreased by 25%, the adjuvant
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)
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Figure 3. Cost-effectiveness acceptability curves of all interventions for stage IlI

colon cancer patients.

These graphs illustrate the relationship between the probabilities of each intervention
being cost-effective and different societal WTP thresholds. Dashed lines represent the

thresholds for the adoption of health interventions in Thailand.

FOLFIRI: Irinotecan plus 5-FU/LV; FOLFOX: Fluorouracil/leucovorin/oxaliplatin;
5-FU/LV: 5-Fluorouracil and leucovorin; QALY: Quality-adjusted life year; THB: Thai baht;

XELOX: Capecitabine/oxaliplatin.

choice of treatment in the patients with poor performance sta-
tus, even though it yields an inferior survival when compared
with oxaliplatin-based chemotherapy in Thailand. Therefore,
this study was the first to compare the cost-utility of all avail-
able chemotherapy regimens with the adjuvant 5-FU/LV and
the first-line capecitabine for metastatic disease in patients with
stage III colon cancer based on a societal perspective in the
Thai context.

Based on the results, all of the interventions were not
cost-effective compared with the adjuvant 5-FU/LV and the
first-line capecitabine for metastatic disease in Thai context
since their ICER values were greater than the societal WTP
threshold of one-to three-times the GDP per capita (i.e.,
100,000-300,000 THB per QALY gained) recommended
by the Thai Subcommittee for Development of the NLEM
and the Subcommittee of the Development of Benefit Pack-
age and Service System, NHSO. The adjuvant 5-FU/LV

and the first-line capecitabine for metastatic disease would

FOLFOX and the first-line FOLFIRI for
metastatic disease would be cost-effective
in Thai context. In addition, if both the
prices of capecitabine and FOLFOX were
reduced by 60%, the adjuvant capecita-
bine and the first-line FOLFOX for met-
astatic disease would also be cost-effective
in the Thai context.

Moreover, for colon cancer patients
with relapse, our results suggested that if
the adjuvant 5-FU/LV was given, the
first-line FOLFOX for metastatic disease
would be the next best intervention. The
first-line FOLFOX for metastatic disease
yielded higher cost (595,000 THB) and
QALYs (0.11) gained compared with the
first-line capecitabine for metastatic dis-
ease. The price of FOLFOX (i.e., 5-FU/
LV plus oxaliplatin) in relapse state would need to be decreased
to 75,943 THB per year in order to make FOLFOX cost-
effective at the WTP threshold of 300,000 THB per QALY
gained. However, this price did not seem possible because the
price of only 5-FU/LV without oxaliplatin was already
117,000 THB per year, significantly higher than the price at
the cost—effectiveness threshold. The results from this study
showed that oxaliplatin with a mean price of 147 THB per mg
would not be cost-effective in the Thai context [16]. Since the
adjuvant 5-FU/LV and the first-line capecitabine for metastatic
disease is the most cost-effective option compared with all
other interventions and is already included in the NLEM, a
budget impact analysis is not required in this study.

Nevertheless, our study results were not in accordance with
other previously published studies. All studies indicated that
oxaliplatin was more cost-effective compared with 5-FU/
LV (45-47). This can be explained by the fact that our study
considered the set of eight interventions which imitate the
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actual current clinical practice in Thailand (including both
adjuvant and the first-line chemotherapy for metastatic disease
compared with the adjuvant 5 FU/LV and the first-line capeci-
tabine for metastatic disease), while previous studies [45.46] com-
pared only the adjuvant 5-FU/LV with the adjuvant FOLFOX
in patients with stage III colon cancer. For example, the
expected survival of relapsed patients after receiving FOLFOX
in the study by Eggington er al. [47) was assumed to be the
same as that of relapsed patients after receiving 5-FU/LV, while
expected survival data in this study were instead obtained from
the meta-analysis of the randomized controlled trails related to
the clinical efficacy of each chemotherapy regimen among
patients after relapse. However, the health outcomes (i.e., LYs
and QALYs) in this study were quite similar to those obtained
from previous studies [45-47].

Results and policy recommendations from this study were
presented twice to the Subcommittee for Development of the
NLEM. Even though the results suggested that FOLFOX,
which contains oxaliplatin, was not presently cost-effective at a
societal WTP threshold in the Thai context, the committees
agreed that it is a very effective adjuvant chemotherapy as
clearly demonstrated in the increase in patients’ survival (i.e.,
6.69 LYs and 5.27 QALYs) [48]. Therefore, the committees
reached the consensus that oxaliplatin should be included into
the NLEM since this would be greatly beneficial to the patients
with stage III colon cancer. Due to the current high price of
oxaliplatin, the committees agreed to adopt the estimated cost-
effective price from this study and proposed to the Subcommit-
tees for Price Negotiation of the NLEM to negotiate for a price
reduction with pharmaceutical companies.

In addition to cost considerations, it is noteworthy to high-
light that the use of capecitabine as the first-line chemotherapy
for a metastatic disease would be difficult to determine whether
stage III colon cancer patients rapidly progressed after 5-FU/
LV therapy, since it is inferior to combination therapy. Cur-
rently, it is known that capecitabine can be combined with
other active drugs such as oxaliplatin and its combination has
demonstrated as a new standard of care for metastatic colorectal
cancer [49]. Moreover, a reviewed study in Chinese indicated
that capecitabine and its combination yielded high clinical
response and tolerability in Chinese patients with a metastatic
colorectal cancer [s0). Its toxicity is also usually manageable and
elderly patients can tolerate well [50). Similar to Thailand, it is
noted that capecitabine is well tolerated and more feasible for
state III colon cancer patients when compared with 5-FU/LV.
However, compared with 5-FU/LV, capecitabine is not inevita-
bly better tolerated in patients with impaired renal function.
The study by Iwai ez al. suggested that drug dosage of capecita-
bine should be managed while monitoring the renal function
for Japanese patients [s1].

Furthermore, when considering the use of adjuvant oxalipla-
tin therapy, its benefits depending on patient’s age should be
discussed. The study by Goldberg ez al. revealed that safety and
efficacy of FOLFOX (i.e., oxaliplatin added regimen) was not
different between patients aged <70 years and those with age

>70 years [52]. In contrast, the analysis results obtained from
Adjuvant Colon Cancer Endpoints (ACCENT) database sug-
gested that the benefit of newer chemotherapy regimens might
be limited to patients aged <70 years [53]. However, most pub-
lished studies on safety and efficacy of adjuvant oxaliplatin
therapy have been performed in Western countries, while there
is very limited information on the benefits of adjuvant oxalipla-
tin therapy in Asia. Interestingly, the study in Korea found that
adjuvant oxaliplatin chemotherapy yielded similar efficacy with-
out significant increase in toxicity in older patients aged
265 when compared with younger stage III colon cancer
patients after resection. This study recommended the use of
oxaliplatin as the safe and effective adjuvant chemotherapy for
stage III colon cancer patients after resection in Asia [s4].

It is very important to address the limitations in this
study. First, due to an incomplete computer-based informa-
tion system before 2005, direct medical costs used in this
study were obtained from the data available during 2005-
2010 at the NCI. In addition, direct non-medical and indi-
rect costs as well as utility data were collected from an inter-
view with a relatively small cohort of stage III colon cancer
patients with and without relapse, stage IV patients receiv-
ing either oral or intravenous chemotherapy regimens and
their caregivers in the same hospital. Using the data
obtained from a single tertiary hospital in Bangkok could
nevertheless overestimate the true costs of direct medical,
direct non-medical and indirect costs, as patients might
have more complicated conditions which lead to higher
healthcare costs compared with those receiving care from
other hospitals in rural areas. Second, the utility score of
follow-up patients were obtained from published articles in
foreign countries, and thus may be different from the utility
scores of Thai people due to differences in culture and
healthcare infrastructure. This indicates that there is an area
where further studies using local data are needed. Third, we
assumed that expected survival of patients after relapse was
independent from the efficacy of adjuvant treatment initially
given due to the lack of survival data. Fourth, even though
there are significant differences in benefits dependent on
subsets of stage III colon cancer patients (i.e., stage IIIA,
IIIB and IIIC) as well as human genetics (e.g., high micro-
satellite instability [MSI-H] and BRAF tumors), we consid-
ered stage III colon cancer patients after resection without
the classification of stage III subsets due to a very limited
data. Last, our study focused on the cost—effectiveness of
adjuvant therapy options, especially oxaliplatin added regi-
mens in stage III colon cancer patients after resection, there-
fore we did not consider targeted therapy in metastatic
disease as an alternative treatment, since it is too expensive
for most patients in the country to get an access to the
treatment. Future research should be further investigated in
these areas.

In conclusion, the adjuvant 5-FU/LV and the first-line
capecitabine for metastatic disease is the most cost-effective

chemotherapy regimen. The adjuvant FOLFOX and the
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first-line FOLFIRI for metastatic disease, the next best
intervention, would be cost-effective based on a societal per-
spective if both the prices of FOLFOX and FOLFIRI were
decreased by 40%. Although 5-FU/LV and capecitabine are
already listed in the NLEM, these chemotherapy regimens
are still very costly. It is suggested that the price of these
regimens should be decreased via negotiation with pharma-
ceutical companies so that more patients will have access to
these treatments.
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Key issues

Adjuvant chemotherapy regimens can significantly prolong patients’ survival; however, oxaliplatin added regimens are very costly. In
Thailand, there has been no economic evaluation study of adjuvant chemotherapy for stage Ill colon cancer patients after resection.

The total cost of the adjuvant 5-FU/LV and the first-line capecitabine for metastatic disease was the lowest at 586,000 THB, while that
of the adjuvant XELOX and the first-line FOLFIRI for metastatic disease was the highest at 1,762,000 THB. All interventions had higher
cost and yielded more LYs than the adjuvant 5-FU/LV plus the first-line capecitabine for metastatic disease.

The adjuvant 5-FU/LV plus the first-line capecitabine for metastatic disease would be the most cost-effective chemotherapy.

The adjuvant FOLFOX and the first-line FOLFIRI for metastatic disease, the next best intervention, would be cost-effective with an ICER
of 299,365 THB per QALY gained based on a societal perspective if both prices of FOLFOX and FOLFIRI were decreased by 40%.
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Abstract

Introduction: As part of the development of a system for the screening of refractive error in Thai children, this study
describes the accuracy and feasibility of establishing a program conducted by teachers.

Objective: To assess the accuracy and feasibility of screening by teachers.

Methods: A cross-sectional descriptive and analytical study was conducted in 17 schools in four provinces representing four
geographic regions in Thailand. A two-staged cluster sampling was employed to compare the detection rate of refractive
error among eligible students between trained teachers and health professionals. Serial focus group discussions were held
for teachers and parents in order to understand their attitude towards refractive error screening at schools and the potential
success factors and barriers.

Results: The detection rate of refractive error screening by teachers among pre-primary school children is relatively low
(21%) for mild visual impairment but higher for moderate visual impairment (44%). The detection rate for primary school
children is high for both levels of visual impairment (52% for mild and 74% for moderate). The focus group discussions
reveal that both teachers and parents would benefit from further education regarding refractive errors and that the vast
majority of teachers are willing to conduct a school-based screening program.

Conclusion: Refractive error screening by health professionals in pre-primary and primary school children is not currently
implemented in Thailand due to resource limitations. However, evidence suggests that a refractive error screening program
conducted in schools by teachers in the country is reasonable and feasible because the detection and treatment of
refractive error in very young generations is important and the screening program can be implemented and conducted with
relatively low costs.
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Introduction

Refractive error is a major cause of visual impairment and the
second-most common cause of blindness in the world [1]. On
World Sight Day in 2006, the World Health Organization (WHO)
revealed that 153 million people aged older than five years were
visually impaired due to uncorrected distance refractive error [2].
It was also estimated that the productivity lost from refractive error

PLOS ONE | www.plosone.org

worldwide is over USD 269 billion [3]. In children, the prevalence
of refractive errors varies widely across countries. For example, the
prevalence of refractive errors was reported in primary school
children in rural Tanzania at less than 1% [4], 8% in Kathmandu
(Nepal) [5], 15% in Malaysia [6], 37% in Hong Kong [7], and
more than 50% in Singapore [8]. In Thailand, the 4™ National
Survey of Blindness in 200607 estimated that 15 million people
were living with visual impairment due to uncorrected refractive
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error [9]. The prevalence of refractive error in primary school
children (6-12 years old) in Bangkok was recently reported at
approximately 13% [10].

A refractive error is correctable with spectacles, contact lenses
or laser surgery; spectacles are the most available and least
expensive method. However, the Refractive Error Survey in
Children (RESC) — a cross-country survey about refractive error in
children - indicated that the coverage of refractive corrections is no
more than 50% in most regions of the world [11]. Severe visual
impairment from uncorrected refractive error not only reduces the
quality of life for an individual but may also impede education,
delay personality development, and obstruct career opportunities
[12]. These outcomes can also cause economic burden on the
family and society as a whole. A study in India showed that one-
fifth of refractive error-related blindness resulted from uncorrected
high refractive error during childhood which is preventable if
proper screening and provision of spectacles are available [13].
Although the diagnosis and treatment of refractive errors is simple,
access to these procedures is still problematic due to many factors
such as the lack of conclusive evidence regarding the effectiveness
of the screening method, limited resources, and inadequate eye-
care services in many countries.

A WHO study titled “Global Magnitude of visual impairment
caused by uncorrected refractive errors” suggested that the
screening of children for refractive errors should be conducted at
the community level and integrated into school health programs
where training and information programs should also be designed
for teachers and school health-care workers [11]. However, there
is no common agreement on what the best screening strategy is
because different countries have different levels of health
infrastructure development and methods to engage young children
and their parents. Another previous study examined different
strategies for school children that were conducted by teachers in
Africa, Asia, America, and Europe and found that all of the
screening strategies combined with the provision of spectacles were
very cost-effective [14]. Thus, this study focuses on the develop-
ment of a system for the screening of refractive error by teachers to
formulate a national policy on screening and correcting refractive
errors in Thai children.

Methods

i. Ethics Statement

Researchers sent a letter to all parents regarding the details of
the study before any type of screening was performed. The written
consents from parents were obtained only for children with
positive screening results so they could undergo further eye
examinations at hospitals. Written consents were not necessary for
the screening performed by teachers and health professionals as
visual acuity (VA) screening is a standard practice recommended
by the WHO and many governments around the world, and is
therefore not a harmful procedure. All signed consents from
parents were reviewed by teachers and researchers and the
consents will be kept for 5 years from the date of October 2011.
The researchers received ethical clearance from the ethical
committee of Medical Science in July 2011 before the study was
conducted.

ii. Study Design and Procedure

A cross-sectional descriptive and analytical study was conducted
from October 2011 to January 2012. A two-staged cluster
sampling was employed to select four representative provinces
from four regions, resulting in the eventual selection of 17 schools.
The schools were selected based on two main factors: i) school size
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(the number of students per school is similar to the third column in
Tables S1.2 and S1.3 in File S1), and ii) the willingness of teachers
to participate in the study. This was to ensure that the size of
participants (screened students) was in proportion to the total
population of eligible children in each province. It is important to
note that the teachers’ willingness to participate in the study was
not a main factor because we did not find any school that refused
to participate in this study. For the selection of participants, we
included all of the students from the selected schools. A total of
5,885 students from pre-primary (46 years) and primary school
grades (712 years) and 223 homeroom teachers participated in
the study. A detailed breakdown of the sample size calculation is
given in Section S1 in File S1.

In October and November of 2011, a number of ophthalmol-
ogists and ophthalmic nurses conducted a one-day training session
for pre-primary school teachers in each of the provinces which
focused on how to perform VA tests. During the training, the tools
that were needed to conduct the VA tests (i.e. the VA screening
manual, testing charts, eye occluders, and pinhole occluders) were
provided. All teaching-conducted VA testing took place within a
month of the teachers having received the training. A research
team comprising ophthalmologists and ophthalmic nurses then
tested the same pre-primary and primary school students in all of
the selected schools between December 2011 and January 2012
using the same tools. The research team subsequently referred all
children who had PVA worse than 20/40 in either eye and other
eye disorders such as strabismus, latent strabismus, and congenital
ptosis, to undergo further examination at the local provincial
hospital. The research protocol is provided in Section S2 in File

S1.

iii. Ophthalmic Examination

a) Visual Acuity Testing. Participants were tested for
‘presenting visual acuity’ (PVA) - where participants who own
spectacles were tested while wearing them. Testing was conducted
on both eyes using the relevant eye chart - the ‘Lea symbols
distance visual acuity chart’ for pre-primary school children (4-6
years old), the ‘E chart’ for the first years of primary school (7 years
old), and the ‘Snellen chart’ for the remaining primary school
children (8-12 years old). For each eye, the PVA was calculated
according to the number of symbols or letters read correctly from
20/200 to 20/20. The PVA level was determined at the threshold
where the child was able to read more than half of the given line.
Children with a PVA level of less than 20/40 in either eye were
referred to the local hospital. The guidelines that were used to
measure the PVA for each group of children are given in Table
S3.1 in File S1.

The PVA was classified according to the WHO ICD 10
classifications as follows: mild or no visual impairment: equal to or
better than 20/70; moderate visual impairment: worse than 20/70
- equal to or better than 20/200; severe visual impairment to
blindness: worse than 20/200.

b) Eye Examination. All of the children who had taken the
tests were then examined at schools by the trained ophthalmol-
ogists using the same screening protocol. Any children who had
normal VA but displayed symptoms of an eye disorder that
required further diagnosis and treatment such as strabismus, latent
strabismus, and congenital ptosis were subsequently referred to the
local provincial hospital.

c) Diagnostic Procedure. All participants that were referred
to the local provincial hospital underwent a thorough ophthalmic
examination by both a general and pediatric ophthalmologist (with
written informed consent from the parents). Auto refraction was
performed and the ocular alignment, external eye, and anterior

June 2014 | Volume 9 | Issue 6 | e96684



segments were examined in all of the referred children.
Cycloplegia and dilatation were induced three times at intervals
of 5 minutes by instillation of cyclopentolate 1% eye drops in
children who had PVA worse than 20/40 in either eye. Auto
refraction and manual refraction were then performed 30 minutes
after the instillation of the last drop, and the posterior segment was
examined after dilatation. A pediatric ophthalmologist made the
final diagnosis and prescribed proper spectacle power for
individuals who required it free of charge. Section S4 in File S1
contains the definitions that were used to diagnose eye disorders.
Section S5 in File S1 describes the criteria used for spectacle
prescription.

iv. Statistical Analysis

Statistical analyses were carried out using PVA data from the
participants’ worst eye because empirical evidence has revealed
that treating the worse eye in children has substantial benefits,
especially in amblyopia. Thus, this screening program aims to
detect all of the eyes with abnormal visual acuity. In the analysis of
screening accuracy (1.e. sensitivity, specificity, and detection rate),
only children who failed the VA test and were referred to hospitals
were included in the analysis.

v. Data Management

A sensitivity analysis was carried out on 5,303 students - 1,132
in pre-primary and 4,171 in primary - all of whom underwent a
PVA test conducted by both teachers and professionals. We
excluded data from students who were only tested by one group.

vi. Focus Group Discussion

A set of 16 focus groups were convened among parents and
teachers between September and October 2012 to understand
more about the feasibility and limitations of establishing a school-
based refractive error screening program. For teachers, we asked
for their opinion regarding the feasibility and willingness to
participate in the screening program as well as related factors if
implemented. For parents, we focused on their general awareness
of refractive error in children, particularly their own, and their
attitude towards school-based screening and further treatment. In
every province, the focus group discussions were carried out
according to the geographic location of the schools (whether they
were located in an urban or rural area). Within each area, separate
focus groups were held for parents and teachers. In every section,
the teachers involved had varying rates of sensitivity value (low,
medium, and high) and came from both pre-primary and primary
sectors. For the parent groups, we invited the parents of children
both with and without refractive errors. All interviews were
recorded on audiotape and transcribed verbatim. The first and the
fourth authors read all the Thai transcripts to explore the
respondents’ experience with children with refractive error as well
as attitudes and acceptance of the school-based screening.

Results

Overview of the research findings

Out of the 5,885 participating students, 5,703 children were
screened by teachers, 5,461 by professionals, and 5,303 by both
groups. The average age of pre-primary school students was 5
years (SD +0.9) while that of primary school students was 9 years
(SD *1.8), with the male and female ratio being nearly equal. The
average number of students screened by each pre-primary school
teacher was 22 (SD *10) while that of each primary school
teacher was 26 (SD *13). These general characteristic can be seen
in Table 1. Of all the students screened by professionals
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(n=5,461), 624 (11.4%) were referred to ophthalmologists at
provincial hospitals as a result of exhibiting PVA levels less than
20/40 in either eye and/or abnormal results following an eye
examination. However, only 470 (8.6%) children went for further
examination at the provincial hospital because some of the
children did not obtain consent from their parents or some did not
show up at the hospital on the appointed day. Among the children
who completed the examination (n=470), 425 children were
diagnosed with at least one eye disorder and 363 students were
diagnosed with refractive error. Of the students with refractive
error, 226 students received spectacles and 138 students were
trained for near point convergence exercise. Ten students who
were deemed likely to require surgical interventions were referred
to specialist centers. Finally, refractive amblyopia was seen in 36
students, representing a delay diagnosis and correction of
refractive error.

Sensitivity and specificity of teachers’ screening

Sensitivity values relating to the accuracy of pre-primary and
primary school teachers’ screening ability were assessed by
comparing the accuracy of their diagnosis against three gold
standards - Gold Standard 1, which refers to the accuracy rate of
VA testing conducted by health professionals in a school setting;
Gold Standard 2, which refers to the accuracy rate of VA testing
conducted by a pediatric ophthalmologist at a local hospital
following referrals resulting from testing in school; and Gold
Standard 3, which refers to the accuracy rate of testing for
significant refractive error (error requiring corrective eyeglasses) at
a local hospital in addition to the Gold Standard 2 requirements.
Figure 1 shows the selection process for the sensitivity analysis and
outcomes of the screening process by both health professionals and
teachers in relation to these three gold standards. Among the
students who have low VA, 60 students out of 80 in pre-primary
and 74 students out of 207 children in primary school students
were misdiagnosed by the teachers as normal. They also
incorrectly diagnosed 60 students out of 1,094 in pre-primary
and 93 out of 3,964 in primary school students as low VA even
though their VA was normal.

Sensitivity values among pre-primary school teachers (when
measured against the three gold standards defined) were 25%
(95% confidence interval of 23% to 27%), 28% (95% confidence
interval of 26% to 30%), and 35% (95% confidence interval of
33% to 37%), while those of primary school teachers were 59%
(95% confidence interval of 57% to 61%), 60% (95% confidence
interval of 58% to 62%), and 65% (95% confidence interval of
63% to 67%). Specificity values were found to be high at around
97 to 98% 1in both groups. Table 2 describes the sensitivity and
specificity values when compared with the three gold standards for
both groups. In addition, results from a subgroup analysis found
no significant difference across the categories of the examinee’s
age.

Detection rate for teachers according to the severity of

the visual impairment

Among children with mild visual impairment, pre-primary
school teachers were able to detect 8 cases out of 38 while primary
school teachers detected 63 out of 122. Detection rates increased
for children with moderate visual impairment - pre-primary school
teachers were able to detect 8 cases out of 18 while primary school
teachers could detect 40 out of 54. Although a number of children
were diagnosed with severe visual impairment by the teachers,
none of these children were found to have severe visual
impairment upon professional examination. Figure 2 shows the
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Table 1. Age, gender, and number of students screened by each teacher.

Age
Pre-primary school students 5 (SD =0.9)
Primary school students 9 (SD *1.8)

Gender (Male: Female)

Pre-primary school students

Primary school students

694 (52%): 641(48%)
2,308 (51%): 2,242 (49%)

Number of students screened by each teacher

22 (SD £10)
26 (SD £13)

Pre-primary school level

Primary school level

doi:10.1371/journal.pone.0096684.t001

detection rate by teachers for the different levels of impairment
severity.

The best cut-off point for defining visual impairment and

referral for further investigation

The sensitivity of pre-primary school teachers abruptly rose to
74% when the cut-off point changed from 20/40 to 20/32. The
estimated number of students receiving spectacles increased more
than twofold with this cut-off point. Although the sensitivity of
primary school teachers rose to 70% at the cut-off point of 20/30,
the estimated number of students who were prescribed spectacles
did not increase significantly. Tables 3 and 4 reveal the estimated

number of pre-primary and primary students receiving spectacles
at different cut-off points.

Focus group discussion among the teachers

The data collected as part of the focus groups indicated that
teachers who screened their homeroom students did not feel that
conducting the examinations yearly was a burden; instead, many
felt proud to be able to help their students. However, some
teachers lacked confidence in their ability to screen because of
their perceived lack of experience. They requested that a
significant period of time be given to the VA measurement
training workshop - which was found to be the most important
part of screening program - so that they had sufficient time to

5885 target students

5461(93%) students screened by health
professionals

5703 (97%) students screened by
trained teachers

5303 (90%) students screened by
both teachers and health
professionals

80 pre-primary and 226 primary
students failed VA test by health
professionals

Gold standard 1
Screening results from health
professionals

38 pre-primary and 207 primary students
failed VA test by trained teachers among
these only 20 for pre-primary and 133 for

primary are true positive

53 pre-primary and 171 primary
students have refractive error

Gold standard 2
Refractive error identified by
pediatric ophthalmologist

15 pre-primary and 103 primary
students have refractive error

34 pre-primary and 148 primary
students have significant refractive error

Gold standard 3
Significant refractive error identified
by pediatric ophthalmologist error

12 pre-primary and 96 primary
students have significant refractive

Figure 1. Selection of sample for sensitivity analysis.
doi:10.1371/journal.pone.0096684.g001
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Table 2. Sensitivity and specificity value of the teachers with various levels of gold standards.

Gold standards Sensitivity

Specificity

Participants

(95% confidence interval)

(95% confidence interval)

Gold Standard 1: Screening results from the professionals
Pre-primary school teachers

Primary school teachers

Pre-primary school teachers

Primary school teachers

Pre-primary school teachers

Primary school teachers

25% (23% to 27%)
59% (57% to 61%)

98% (97% to 99%)
98%

Gold Standard 2: Refractive error identified by pediatric ophthalmologist after screening by professionals
28% (26% to 30%)
60% (58% to 62%)

98% (97% to 99%)
97%

Gold Standard 3: Clinically significant refractive error identified by pediatric ophthalmologist after screening by professionals
35% (33% to 37%)
65% (63% to 67%)

98% (97% to 99%)
97%

doi:10.1371/journal.pone.0096684.t002

practice the screening techniques. As such, it is recommended that
the training workshop should be provided at least once a year.
Although the VA screening manual is very useful, it cannot be
used alone without training. Pre-primary school teachers found
that screening in very young children was very complicated, took a
longer time, and required more patience. As such, it is
recommended that at least two people (one teacher and one
assistant) conduct the screening among children in this age group.
Teachers often repeated measurements when students indicated a
visual impairment to be sure that they were assessing the students
appropriately. When teachers encountered problems with exam-
ining the children, they tended to ask another teacher to help
them. Payment was not found to be an important incentive but
teachers did indicate that the provision of an extra payment might
encourage rapid and willing screening, although it was not a
prerequisite for their willingness to conduct the screening.
Teachers found that children who had refractive error and
always wore spectacles had better behavior when studying or
playing at school than those who needed to wear spectacles but did
not. Reasons given for not wearing spectacles included the risk of
being teased by friends, the practical annoyance of wearing
spectacles, unawareness among parents of the child’s need or an
unwillingness on the part of parents for their child to wear
spectacles, the feeling that spectacles did not fit onto the child’s
face, or the fact that the spectacles had been lost. Most teachers

74%

80%
70%
60%
50%

40% u mild visual impairment

19%
0/
30% = moderate visual
20% impairment

10%
0%

52%
44%

% identified by
pre-primary
school teachers

% identified by
primary school
teachers

Figure 2. Detection rate of the teachers according to the
severity of visual acuity level. Mild or no visual impairment: PVA
equal to or better than 20/70; moderate visual impairment: PVA worse
than 20/70 - equal to or better than 20/200; severe visual impairment to
blindness: PVA worse than 20/200.
doi:10.1371/journal.pone.0096684.g002
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believed that parents were an important part of the screening
program. As such, it is vital that parents should be made aware of
the risks and symptoms of refractive error in their children. This
evidence suggests that an in-school teacher-led screening program
will be successful and useful if it is built on a foundation of
multidisciplinary cooperation between all stakeholders including
policy-makers, local authorities, local hospitals, ophthalmologists,
nurses, teachers, and parents.

Focus group discussion among the parents

Most parents whose children were found to have a visual
impairment had never suspected that their child might be
experiencing difficulties with their sight, even when they observed
certain behaviors such as watching TV or reading books very close
up or when their child’s writing was well outside the lines. Most
parents never considered that these behaviors might be related to
refractive error; instead, most saw them as quirks of childhood that
would disappear as their child grew up. In addition, the majority
of parents were under the impression that refractive errors were
health problems that only happened to adults and the elderly;
indeed, a few thought that spectacle-wearing made the child’s
visual problem worse and made the child look unintelligent.

Only very few parents had previously brought their children to
a local optician or ophthalmology clinics/hospitals upon recog-
nizing that their children might have visual problems. Despite the
fact that spectacle costs are lower at ophthalmology clinics or
hospitals than at local opticians, many parents preferred to bring
children to a local optician rather than an ophthalmology clinic or
a hospital because local opticians are regarded as more
convenient, e.g. they are usually located nearer to their home,
there is relatively little waiting time required, and - as a result of
significant TV advertising by many optician companies - the
service is regarded as better by many parents.

Having been informed about this study, almost all parents
expressed willingness to have their children participate in a school-
based screening program. Furthermore, they also asked that
teachers provide more information to them about the screening
program so that they could cooperate further. Lastly, all parents
were willing to pay for spectacles if it was found that their children
needed them to correct refractive error, although the amount they
were willing to pay per year varied from 500 to 3,500 Baht with an
average of 1,000 Baht.
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Discussion

This study found that the prevalence of refractive error among
Thai school children is 6.6%, similar to some Asian countries but
lower than in Singapore and China [15-19]. While other countries
are struggling in establishing a population-based refractive error
screening for children [20-22], this study demonstrates that
refractive error screening by teachers is accurate and feasible in
Thailand. However, we suggest that the cut-off points used for
teacher-conducted screening should be different from those used
by health professionals - especially among pre-primary school
teachers - to maximize effective diagnosis. In our study, although
58 students already used spectacles (equivalent to 26% of those
who needed spectacles), only 14 of them (equivalent to 6% of the
children who needed spectacles) had accurate spectacles. Without
our school-based screening, 168 students with refractive error
(including 36 students with refractive amblyopia) would have
never been diagnosed. Given the fact that these 168 students were
found to have clinically significant refractive error, it is almost
certain that this would have adversely affected their ability to
access opportunities for childhood development.

Our study reveals a significant willingness on the part of the
teachers to perform the screening. In addition, parents expressed
interest in having their children screened by teachers because they
trust them and also understand that it is not possible for health

Table 3. Defining the best cut-off point for pre-primary school teachers’ screening and estimated cases for a nationwide program.
Estimated number of children Estimated number of children

Possible cut-off points Sensitivity Specificity referred for diagnosis* receiving spectacles*

20/20 93% 22% 1,264,085 46,401

20/25 76% 36% 1,026,454 42,183

20/32 74% 46% 887,250 42,183

20/40 25% 98% 53,432 16,873

20/50 16% 99% 30,934 12,655

20/64 6% 100% 11,249 7,031

20/80 1% 100% 5,624 1,406

20/100 1% 100% 1,406 1,406

20/126 0% 100% 0 0

20/160 0% 100% 0 0

20/200 0% 100% 0 0

* Hypothetical situation for 1,591,704 pre-primary school students [28]; children receiving spectacles are the children who have significant refractive error.

doi:10.1371/journal.pone.0096684.t003

professionals to screen every child given their limited numbers. As
a result, we strongly believe that with proper training, teachers will
be able to conduct an effective school-based refractive error
screening program for pre-primary and primary school students,
thereby offering significant potential benefits for childhood
development. Thus, we believe that a program of this type should
be promoted in many resource-limited settings.

Data from this study should also be examined in light of similar
studies conducted in other countries on primary school screening.
In Iran, for instance, the sensitivity and specificity of teachers’
screenings are 37.5% and 92% (at the 20/25 cut-off); in China, the
rates are 93.5% and 91.2% (at the 6/12 or 20/40 cut-offs); and in
Tanzania, the rates are 80% and 91% (at the 6/12 or 20/40 cut-
offs) [4,23,24]. No other study, however, has examined teacher-
conducted screening in pre-primary school children; this is the first
study evaluating the feasibility and accuracy of non-health
professionals screening for refractive errors in this population
group. Although the number of children with refractive errors
screened by teachers was lower than that of health professionals
screened, most of these missed cases were children with mild visual
impairment, and therefore does not constitute a serious public
health concern. Furthermore, the screening program should be
performed annually in order to reduce the undetected cases from
previous screenings as well as to find new cases.

Table 4. Defining the best cut-off point for primary school teachers’ screening and estimated cases for a nationwide program.

Possible

Estimated number of students

Estimated number of students

cut-off points Sensitivity Specificity referred for diagnosis* receiving spectacles*
20/20 81% 79% 1,168,923 147,848

20/30 70% 92% 549,810 133,987

20/40 59% 98% 239,098 110,886

20/50 37% 99% 145,538 77,389

20/70 13% 99% 61,218 27,721

20/100 3% 99% 32,342 8,085

20/200 0% 100% 3,465 0
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*Hypothetical situation for 4,817,764 students [28); children receiving spectacles are the children who have significant refractive error.
doi:10.1371/journal.pone.0096684.t004
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In fact, due to inadequate resources, refractive error screening
by health professionals in pre-primary and primary school aged
children is not currently implemented in Thailand. Although this
study shows that the detection rate of screening by pre-primary
school teachers is relatively low compared to that of primary
school teachers, the recommendation for refractive error screening
for both pre-primary and primary school aged children is
warranted given the importance of detection and treatment of
refractive error in very young generations and the relatively low
cost of the screening program. Moreover, Figure 2 indicates that
the detection rate for moderate visual impairment among pre-
primary school children is as high as 44%, though the detection
rate for mild visual impairment is quite low at 21%. In addition,
Tables 3 and 4 reveal that using a higher cut-off point (e.g. 20/30
instead of 20/40) can increase sensitivity and thereby reduce the
number of missed children with refractive error at the expense of a
considerable increase in the number of students referred, whereas
the number of students receiving spectacles will not significantly
rise particularly in primary school. As a result, readers who wish to
apply this protocol for screening refractive error among children
need to carefully consider a cut-off point appropriate to their
situation.

Since Thailand has a very high school enrollment rate of 95%
for pre-primary [25] and close to universal for primary school
[26], the implementation of this school-based screening program is
likely to be effective. It is estimated that 260,000 children who
require spectacles would have access to them and a number of
children with refractive amblyopia would be avoided if this
program is implemented nationwide. The results of this study was
presented to high ranking decision-makers at the Ministry of
Public Health and National Health Security Office (NHSO) in
early 2013 and it was agreed that the program would be scaled up
into a nationwide program within the next five years [27]. The
teachers’ screening is currently taking place at pre-primary and
primary schools in ten provinces.

Furthermore, based on our experience, it is possible to improve
the accuracy of teachers’ screening by providing longer training
sessions, especially hands-on practice (our training offered only
10 minutes per teacher). Moreover, it is necessary to have at least
one assistant to a pre-primary teacher who performs refractive
error screening using the Lea chart. The reason for this is that the
Lea chart is a picture chart where the children are required to
select similar model objects (to what they saw in the Lea chart) and
show to the teacher at the same time the teacher needs to point out
the Lea chart that is 3 meters far away from the children. We also
suggest that further research should be performed in order to
improve the techniques and accuracy of measuring VA among
very young children.

However, this study does have some limitations. First, the
provinces were selected to represent four regions in Thailand,
although the selection of the 17 schools was randomly assigned
among schools that matched our inclusion criteria, i.e. the number
of students and the willingness to participate in the study. Second,
because the screening conducted by teachers and health profes-
sionals were performed a month apart, 582 (10%) of the students
missed a screening session by one of the groups. Third, although
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professionals recommended that 624 of the students who screened
positive should go to the provincial hospital, only 470 (75%)
students actually underwent further examination. Fourth, con-
cerning the possible missed cases with hyperopia or astigmatism,
we recommended teachers to observe students’ reading behavior
as indicated in the screening manual. If abnormal behavior such as
reading at a very close distance, squinting, or head-tilting is found,
the teachers can then refer those students to hospitals for a
comprehensive eye examination including cycloplegic refraction.
Lastly, this study focuses only on the accuracy and feasibility of
refractive error screening by teachers. It does not evaluate the
impact of correcting refractive error in children - which will
require a longer timeline - nor does it evaluate the validity of
recommending annual evaluations of refractive error in children.
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Abstract

Background: Only lamivudine has been included for patients with chronic hepatitis B (CHB) in the National List of
Essential Drugs (NLED), a pharmaceutical reimbursement list in Thailand. There have also been no economic
evaluation studies of CHB drug treatments conducted in Thailand yet. In order to fill this gap in policy research, the
objective of this study was to compare the cost-utility of each drug therapy (Figure 1) with palliative care in patients
with HBeAg-positive CHB.

Methods: A cost-utility analysis using an economic evaluation model was performed to compare each drug treatment
for HBeAg-positive CHB patients. A Markov model was used to estimate the relevant costs and health outcomes during a
lifetime horizon based on a societal perspective. Direct medical costs, direct non-medical costs, and indirect costs were
included, and health outcomes were denoted in life years (LYs) and quality-adjusted life years (QALYs). The results were
presented as an incremental cost effectiveness ratio (ICER) in Thai baht (THB) per LY or QALY gained. One-way sensitivity
and probabilistic sensitivity analyses were applied to investigate the effects of model parameter uncertainties.

Results: The ICER values of providing generic lamivudine with the addition of tenofovir when drug resistance occurred,
generic lamivudine with the addition of tenofovir based on the road map guideline, and tenofovir monotherapy

were -14,000 (USD -467), -8,000 (USD -267) , and -5,000 (USD -167) THB per QALY gained, respectively. However, when
taking into account all parameter uncertainties in the model, providing generic lamivudine with the addition of tenofovir
when drug resistance occurred (78% and 75%) and tenofovir monotherapy (18% and 24%) would yield higher
probabilities of being cost-effective at the societal willingness to pay thresholds of 100,000 (USD 3,333) and 300,000

(USD 10,000) THB per QALY gained in Thailand, respectively.

Conclusions: Based on the policy recommendations from this study, the Thai government decided to include tenofovir
into the NLED in addition to generic lamivudine which is already on the list. Moreover, the results have shown that the
preferred treatment regimen involves using generic lamivudine as the first-line drug with tenofovir added if drug
resistance occurs in HBeAg-positive CHB patients.
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Background

Approximately 350 million people are chronically infected
with the hepatitis B virus (HBV) [1] and nearly 25% of these
carriers develop serious liver diseases such as chronic hepa-
titis, cirrhosis, and hepatocellular carcinoma (HCC), result-
ing in more than one million deaths every year [1]. Chronic
liver diseases and HCC associated with HBV infections are
two of the most important public health problems in high-
prevalence regions [2]. In particular, most Southeast Asian
countries including Thailand have been classified as high
prevalence areas of HBV [1].

The goal of drug treatments for chronic hepatitis B
(CHB) is to improve quality of life and survival by pre-
venting the disease from developing into cirrhosis, decom-
pensated cirrhosis, end-stage liver disease, HCC, and
death by reducing viral replication to the lowest possible
level and maintaining it over the long-term. Currently, six
CHB medications including both oral (i.e, lamivudine,
adefovir, entecavir and telbivudine) and subcutaneous (i.e.,
conventional interferon and pegylated interferon) dosage
forms have been licensed by the Thai Food and Drug Ad-
ministration (FDA). Additionally, tenofovir — an approved
drug for the treatment of HIV but not CHB - is currently
being prescribed to CHB patients in 300 mg daily doses
due to its high viral efficacy and low resistance rates [3,4].

Previous cost-utility analysis studies of oral CHB medica-
tions revealed that telbivudine [5] or adefovir [6,7] was
more cost-effective when compared with lamivudine. In
addition, most studies performed in the US [8-14],
Australia [15], and Asia [16,17] demonstrated that entecavir
was superior when compared with lamivudine. Another
study by Buti et al. showed that tenofovir was the better
cost-effective treatment when compared with entecavir, tel-
vibudine, and adefovir [13]. Moreover, previous economic
evaluation studies of subcutaneous CHB treatments indi-
cated that interferon was not cost-effective when compared
with lamivudine [18,19] but was more cost-effective when
compared to lamivudine with the addition of adefovir when
drug resistance occurred [20]. The combination of lamivu-
dine and interferon would increase life expectancy and re-
duce the lifetime risk of cirrhosis and carcinoma [21,22].
Furthermore, pegylated interferon was more cost-effective
when compared with lamivudine [21,23,24] or interferon
[7]. Most economic evaluation studies of CHB treatment
were carried out in the US and Europe. However, no study
has ever been performed in Southeast Asian countries, in-
cluding Thailand - a high prevalence area of CHB. In
addition, there has also been no economic evaluation study
of the combination of CHB treatments according to the
current clinical practice guidelines on the management of
CHB drug resistance until now.

When this study was conducted, only lamivudine - but not
other CHB treatments with low rates of drug resistance -
had been included for patients with CHB in the National List
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of Essential Drugs (NLED), the pharmaceutical reimburse-
ment list referred to by three health insurance schemes
which are Social Security Scheme (9% of the Thai popula-
tion), Civil Servant Medical Benefit Scheme (11% of the Thai
population) and Universal Coverage Scheme (80% of the
Thai population), as a pharmaceutical benefit scheme in
Thailand. The selection criteria for the inclusion of the
NLED are safety, efficacy as well as cost-effectiveness infor-
mation of drugs. The Subcommittees for Development of
NLED had requested the cost-effectiveness information on
CHB treatments from Health Intervention and Technology
Assessment Program (HITAP), the institution responsible
for appraising a wide range of health technologies including
pharmaceuticals, medical devices, interventions, individual
and community health promotion and prevention inter-
ventions. Therefore, the objective of this study was to
compare the cost-utility of each drug therapy (Figure 1)
with consideration for the management of CHB drug
resistance with palliative care in patients with HBeAg-
positive CHB based on a societal perspective. The results
from this study would be used as the cost-effectiveness
information to assist health policy makers (i.e., the Subcom-
mittees for Development of NLED) to make policy decision
whether which CHB drugs should be included in the NLED.
The inclusion of CHB drugs to the NLED could have an
impact on the reimbursement of CHB drugs for all HBeAg-
positive CHB patients under three health insurance schemes
(e, Social Security Scheme, Civil Servant Medical Benefit
Scheme and Universal Coverage Scheme) which accounts
for 100% of Thai population.

In Thailand, palliative care has been a usual care for pa-
tients with CHB, therefore it was used as a comparator in
this study, since CHB-infected individuals usually develop
an acute infection which may or may not result in symp-
toms. Those who do not exhibit symptoms and have never
received hepatitis B screening test may not be aware that
they have CHB until they finally develop serious liver dis-
eases (e.g., chronic hepatitis, cirrhosis, and HCC) which
consequently require palliative care. In addition, the clin-
ical practice guidelines for the diagnosis and management
of HBeAg-positive CHB - detailed in the Thailand Con-
sensus Recommendations for Management of CHB 2009
by the former Liver Society Thailand, now known as the
Thai Association for the Study of the Liver (THASL) - did
not have a recommendation for the most appropriate drug
to use as the standard treatment for CHB patients [25,26].

Methods

A cost-utility analysis using a Markov model was con-
ducted to compare the costs and health outcomes of all
available drug treatments in HBeAg-positive CHB pa-
tients with palliative care; the analysis was performed
using a lifetime horizon with a one-year cycle length
based on a societal perspective. The study population
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Intervention | Scenario 1" Drug 2" Drug 3Drug
Original LMV Generic ADV TNV ETV TVD | Original LMV Generic ADV TNV
LMV LMV

1 - TNV - -
2-3 1 Original LMV - - Vo V/ - - -
4-5 1 Generic LMV v or v - - - - - -
6-7 1 ADV v or v - - - -
8-9 1 TVD v or v - - - - R -
10-11 1 ETV - - v or v = = =
12-13 1 PEG v - - - v or v
14-15 1 PEG v - = v or v
16-17 1 PEG v v or v -
18-19 1 PEG v = = v/ or v
20-21 1 PEG - - v - - v or v
22 1 PEG - B v . : . .
23-24 2 Original LMV v - - - - - v or v
25-26 2 Generic LMV - - - - - v - = v or v
27-28 2 TVD - - v or v - - - - -

Figure 1 All available interventions compared with palliative care. Scenario 1=Adding the second drug when drug resistance occurred;
Scenario 2= Adding a more potent drug without cross-resistance when the HBV DNA level more than 60 IU/ml at week 24 based on the road

map guideline; LMV=Lamivudine; ADV=Adefovir; ETV=Entecavir; TVD=Telbivudine; PEG=Pegylated interferon.

was a hypothetical cohort of one thousand HBeAg-
positive CHB patients aged at least 30 years old who re-
quired the treatment based on the following criteria: 1)
patients who had detectable serum HBsAg for at least
6 months; 2) patients who had serum ALT levels 1.5 -10
times the upper limit of the normal range for at least
3 months; 3) patients who had a detectable level of
serum hepatitis B viral DNA more than or equal to
20,000 IU/ml; and/or 4) patients who had evidence of
CHB based on liver biopsy results. Ethical approval for
this study was granted by the Institutional Review Board
Committees from Mahidol University.

Since this analysis set out to compare all available CHB
medications for the treatment of HBeAg-positive CHB with
palliative care as a usual care and comparator in Thailand,
both oral (ie., original lamivudine, generic lamivudine, ade-
fovir, entecavir, telbivudine and tenofovir) and subcutane-
ous dosage forms (i.e., pegylated interferon) were included.
Among all the drugs, only tenofovir showed low drug re-
sistance rates in the treatment of CHB [3,4] while others
demonstrated high drug resistance rates. Therefore, two
scenarios based on the current clinical practice guidelines
on the management of CHB drug resistance were created
for the study. Figure 1 presents all interventions compared
with palliative care.

In the first scenario, if patients taking the original
lamivudine, generic lamivudine, adefovir, entecaviror, or
telbivudine encountered drug resistance, a second medi-
cation would be added to the treatment regimen based
on the guidelines (10 interventions). Moreover, for CHB
patients receiving pegylated interferon who failed the
treatment, the second drug would be added in the third
year. Then, a third drug would be added if the patient
encountered drug resistance again (11 interventions).

The second scenario involved adding a more potent
drug without cross-resistance when the HBV DNA level
was more than 60 IU/ml at week 24 based on the road-
map guideline, which applies to only low genetic barrier
drugs (i.e., lamivudine and telbivudine) (6 interventions).
Thus, a total of 28 interventions (i.e., tenofovir mono-
therapy, 21 interventions of the first scenario and 6 in-
terventions of the second scenario) were compared with
palliative care (Figure 1).

Model structure

Figure 2 shows the schematic diagram of the Markov
model showing that all hypothetical patients aged at
least 30 years old who required the treatment would
start at the CHB with HBeAg-positive state. For patients
receiving antiviral drugs, they would proceed to the drug
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Figure 2 Schematic diagram of the Markov model.

resistance state if drug resistance was detected or the
level of serum HBV DNA reached levels higher than
60 IU/ml. Patients receiving palliative care or those suc-
cessfully treated with pegylated interferon in the first
year would move to the stable state, while HBeAG-
positive CHB patients — either with or without drug re-
sistance — would also be able to transition to this state if
they developed HBeAg seroconversion. In addition,
patients in the stable state could also reverse to the
CHB with HBeAg-positive state. HBeAg-positive CHB
patients - either with or without drug resistance - and
those in the stable state could progress to the compen-
sated cirrhosis, decompensated cirrhosis, and HCC
states. Patients in either the compensated or decompen-
sated cirrhosis state could reverse to a primary state ex-
cept for those with HCC, who could move to a death
state only. Patients in all states could stay at the same
state and could move to a death state. Both scenarios
had the same model assumptions, which were: 1) the ef-
ficacy of generic lamivudine was the same as that of the
original lamivudine, and 2) each treatment had differ-
ences in the seroconversion and resistance rates.

Transitional probabilities

Table 1 demonstrates all the parameters used in the
model. Due to the limitation of data, especially the clin-
ical efficacy of CHB drugs in Thailand, these parameter
values were obtained from internationally published lit-
erature [27,28]. However, we performed an indirect
comparison meta-analysis of these parameters which

represents the highest reliable evidence [29]. The transi-
tional probabilities of clinical efficacy in terms of HBeAg
seroconversion of HBeAg-positive CHB treatment op-
tions were estimated from a systematic review and
meta-analysis using a Bayesian random effects model an-
alyzed by WinBUGS1.4 (Medical Research Council and
Imperial College of Science, Technology and Medicine,
United Kingdom) [30]. All other transitional probabil-
ities were obtained from published articles in Thailand
and other countries [31-44]. In addition, the mortality
rates of Thailand’s general population at each age were
used in the analysis [45]. Time-invariant survival rates
for each drug therapy were applied.

Cost

Costs and health outcomes were estimated over a 70-year
period in order to cover the expected lifetime horizon.
The costs of the CHB state included the costs of antiviral
drugs and laboratory and diagnostic tests, which were pro-
jected over a 70-year time horizon using the Markov
model. For the number of antiviral drug utilization and la-
boratory and diagnostic tests used, these values were esti-
mated based on the suggested recommendations of the
THASL clinical practice guidelines [25,26]. The prices of
antiviral drugs were obtained from the reference prices
published by the Thai Ministry of Public Health’s Drug
and Medical Supply Information Center (DMSIC) [46].
The unit costs of the laboratory and diagnostic tests were
retrieved using the reference prices published by the
Comptroller General’s Department of the Thai Ministry of
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Parameter Distribution Mean SE Reference
Yearly discount rate (%)

Costs and outcomes (range) 3 (0-6) [51]
Transitional probability baseline parameters

Probability of stable to CHB state Beta 0.143 0.0650 [31]
Probability of CHB to stable state Beta 0.056 0.0180 [32]
Probability of CHB to compensated in 15-10™ year Beta 0.054 0.0543 [33]
Probability of CHB to compensated in 11%-20™ year Beta 0.134 0.1338 [33]
Probability of CHB to compensated in >20™ year Beta 0.329 0.3292 [33]
Probability of CHB to HCC in 1°-5'" year Beta 0.000 0.0000 [34]
Probability of CHB to HCC in 6t™-10" year Beta 0.006 0.0061 [34]
Probability of CHB to HCC in >10™ year Beta 0.008 0.0081 [34]
Probability of CHB to death in 155" year Beta 0010 00102 [34]
Probability of CHB to death in 6™-10" year Beta 0014 0.0144 [34]
Probability of CHB to death in >10™ year Beta 0.025 0.0252 [34]
Probability of compensated to decompensated in 7st.3rd year Normal 0.042 0.0003 [35]
Probability of compensated to decompensated in 4"-5™ year Normal 0.094 0.0005 [35]
Probability of compensated to decompensated in >5 year Normal 0.066 0.0003 [35]
Probability of compensated to HCC in 130 year Normal 0014 0.0002 [35]
Probability of compensated to in HCC 4thgth year Normal 0.036 0.0003 [35]
Probability of compensated to HCC in >5" year Normal 0.030 0.0002 [35]
Probability of compensated to death in 7st.3rd year Beta 0014 00135 [35]
Probability of compensated to death in >3 year Beta 0.046 0.0461 [35]
Probability of decompensated to HCC Beta 0.035 0.0354 [36]
Probability of decompensated to death in 1% year Normal 0.260 0.0004 [37]
Probability of decompensated to death in 2" year Normal 0.390 0.0005 [37]
Probability of decompensated to death in >2"° year Normal 0.240 0.0003 [37]
Probability of HCC to death in 1 year Beta 0.848 0.0011 [37]
Probability of HCC to death in >1°" year Beta 0.920 0.0009 [37]
Transitional probability of treatment parameters

Probability of CHB to compensated Beta 0.006 0.0023 [38]
Probability of CHB to HCC Beta 0.009 0.0045 [39]
Probability of CHB to death Beta 0.002 0.0023 [39]
Probability of compensated to HCC Beta 0.015 0.0034 [40]
Probability of compensated to death Beta 0.007 0.0070 [39]
Probability of decompensated to HCC Beta 0.035 0.0127 [41]
Probability of decompensated to death Beta 0.126 0.0291 [42]
Probability of compensated to CHB Beta 0478 0.0665 [43]
Probability of HCC to death Beta 0.034 0.0227 [44]
Relative risk of seroconversion of lamivudine Normal 3519 1.3707 [30]
Relative risk of seroconversion of adefovir Normal 3.028 1.3833 [30]
Relative risk of seroconversion of telbivudine Normal 4286 1.4054 [30]
Relative risk of seroconversion of entecavir Normal 3.846 1.3833 [30]
Relative risk of seroconversion of pegylated interferon Normal 5.356 14987 [30]
Relative risk of seroconversion of tenofovir Normal 4167 1.6403 [30]
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Table 1 Input parameters used in economic model (Continued)

Probability of delay seroconversion of pegylated interferon Normal 0410 0.0489 [27]
Probability of lamivudine resistance Beta 0214 0.0214 28]
Probability of adefovir resistance Beta 0.066 0.0066 [28]
Probability of telbivudine resistance Beta 0.089 0.0089 [28]
Probability of entecavir resistance Beta 0.002 0.0002 28]
Probability of tenofovir resistance Beta 0.000 0.0000 [28]
Annual direct medical cost

Cost of generic lamivudine Gamma 1,797 180 [46]
Cost of original lamivudine Gamma 34,871 3,487 [46]
Cost of adefovir Gamma 70,298 7,030 [46]
Cost of telbivudine Gamma 51,504 5,150 [46]
Cost of entecavir Gamma 85,745 8,575 [46]
Cost of tenofovir Gamma 15,559 1,556 [46]
Cost of pegylated interferon Gamma 527,379 52,738 [46]
Cost of treatment of compensated cirrhosis Gamma 81,264 81,264 [48]
Cost of treatment of decompensated cirrhosis Gamma 125,127 125,127 [48]
Cost of treatment of HCC Gamma 153,021 153,021 [48]
Cost of laboratory for screening (i.e, HBeAg, HBeAb) Gamma 650 650 [47]
Cost of laboratory for pre-treatment Gamma 3,350 3,350 [47]
Cost of laboratory for monitoring Gamma 4,200 4,200 471
Cost of laboratory monitoring for pegylated interferon Gamma 10,620 10,620 [47]
Cost of laboratory monitor for adefovir Gamma 4,560 4,560 [47]
Cost of laboratory for post-treatment Gamma 4,900 4,900 [471
Annual direct non-medical cost

Cost of transportation Gamma 571 571 [54]
Cost of food Gamma 210 210 [54]
Annual indirect cost

Cost of time loss due to receiving treatment Gamma 824 824 [49]
Cost of productivity loss of compensated cirrhosis Gamma 48 48 [48,49]
Cost of productivity loss of decompensated cirrhosis Gamma 627 627 [48,49]
Cost of productivity loss of HCC Gamma 1,701 1,701 [48,49]
Utility

Utility weight for CHB Normal 068 0.00005 [53]
Utility weight for compensated cirrhosis Normal 0.69 0.00016 [53]
Utility weight for decompensated cirrhosis Normal 0.35 0.00031 [53]
Utility weight for HCC Normal 0.38 0.00026 [53]

Finance [47]. Furthermore, the costs of complication
states such as compensated cirrhosis, decompensated
cirrhosis, and HCC were obtained from a published
study based in Thailand [48]. However, the costs of
treatment for adverse drug events were not included
in this study.

Direct non-medical costs (i.e., the costs of transporta-
tion, food, and time loss due to receiving treatment) but
not direct medical costs incurred outside the hospital were
included. All direct non-medical and the number of days

due to sick leave were obtained from a published study
[48]. As for indirect costs, these also included morbidity
costs and were calculated from the productivity loss due
to sick leave. It should be noted that mortality costs were
excluded. Indirect costs were calculated from the number
of days due to sick leave multiplied by the minimum wage
rate of the Thai population obtained from the Thai Minis-
try of Labor’s Department of Labor Protection and Wel-
fare [49]. All costs were converted and reported in year
2010 values using the consumer price index (CPI) [50]
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and all future costs were discounted at a rate of 3% [51]
due to the time horizon being longer than one year. The
average annual exchange rate of Thai baht (THB) to one
US dollar was 30 THB in 2010 [52]. For international
comparison, costs were converted to international dollars
using the purchasing power parity (PPP) $ exchange rate
of 1 PPP$ (2010) per 17.8 THB [53].

Health outcomes

Health outcomes were denoted in life years (LYs) gained
and quality-adjusted life years (QALYs) gained (ie., the
multiplication of LYs gained and the utility score) and the
utility or quality of life scores of patients were obtained
from a published study after we performed a systematic re-
view on electronic databases (i.e.,, Pubmed and Cochrane
databases) [54]. The health outcomes of each intervention
were compared with palliative care. Future outcomes were
also discounted at a rate of 3% [51]. The results were pre-
sented as an incremental cost effectiveness ratio (ICER) in
Thai baht (THB) per a LY or QALY gained.

Uncertainty analysis

A one-way sensitivity analysis and probabilistic sensitiv-
ity analysis (PSA) were conducted to examine the effect
of parameter uncertainty in the model. All parameters in
the one-way sensitivity analysis were varied across the
range of confidence intervals. In addition, net monetary
benefit (NMB) was calculated to determine the interven-
tion which gave the maximum expected NMB for each
value of the ceiling ratio (i.e., the value of society’s will-
ingness to pay (WTP) for an intervention giving one
QALY gained). In Thailand, the WTP per one QALY
thresholds for the implementation of health technology
and intervention based on two subcommittees - the Sub-
committee for the Development of the National List of
Essential Drugs and the Subcommittee for the Develop-
ment of the Benefit Packages, National Health Security
Office (NHSO) - are 100,000 (USD 3,333) and 300,000
(USD 10,000) THB per QALY gained (i.e., about one and
three times the gross domestic product (GDP) per
capita) [55]. Once the analysis was completed, the re-
sults of the PSA were presented using cost-effectiveness
acceptability curves.

Results

The total costs, LYs, QALYs, and ICER values of all treat-
ments compared with palliative care in patients with
HBeAg-positive CHB aged 30 years old and above are
shown in Table 2. Interventions with negative ICER values
indicate that they were more effective and had lower costs
compared with palliative care. Thus, it can be seen that
providing generic lamivudine and adding tenofovir when
drug resistance occurred (ICER =-9,000 THB or USD -300
per LY gained or -14,000 THB or USD -467 per QALY
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gained) proved to be the most cost-effective option. The
next best treatment regimens were generic lamivudine plus
tenofovir based on the roadmap guideline (ICER = -5,000
THB or USD -167 per LY gained or -8,000 THB or
USD -267 per QALY gained) and tenofovir monother-
apy (ICER =-3,000 THB or USD -100 per LY gained
or -5,000 THB or USD -167 per QALY gained).

Uncertainty analysis

Figure 3 presents a tornado diagram illustrating the one-
way sensitivity analysis results. Only the important pa-
rameters of the most cost-saving intervention were se-
lected (i.e., generic lamivudine with the addition of
tenofovir when drug resistance occurred). The outcome
of this analysis showed which parameters the ICER per
QALY gained were most sensitive to when altering the
values, and they are listed as follows from most to least
sensitive: the cost of treatment of compensated cirrhosis;
the price of tenofovir; the price of lamivudine; the cost
of treatment of decompensated cirrhosis; the cost of
treatment of HCC; the discount rates of 0% and 6% per
annum for cost and outcome; the relative risk of sero-
conversion of lamivudine; and the probability of transi-
tioning from a CHB state to the death state.

The PSA results are presented in Figure 4 using cost-
effectiveness acceptability curves. To clearly present the
results, other treatment alternatives were omitted except
for tenofovir monotherapy, generic lamivudine with the
addition of tenofovir when drug resistance occurred, and
generic lamivudine with the addition of tenofovir based
on the roadmap guideline compared with palliative care.
The willingness to pay (WTP) threshold for one QALY
for the adoption of health technologies and interven-
tions is designated by the dashed vertical lines. At WTP
thresholds of 100,000 (USD 3,333) and 300,000 THB
(USD 10,000) per one QALY gained in Thailand, the
probabilities for cost-effective treatment via the
provision of generic lamivudine with the addition of
tenofovir when drug resistance occurred were 78% and
75%, respectively. Moreover, the probabilities of tenofo-
vir monotherapy being cost-effective were 18% and 24%,
respectively. However, the probability of providing gen-
eric lamivudine with the addition of tenofovir based on
the roadmap guideline being cost-effective was 0%, re-
gardless of how much society was willing to pay for one
QALY gained.

Discussion

With the intent of aiding policy decision makers on
which CHB drugs should be included in the NLED, our
study was the first to compare the cost-utility of each
drug therapy according to the THASL clinical practice
guidelines with palliative care in patients with HBeAg-
positive CHB based on a societal perspective. Even
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Table 2 Total costs, LYs and QALYs of all interventions for HBeAg positive CHB patients aged 30 years old and above

Interventions Total costs LYs QALYs Incremental Incremental ICER per
First drug (Second drug) Third drug (THB)® cost (THB) QALYs QALY gained

1. Generic lamivudine (tenofovir)' 456,000 20.87 13.66 -72,000 503 Dominant*
2. Generic lamivudine (tenofovir)® 490,000 20.87 13.66 -38,000 5.03 Dominant*
3. Tenofovir monotherapy* 501,000 20.89 13.67 -26,000 5.04 Dominant*
4. Palliative care 527,000 13.13 8.63 - - -
5. Original lamivudine (tenofovin' 937,000 20.87 13.66 409,000 5.03 81,000
6. Pegylated interferon (original lamivudine) tenofovir” 953,000 20.89 13.67 426,000 5.05 84,000
7. Original lamivudine (tenofovin)* 971,000 20.87 13.66 444,000 503 88,000
8. Generic lamivudine (adefovir)’ 982,000 20.87 13.66 454,000 5.03 90,000
9. Pegylated interferon (tenofovir)’ 1,057,000 2091 13.69 530,000 5.06 105,000
10. Telbivudine (tenofovir)™ 1,091,000 20.90 13.68 564,000 5.05 112,000
11. Generic lamivudine (adefovin* 1,134,000 20.87 13.66 606,000 5.03 121,000
12. Telbivudine (tenofovir)¥ 1,134,000 20.87 13.66 606,000 5.03 121,000
13. Pegylated interferon (original lamivudine) tenofovir’ 1,325,000 20.89 1367 798,000 5.05 158,000
14. Adefovir (generic lamivudine)" 1,364,000 20.85 13.64 837,000 5.01 167,000
15. Pegylated interferon (lamivudine) adefovir® 1,371,000 20.89 1367 844,000 5.05 167,000
16. Telbivudine (adefovin)® 1,429,000 20.90 1368 902,000 5.05 178,000
17. Pegylated interferon (telbivudine) tenofovir’ 1,442,000 2092 13.69 915,000 5.06 181,000
18. Original lamivudine (adefovi)® 1,463,000 20.87 13.66 936,000 5.03 186,000
19. Entecavir (tenofovir)’ 1,519,000 20.88 1367 991,000 5.04 197,000
20. Entecavir (adefovir) 1,536,000 20.88 13.67 1,009,000 5.04 200,000
21. Adefovir (original lamivudine) 1,564,000 20.85 13.64 1,037,000 501 207,000
22. Original lamivudine (adefovir)* 1,616,000 20.87 13.66 1,088,000 5.03 216,000
23. Pegylated interferon (adefovir) generic lamivudine’ 1,648,000 20.88 13.66 1,120,000 5.04 222,000
24. Telbivudine (adefovin® 1,657,000 20.90 1368 1,130,000 5.05 224,000
25. Pegylated interferon (telbivudine) adefovir” 1,710,000 20.92 13.69 1,182,000 5.06 233,000
26. Pegylated interferon (original lamivudine) adefovir® 1,744,000 20.89 1367 1,216,000 5.05 241,000
27. Pegylated interferon (entecavir) tenofovir' 1,771,000 20.90 13.68 1,243,000 5.05 246,000
28. Pegylated interferon (entecavir) adefovir® 1,785,000 20.90 13.68 1,257,000 5.05 249,000
29. Pegylated interferon (adefovir) original lamivudine® 1,812,000 20.88 13.66 1,284,000 5.04 255,000

Scenario 1: Adding drug when drug resistance occurred; *Scenario 2: Adding drug based on the road map guideline.

§total costs are calculated in 2010 THB and rounded up to nearest 1,000 THB.

*Negative ICER due to higher effectiveness and lower costs of intervention compared with palliative care.

though the ICER results indicated that these three alter-
natives were dominant due to higher effectiveness and
lower costs when compared with palliative care, it is evi-
denced that both tenofovir monotherapy and generic
lamivudine with the addition of tenofovir when drug re-
sistance occurred were more superior than generic lami-
vudine with tenofovir added based on the roadmap
guideline when taking the uncertainty of all parameters
in the model into account. The results have shown that
the total cost of generic lamivudine with tenofovir added
based on the roadmap guideline was higher compared
with generic lamivudine plus tenofovir when drug resist-
ance, whereas total LYs and QALYs obtained from both

interventions were not different. As a result, when com-
pared with providing generic lamivudine plus tenofovir
added based on the road map guideline providing gen-
eric lamivudine plus tenofovir when drug resistance
could save healthcare costs of approximately 70,000
THB (USD 2,333) per patient due to the cost avoidance
of serious complications in the future. Thus, when con-
sidering the provision of CHB treatment to HBeAg-
positive CHB patients above 30 years of age (i.e., 40-70
years), providing generic lamivudine plus tenofovir when
drug resistance occurred and tenofovir monotherapy
were dominant and cost-saving interventions compared
with palliative care.
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Figure 3 Tornado diagram illustrating the one-way sensitivity analysis results.

Furthermore, generic lamivudine, which has already
been included in the NLED, should be considered as the
first-line drug for the treatment of HBeAg-positive CHB
patients above 30 years of age (i.e., 40-70 years) who re-
quire the treatment. In contrast to the findings of other
previously published studies, entecavir [8-17], adefovir
[6,7], telbivudine [5], and pegylated interferon [21,23,24]
were more cost-effective compared with lamivudine.
This could be explained by the fact that our study con-
sidered drug resistance due to lamivudine to imitate the
real current clinical practice. Moreover, generic lamivu-
dine, which is very inexpensive in Thailand, was also in-
cluded as one of the interventions.

Although lamivudine can cause HBV DNA suppres-
sion in most HBeAg-positive CHB patients, it is also as-
sociated with a high rate of drug resistance [28]. Our
study indicated that tenofovir, which was a cost-saving
option, should be used as either the first- or second-line
drug for the management of drug resistance due to nu-
cleoside analog such as lamivudine. Similarly, the study

of Buti et al. revealed that tenofovir was associated with
lower costs and higher efficacy than entecavir, telbivu-
dine, and adefovir [13]. At the time of the study, no
other CHB treatments with low rates of drug resistance
(e.g., tenofovir) had been included in the NLED vyet, even
though tenofovir demonstrated high antiviral efficacy
and low drug resistance for patients with CHB [3,4].
Therefore, we submitted the cost-effectiveness informa-
tion of CHB treatments along with policy recommenda-
tions to the Subcommittees for Development of NLED
in May 2012 that tenofovir should be included in the
NLED [56]. After the meeting, it was announced that
tenofovir would be included in the NLED only for CHB
patients with drug resistance due to nucleoside analog
such as lamivudine under the condition that tenofovir
should be used as an alternative and not as the first-line
therapy.

However, based on the expert’s opinion, if both lami-
vudine and tenofovir were included in the NLED, using
tenofovir as the first-line drug would be the better
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Figure 4 Cost-effectiveness acceptability curves presenting PSA results.

option given that tenofovir has a very low resistance rate.
It would be more convenient for clinicians to provide
tenofovir as the first-line treatment in order to reduce
the time and cost of drug resistance management com-
pared with providing lamivudine as the first-line drug.
Even if the patients taking tenofovir developed drug re-
sistance, lamivudine could be added later. It should be
noted though that tenofovir has also been implicated in
causing renal toxicity. Tenofovir can also cause acute
renal failure, Fanconi syndrome, proteinuria or tubular
necrosis. These side effects are due to accumulation of
the drug in proximal tubules [57].

Moreover, three major issues (i.e., the prices of tenofovir
and lamivudine, resistance rate of tenofovir, and costs of all
complications and adverse drug events) need to be ad-
dressed. First, it was noted that the price of tenofovir in this
study was obtained from the current market price of teno-
fovir in Thailand, which is relatively inexpensive due to the
discounted price (43 THB or USD 1.43) proposed by the
pharmaceutical company. At present, the price of tenofovir
is approximately equal to that of entecavir in many coun-
tries. If the maximum expected price of tenofovir was as-
sumed to be equal to the price of entecavir (235 THB or
USD 7.83 per tablet), the ICER value would change from a
dominant value to 100,000 THB (USD 3,333) per QALY
gained when compared with palliative care. Similarly, if the
price of lamivudine was adjusted to the price of original
lamivudine, the ICER would be adjusted to 81,000 THB
(USD 2,700) per QALY gained. Therefore, when changing
the prices to current market prices, tenofovir monotherapy
or lamivudine would still be cost-effective in the Thai

context although they would not be cost-saving interven-
tions [55].

Second, according to the current studies related to drug
resistance, the resistance rate of tenofovir used in this study
was 0% [28]. If the resistance rate of tenofovir was assumed
to be equal to that of entecavir based on expert opinion, it
would still be a cost-effective intervention in the Thai con-
text with an ICER of 8,000 THB (USD 267) per a QALY
gained compared with palliative care.

Third, the direct medical costs of complication states in
this study were obtained from a published multi-center ob-
servational study of hepatitis C conducted at five major ter-
tiary care hospitals in Thailand [48]. The costs of all
complications (i.e., compensated cirrhosis, decompensated
cirrhosis, and HCC) in patients with hepatitis C might be
lower than those conducted in CHB patients. Based on the
sensitivity analysis results, the costs of all complications
had the greatest effect on the changes in ICER values. It is
suggested that providing generic lamivudine plus tenofovir
when drug resistance occurred and tenofovir monotherapy
would be cost-effective options since the ICER values were
lower than one times the Thai GDP per capita [55]. In
addition, the costs of treatment of the adverse drug events
were not considered in the study. In particularly, generic
lamivudine may result in more adverse drug events or side-
effects. However, it is expected that the adverse drug reac-
tions of generic lamivudine and tenofovir may have little ef-
fect on an increase in the ICER values. Lok et als study
showed that lamivudine treatment had an excellent safety
profile in HBeAg-positive CHB patients [58] and nausea
was the only adverse event that occurred more frequently
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in CHB patients receiving tenofovir, which may cause little
impact on the cost [59].

It is important that the limitations of this study need to
be addressed. Due to the lack of transitional probabilities
data for CHB patients in Thailand, some transitional prob-
abilities were obtained from published articles in other
countries [27,28,31-44]. However, we specifically performed
a meta-analysis which could yield the most reliable evi-
dence [30]. Furthermore, the utility data of CHB has been
gathered but not for all complication states (i.e,, compen-
sated cirrhosis, decompensated cirrhosis, and HCC) in Thai
CHB patients; therefore, the utility data of CHB patients
with complications were obtained from a multinational
study [54].

Conclusions

Our results suggested that providing generic lamivudine
with the addition of tenofovir when drug resistance oc-
curred, generic lamivudine with the addition of tenofovir
based on the roadmap concept, and tenofovir monotherapy
were dominant and cost-saving interventions compared
with palliative care. However, when taking into account all
parameter uncertainties in the model, providing generic
lamivudine with the addition of tenofovir when drug resist-
ance occurred and tenofovir monotherapy would yield
higher probabilities of being cost-effective at the societal
WTP thresholds in Thailand compared with other alterna-
tives. According to the cost-effectiveness results obtained
from this study, the Subcommittees for Development of
NLED decided to include tenofovir into the NLED. It is
recommended that generic lamivudine should be used as
the first-line drug and tenofovir should be considered when
drug resistance occurs for HBeAg-positive CHB patients
under the condition that tenofovir should be used as an al-
ternative and not as the first-line therapy. Given that
tenofovir is included in the NLED, a pharmaceutical reim-
bursement list of three health insurance schemes (i.e., So-
cial Security Scheme, Civil Servant Medical Benefit Scheme
and Universal Coverage Scheme) accounting for approxi-
mately 100% of Thai population, the cost of tenofovir in-
curred by all HBeAg-positive CHB patients under these
health insurance schemes could be reimbursed by the Thai
government. Consequently, this could definitely help
HBeAg-positive CHB patients gain more access to tenofovir
when drug resistance occurred and finally could improve
patient outcomes and decrease mortality. However, due to
a lack of information about drug resistance rate of tenofovir,
it is also recommended that intensive monitoring and
evaluation of drug resistance should continue to be per-
formed by the Department of Disease Control and the De-
partment of Medical Sciences.
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Abstract

human capital approach.

0.13% of Thailand’s Gross Domestic Product (GDP).

Background: Over the last decade, the prevalence of obesity (BMI > 25 kg/m?) in Thailand has been rising rapidly and
consistently. Estimating the cost of obesity to society is an essential step in setting priorities for research and resource
use and helping improve public awareness of the negative economic impacts of obesity. This prevalence-based,
cost-of-illness study aims to estimate the economic costs of obesity in Thailand.

Methods: The estimated costs in this study included health care cost, cost of productivity loss due to premature
mortality, and cost of productivity loss due to hospital-related absenteeism. The Obesity-Attributable Fraction
(OAF) was used to estimate the extent to which the co-morbidities were attributable to obesity. The health

care cost of obesity was further estimated by multiplying the number of patients in each disease category
attributable to obesity by the unit cost of treatment. The cost of productivity loss was calculated using the

Results: The health care cost attributable to obesity was estimated at 5,584 million baht or 1.5% of national
health expenditure. The cost of productivity loss attributable to obesity was estimated at 6,558 million

baht - accounting for 54% of the total cost of obesity. The cost of hospital-related absenteeism was estimated at
694 million baht, while the cost of premature mortality was estimated at 5,864 million baht. The total cost of
obesity was then estimated at 12,142 million baht (725.3 million USSPPP, 16.74 baht =1 USSPPP accounting for

Conclusions: Obesity imposes a substantial economic burden on Thai society especially in term of health care
costs. Large-scale comprehensive interventions focused on improving public awareness of the cost of and problems
associated with obesity and promoting a healthy lifestyle should be regarded as a public health priority.

Keywords: Cost-of-illness, Obesity, Overweight, Thailand, Economic

Background

Obesity (defined as having a Body Mass Index (BMI)
greater than or equal to 30 Kilogram (Kg)/Meter(M)?) [1],
is a growing health concern worldwide. It is a known risk
factor for a number of chronic diseases including cardio-
vascular diseases, diabetes, musculoskeletal disorders, and
some cancers [2-5]. Aside from increased morbidity, obes-
ity has also been found to increase premature mortality
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[6-8], decrease productivity due to absenteeism and pres-
enteeism [9], and decrease quality of life [10-13].

As a result of increasing global urbanisation, changes in
dietary habits, and declining levels of physical activity, the
obesity epidemic is no longer limited to populations in
Europe and North America [14-17]. Today, it affects pop-
ulations in most countries, including those in Latin Amer-
ica and Asia. According to the World Health Organisation
(WHO), the global prevalence of obesity has more than
doubled between 1980 and 2008 [18]. In 2008, the WHO
estimated that more than 1.4 billion adults aged 20 and
over were overweight (a BMI greater than or equal to 25
Kg/MZ) [18]. Of these overweight adults, 500 million were
obese [18].

© 2014 Pitayatienanan et al, licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly credited.
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The economic cost of obesity is substantial. According
to one estimate from a recent systematic review, the
health costs associated with obesity may account for be-
tween 0.7% and 2.8% of a country’s total health care ex-
penditure [19]. In another review of data from ten
Western European countries, estimated obesity costs
were found to be as high as 0.09% to 0.61% of Gross
Domestic Product (GDP) [20]. Estimating the cost of
obesity to society is critical for policy makers, public
health planners, and other health stakeholders. Not
only can the cost estimate be used to establish prior-
ities for research and health resource use, but it can
also be used to improve public awareness of the nega-
tive economic impacts of obesity. In the past, many at-
tempts have been made to estimate the economic cost
of obesity in western countries [21-24]; few studies of
this kind were conducted in Asia. However, in light of
the rapid and continuous increase in obesity preva-
lence, several countries in Asia including Korea [25],
Taiwan [26], China [27], and Hong Kong [28] have
begun to assess the economic cost of obesity.

In line with global trends, the prevalence of obesity
in Thailand almost doubled between 1991 and 2009.
According to the fourth National Health Examination
Survey (NHES) 2008-9 [29], 28.4% of adult Thai men
and 40.1% of women were classified as obese (BMI >
25 Kg/M?). More importantly, the NHES also found
that obesity levels had risen disproportionately in rural
areas [30], indicating that obesity was no longer only
found in higher socioeconomic groups. Despite this
rapid increase in obesity over the last ten years, no re-
search has yet been conducted into the economic cost
of obesity in Thailand. Our study aims to estimate the
economic costs of obesity in Thailand, 2009.

Methods

This is a prevalence-based, cost-of-illness study. Costs
included in the analyses were health care cost, cost of
productivity loss due to premature mortality, and cost of
productivity loss due to hospital-related absenteeism.

Obesity and co-morbidities

In this study, obesity is defined as having a BMI of
25 Kg/m?® or higher. To estimate the cost associated with
obesity, a number of co-morbidities were identified and
their respective costs calculated. Based on the degree of
association with obesity, the availability of existing infor-
mation and its importance in the Thai context, the follow-
ing 12 co-morbidities were selected in our study: colon
and colorectal cancer, breast cancer, endometrial cancer,
hyperlipidemia, diabetes mellitus, depression, hyperten-
sion, ischemic heart disease, pulmonary embolism, stroke,
gall bladder disease, and osteoarthritis. For each co-
morbidity, the Obesity Attributable Fraction (OAF), the
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proportion of the incidence of a co-morbidity in the popu-
lation that is due to obesity, was calculated using the fol-
lowing formula [31]:

2

> Pi(RR;-1)

OAF; = —=

Where

i=Body Mass Index (BMI) level (i=1 means BMI >
25.0-29.9 kg/m? and i = 2 means BMI > 30 kg/m?)

j = Co-morbidity related to obesity (j=1 -12)

P; = Prevalence of obesity at BMI level i

RR; = Relative Risk of co-morbidity j associated with
obesity level i compared with the non-obese population

In this study, obesity prevalence (P;) was obtained
from the 4th NHES [17] while the Relative Risks (RRj)
were derived from meta-analyses [32-34] as well as stud-
ies conducted in Asia [26,35].

Health care cost

The health care costs of obesity and the 12 co-morbidities
were estimated for both inpatient and outpatient services.
For each co-morbidity, the inpatient and outpatient
healthcare costs attributable to obesity were calculated by
multiplying the total number of patients with the given
co-morbidity in Thailand by the corresponding OAF, and
the average cost of each co-morbidity per person per year.
Each co-morbidity total was then added together to give a
total healthcare cost for obesity.

The outpatient data on the total number of patients and
the data on the cost of outpatient visit(s) for each co-
morbidity per person per year in 2009 were obtained from
the database of the Center for Health Equity Monitoring
(CHEM), Faculty of Medicine, Naresuan University. This
database includes outpatient information covered by the
two major public health insurance schemes in Thailand—
the Universal Coverage Scheme (UCS) and the Civil Med-
ical Service Scheme (CSMBS)—from 675 out of 843 public
hospitals (80%) across all 76 provinces throughout the
country. These two public health schemes cover approxi-
mately 80% of the total Thai population (approximately 67
million); the remaining 20% are covered by the Social Se-
curity Scheme (SSS), which is offered to formal private
sector employees. To estimate the total number of out-
patient visits in Thailand in 2009, it was assumed that 64%
of total outpatient visits in Thailand would be those cov-
ered by the CHEM database.

The inpatient data on the total number of patients and
the data on the cost of inpatient visit(s) for each co-
morbidity per person per year were obtained from the
Central Office for Health care Information (COHI)
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database, 2009, which contains hospital admission data
from all public hospitals for patients covered by the UCS
and CSMBS (but not the SSS). It was assumed that the
COHI data would represent 80% of total inpatients in
Thailand.

Cost of productivity loss due to premature mortality

The costs associated with productivity loss due to prema-
ture mortality were calculated for each co-morbidity using
the human capital approach. The number of deaths that
could be attributed to obesity in 2009, disaggregated by age
and gender, were multiplied by the average wage each per-
son would receive if he or she lived through his or her life-
span. A discount rate of 3% was employed [29]. The data
on the total number of deaths from each co-morbidity were
obtained from the 2004 Thai Burden of Disease (BOD)
project, and data on average earnings were calculated from
the 2009 National Economic and Social Survey.

Cost of productivity loss due to hospital related absenteeism
The cost of hospital-related absenteeism was also calcu-
lated using the human capital approach. To estimate the
cost of productivity loss due to hospital related absentee-
ism, the number of days that inpatients and outpatients
with obesity-related conditions were absent from work
in 2009 as a result of their obesity was multiplied by the
average daily wage. Outpatient absentee data was ob-
tained from the CHEM database; inpatient absentee data
was obtained from the COHI database. The calculation
was based on the assumption that the average outpatient
visit took 0.5 days. The average daily wage was calcu-
lated by dividing Thailand’s 2009 GDP per capita [36] by
the number of working days in the same year.

Results

The overall relative risk estimates and OAFs for obesity
and the 12 co-morbidities, disaggregated by gender, are
presented in Table 1. OAF estimates indicate that about
24% to 52% of all cases of diabetes mellitus, 25% to 33%
of all cases of ischemic heart disease, and 15% to 23% of
all cases of osteoarthritis in Thailand are attributable to
obesity, respectively.

Estimates of the overall economic costs of obesity, dis-
aggregated by types of cost, gender, and co-morbidity
are displayed in Table 2. With regard to total cost, the
three conditions that are found to incur the highest
costs are diabetes mellitus (6,385.7 million baht), ische-
mic heart disease (2,168.4 million baht), and stroke
(2,017.6 million baht).

As shown in Table 2, the estimated health care cost at-
tributable to obesity is 5,584 million baht. Obesity-related
health care costs for women are about 2.5 times higher
than for men (4,015 million baht VS 1,569 million baht).
The three conditions that incur the highest health care

Page 3 of 7

costs are diabetes mellitus (3,386.6 million baht), ischemic
heart disease (1,070.6 million baht), and colorectal cancer
(377.3 million baht).

The estimated cost of premature mortality as a result
of obesity-related conditions is 5,864 million baht. The
premature mortality costs incurred by men are 1.5 times
higher than they are in women (3,531 million baht VS
2,333 million baht). The three conditions that incur the
highest premature mortality costs are diabetes mellitus
(2,550.2 million baht), stroke (1,800.6 million baht), and
ischemic heart disease (1,034.9 million baht).

The estimated cost of productivity loss due to absentee-
ism as a result of obesity-related conditions is 694 million
baht. Of this total, 448.8 million baht results from diabetes
mellitus, 102.3 million baht from hypertension, and 62.8
million baht from ischemic heart disease.

A summary of all of the estimated costs attributable to
obesity is presented in Table 3. The total estimated eco-
nomic cost of obesity in Thailand is 12,142.1 million baht
(725.3 million US$PPP, 16.74 baht =1 US$PPP [36] or
0.13% of GDP [36]. Health care costs account for 46% of
the total cost or about 1.5% of the national health care ex-
penditure [37], while productivity loss costs account for
56% of the total cost.

Discussion

Many studies have shown that obesity exerts a significant
cost burden on a country’s health system and productivity
[19,20]. This was also found in this first analysis of obesity
cost in the Thai context, where obesity-attributable costs
were found to be substantial, accounting for 0.13% of
GDP or 1.5% of the total national health expenditure. In
addition, the analysis revealed that costs associated with
heath care provision and costs associated with productiv-
ity loss were broadly similar, which are in line with the
findings of previous studies [22,38,39]. The cost identified
in this paper should be regarded as a minimum estimate
since other related costs such as the cost of absenteeism
not related to hospitalization, cost of presenteeism, and
unemployment costs were not included in the analysis.
Furthermore, due to the unavailability of data in Thailand,
the cost of premature mortality due to obesity and the fol-
lowing five co-morbidities—gall bladder disease, obesity,
hyperlipidemia, pulmonary embolism, and depression—
were not included in the analysis.

A WHO report [18] found that, globally, obesity and
overweight account for 23% of coronary heart disease
cases, 7-14% of cancer cases, and 44% of diabetes mellitus
cases. These general proportions were also found in our
analysis, which suggested that about 25-33% of ischemic
heart cases, 2% of breast cancer cases, 17% of endometrial
cancer cases, 8-9% of colon cancer cases, and 24-52% of
diabetes mellitus cases in Thailand were associated with
obesity. Unlike in Western countries [21-23], our study
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Table 1 Relative risks for selected co-morbidities in obese subjects and Obesity Attributable Fraction (OAF)

Diseases/conditions

Relative risk of developing diseases

Obesity attributable fraction (OAF) (%)

Male Female Male Female
1% %% %%
Breast cancer [32] - - 1.08 1.13 - 2
Colon and colorectal cancer [32] 1.51 1.95 145 1.66 8 9
Depression [32] 1.30 131 0.98 167 4 3
Diabetes mellitus [32] 240 647 392 1241 24 52
Endometrial cancer [32] - - 1.53 322 - 17
Gall bladder [32] 1.09 143 144 2.32 2 12
Hyperlipidemia [26] 1.95 1.76 1.95 1.76 1 15
Hypertension [32] 1.28 1.84 1.65 242 5 15
Ischemic heart disease [35] 3.02 437 3.02 437 25 33
Obesity 1.00 1.00 1.00 1.00 100 100
Osteoarthritis [32] 276 4.20 1.80 1.96 23 15
Pulmonary embolism [32] 191 351 191 3.51 15 22
Stroke [32] 1.23 1.51 1.15 149 4 5

*1 = BMI25.0-29.9 kg/m? **2 = BMI > 30 kg/m?,

did not find cardiovascular disease related to obesity to be
the primary leading cause of economic burden. In line
with a previous study in Asia [25], and giving weight to re-
cent concerns that have been voiced regarding the epi-
demic of obesity and type 2 diabetes in Asia [16], we
found diabetes mellitus to be the first leading cause of
obesity cost (6,385.7 million baht), followed by ischemic
heart disease (2,168.4 million baht), and stroke (2017.6
million baht). Nevertheless, previous studies indicate

[40,41] that reducing weight by 5-10% can improve blood
sugar control and help reduce the risk of developing car-
diovascular disease. Given the rise of obesity in Asia, and
the prevalence of related conditions—particularly diabetes
mellitus and cardiovascular disease [16]—interventions
aimed at obesity control clearly deserve more attention.

In line with findings from previous studies in the US
[6,42,43], which found that obesity had a health impact
equal or exceeding that of smoking and drinking, our

Table 2 Estimates of the economic costs of obesity in Thailand 2009 by types of costs, gender, and co-morbidity

Disease Health care cost Cost of premature Cost of productivity loss due to Total cost
(Million baht) mortality (Million baht) hospital-related absenteeism (Million baht) (Million baht)
Male Female Male Female Male Female Male Female All
Diabetes mellitus 6638 27228 1,3026 1,247.6 88.1 360.7 20545 43312 63857
Ischemic heart disease 5215 549.1 761.6 2733 296 332 13127 8557 2,1684
Stroke 98.9 99.6 1,236.1 564.5 92 94 13441 6735 2,017.6
Colon and rectal cancer 1880 189.3 2035 119.0 6.0 6.3 3974 3147 7121
Hypertension 314 146.4 26.5 26.1 18.6 83.7 76.5 256.2 3327
Osteoarthritis 46.3 1136 0.7 0.6 82 17.6 552 131.8 187
Gall bladder 15 101.0 - - 1.1 89 126 109.9 1225
Endometrial cancer - 423 - 28 - 25 0 476 476
Breast cancer - 36.6 - 99.3 - 1.7 0 1376 1376
Obesity 38 46 - - 1.2 2.5 50 7. 12.1
Hyperlipidemia 09 2.1 - - 1.1 2.5 20 46 6.6
Pulmonary embolism 1.8 59 - - 0.1 0.5 19 6.5 84
Depression 038 1.8 - - 04 0.7 1.3 25 38
Total 1,568.7 40151 3,531.0 2,3332 163.6 530.2 52632 68789 12,1421
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Table 3 Summary of the estimated economic costs of
obesity in Thailand 2009

Cost Million baht %

Direct cost (health care cost) 5,584 46
OPD 850
IPD 4,734

Indirect cost (productivity oss) 6,558 54
Premature mortality 5,864
Hospital-related absenteeism 694

Total cost 12,142 100

% of total cost in term of GDP 0.13

% of Health care cost in term 1.5

of National health care expenditure [37]

results indicate that health care costs attributable to obes-
ity are the same as those attributable to alcohol consump-
tion, which was estimated at 5,491 million baht in 2006
[44]. Despite this, the numbers of public health campaigns
targeting obesity are fewer than those related to smoking
and drinking. One explanation may be that obesity and
the condition of being overweight are perceived as per-
sonal issues rather than social problems. However, our
findings clearly show that the effect of obesity on the
country’s economy is significant, especially in terms of
health care costs, which are currently shouldered by all
tax payers in Thailand. It is clear that, to effectively tackle
obesity in Thailand, a public health campaign targeting
obesity epidemic should place emphasis on the impact of
obesity on society as well as social responsibility without
stigmatising those who are obese.

In this study, BMI was used as a measure to determine
the prevalence of obesity. According to the WHO [45], a
BMI reading of 25-29.9 kg/m” is indicative of an over-
weight condition, while a reading of 30 kg/m? or higher
indicates obesity. However, in Asia, the risk of type 2
diabetes mellitus and cardiovascular disease is already
high in those whose BMI is below 25 kg/m?. In addition,
at the same BMI, Asian populations are found to have
higher levels of body fat than Western populations
[46,47]. Therefore, it has been proposed that lower BMI
readings should be used to identify those who are over-
weight or obese in the Asian population. A 2004 WHO
expert consultation proposed that an appropriate cut off to
measure the condition of being overweight and obese in
Asian populations would be 23-24.9 kg/m” and 25 kg/m?,
respectively [47]. To permit comparison across previous
studies in estimating the economic cost of obesity, a BMI
reading of at least 25 kg/m” was used to define obesity in
our study. Nevertheless, it should be noted that the esti-
mate impact of obesity will be lower if a BMI reading of
30 kg/m? is used to define obesity.
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In this study, the prevalence of obesity in 2009 was
used to calculate the OAF. The estimated prevalence
constitutes people with a varied time period of obesity.
As induction times for chronic diseases may differ across
persons and diseases and are not exactly known, we
might have overestimated the cost from the impact of
obesity as the lapse time need for developing comorbid-
ity as well as duration of obesity were not taken into ac-
count. Nevertheless, these figures do inform at what cost
the societal inevitably need to shoulder in the future
without effective interventions to mitigate the current
burden of obesity. In addition, the identification of in-
duction times for chronic diseases is a priority area for
future research related to obesity.

Another limitation that warrants further discussion is
the reliance on estimated costs. While we acknowledge
that the validity of our findings relies on the accuracy of
a number of estimated parameters and assumptions, we
are confident that the estimates are reasonably accurate.
For instance, the CHEM and COHI databases (which
were used to estimate health care costs) are the largest
hospital databases available in Thailand. Nevertheless,
we assumed that the COHI accounted for 80% of all in-
patients in the country. However, based on the recent
figures [48], patients in COHI database may account for
83% of the total population. Therefore, our results might
slightly overestimate the impact of obesity. In addition,
while these databases only include data from patients
who are covered by the UCS and CSMBS schemes, we
assume that obesity prevalence among beneficiaries of
these two schemes will be comparable to those of the SSS.
We acknowledge, however that this assumption may be
somewhat limited as the SSS scheme covers those who are
healthy enough to be employed in the private sector; this
may mean that they suffer from lower levels of obesity. If
this is the case, then the total cost of obesity would be
somewhat lower than what we have estimated in this
study. Lastly, since there was no Thai-specific relative risk
data available, the relative risk data were obtained from
meta-analysis review of global literature, including a num-
ber of Asian studies [26,32-35]. Future research on relative
risk in Thailand, particularly for diabetes and cardiovascu-
lar disease, would be beneficial.

Conclusions

This study confirmed that obesity imposes a substantial
economic burden on Thai society. In terms of health
care cost, it is equivalent to that imposed by alcohol
consumption. In light of the rapid and continuous in-
crease in obesity prevalence in Thailand, large-scale
comprehensive interventions for the prevention and
control of obesity should be regarded as of public health
priority in Thailand.
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ABSTRACT

Background: Recently, the second-generation tyro-
sine kinase inhibitors dasatinib and nilotinib have
emerged as alternative treatments in patients with
chronic myeloid leukemia (CML) who are resistant
to or intolerant of imatinib.

Objective: This article aimed to assess the cost
utility and budget impact of using dasatinib or
nilotinib, rather than high-dose (800-mg/d) imatinib,
in patients with chronic phase (CP) CML who are
resistant to standard-dose (400-mg/d) imatinib in
Thailand.

Methods: A Markov simulation model was devel-
oped and used to estimate the lifetime costs and
outcomes of treating patients aged >38 years with
CP-CML. The efficacy parameters were synthesized
from a systematic review. Utilities using the European
Quality of Life-5 Dimensions tool and costs were
obtained from the Thai CML population. Costs and
outcomes were compared and presented as the in-
cremental cost-effectiveness ratio in 2011 Thai baht
(THB) per quality-adjusted life year (QALY) gained.
One-way and probabilistic sensitivity analyses were
performed to estimate parameter uncertainty.

Results: From a societal perspective, treatment with
dasatinib was found to yield more QALYs (2.13) at a
lower cost (THB 1,631,331) per person than high-
dose imatinib. Nilotinib treatment was also found to
be more cost-effective than high-dose imatinib, pro-
ducing an incremental cost-effectiveness ratio of THB
83,328 per QALY gained. This treatment option also
resulted in the highest number of QALY gained of all
of the treatment options. The costs of providing
dasatinib, nilotinib, and high-dose imatinib were

534

estimated at THB 5 billion, THB 6 billion, and THB
7 billion, respectively.

Conclusions: Treatment with dasatinib or nilotinib
is likely to be more cost-effective than treatment with
high-dose imatinib in CP-CML patients who do not
respond positively to standard-dose imatinib in the Thai
context. Dasatinib was found to be more cost-effective
than nilotinib. (Clin Ther. 2014;36:534-543) © 2014
Elsevier HS Journals, Inc. All rights reserved.

Key words: chronic myeloid leukemia, cost-utility
analysis, dasatinib, imatinib, leukemia, nilotinib,

Thailand.

INTRODUCTION

Chronic myeloid leukemia (CML) is a malignant
disorder characterized by abnormal proliferation of
white blood cells. CML can be diagnosed by the
presence of the Philadelphia chromosome, which
results from a reciprocal translocation between chro-
mosomes 9 and 22." The new fusion gene, BCR-ABL,
has been identified as the key factor in the
development of CML. The disease is classified into 3
phases: (1) the chronic phase (CP); (2) the accelerated
phase (AP); and (3) the blast phase (BP). Most patients
are diagnosed with CML when the disease is in CP,
which is generally asymptomatic. However, patients
may show some symptoms, such as malaise, weight
loss, and an enlarged spleen, during this phase, in
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which they may remain for 3 to § years.”” Without
treatment, the disease will progress from CP to AP, a
more aggressive phase characterized by high propor-
tions of blast cells (20%-30%), promyelocytes
(>20%), and basophils (>20%). AP lasts ~4 to 6
months, after which most patients move into BP.
During BP, CML takes on its most aggressive form,
characterized by a high proportion of blast cells
(>30%) in the peripheral blood or bone marrow.
Patients may experience fever, fatigue, bone pain, and
infections. Median survival in patients with BP-CML
ranges from 3 to 6 months.’ The incidence of CML in
Thailand is ~0.5 case per 100,000 population per
year.* Most new diagnoses of CML in Thailand are
made in patients aged between 38 and 42 years.’

In the past decade, imatinib, the first available
tyrosine kinase inhibitor (TKI), has been used widely
as a first-line treatment of newly diagnosed CML.®
Despite the high efficacy of imatinib, ~20% to 30% of
patients with CML are resistant to or intolerant of the
drug, and half of cases are due to a genetic mutation in
the ABL domain.”~” Recently, the second-generation
TKIs dasatinib and nilotinib have emerged and have
been used as alternative treatments in patients with
CML who are resistant to or intolerant of imatinib.
Several experimental clinical studies have revealed that
dasatinib or nilotinib use has a higher success rate than
does the use of high-dose imatinib,”'>'" and the US
Food and Drug Administration has recently approved

Imatinib-resistant
CP-CML

>
Figure 1. Structure of the Markov model. AP =
accelerated phase; BP = blast phase;
CCyR = complete cytogenetic re-

sponse; CML = chronic myeloid leuke-
mia; CP = chronic phase.
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the use of dasatinib and nilotinib as first-line treatments
of newly diagnosed CML.'> Economic evaluation
studies have found that dasatinib offers good value-
for-money in patients with CML who are imatinib
resistant or intolerant in Sweden,® as well as nilotinib
does in the United Kingdom. As a result, there are
growing calls from Thai clinicians to include dasatinib
and nilotinib in the National List of Essential
Medicines (NLEM). Given the differences in health
care infrastructure and economic parameters between
Thailand and Sweden/United Kingdom, the data
available from those economic evaluations might not
be applicable for decision making in Thailand. This
study aims to assess whether these 2 treatments are
cost-effective in the Thai context, and the results will be
used to inform decisions regarding the coverage of
these drugs in the NLEM.

MATERIALS AND METHODS
Markov Model

A Markov model with a 2-month cycle length was
developed based on typical treatment of patients with
CP-CML, consisting of 5 initial health states: (1) CP
with a complete cytogenetic response (CCyR), defined
as no Ph-positive metaphases found in the bone
marrow'’; (2) CP without CCyR; (3) AP; (4) BP;
and (5) death (Figure 1). In this Markov model, a
cohort of patients with CP-CML aged > 38 years (the
median age of patients with CML in Thailand’) who
failed to respond to first-line imatinib 400 mg/d were
followed until death. Because this study focused on
the costs and outcomes of CML treatment in patients
in CP, it was assumed that patients who progressed to
other phases would receive similar treatment. Because
dasatinib 100 mg/d, nilotinib 800 mg/d, and high-dose
imatinib (800 mg/d) are each used to treat patients in
AP, the model assumed that the 3 treatments would be
equally likely choices in patients who progressed to
AP. In patients in BP, however, there is only 1 routine
treatment—hydroxyurea 2000-3000 mg/d. The
model took a societal perspective, meaning that the
costs shouldered by both provider and household
were taken into account. Future costs and outcomes
were discounted at a rate of 3% per annum.

Model Input Parameters
Efficacy Data

The treatments were deemed effective if a patient
experienced CCyR. The efficacy of each treatment was
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assessed based on a systematic review. We conducted
a literature search using the electronic databases
PubMed and Cochrane Central Register of Controlled
Trials (CENTRAL). Searching was performed sepa-
rately for articles on dasatinib, nilotinib, and high-
dose imatinib on February 21, 2012; March 9, 2012;
and June 6, 2012, respectively. The following search
terms were used: leukemia, myelogenous, chronic,
BCR-ABL, positive MeSH, CML, chronic myeloge-
nous leukemia, chronic phase, nilotinib, dasatinib,
and imatinib. A total of 255 abstracts (114 pertaining
to dasatinib, 45 pertaining to high-dose imatinib, and
96 pertaining to nilotinib) were identified. Studies
were included if they met the following criteria: the
population was composed of patients with CP-CML
who were resistant to standard-dose (400-mg/d) im-
atinib; intervention was with imatinib 800 mg/d,
dasatinib 100 mg/d, or nilotinib 800 mg/d; outcomes
included the percentage of patients who achieved
CCyR within 24 months; and the dose used was
similar to that used in clinical practice in Thailand.
Only 1 study eligible based on our selection criteria
was identified for each treatment option.”'*'* The
results of the systematic review indicated that the
efficacy values (CCyR rates) of high-dose imatinib,
nilotinib, and dasatinib were 18% (5.48%), 41%
(3.83%) and 44% (2.74%), respectively (Table I).

Adverse Events

Data related to adverse events (AEs) were obtained
from our systematic review (Table T). Serious AFEs
occurring in >10% of the treatment population were
selected; we identified the following: grade 3/4
neutropenia, grade 3/4 thrombocytopenia, grade 3/4
anemia, grade 3/4 leukopenia, and all-grade pleural
effusion.””'”'* Data regarding the costs of treating each
AE were garnered based on a hematologist’s opinion;
in addition, the unit costs of the resources associated
with AE management were taken from the Comptroller
General’s Department, Thailand."” The Comptroller
General’s Department maintains a database of
standard costs of health care services for all hospitals
and health care centers under the Ministry of Public
Health. In this study, AEs were included only in the
first cycle of the model due to a lack of long-term data.

Transitional Probabilities

The risk for transitioning from CP to AP was
calculated from progression-free survival (PFS). CCyR
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was associated with PFS,>®?' which means that
patients achieving CCyR had a lower risk for tran-
sitioning from CP to AP. In this study, therefore,
patients were classified into 2 groups: (1) those who
achieved CCyR and (2) those who did not. At 24
months, the PFS in the first group was 95% and in the
second group was 74%.'>'® A transitional probabil-
ity from AP to BP was also calculated from PFS
(median PFS, 49 months).'” A transitional probability
from BP to death was calculated from overall survival
(median survival, 7 months).'” The risks for death in
CP and in AP were extrapolated from the average
Thai life expectancy of patients whose cause of death
was unspecified.”” The 2-month transitional proba-
bilities were calculated according to the following
formula:

Transitional probability per cycle=1-exp [In(P)/t],

where P is the PFS or overall survival at time T (in
months), and ¢ is T/2.

Costs and Utility Estimates

The study protocol was approved by the ethics
clearance committees of the Faculty of Medicine,
Ramathibodi Hospital, Mahidol University, and of
the Faculty of Medicine, Khonkaen University. Direct
medical costs, such as polymerase chain reaction
testing, complete blood count, cytogenetic analysis,
bone marrow aspiration, other laboratory tests, as
well as inpatient costs, were obtained through medical
chart reviews from Ramathibodi Hospital. The costs
of dasatinib, nilotinib, imatinib, and hydroxyurea
were derived from the Thai FDA (personal communi-
cation, [2011]). Direct nonmedical costs (ie, costs for
transportation, meals, accommodation, facilities, and
costs pertaining to productivity loss) were collected
during face-to-face interviews with patients with CML
or with caregivers at Ramathibodi or Srinakarin
Hospital, and from the domestic literature if inter-
views did not provide the necessary data.'® All cost
parameters are presented in 2011 Thai Baht (THB)
(THB 31 = US $1).

Utility scores were elicited by applying the Euro-
pean Quality of Life-5 Dimensions (EuroQol Group,
Rotterdam, the Netherlands) (EQ-5D) instrument to
data garnered during interviews that took place in
May 2012 and June 2012 with Thai patients with
CML aged between 15 and 60 years who were
receiving treatment at Ramathibodi or Srinakarin
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Table I. Parameters used in the model.

Parameter

CCyR, % (24-mo follow-up)
High-dose imatinib 800 mg/d
Dasatinib 100 mg/d
Nilotinib 800 mg/d

Adverse events, %

High-dose imatinib
Thrombocytopenia grade 3/4
Neutropenia grade 3/4
Anemia grade 3/4
Leukopenia grade 3/4

Dasatinib
Thrombocytopenia grade 3/4
Neutropenia grade 3/4
Anemia grade 3/4
Leukopenia grade 3/4
Pleural effusion all grades

Nilotinib
Thrombocytopenia grade 3/4
Neutropenia grade 3/4
Anemia grade 3/4
Pleural effusion all grades

Transitional probabilities per cycle
CP to AP for responder’

CP to AP for nonresponder!

AP to BP*

BP to death®

Drug costs per day, THB
High-dose imatinib (800 mg/d)
Dasatinib 100 mg/d
Nilotinib 800 mg/d
Hydroxyurea 2000-3000 mg/d

Direct medical costs, THB
CP (per y)

High-dose imatinib
Dasatinib
Nilotinib

AP (per y)

BP
Outpatient (per y)
Hospitalization (per mo)

Direct non-medical costs, THB
CP (per 6 mo)
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Distribution

B

Fixed
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Mean (SE)

18 (5)
44 (4)
41 (3)

14 (5)
39 (7)

8 (4)
16 (5)

23 (3)
35 (4)
13 (3)
18 (3)
14 (3)

30 (3)
31 (3)
1 (2)
(1)

0.005 (0.000)
0.025 (0.004)
0.028 (0.002)
0.180 (0.020)

7,333
5,136
5,961

130

26,105 (28,006)
40,399 (40,570)
54,782 (47,638)
37,992 (42,454)

26,933 (23,558)
15,522 (19,818)

Ref 7
Ref 10
Ref 14

Ref 7

Ref 10

Ref 14

Refs 15,16
Refs 15,16
Ref 17

Ref 17
Thailand FDA

Chart review

Chart review
Thailand CHI

Interview

(continued)
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Table I. (continued).

Parameter Distribution Mean (SE)
High-dose imatinib 4,282 (4,282)
Dasatinib 47,578 (40,615)
Nilotinib 14,331 (3,942)
AP (per 6 mo) 3,429 (1,715)"  Interview
BP—palliative care at home (per 6 wk) 45,010 (22,505)! Ref 18
Treatment cost related to adverse events (per episode), THB Y Ref 19
Thrombocytopenia grade 3/4 2,315 (1,157)
Neutropenia grade 3/4 7,661 (3,830)
Anemia grade 3/4 1,989 (994)
Leukopenia grade 3/4 7,661 (3,831)
Pleural effusion all grades 7,889 (3,945)
Utility (EQ-5D) §
cp Interview
High-dose imatinib 0.648 (0.064)
Dasatinib 0.749 (0.042)
Nilotinib 0.810 (0.041)
AP 0.514 (0.257)"  Interview
BP 0.314 (0.157)"  Assumed

AP = accelerated phase; BP = blast phase; CCyR = complete cytogenetic response; CHI = Central Office for Healthcare
Information; CP = chronic phase; EQ-5D = European Quality of Life-5 Dimensions (EuroQol Group, Rotterdam, the
Netherlands); FDA = Food and Drugs Administration; PFS = progression-free survival; THB = 2011 Thai Baht (THB 31 =

us $1).

“Achieving CCyR; PFS at 24 months was 95%.
TNot achieving CCyR; PFS at 24 months was 74%.
*Median PFS in AP was 49 months.

SMedian overall survival in BP was 7 months.
ISet to 50% of mean.

Hospital. The Thai scoring function was used to
transform multi-attribute health status to utility
scores.”” Unfortunately, no patients with BP-CML
were identified during the data-collection period. Prior
studies in other settings have reported that utilities in
patients with BP-CML were lower than those in
patients with AP-CML by ~0.2.*® On the basis of
this, we assumed that the utility score of patients with
BP-CML would be 0.31 (Table I).

Data Analysis

The results of the analysis are presented as incre-
mental cost-effectiveness ratios (ICER), in THB per
quality-adjusted life year (QALY) gained. The Subcom-
mittee for Development of the National List of Essential
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Medicines sets the cost-effectiveness ceiling threshold as
equal to 1 gross domestic product per capita.”* As a
result, we used the ceiling threshold of THB 120,000
(US $3870) per QALY gained in our analysis.

A one-way sensitivity analysis was undertaken to
explore the uncertainty in each input parameter
individually (taking into account a discounted rate
of 0% and 6% per annum, the CCyR rate, the
probability of transitioning from CP to AP, the utility,
and the cost); the findings are presented in a tornado
diagram. A probabilistic sensitivity analysis was car-
ried out to assess the effect of all parameter uncer-
tainties together, using a Monte Carlo simulation
approach in Excel 2007 (Microsoft Corporation,
Redmond, Washington). A thousand simulations were
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run to yield a range of possible values for ICERs in
THB per QALY gained. Average ICERs are presented
on a cost-effectiveness plane.

Lastly, a budget impact analysis was performed to
forecast the budget necessary for the next 5 years if
dasatinib and/or nilotinib were to be included in the
NLEM in Thailand. Data on the current number of
patients with CML in Thailand were not available, but
expert opinion was canvassed, and 1400 was given as
an estimate, of whom 32.5% were estimated as failing
to respond to standard-dose imatinib.”*™*” Thus, in the
cumulative case, 445 cases (1400 x 32.5%) were
estimated as needing second-line treatment, with ~ 60
new cases of patients with CML who are resistant to
first-line treatment emerging each year (incidence rate,
0.5 per 100,000 population x 32.5%).* Currently,
there is an access program for nilotinib, in which the
cost of the treatment is shared between the Thai
government and the private sector; in this program,
the treatment is offered at a price 83% lower than the
current market price. We therefore performed a budget
impact analysis using this additional scenario.

RESULTS
Dasatinib and nilotinib were found to be more effective
treatment options than high-dose imatinib in patients
with CML who were resistant to first-line treatment.
Once second-line treatment was commenced, median
predicted survival in patients treated with dasatinib or
nilotinib was 14 years. Of these, the patients treated
with dasatinib lived slightly longer, on average, than did
those treated with nilotinib (Figure 2).

Derived from the probabilistic model, the data from
Table II illustrate estimated lifetime costs and outcomes
with the different treatment options, ranging from THB

W. Kulpeng et al.

— General population

0-9 7 — CGR

0.8 — Dasatinib

0.7 4 == Nilotinib
= 0.6 1 * High-dose imatinib
S 0.5 no CCyR
A 0.4 -

0.3 -

0.2 4

0.1 1 \

P e ST T

10 15 20 25 30 35 40 45 50 55 60
Time After Start of 2nd-Line Treatment (y)

Figure 2. Estimated survivals of hypothetical
patients aged 38 years. CCyR = com-
plete cytogenetic response.

24 to 28 million in costs and 6.59 to 9.16 QALYs
gained. Treatment with dasatinib exhibited the lowest
cost and greatest life expectancy among the treatment
options. Conversely, nilotinib revealed the highest cost
and outcome (in terms of QALY) as well. It also yielded
a life expectancy similar to that with dasatinib. High-
dose imatinib proved less effective than other treatments.

Both dasatinib and nilotinib were found to be more
cost-effective compared with high-dose imatinib
(Figure 3). Dasatinib was less costly (THB
1,631,331) than was high-dose imatinib and resulted
in more QALYs (2.13). Nilotinib was found to be
more costly than high-dose imatinib and generated
more QALYs for patients compared with high-dose
imatinib, yielding an ICER of THB 83,328 per QALY
gained. A 1-way sensitivity analysis indicated that the
variation in CCyR rate and discounting rate had a
significant effect on the model (Figure 4).

Table II. Lifetime costs and outcomes of different treatment regimens.
Cost, THB

Treatment Options Societal Perspective Government Perspective LYs QALYs
High-dose imatinib 27,438,778 27,184,602 11.17 6.59
Dasatinib 25,807,447 24,732,470 12.87 8.72
Nilotinib 27,653,184 27,213,170 12.71 9.16
LYs = life-years; QALY = quality-adjusted life-years; THB = 2011 Thai Baht (THB 31 = US $1).
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Ceiling threshold
of THB120,000

I
N

Incremental Cost (THB, in millions)
o

+ Dasatinib

-4 L * e . ICER=-765,681
0‘ - = s& - . . L.
6 ‘i = Nilotinib
‘. ICER=83,328

]
(e}

-3 -2 -1 0 1 2 3 4 5 6

Incremental QALYs

Figure 3. Incremental cost-effectiveness plane
illustrating ICER of nilotinib and da-
satinib. ICER = incremental cost-ef-
fectiveness ratio; QALY = quality-
adjusted life-years; THB = 2011 Thai
Baht (THB 31 = US $1).

Five-year budgets for providing dasatinib, nilotinib,
and high-dose imatinib were estimated at THB 5 billion,
THB 6 billion, and THB 7 billion, respectively (Table
IM). If the current nilotinib treatment program, which is
supported by the private sector and offers treatment at a
price 83% lower than that of the market, was to be
extended for an additional 5 years, the cost of including
nilotinib on the NELM would be THB 1.5 billion.

A
CCyR-imatinib
Discounting
CP to AP
CCyR-Nilotinib
Costs-Nilotinib*
Costs-imatinib*
Utility-Nilotinib

Utility-imatinib

T T T T 1
-500% 0% 500%

% Change in ICER from a Mean of
THB 86,504 per QALY

-1000%

1000%

DISCUSSION

Compared with high-dose imatinib, both dasatinib
and nilotinib are considered to be more cost-effective
options for treating patients with CP-CML who are
resistant to or intolerant of imatinib 400 mg/d in the
Thai context. The budget impact analysis revealed
that offering dasatinib or nilotinib was less expensive
than offering high-dose imatinib.

The results of this study contrast with those
obtained from a recent UK study, which indicated
that only nilotinib treatment represented good value-
for-money in the UK context.”® This can be explained
by the fact that the UK study used major cytogenetic
response (MCyR) as its indicator of success, which
represents a less-effective response in terms of blast
cell reduction than does CCyR (1%-35% compared
with 0%). Using MCyR as an efficacy indicator,
dasatinib, nilotinib, and high-dose imatinib yielded
efficacy rates of 58.1%, 52.4%, and 44%, respec-
tively.”® Meanwhile, our study, which used CCyR as
an efficacy indicator, found that dasatinib, nilotinib,
and high-dose imatinib yielded efficacy rates of
43.7%, 41.1%, and 18.37%.”'%'* Efficacy was
associated with PFS, which is typically used to predict
time spent on treatments in economic models. An
effective treatment has increased both the patient’s
life-expectancy and costs due to the long-term nature
of the treatment, especially in patients with chronic

B
CCyR-imatinib
Discounting
CP to AP
CCyR-Dasatinib
Utility-imatinib
Utility-Dasatinib
Costs-Dastinib*

Costs-imatinib*

-100% 0% 100% 200%

% Change in ICER from a Mean of
THB -756,172 per QALY

-200%

Figure 4. Tornado diagram. A, nilotinib versus high-dose imatinib; B, dasatinib versus high-dose imatinib.
*Direct medical costs excluding drug price. AP = accelerated phase; CCyR = complete cytogenetic
response; CP = chronic phase; ICER = incremental cost-effectiveness ratio; QALY = quality-
adjusted life-years; THB = 2011 Thai Baht (THB 31 = US $1).
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Table Ill. Estimated budgets of implementing dasatinib and nilotinib. Data are THB, in billions.

Year High-Dose Imatinib  Dasatinib  Nilotinib  Nilotinib (Access Program)
1 1.16 0.83 0.96 0.19

2 1.27 0.94 1.08 0.26

3 1.38 1.04 1.18 0.32

4 1.46 1.13 1.28 0.37

5 1.54 1.21 1.36 0.41

Total 6.81 5.16 5.85 1.54

Difference vs high-dose imatinib —

THB = 2011 Thai Baht (THB 31 = US $1).

diseases such as CML. The UK study supports that
dasatinib would become a cost-effective treatment if
the PFS (time spent on treatment) for dasatinib were
lowered to the same level as nilotinib.?® The difference
in the efficacy indicators used in both studies would
result in different study conclusions. This is also
proved by our results from the 1-way sensitivity
analysis, which demonstrates that a variation in CCyR
rates (particularly for high-dose imatinib) strongly
influences the ICER. The use of CCyR as an efficacy
indicator has become the current clinical practice both
in Thailand and around the world."**” Our study
corroborates findings from a study in Sweden, which
also found dasatinib to be a more cost-effective
alternative than high-dose imatinib.®

In our study, the lifetime treatment cost per patient
was estimated to be THB 27 million with dasatinib
and THB 29 million with nilotinib. These figures are
high compared with those from other studies.®*® The
difference in the age at which patients typical begin
second-line treatment in the Thai and European
contexts may account for some of this difference.
The median age of the onset of CML in Asian
populations (45 years) is less than that in Western
populations (~69 years). Most of the lifetime
treatment costs in patients arise from drug
expenditure. With this in mind, it is notable that
drug costs per day of dasatinib and of nilotinib are
higher in Thailand than in the United Kingdom
(dasatinib costs THB 5136 in Thailand compared
with  THB 4096 in the United Kingdom, and
nilotinib costs THB 5961 in Thailand compared
with THB 4262 in the United Kingdom).”® This is
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-1.65 -0.95 -5.27

likely to be a significant cause of the high total cost in
our study. Importantly, the 83% reduction in the cost
of nilotinib offered by the access program would
reduce the lifetime cost per patient in our model
by 70%.

One of the strengths of this study was the use of
CCyR as an indicator of patient survival, in contrast
to previous studies, which employed MCyR. In addi-
tion, treatment duration is a major factor determining
CCyR/MCyR; this study therefore identified the effi-
cacies of the treatments by assessing studies with the
same follow-up period (24 months). Nonetheless, this
study contains some limitations. First, the efficacy
data used in this study were obtained from 3 different
clinical trials because we could not identify a study
that compared all 3 medicines. Second, this analysis
did not consider allogeneic stem cell transplantation
because very few patients (<20 patients per annum)
have access to that treatment’’ due to the limited
number of matched donors and to a shortage of health
care professionals who are able to perform it.

Dasatinib and nilotinib should be included in the
NLEM. Nilotinib was found to be an option superior
to dasatinib from the governmental perspective due to
the greater number of QALYs gained and the lower
procurement costs (due to the subsidy program). This
recommendation also aligns with that of the National
Institute for Health and Care Excellence.’! However,
dasatinib and nilotinib have distinctive response
patterns according to their mutation status'’** and
cannot be used as substitutes for each other. There-
fore, both should be included in the NELM. Nilotinib
should be considered as the first option for the
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treatment of patients with CML who are resistant to
or intolerant of standard-dose imatinib and who are
eligible for the subsidy program.

CONCLUSIONS

Treatment with dasatinib or nilotinib is likely to be
more cost-effective than treatment with high-dose
imatinib in patients with CP-CML who do not
respond positively to standard-dose imatinib in the
Thai context. Dasatinib was found to be more cost-
effective than nilotinib.
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A cost-utility analysis of alternative drug regimens
for newly diagnosed severe lupus nephritis patients
in Thailand
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Abstract

Objective. The aim of this study was to assess the value of four drug regimens for newly diagnosed
severe LN from a societal perspective.

Methods. A model-based cost-utility analysis was devised to measure lifetime costs and health out-
comes. Current treatment options consisting of different combinations of i.v. CYC, AZA and MMF were
compared with a baseline regimen of i.v. CYC in both the induction and maintenance phases. Resource
use and costs were derived from medical records reviews and databases. Event rates were elicited from
randomized controlled trials. Relative treatment effects were obtained from meta-analyses. Health utilities
were obtained from a real cohort of patients to estimate the outcome of quality-adjusted life years.

Results. It was found that a treatment regimen that combined i.v. CYC in the induction phase with AZA in
the maintenance phase was cost saving compared with the baseline regimen. Treatment with i.v. CYC in
the induction phase and MMF in the maintenance phase and treatment with MMF in the induction phase
and a reduced dose of the same in the maintenance phase turned out to be a negatively dominated
regimen.

Conclusion. In the Thai context, the combination of i.v. CYC for the induction phase followed by AZA for
the maintenance phase should be considered as the first-line therapy for newly diagnosed severe LN, as it
seems to be the most cost-saving regimen.

Key words: lupus nephritis, mycophenolic acid, cyclophosphamide, azathioprine, immunosuppressive agents,
health care rationing, decision support techniques, costs and cost analysis, economic models, Thailand.

Introduction burden differ depending on the location [1]. In developing
_ ) _ _ _ countries, patients with SLE are far more likely to exhibit
SLE is an autoimmune disease with symptoms ranging | N than patients in more developed countries and this

from minor skin and joint complaints to serious organ  jmpacts directly on their morbidity and mortality. The
issues, such as nephritis and neuropsychiatric problems.  existing evidence has shown that 64-69% of SLE patients
Although the disease is found in populations all over the iy South East Asia have LN compared with 28% in Europe
world, its prevalence, clinical spectrum, seriousness and [2]. LN, in Thailand, presents a 5-year survival rate of 77%,

with infection (51%) and renal failure (29%) as the main
causes of death [3].

"Health Intervention and Technology Assessment Program (HITAP), LN treatment is usually administered in two pha-
Department of Health, Ministry of Public Health, 2Department of

Disease Control, Ministry of Public Health, Nonthaburi and 3Renal ses'—the f_'rSt phase aims to halt progreSS|or.1 (known "’_‘S
Division, Department of Medicine, King Chulalongkorn Memorial the induction phase) and the second phase aims to avoid
Hospital, Chulalongkorn University, Bangkok, Thailand. recurrence and prevent end-stage renal disease (ESRD),
Submitted 4 January 2013; revised version accepted 26 July 2013. renal and extra-renal lupus activity and death (known as
Correspondence to: Adun Mohara, Health Intervention and the maintenance phase). Current Thai clinical practice
Technology Assessment Program (HITAP), 6th floor, 6th building, ideli d | dnisol 60 /d

Department of Health, Ministry of Public Health, Tiwanon Road, guice .'nes recommen or2a predniso on.e (60 mg/day)
Muang, Nonthaburi, 11000 Thailand. E-mail: adun.m@hitap.net plus i.v. CYC (0.5-1g/m®) as appropriate treatment
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Cost-utility analysis of LN treatment

during both the induction phase (monthly for 6 months)
and the maintenance phase (every 3 months for 2 years)
[4]. However, this approach can cause adverse effects
in patients, including major and minor infections, amen-
orrhoea and haematological and gastrointestinal events
[5, 6].

Evidence from a number of randomized control trials
(RCTs) has suggested that there are other drugs that
may be more appropriate for treating LN. Oral AZA, for
instance, which has limited use in induction therapy due to
its relatively high relapse rate, has shown efficacy in treat-
ing LN in the maintenance phase and has a better safety
profile than i.v. CYC [7]. In addition, there is evidence that
MMF, which is increasingly being used as an immunosup-
pressive agent in autoimmune disease, can be used in
both the induction and maintenance phases for LN with
equal efficacy and fewer side effects than the standard
therapy of i.v. CYC [8].

Effective treatment of LN at an early stage reduces the
number of patients who go on to suffer irreversible ESRD
and thus reduces the cost of treatment [9]. Given the high
cost of renal dialysis (which has a lifetime cost at an onset
age of 30 years of ~8 000000 baht) [10], the prevention of
ESRD in severe LN patients is likely to be a cost-saving
intervention. Policymakers must decide how best to dis-
tribute health resources in a way that guarantees the best
outcomes for patients while maintaining financial effi-
ciency. Economic evaluations are an essential tool in the
decision-making process of any healthcare system.

To date, no economic evaluation studies have been
conducted that examine this issue in the context of de-
veloping countries. This study was conducted in response
to a request from the Subcommittee for Development of
the Health Benefit Package and Service Delivery of the
National Health Security Office in the hope that the data
will inform recommendations on the best treatment option
for patients with LN within the Universal Coverage scheme
in Thailand [11]. This study aims to compare, from a so-
cietal perspective, the cost and utility of different drug
regimens for both the induction and maintenance
phases of newly severe LN treatment in patients.

Methods

Lifetime costs and outcomes were simulated for a hypo-
thetical cohort of newly diagnosed active severe LN pa-
tients at an average age of 40 years receiving different
immunosuppressive therapy drug regimens. All future
costs and outcomes were discounted at a rate of 3%
per annum, as recommended by Thailand’s health tech-
nology assessment guidelines [12]. Primary outcomes of
interest were lifetime costs, quality-adjusted life-years
(QALYs) and the incremental cost-effectiveness ratio
(ICER) in Thai baht per QALY gained.

Intervention and comparators

The current Thai guidelines for the management of severe
LN recommend a treatment of oral prednisolone plus i.v.
CYC monthly (in the induction phase), followed by i.v.
CYC treatment administered every 3 months (in the
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maintenance phase); this treatment was thus set as the
baseline comparator. A number of immunosuppressive
agents, such as AZA and MMF, which have been widely
available and commonly used in the treatment of autoim-
mune diseases, were assessed to see whether they can
be used as effective alternative interventions for LN
patients.

Although treatment dosage can vary from patient to pa-
tient, for our analysis we examined RCTs that included the
most common dosages. The dosages of the drug regi-
mens included in this economic evaluation were as
follows:

Regimen 1: iv. CYC at an average dose of
1000 mg/m? monthly for 6 months during the induc-
tion phase followed by i.v. CYC every 3 months to
complete 3 years during the maintenance phase (i.v.
CYC — i.v. CYC as the baseline comparator).

Regimen 2: iv. CYC at an average dose of
1000 mg/m? monthly for 6 months during the induc-
tion phase followed by AZA at an average dose of
50 mg/day to complete 3 years during the mainten-
ance phase (i.v. CYC — AZA).

Regimen 3: iv. CYC at an average dose of
1000 mg/m? monthly for 6 months in the induction
phase followed by MMF at an average dose of
1000 mg/day to complete 3 years in the maintenance
phase (i.v. CYC — MMF).

Regimen 4: MMF at an average dose of 2000 mg/day
for 6 months in the induction phase followed by a
reduced dose of MMF of 1000 mg/day for 6 months
and then AZA at an average dose of 50 mg/day to
complete 3 years in the maintenance phase (MMF —
low-dose MMF).

Model structure

A Markov simulation model was constructed with
Microsoft Excel 2007 (Microsoft Corp., Redmond, WA,
USA) to calculate the lifetime costs and health outcomes
of the patient sample. The time horizon used in this study
was the patient’s lifetime. The cycle lengths were set at 6
months in the first year and 12 months in the following
year—reflecting the induction and maintenance phases.
Three mutually exclusive alternative regimen treatment
options (i.v. CYC — AZA, i.v. CYC - MMF and MMF —
low-dose MMF) were compared with the baseline com-
parator (i.v. CYC — i.v. CYC).

Five represented health states (active disease, com-
plete and partial remission, ESRD and death) were defined
to reflect the main outcome measurement typically re-
ported by RCTs in the area of LN treatment (Fig. 1). For
the active disease, complete and partial remission were
divided into three substates (induction phase of treatment,
maintenance phase of treatment and after 3 years of treat-
ment) to reflect the fact that cost components and transi-
tion probabilities among various health states vary
depending on treatment time. Treatment complications
were included within health states as, typically, they
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Fic. 1 Markov model of treatment for newly diagnosed severe LN patients.
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were resolved in <1 year. The arrows in the figure repre-
sent the possible transitions from one state to another at
the end of each cycle length. Parameters that were em-
ployed in the model include transitional probability, rela-
tive treatment effect, resources use and cost and utility.

Transitional probabilities and relative treatment effects

An extensive literature review was conducted and several
relevant studies were identified that compared alternative
treatment strategies for LN. The PubMed database
was searched using the following keywords: (lupus neph-
ritis' [MeSH]) AND (cyclophosphamide [MeSH] OR
azathioprine [MeSH] OR mycophenolic acid [MeSH)]).
Only articles published between January 2000 and July
2012 that were written in English, Spanish or Thai were
considered, and only studies pertaining to humans were
included in the sample. Study types that were considered
included controlled clinical trials, RCTs, clinical trials and
comparative studies. We identified 10 studies that met the
inclusion criteria; that is, they gave details of the dosage of
the drugs under consideration and examined the treat-
ment outcomes for any of our five defined health states.

The baseline transitional probabilities of patients who
received the treatment regimen of i.v. CYC — iv. CYC
(baseline comparator) were retrieved from three eligible
studies. The probability of transitioning from partial to
complete remission was obtained from Melo et al. [13].
The rest of the transitional probabilities were obtained
from Ong et al. [14] and lllei et al. [15], for induction and
maintenance data, respectively. Age-specific data on the
probability of dying for the Thai general population was
taken from the Thai Working Group on Burden of Disease
and Injuries report [16] to account for deaths that were not
caused by LN disease. Lastly, a hazard function from
Teerawattananon et al. [10] was included to calculate
the renal death risk of ESRD in Thai patients. This study
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assumed that patients in the cohort would not suffer from
ESRD during the first 6 months of treatment.

Relative treatment effects of intervention regimens in the
induction phase were retrieved using the same approach.
The PubMed database was searched using the same key-
words mentioned above but examined only systematic re-
views and meta-analyses. The study by Lee et al. [17] was
selected to estimate the relative treatment effect in the
induction phase, since this study provided the most com-
prehensive set of treatment effect parameters, including
complete and partial remission, ESRD and death.

Due to the absence of any meta-analyses that compare
all maintenance treatment comparators simultaneously in
head-to-head RCTs, it was necessary to create an indirect
evidence synthesis to establish the efficacy of the treat-
ments. Six RCTs that investigated the therapeutic strate-
gies of interest were identified [18-23]. An observational
study by Mok et al. [24] was also included to complement
the data from the RCT by Yee et al. [21]. A fixed effects
multitreatment meta-analysis of unobserved heterogeneity
among treatment strategies was performed using
WinBUGS 1.4.3. (Medical Research Council, Cambridge,
UK and Imperial College London, UK). This approach
allowed us to combine direct with indirect comparisons;
the concurrent analyses of the relative effects of several
treatment strategies were performed with 50 000 iterations.

Rates of major infection occurring as a severe compli-
cation in patients receiving different regimens were
retrieved from five RCTs that explicitly reported patients
suffering from major infections [18, 19, 22-24]. To account
for heterogeneity in the included studies, a random effects
pooled mean meta-analysis was performed using
WinBUGS 1.4.3 with 50000 iterations.

Resource use and costs

Resource use and costs were measured in terms of direct
medical and non-medical costs. Direct medical costs
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consisted of drug costs and health care services costs for
treatment of LN and its complications. Drug costs were
calculated on the basis of the median procurement price
for the drug from all public hospitals across the country,
as collected by the Ministry of Public Health [25]. Health
care resource use was estimated using data from a med-
ical records review on LN treatment at four tertiary care
hospitals in Thailand (laboratory tests and drug adminis-
trative costs). The resources used were multiplied by the
unit costs from the standard costing list for health tech-
nology assessment to estimate the total direct medical
costs of the treatment [26]. The health care cost of treating
major infections (the main complications that require hos-
pitalization) was obtained from the Thai hospitals data-
base [27]. The cost of treating Thai patients with ESRD
was retrieved from Teerawattananon et al. [10].

In addition, direct non-medical costs (costs of transpor-
tation, meals, accommodations, facilities and informal
care) and the costs of productivity loss due to sick leave
were estimated from the standard costing list for health
technology assessment [26]. As this study was a compari-
son of treatment strategies, cost items that were approxi-
mately identical in all of the assessed regimens were
excluded, such as the cost of prednisolone among treat-
ment options. All costs were adjusted using the consumer
price indexes published by the Ministry of Commerce in
Thailand for the price year 2012 [28].

Utility weights

Using the EQ5D instrument, utility weights in which values
ranged from O (death) to 1 (full health) for calculating QALY
were obtained from 216 observations of patients (18 pa-
tients for 12 visits each, on average) in four tertiary care
hospitals in Thailand. The subjects’ written consent was
obtained according to the Declaration of Helsinki and the
study was approved by the Committee on Human Rights
related to Research involving Human Subjects from
Chulalongkorn Hospital, Nopparat Rajathanee Hospital,
Tammasart Hospital and Srinakarin Hospital. The mean
age of patients was 40 years. The LN patients’ quality of
life, classified by the disease health stage of inter-
est—namely complete remission, partial remission, active
disease, renal failure and major infection—presented utility
weights of 0.94, 0.85, 0.764, 0.689 and 0.223, respectively.

Uncertainty analysis

Two types of uncertainty analysis were conducted to es-
timate the impacts of parameter uncertainty. A probabil-
istic sensitivity analysis (PSA) was performed to examine
the effect of all parameter uncertainty simultaneously.
Using a Monte Carlo simulation, PSA was performed
using Microsoft Excel 2003 with 1000 iterations to yield
a range of probable values for the ICERs. In addition, one-
way sensitivity analyses were performed to examine the
uncertainty surrounding each parameter individually in
order to define the most influential parameters on the
ICER. The input parameters used in the model are
shown in supplementary Tables S1 and S2, available at
Rheumatology Online. Finally, the model was validated by
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comparing the estimated life-years with those of a study in
Thailand [3] and another conducted in multiple countries
[29].

Results

The cost-utility of alternative treatment regimens was as-
sessed by calculating the ICERs. Three treatment regi-
mens were compared with the one used as the baseline
comparator (i.v. CYC — i.v. CYC). It was found that, for
patients at the average age of 40 years, the regimen of i.v.
CYC — AZA was a better option, as it both saves cost
(13300 baht) and offers more benefits in terms of QALYs
gained (0.27). However, in comparison with the baseline
regimen, the regimen of i.v. CYC - MMF and MMF —
low-dose MMF were found to provide more benefits,
albeit at a higher cost (ICER=618 000 and 350 000 baht/
QALY, respectively). Three regimens (i.v. CYC — i.v. CYC,
i.v. CYC - MMF and MMF — low-dose MMF) are domi-
nated by i.v. CYC — AZA (Table 1). These results suggest
that the regimen of i.v. CYC — AZA was likely to be the
most effective regimen of all the alternatives. The regimen
of MMF — low-dose MMF and i.v. CYC — MMF could be
considered as inferior alternatives, as they provided simi-
lar benefits but at a higher cost. A cost-effectiveness
plane was used to illustrate the findings in Fig. 2.

After conducting a PSA with 1000 iterations, the max-
imum expected net monetary benefit was estimated for
each ceiling ratio value in which society would be willing to
pay for a QALY gained. It was found that at the current
cost-effectiveness ceiling threshold in the Thai context of
120000 baht/QALY gained [11], the regimen of i.v. CYC
— AZA constituted the highest probability of a cost-
effective regimen at this threshold and also across a
wide range of willingness to pay (WTPs), ranging from
50000 to 1000000 baht/QALY gained (supplementary
Figs S1 and S2, available at Rheumatology Online). In
addition, one-way sensitivity analysis indicated that the
parameters of drug efficacy, especially the relative risks
of complete remission, partial remission and renal failure,
were the most influential parameters on the level of ICER
uncertainty (supplementary Figs. S3-S5, available at
Rheumatology Online).

Discussion

This study compares the cost-utility of alternative treat-
ment regimens for LN. The analysis indicates that, in the
context of developing countries, the regimen of i.v. CYC
— AZA was likely to be the cost-saving regimen com-
pared with baseline regimen (i.v. CYC — i.v. CYC). To
compare this finding with other previous study results,
another analysis that evaluated the cost-effectiveness of
MMF and i.v. CYC in the context of induction therapy for
active LN in developed countries was conducted in 2007
[30]. The results suggested that MMF was the best choice
for first-line therapy, since it led to better quality of life and
cost less than i.v. CYC. However, it was conducted with a
short-term time horizon for the induction phase and did
not consider critical outcomes such as renal failure and
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TasLE 1 Results of the ICER among alternatives compared with the baseline regimen

ICER compared
Average Incremental Incremental ICER compared with the alternative
having a smaller
(baht/QALY) ICER (baht/QALY)

lifetime Average cost from QALYs from with BL

Alternative treatments cost (baht) QALYs BL (baht) BL (QALY)

i.v. CYC — i.v. CYC (BL) 3979910 9.439 — - — Dominated
iv. CYC — AZA 3966611 9.710 —13299 0.2705 —49167 Dominant

MMF — low-dose MMF 4072513 9.705 92602 0.2653 349 029 Dominated
iv. CYC - MMF 4118461 9.663 138550 0.2242 618014 Dominated

BL: baseline regimen.

Fic. 2 Cost-effectiveness plane.

200,000
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A
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50,000

IV CYC -> IV CYC (BL)
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-50,000
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death, which occur later in treatment. To our knowledge,
our analysis was the first study that considered all pos-
sible regimens for both the induction and maintenance
phases of LN treatment in a developing country.
Moreover, this study took into account the main critical
consequences (ESRD and death) influencing cost and
outcome in the long run.

The findings from the 2007 developed country study
indicated that MMF induction therapy was likely to give
patients with LN a better quality of life at a lower cost than
i.v. CYC. This is predominantly due to the fact that MMF
requires no day-case procedures to be administered,
unlike i.v. CYC. Moreover, MMF treatment also resulted
in significantly decreased incidences of adverse events,
particularly major infection, compared with i.v. CYC [30].
In contrast, in the context of Thailand, our study found that
the costs of i.v. CYC treatment were not particularly high.
The hospital costs for administering this regimen in day-
case procedures and the patient costs for transportation,
informal care and productivity loss due to sick leave ac-
counted for 6000 baht/year. This does not represent a
high burden when compared with the cost of MMF as
first-line therapy (78 000 baht in the first year of treatment).
Moreover, while the rate of major infection for the MMF
regimen was considerably lower than for the regimen of
i.v. CYC — i.v. CYG, it was not found to be significantly
lower than that for the regimen of i.v. CYC — AZA.
Therefore our study identified the regimen i.v. CYC —
AZA as the best treatment option due to the relatively
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low drug costs and long-term benefits that were compar-
able to those of MMF regimens.

The findings in our study should be interpreted with
caution, given the following limitations of the study. First,
only the most severe adverse effect (major infection) was
taken into account, while other adverse effects, such as
haematological and gastrointestinal events, alopecia and
amenorrhoea, were not considered. Therefore, although
the regimen of i.v. CYC — AZA was found to be the
most appropriate treatment option, other alternative
MMF regimens that offered a better safety profile for
gastrointestinal events and amenorrhoea may be con-
sidered as appropriate. Second, this model estimate
was based on fixed dose regimens regardless of the out-
comes of treatment and complications that may lead
physicians to reduce the dose of drugs, which would
then potentially reduce the treatment benefits accord-
ingly. Third, due to policy-related time constraints and
the rarity of the condition, the sample size for estimating
some utility parameters was not big enough to obtain high
statistical power to represent the Thai patient population.
Fourth, the generalizability of results is restricted to similar
patient populations from contexts with similar character-
istics to Thailand. Issues such as the structure of health-
care delivery and ethnicity may play an important role
in limiting the use of these results in other settings and
therefore careful judgment should be used for their
extrapolation.

A number of parameter limitations were identified and
this suggests that our findings require further research.
The sensitivity analysis indicated a wide range of param-
eter uncertainty, especially in the parameter of efficacy
leading to complete or partial remission and renal failure
in all alternative drug regimens compared with the baseline
regimen. An analysis that takes into account a selection of
head-to-head RCTs that examine both the induction and
maintenance phases and concurrently compares all pos-
sible treatment regimens will be required to derive precise
efficacy parameters. Moreover, this study did not include
treatment data on rituximab and new immunomodulatory
agents since their role has yet to be fully explored [31].
Therefore economic evaluation studies should be con-
ducted in this area when data become available.

Finally, due to the scope of the study focusing only on
newly diagnostic LN patients, the recommendation on
treatment for complicated cases of relapse or resistant
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proliferative LN should be the subject of further study. An
economic evaluation alongside a clinical trial has been
registered since 2009 at ClinicalTrails.gov (NCT01015456)
and the results are to be published in 2014.

In conclusion, this study highlighted that, at the current
price, the regimen of i.v. CYC for the induction phase fol-
lowed by AZA for the maintenance phase (i.v. CYC —
AZA) should be recommended as the first-line therapy
for newly diagnosed severe LN patients, as it seems to
be the most cost-saving regimen. These recommenda-
tions have been endorsed by the Subcommittee for the
Development of the Health Benefit Package and Service
Delivery in Thailand.

Rheumatology key messages

o Intravenous CYC followed by AZA appears to be a
cost-effective treatment in newly diagnosed LN
treatment.

o MMF offers limited value to newly diagnosed severe
LN patients in Thailand.
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Abstract

formulate policy recommendations.

recommended.

Background: Thailand faces a significant burden in terms of treating and managing degenerative and chronic
diseases. Moreover, incidences of rare diseases are rising. Many of these—such as diabetes, cancer, and inherited
inborn metabolic diseases—have no definite treatments or cure. Meanwhile, advanced health biotechnology has
been found, in principle, to be an effective solution for these health problems.

Methods: Qualitative approaches were employed to analyse the current situation and examine existing public
policies related to advanced health biotechnologies in Thailand. The results of this analysis were then used to

Results: Our research revealed that the system in Thailand in relation to advanced health biotechnologies is
fragmented, with multiple unaddressed gaps, underfunding of research and development (R&D), and a lack of
incentives for the private sector. In addition, there are no clear definitions of advanced health biotechnologies, and
coverage pathways are absent. Meanwhile, false advertising and misinformation are prevalent, with no responsible
bodies to actively and effectively provide appropriate information and education (I&F). The establishment of a
specialised institution to fill the gaps in this area is warranted.

Conclusion: The development and implementation of a comprehensive national strategic plan related to advanced
health biotechnologies, greater investment in R&D and I&E for all stakeholders, collaboration among agencies,
harmonisation of reimbursement across public health schemes, and provision of targeted I&E are specifically

Keywords: Advanced health biotechnologies, Advanced therapies, Pharmacogenomics, Stem cell therapy, Gene
therapy, Tissue engineering therapy, Qualitative research, Biomedical research policy, Health policy, Thailand

Background
Although Thailand has been classified as a technology-
recipient country [1], significant research and develop-
ment (R&D) in several areas of biomedicine has been
undertaken in recent years [2]. A number of excellence
centres for biomedical research have been established in
universities and other institutions, some of which work on
advanced health biotechnologies. Furthermore, a number
of private companies for stem cell research are operating
in the country [3-8].

Prior to 2009, stem cell therapy interventions in clin-
ical practice were entirely unregulated in Thailand. This

* Correspondence: romanperezvelasco@gmail.com; yott@hitap.net
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( BiolMed Central

led to many incidents of exaggerated and false claims
and a number of cases of misconduct among clinicians
offering stem cell therapy, which prompted increased
worldwide attention on these issues [9-12]. In Thailand,
stem cell therapy was provided by a number of institu-
tions and individuals before sufficient research and
development had been undertaken to ensure the safety
of the procedure.

Despite the fact that there is significant regulation of
stem cell research and unproven treatment is now forbid-
den, there continue to be breaches in the law. However,
many positive advances in the field of pharmacogenomic/
pharmacogenetic (PGx) testing have been made in recent
years, with some testing already taking place in public
hospitals [13]. At the same time, however, little attention

© 2013 Perez Velasco et al,; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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has been paid to areas such as tissue engineering and gene
therapy, which have advanced more slowly as a result.

To plan more effectively for the future, the Thai
National Science, Technology and Innovation Policy
Office commissioned the Health Intervention and Tech-
nology Assessment Program (HITAP), a research arm of
the Health Ministry, to conduct research for the develop-
ment of advanced health biotechnologies in Thailand.
This paper provides an assessment of the current situation
in Thailand, including a review of relevant public policy.
Based on this review and analysis, we make a number of
policy recommendations.

Methods

A review of existing literature on advanced health bio-
technologies in Thailand was undertaken using relevant
bibliographic databases, search engines, and websites. The
data was then organised into a conceptual framework.
For benchmarking purposes, research was also conducted
for regions such as the United States and Europe. This
literature review was complemented by information gar-
nered during four focus group discussions involving a
number of relevant stakeholders, including Thai research-
ers, administrators of research institutes, policymakers,
regulators, patient representatives, and physicians. These
took place between October and December 2011 in the
premises of HITAP. Expert opinions and data on the
current situation and existing policies were also col-
lected following attendance at an external consultation,
convened by the National Science and Technology
Development Agency (NSTDA). Two case studies on
facilitators and barriers to the adoption and diffusion of
advanced health biotechnologies were developed, and
the findings from these also informed the study. Finally,
two consultative meetings were held in HITAP in June
2011 and March 2012 to gather additional information,
verify the initial results, and fine-tune the recommenda-
tions. Finally, triangulation was applied to verify the
findings and recommendations. More detail on the re-
search methods, including details of the relevant materi-
als and definitions can be found in the full report, which
is available upon registration at www.hitap.net/en/re-
search/10664.

Review of the situation and public policies

Research and development

Our research revealed that, while a policy document on
advanced health biotechnologies has been developed by
the NSTDA, [14] it fails to provide clear policy directions
for undertaking research in this area. However, this find-
ing is disputed by the key informant of the medical
cluster of the NSTDA, which is responsible for R&D,
technology transfer, human resources, and infrastructure
development associated with science and technology.
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Nevertheless, as a result of the complex management
structures that are in place at the NSTDA (each cluster
has its own director), it is unclear how the policy outlined
in the paper is actually implemented. This lack of a clear
national policy and recommendations on research in
advanced health biotechnologies has meant that many
R&D activities are conducted outside of the scope of the
National Research Council (NRC) and NSTDA. There is
also very little communication between the relevant na-
tional bodies on which areas of advanced health biotech-
nologies in Thailand are supported.

It is recognised that large pharmaceutical firms may be
hesitant to conduct R&D on advanced health biotech-
nologies for a number of reasons, including uncertainty
surrounding the potential benefits and risks of these tech-
nologies, high production costs, strict regulations, and lo-
gistical difficulties [15]. Moreover, to overcome this, it
may be necessary to develop innovative financial mecha-
nisms for R&D and public-private partnerships (PPPs) in
this field [16-20]. However, with no clear national policy
in place, the benefits of such partnerships might not be
maximised or might even result in serving mainly the
commercial interests of those involved.

Owing to the lack of uniformity on international eth-
ical standards in biomedical R&D, very little attention
on this has been paid in Thailand. The system for the
ethical approval of medical research has improved very
little in four decades. One recent survey found that
many of these ethical committees have poor capacity,
lacking codes of conduct and proper regulations to avoid
conflicts of interest [21]. In the area of advanced health
biotechnologies, the situation may be worse even than in
conventional biomedical research because of the rapid
progress of scientific knowledge, involvement of human
donors, and disclosure of close relatives’ genetic infor-
mation, inter alia [22,23]. As a result, researchers have
tended to conduct R&D without applying for ethical
clearance. Moreover, even when ethical clearance is
sought, it is frequently given routinely, with little or no
analysis of the ethical implications of the research.

There have also been several cases where advanced
health biotechnologies were applied in ways that violated
public trust [24-26]; as a consequence, the Medical
Council (MC), which is the medical professional regula-
tory body, has drafted stricter regulations that explicitly
cover all stem cell research and practice conducted by
medical doctors (except for bone marrow transplant-
ation, which is viewed as a conventional procedure).
Under these new regulations, all physicians wishing to
undertake research on stem cell therapy must obtain
both scientific and ethical approval from the MC. How-
ever, Thai experts suggest that many scientists regard
this regulation as an obstacle to advancement in this
field of research. At the same time, it appears that these
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regulations are not fully enforced, perhaps because of in-
adequate regulator capacity and the potential for conflict
of interest [27]. This echoes a case in the US, where the
California Institute for Regenerative Medicine (CIRM)—
the funding agency with the largest amount of public
funds in the state—had on its board a number of experts
from leading research organisations who were respon-
sible for approving grant applications, including those of
their own institutes and their competitors [28].

Despite this, the CIRM funding approach has a number
of notable benefits. Significantly, it implements a system
where more stable funding of research is guaranteed by
the provision of grants over several years, rather than on
a year-by-year basis (which had been the case in previous
years) [28]. This year-by-year allocation system of the li-
mited government budget is the current practice among
almost all Thai research granters, including the NRC and
NSTDA. This system hampers the progress of research,
as suggested by the Tufts Center for the Study of Drug
Development, which estimates that one advanced health
biotechnology product requires an average of 8 years at a
cost of USD 1.2 billion, compared to the average period
of seven years and cost of USD 800 million for one con-
ventional medical product [28].

Authorisation

Many advanced health biotechnologies do not fall clearly
into the classic categories used by many regulatory agen-
cies. In Thailand, the Thai Food and Drug Administration
(TFDA), Department of Medical Sciences (DMSc), and
MC share responsibility for the authorisation of medical
products, medical and laboratory practice, and related ad-
vertising. These organisations do not have a clear and
uniform way of defining and classifying advanced health
biotechnologies. In contrast, in Europe a consensus was
reached in 2007, in the form of the Advanced Therapies
legal and regulatory framework (Regulation (EC) No
1394/2007). In addition, the US Food and Drug Adminis-
tration (FDA) has also developed definitions for regenera-
tive medicine products (neither framework covers PGx
tests, which fall under a different classification). Having
clear definitions and classification is very important, as
regulators can use them to set standards of information
requirements for authorisation, reimbursement, and post-
authorisation activities.

Evidence suggests that, in Thailand, there is both insu-
fficient demand for regulation of advanced health bio-
technologies and inadequate capacity to implement this
regulation should the demand arise. This results from a
number of factors. First, there is a lack of clarity regarding
which body would be responsible for regulating these
kinds of technologies. For instance, the TFDA oversees
only pharmaceutical products (including biologics) and
medical devices, unlike the European Medicines Agency
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(EMA) and the FDA, which have specific expertise in
these kinds of technologies. Furthermore, private biotech-
nology companies are not pushing for approval of their
products because this may not suit their business needs;
for example, many PGx tests are locally produced by
healthcare facilities, which renders them outside the remit
of the TFDA’s regulations. In addition, the Thai market
for advanced health biotechnologies is relatively small
and, as such, private biotechnology manufacturers do not
prioritise marketing in Thailand.

Post-authorisation
We have classified post-authorisation regulatory activities
into the following four areas:

Post-marketing surveillance In the US, the FDA plays
a major role in post-marketing surveillance of advanced
health biotechnologies, including cell therapy, tissue
engineering, and other regenerative medicines [29]. In
Europe, the EMA is responsible for product surveil-
lance, but it varies in the case of monitoring of services,
which is conducted by either national drug regulatory
agencies or health care quality inspectorates [30]. Given
that there is no clear definition or classification of
advanced health biotechnologies in Thailand, we pre-
dict that ensuring safety, effectiveness, and quality of
these technologies after approval is likely to be a chal-
lenge. Recently, the MC prohibited any stem cell ther-
apies except bone marrow transplantation. This should
only be regarded as a short-term solution to ensure the
safety, effectiveness and quality of stem cell treatment;
moreover, this regulation does not extend to surveil-
lance after approval, which means that many therapies
continue to be conducted without sufficient regulation
or monitoring.

Quality assurance of laboratories in the service sector
There is no national authority in place in Thailand to
regulate laboratory practice and quality related to
advanced health biotechnologies—although the DMSc is
responsible for Good Laboratory Practice (GLP) compli-
ance monitoring. The DMSc is also increasing the ca-
pacity of its 15 laboratories across the country in order
to perform a number of PGx tests, mainly focusing on
preventing severe adverse reactions from anti-retroviral
therapy and epilepsy treatment. It is unlikely that the
DMSc will support the private laboratories in their at-
tempt to build their PGx testing capacity. In addition,
the Department has no plan to widen its scope to sup-
port lab activities related to regenerative therapies [31].

Quality assurance of medical services The quality as-
surance system of medical services in Thailand is passive;
that is, the MC only comes into play when complaints are
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made by patients. The MC investigates and punishes med-
ical practitioners if their practice is substandard or negli-
gent, or if they make exaggerated claims or undertake
false advertising, but only after a report or complaint is
made. Patients can also file a lawsuit in the civil and crim-
inal courts. In addition, the MC controls the quality of
services by defining those who are permitted to provide
various services. This means that only those who are
licensed as physicians can prescribe and perform medical
care. At present, because there is no individual or body
specifically tasked with setting standards of care for
advanced health biotechnologies, undertaking quality con-
trol of medical services in this area is certain to be a
challenge.

Promotion/advertisement regulation In Europe, the
advertising of regenerative medicine services has been
prohibited by the European Commission, while the EMA
regulates the advertising of advanced therapy products.

The US allows the advertising of prescription-only
drugs, and, in principle, this should extend to approved
advanced health biotechnology products. However, despite
the FDA’s considerable capacity, problems are still en-
countered in terms of regulating advertisement and sales
for approved advanced health biotechnology products. In
particular, there are calls to restrict direct-to-consumer
(DTC) genetic test advertisements and sales. In Thailand,
the DTC sale of prescription-only products is prohibited
by law, and the legal regulation of medical service adver-
tising is supervised by the Bureau of Sanatorium and Art
of Healing. Despite this, there are still many public adver-
tisements for advanced health biotechnologies, almost all
of which make exaggerated claims [25,32,33].

Reimbursement and related service provision models

The reimbursement of products related to advanced
health biotechnologies is challenging even in the US and
Europe. The assessment of safety, efficacy/effectiveness,
acceptability, and other social consequences is difficult
and varies depending on context, due to differences in pa-
tient and clinician behaviour and delayed health out-
comes, among others. Moreover, the information available
for reimbursement of advanced health biotechnology pro-
ducts is often inadequate when compared to that available
for conventional treatment. The third party payer is often
pressured to approve these technologies because of the
lack of available alternatives. Thus, a number of scholars
have recommended that those payers that are faced with a
promising advanced health biotechnology that may im-
prove patient safety and outcomes, but which still has
significant uncertainty associated with it, introduce cover-
age with evidence development (CED) [34,35]. For ex-
ample, in 2009, the US Center for Medicare and Medicaid
Services initiated CED for warfarin PGx testing, given the
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clinical promise but inconclusiveness or contrary results
that had emerged on the back of the few small rando-
mised controlled trials (RCTs) that had been conducted at
the time [35].

The service and financing models that are currently
available in Thailand were designed for conventional med-
ical technologies. Commonly, public providers buy medi-
cines and medical devices (including medical supplies)
from the private sector and manage them themselves,
which can be seen as a pure purchaser-supplier relation-
ship. The National Health Security Office (NHSO), which
manages the Universal Health Coverage Scheme—the lar-
gest of the three public health plans in Thailand, also buys
commodities at the central level and allocates them to
local public providers. The latter business model is be-
lieved to increase system efficiency because the buyer has
more price negotiation power, although this may come at
the expense of future market competition and the provi-
ders’ autonomy [36]. In recent years, the NHSO has
started to buy services from private companies, for ex-
ample, cataract surgery, renal dialysis, and heart surgery.
In addition, some public hospitals lease public space out
to private companies to develop and operate service deli-
very units (SDUs), such as medical scanning or renal dia-
lysis units; these arrangements operate under informal
contracts [37]. This does not comply with government
regulations and creates difficulties [38]. For instance, one
study has indicated that most public hospitals do not have
access to sufficient information and do not exert much
power when conducting negotiations with private com-
panies. As a result of this misconduct, these privately-run
SDUs are unevenly introduced across regions, sometimes
resulting in the overprescribing of services [37].

We believe that, if advanced health biotechnologies—
and regenerative medicine in particular— are to be made
available under public health plans, their delivery model is
likely to take a similar form to that of the privately-run
SDUs; this is because, while the technological know-how
will belong to private sector entities, these entities will not
be able to operate these services completely on their own.
As a consequence, new models need to be developed for
PPPs in the health sector in Thailand that can be tailored
specifically tor advanced health biotechnologies.

Information and education

It is widely recognised that provision of information and
education (I&E) for all stakeholders is critical if society
is to maximise the benefits from advanced health bio-
technologies. For instance, most clinicians in the US and
Europe have little knowledge on genomic medicine or
the benefits and risks of specific PGx tests. Moreover,
many of them are concerned about the consequences of
their inadequate knowledge and how this could potentially
lead to mistakes and even liability [39]. This appears to
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delay the translation of advanced health biotechnologies
into clinical practice.

In most countries, including Thailand, related research
organisations and networks provide public I&E; however,
given the limited capacity and the potential for conflict of
interest, society should not rely only on these sources. In
the US, the National Human Genomics Research Institute
(NHGRI) established the Education and Community In-
volvement Branch (ECIB), a body specifically responsible
for public education on genomics-related issues.

Similarly, many non-governmental organisations (NGOs)
and patient advocacy groups have in place key policies to
disseminate I&E as part of their strategy to garner public
support for advanced health biotechnologies. Evidence
from the US and EU suggests that, while NGO provision
of I&E can be very effective, it can also create misunder-
standings. In Thailand ad hoc public I&E sharing was con-
ducted by the TFDA at the time when stem cell banks
became a public interest. Currently, no public body ac-
tively provides I&E on advanced health biotechnologies to
the public.

In Thailand, there are currently no effective programs
to help health professionals update their knowledge on
advanced health biotechnologies. Moreover, there is no
license revalidation policy for health professionals, des-
pite an attempt a few years ago to put one in place. In
the US, the NHGRI is planning to recommend to profes-
sional associations that they integrate genomic medicine
education into curricula and revalidation processes [40].
Approximately 30,000 doctors currently practice medi-
cine in Thailand, and every year 1,000 newly graduated
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physicians enter the profession [41]. The majority of the
workforce graduated before the application of these bio-
technologies came into clinical practice. If more advanced
health biotechnologies are approved for the market, it
may be necessary to better regulate the provision of I&E
pertaining advanced health biotechnologies by sales re-
presentatives to Thai physicians and other health profes-
sionals because of its importance [42,43]. Alternatively, or
in addition, it may be useful for private companies who
are involved in these technologies to invest in professional
I&E rather than public. (Figure 1 provides a timeline of
key events in the area in Thailand).

Establishment of a specialised institute for advanced
health biotechnologies

Having identified a number of significant gaps in the
current system involving advanced health biotechnologies
in Thailand, and mindful of the lessons learnt from the
EU and US that are outlined above, we identified the need
to establish an organisation focusing on advanced health
biotechnologies in Thailand (sharing some characteristics
with the Andalusian Initiative for Advanced Therapies
[18,19] or the CIRM [28]). Such an organisation could be
entitled the ‘Advanced Health Biotechnologies Institute’
(AHBI’) and would be tasked with overseeing the tech-
nologies under the scope of our study as well as other
advanced health biotechnologies, such as nanomedicines.
It should be an autonomous institute established outside
the umbrella of the Ministry of Public Health and NSTDA
of the Ministry of Science and Technology, because of the
complex factors and implications involved with regulating
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advanced health biotechnologies, including environmental
health, animal health, human health, and science charac-
teristics. This is to avoid political conflict between the two
Ministries, and is also aligned with the establishment of
the National Research Council, under the Office of the
Prime Minister rather than any particular Ministry.

The proposed responsibilities of this institute are as
follows:

e To provide national policy directions regarding R&D
and related infrastructure, clinical application, I&E,
and capacity strengthening, with reference to all
stakeholders.

e To provide research funding (including setting
priorities for research and developing human
resources).

e To provide ethical/scientific approval for research.

e To issue guidelines on good practice and clinical
practice.

e To provide public I&E and ensure that the quality of
information offered by other public organisations is
of the requisite standard.

e To create a certification system, similar to the
HONCode system, to control the quality of
information published in websites, leaflets, magazines,
and other media. This information should then be
collated into a public database, which can serve as a
resource for the public (including healthcare
professionals) to access validated data on advanced
health biotechnologies [44,45].

e To cooperate with the school consortia of health
professions for formal education, and the Royal
Colleges to plan for and develop strategies relating
to continuing education for health professionals
after formal education.

e To strengthen existing regulatory bodies
(Department of Health Service Support, TEDA,
Bureau of Sanatorium and Art of Healing, MC),
to provide support for approval and post-approval
activities, and cooperate with the Consumers’
Protection Office, TFDA and MC, in terms of
advertisements and complaints.

Particular recommendations for five key areas in Thailand
Research and development

It is essential that a national policy regarding R&D for
advanced health biotechnologies in Thailand be esta-
blished, including a prioritisation framework and scope.
This national policy would be introduced not only by
the AHBI’ but also by other public fund-holders, such
as the NRC and the NSTDA. To better respond to the
rapid progress of the field, we recommend that the na-
tional strategic plans be five-yearly, with an option of
rolling revision if needed. The plan should be developed
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under the ‘AHBI’ by a multi-sectoral team, including
health professionals, scientists, policy researchers, pa-
tient groups, and the private sector. The national plan
should include clear targets, and evaluation of its
impacts in terms of population health, innovation, and
national economics and competitiveness is also needed.

It is anticipated that the R&D market for advanced
health biotechnologies will gradually develop; it is also
likely that this market will be monopolised by one or a
few firms. This may differ from the market in advanced
economies because Thailand has a relatively small ser-
vice market and limited human resources for R&D. The
government should have strategies in place to avoid
monopolies by private manufacturers or providers. Start-
ing from the R&D process, the AHBI" should facilitate
PPPs in an appropriate manner; particular care should
be taken to avoid over-reliance on a single group of
scientists or one private firm.

As previously discussed, as there is unlikely to be suftfi-
cient incentive for the private sector to invest in the
R&D of advanced health biotechnologies as opposed to
conventional health technologies, we recommend that
the government allocate more resources to this field, to
ensure that the public can take advantage of the benefits
it offers. In addition, funding should be provided in a
long-term, collaborative way, rather than on a year-by-
year basis, as evidence suggests that it takes at least eight
years to develop a final advanced health biotechnologies
product [29]. This justification has informed funding
policy in Europe and the US, as is evident from the ap-
proach of the CIRM and others. Furthermore, ethical
standards for R&D must be clearly set by the ‘AHBI" in
order to avoid research misconduct. To this end, the
‘AHBT first needs to strengthen the capacity of the med-
ical ethics committees through training. Secondly, for
projects that are controversial or pose high risk of harm,
the ‘AHBI’ should be ultimately responsible for apprais-
ing them [46]. Lastly, the ‘AHBI’ should open channels
for complaints against suspected violation of research
ethical standards.

Authorisation
We anticipate regulatory gaps and stress the need for col-
laboration among regulatory bodies to address these
shortcomings, which include a lack of common defini-
tions/classifications used by all regulators. Therefore, we
recommend that the AHBI’ work in conjunction with all
stakeholders to establish agreed definitions/classifications
of advanced health biotechnologies in Thailand. This can
be done after conducting a review of experiences in the
US, EU, and other Asian countries that are active in this
field.

Second, regarding the approval of products, we recom-
mend that the TFDA expand its current limited capacity
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to ensure the appropriate authorisation of advanced
health biotechnologies. Currently, there is a gap in that
there is no legal authority to approve individual health ser-
vices (e.g., stem cell treatment). Although Royal Colleges
in Thailand do play a role in setting standard clinical prac-
tice, this is informal. We recommend that the Bureau of
Sanatorium and Art of Healing, in collaboration with the
Royal Colleges, approves the use of individual advanced
health biotechnology services, because of the uncertainties
of safety and effectiveness, and the social and ethical
implications.

In addition, the criteria for the authorisation of products
and individual services should be harmonised using a
modified framework for priority setting, as described
above. Moreover, the developed framework should fully
engage all relevant stakeholders (e.g., insurance managers,
ethicists, HTA researchers, religious leaders, NGO repre-
sentatives, etc.). The ‘AHBI’ should also play a consultation
role for all regulatory bodies regarding the authorisation
of advanced health biotechnologies. Another shortfall that
needs to be addressed is the lack of capacity among regu-
lators. We propose that the ‘AHBI invest in the capacity
strengthening of regulators across the system, to ensure
that there is uniformity across national policy and that,
within networks, all knowledge and skills that are offered
are relevant and up to date.

Post-authorisation

We expect that post-authorisation activities will be critical
in the field of advanced health biotechnology because, as
discussed, there is, as yet, no established requirement on
evidence for authorisation; this means that many rando-
mised controlled trials, if available, are likely to be so small
that they cannot confirm long-term safety and effective-
ness. Therefore, we offer the following recommendations
for four elements of post-authorisation:

Post-marketing surveillance/withdrawal The imple-
mentation of a stronger surveillance system, one which
extends to patient registries, is necessary. So too is a risk
management and a long-term monitoring and reporting
system, which should be developed and maintained by
manufacturers, working closely with health providers.
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Guidelines provided by the ‘AHBI’ should be followed by
manufacturers (including hospitals), and those who do
not comply should be held liable.

Quality assurance of laboratories in the service sector
Reinforcement of good practice guidelines should fall
under the responsibility of the DMSc, and capacity
strengthening should be provided by the ‘AHBI’. Quality
assurance and the inspection of laboratories in the ser-
vice sector should be conducted by the DMSc in collab-
oration with the TFDA.

Quality assurance of medical services The AHBI’ and
the Royal Colleges should set the medical standards for
those well-established advanced health biotechnologies
that already have proven safe and effective. This will not
only ensure quality of practice, but will also promote their
use. In light of the fact that national standards related to
conventional medical interventions were often established
once these interventions had been accepted for reim-
bursement (because payers want to estimate costs and
develop systems for monitoring and evaluation), we rec-
ommend that the standards for advanced health biotech-
nologies be set at the early stage of the introduction of
these advanced health biotechnologies.

Promotion/advertising regulation The ‘AHBI’ should
implement a system similar to the HONCode system to
certify the quality of information published in websites,
leaflets, magazines, and other media. This information
should then be collated into a public database, which
can serve as a resource for the public (including health-
care professionals) to access validated data on advanced
health biotechnologies. This is to complement the
TFDA’s activities.

Reimbursement

Because many advanced health biotechnologies are likely
to be expensive and will need close monitoring and
evaluation for cohort patients, we strongly suggest that
the reimbursement of these technologies be harmonised
across public health plans in Thailand to facilitate the
monitoring of safety and effectiveness. CED should be

Table 1 Information and education targets according to level of evidence (partly based on [48])

Level 1 Well-established safety
and effectiveness

Level 2 Established safety and efficacy,
promising effectiveness

Level 3 Clear evidence on
harm or disutility

Regulators/payers v v
Health professionals v v v
Research funders/ v

researchers

Media v
Public v v

Note: in the case of PGx tests, efficacy and effectiveness should be replaced with validity and utility, respectively.
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introduced for selected advanced health biotechnologies
whose safety and effectiveness is as yet not fully proven.
This also facilitates access to interventions for patients in
need (complying with restricted criteria from both the
TFDA and insurance managers), while collecting more
evidence on effectiveness and safety.

Since Thailand has three major public health schemes
managed by different bodies (i.e., NHSO, the Comptroller
General’s Department, and the Social Security Office), we
recommend that the coverage decision-making body be
co-chaired by representatives of the three health schemes,
with technical support provided by the ‘AHBI, relevant
professional associations, and HTA agencies. We recom-
mend that some relevant indicators from a European
framework be adopted (e.g., safety; knowledge/education;
broader health impacts; and social, ethical, legal, and or-
ganisational aspects) [47]. In addition, there should be
more collaboration between regulators, HTA agencies,
and insurance managers in relation to information ex-
change and post-marketing surveillance, including CED.

For those products that involve a service, such as a
medical/surgical procedure or diagnosis offered by the
private sector in public hospitals (and we believe that
most regenerative medicine technologies will take this
form), the development of new purchasing models be-
tween public health insurance plans and private compan-
ies is needed, to ensure both effective administration and
the equitable distribution of advanced health biotechno-
logy services across the country. In addition, revision of
the public procurement law is a necessary prerequisite be-
cause the current regulation does not allow private com-
panies to provide clinical services within public health
facilities.

Information and education

The ‘AHBI’ should be the organisation responsible for
the provision of I&E for all stakeholders. To maximise
the benefits that advanced health biotechnologies can
offer society, the ‘AHBI’ should classify I&E activities for
advanced health biotechnologies into three levels, and
target stakeholders accordingly (Table 1).

Conclusion

In this paper, we outline a set of recommendations that
aim to address the multiple gaps and weaknesses con-
cerning advanced health biotechnologies in Thailand,
ranging from underfunding of research to regulatory
deficits. We conclude that the establishment of a specia-
lised institute to fill the gaps in this area may represent
the most practical approach to tackle the existing defi-
ciencies in the Thai setting. Under a uniform national
strategic plan, the government should also invest more
in R&D and provide targeted I&E for all stakeholders in
this area. All regulators would also need to work to-
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gether with insurance providers and other stakeholders to
ensure the safety, effectiveness and quality of advanced
health biotechnologies. Moreover, the reimbursement of
advanced health biotechnologies should be harmonised
across public health plans in the country, and access to
new technologies should be provided to restricted pa-
tient groups, if any impact on population health is to be
realised.
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Abstract

Thailand’s experience in introducing renal replacement therapy as part
of its universal health coverage scheme shows the importance of
evidence and stakeholders’ active participation in all phases of policy
development, say Sripen Tantivess and colleagues

Thailand is one of the few developing countries that ensures
access to essential health services for all its citizens. Instigated
in the early 2000s, the universal health coverage scheme (UCS),
extended basic coverage to everyone not already covered by
existing public schemes and has been popular, persisting through
political instability over the past decade.' The benefits and costs
of the UCS have increased since it was introduced. New benefits
have included antiretroviral drugs for HIV, in 2004, and renal
replacement therapy for end stage renal disease, in 2008."

Renal replacement therapy is expensive and complex,
and—unlike HIV/AIDS—Xkidney diseases afflict a relatively
small percentage of the population and have never reached the
global or national health agenda. We examine the rationale and
factors that influenced the adoption of universal funding of renal
replacement therapy, what can be learnt from the decision
making process, and the challenges of maintaining funding.

Setting the scene

Health benefit policies in Thailand developed to cover different
groups of the population. The civil servant medical benefit
scheme for government employees was instigated in 1982 and
the social security scheme for formal private employees in 1990.
This left a substantial portion of Thai people uninsured.
Although healthcare reformers put great efforts into advocating
expansion of the health safety net for all, it was not until 2001
that a political party pledged to introduce universal health
coverage. The UCS was introduced in 2002, a year after the
party’s election.

UCS managers adopted almost the same benefit package as
offered by the social security scheme because both schemes
were funded through capitation. This included chemotherapy
and radiation for specific cancers, open heart surgery, prosthetic

Correspondence to: Y Teerawattananon yot.t@bhitap.net

hip or shoulder replacement, and neurosurgery.” However,
because of the relatively high prevalence of end stage renal
disease and HIV infection among UCS beneficiaries, the scheme
initially excluded treatments for these conditions.

Kidney transplantation has been performed in Thailand since
1972 and has been financed within the civil service scheme
since 1980. However, the numbers of donated kidneys have
never met the demand® because many people in Thailand believe
that their body should remain intact after death, for the next
life.* The number of renal transplants in Thai patients has risen
from 229 in 2001 to only 308 in 2009, while over 4000 patients
wait for a kidney.’

Most Thais with end stage renal disease must therefore rely on
renal replacement therapy, which is expensive. The two
pre-existing public schemes have included peritoneal dialysis
and haemodialysis in their benefit packages since 1985 and
1990. However, for those who had to pay for it themselves
expenditure on dialysis accounted for 25-70% of household
income.® People coped by reducing the frequency of seeking
dialysis; treating anaemia with blood transfusion rather than
erythropoietin; restricting spending on transport, food, and
education; and borrowing money at high interest rates,
something that was especially common in poor households.

Pressure to introduce universal access

Renal replacement therapy had not originally been covered by
the UCS because of its cost.” However, nephrologists and kidney
patient groups as well as some health officials and researchers
who had helped establish the UCS campaigned for it to be
introduced on the grounds of equity, emphasising the disparity
between the three public schemes, as well as the catastrophic
expenditures incurred by patients on low incomes. Although
the patient groups were small and not well known in Thai
society, they gained considerable support, not only from
longstanding networks of HIV and cancer patients but also from
the Thai Nephrologists Association. Furthermore, health policy
researchers and nephrologists jointly conducted a series of
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studies to support renal replacement therapy, with their focus
on determining appropriate policy options.®

In 2004 the National Health Security Office (NHSO), which is
responsible for the UCS, commissioned research to determine
the value for money of dialysis, including the costs of providing
renal replacement therapy in the UCS over 15 years.’ It also
carried out a survey of public opinion on different options for
renal replacement therapy.’ Neither peritoneal dialysis nor
haemodialysis was shown to be cost effective, but peritoneal
dialysis offered better value than haemodialysis. The annual
incidence of end stage renal disease was estimated to be 121.9"
to 158.9"" per million population (7873 to 10 016 cases) in 2004
and 2007, respectively. If the government decided to provide
universal access to renal replacement therapy, assuming an
annual incidence similar to that in developed countries at about
300 per million," the number of patients receiving dialysis
would increase to more than 100 000 cases in the tenth year.
The NHSO would spend a significant proportion of its annual
budget on renal replacement therapy, accounting for 3% in the
first year and 15% in the fifteenth year.

Although most nephrologists preferred haemodialysis to
peritoneal dialysis, all the haemodialysis machines and people
with the skills to use them were concentrated in greater
Bangkok. This made haemodialysis inaccessible to patients in
remote areas. The survey among Thais aged 18-60 years showed
that most respondents supported the inclusion of renal
replacement therapy in the UCS, and most suggested that if
rationing were needed priority should be given to patients with
urgent health needs, those who were poor and underprivileged,
and bread winners with several child dependants. When asked
about a contribution from patients themselves, around 80% of
the respondents were willing to pay 100 baht (£2; €2.5; $3) a
dialysis session, far below the actual cost.

Despite continuing concerns about the cost, mounting evidence
suggested that dialysis could be provided more cheaply than
originally estimated and with better outcomes. Advocates
increased the pressure to fund renal replacement therapy and
the government finally agreed to universal funding in October
2007. The decision was influenced by the health minister,"” who
had long term relationships with health reformists and
non-governmental organisations.

Key features of the programme

The inclusion of renal replacement therapy in the UCS was
accompanied by a series of measures to ensure the effectiveness
of the coverage and efficient use of resources. The first element
was to strengthen measures to prevent end stage renal disease
by encouraging the early detection and treatment of hypertension
and diabetes through community screening, with financial
incentives for health workers.

Secondly, a policy of using peritoneal dialysis first was
introduced, with haemodialysis as a second line treatment for
those not suitable for peritoneal dialysis. Although nephrologists
initially opposed this because of their poor experience with
peritoneal dialysis, they accepted it because it was the only way
that poorer patients would be able to obtain dialysis.” In addition,
peritoneal dialysis could be administered on a “self care” basis
in patients’ homes, saving them travel costs for hospital
haemodialysis.

The third element involved financing. While most ambulatory
services in the UCS are paid for through capitation payments,
the peritoneal dialysis first policy was incentivised through a
fixed fee for each patient started and maintained on peritoneal
dialysis." Patients who seek haemodialysis as first line treatment

have to shoulder the costs. Cost containment measures—namely
central tendering and bulk purchasing—were also introduced
for medicines and supplies.

The NHSO encouraged the establishment of peritoneal dialysis
in district hospitals and other public healthcare facilities. An
advantage of operating peritoneal dialysis centres in district
hospitals is that these hospitals are well connected with
comprehensive primary care networks at the subdistrict and
community levels. It also created treatment partnerships with
private facilities to overcome the limited capacity in the
government sector for both haemodialysis and peritoneal
dialysis, setting fixed prices for reimbursement.

In response to the prevailing shortages of physicians and nurses,
the NHSO and its partners organised training in peritoneal
dialysis and related care for these and other health professionals,
such as nutritionists."” Task shifting was another crucial strategy.
As peritoneal dialysis centres reach patients in communities
through existing primary care networks, subdistrict health
workers and village volunteers, patient groups, and even
individual patients and family members were also trained to
provide information and education.

Finally, a renal disease registry was set up to provide
information on resources and patient profiles for strategic
management, planning, quality assurance, and regulation. The
NHSO also set up an inventory and procurement system
connecting the providers of peritoneal dialysis with suppliers
of medicines and materials; this is used for inventory control
and to ensure timely delivery of erythropoietin, dialysates for
peritoneal dialysis, and catheters.

Effect of the new policy

The universal renal replacement therapy programmes have been
continually developed since 2008. Between January 2008 and
2012 the number of peritoneal dialysis units increased from 23
to 160 and the number of peritoneal dialysis nurses from 56 to
423; 345 physicians were trained in inserting Tenckhoff
catheters."

UCS patients who had paid for haemodialysis before October
2008 and decided to continue haemodialysis were required to
pay 500 baht per session, while the NHSO subsidised the
remaining cost (1000-1200 baht). There is no subsidy for
patients who start peritoneal dialysis but choose to switch to
haemodialysis in the absence of contraindications. The
reimbursement of erythropoietin started in 20009. Initially it was
funded only for patients complying with the peritoneal dialysis
first policy but was provided to all dialysis patients registered
in the NHSO database from 2011."

The number of patients having peritoneal dialysis increased
steeply after 2008, even though the number of peritoneal dialysis
units, which are mostly in public health facilities (90%), reached
a plateau, indicating that peritoneal dialysis units were able to
increase their capacity (fig 1!/). Haemodialysis units face more
difficulty in meeting larger demands because they rely heavily
on trained nurses and machines.

There are no data on the numbers of patients who paid for renal
replacement therapy before 2008. The analysis of life expectancy
of dialysis patients before 2008 was based on registered patients
under the civil service and social security schemes.’ There are
no data to compare life expectancy of those diagnosed with end
stage renal dialysis before and after the introduction of the
universal dialysis policy, but we can assume that before the
programme 90% of patients died within 3-6 months. At present
patients may survive for at least 5-10 years."
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Analysis of catastrophic spending on health problems—defined
as household health expenditures >10% of total
expenditure—show that the introduction of the UCS in 2001
benefited the poor more than the rich (fig 2|})."” The expansion
of universal access to antiretroviral treatment during 2002-07
resulted in another decline in the incidence of catastrophic health
expenditure in both rich and poor households." However, there
is insufficient evidence that the introduction of universal renal
replacement therapy has had a further effect on catastrophic
health expenditure, though it may be too early to tell.

Lessons for decision makers

Thailand’s success in introducing a universal health coverage
that includes high cost interventions such as renal replacement
therapy provides valuable lessons for other settings.

Firstly, evidence is necessary for policy development,
particularly in decisions about covering high cost interventions
in resource limited settings. Local evidence played a crucial
role in the adoption and implementation of universal renal
replacement therapy in Thailand. This also reflects the need for
local capacity in policy and health systems research.

Secondly, the participation of key stakeholders, including
politicians, health providers, professional associations,
academics, and researchers, is vital. This is not only to increase
the sense of ownership of such a policy but also to reduce
conflicts between different interests. Information sharing among
stakeholders was successful in making health professionals,
who had favoured haemodialysis, accept the peritoneal
dialysis-first policy.

Since resources are scarce, it is important to emphasise to
everyone that rational allocation of health resources is best
practice. The philosophy behind universal health coverage means
that everybody in society recognises the limitations of what the
government can offer and tries to find the best solution to
particular problems. Not everybody can get what they think is
the best treatment, but everybody can get good treatment.

Finally, although agencies such as the World Health
Organization, underline “health financing” as a key element of
universal health coverage,"® Thailand’s renal replacement therapy
policy shows that health financing is not the sole factor for
achieving the policy goal. Strengthening the capacity of the
health system, including workforce development, selection of
appropriate health technologies, and effective monitoring and
evaluation are also important.

Challenges and opportunities

Despite the careful implementation of funding for renal
replacement therapy, the sustainability of this ambitious policy
is in question, given the rising incidence of end stage renal
disease and the proportion of the UCS budget devoted to dialysis
(tablel)). This may reflect inadequate control of hypertension,
despite the efforts to control it. Though the number of people
needing dialysis has escalated, renal transplant services still
face a shortage of kidney donors."”

Some nephrologists are pressing the NHSO to revoke its
peritoneal dialysis first policy because they believe that
haemodialysis is better and that the NHSO is offering a second
class treatment. This campaign is in line with the pressure being
exerted by private providers, who support an extension of
haemodialysis. Research has suggested that after all possible
confounders were adjusted for, patients who start haemodialysis
as first line treatment under the other insurance schemes live
longer than those treated under the peritoneal dialysis first policy

(0odds ratio=3.25)." But different mortality rates were observed
across regions, with those having dialysis by either means in
greater Bangkok having a better chance of survival than those
in the north east and south of the country. If UCS patients were
offered haemodialysis from the outset the NHSO would need
to invest annually in an additional 1000 haemodialysis machines
and 500 trained haemodialysis nurses, which are unlikely to be
affordable in the long run. Also, evidence from the US and
Canada suggests that although the mortality rate of people
having peritoneal dialysis was relatively higher than for those
being treated with haemodialysis during the first few years after
peritoneal dialysis was introduced, the gap was eliminated once
nephrologists became more competent in peritoneal dialysis.”*'
Therefore the NHSO’s renal replacement therapy programmes
need to put more effort into improving the quality of peritoneal
dialysis through professional training.

The Thai policy on renal replacement therapy remains an
unfinished agenda and continues to be central to policy debates.
In this it reflects debates in many health systems about high
cost treatments and how to balance equity, cost effectiveness,
and affordability.
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Table

| Budget allocation to renal replacement therapy compared with total budget (million baht), 2008-12

Fiscal year Total budget Renal replacement therapy (%)

2008 76 800 160 (0.2)
2009 80 600 1400 (1.7)
2010 89 400 2700 (3.0)
2011 101 100 3200 (3.2)
2012 114 500 3900 (3.4)

100 baht= £2; €2.5; $3.
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Objective: This study aims to evaluate the costs and outcomes of offering the 10-valent pneumococcal
conjugate vaccine (PCV10) and 13-valent pneumococcal conjugate vaccine (PCV13)in Thailand compared
to the current situation of no PCV vaccination.
Methods: Two vaccination schedules were considered: two-dose primary series plus a booster dose (2 +1)
and three-dose primary series plus a booster dose (3 +1). A cost-utility analysis was conducted using a
societal perspective. A Markov simulation model was used to estimate the relevant costs and health
outcomes for a lifetime horizon. Costs were collected and values were calculated for the year 2010. The
results were reported as incremental cost-effectiveness ratios (ICERs) in Thai Baht (THB) per quality
adjusted life year (QALY) gained, with future costs and outcomes being discounted at 3% per annum.
One-way sensitivity analysis and probabilistic sensitivity analysis using a Monte Carlo simulation were
performed to assess parameter uncertainty.
Results: Under the base case-scenario of 2 +1 dose schedule and a five-year protection, without indirect
vaccine effects, the ICER for PCV10 and PCV13 were THB 1,368,072 and THB 1,490,305 per QALY gained,
respectively. With indirect vaccine effects, the ICER of PCV10 was THB 519,399, and for PCV13 was THB
527,378. The model was sensitive to discount rate, the change in duration of vaccine protection and the
incidence of pneumonia for all age groups.
Conclusions: At current prices, PCV10 and PCV13 are not cost-effective in Thailand. Inclusion of indirect
vaccine effects substantially reduced the ICERs for both vaccines, but did not result in cost effectiveness.
© 2013 Elsevier Ltd. All rights reserved.
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1. Introduction

Bacterial meningitis, pneumonia and otitis media caused
by Streptococcus pneumoniae (S. pneumoniae) are serious but
preventable health problems in young children. Pneumococcal
conjugate vaccines (PCVs) have been proven safe and effec-
tive in children less than 5 years old to prevent both invasive
(e.g., meningitis, bacteremia) and non-invasive (e.g., pneumo-
nia, otitis media) pneumococcal diseases [1-3]. Moreover, clinical
studies in the United States and Europe have demonstrated

Abbreviations: PCV, pneumococcal conjugate vaccine; EPI, Expanded Program
on Immunization; AOM, acute otitis media; MoPH, Ministry of Public Health; SE,
standard error; VE, vaccine efficacy; IPD, invasive pneumococcal disease; RCT, ran-
domized controlled trial; THB, Thai Baht; QALY, quality-adjusted life year; ICER,
incremental cost-effectiveness ratio.
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that vaccinating young children with PCV can lead to a signif-
icant decline in the incidence of pneumococcal disease among
unvaccinated populations, notably older children, adults and the
elderly [4-6]. Although PCV has been available for more than
a decade, its use has been limited in many areas due to high
cost.
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The cost-effectiveness of PCV has been documented in many
high-income countries, and the governments in these settings
have adopted the vaccine as part of their national immunization
programs [7-13]. However, few economic evaluations have been
conducted in low- or middle-income settings, where the burden of
pneumococcal disease is at least as high [14-16]. In recent years,
many low-income countries, especially in Africa, have introduced
PCV programs with substantial support from the GAVI Alliance,
a broad partnership that works to improve access to immuniza-
tion [17]. Most middle income countries such as Thailand, which
are not eligible for GAVI support and therefore face potentially
substantial financial barriers to PCV implementation, have not yet
implemented PCV programs. Cost-effectiveness studies are espe-
cially important to inform decision-making in these settings.

This study was conducted at the request of policy makers in
Thailand to inform decisions about the adoption of PCV as part
of this country’s Expanded Program on Immunization (EPI). It was
believed that if the vaccine is included in the EP], its coverage would
be almost 100%. Given that Thailand achieves 99% coverage with
DTaP 3 dose vaccine [18], such an assumption is not unrealistic.
This economic evaluation considered costs and impact of offering
10-valent PCV (PCV10), which covers 10 of approximately 90 S.
pneumoniae serotypes, or recently licensed 13-valent PCV (PCV13),
which covers 3 additional serotypes, compared to the current situ-
ation without a PCV program.

2. Methods

A model-based economic evaluation was performed to estimate
costs as well as outcomes of vaccination with PCV10 and PCV13
compared to ‘no vaccination’. Because there are different options
for vaccination schedules [19], this study considered two com-
monly recommended regimens: two-dose primary series at 2 and
4 months of age plus a booster dose at age 13 months (2+1) and
three-dose primary series at 2,4 and 6 months of age plus a booster
dose at age between 12 to 15 months (3 +1). The study adopted a
societal viewpoint using a life-time horizon with 3% discounting
for both costs and outcomes beyond one year, as recommended in
the by the Thai Health Technology Assessment guideline [20].

2.1. Model structure and assumptions

A Markov model was constructed based on the natural his-
tory of disease related to S. pneumoniae infection (Fig. 1). The
model consisted of three major health states: healthy, S. pneumo-
niae infection and death. For S. pneumoniae infection, the model
accounts for four health conditions based on their association with
high case fatality or permanent disability (e.g., epilepsy, neurode-
velopmental impairment or chronic lung disease): pneumococcal
meningitis, pneumococcal bacteremia, all-cause pneumonia and
all-cause acute otitis media (AOM). A one-year cycle was deployed
in the model, and it was assumed that more than one infection is
possible during a lifetime but each Markov cycle allows for only
one infection.

2.2. Model input parameters

2.2.1. Epidemiological data

Estimated age-specific incidences of pneumococcal diseases in
Thailand are presented (Supplementary Table 1). Pneumococcal
bacteremia incidence was based on findings from active surveil-
lance for bacteremia requiring hospitalization in two rural Thailand
provinces [21] and does not include outpatient cases. All-cause
meningitis and pneumonia incidence were derived from national
surveillance conducted by the Bureau of Epidemiology, Ministry of

Public Health (MoPH)[22]. For this model, all hospitalized meningi-
tis cases reported to the national surveillance system were assumed
to be caused by bacteria. The proportion of pneumococcal menin-
gitis cases among all bacterial meningitis (mean = 14.27%, standard
error (SE)=3) was derived from hospital databases [23,24]. AOM
incidence was obtained from the Thailand Burden of Disease Project
[25].

Table 1 illustrates probabilities of hospitalization and develop-
ing complications from pneumococcal disease. Mortality rate and
case fatality data were acquired from the Burden of Disease Project
and literature review, utilizing data from Thailand or the East Asia
region whenever available [23-28].

2.2.2. Direct effects (vaccine efficacy)

Fora 3+ 1 dosing schedule, vaccine efficacy (VE) against vaccine-
type invasive pneumococcal disease (IPD) was considered 89%
based on a 2009 meta-analysis of randomized controlled trials
(RCTs) [29]. This figure was used to estimate the efficacy of PCV10
and PCV13 against vaccine-type IPD (Table 1) by assuming the
same overall efficacy against vaccine-type IPD, accounting for the
additional serotype coverage [30-33]. Because sufficient data on
serotype coverage were not available for pneumonia and AOM, VE
against all-cause pneumonia and AOM for PCV10 and PCV13 were
extrapolated from the efficacy of PCV7 against all-cause pneumo-
nia (6%) [3] and AOM (6%) [29]. It was assumed that the efficacy of
PCV10 and PCV13 against pneumonia and AOM increased propor-
tionally with the increase in serotype coverage.

VE for a 2+1 schedule was modified to account for reduced
immunogenicity for serotypes 6B and 23F [34] compared to the
3 +1 schedule; a 20% reduction in efficacy against these serotypes
was assumed. Serotypes 6B and 23F accounted for approximately
40% of PCV7 serotypes in Thai children [30-32]. As aresult, an over-
all reduction of 8% in VE for the 2 + 1 schedule was estimated using
the following formula:

VE,_1 = VE3,1X(1 — 008)

2.2.3. Indirect effects (herd protection)

This model accounted for the indirect effect of the vaccine to
prevent disease in unvaccinated populations (Supplementary Table
2). The percentage reduction in IPD incidence among unvaccinated
populations was based on survey data after mass vaccination in the
United States [4] with the adjustment for differences in serotype
distribution between Thailand and the United States [35]. The indi-
rect effect for IPD was based using the following formula:

% IPD fall in Thailand = % IPD fall in the United States

x Serotype coverage in Thailand/Serotype coverage in the United States

Because the indirect effects can occur in every population cohort
ranging from aged 16-99 years, we manually calculated the indirect
effects in each age group using the static model.

The indirect effect for pneumonia was estimated for unvacci-
nated populations, assuming that the protective effect would be
equivalent to the decrease in IPD incidence among the same groups
and adjusted for proportion of hospitalized pneumonia caused by S.
pneumoniae. To estimate the proportion of hospitalized pneumonia
cases caused by S. pneumoniae, we used data from Prapasiri et al.
[26], who found that 11.76% (SE=2.35) of bacteremic pneumonia
cases in two Thai provinces were S. pneumoniae. The calculation of
indirect effect of vaccine was base on the following formula:

% Hospitalized pneumonia fall in Thailand
= Proportion of pneumococcal pneumonia

x % 1PD fall in Thailand
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Table 1
Input parameters used in the model.
Parameter description Distribution Mean SE References
Epidemiological parameters
Proportion of bacterial meningitis due to S. pneumoniae Beta 0.14 0.03 Meta analysis [23,24]
Epilepsy after pneumococcal (Pnc.) meningitis Beta 0.10 0.06 [28]
Hearing loss after Pnc. meningitis Beta 0.03 0.03 [28]
Neurodevelopmental impairment after Pnc. meningitis Beta 0.34 0.09 [28]
Death after Pnc. meningitis Beta 0.03 0.03 [28]
Death after Pnc. bacteremia Beta 0.08 0.04 [28]
Necrotizing pneumonia after Pnc. pneumonia? Beta 0.18 0.05 [27]
Death after hospitalized pneumonia Beta 0.01 0.00 [22]
Hearing loss after AOM Beta 0.05 0.00 [25]
Risk ratio of mortality compared to general population [25]
Epilepsy 1.01-1.14>
Hearing loss 1.00-1.01°
Neurodevelopmental impairment 5.16-7.17°
Chronic lung 1P

Baseline vaccine parameters
Vaccine efficacy (PCV7; 3 +1 schedule)

IPD caused by vaccine serotype Normal 89.00% 3.57% [29]
Clinical pneumonia Beta 6.00% 2.30% [3]
AOM Normal 6.00% 1.53% [29]

Vaccine serotype coverage in Thais
PCV7 serotype coverage in aged <5 Normal 67.60% 5.36% Meta analysis [30-33]
PCV10 serotypes coverage in aged <5 Normal 70.60% 5.66% Meta analysis [30-33]
PCV13 serotypes coverage in aged <5 Normal 86.80% 4.03% Meta analysis [30-33]
PCV7 serotypes coverage in aged >5 Normal 38.09% 2.29% Meta analysis [30-33]
PCV10 serotypes coverage in aged >5 Normal 43.71% 3.00% Meta analysis [30,31,33]
PCV13 serotypes coverage in aged >5 Beta 60.19% 4.69% [30]

Serotypes coverage US [35]
PCV7 serotypes coverage in aged 10 to 39 Not varied 71.30%
PCV7 serotypes coverage in aged 40 to 64 Not varied 65.40%
PCV7 serotypes coverage in aged >65 Not varied 69.70%

% IPD fall among unvaccinated group in US [4]
% fall among who aged 20 to 39 Beta 40.00% 4.59%
% fall among who aged 40 to 64 Beta 14.00% 4.59%
% fall among who aged >65 Beta 29.00% 3.57%

Cost parameters (THB)

Vaccine costs
PCV10 cost per dose Not varied 1440 GlaxoSmithKline (Thailand)
PCV13 cost per dose Not varied 1930 Pfizer (Thailand) Limited
Delivery cost per dose Not varied 5% of vaccine price [37]

Direct medical costs
Cost per episode

Meningitis aged <14 Gamma 63,775 20,830 [24]
Meningitis aged 15 to 59 Gamma 59,210 15,570 [24]
Meningitis aged >60 Gamma 31,980 15,260 [24]
Bacteremia aged <14 Gamma 14,120 4587 [24]
Bacteremia aged 15 to 59 Normal 22,120 743 [24]
Bacteremia aged >60 Gamma 22,440 5372 [24]
Hospitalized pneumonia aged <14 Normal 9099 46 [24]
Hospitalized pneumonia aged 15 to 59 Normal 23,952 122 [24]
Hospitalized pneumonia aged >60 Normal 31,948 278 [24]
Non-hospitalized pneumonia aged <14 Normal 39 2 [36]
Non-hospitalized pneumonia aged 15 to 59 Normal 103 5 [36]
Non-hospitalized pneumonia aged >60 Normal 98 5 [36]
AOM aged <14 Normal 350 7 [36]
AOM aged 15 to 59 Normal 520 7 [36]
AOM aged >60 Normal 764 17 [36]

Cost per year
Epilepsy aged <14 Gamma 3962 475 [36]
Epilepsy aged 15 to 59 Normal 1600 21 [36]
Epilepsy aged >60 Gamma 1672 85 [36]
Hearing loss aged <14 Gamma 896 385 [36]
Hearing loss aged 15 to 59 Gamma 838 48 [36]
Hearing loss aged >60 Gamma 1312 123 [36]
Neurodevelopmental impairment aged <14 Gamma 3582 2333 [36]
Neurodevelopmental impairment aged 15 to 59 Gamma 936 72 [36]
Neurodevelopmental impairment aged >60 Gamma 5811 2892 [36]
Chronic lung aged <14 Gamma 1404 1404 [36]
Chronic lung aged 15 to 59 Normal 3306 62 [36]
Chronic lung aged >60 Normal 3636 31 [36]

Direct non-medical costs® Primary data collection

Meningitis (per episode) 15,485

Bacteremia (per episode) 9987

Hospitalized pneumonia (per episode) 5674

Non-hospitalized pneumonia (per episode) 527

AOM (per episode) 527
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Table 1 (Continued)

Parameter description Distribution Mean SE References
Epilepsy (per year) 4489
Hearing loss (per year) 868
Neurodevelopmental impairment (per year) 17,548
Chronic lung (per year) 7133
Age-specific productivity loss (per day) [38]
15-29 Not varied 196
30-39 Not varied 409
40-59 Not varied 571
60-69 Not varied 246
70-79 Not varied 98
Utility parameters (using HUI3) Primary data collection
Meningitis Beta 0.96 0.00
Bacteremia Beta 0.99 0.00
Pneumonia Beta 0.99 0.00
AOM Beta 1.00 0.00
Epilepsy Beta 0.64 0.07
Hearing loss Beta 0.55 0.06
Neurodevelopmental impairment
Mild mental retardation Beta 0.69 0.07
Severe mental retardation Beta 0.10 0.11
Mental retardation +epilepsy Normal 0.00 0.09
Chronic lung disease Beta 0.59 0.06

2 Assuming all necrotizing pneumonia cases would develop chronic lung disease.
b Risk ratio of mortality varied by age

¢ Including travel costs, foods, accommodation, informal care and special education, each component is gamma distributed.

2.2.4. Costs and outcomes

The cost analysis was performed based on a societal perspec-
tive, and included both direct medical and direct non-medical
costs (Table 1). Direct medical costs for outpatient and inpatient
care were obtained from the Thailand’s Centre for Health Equity
Monitoring [36] and the Central Office for Healthcare Information
[24], respectively. The cost of the vaccination program included
the vaccine cost and delivery cost [37]. Direct non-medical costs,
such as costs for transportation, meals, accommodation, facilities,
productivity loss [38] by parents or caregivers for hospital visits
or providing informal care, were derived from face-to-face inter-
views with caregivers of 192 ill children aged 5-14 years in seven
public hospitals in five provinces throughout Thailand. All cost
parameters are presented in 2010 Thai Baht (THB) (THB 31=US$
1).

No infection
+

Meningitis

Outcomes were measured in quality-adjusted life years (QALYs)
using the Health Utilities Index Mark 3 [39] (Table 1). Utility meas-
ures were derived from interviews with the aforementioned 192
caregivers and the results previously described [40].

2.3. Uncertainty analyses

2.3.1. One-way sensitivity analysis

One-way sensitivity analysis was performed to examine the
uncertainty surrounding each parameter individually (e.g., dis-
counting rate at 0% and 6% per annum, disease incidence, vaccine
efficacy, vaccine serotype coverage, percentage incidence reduc-
tion among unvaccinated groups, utility and cost). The impact
of serotype replacement and indirect vaccine effects were also
examined. The former was done by adjusting the serotype cov-
erage parameter whereas the latter was explored by varying the
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Fig. 1. Markov model used for assessing costs and outcomes of pneumococcal conjugate vaccine (PCV) vaccination compared to ‘no vaccination’. The structure of the ‘PCV’

node is identical to the ‘no vaccination’ node and is thus omitted.
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disease incidence reduction among unvaccinated groups in the
United States [4]. For pneumonia incidence, there were two data
sources in Thailand. We used data from Thailand’s national surveil-
lance (Bureau of Epidemiology, MoPH) [22] as the base-case and
data from an active, population-based surveillance system oper-
ated collaboratively by MoPH and the International Emerging
Infections Program (IEIP, US Centers for Disease Control and Pre-
vention) [41] in the sensitivity analysis. We also assessed the effect
of two different durations of vaccine protection: 5 and 10 years.

This analysis used the cost-effectiveness ceiling threshold of one
per-capita gross domestic product or THB 100,000 (US$ 3226) per
QALY gained as recommended by the Subcommittee for Devel-
opment of the National List of Essential Drugs 2007 [42]. The
Subcommittee sets the threshold for considering new medicines
and vaccines for public reimbursement. For PCV vaccination sce-
narios determined to be not cost-effective at the current price, we
examined the maximum cost of the vaccine that would make it
cost-effective as well as cost-saving in the Thai setting. Cost-saving
implies that no additional budget would be required for vaccina-
tion, because resources saved from averted pneumococcal disease
could be used to cover vaccination costs.

2.3.2. Probabilistic sensitivity analysis

Probabilistic sensitivity analysis was conducted to examine the
effect of all parameter uncertainty simultaneously using a Monte
Carlo simulation using Microsoft Office Excel 2007. The simulation
was run for 1000 iterations to yield a range of possible values for
total costs, health outcomes, and incremental cost-effectiveness
ratios (ICERs) in THB per QALY gained. The probability distributions
were determined according to the range of each input parameter
value. The normal distribution was used as a default. The beta dis-
tribution was used when parameter values ranged between zero
and one, such as in probability and utility parameters. The gamma
distribution was used when parameter values ranged between zero
and positive infinity, such as costs parameters.

3. Results

Compared to ‘no vaccination’, the 3+1 dose schedule of PCV10
and PCV13 would prevent an estimated 4262 and 5241 episodes of
pneumococcal disease in the vaccinated population, respectively
(Fig. 2). In addition, 4510 and 6211 episodes of pneumococcal
disease would be averted in unvaccinated populations due to
indirect effects. It was estimated that 369 and 495 pneumococ-
cal deaths would be avoided by introducing PCV10 and PCV13,
respectively.

Table 2 shows the ICERs of different PCV vaccination schedules
with and without inclusion of indirect vaccine effects. Without the
indirect effects of vaccine, the 2 + 1 dose schedule produced ICERs of
THB 1,368,072 and THB 1,490,305 per QALY gained for PCV10 and
PCV13, respectively. The 3+1 dose schedule without accounting
for indirect effects produced ICERs of THB 1,677,379 for PCV10 and
THB 1,830,716 for PCV13. When the indirect effects of vaccination
were included in the analysis, ICERs of PCV vaccination decreased
by more than half. In one-way sensitivity analysis, the important
determinants were discount rate, the change in duration of vaccine
protection (5 vs. 10 years) and the incidence of pneumonia for all
age groups. A 10-year protection duration including indirect effects,
ICERs of PCV10 decreased to THB 287,353 and THB 363,248 for the
2+1 and 3+1 dose schedules, respectively; for PCV13, the corre-
sponding ICERs were THB 290,420 and THB 367,339. When we used
pneumonia incidence from active, population-based surveillance
[41]and included indirect effects, the ICERs were reduced by almost
50% for the 3 + 1 schedule to THB 360,891 (PCV10) and THB 371,723
(PCV13) as well as by approximately 50% for the 2+ 1 schedule to

THB 287,353 (PCV10) and THB 290,420 (PCV13). The model was
less sensitive to variations in direct medical and non-medical costs
and serotype replacement.

At current pricing, neither PCV10 nor PCV13 would be cost-
effective compared to ‘no vaccination’ at a ceiling threshold of THB
100,000 per QALY gained, with or without inclusion of indirect vac-
cine effects (Fig. 3). Including the indirect vaccine effects, PCV13
had a higher probability of being cost-effective compared to ‘no
vaccination’ at a ceiling threshold between THB 600,000 and THB
750,000, depending on dosing schedule (Fig. 3A and 3B). Compared
to PCV10, PCV13 had a higher probability of being cost-effective at
a ceiling threshold between THB 550,000 and THB 600,000.

Without indirect vaccine effects, PCV10 yielded a higher prob-
ability of being cost-effective compared to ‘no vaccination’ at a
ceiling threshold between THB 1,450,000 and THB 1,750,000, and
PCV13 had a higher probability of being cost-effective compared
to PCV10 at a ceiling threshold between THB 2,050,000 to THB
2,550,000 (Fig. 3C and D).

Threshold analysis demonstrated that using the 2+1 dosing
schedule and considering indirect vaccine effects, PCV10and PCV13
costs would have to be 75% lower (to THB 373 and THB 494), to be
cost-effective; 92% cost reduction for both PCV10 and PCV13 (to
THB 121 and THB 165) would be needed for either vaccine to be
cost-saving (Fig. 4). Using a 3 + 1 dosing schedule, PCV10 and PCV13
costs would have to be 79% lower (to THB 304 and THB 403), to be
cost-effective, and 93% lower (to THB 99 and THB 134), respectively,
to be cost-saving.

When indirect vaccine effects were excluded, the maximum
vaccine costs for both PCV10 and PCV13 to achieve cost-effective
ranged from THB 107 to THB 162, and to be cost-saving, maximum
costs ranged from THB 14 to THB 21.

4. Discussion

This study indicates that, at current pricing, neither PCV10 nor
PCV13 would be considered cost-effective in Thailand at either dos-
ing schedule examined, using Thailand’s standard ceiling threshold
to assess health interventions. This finding results largely from the
relatively high cost of the vaccine (per dose), which is equivalent to
5-6 times Thailand’s daily minimum wage. Our findings also reveal
that the vaccine can become cost-effective or even cost-saving if
vaccine costs were reduced by around 70-90% of current market
prices.

Our findings stand in contrast to previous studies conducted
in Argentina and Singapore which found PCV to be cost-effective
[43,44]. The differences may be explained by differences of model
structure and input parameters, especially epidemiological and
economic data that vary across settings. In addition, the VE esti-
mate used in our model was lower than that used in other studies.
In this study, VE against vaccine-type IPD (89%) was derived from a
systematicreview and meta-analysis of RCTs [29], while other stud-
ies used 97% as reported from a single RCT conducted in the United
States [1]. Difference in country specific serotype coverage may also
have influenced the results. PCV10 serotype coverage for IPD among
children aged less than 5 years is 75%, 81%, and 71% in Argentina,
Singapore and Thailand, respectively [30-32,43,45]. This study also
assumed a vaccine protection duration of 5 years, which is in line
with several other economic evaluations of PCV studies [9,46],
whereas some studies assumed protection lasted 10years[7,47,48].
Our decision to use a 5-year protection duration was based on an
immunogenicity study of PCV9 in South Africa [49], although this
study did not follow participants beyond 5-6 years. Recognizing the
limited data available, we applied a conservative assumption for the
duration of vaccine protection. Furthermore, lower treatment costs
in Thailand compared to other settings [12,13,43,44], contributed



W. Kulpeng et al. / Vaccine 31 (2013) 2839-2847

Episode averted PCV10 vs No vaccine CJEpisode averted PCV13 vs No vaccine

2844
-+Death averted PCV10 vs No vaccine
100 1 A
@
[
o
5
3
S 10
el
Q
h =4
g
<
1 4
<1 1-5 6-10 11-20 21-30 31-40 41-50 51-60 61-70 271
Age group, years
1000 B
[
g _
€ 100
2 )
kel
£
G 10 -
<
1+ —%—— — :
<1 1-5 6-10 11-20 21-30 31-40 41-50 51-60 61-70 =271

Age group, years

-x-Death averted PCV13 vs No vaccine

C

10000 -
1000 -
100

10 -

Averted numbers

11-20 21-30 3140 41-50 51-60 61-70 271
Age group, years

<1 5 610

10000 -

1000 -

100

Averted numbers

1 4 X X-
<1 15 6-10 11-20 21-30 31-40 41-50 51-60 61-70 271
Age group, years

Fig. 2. Predicted numbers of life-time pneumococcal disease cases and deaths averted due to vaccination with 10- and 13-valent pneumococcal conjugate vaccines (PCV10
and PCV13) by clinical syndrome and age at entry to the cohort. (A) pneumococcal meningitis; (B) pneumococcal bacteremia; (C) all-cause pneumonia; (D) all-cause acute

otitis media.

to the different conclusions about vaccine cost effectiveness in this
study.

The model was very sensitive to pneumonia incidence. The ICERs
decreased significantly when the pneumonia incidence was based
on active, population-based surveillance compared to Thailand’s
national surveillance system. However, even using the higher pneu-
monia incidence rate, PCV was not considered cost-effective for
Thailand in our model.

Table 2

4.1. Strengths and limitations

Parameters used in this model were obtained from high
quality studies, including systematic reviews and meta-
analyses. All parameters were contextualized for Thailand; thus,
applying results of this study to other settings should be performed
with caution. Our study examined two PCV formulations (10- and
13-valent) and two dosing schedules (2+1 and 3+1). Although

Incremental cost effectiveness ratios (ICER, in THB/QALY) classified by vaccination schedules and inclusion of indirect vaccine effects.

PCV10 vs. No vaccine

PCV13 vs. No vaccine

2+1 schedule with indirect effects

ICER per QALY gained (THB/QALY)

Incremental cost (THB) 4178
Incremental LYs 0.00674
Incremental QALYs 0.00804
Episode averted 0.01867
Death averted 0.00200
ICER per QALY gained (THB/QALY) 519,399
3+1 schedule with indirect effects
Incremental cost (THB) 5658
Incremental LYs 0.00726
Incremental QALYs 0.00870
Episode averted 0.02030
Death averted 0.00217
ICER per QALY gained (THB/QALY) 650,087
2 +1 schedule without indirect effects
Incremental cost (THB) 4492
Incremental LYs 0.00212
Incremental QALYs 0.00328
Episode averted 0.00469
Death averted 0.00007
ICER per QALY gained (THB/QALY) 1,368,072
3+1 schedule without indirect effects
Incremental cost (THB) 6001
Incremental LYs 0.00229
Incremental QALYs 0.00358
Episode averted 0.00508
Death averted 0.00008
1,677,379

5593
0.00898
0.01061
0.02501
0.00275

527,378

7576
0.00967
0.01147
0.02723
0.00299

660,662

6026
0.00261
0.00404
0.00577
0.00009

1,490,305

8048
0.00282
0.00440
0.00625
0.00010

1,830,716

LY =life year, QALY = quality-adjusted life year.
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this study adopted a static modeling rather than dynamic one,
it included indirect effect of vaccination that protects infection
in population who are not vaccinated. The use of static model
also facilitates transparency of this study because many Thai
decision makers and academics are more familiar with Markov,
and the use of dynamic model in this study will require a num-
ber of assumptions given that this study considers four health
conditions.

Nonetheless, this study has some limitations. First, due to the
lack of local data on indirect vaccine effects, the model made
assumptions based on findings from the United States [4]. Data
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from the United States showed a significant decline in IPD incidence
among unvaccinated populations aged 20 years and above only.
Thisignored herd protection among young children (1-4 years) and
teenagers, which could not be assessed in the United States, because
children in this age group (1-4 years) were vaccinated as part
of catch-up vaccination efforts. Second, IPD incidence rates used
in this model were likely underestimates, because the available
studies were conducted in public health facilities (i.e. government
hospitals and health centers); thus, patients without access to pub-
lic hospitals or at private hospitals were not included. Additionally,
ithas been shown that antibiotic use before blood culture collection
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Fig. 4. Threshold analysis for maximum per-dose price for 10- and 13-valent pneumococcal conjugate vaccines (PCV10 and PCV13) to achieve cost-effective (incremental
cost-effectiveness ratio (ICER)=THB 100,000) or cost-saving (ICER=THB 0). Current price per dose: THB 1440 for PCV10; THB 1930 for PCV13.
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in Thailand leads to underestimation of IPD incidence in hospital-
based studies [21]. Perhaps more importantly, IPD rates cited for
this analysis did not include outpatients because most of them were
suspected and not confirmed cases. Including outpatient IPD cases
in the model inputs would have resulted in lower ICERs. Lastly, the
ceiling threshold used in this analysis is based on the preference of
decision maker in Thailand. Decision makers in different settings
may have their own preference regarding health investment, we
encourage readers to compare the results to any threshold they
consider it appropriate.

4.2. Implications

In summary, based on a societal perspective with a ceiling
threshold of THB 100,000 per QALY, PCV10 and PCV13 would not
be considered cost-effective, whether or not indirect vaccine effects
were included in the model. Therefore, it cannot be recommended
that PCV be included in Thailand’s EPI until prices decline to rec-
ommended values. Reduction in vaccine cost, which seems possible
given the widespread introduction of PCV in many countries, could
improve the feasibility of introduction in Thailand, which could
result in substantial public health impact. Based on analyses that
include indirect vaccine effects, PCV would become cost-effective
at a price per-dose between THB 304 (PCV10, 3+1 schedule) and
THB 494 (PCV13, 2 +1 schedule) and cost-saving at a per-dose price
between THB 99 and THB 165.
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Abstract

Background: The agreement between self-reported and proxy measures of health status in ill children is not well
established. This study aimed to quantify the variation in health-related quality of life (HRQOL) derived from young
patients and their carers using different instruments.

Methods: A hospital-based cross-sectional survey was conducted between August 2010 and March 2011. Children
with meningitis, bacteremia, pneumonia, acute otitis media, hearing loss, chronic lung disease, epilepsy, mild
mental retardation, severe mental retardation, and mental retardation combined with epilepsy, aged between five
to 14 years in seven tertiary hospitals were selected for participation in this study. The Health Utilities Index Mark 2
(HUI2), and Mark 3 (HUI3), and the EuroQol Descriptive System (EQ-5D) and Visual Analogue Scale (EQ-VAS) were

significantly from their caregivers.

others.

applied to both paediatric patients (self-assessment) and caregivers (proxy-assessment).

Results: The EQ-5D scores were lowest for acute conditions such as meningitis, bacteremia, and pneumonia,
whereas the HUI3 scores were lowest for most chronic conditions such as hearing loss and severe mental
retardation. Comparing patient and proxy scores (n = 74), the EQ-5D exhibited high correlation (r=10.77) while in
the HUI2 and HUI3 patient and caregiver scores were moderately correlated (r=0.58 and 0.67 respectively). The
mean difference between self and proxy-assessment using the HUI2, HUI3, EQ-5D and EQ-VAS scores were 0.03,
0.05, -0.03 and —0.02, respectively. In hearing-impaired and chronic lung patients the self-rated HRQOL differed

Conclusions: The use of caregivers as proxies for measuring HRQOL in young patients affected by pneumococcal
infection and its sequelae should be employed with caution. Given the high correlation between instruments, each
of the HRQOL instruments appears acceptable apart from the EQ-VAS which exhibited low correlation with the

Keywords: Infection, Chronic conditions, Child, Health-related quality of life, Utility, Proxy

Background

Measuring health-related quality of life (HRQOL) is in-
creasingly used to quantify the effect of a health condi-
tion on an individual’s life, and to assess the impact of
health care interventions. Economic evaluations measure
HRQOL in terms of utility, which can be subsequently
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incorporated along with changes in life expectancy in
the calculation of Quality-Adjusted Life Years (QALYs)
to compare health outcomes across health interventions
in different diseases and disabilities to inform resource
allocation. Utility scales usually range from 0 to 1, where
full health is assumed to have the value 1 and death the
value 0. Some HRQOL measures such as the Health
Utilities Index Mark 2 (HUI2), and Mark 3 (HUI3), and
EuroQoL Descriptive System (EQ-5D) allow negative
scores that express health states considered worse than
death.

© 2013 Kulpeng et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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There are difficulties and limitations in assessing
HRQOL in young children. Firstly, children’s growth and
development changes rapidly, which may affect the base-
line measure of particular health dimensions such as self-
care, usual activity or communication ability [1,2]. At
present, there are no standard instruments for measuring
health status in this population. While the HUIs and EQ-
5D, generic health status instruments are recognised as
valid and reliable for eliciting health status in adults and
children aged over four years (for the HUIs and through
proxy-assessment) or 14 years (for the EQ-5D) [3-7], and
are widely used in cost-utility analysis (CUA) [1,8], their
application for younger age-groups is still controversial
[1]. Furthermore, HRQOL obtained using different instru-
ments can differ substantially even when measured in the
same person [9,10] a phenomenon that is particularly evi-
dent in young children. While some variation in HRQOL
scores obtained from different instruments is inevitable,
these can be tested in target populations in order to ex-
plore the extent of variation between them. Instruments
that provide widely differing outcomes might then be con-
sidered less appropriate for use in these populations.

A second challenge to the use of HRQOL instruments
with young children, is that these should ideally be com-
pleted by the target population, posing substantial chal-
lenges in very young responders. A review found that
only 2% of studies where children were the primary
beneficiaries of the intervention estimated HRQOL
scores directly from this age-group [1]. This is expected
given the greater difficulties children might face in ac-
curately describing their health condition during and
after illness episodes. In addition, some of the questions
might be too complex for young children to answer. As
a result, proxy-assessment, where children’s health status
is obtained through their caregivers, physicians, or adult
patients with similar health conditions, is applied
[11-14]. However, self- and proxy-assessed HRQOL
scores may vary, even when using the same tools
[12,13].

Based on this review, two potential sources of vari-
ation are present when assessing HRQOL in young chil-
dren: 1) variation due to the choice of instrument; 2)
variation between the measures obtained from patients
directly as opposed to their carers. The agreement be-
tween self-reported and proxy measures of health status
in ill children is not well established and there are no
clear guidelines as to whether this is acceptable practice
[12,13,15,16]. Where the use of a proxy is not appropri-
ate, better guidance is needed on the most appropriate
tools for health status measurement in young children.

This study explores the use of instruments for
HRQOL measurement in young children affected by in-
fectious diseases in Thailand, and is a part of a CUA of
10- and 13-valent pneumococcal conjugate vaccines.
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Assessment using various HRQOL instruments by the
caregivers and affected children (who are able to rate
their health status) can provide the necessary data to ad-
dress the above knowledge-gap.

The specific objectives of this study are to 1) quantify
the variation in scores derived from young patients and
their carers using different HRQOL instruments in dif-
ferent health conditions; 2) provide recommendations as
to whether it is appropriate to measure HRQOL of
paediatric patients using their caregivers” assessments; 3)
where proxy assessment is not appropriate, identify
which instrument is most suitable for use in very young
children.

Methods

Study design and sample

The health conditions to be assessed in this study were se-
lected by a consortium of experts in paediatric infectious
disease, paediatric neurology, epidemiology, vaccinology,
and health economics. The list of conditions aimed to in-
clude the most common severe pneumococcal infections
and their sequelae that are likely to have the highest im-
pact on HRQOL. The final list included: 1) meningitis 2)
bacteremia, 3) pneumonia, 4) acute otitis media (AOM),
5) hearing loss, 6) chronic lung disease, 7) epilepsy, 8)
mild mental retardation (MMR), 9) severe mental retard-
ation (SMR), and 10) mental retardation combined with
epilepsy (MR + epilepsy).

We conducted a hospital-based cross-sectional survey
from August 2010 to March 2011 in seven public ter-
tiary hospitals in different parts of Thailand. The hospi-
tals were selected based on having a high number of
bacterial meningitis cases which was a relatively rare
condition but one with a high burden of disease. This
study was approved by the ethics committee of Queen
Sirikit National Institute of Child Health, Nopparat
Rajathanee Hospital, Maharat Nakhon Ratchasima Hos-
pital, Udonthani Hospital, Chiangrai Regional Hospital,
Hatyai Hospital, and Faculty of Medicine, Prince of
Songkla University. We calculated the sample size based
on a attempt to detect a mean difference of 0.05 of the
maximum of various scales for HRQOL for patient-
caregiver pairs with and an estimated standard deviation
(SD) of paired response difference of 0.03 [17], a power
of 80% with a significance level of 0.05, at least six pairs
were required for each health condition.

Health personnel from the study sites helped in the
identification of eligible patients and their caregivers.
Pneumococcal bacteremia, pneumococcal pneumonia
and bacterial meningitis cases were identified in the
paediatric wards. The case definition for these cases
conformed with the clinical criteria defined by the Case
Definitions for Infectious Conditions in Thailand [18] or
the International Classification of Diseases and Related
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Health Problems (10" edition). AOM, hearing loss,
chronic lung disease, epilepsy, MMR, SMR and MR +
epilepsy cases were identified in the paediatric clinics.
Relevant outpatient cases were classified into each health
condition according to physicians’ diagnosis, regardless
of diagnostic method. We selected all cases who met the
criteria during the data collection period.

Patients aged between five and 14 years in the selected
hospitals who were diagnosed with any single one of the
selected health conditions were enrolled. All school age
patients aged 7 years and above who were able to com-
municate were invited along with their caregivers to dir-
ectly participate in the study. For patients aged under
seven years and for patients who refused or were unable
to answer a series of questions, such as those with men-
tal retardation (MR), only caregivers were invited to par-
ticipate. Caregivers were excluded if they were unable to
answer the questions or unwilling to participate in the
study.

Consent was sought from a parent or guardian of the
identified patients prior to interviews and reviews of
paediatric medical records. The participants were
interviewed by interviewers using the Thai version of
HUIs and EQ-5D questionnaires. Although these instru-
ments can routinely be completed independently by pa-
tients, in the study both patients and caregivers were
interviewed face-to-face by well-trained interviewers
reading out the structured questionnaires and them-
selves completing the forms.

Study instruments

The HUI2, HUI3 and EQ-5D were selected as they have
been widely used in HRQOL measurement in children
and Thai versions have already been validated and ap-
proved by the Health Utilities Inc and the EuroQol
group, respectively. In addition, responses can be
converted into utility scores. The EQ-VAS is an integral
component of the EQ-5D questionnaire; however, we
examine it here independently of the primary descriptive
system. From our literature review, all of these scales
were reported to have minimal problem of floor and
ceiling effects with the exception of an important ceiling
effect in the case of EQ-5D [19-23].

The EQ-5D includes five dimensions (mobility, self-
care, usual activities, pain/discomfort, and anxiety/de-
pression) with three ordered levels of severity for each
dimension. The self-administered version of EQ-5D is
considered suitable for people aged 14 years and above.
An EQ-5D youth (EQ-5D-Y) version for children aged
between seven to 12 years has been developed but has
not been adapted to the Thai context. The EQ-VAS is a
standardised extension to the EQ-5D descriptive system.
It is a rating scale with a vertical 20 cm Visual Analogue
Scale (VAS) with the end points labelled best imaginable
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health state at the top and worst imaginable health state
at the bottom having numeric values of 100 and 0, re-
spectively. The standard version was used for all
subjects.

The HUI2 comprises seven dimensions (sensation,
mobility, emotion, cognition, self-care, and pain and fer-
tility) with four or five ordered levels of severity for each
dimension. The HUI3 was developed to address con-
cerns surrounding certain definitions in the HUI2 [24],
and is comprised of eight dimensions (vision, hearing,
speech, cognition, pain, emotion, ambulation, and dex-
terity) with five or six ordered levels of severity for each
dimension. Of the seven dimensions in HUI2, the fertil-
ity dimension was excluded, whereas the sensation di-
mension was split into vision, hearing and speech. We
used the validated Thai version ‘HUI23" [25], which in-
cludes all 41 questions that comprise HUI2 (37 ques-
tions) and HUI3 (33 questions), and from which each
instrument can be used by selecting the relevant compo-
nents. The HUIs have been considered suitable for
people aged five years and above through proxy-
assessment.

Data analysis

A Thai algorithm was used to calculate the EQ-5D
scores [26] but a Canadian scoring function of HUIs was
used for HUI23 due to the lack of local data [27]. The
correlation between scores from different instruments
was calculated for patients and for caregivers, and the
correlation between scores from patients and caregivers
was calculated for different instruments. To determine
whether there were systematic differences in scores be-
tween instruments, we calculated for each health condi-
tion and overall HRQOL the mean score and its 95%
confidence interval (CI) using each of the HRQOL in-
struments in both paediatric patients where possible,
and in their caregivers. ANOVA was used to analyze the
source of variability of the scores. Differences in scores
between caregivers and patients were tested using paired
t-tests for the 28 condition-instrument combinations.
All statistical analyses were carried out in the open
source R software package [28].

Results

In total 173 cases were identified. None of the caregivers re-
fused to participate giving a 100% response rate. The num-
ber of respondents by health conditions is shown in Table 1.
A total of 74 paediatric patient-caregiver complete sets par-
ticipated in this study. Additionally, 99 caregivers partici-
pated with a corresponding patient that was either too sick
(all cases of MR and the majority of meningitis, pneumonia
and AOM, n = 53) or were too young (aged less than 7 years,
n =46) to complete the questionnaire. The overall mean pa-
tient age was 10 (SD = 3). Males accounted for 62%. Among
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Table 1 Number of assessors by health conditions

Total 173 cases

Page 4 of 9

The HRQOL scores obtained from all caregivers are
shown in Figure 1. The EQ-5D scores are the lowest

Health iy . N
conditions Assessed by caregivers and Assessed by for seven of 10 health conditions i.e., meningitis,
paediatric patients caregivers alone  bacteremia, pneumonia, AOM, chronic lung disease,
Acute epilepsy and MMR, whereas the HUI3 gave the low-
Meningitis 7 12 est scores for three health conditions i.e., hearing loss,
Bacteremia 9 7 SMR. ar}d MR + epilepsy. The HRQOL‘ scgred by
) paediatric patients themselves are shown in Figure 2.
Pneumonia 8 16 L.
Similarly, the EQ-5D scores were lowest among four
AOM / 1 of the seven health conditions in which patients could
Sequalae respond i.e., meningitis, bacteremia, pneumonia and
Hearing loss 15 7 epilepsy. Likewise, the HUI3 scores were lowest in
Chronic lung 12 4 the remaining three conditions. We ran a factor ana-
disease lysis for the mean of each measure on each health
Epilepsy 16 4 condition. Two factors were identified in both care-
MVR 0 8 giver and patient data sets. In both groups, the first
VR 0 " factor included meningitis, bacteremia, pneumonia,
chronic lung disease and epilepsy. The second factor
MR+ 0 18 had 1 . Th 1 .
epilepsy ad less consistent components. e total variances
of these means explained by the two factors were
Total 74 99

173 caregivers, the mean age was 40 years (SD =11) and
males accounted for only 13%. The duration for completing
the HUI23 was approximately eight minutes in both patients
and caregivers, significantly longer than for the EQ-5D +
VAS which took approximately three minutes.

Table 2 shows correlation coefficients among different in-
struments in the same subjects (both the patient and care-
giver) and between the same patient-caregiver pair using the
same instrument (highlighted in the bold). Most values indi-
cated relatively high or moderate correlation except the cor-
relation coefficients between the EQ-VAS and HUIs, both
within the same person and between patient and caregiver

94% in caregivers and 98% in patients.

Table 3 illustrates the source of variation in
HRQOL scores in the two data sets. Using data from
the complete sets, variation within the same patient-
caregiver pair was small and not significant (P =0.59).
Variation contributed by difference in the health con-
ditions and instruments were highly significant in
both data sets. When accounting for interaction be-
tween the health conditions and instruments, the P
was small indicating that both health conditions and
instruments were not acting independently from each
other.

Table 4 shows the breakdown of differences within
caregiver-patient sets by health condition and instru-
ments. HRQOL reported by paediatric patients were

in the same pair. slightly and non-significantly higher than those
Table 2 Matrix of scores obtained in paediatric patients and caregivers using 4 HRQOL instruments (N = 74)
Scores from caregiver Scores from patient
HUI3 EQ-5D EQ-VAS HUI2 HUI3 EQ-5D EQ-VAS

Scores from caregiver

HUI2 0.84 063 043 0.58 0.57 0.56 0207

HUI3 0.69 0.50 0.58 0.67 0.59 0.24

EQ-5D 0.55 040 044 0.77 049

EQ-VAS 0.11° 0.20° 040 0.50
Scores from patient

HUI3 0.89

EQ-5D 0.59 0.58

EQ-VAS 0.11° 0.16° 037

Values in bold correspond to the correlation coefficients of the scores between the patients and the caregivers using the same instruments. *The correlation is
found to be non-significant (P> 0.05).
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Utility scores

Health conditions
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Figure 1 Mean scores and 95% Cl obtained in caregivers using 4 HRQOL instruments (proxy-assessment).

reported by caregivers. The only significant difference
detected within the pairs was for hearing loss using
HUI3 and chronic lung disease using EQ-5D.

Discussion

This is the first study considering methodological as-
pects of children’s HRQOL instruments in the Thai con-
text and results of this study can be useful for guiding
future economic evaluations or outcome studies in this
and other settings. In this analysis, we address two major
methodological issues concerning the use of caregivers

as proxies for children’s HRQOL measures, and the use
of different HRQOL instruments across health condi-
tions in young patients.

The variation in HRQOL derived from patients compared
to their caregivers

We observed disparity in HRQOL derived from young
patients and caregivers using all instruments, and the
mean of differences exceeded 0.03, a difference that has
been considered to be clinically significant by previous
investigators [7,9,29]. Likewise, the data in Table 4

Utility scores

° mm EQ-5D == HUI3 — EQ-VAS 1 Hu2
@
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© |
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<
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Figure 2 Mean scores and 95% Cl obtained in paediatric patients using 4 HRQOL instruments (self-assessment).
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Table 3 Comparison of mean scores by sources
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Df SS Ms F P-value
From caregivers and patients complete sets
Assessor 1 0.02 0.02 0.28 0.59
Health condition 6 4.02 0.67 9.57 <0.001
Instrument 3 3.85 1.28 18.31 <0.001
Health condition : instrument 18 299 0.17 249 <0.001
Residuals 581 40.66 0.07
From sets with caregivers only
Health condition 9 15.29 1.70 27.38 <0.001
Instrument 3 351 1.05 16.92 <0.001
Health condition : instrument 27 3.12 0.12 1.86 <001
Residuals 652 4047 0.06

suggest that the difference between patients and care-
givers was in the majority of health conditions of a mag-
nitude which would be regarded as clinically meaningful
though not statistically significant (except for hearing
loss and chronic lung disease using particular instru-
ments). The largest gap was found in hearing loss.
Health conditions relating to sensory impairment such
as hearing loss might be more challenging in proxy-
assessment than objective measures such as mobility.
The variation in HRQOL scores derived from patients
compared to their caregivers was also associated with
HRQOL instruments. The HUIs and EQ-5D scores had
good correlation within patient-caregiver pairs, a finding
that is also compatible with other studies [14,30,31]. The

degree of caregiver-patient correlation in the HUI3 was
higher than in the HUI2 in our study. The EQ-VAS in
both patients and caregivers had the lowest correlation
with other measures. This may be because the EQ-VAS
involves a different task (valuation of health state)
whereas for the other three measures the respondents
were asked to describe their own or the child’s health
state.

The use of different HRQOL instruments across health
conditions in young patients

As would be expected, all instruments offered different
HRQOL scores for the same health condition. For both
self- and proxy-assessment, the EQ-VAS and HUI2 gave

Table 4 Mean of difference of scores between caregivers and paediatric patients

Mean of difference

Health conditions N HUI2 HUI3 EQ-5D EQ-VAS
Meningitis 7 -0.07 -0.07 -0.27 0.05
(95%C1) (-=0.17 to 0.03) (-0.21 to 0.07) (—0.58 to 0.05) (—=0.09 to 0.20)
Bacteremia 9 0.05 0.13 0.08 0.01
(95%Cl) (=015 t0 0.24) (-0.18 to 0.44) (-0.13 t0 0.29) (-=0.19 to 0.21)
Pneumonia 8 -0.08 -0.02 -0.05 -0.05
(95%Cl) (-0.22 to 0.07) (=0.13 t0 0.10) (=0.15 to 0.05) (-=0.28 t0 0.17)
AOM 7 0.05 0.07 —-0.08 —-0.06
(95%Cl) (=0.09 to 0.19) (—=0.09 to 0.24) (—0.20 to 0.04) (=023 to 0.11)
Hearing loss 15 0.14 0.24 0.08 0.01
(95%Cl) (-=0.01 to 0.28) (0.03 to 046) (-0.03 to 0.19) (-=0.12t0 0.14)
Chronic lung 12 0.00 0.03 -0.11 -0.03
(95%Cl) (=0.11 t0 0.12) (=0.09 to 0.14) (-0.22 to —0.00)° (=0.16 to 0.09)
Epilepsy 16 -001 0.00 -0.00 -0.02
(95%(C) (-0.08 to 0.07) (-0.11 t0 0.12) (—0.06 to 0.06) (—0.10 to 0.06)
Overall 74 0.03 0.05 -0.03 -0.02
(95%Cl) (-0.02 to 0.07) (-0.00 to 0.11) (-0.07 to 0.02) (—0.06 to 0.02)

?Statistically significant (P < 0.05) different utility score for caregivers compared with patients.
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the highest scores whereas the EQ-5D and HUI3 tended
to provide the lowest. The EQ-5D yielded the lowest
HRQOL scores compared to other instruments in acute
diseases, whereas the HUI3 provided the lowest score in
most of chronic conditions. These findings are consist-
ent with two other studies [10,32]. Our study, however,
found that for epilepsy the HRQOL score was the lowest
using the EQ-5D, as opposed to HUI3 in another study
[10]. It is noteworthy that the Thai algorithm used for
EQ-5D was derived from the Time Trade-Off (TTO)
technique, whereas HUI scoring function was obtained
from the Standard Gamble (SG) technique and VAS.
This difference might influence the results because pre-
vious studies indicated that TTO produced lower utility
scores than SG in Asian and other population groups
[33-36]. Moreover, the absence of a Thai specific scoring
function for HUIs could have affected the results as
people in different countries are likely to have different
health state preferences [32].

The EQ-5D in particular may not be sufficiently sensi-
tive for measuring HRQOL in patients with sensory im-
pairment as it does not include a sensory dimension
[32,37-39]. SG and TTO have been used to measure util-
ity directly in hearing impaired persons [40]. The SG
and TTO, however, are time-consuming and conceptu-
ally challenging. Furthermore, the HUI3 has proven to
be valid and acceptable for measuring HRQOL in hear-
ing impaired populations [10,32,37-39,41]. For health
conditions associated with sensory impairment, there-
fore, self-reported assessment of health status using the
HUI3 is the optimal choice. The EQ-VAS score obtained
from patients and caregivers is similar, yet correlation
between scores rated by this and other instruments was
low. Furthermore, given the general difficulties in using
the EQ-VAS in people who may not understand its
quantitative properties [33,42,43], it may not be appro-
priate for very young patients. This was supported by a
prior study showing that 13% of adult patients found it
difficult to use [43].

In addition, the degree of correlation between instru-
ments is used to examine their agreement (convergent
validity). The HUIs and EQ-5D scores had a moderate
to high correlation within the same subject, confirming
findings from previous studies [44-46]. The HUI2 and
HUI3 had very high correlation; this is mainly because
there is much duplication in these tools (30 of 40 ques-
tions in HUI23 are identical). The HUI3 is claimed to be
superior to the HUI2 as it was developed to improve
structural independence so that each domain would
yield specific information [24,47].

Study limitations
In addition to the limitation of incomplete pairs of
patient-caregiver sets, another methodological concern
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is the fact that subjects were recruited at tertiary hospi-
tals where patients are likely to be in an acute phase of
their illness and the impact on certain HRQOL dimen-
sions such as mobility may not be readily apparent. We
argue that this did not introduce a substantial bias since
patients in most of our pre-specified conditions are usu-
ally hospitalized. The shortcoming may be more serious
in health states associated with chronic disability as pa-
tient and proxy assessment of their HRQOL once back
home may be different from when they are hospitalized
[48]. Lastly, although this study selected patients with a
single condition, there may have been co-morbidities
that were undiagnosed during data collection that may
have influenced HRQOL scores.

Conclusions

Our data imply that use of caregivers as proxies for
measuring  HRQOL in young patients affected by
pneumococcal infection and its sequelae should be
employed with caution. Given the high correlation be-
tween instruments, each of the HRQOL instruments ap-
pears acceptable apart from the EQ-VAS which
exhibited low correlation with the others. For conditions
associated with sensory impairment we would recom-
mend the use of HUI3 due to its explicit inclusion of
this dimension.
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Background In our previous systematic review of economic
evaluations of pandemic influenza interventions, five model
parameters, namely probability of pandemic, duration of pandemic,
severity, attack rate, and intervention efficacy, were not only
consistently used in all studies but also considered important by
authors.

Objectives Because these parameters originated from sources of
varying quality ranging from experimental studies to expert opinion,
this study aims to analyze the variation in values used according to
sources of information across studies.

Methods An analysis of estimated values of key parameters for
economic modeling was performed against their different data
sources, following the standard hierarchy of evidence.

Results A lack of good-quality evidence to estimate pandemic
duration, pandemic probability, and mortality reduction from
antiviral treatment results in a large variation of values used in

economic evaluations. Although there are variations in quality of
evidence used for attack rate, basic reproduction number, and
reduction in hospitalizations from antiviral treatment, the estimated
values do not vary significantly. The use of higher-quality evidence
results in better precision of estimated values compared to lower-
quality sources.

Conclusion Hierarchies of evidence are a necessary tool to identify
appropriate model parameters to populate economic evaluations
and should be included in methodological guidelines. Knowledge
gaps in some key parameters should be addressed, because if good-
quality evidence is available, future economic evaluations will be
more reliable. Some gaps may not be fulfilled by research but
consensus among experts to ensure consistency in the use of these
assumptions.

Keywords costs and cost analysis, disease outbreaks, economic
evaluation models, human influenza, model parameters, review.

Please cite this paper as: Praditsitthikorn et al. (2013) Assessing key model parameters for economic evaluation of pandemic influenza interventions: the data

source matters. Influenza and Other Respiratory Viruses 7(Suppl. 2), 59-63.

Background

The H5NI1 and pHINI outbreaks that occurred in recent
years directed international attention toward the cost-effec-
tiveness of interventions aiming to prevent and control
pandemic influenza. As a result, and part of its Public Health
Research Agenda for Influenza, the World Health Organiza-
tion (WHO) commissioned the Health Intervention and
Technology Assessment Program (HITAP) of Thailand to
conduct a systematic review of preparedness strategies and
interventions against pandemic influenza, published in early
2012." By offering a comprehensive framework for efficient
allocation of resources — a tool that was lacking until then —
the study intended to serve as a reference for the future
revision of the WHO pandemic preparedness and response
guidance.’

In our study, we searched relevant databases as well as
screened references and contacted authors up to September
2011. Eligible papers were full and partial economic evalu-
ations including both costs and outcomes, while editorials,
reviews, and papers on economic impact or complications
were excluded. We selected a total of 44 evaluations for the
review. Although in general the methods applied were
appropriate, we detected important shortcomings in the
quality of evidence used. There were also considerable
variations in drug regimens and vaccination protocols. In
summary, pharmaceutical interventions ranged from cost-
saving to high cost-effectiveness ratios. Combinations of
pharmaceutical and non-pharmaceutical interventions were
cost-effective compared with vaccines and/or antivirals
alone. Reduction in contacts, prevention with antivirals
together with school closure demonstrated to be especially

© 2013 Blackwell Publishing Ltd
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cost-effective for all countries. In contrast, quarantine for
household contacts was cost-ineffective in all settings.
Finally, we provided recommendations on practical issues
necessary to improve the quality and generalizability of
economic evaluation studies in the future. In particular, we
underlined the importance of five model parameters (i.e.,
probability of pandemic, duration of pandemic, severity,
attack rate, and intervention efficacy/effectiveness) that were
not only consistently employed in all evaluations but also
considered important by study authors.

In this study, our purpose is to describe and analyze the
variation in key parameter values employed according to
sources of information across studies. These key parameters
originate from different sources of varying quality ranging
from experimental studies to expert opinion. An investiga-
tion into this variation is warranted, with the aim to promote
the reaching of consensus on certain important parameters
used for future economic evaluations and identify future
priority research areas.

Methods

We conducted a descriptive analysis of five key parameters
for economic modeling of pandemic influenza interventions.
The identified parameters were cross-tabulated against the
different data sources, following the hierarchy developed by
Cooper et al’ In this hierarchy, different data sources are
assessed according to their level of quality: a) clinical effect
sizes, b) adverse events and complications, c¢) baseline
clinical data, d) resource use, e) costs, and f) utilities (only
in cost utility analyses). Parameter sources are given a rank
from 1-6 and 9 in descending order, with rank 1 applied to
parameters derived from the best quality sources. In
summary, in the case of clinical effect sizes/adverse events
and complications, rank 1 is given to meta-analyses of
randomized controlled trials (RCTs) or RCTs that directly
evaluate comparator interventions and quantify final out-
comes; rank 2 is given to similar designs but measuring
surrogate outcomes or using placebo as a comparator while
measuring final outcomes for each intervention; rank 3 is
applied to meta-analyses or RCTs that use placebo as
comparator and measure surrogate outcomes; rank 4 is given
to observational studies; rank 5 to non-analytic studies; and,
finally, rank 6 and 9 are given to expert opinion and cases
where the source is not clear, respectively. In the case of
baseline clinical data, rank 1 is given to purposely conducted
case series/analyses of dependable databases including
patients from the study setting; rank 2 is given to similar
studies that were conducted recently; rank 3 is given to
similar studies conducted recently in a different setting; rank
4 is given when these studies are old or the estimates are
derived from RCTs; rank 5 is given to estimates retrieved
from other economic evaluations; and ranks 6 and 9 are

given in the same fashion as for clinical effect sizes/adverse
events and complications.

Results

Key parameters related to baseline clinical data
Figure 1 illustrates the variation of means of the parameters
for attack rate, basic reproduction number (R,), pandemic
probability, and pandemic duration. The graph clearly
demonstrates a lack of high-quality evidence for pandemic
probability and pandemic duration, because authors of all
reviewed papers derive these parameters from previous
economic evaluations, expert opinion, or unclear sources.

For pandemic duration, there is only one study using data
from a previous economic evaluation of antiviral stockpiling
in Singapore, which estimates pandemic duration at
12 weeks.* In six studies that estimate pandemic duration
from expert opinion, the value varies from 15 to 43 weeks.
Regarding pandemic probability, although most studies
apply the common belief that a pandemic is expected to
occur every 30 years, there is one study where the estimate is
unexpectedly five years.’

In the cases of attack rate and Ry, authors of the reviewed
studies select evidence from a wide array of data sources
ranging from recent cases series/analyses of reliable admin-
istrative databases to expert opinion. Although higher-
quality sources tend to provide less variation in estimates,
there are not considerable differences in absolute values
used.

Key parameters related to clinical effect sizes

As for pharmaceutical interventions, there is a knowledge gap
in the value of antiviral efficacy measured as mortality
reduction, with all six studies using parameters derived from
expert opinion or unclear sources (Figure 2). This is not the
case for the estimates of antiviral efficacy measured as
reduction in hospitalizations, where authors employ a
broader range of data sources. In the studies, the absolute
values are also similar. For vaccine efficacy, the variations in
estimates observed are large, especially evident in seven
studies where authors use expert opinion or estimated from
other sources, for example one study based on previous
pandemics®, one study based on seasonal influenza’, and five
additional studies where the source of the estimates is
unclear.”® !

To assess the effect of the 2009 pandemic on the quality of
evidence used in economic evaluation studies, Figure 3
compares the ranking of each parameter in studies conducted
before and after the 2009 pandemic. Even though the
number of studies is small, the 2009 pandemic seems to
provide a positive benefit to the quality of evidence used for
two of the parameters, namely attack rate and Ry, but not for
the other parameters.
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Figure 1. Hierarchy of quality of evidence for pandemic duration,
probability of pandemic, basic reproduction number, and attack rate
parameters. Vertical lines represent the range of values. Square boxes
represent average values. The numbers above each line are the number of
studies. The hierarchy of evidence is based on Cooper et al.>

Discussion

From our analysis, we identified an important knowledge gap
in three key parameters necessary for economic evaluation
studies of pandemic influenza preparedness strategies and
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interventions. This includes pandemic duration, pandemic
probability, and mortality reduction from antiviral treat-
ment. Because there is no high-quality evidence for these
parameters, resulting both in a large variation of estimated
values used and a high impact on economic evaluation
results, this will ultimately hinder cross-study comparisons of
economic information to guide policy decisions.

In the cases of attack rate, Ry, and reduction of hospital-
izations from antiviral treatment, there are not large
variations in values used. This may be because there is
already high-quality evidence available and that most experts
are aware of the existing evidence. For example, because there
were two studies conducted by Khazeni et al.'? and Tuite
et al."? that analyzed information from U.S. and Canadian
administrative databases'® to estimate R,, and economic
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evaluations conducted after that year employed an estimate
that did not differ significantly from the results of those two
studies. Even in three other studies published more recently
in 2009'%, 2010'°, and 2011"7, which derived the value of R,
from the authors’ own assumptions, we found these
estimates comparable to the results from the two studies
mentioned above.'>'*

There are some limitations in this study. As this study
was derived from a systematic review completed in
September 2011, studies published later are not included.
Nonetheless, an update of our search strategy in MED-
LINE/PubMed covering from September 2011 to Septem-
ber 2012 indicates that, although the scope of settings and
interventions has broadened, there are few eligible addi-
tional economic evaluations'®?' and most of the studies
are cost analyses.”> > We believe that our results are still
valid even though these new studies are not included.
Moreover, we only reviewed economic evaluation studies
and, therefore, can only capture the data sources selected
by these studies. If there is better-quality evidence available
but not used in these reviewed studies, it is not included
in our analysis. Lastly, we employed a hierarchy of
evidence developed for health economic evaluations of
general diseases. However, pandemic influenza is not a
disease where the past is a reliable guidance for the future.
Hence, the hierarchy may not always be relevant for all
parameters. For example, results from genetic studies that
are not population-based may be more reliable in giving
an indication of how a pandemic flu strain may drift and
attenuate over time than observational studies of the past
pandemic.

Recommendations

Firstly, we found that hierarchies of evidence are a necessary
tool to help identify appropriate model parameter estimates
to populate economic evaluations. Research funders and
health economic evaluation methodological guideline devel-
opers should request that researchers select the highest
quality data sources as possible according to standard
hierarchies of evidence.

Secondly, we also identified a knowledge gap in some key
parameters that should be addressed by funders of respon-
sible agencies, who should include them in future research
programs. This is because future economic evaluations will
tend to have less variation in values of parameters used (e.g.,
the case of Ry), if good-quality evidence is available and
utilized.

Finally, it may not be possible to fill some evidence gaps
(i.e., pandemic probability and duration) by research and these
will need to be addressed by reaching consensus among experts
to ensure a better consistency in the use of these assumptions,
so that future economic evaluations can be comparable and
meaningful for guiding resource allocation decisions.
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SUMMARY

Purpose: There is strong evidence of an association
between the presence of the human leukocyte antigen
(HLA)-B*15:02 and two severe adverse drug reactions—
Stevens-Johnson syndrome (SJS) and toxic epidermal
necrolysis (TEN)—in patients taking carbamazepine
(CBZ), a common treatment for patients with epilepsy
and neuropathic pain. As a result, there are calls for all
patients that are due to undergo CBZ therapy to be
screened for this genetic marker before commencing
their therapy. This study aims to determine the value for
money of HLA-B*15:02 screening compared to the follow-
ing: (1) administering CBZ therapy without conducting
patient screening, and (2) not prescribing CBZ but alter-
native drugs that are less likely to result in severe reac-
tions, but that come at a higher cost.

Method: An economic evaluation was carried out by using
a decision tree and Markov models to examine the cost-
utility of providing HLA-B*15:02 screening for all patients
with either newly diagnosed epilepsy or neuropathic pain
in the Thai setting. All transitional probabilities were
derived from the national and international literature.
The majority of the data on direct medical care costs were
collected from 10 community, provincial, and regional
hospitals throughout Thailand. Direct non-medical cost

and health-related quality of life (HRQoL) data were
obtained from interviews that were conducted with 33
patients, some of whom had experienced severe drug
reactions.

Key Findings: The incremental cost-effectiveness ratio
(ICER) of adopting a universal HLA-B*15:02 screening
policy was estimated at 222,000 Thai baht, THB/quality-
adjusted life year (QALY) gained for epilepsy patients
and 130,000 THB/QALY gained for patients with neuro-
pathic pain. Furthermore, we found that 343 patients
need to be tested for HLA-B*15:02 allele to prevent one
case of SJS/TEN.

Significance: Universal HLA-B*15:02 screening repre-
sents good value for the money in terms of preventing
SJS/ITEN in CBZ-treated patients with neuropathic
pain at the Thai ceiling ratio of 120,000 THB/QALY
gained. However, the prevalence of CBZ-induced SJS/
TEN in the Thai population and the positive predictive
value (PPV) are major factors that influence the cost-
effectiveness of HLA-B*15:02 screening. Therefore, an
active surveillance system to make a more accurate
assessment of the prevalence CBZ-induced SJS/TEN in
the Thai population would enhance the generalizability
of the results.

KEY WORDS: Cost-utility analysis, HLA-B*15:02, Ste-
vens-Johnson syndrome, Toxic epidermal necrolysis.

According to national and global pharmacovigilance sys-
tems, the most common adverse drug reactions (ADRs) are
cutaneous. The most severe life-threatening forms of cuta-
neous ADRs are Stevens-Johnson syndrome (SJS) and toxic

Accepted June 18,2013; Early View publication July 29, 2013.

Address correspondence to Naiyana Praditsitthikorn, Department of
Health, Health Intervention and Technology Assessment Program (HI-
TAP), Ministry of Public Health, 6th Floor, 6th Building, Tiwanon Road,
Muang, Nonthaburi 11000, Thailand. E-mail: naiyana.p @hitap.net

Wiley Periodicals, Inc.
© 2013 International League Against Epilepsy

epidermal necrolysis (TEN), two related acquired bullous
disorders of the skin that, in the majority of cases, are caused
by reactions to certain drugs, such as sulfonamide-antibiot-
ics, antiepileptic agents—especially carbamazepine (CBZ),
allopurinol, and oxicam-type nonsteroidal antiinflammatory
drugs (NSAIDs) (Harr & French, 2010). Incidence rates for
SJS/TEN vary according to ethnicity, and the highest rates
are seen among Han Chinese, Malays, and Thais (Lim et al.,
2008).

CBZ is the primary treatment choice for patients with
epilepsy and neuropathic pain according to current Thai
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clinical practice guidelines (National Drug Committee,
2008; Thai Association for the Study of Pain, 2008; The Epi-
lepsy Society of Thailand, Prasat Neurological Institute,
2011). As such, many doctors are forced to make a difficult
choice—they can either prescribe patients CBZ treatment,
with the knowledge that it brings with it high risk of SIS/
TEN (Health Product Vigilance Center, 2011a), or they can
prescribe a less effective and more expensive treatment.
Evidence suggests that host genetics play an important role
in determining the probability of developing SJIS/TEN reac-
tions to certain drugs (Chung et al., 2004; Hung et al., 2005;
Chantarangsu et al., 2009; Chen et al., 2011). In 2004,
HLA-B*15:02 was the first genetic marker identified for
predicting CBZ-induced SJS/TEN in Taiwanese patients.

Since the initial discovery of HLA-B*15:02 and CBZ-
induced SJS/TEN, this association has been confirmed in a
number of other Asian populations. For instance, in South
East Asian populations and Southern Chinese populations,
where HLA-B*15:02 carriers are relatively common (>10%
for carriers in the population and >5% for minimal allele
frequency), this association was also demonstrated. How-
ever, in countries where the proportion of the population
who are HLA-B*15:02 carriers is low, such as Japan and
Korea, the association has not been found (McCormack
et al., 2011). This is also true for European nations, where
carriers of HLA-B*15:02 are also relatively rare (McCor-
mack et al., 2011). As a result of these studies, the U.S.
Food and Drug Administration (FDA) now recommends
that HLA-B*15:02 screening be conducted for all patients
of Asian descent before undergoing CBZ treatment. More-
over, the screening for HLA-B*15:02 is covered under the
National Health Insurance system in Taiwan (Chantratita
et al.,2011).

At present in Thailand, allele-specific genotyping for
HLA-B*15:02 is currently available through nine regional
centers of the laboratory network of the National Institute of
Health (NIH) at the Department of Medical Sciences
(DMSc) and at a number of medical school laboratories.
Despite the availability, a universal HLA-B*15:02 screen-
ing policy for patients due to undergo CBZ therapy is not
yet in place in Thailand. To decide whether screening
should be conducted universally, an economic evaluation
study is required to help policy makers assess the value for
money of universal HLA-B*15:02 screening compared to
(1) the current practice, in which patients receive no HLA-
B*15:02 screening before undergoing CBZ treatment, and
(2) prescribing drugs other than CBZ that have a lower risk
of triggering severe reactions but are more expensive. The
results of the study will be submitted to the Subcommittee
for Development of the Benefit Package and Service Deliv-
ery (SCBP)—the coverage decision authority responsible
for issuing recommendations on whether HLA-B*15:02
screening should be offered to individuals who are eligible
under the health benefit package of the Universal Coverage
Scheme (UC).

METHODS

Overview of potential strategies

Current practice

In Thailand, patients with either newly diagnosed epi-
lepsy or neuropathic pain commonly commence their treat-
ment with CBZ because it is an effective and inexpensive
drug (1.39 Thai baht [THB] per tablet) (Center of Essential
Information for All Health Officers, 2011) that is widely
available at all types of hospital throughout the country.
However, these patients usually commence their CBZ with-
out first undergoing screening for HLA-B*15:02. The stan-
dard World Health Organization (WHO)-recommended
defined daily dose for CBZ is 1 g for both patients with epi-
lepsy and neuropathic pain (The WHO Collaborating Centre
for Drug Statistics Methodology, 2012). Although the
majority of patients with epilepsy require life-long treat-
ment, clinicians have indicated that this is likely to be
unnecessary for most patients in the Thai setting (Rattana-
vipapong et al., 2012a), where the average treatment dura-
tion for epilepsy is about 4 years. These findings are similar
to those found in Taiwan (Hu et al., 2011). However, we did
assess the value for money of providing lifetime treatments
for patients with epilepsy. For patients with neuropathic
pain, the average treatment duration in the Thai setting was
found to be 2 years (Rattanavipapong et al., 2012a).

Universal HLA-B*15:02 screening

Because CBZ-induced SJS/TEN has been found to be
associated with the presence of the HLA-B*15:02 allele
(Locharernkul et al., 2008; Tassaneeyakul et al., 2010), the
provision of HLA-B*15:02 screening prior to starting treat-
ment with CBZ should serve as a useful pharmacogenetic
test. At present, screening is available to anyone who can
afford it (at a cost of 1,000 THB, according to the DMSc
price). However, there are growing calls for HLA-B*15:02
screening to be publicly funded and alternative treatment
options offered for those who test positive for HLA-
B*15:02.

Prescribing alternative drugs without screening for HLA-
B*15:02

To prevent CBZ-induced SIS/TEN, patients can be pre-
scribed alternative drugs at the outset of treatment, thereby
removing the need for HLA-B*15:02 screening. As recom-
mended by the Thai Clinical Practices Guidelines and an
expert consultation meeting, sodium valproate (VPA) and
gabapentin (GBP) are suitable alternative treatments for
patients with epilepsy and neuropathic pain, respectively
(Rattanavipapong et al., 2011; The Epilepsy Society of
Thailand, Prasat Neurological Institute, 2011). The stan-
dard dosage regimen for VPA is 1.5 g per day at a cost of
12.66 THB per 500 mg tablet (Center of Essential Infor-
mation for All Health Officers, 2011; The Epilepsy Society
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of Thailand, Prasat Neurological Institute, 2011; The
WHO Collaborating Centre for Drug Statistics Methodol-
ogy, 2012). The standard dosage regimen for GBPis 1.2 g
a day at a cost of 8 THB per 300 mg tablet (Thai Associa-
tion for the Study of Pain, 2008; Center of Essential Infor-
mation for All Health Officers, 2011; Moore et al., 2011;
Rattanavipapong et al., 2012a).

Analyses and model

Model-based economic evaluations consisting of a deci-
sion tree and a Markov model were constructed for the Thai
context using the societal perspective. Two separate models

were constructed—one for patients with newly diagnosed
epilepsy and one for patients with newly diagnosed neuro-
pathic pain. These models were used to evaluate the costs
and consequences of each strategy, by following the same
adult cohort (made up of individuals aged 20 years or older)
for all strategies. The lifetime time horizon was used with a
cycle length of 1 year. The primary outcomes of interest
were lifetime costs, quality-adjusted life-years (QALYS)
gained, and the incremental cost-effectiveness ratio (ICER)
in THB per QALY gained.

The decision tree model (Fig. 1) imitated the three
potential strategies for treating patients with epilepsy or
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neuropathic pain. In the first strategy, patients started CBZ
without HLA-B*15:02 screening (reflecting current prac-
tice). In the second strategy, all patients were tested for the
HLA-B*15:02 allele, and patients who tested positive for
HLA-B*15:02 allele were prescribed the alternative drugs,
whereas patients who tested negative received CBZ. In the
third strategy, patients were given alternative drug treat-
ments and did not undergo HLA-B*15:02 screening. For all
patients—whether they received CBZ or alternative drugs
—there were three possible outcomes: (1) the development
of SIS/TEN, (2) the development of other ADRs without
SJIS/TEN, and (3) no development of ADRs.

A Markov model (Fig. 2) was used to predict the lifetime
costs and outcomes of each outcome that occurred after tak-
ing CBZ or alternative drugs. As shown in Figure 2A, there
are four possible health scenarios for patients who develop
SIS/TEN: (1) patients develop SJS/TEN, which may or
may not lead to complications during hospitalization; (2)
patients recover but experience sequelae such as blindness;
(3) patients recover without any complications; and (4)
patients die from SIS/TEN or other causes, such as diseases
and accidents. Patients who develop other ADRs could
move to a state of recovery or death in the next cycle, as
shown in Figure 2B, whereas patients who do not develop
any ADRSs could remain in this state or could die from other
causes, as shown in Figure 2C. All parameters used in the
analysis are presented in Table 1 and discussed further in
the model parameter sections. The Monte Carlo simulation
was used to model costs and outcomes over a lifetime per-
iod. All costs and outcomes occurring after 1 year were dis-
counted at a rate of 3%, as recommended in the health
technology assessment guidelines of Thailand (Permsuwan
et al., 2008).

Model parameters

Health state transitional probabilities

Transitional probabilities between health states were
obtained from published studies and primary data. The prev-
alence of HLA-B*15:02 allele carriers in the Thai popula-
tion was derived from our own meta-analysis of national
studies (Kupatawintu et al., 2010; Romphruk et al., 2010).
We conducted an analysis of the Health Product Vigilance
Center (HPVC) database of the Thai Food and Drug Admin-
istration (TFDA) from 2006 to 2011 (Health Product Vigi-
lance Center, 2011b), to acquire the probability of patients
developing SJIS/TEN, sequelae, or other ADRs from either
CBZ or alternative drugs. The age-adjusted mortality rate
for the general population was taken from the Thai Burden
of Disease and Injury Study in Thailand (The Thai Working
Group on Burden of Disease and Injuries, 2004).

Intervention effectiveness
The PG 1502 test (PharmiGene, Inc., Taipei, Taiwan)
was used to detect the presence of the HLA-B*15:02 allele;

SJS/TEN
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Figure 2.

(A—C) Markov model representing the three events that could
occur for patients after treatment by carbamazepine or alterna-
tive drugs. Each event shows all health states in each cycle. It is
possible to transit to another health state with transitional
probability as shown by the arrows. (A) Patients who devel-
oped SJS/TEN after receiving drugs. (B) Patients who devel-
oped other ADRs after receiving drugs. (C) Patients who did
not developed any ADRs after receiving drugs.
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this has been approved by Taiwan’s Department of Health
as a recommended in vitro diagnostic (IVD) test. The sensi-
tivity of the test was 100%, and the specificity was 98.7%,
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Table I. Input parameters used in the model

Parameters Distribution  Mean SE

Epidemiologic parameter and transitional probabilities

Prevalence of HLA-B*15:02 allele in the Thai population (Kupatawintu et al., 2010; Romphruk et al.,2010)  Beta 0.155 0.003
Probability of CBZ-induced SJS/TEN in patients testing positive Beta 0.019 0.019
for HLA-B*15:02 allele (PPV) (Tassaneeyakul et al., 2010)
Probability of CBZ-induced SJS/TEN in patients testing negative Beta 0.0004 0.0004
for HLA-B*15:02 allele (1-NPV) (Tassaneeyakul et al., 2010)
Probability of patients developing sequelae Beta 0.570 0.060
Probability of CBZ-induced other ADRs Beta 0.032 0.032
Probability of VPA-induced other ADRs Beta 0.004 0.004
Probability of GBP-induced other ADRs Beta 0.025 0.025
Probability of death due to CBZ-induced SJS/TEN Beta 0.002 0.002
Costing parameters (THB per year)
Epilepsy
Direct medical cost
Treatment with CBZ° Normal 4,094 38
Treatment with VPA® Normal 15,477 20
CBZ-induced SJS/TEN? Normal 25,868 192
VPA-induced SJS/TEN® Normal 25,666 189
Treatment of other ADRs (Kankeawlar & Phurmsuwan, 2006) Gamma 2,319 2,319
Follow-up of sequelae (Thavorncharoensap et al., 2008)° Gamma 1,505 1,505
Direct non-medical cost
Treatment with CBZ or VPA® Normal 6,431 23
CBZ-induced SJS/TEN? Normal 20,812 199
VPA-induced SJS/TEN® Normal 21,020 202
Treatment of other ADRs (Kankeawlar & Phurmsuwan, 2006; Rattanavipapong et al., 2012b) Gamma 1,870 1,870
Follow-up of sequelae (Rattanavipapong et al., 2012b)° Gamma 79%4 794

Neuropathic pain
Direct medical cost

Treatment with CBZ® Normal 5,387 36
Treatment with GBP” Normal 14,576 33
CBZ-induced SJS/TEN? Normal 26,970 322
GBP-induced SJS/TEN® Normal 26,885 305
Treatment of other ADRs (Kankeawlar & Phurmsuwan, 2006) Gamma 2,319 2,319
Follow-up of sequelae (Thavorncharoensap et al., 2008)° Gamma 1,505 1,505
Direct non-medical cost
Treatment with CBZ or GBP? Normal 3,527 28
CBZ-induced SJS/TEN? Normal 37,230 226
GBP-induced SJS/TEN® Normal 37,608 231
Treatment of other ADRs (Kankeawlar & Phurmsuwan, 2006; Rattanavipapong et al., 2012b) Gamma 1,870 1,870
Follow-up of sequelae (Rattanavipapong et al., 2012b)° Gamma 794 794
Utility parameters
Epilepsy
No ADRs ¢ Beta 0.68 0.003
Develop SJS/TEN? Beta —0.08 0.002
Recover from SJS/TEN without complication Beta 0.52 0.003
Recover from SJS/TEN with sequelae (Teerawattananon et al., 2007)? Beta 0.30 0.200
Develop other ADRs® Beta 0.46 0.003
Neuropathic pain
No ADRs‘ Beta 0.63 0.003
Develop SJS/TEN? Beta —0.18 0.002
Recover from SJS/TEN without complication Beta 0.65 0.003
Recover from SJS/TEN with sequelae (Teerawattananon et al., 2007)? Beta 0.30 0.200
Develop other ADRs® Beta 0.58 0.003

THB, Thai baht; PPV, positive predictive value; NPV, negative predictive value; N/A, not applicable; CBZ, carbamazepine; VPA, sodium valproate; GBP, gabapen-
tin; ADRs, adverse drug reactions; DMSc, the Department of Medical Sciences, Ministry of Public Health.

“Analysis of primary data using bootstrap method.

bAnalysis of primary data collected by the authors.

“Because no data are available on the costs of treating SJS/TEN with sequelae, the costs of treating patients with psoriasis, which normally involves the skin, were
used instead.

9The utility of patients with complete vision impairment was used in this study because there were no available data on the utility of patients with SJS/TEN with
sequelae.

“Utility of patients with other ADRs is assumed to be 10% lower than the utility of recovered patients from SJS/TEN without complication.
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as specified by the manufacturer (Tassaneeyakul et al.,
2010). On the basis of previous research, the prevalence rate
for CBZ-induced SJS/TEN in the Thai population was set at
0.27%; the positive predictive value (PPV) and negative
predictive value (NPV) of HLA-B*15:02 screening were set
at 1.92% and 99.96%, respectively (Tassaneeyakul et al.,
2010). The PPV was used to indicate the probability of
CBZ-induced SJS/TEN occurring in patients who tested
positive for the HLA-B*15:02 allele; 1-NPV (0.04%) was
used to indicate the probability of CBZ-induced SJS/TEN
occurring in patients who tested negative for the HLA-
B*15:02 allele.

Cost and utility parameters

Costs and health-related quality of life (HRQoL) data
were collected from Thai patients who had been treated with
CBZ from 10 community, provincial, and regional hospi-
tals. The case groups comprised patients who were diag-
nosed by specialists as having CBZ-induced SJS/TEN and
who met the inclusion criteria. To minimize recall bias, only
patients who had started CBZ treatment for epilepsy or neu-
ropathic pain treatment between 2006 and 2010, when they
were 20 years old or older, were included in the dataset.
However, patients with conditions that can act as underlying
etiologic conditions for SJS and TEN, such as graft-versus-
host disease, human immunodeficiency virus (HIV) infec-
tion, tuberculosis, and systemic lupus erythematosus (SLE),
were excluded from the study. For the control group,
patients who had not developed any adverse drug reactions
from CBZ were individually matched with patients who had
developed SJS/TEN in terms of age, gender, disease, CBZ
starting time, and treatment settings. Following this, 15
patients who had developed SIS/TEN were identified as
suitable for inclusion in the case (5 of whom had epilepsy)
and 18 patients were identified as suitable for the control
group (5 of whom had epilepsy). Ethics committee approval
was given and the patients gave informed consent.

In the model, costs were defined as (1) direct medical
costs—the cost of treating the disease and any ADRs, the
cost of follow-up, the cost of screening, outpatient fees, and
blood testing fees—all of which were collected from hospi-
tal databases, and (2) direct non-medical costs—travel and
food costs for patients and their caregivers, personal facility
costs, and opportunity costs incurred by patients (e.g.,
patient time spent on visits to healthcare facilities). These
were defined based on information provided during detailed
face-to-face interviews with patients. Indirect costs were
excluded in order to avoid double-counting, since the
effectiveness outcome or QALY already take into account
morbidity and mortality effects (Riewpaiboon, 2008). The
medical records of all patients were reviewed to identify the
level of health care resource utilization; costs were esti-
mated using a standard costing menu and reference price
(Center of Essential Information for All Health Officers,
2011; Riewpaiboon, 2011). All costs were converted to

2011 values using the Thai consumer price index (Bureau of
Trade & Economic Indices, 2011). For international com-
parison, costs were converted into international dollars
using the purchasing power parity (PPP) conversion rate,
where a PPP 2011 dollar is worth 17.505 THB (The World
Economic Outlook Database, 2012).

The mean direct medical costs per year of SIS/TEN treat-
ment induced by CBZ and alternative drugs were 25,868
THB (SE = 192) and 25,666 THB (SE = 189), respec-
tively, in the epilepsy model, versus 26,970 THB
(SE = 322) and 26,885 THB (SE = 305), respectively, in
the neuropathic pain model. The direct non-medical costs of
SJIS/TEN treatment induced by CBZ and alternative drugs
were 20,812 THB (SE = 199) and 21,020 THB (SE = 202),
respectively, in the epilepsy model, versus 37,230 THB
(SE = 226) and 37,608 THB (SE = 231), respectively, in
the neuropathic pain model.

The QALYSs gained from the interventions were mea-
sured as health outcomes. The HRQoL results were
obtained from face-to-face patient interviews using the EQ-
5D-TH questionnaire (The EuroQol Group, 1990; Brooks,
1996; Tongsiri, 2009). All patients were asked about their
health state preferences, and these data were then converted
to utility scores, which were in turn multiplied by life expec-
tancy to generate QALYs. Detailed information about the
means and standard errors of each health state are presented
in Table 1. The mean utility score of patients with epilepsy
was 0.68 (SE = 0.003), whereas the mean utility score of
patients with neuropathic pain was 0.63 (SE = 0.003). The
mean utility scores of patients who developed SJS from
CBZ decreased dramatically to —0.08 (SE = 0.002) in
patients with epilepsy, and —0.18 (SE = 0.002) in patients
with neuropathic pain.

The bootstrap method was used to analyze the primary
data from both the dataset and control group. This method
was chosen because of its suitability for studies with small
sample sizes and large variability. The bootstrap technique
creates a new sample by randomly sampling individuals
with replacements from the original sample, and then com-
puting bootstrap replicates of statistical quantities, such as
the sample mean, standard error, and confidence intervals;
in most cases, this is based on at least 1,000 bootstrap sam-
ples. As a result, the bootstrap method uses simulated data
to create large sample sizes, which provides more accurate
and reliable estimates (Campbell & Torgerson, 1999;
Grunkemeier & Wu, 2004; Walters & Campbell, 2005;
Sharma & Kim, 2012). According to the Central Limit
Theorem, the sampling distribution will show normal dis-
tribution because the sample size is sufficient (Briggs
et al., 2006).

Uncertainty analyses

Probabilistic sensitivity analyses (PSAs) were conducted
to offset the effect of parameter uncertainty. The input vari-
ables were assigned a probability distribution to reflect the
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feasible range of values that each input parameter could
attain (Briggs, 2000). Consequently, one value from each
parameter was taken out and calculated for cost and effec-
tiveness. This process was repeated 1,000 times, and the
range of possible values was given as a cost-effectiveness
acceptability curve. This analysis used the cost-effective-
ness ceiling threshold of 120,000 THB per QALY gained,
as recommended by the Health Economic Working Group
under the Subcommittee for Development of the National
List of Essential Drugs (The Health Economic Working
Group, 2012).

In addition, a threshold analysis was performed for the
sake of generalization. The results of different levels of
selected parameters—prevalence of the presence of the
HLA-B*15:02 allele in the Thai population, PPV, NPV,
cost of VPA, cost of HLA-B*15:02 screening, and duration
of epilepsy treatment—were assessed to evaluate their
potential benefits in other settings.

RESULTS

Costs

The lifetime costs of each option are presented in
Figure 3. Overall, the average lifetime cost for the current
treatment policy tends to be lower than the other two strate-
gies, by approximately 42,100 THB for epilepsy patients,
and 18,600 THB for patients with neuropathic pain. The
average lifetime cost of providing universal HLA-B*15:02
screening before prescribing CBZ to patients with epilepsy
and neuropathic pain was about 50,200 and 22,700 THB,
respectively. The average lifetime cost of prescribing drugs
other than CBZ to all patients who would currently receive
CBZ treatment was nearly 83,700 for epilepsy patients and
35,800 for patients with neuropathic pain.

100,000
20,000 B Cost of disease treatment
B Cost of 5]S5/TEN treatmient
40,000
B Cost of HLA-B*15:01 screening

. 40,000
)
X
E 10,000
5
L%
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i o0 I
Current L.Pnnuml Sodium Current Universal | Gabapentin
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Epilepsy Neuropathic pain

Figure 3.
The lifetime costs of each strategy categorized by disease.
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As Figure 3 shows, the cost of treating epilepsy accord-
ing to the current policy is almost the same as the cost of
providing universal HLA-B*15:02 screening before pre-
scribing CBZ. However, current practice accounts for most
of the cost of SIS/TEN treatment, a cost that can be avoided
with the implementation of prospective HLA-B*15:02
screening. Because the cost of prescribing VPA is nine
times higher than CBZ, the cost of treating epilepsy repre-
sented a sizeable proportion of the total costs in cases where
VPA rather than CBZ was prescribed. For patients with
neuropathic pain, a similar pattern was observed.

An analysis was conducted on the number needed to
screen (NNS), which showed that 343 patients need to be
screened for HLA-B*15:02 allele to prevent one case of
SJS/TEN. As a result, the cost of preventing one case of
SJS/TEN was calculated as 375,200 THB (the cost provid-
ing HLA-B*15:02 screening for 343 patients).

Health outcomes

It is estimated that without HLA-B*15:02 screening, 187
patients will develop SJS/TEN annually. Universal HLA-
B*15:02 screening or treatment with alternative drugs can
reduce this number to approximately 23 patients per year.
When the provision of universal HLA-B*15:02 screening is
compared with current practice, the number of life years
saved and QALY gained is insignificant for patients with
both epilepsy and neuropathic pain, reflecting the fact that
SJS/TEN is a rare condition. A similar finding is observed
when comparing universal HLA-B*15:02 screening and
providing alternative drugs (Table 2).

Cost-utility analysis

Table 2 shows the average lifetime costs and the QALY's
gained for each of the three strategies compared in this
study. Compared to current practice, universal HLA-
B*15:02 screening incurs higher costs but results in slightly
more QALYs gained. The ICER of the universal HLA-
B*15:02 screening strategy was estimated at 222,000 THB/
QALY gained for epilepsy patients and 130,000 THB/
QALY gained for patients with neuropathic pain. Compared
to universal HLA-B*15:02 screening, the policy of provid-
ing alternative drugs without screening yielded only
marginal benefits but did result in a significantly higher
ICER of 32,522,000 THB/QALY gained for epilepsy
patients and 35,877,000 THB/QALY gained for patients
with neuropathic pain.

Uncertainty analysis

A probabilistic sensitivity analysis was undertaken, and
the results are presented in Figure 4. The line graph illus-
trates the probabilities of the three strategies being cost-
effective at different ceiling ratios. The results reveal that
the probability of universal HLA-B*15:02 screening being
cost-effective at the Thai ceiling ratio of 120,000 THB/
QALY gained for epilepsy and neuropathic pain models, is



1635

CUA of HLA-B*15:02 Screening in Thailand

Table 2. Life time costs and health outcomes of each strategy using societal perspective®
Options Costs (THB) Incremental LY's (days) Incremental QALY (days) ICER (THB per QALY gained)
Epilepsy model
Current practice 42,000 - - -
Universal HLA-B*15:02 screening 50,000 0.07 13.44 222,000
Alternative drugs 84,000 0.11 0.38 32,522,000
Neuropathic pain model
Current practice 19,000 - - -
Universal HLA-B*15:02 screening 23,000 0.05 11.53 130,000
Alternative drugs 36,000 0.03 0.13 35,877,000
THB, Thai baht as of 201 | value; LYs, life years; QALYs, quality adjusted life years; ICER, incremental cost-effectiveness ratio.
“The number presented in table was rounded to the nearest whole number.

16% (Fig. 4A) and 32% (Fig. 4B), respectively. It can be
clearly seen that the cost-effectiveness of the screening rises
in correlation with the increase of the ceiling threshold.

The probability of CBZ-induced SJS/TEN occurring in a
person who tested positive for HLA-B*15:02 was sensitive
to the result of the cost-effectiveness of universal HLA-
B*15:02 screening. Because this parameter was obtained
from only one paper, which was not based on a national sur-
vey, we conducted our own threshold analysis to determine
the ICER for the range of prevalence of CBZ-induced SJS/
TEN in the Thai population, the positive predictive value
(PPV), and the negative predictive value (NPV). The results
(Fig. 5) show the effect of the prevalence, PPV, and NPV
values on ICERs. In the base case, universal HLA-B*15:02
screening in patients with neuropathic pain is found to be
cost-effective at a rate of nearly 0.27% based on current evi-
dence; conducting screening for patients with epilepsy is
not found to be cost-effective. An increased prevalence of
CBZ-induced SJS/TEN resulted in a reduction of ICERs for
both patients with neuropathic pain and those with epilepsy.
This particular information is useful because data on CBZ-
induced SJS/TEN, PPV, and NPV values might change in
the future, and this trend may be applicable to other relevant
settings.

In addition, the reduced cost of VPA was also found to
increase the value for money of HLA-B*15:02 screening.
Screening becomes cost-effective if the cost of VPA
decreases from 12.66 THB to 7.07 THB. However, a reduc-
tion in the cost of HLA-B*15:02 screening does not affect
the value for money of the screening itself, because the
screening cost is only a minor part of the total lifetime cost.
This study also examined the effect of the duration of epi-
lepsy treatment on the value for money of the proposed regi-
men. The durations assessed ranged from 4 years to
lifetime, and the model found that the longer the duration of
treatment, the lower the value for money of the screening.

In a voluntary reporting system, it is likely that the num-
ber of drug-induced ADRs is likely to be underestimated.
To account for this, we performed an analysis that showed
that the change of other CBZ-induced ADRs had a moderate
effect on the ICER of screening in patients with epilepsy but

exerted very little effect on patients with neuropathic pain.
If the rate of other CBZ-induced ADRs is as high as 11.2%
(the upper bound of its 95% confidential interval), the ICER
drops to 143,000 THB/QALY. In contrast, if the rate of
other CBZ-induced ADRs is as low as 0.1% (the lower
bound of its 95% confidential interval), the ICER increases
to 275,000 THB/QALY. Lastly, the analysis found that
none of the other model parameters exerted an effect on the
value for money of the gene screening. These include the
direct non-medical costs and utility parameters data col-
lected from a small number of samples.

Di1SCUSSION

The findings of this study reveal that a significant
decrease in the number of CBZ-related SIS/TEN cases is
observed if either a universal HLA-B*15:02 screening pol-
icy or a policy of prescribing drugs other than CBZ is
adopted for the treatment of epilepsy and neuropathic pain.
In addition, universal HLA-B*15:02 screening was found to
be preferable to alternative drug treatment because,
although both policies generate similar health outcomes, the
former is less expensive. Furthermore, our analysis of the
NNS found that 343 patients need to be tested for the HLA-
B*15:02 allele to prevent one case of SIS/TEN. As a result,
the additional cost of preventing one case of SIS/TEN is
assessed to be 375,200 THB (the cost of providing HLA-
B*15:02 screening for 343 patients).

Using the cost-effectiveness ceiling threshold in Thai-
land, a program of universal HLA-B*15:02 screening repre-
sents good value for the money when conducted on patients
with neuropathic pain, but not when conducted on patients
with epilepsy. This is because the cost of alternative drug
regimens is much higher for epilepsy (83,700 THB for life-
time treatment with VPA) than it is for neuropathic pain
(lifetime treatment with GBP costs 35,800 THB). Moreover,
with a universal screening policy, a significant proportion
of patients with epilepsy who test positive for the HLA-
B*15:02 allele will not develop SIS/TEN (98%), but will
still switch to the more expensive treatment, as a precaution.
It is interesting to note that our findings pose a significant
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(A and B) Cost-effectiveness acceptability curves demonstrate
that the probability of three strategies for epilepsy and neuro-
pathic pain treatment would be cost-effective at the different
ceiling threshold values. (A) Probability of three strategies of
epilepsy model being cost-effective at different ratio. (B) Proba-
bility of three strategies of neuropathic pain model being cost-
effective at different ratio.
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challenge for policy implementation, since there are signifi-
cant ethical issues involved with introducing HLA-B*15:02
screening for one group of patients and not for another when
their risk level is identical. At this stage, no final decision
has been made by the SCBP, and we believe that this evi-
dence needs to be considered alongside other priorities, for
example, equity grounds, ethical principles, and legal
issues.

In 2012, a research study examining the cost-effective-
ness of HLA-B*15:02 screening in newly diagnosed
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patients with epilepsy in Singapore from the perspective of
the health care provider was published (Dong et al., 2012).
The study used the HRQoL of burn patients as a proxy
measurement for the HRQoL of SJIS/TEN patients. They
compared three similar treatment strategies, as we did in this
study, and found that prescribing VPA without HLA-
B*15:02 screening is not a cost-effective choice. However,
in contrast to our findings, their study found that a universal
HLA-B*15:02 screening would be cost-effective. This may
be explained by the fact that a higher ceiling threshold
(50,000 USD) and PPV (5.96%) were used in the Singapore
study.

To the best of our knowledge, there is no published liter-
ature on the cost-utility analysis of HLA-B*15:02 screen-
ing for preventing CBZ-induced SJIS/TEN in patients with
neuropathic pain. The results of this study can be utilized
as information to support decision making in other settings
regarding the adoption of this pharmacogenetic test, given
the increased concern over the safety of CBZ. On the other
hand, if decision makers in other settings prefer local data,
information derived from this study can also be employed
for other economic evaluation studies. For example, data
on the effect on HRQoL in patients with SJIS/TEN has yet
to be reported, and the primary data on HRQoL collected
in this study could be used to assess the value for money of
the test in other settings.

However, the results of this study should be interpreted
with caution. First, because of the rarity of cases of SJS/
TEN and the rigorous inclusion criteria, only a small num-
ber of patients were used in our evaluation, representing
both cost and utility limitations. A larger number of patients
with a wider variability in the severity of their SJIS/TEN
hypersensitivity would be more likely to ensure that the
results accurately reflect the current situation among all
patients. Second, no active surveillance system is in place to
quantify the prevalence of CBZ-induced SJS/TEN in the
Thai population, and this study employed data from only
one study, which was conducted in a medical school in
Bangkok. Therefore, further research on this topic would
enhance the generalizability of the results and provide more
valid and reliable evidence for applying the data to the study
of the cost-effectiveness of HLA-B*15:02 screening poli-
cies for patients set to undergo CBZ treatment.
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also in transition from a provider of emergency funding, to a long-term, sustainable financing mechanism. This
paper assesses the efficacy of current Global Fund investment and examines how health technology assessments
(HTAs) can be used to provide guidance on the relative priority of health interventions currently subsidized by the
Global Fund. In addition, this paper identifies areas where the application of HTAs can exert the greatest impact
and proposes ways in which this tool could be incorporated, as a routine component, into application, decision,
implementation, and monitoring and evaluation processes. Finally, it addresses the challenges facing the Global
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Introduction

The Global Fund, created in 2001 as a global financing
mechanism, enables low-income countries (LICs) and mid-
dle income countries (MICs) to promote access to certain
health interventions and technology for the prevention and
treatment of HIV/AIDS, tuberculosis, and malaria. Given
the commitment from its donors—amounting to almost
$30.5 billion in pledges and $24 billion in contributions to
date—as well as its scale of work in approximately 100
countries [1], the Global Fund has emerged as one of the
most significant global health players over the last decade.
Its total disbursements in 2009 constituted 3.29% of total
health expenditure in LICs, 0.22% in low MICs and 0.07%
in high MICs, while its contribution to individual coun-
tries ranged from 0.002% in Botswana to 53.4% in the
Democratic Republic of Congo [2].

As a global health financier rather than a technical or
implementing institution, the Global Fund does not op-
erate directly within countries or implement its own
programs [3]. Historically, the Global Fund has issued

* Correspondence: yot.t@hitap.net.

"Health Intervention and Technology Assessment Program (HITAP),
Department of Health, Ministry of Public Health, 6th floor, 6th Building,
Tiwanon Rd., Nonthaburi 11000, Thailand

Full list of author information is available at the end of the article

( BioMVed Central

“calls for proposals” for applications through a rounds-
based mechanism. As of August 2012, there have been
10rounds. At the time of writing, this system is in the
process of being replaced by a funding model allowing
for more flexible timing of grant applications. Global
Fund affiliated partnerships—termed Country Coordin-
ating Mechanisms (CCMs)—are tasked with developing
proposals based on stakeholder consultations, local
funding needs, and epidemiological context. The Global
Fund notes that the applicant is responsible for “decid-
ing their own priorities, strategies and programs.” Pro-
posals are submitted to the Secretariat, verified for
eligibility, and reviewed for completeness by a Technical
Review Panel (TRP), which in turn makes funding rec-
ommendations to the Global Fund Board. The TRP con-
sists of representatives with an array of expertise, both
scientific and programmatic, as well as program experi-
ence in HIV/AIDS, tuberculosis and/or malaria. The
TRP terms of reference direct the panel to review grant
applications against technical criteria including feasibil-
ity, value for money, and sustainability [3].

If a proposal is approved, funds can be disbursed
under the supervision of the CCM to the Principal Re-
cipients (PRs) and/or Sub-Recipient(s) (SRs) who are

© 2013 Teerawattananon et al, licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use,
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responsible for the program’s implementation. In
addition, a Local Fund Agent (LFA), an independent
body contracted by the Global Fund Secretariat, is re-
sponsible for monitoring the PR’s performance, grant
implementation, and financial reports. Global Fund
grants can be made for a period of up to five years, al-
though funds are typically reviewed after two years, with
continued funding conditional upon performance [3]
and other factors [4].

As donor funding for global health declines due to the
global recession, the Global Fund is experiencing in-
creased pressure to optimize results and improve impact
per dollar spent [1]. In its recent strategic plan [5] cover-
ing the 2012-2016 period, the Global Fund sets ambi-
tious goals to increase impact by investing strategically
in areas with high potential and offering strong value for
money. Despite its clear objectives on “maximizing im-
pact and value for money,” there are still major chal-
lenges in the implementation of the plan. This paper
reviews the current successes and impediments of Glo-
bal Fund investment and examines how health technol-
ogy assessment (HTA) can be used to provide guidance
on the relative priority of health interventions (medica-
tions, devices, diagnostics, and other treatment modal-
ities) subsidized by the Global Fund. In addition, this
paper aims to identify areas where the application of
HTA could have the greatest impact and to propose
ways in which it could be incorporated, as a routine
component, into application, decision, implementation,
and monitoring and evaluation processes. Finally, it ad-
dresses the challenges facing the Global Fund in realiz-
ing the full potential of HTA.

The improved performance, transparency, and efficiency
of the Global Fund
As of 2013, the Global Fund has disbursed a total of
over $20 billion in 151 countries [6]. Its investments
have likely contributed to the significant increase in the
number of HIV/AIDS patients receiving antiretroviral
treatment (from an estimated 300,000 in 2002to 5.25
million by 2009 [7]) as well as the number of
insecticide-treated nets (ITNs) distributed in 35 high-
burden African countries (from an estimated 10 million
in 2004 to 35-44million per year between 2006 and 2008
[5]), as well as the detection rate of new smear-positive
tuberculosis cases (from 36%— 44% in 2000 to 55%—67%
in 2008 [8]).

The Global Fund is governed in a unique way, both at
a board and implementation level. Leadership is sourced
from within developing counties, the private-for-profit
sector, and civil society. There is a strong commitment
to increasing transparency and accountability, and as a
result, the fund has improved the availability and accur-
acy of information related to the disbursement of
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funding and coverage of specific services, including the
establishment of specific surveillance of the focal dis-
eases, despite difficulties involving duplication of infor-
mation systems in some recipient countries [7]. In
addition, the Global Fund has pursued the principle of
performance-based funding that is disbursement of
funds has been largely correlated with grant perform-
ance; for example, the best performing programs receiv-
ing 79% of their grant sums compared to 38% for the
worst performers [9].

Although there is an argument that performance-
based funding systems might place LICs at a disadvan-
tage due to their comparatively poor access to resources
and capacity, at least three studies have rejected this hy-
pothesis [2,10,11]. These studies reveal that when taking
other factors into consideration, grants in LICs have
tended to out-perform their more resource-rich counter-
parts. Lu and colleagues [10] reported that an increase
in per-capita income from $1000 to $2000 is associated
with a substantial reduction in disbursement of 2-year
grant sums (an indicator of both expenditure and
performance, in view of the Global Fund’s incremental
disbursement system). Radelet and Siddiqi [11] demon-
strated a similarly strong negative relation between the
income and achievement of programmatic targets. The
authors concluded that poor nations, including so-called
fragile states, had proven themselves capable of effect-
ively utilizing increased funding flows from the Global
Fund. Moreover, the most important finding is a signifi-
cant negative association between grant implementation
rates and income per person, suggesting that LICs are
more likely to disburse grants from the Global Fund
than countries with higher per capita income.

Although the Global Fund has dedicated itself to in-
creasing prevention and control of AIDS, tuberculosis,
and malaria, it has also made significant investments in
improving the health systems of LICs [12]. Flexibility of
the financial support from the Global Fund allows re-
cipient countries to strengthen their health systems
through a number of approaches, ranging from health
worker training sessions and salary support to improved
workforce retention and electronic health records sys-
tems. Such efforts may not only facilitate the success of
AIDS, tuberculosis, and malaria programs, but also en-
sure that scarce health system resources are not diverted
to these three diseases at the expense of other health
needs. In 2009, 35% of its funding contributed directly
to supporting human resources, infrastructure and
equipment, and monitoring and evaluation in health sys-
tems [13]. AIDS treatment programs themselves benefit
from investment in health systems, as healthcare
workers benefit directly from improved systems and in-
creased access to antiretroviral treatment results in
fewer patient admissions to hospital, which then helps
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free up health workers and related resources to that they
can be devoted to other health needs [13].

The impediments and challenges
As with a number of global health initiatives, including
the GAVI Alliance, the policies and priorities of the Glo-
bal Fund are defined at a global level. Although the Glo-
bal Fund works to maintain relatively high levels of
national ownership in its programming, evidence sug-
gests that there remains misalignment between its pol-
icies and programs and those of national governments.
As a result, services that are managed both by the gov-
ernment and the Global Fund are often badly coordi-
nated and inefficiently managed, with duplication of
tasks—including reporting, monitoring and evaluation,
and funding/disbursement mechanisms—representing
significant obstacles to efficiency [12,14]. Delays in dis-
bursement of funds to the PRs and donor short falls in fi-
nancial pledges have both emerged as significant
challenges [1]. The significant fall in donor funding in the
2011-2013 funding round led directly to the cancelation
of the eleventh call for proposals. As a result of these is-
sues, efficiency improvement has been defined as a central
tenet of the Global Fund strategic plan for 2012-2016.
Several studies have identified efficiency shortfalls
within the Global Fund. At a macro-level, Zhao et al.
[15] reviewed performance indicators for Global Fund
malaria programs and identified an over reliance on in-
put indicators—especially those related to training activ-
ities—at the expense of outcome or impact indicators,
which are better suited to measuring disease reduction.
This tendency to set inappropriate indicators may distort
performance ratings and, consequently, grant funding
[15]. This has been seen in Timor-Leste, where effective
strategies for controlling malaria receive less funding
than behavioral change activities, despite the fact the
former approach has been found to be more effective in
disease prevention [16]. For instance, both ITN distribu-
tion programs (which have been found to be very effect-
ive in preventing malaria in high transmission areas
[17]) and case management (improved diagnosis), an-
other highly effective intervention, were clearly under-
financed, receiving less than 1% of the total grant
support [16], in favor of behavioral change programs.
This situation is repeated across HIV and tuberculosis
programs. Effective and efficient prevention and control
depend on implementing the right mix of interventions
for each setting and assuring the necessary coverage of
those interventions. Bridge et al. [18] found that less than
half HIV proposals funded by the Global Fund included
harm reduction activities, even though many studies con-
firm that these activities offer good value for money
[19,20]. Moreover, although there is strong evidence that
male circumcision can reduce HIV transmission in men
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by up to 60% [21], we found that no Global Fund pro-
posals included circumcision initiatives. At the same time,
many interventions that aim to influence knowledge, atti-
tudes, and beliefs and influence psychological and social
correlates of risk have received significant support from
the Global Fund [22], despite the fact that the impact of
these programs—including whether they bring about
sustained long-term behavior change—remains uncertain
[23]. Korenromp et al. [24] suggest that the Global Fund
could significantly enhance the impact of its tuberculosis
investment by reevaluating its investment across regions,
for instance by prioritizing investment in Africa, and by
screening and treating tuberculosis in populations with
high levels of HIV infection. A recent report developed by
the Value for Money Working Group (2013) reaffirmed
the limitations of the Global Fund’s investments in the TB,
HIV/AIDS and Malaria programs and it also provided
suggestions to improve funding strategies.

Aside from the issue of effectiveness, an increasing
amount of information on resource use and health conse-
quences, i.e. cost-effectiveness, has been amassed in recent
years. Global health professionals no longer focus only on
effective prevention and treatment; instead, more sophisti-
cated models that examine cost-effectiveness and com-
parative effectiveness as a way of improving public health
without requiring significantly more funding are at the
centre of most public health initiatives. The differences in
cost-effectiveness between interventions can be staggering,
particularly when considering initiatives that require im-
plementation at scale. For instance, despite massive in-
creases in access to HIV treatment, WHO and UNAIDS
estimate that, as of 2011,there are still as many as 15 mil-
lion people around the world in need of antiretroviral
therapy. To treat populations of this scale, the difference
in cost-effectiveness between the most cost-effective treat-
ment option and the least can be as much as 1,400 fold
(Disease Control Priorities in Developing Countries Pro-
ject) [25]. Even differences in intervention implementation
can result in significant variation. A 2011 paper by Amole
et al. [26] found that some Global Fund recipient coun-
tries are not currently optimizing their HIV treatment by
selecting the most cost-effective antiretroviral regimen
and implementation strategy (i.e. treating population who
is most likely to further transmit HIV infection to other
populations). Adjusting the current make-up of antiretro-
viral drug purchases in sub-Saharan Africa and India could
yield over $300 million in savings over the next five years
and expand the provision of quality services in resource
limited settings.

Despite the Global Fund’s explicit commitment to
implementing cost-effective and proven initiatives, it is
clearly failing to fund programs that fulfill these criteria
to the extent that it should. This may be because the
Global Fund provides support to countries based on



Teerawattananon et al. Globalization and Health 2013, 9:35
http://www.globalizationandhealth.com/content/9/1/35

requests received from CCMs, who themselves may not
have a clear idea about a country’s needs or the most
cost-effective strategies that can be implemented to meet
those needs. As a funding organization, the Global Fund
has little in-house technical capacity and little direct en-
gagement with countries to which they provide funding.
There is no systematic support to PRs on whether pro-
posed interventions are among the most effective and
cost-efficient for achieving the desired outcome in a given
context. Although the TRP has been set up to provide
funding recommendations to the Board of the Global Fund
for making final decisions, it is difficult for the TRP to as-
sess technical soundness and value for money or to make
rational recommendations on strategic investments based
only on the data presented in the applications, especially
when the information is weak, patchy, or inconsistent, and
where funding is limited to specific time periods. More-
over, an absence of guideline on what information should
be used in order to assess value for money and a lack of
HTA capacity of the TRP secretariat prohibit the use of
value for money information in TRP review process.

Furthermore, it is widely accepted that the impact and
cost-effectiveness of interventions depends to a large ex-
tent on the strength of the health system within which
they are delivered. A lack of absorptive capacity at all
levels of grant implementation has been identified in many
settings and may explain the slow progress in grant imple-
mentation outside of a robust health system [16,27]. Previ-
ous research on this subject reveals that inadequate
institutional capacity and high staff turn-over negatively
impacts organizational capacity, which can lead to poor
performance in both project implementation and monitor-
ing and evaluation [28-33]. Therefore, the Global Fund
needs to ensure that relevant infrastructure, e.g. laboratory
for HIV and CD4 test, is built before investment in com-
modities, e.g. antiretroviral drugs, are made. On the other
hand, HTA focus on effectiveness (real-work effect) of in-
vestment rather than efficacy (potential effect in idea situ-
ation) so that weakness at system level can be taken into
account appropriately in decision making process.

The situation can also be applied to the substantial in-
vestments in health information systems for improving
healthcare services and enhancing management, monitor-
ing and evaluation of the fund itself. Until now, very few
studies have addressed this issue [34,35]. As a result, HTA
on health information systems should be one of priority
areas given that there is very little evidence of a compre-
hensive plan by the Global Fund in this area or attempts
to standardize on a small number of well-established sys-
tems or to initiate any evaluations of such systems.

Potential applications of HTA within the Global Fund
As is made clear in The Global Fund strategy 2012-
2016, the organization must make the transition from an
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emergency funder to a long-term, sustainable financing
mechanism. To this end, it needs to develop new risk-
management approaches, strengthen internal governance,
institute a new grant-approval process, strengthen deci-
sion making by middle management, and improve its
focus on results [5]. Although this report does not provide
direction on certain critical issues that will define the fu-
ture success and impact of the Global Fund, it suggests
that the Global Fund could achieve better value for money
with better technical evaluation and management.

A 2011 report [36] by the Results for Development Insti-
tute on behalf of the Global Fund’s Market Dynamics Com-
mittee makes several recommendations for the optimization
of product selection, including that the Global Fund com-
mission global value for money guidance on specific prod-
ucts: “An experienced independent expert body such as the
National Institute for Health and Clinical Excellence (NICE)
could be commissioned to conduct robust comparative cost-
effectiveness analyses of two or more WHO-recommended
products and provide that information to the Global Fund
and its recipients.” This is not the first time that academics
have urged the Global Fund to consider the use of HTA to
improve its cost-effectiveness [25]. The application of an
HTA to a health initiative is a multidisciplinary activity that
systematically examines the costs and benefits as well as the
organizational implications and social consequences of the
application of a health policy and/or technology. HTAs often
function as a “bridges” between evidence and policy-making,
providing health policy-makers with accessible, useable, and
evidence-based information that can help guide their deci-
sions regarding the appropriate use of technology [37].

HTAs not only generate a wide range of policy-relevant
information that can aid decision making, but also em-
power stakeholders that are involved in the decision mak-
ing process. This is because HTAs, as tools in a priority
setting approach, are often designed according to a set of
questions that themselves encourage a critical evaluation
of the relevant social and financial factors [38]. This kind
of evaluation can help decision makers unpack evidence
and assess the relative importance of both process values
(such as transparency, accountability, participation, legal-
ity, faithfulness to constitutional provisions, and respect
for international obligations) and content values (such as
clinical effectiveness, value for money, equity, solidarity,
and feasibility). HTAs are particularly suitable for global
organizations because they take into account the kinds of
values that vary across settings as a result of differing so-
cial factors, including politics, culture, social demograph-
ics, religion, and levels of economic development.

Figure 1 is a modified version of the Global Fund’s
model of performance-based funding. It presents a
method for enhancing the efficiency of Global Fund pro-
jects, through the use of HTA. HTAs can enhance value
for money at all stages of the Global Fund process, from
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RAISE IT a hypothesis that the proposal yields good value for

money by showingin ex-ante HTA

INVEST IT as planed and conduct on-going HTA as part of

monitoring and valuation

Figure 1 Potential use of Health Technology Assessment (HTA) to enhance value for money of Global Fund initiatives.

stment by conducting ex-

proposal development to final evaluation. For instance,
with the inclusion of an HTA, proposals are far more
likely to take into account cost and efficiency, among
other factors, resulting in a much higher quality, rigor-
ous, and evidence-based proposal. The higher the quality
of the proposal submitted to the Global Fund, the more
likely the donors will be to respond to the sustained level of
demand for resources. In other words, the higher the quality
of the proposal, the greater the impact obtained from invest-
ment. However, this task is not simple. Proposal develop-
ment requires an increased focus on intervention or mixes
of interventions that are locally appropriate, including as-
sessments of affordability and cost-effectiveness in the given
context. Cost-effectiveness information may be derived from
the existing literature, including the Disease Control Prior-
ities in Developing Countries project [17], as well as from
the Global Fund’s value for money guidance—a collective
set of comparable cost-effectiveness information of various
interventions implemented in various settings. This supports
the claim of Korenromp et al. [24] that proactive approaches
from the Global Fund to inform demand on the kinds of ini-
tiatives that yield good value for money (and those that do
not) would result in larger numbers of lives saved than
might be the case with the prevailing funding model, which
relies heavily on country demand.

We suggest not only that cost-effective interventions be
selected correctly from the value for money guidance, but
also that HTA be applied to at least some aspects of a pro-
posal before implementation. These ex-ante HTAs would
use existing evidence and assumptions to estimate the likely
costs and impacts of the proposed program (Table 1).
Having HTA as a pre-condition may well drive local data
generation through countries’ initiative and also by the Glo-
bal Fund. Relevant stakeholders should work with HTA ex-
perts to ensure the local relevancy of the assessment, as
well as to strengthen the absorptive capacity of the grant
recipients by facilitating the consideration of important pa-
rameters (factors) affecting the potential success of grant
implementation. The results of these ex-ante HTA can then
also be used as a baseline for conducting monitoring and
evaluation once the program is implemented. An ex-ante

assessment can be used as a requirement for a CCM that
does not select the cost-effective interventions in its pro-
posal to demonstrate that the selected intervention(s) is at
least as cost-effective in a given context if not more so than
those reported in the value for money guidance. It is also
expected that this approach will help create shared prior-
ities of the Global Fund and its recipients.

HTAs are not only recommended at the pre-
implementation stage, they are also effective monitoring
and evaluation tools. Even though interventions may be
primarily designed to take into account context-specific is-
sues, it is essential that examinations be carried out to de-
termine whether they work well and remain efficient in
practice, particularly when implemented together with
other interventions within and outside Global Fund pro-
grams. Unlike ex-ante assessments, on-going HTAs can
take into account primary research and focus on context-
dependent issues, e.g. willingness of target populations to
participate in the program, adherence to intervention
protocol by providers and end-users, or other sectors’ re-
sponses to the program (Table 1). These kinds of HTAs
should also pay particular attention to the key surrogate
outcome indicators identified in the ex-ante assessment. It
is also possible that results from the ex-ante assessment
be used as benchmarks for the assessment at this stage.

Lastly, it is advised that HTA be included as part of the
final report that all CCMs submit to the Global Fund
when a particular program comes to an end. This should
help the Global Fund incorporate feedback mechanisms
regarding the requirements, constraints, and potential of
the PR and SRs, who will ultimately determine if the
Global Fund will achieve its goals. Collective information
on the value for money of various programs implemented
in different settings (value for money guidance) will be a
valuable resource for the Global Fund and other develop-
ment agencies in making future resource allocation deci-
sions. An equally important implication is that ex-post
HTA can provide information to various responsible au-
thorities in recipient countries to encourage them to con-
tinue financing programs that are proven to be good value
for money. As sustainability is a serious concern for all
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Table 1 Examples of ex-ante and ex-post health technology assessments

A case study of ex-ante assessment of the feasibility and value for
money of the maternal and child health voucher scheme in
Myanmar [39]

A case study of an on-going HTA of HIV prevention for the most-
at-risk population in Thailand [40]

An ex-ante assessment was conducted as part of a collaborative
study undertaken by Myanmar's Ministry of Health, WHO, and the
Thai Ministry of Public Health between March 2010 and September
2011. The aim of the assessment was to collect information to
guide the formulation and implementation of a demand-side
financing mechanism for maternal and child health (MCH) services
in Myanmar. The main objective of the MCH voucher scheme is to
eliminate the financial barriers to maternal and child health care
among poor households by providing support in the form of four
antenatal visits, delivery by skilled birth attendants, postnatal care,
transportation, food, and lodging. Using both qualitative and
quantitative methods, including an economic evaluation, this
collaborative research demonstrates that the use of demand-side
financing for MCH services in Myanmar appears to be feasible and
represents good value for money. The evidence suggested that the
initiative was likely to garner support from community leaders and
civic groups, and be accepted by target populations and health
workers, because it removes many of the impediments that people
currently Figure 1 Potential use of Health Technology Assessment
(HTA) to enhance value for money of Global Fund initiatives.
Teerawattananon et al. Globalization and Health 2013, 9:35 Page 5
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encounter when trying to access MCH services. Some of the most
common barriers that people face when trying to access these
services are the long distances between the residence of the
mother and the nearest health facility, and the related high
travelling costs (particularly in rural areas), the high cost of
medicines (which for many is unaffordable).

In Myanmar, where the average number of pregnancies per year is
900,000, it is estimated that introducing the MCH voucher scheme
would increase ANC coverage from 68% to 93% and delivery by skilled-
birth attendants from 50% to 71%. The ex-ante assessment found that
the MCH voucher scheme was likely to save a significant number of
lives of mothers and infants, for whom the cost of ANC is currently
prohibitive. The assessment also found that this could be done at a
reasonable cost. The incremental costeffectiveness ratio (ICER), which in
this case is the additional cost per life-year saved from introducing the
MCH voucher scheme compared to the status quo, ranged from
376,548 to 452,110 kyats (475 kyats = 1 international dollar, in 2010). This
represents good value for money, especially given the ceiling threshold
of 1 time of GDP per capita of 413,800 kyats. The results of this study
were presented to senior decision makers in Myanmar in March 2011
resulting in an agreement being reached to implement the MCH
voucher scheme in one township commencing in November 2012
before scaling it up as a nationwide program.

Global Fund for a (Round 8) grant support of $75.46 million over
five years, from July 2009 to May 2014. The three principal
recipients (PRs) are the Thai Ministry of Public Health and two non-
governmental organizations. This program aims to expand HIV
preventive services for female sex workers (FSW), people who inject
drugs (PWID), men who have sex with men (MSM), and migrant
workers. Because there was concern among PRs about the
sustainability of the program beyond the 5 years of the grant
support, the Health Intervention and Technology Assessment
Programme (HITAP) was invited by the Country Coordinating
Mechanisms (CCM) to take part alongside PRs and Sub-PRs in an
evaluation to assess the costs and cost-effectiveness of this
ongoing program. The results of this study will be used to improve
program performance and support policy decision making by the
Thai government in terms of whether and how the program
continues at the end of the period of Global Fund support.

Using routine administrative data, program costs and outcomes in
terms of population reached by CHAMPION were estimated in
international dollars at 152,333/ PWID, 15270/FSW, I5162/MSM, 15161/
migrant. These estimations were much higher than the cost per person
in comparable programs for PWID in Bangladesh (I $727/PWID) and for
FSW in India (I5129/FSW). The higher costs per person in Thailand may
be explained by the shorter duration of the program (one and a half
years for CHAMPION vs. three years for the Bangladesh project, and two
years for the Indian project), which may have lead to higher fixed start-
up costs that made up a significant proportion of the overall costs per
person (a proportion which falls significantly for longer projects).
Second, and more importantly, this higher cost may be due to
Thailand's lack of a harm reduction policy and the presence of harsh
criminal sanctions for PWID, which made it more difficult to recruit
PWID to the CHAMPION scheme. In its conclusion, the study suggests
an urgent need to improve program performance if CHAMPION is to
offer value for money in the Thai setting.

parties involved in the delivery of external aid, and local
governments are often in a difficult situation on whether
to continue the support for initiatives previously funded
by external donors, ex-post assessments can provide good
opportunities to inform decision makers in recipient
countries about the usefulness, value for money, and other
implications the program might have if it is maintained.

Challenges of using HTA for the Global Fund

There are many challenges to overcome if HTAs are to
help the Global Fund make a shift in funding projects
that have a real impact.

Complexity of HTAs for the Global Fund

HTAs for the Global Fund need to be transparent, ro-
bust, and adaptable to local contexts. They also need to
take into account the local factors that may influence
the outcomes and impacts of investment. Unfortunately,
typical HTAs tend to be articulated around a single or
limited number of health interventions in a context-free
environment [41]. Because Global Fund programs often
relate to arrangements of health system and services,
and encompass multiple interventions that are packaged
together, HTAs for the Global Fund must allow for mul-
tiple interventions and outcomes being evaluated at the
same time. Global Fund HTAs should also take care to
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take into account the synergic effects of multiple inter-
vention interactions on population health as well as on
particular disease burdens. For example, HTAs could be
used to assess the synergic effects of incorporating ma-
ternal and child health activities into Global Fund pro-
grams for HIV (which is an approach that has been
recently signed off by the Global Fund Board).

Moreover, HTA should provide not only value for
money information but also social, institutional and eth-
ical implications including equity issues since different
societies may have different social values toward health
investment. For example, although expanding antiretro-
viral treatment to those eligible HIV patients but not on
it would prove to be much more costly than investing in
second or third line treatments for those failed from the
first-line regime, decision makers in particular settings
may opt to support a program to reach out the marginal
groups due to equity consideration.

HTA facilities for the Global Fund

Since the Global Fund clearly states in its mission that it
is a financing mechanism rather than an implementing
institution, it is essential that the Global Fund maintain
its role in promoting financial accountability and not de-
velop its in-house HTA capacity. Indeed, not only would
this go beyond the fund’s specific remit, it would also
create a conflict of interests in terms of eroding the sep-
aration between purchaser and provider. However, HTAs
can be expensive. A review of HTA agencies found that
the average cost per health technology assessment in ten
different countries ranges from $3,000 to $650,000 [24].
As a result, independent contracting for the provision of
technical support for HTAs might be effectively mobi-
lized through the creation of global and/or regional
HTA facilities. These HTA facilities would house the
HTA research team, reducing costs through economies
of scale, and would have the capacity to provide tech-
nical support to local staff in LICs and MICs as part of
the Global Fund’s capacity building and health system
strengthening strategy. A global HTA facility could also
be put in place to accredit regional and national HTA fa-
cilities to undertake HTA pertinent to a Global Fund
program, while also serving as a hub for the collection
of HTA-related information and advancing HTA
methods for complex interventions (The Value for
Money working group, 2013, [42-44]).

Increased investment in CCMs

Although implementation capacity is one factor that de-
termines a country’s readiness for funding, evidence
demonstrates that CCMs only used about 1% of the Glo-
bal Fund expenditure for administrative costs at their
headquarters in 2009 [45]. A 2008 paper from the Cen-
ter for Global Development notes that Local Fund
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Agents, tasked with overseeing CCMs, lack the expertise
and capacity for program monitoring [46]. This lack of
funding may be a limiting factor for thorough reviews
and the incorporation of HTA into grant design and
proposals. This warrants improved investment in CCMs
and their partners to conduct monitoring and evalua-
tions. Increasing the placement of HTA experts in
CCMs and PRs, such as in ministries of health or minis-
tries of finance, should be considered because these ex-
perts would bring HTA knowledge and insights to the
country level and ensure the incorporation of cost-
effectiveness into all steps of grant application and
implementation.

Incentives for HTA

The Global Fund has enjoyed reputational benefits due
to its promotion of performance-based financing. It is
possible that the use of HTAs may help this reputation
to grow. Firstly, the Global Fund would be able to make
better-informed interventions, due to the evidence gar-
nered by HTAs and by complying with the HTA-
informed value for money guidance. The Global Fund is
one of the largest suppliers of antiretroviral drugs in the
world—as well a primary financier of other commodities,
including ITNs [36]. Health technologies and medicines
consume a significant portion of funds; currently almost
40% of Global Fund Grants are used for the procure-
ment and management of pharmaceuticals and health
technologies [47]. Under the current structure of the
Global Fund, the interventions funded are selected by
the PR and CCM during the proposal design process.
There is no evidence that the Global Fund in any way
limits the choice of interventions for which applicant
countries may apply. For example, there are 92 anti-
retroviral drugs on the list in different forms and dos-
ages, for a total of 309 unique items, subject to the
Global Fund Quality Assurance Policy. There are 98 ap-
proved products for tuberculosis and 29 for malaria. To-
gether, this set of over 430 possible options is not
exhaustive and PR may purchase other items as long as
the PR can determine that it would be compliant with
the quality assurance standards [48]. Clearly, the value
for money guidance issued on the back of an HTA can
be a useful tool that PRs and CCMs can use to avoid in-
vestment in high-cost and low-impact options. In
addition, the value for money guidance can be a resource
for the Global Fund (at the global level) and PRs (at the
local level) to negotiate prices with those in the industry,
by using its evidence as their guidance.

Alternatively, efforts can also be made for improving
the efficiency of performance-based payments, which
currently rely on many input indicators rather than out-
comes or impacts. The use of HTA data would allow the
fund to set standard payments per unit of output (e.g.
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number of condoms distributed) or outcome (e.g. %
reduction of unsafe sex) which are closely linked to the
final goals of the program (e.g. rate of HIV infection
averted). This ceiling on standard payments would serve
to drive substantial efficiency gains across the Global
Fund’s investment portfolio and exert pressure on other
funders to decrease their own unit costs and improve
efficiency. Countries that cannot meet the low-end unit
costs set by the Global Fund would make up the differ-
ence from other sources, leading to enhanced cost
sharing. With this option, the Global Fund can focus on
providing effective coverage of proven interventions, an
area where current monitoring and evaluation had iden-
tified significant shortfalls.

Conclusions

There is currently a new emphasis at the Global Fund and
other global health initiatives to focus on ensuring the
effective use of resources and on generating improved
value for money. This timely report proposes that
additional mechanisms, such as conducting HTAs before,
during, and after grant implementation, can help improve
the efficiency of Global Fund investment. Although some
technical and management challenges merit further inves-
tigation, the costs of delaying the use of HTA evidence-
informed investment in the Global Fund are high given the
severe disproportion between the current resources avail-
able and the need for prevention and control of three
major disease burdens worldwide.
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Abstract

The current program for prevention of mother-to-child HIV transmission in Thailand
recommends a 2-drugs regimen for HIV-infected pregnant women with a CD4 count >200
cells/mm3. This study assesses the value for money of 3 antiretroviral drugs compared with
zidovudine (AZT)+single-dose nevirapine (sd-NVP). A decision tree was constructed to predict
costs and outcomes using the governmental perspective for assessing cost-effectiveness of
3-drug regimens: (1) AZT, lamivudine, and efavirenz and (2) AZT, 3TC, and lopinavir/ritonavir,
in comparison with the current protocol, AZT+sd-NVP. The 3-drug antiretroviral regimens
yield lower costs and better health outcomes compared with AZT+sd-NVP. Although these
3-drug regimens offer higher program costs and health care costs for premature birth, they save
money significantly in regard to pediatric HIV treatment and treatment costs for drug resistance
in mothers. The 3-drug regimens are cost-saving interventions. The findings from this study
were used to support a policy change in the national recommendation.
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Background

Not long after starting the national program implementation for the prevention of mother-to-child HIV
transmission (PMTCT) in Thailand in 1997, the country became recognized as one of the most suc-
cessful developing countries in preventing vertical HIV transmission, with an estimate of more than
13 000 pediatric HIV infections averted during the past 2 decades.!> Although the program includes
voluntary counseling and HIV testing for all pregnancies, providing antiretroviral drugs (ARVs) for
infected women and their newborns, and supporting infant formula feeding up to the age of 18 months,
the ARV regimen used has still been the subject of consideration by national program managers.

The first recommended drug regimen was a short-course zidovudine (AZT).? In 2004, the
national guidelines were changed by advocating a proven, better cost-effective regimen: a com-
bination of AZT and single-dose nevirapine (sd-NVP).# The current guidelines established in
2007 proposed AZT+sd-NVP for HIV-infected pregnant women with a CD4 count of more than
200 cells/mm?, and AZT+lamivudine+NVP (AZT+3TC+NVP) for those with a CD4 count of
less than 200 cells/mm?3. The recent program assessment reported that the national rate of vertical
HIV transmission was 5.4% compared with 33% without the PMTCT.3

Because of an increasing awareness of drug-resistant viruses among HIV-infected mothers
exposed to sd-NVP and changes of practice in most developed countries where more highly
effective combinations of 2 ARVs are commonly used for PMTCT, this study aims to assess the
value for money of providing 3 ARVs compared with AZT+sd-NVP for PMTCT in Thailand. It
is a collaborative research project involving the Department of Health (DOH), the Thai AIDS
Society, and the Health Intervention and Technology Assessment Program, with the aim of pro-
viding evidence-based recommendations to the Advisory Committee on AIDS in Mother and
Child, which develops the national guidelines for PMTCT, and the National Health Security
Officer (NHSO), which provides financial support to the national PMTCT program.

Methods

This is a model-based health economic evaluation assessing the value for money of introducing 3
ARVs—AZT, 3TC, and efavirenz (AZT+3TC+EFV); and AZT, 3TC, and lopinavir/ritonavir
(AZT+3TC+LPV/r)y—in comparison to the current national protocol of a short-course AZT plus sd-
NVP for HIV-infected pregnant women with a CD4 count >200 cells/mm?. A decision tree was con-
structed to predict the costs and outcomes using the Thai governmental perspective (Figures 1 and 2).
All costs were presented in Thai Baht as of 2009. Health outcomes were measured in terms of quality-
adjusted life years (QALY's) gained from averting pediatric HIV infections. Input parameters were
obtained from the national literature, if available, and international literature. A lifetime time horizon
was applied with the use of a 3% discount rate as recommended in the national guidelines.®

Transitional Variables

Table 1 depicts the epidemiological parameters used in the model. Punsuwan’ reported that from
14 provinces throughout the country, 92% of infected pregnant Thai women accepted ARV, either
AZT+sd-NVP or AZT+3TC+NVP, as part of PMTCT. This report assumed the same acceptance
rate for infected mothers receiving either the AZT+sd-NVP or the 3-ARV regimens because the
latter has never been implemented in the country. Adherence to infant formula feeding was
derived from the DOH, which reveals a rate of 98%.8

A clinical study in Thailand revealed that the HIV transmission rate of the intrapartum and
peripartum period was 18.9%.% A meta-analysis suggested that the transmission rate via breast-
feeding was 9.3%.1° The DOH reported that the transmission rate was reduced to 3.5% with
AZT+sd-NVP and formula feeding.® Meanwhile, 3-ARV regimens for pregnant women with
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Figure |. The decision tree model representing the consequences from different treatment regimens in

pregnant women.

Abbreviations: AZT, zidovudine; sd-NVP, single-dose nevirapine; EFV, efavirenz; LPV/r, lopinavir/ritonavir; tail reg,

AZT+lamivudine; NNRTIs, nonnucleoside reverse transcriptase inhibitors.

CD4 > 200 cells/mm? have never been implemented in Thailand before. Their effectiveness was
identified through a systematic review of the Medline database using MeSH terms as follows:
[“HIV Infections”(Mesh)] OR HIV) AND [“Anti-Retroviral Agents”(Mesh)] OR [“Antiretroviral
Therapy, Highly Active”(Mesh)] OR (Antiretroviral Therapy) OR (Antiretroviral drug)) AND
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Figure 2. The decision tree model representing the consequences from different treatment regimens in
newborns.

Abbreviations: AZT, zidovudine; sd-NVP, single-dose nevirapine; EFV, efavirenz; LPV/r, lopinavir/ritonavir; tail regi-
men, AZT+lamivudine.
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Table I. Input Parameters Used in Decision Models.

Annual Transitional Reference

Model Inputs Probabilities Number
Intrapartum and peripartum HIV transmission rate 18.9 9
HIV transmission rate via breast-feeding 9.3 10
Vertical HIV transmission rate of AZT and sd-NVP regimen 35 5
Vertical HIV transmission rate of 3-ARV regimens 1.3 11-14
Acceptance rate of AZT and sd-NVP and 3-ARV regimen 0.92 7
Acceptance rate of infant formula feeding 0.98 8
Acceptance rate of receiving tail regimen 0.66 17
Probability of HIV-infected mothers needing ARV treatment within 6 0.18 15
months after delivery
Probability of development of ARV resistance in infected mothers 0.25 15
not exposed to sd-NVP
Probability of development of ARV resistance in infected mothers 0.27 16

exposed to sd-NVP, who received tail regimen and needed ARV
treatment within 6 months after delivery
Probability of development of ARV resistance in infected mothers 041 15
who did not receive tail regimen and needed ARV treatment within
6 months after delivery

Probability of premature delivery in mothers exposed to AZT 0.14 18
Probability of premature delivery in mothers exposed to EFV 0.19 18
Probability of premature delivery in mothers exposed to LPV/r 0.23 18

Abbreviations: AZT, zidovudine; sd-NVP, single-dose nevirapine; ARV, antiretroviral drug; EFV, efavirenz; LPV/r,
lopinavir/ritonavir; tail regimen, zidovudine+lamivudine.

(Mother to child) OR (Mother-to-child) OR (Vertical transmission) AND (antenatal) OR (peri-
partum). The review identifies 4 relevant studies'!-'# in which their pool data suggested 1.3% of
HIV transmission rate using any 3-ARV regimen.

Taking into account the development of drug resistance reported in the national and interna-
tional literature, it was found that 41% of infected mothers who were exposed to sd-NVP without
tail regimen and who needed ARV treatment within 6 months failed to respond to nonnucleoside
reverse transcriptase inhibitors (NNRTI)-based treatment,'> whereas only 27% of mothers
exposed to sd-NVP with tail regimen were detected with NVP-resistant variants, using a standard
genotyping technique, and were likely not to respond to the NNRTI-based treatment.'® This study
used findings from Thailand, which revealed that 66% of HIV-infected pregnant women exposed
to sd-NVP received tail regimen within 7 days after delivery.!” Other studies in Zambia, Kenya,
and Thailand reported that only 18% of HIV-infected mothers exposed to sd-NVP needed ARV
treatment within 6 months; this figure was assumed in this study for infected mothers needing
ARV treatment regardless of whether or not they received tail regimen.'S For HIV-infected moth-
ers who needed ARV treatment for longer than 6 months, only 25% failed to respond to NNRTI-
based treatment!® and, therefore, required more expensive protease inhibitor (PI)-based treatment.
For drug adverse side effects, a meta-analysis conducted in 2006 reported that the use of ARV for
PMTCT increased the risk of premature births by 14% for single-drug regimens, 19% for combi-
nation non-Pl-based regimens, and 23% for combination PI-based regimens. '3

Outcome Variables

The utility data were derived from a Thai study, which measured 932 infected adults from 16
community hospitals throughout the country using EQ-5D.!° The study reported utility weights
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Table 2. Cost Parameters Used in Decision Models.

Cost Parameters Thai Baht  Reference
Drug cost of AZT and sd-NVP regimen 2415 —=
Drug cost of AZT+3TC+EFV regimen 6609 —=
Drug cost of AZT+3TC+LPV/r regimen 12411 —
Drug cost of tail regimen (AZT+3TC, 7 days) 280 —
Cost of premature birth 17 500 23
Cost of formula feeding 10 250 —b
Lifetime treatment cost of HIV infection in mothers not exposed to sd-NVP 212200 21
Lifetime treatment cost of HIV infection in mothers exposed to sd-NVP 437 800 21
Lifetime treatment cost of pediatric HIV infection 764 200 22

Abbreviations: AZT, zidovudine; sd-NVP, single-dose nevirapine; 3TC, lamivudine; EFV, efavirenz; LPV/r, lopinavir/
ritonavir.

2Cost of antiretroviral drugs were obtained from the National Health Security Office.

bCost of formula feeding was obtained from the Department of Health.

of 0.860 for asymptomatic HIV infection and 0.759 for AIDS. Using the life table from the
Burden of Disease study in Thailand?® and the above utility data, QALY's gained from 1 pediat-
ric, averted HIV infection was estimated at 16 years, compared with 67 years for those without

HIV vertical transmission.?0 Also, a reduction of 0.05 QALY is expected for each premature
birth.20

Cost Variables

The program costs consisted of (1) costs of ARV and infant formula feeding, (2) costs of treat-
ment of premature birth, (3) costs of treatment of pediatric HIV infection, and (4) costs of treat-
ment of drug resistance among mothers. The costs of ARVs were obtained from the NHSO, and
the costs of formula feeding were derived from the DOH. The lifetime treatment costs of HIV
infection in mothers with and without exposure to sd-NVP were obtained from an economic
evaluation study comparing EFV-based treatment and NVP-based treatment in Thailand.?! The
lifetime treatment costs of pediatric HIV infection were estimated from another economic evalu-
ation study in HIV vaccine for the Thai population.?? It was assumed in this study that the costs
associated with the health services for premature births are similar to the costs for low birth
weight as reported in a study by Neramitpitagkul et al,2> which analyzed data from the Central
Office for Healthcare Information, a national center that gathers information from 95% of the
public and private hospitals in the country (Table 2).

Uncertainty Analysis

A 1-way sensitivity analysis was conducted to assess uncertainty surrounding the key input
parameters. First, the vertical HIV transmission rate of the AZT+sd-NVP regimen was assessed
and ranged from 1.3% to 5.3% as reported in a clinical trial in Thailand?* and in the national
program evaluation conducted by the DOH,’ respectively. Second, the transmission rate of the
3-ARV regimens ranged from 1.0% to 1.6% based on a 95% confidence interval obtained from
our meta-analysis. Third, the probability of the development of ARV resistance in infected moth-
ers exposed to sd-NVP, receiving tail regimen, and needing ARV treatment within 6 months after
delivery was assumed to range from 18% to 75%, based on the results of the subgroup analysis
of the same article used for base-case analysis.?> Fourth, because there was no probability of the
development of ARV resistance in infected mothers exposed to 3-ARV regimens, this study
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Table 3. Cost (2009 Thai Baht) and Outcome in Each Regimen.

Cost of ARVs Cost of Cost of Treatment Cost of Treatment Total Quality- Incremental Cost-

and Formula  Treatment of  of Pediatric HIV  of Drug Resistance Program Adjusted Life effectiveness Ratio
Regimen Feeding  Premature Birth Infection in Mothers Cost  Year (QALYs) per QALY (ICER)
AZT+sd-NVP 12 400 2300 12 300 36 600 63 600 64.549 —
AZT+3TC+EFV 16 300 3100 9600 21 300 50 300 65.560 -13200
AZT+3TC+LPV/r 21 500 3700 9600 21 300 56 100 65.560 -7400

Abbreviations: ARV, antiretroviral; QALY, quality-adjusted life year; ICER, incremental cost-effectiveness ratio; AZT, zidovudine; sd-
NVP, single-dose nevirapine; 3TC, lamivudine; EFV, efavirenz; LPV/r, lopinavir/ritonavir.

-7,400 Baht
-58,000 Baht Base ICER 850,000 Baht

I 1 I il I il Il | } i
Tr (AZT)* ' ' ! o B ' ' ' ' o
(1.3%-5.3%) 5.3% I l 1%

Tr (LPV/r)**
(0.9%-3.8%)
Resistance(LPV/r) o )
18%-75%) 18% 75%
Resistance (AZT) 75%
(27%-75%) ’

0.9% 3.8%

27 %

Tr (AZT)*
(1.3%-5.3%) 53% / / 1.3%
Tr (EFV)** .
(0.9%-3.8%) 0.9% 3.8%
Resistance (AZT) .
(27%-75%) 75% 27%
Resistance(EFV) 18% .
(18%-75%) ° 75%
. , . ‘ , [ ] . ‘
’ ! : | | : { | ' !
-13,000 Baht
Base ICER

Figure 3. Tornado diagram from |-way sensitivity analysis (bars above the green line are results
comparing AZT+sd-NVP with LPV/r-based treatment, bars below the green line are results comparing
AZT+sd-NVP with EFV-based treatment.

Abbreviations: AZT, zidovudine; sd-NVP, single-dose nevirapine; EFV based, AZT+lamivudine+efavirenz; LPV/r based,
AZT+lamivudine +lopinavir/ritonavir; tail reg, AZT+lamivudine; ICER, incremental cost-effectiveness ratio.

assumed similar rates of ARV resistance (18% and 75%) in the uncertainty analysis. Finally, the
acceptance rate of receiving tail regimen ranged from 39% to 100%.

Results

Table 3 shows that AZT+3TC+EFV has the lowest total program costs, followed by
AZT+3TCHLPV/r, and AZT+sd-NVP. It is noteworthy that, although AZT+sd-NVP offers the
lowest PMTCT cost and treatment cost related to premature birth, it causes the highest treatment
costs for pediatric HIV infection and ARV resistance in mothers. Meanwhile, the 3-ARV regi-
mens yield a similar health gain at 65.56 QALY's compared with 64.55 QALY's for AZT+sd-NVP.
Thus, the 3-ARV regimens do save costs compared with AZT+sd-NVP. In addition, approxi-
mately 1 QALY is gained as a result of using the 3-ARV regimens.

The results from the 1-way sensitivity analysis are shown in the tornado diagram in Figure 3.
It was found that the effectiveness of ARV regimens is among the most important parameters
determining the value for money of the PMTCT, following the probability of development of
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ARV resistance in infected mothers exposed to sd-NVP, receiving tail regimen, and needing ARV
treatment within 6 months after delivery. The acceptance rate of tail regimen plays a minimal role
in the cost-effectiveness determination.

Discussion

This study demonstrated that the combinations of 3 ARVs for PMTCT were cost-effective com-
pared with AZT+sd-NVP, under the Thai health care setting. This is because the 3-drug regimens
saved more treatment costs of pediatric HIV infection and long-term consequences of ARV resis-
tance in mothers. These savings outweigh the higher drug costs of 3TC, EFV, and LPV/r and the
treatment costs of premature births, which are adverse effects of using the 3-drug regimen. As a
result, it is recommended that the national protocol for PMTCT for HIV-infected pregnant women
with a CD4 count greater than 200 cells/mm? be changed to the 3-drug regimen (at the time when
this study was conducted, the cutpoint for antiretroviral treatment was 200 cells/mm?).

After WHO launched the recommendation of PMTCT guidelines late in the year 2009,%6 we
identified 3 economic evaluation studies related to drug regimens for PMTCT. These included
studies conducted in Tanzania,?” Nigeria,?® and Zimbabwe.?® All studies did not focus on popula-
tions with high CD4 levels but considered all HIV-infected pregnant women. These studies came
to the same conclusion, showing that using 3-drug regimens are cost-effective. A higher adher-
ence to ARVs and formula feeding was observed in this study because Thailand has good health
care infrastructure and a high utilization rate of maternal and child health services. In addition,
the costs of LPV/r and EFV used in this study are likely to be lower than those available in other
settings because they are under the recent government use licenses, which result in a significant
reduction of the drug costs.3® Thus, adopting results from this study should be done with
caution.

There are some limitations to this study. First, this model did not account for all possible costs
of the program. These include (1) the cost of adverse effects of EFV and LPV/r during pregnancy,
(2) the treatment cost of long-term side effects of using PI-based regimens in mothers and chil-
dren who were exposed to sd-NVP and developed ARV resistance, (3) the treatment cost of ARV
resistance in partners of mothers exposed to sd-NVP and who developed ARV resistance, and (4)
the treatment cost of ARV resistance in pediatric HIV-infected babies delivered from mothers
exposed to sd-NVP. Second, because this study adopted the government’s perspective, it omitted
direct nonmedical costs, such as the transportation cost of patients, and indirect costs, for exam-
ple, the cost of sick leave. It is expected that 3-drug regimens will be cost-effective if the societal
perspective is used. Third, this model did not take account of health outcomes in terms of QALY's
gained from avoiding ARV resistance in both mothers and infants. If included, this could lead to
higher cost savings for the use of 3-ARV regimens. Fourth, this study assumed no different
adverse effects between the two 3-ARV regimens despite the fact that there was concern over
reports of neural tube defects in infants with mothers exposed to EFV.263! Fifth, this study was
conducted at the time when the national guidelines for HIV/AIDS treatment referred to the cut-
point of 200 cells/mm?. In 2012, the guidelines were revised,3? indicating the new cutpoint of 350
cells/mm,?® and these would affect the cost and outcome of the programs. However, we strongly
believe that the study conclusion remains valid.

Finally, this is a computer simulation study and may not reveal possible barriers of imple-
menting 3-ARV regimens for PMTCT. Therefore, a feasibility study that assessed the technical
and practical barriers of introducing a 3-drug regimen (AZT+3TC+LPV/r) for PMTCT was car-
ried out in 46 public hospitals in 4 provinces throughout Thailand. It was found that it is feasible
to replace AZT+sd-NVP with the combination of 3 ARV drugs. During July and November 2009,
33 HIV-infected pregnant women were identified in those hospitals under study, and 100% of
them accepted the use of the 3-ARV regimen, with high adherence. Using newly developed
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health education materials to inform HIV-infected mothers about the benefits and risks of the
3-ARV regimens, it was demonstrated that the protocol of the 3-ARV drug regimen is simple and
feasible in the Thai health care setting.

Final Remark

The findings of this study were presented to the Advisory Committee on AIDS in Mother and Child
and the Subcommittee of HIV/AIDS System Development of the NHSO in September and November
2009, respectively. Decision makers decided to adopt the new ARV protocol using AZT+3TC+LPV/r
as the new national regimen for HIV-infected pregnant women with a CD4 count >200 cells/mm?3.
The reasons why AZT+3TC+LPV/r was selected as the national regimen—because of the concerns
among health professional over the potential adverse effects, that is, neural tube defect in infants
born from mothers exposed to EFV—were not included in the economic model.
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