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Background: No prospective, randomized, clinical trial to date has compared standard
doses of efavirenz- and nevirapine-based antiretroviral therapy (ART) among
HIV/tuberculosis (TB) patients receiving rifampicin.

Methods: HIV/TB patients receiving rifampicin were randomized to receive either
efavirenz 600 mg/day-based or nevirapine 400 mg/day-based ART. Efavirenz and
nevirapine concentrations at 12 hours after dosing (C,) were monitored at week 6 and
12. CD4 and HIV-1 RNA were assessed every 12 weeks.

Results: 142 patients were equally randomized. Mean body weight was 53 kilograms,
mean CD4 was 65 ceIIs/mm3, and median HIV-1 RNA was 5.8 log copies/mL. At 6 and
12 weeks, meanzSD of C,, efavirenz was 4.27+4.49 mg/L and 3.54+£3.78 mg/L; and C,,
nevirapine was 5.591+3.48 mg/L and 5.6+2.65 mg/L, respectively. The efavirenz group’s
inter-patient variability was 2.3 fold greater than the nevirapine group’s (CV 107% vs.
47%). At 12 weeks, 3.1% in efavirenz group and 21.3% in nevirapine group had C;,
below the recommended minimal concentrations (C,,;,) (P=0.002, OR=8.396,
95%CI=1.808-38.993). By intention-to-treat analysis, 73.2% and 71.8% achieved HIV-1
RNA <50 copies/mL at week 48 with mean CD4 of 274 and 252 cells/mm3 in the
corresponding groups (P>0.05). By multivariate analysis, patients with low C,, and
those with body weight <55 kilograms were 3.6 and 2.4 times more likely to develop all-
cause treatment failure, respectively (P<0.05).

Conclusions: A 600-mg/day efavirenz-based ART is less compromised by concomitant
use of rifampicin in HIV/TB patients than a 400-mg/day nevirapine-based ART. Low

drug exposure and low body weight are important predictive factors for treatment failure.
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Table 1. Baseline characteristics of 142 HIV-infected patients

Characteristics Efavirenz group  Nevirapine group P
(n=171) (n=71) value

Demographics

Male gender 46 (64.8%) 49 (69.0%) 0.722

Age, years, meantSD 35.7+£8.0 38.0+9.0 0.106

Body weight, Kgs, meant+SD 529 £+ 9.6 534 +£94 0.755

Body mass index, meantSD 19.6 £ 2.8 20.3 £ 51 0.337

Sites of TB 0.478

Lung 45 (63.4%) 41 (57.7%)

Cervical lymph node 13 (18.3%) 16 (22.5%)

Disseminated TB 12 (16.9%) 12 (16.9%)

Meninges 0 2 (2.8%)

Colon 1 (1.4%) 0

Time from TB diagnosis to initiate ART, 1.4 (1.2-2.0) 1.7 (1.1-2.6) 0.653

months, median (IQR)

Laboratory parameters

CD4 cell count, cells/mm3, mean+SD 74.8 £68.2 55.8 £57.3 0.076

Percentage of CD4 cell count, %, meantSD 7.3+53 58+ 5.1 0.108

Log plasma HIV-1 RNA, Log copies/mL 5.75 (56.57-5.76) 5.75 (5.49-5.79) 0.362

Hemoglobin, g/dL, meantSD 10.8 £ 1.7 10.8 £ 1.6 0.879

Serum alkaline phosphatase, mg/dL, 152.3 £ 112.2 167.0 £ 157.0 0.522

meanzSD

Alanine aminotransferase, U/L, mean+SD 28.8+17.8 31.7+£246 0.434

Albumin, mg/dL, meantSD 3.6 +0.7 351207 0.349

Total bilirubin, mg/dL, meantSD 0.61+£0.48 0.64 £ 0.60 0.289

Serum creatinine, mg/dL, meantSD 0.67 £ 0.15 0.70 £ 0.19 0.228

Hepatitis B virus antigen: positive 6 (8.5%) 2 (2.8%) 0.275

Hepatitis C antibody: positive 18 (25.4%) 18 (25.4%) 1.000

Total cholesterol, mg/dL, mean+SD 161.62 £ 29.37 164.63 + 36.59 0.998

Triglyceride, mg/dL, mean+SD 145.85 + 77.75 140.42 + 49.21 0.620




Table 2. Reasons for discontinuation of NNRTIs between the two groups

Reasons Efavirenz group  Nevirapine group P value
(N=71) (n=71)

Lost to follow-up 4 (5.6%) 5 (7.0%) 1.000

Died 2 (2.8%) 6 (8.5%) 0.275

NNRTI-associated skin 3 (4.2%) 2 (2.8%) 0.683

rashes

NNRTI-associated 0 2 (2.8%) 1.000*

hepatitis

Transfer to another 0 1(1.4%) 1.000*

hospital

*Substituted 0 as 1 to calculate P values



Table 3. Virological responses between the two treatment groups at 48 weeks

18

Percentage of patients who Odds ratio, 95% P value
achieved HIV RNA <50 copies/mL Confidence interval
Efavirenz Nevirapine
ITT* 52 of 71 51 of 71 0.932, 0.446-1.947 1.000
(73.2%) (71.8%)
oT* 52 of 62 51 of 55 2.452, 0.722-8.323 0.164
(83.9%) (92.7%)

*Intention-to-treat analysis **On-treatment analysis



Table 4. Univariate and multivariate analysis of possible risk factors for treatment failure after 48 weeks of ART

Treatment outcome at

Univariate analysis

Multivariate analysis

week 48
Possible risk factors
95% Confidence
Success Failure P value Odds ratio 95% Confidence interval P value Odds ratio
interval
C12 NNRTIs less than the 8.7% 21.9%
0.060 2.924 0.991-8.626 0.042 3.610 1.046-12.453
recommended levels (9 of 103) (7 of 32)
30.1% 53.8%
Baseline body weight <55 kilograms 0.011 2.710 1.271-5.780 0.046 2.370 1.017-5.525
(31 of 103) (21 of 39)
21.4% 35.9%
Positive hepatitis C antibody 0.087 2.062 0.920-4.608 0.148 2.000 0.782-5.102
(22 of 103) (14 of 39)
50.5% 48.7%
Receiving efavirenz vs. nevirapine 1.000 0.932 0.446-1.947 0.275 1.655 0.670-4.089
(52 of 103) (19 of 39)
73.8% 87.2%
Baseline HIV-1 RNA <5.5 log 0.166 2.415 0.857-6.803 0.302 1.785 0.594-5.367
(76 of 103) (34 of 39)
3 57.3% 64.1%
Baseline CD4 cell <50 cells/mm 0.567 1.332 0.622-2.849 0.545 1.012 0.995-1.009
(59 of 103) (25 of 39)
13.6% 25.6%
Baseline serum albumin <3 mg/L 0.130 2.192 0.880-5.464 0.863 1.044 0.633-1.727
(14 of 103) (10 of 39)

19



Figure 1. Means CD, cell counts between the two treatment groups by on-treatment

analysis
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Plasma concentration at 12 hours (mg/L)

Figure 2. Distributions of C12 efavirenz and C12 nevirapine after 6 and 12 weeks of

ART
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Background: The International Network for the Study of HIV-associated IRIS (INSHI)
recently published criteria for TB-IRIS diagnosis. The performance of this definition and
clinical manifestations of TB-IRIS were studied.

Methods: Antiretroviral therapy (ART)-naive HIV/TB Thai patients receiving anti-TB
were enrolled during 2006-2007 and prospectively followed through 24 weeks of ART.
All were defined as having paradoxical TB-IRIS if fulfilled ‘study definition’ by French
2004 and confirmed by an external reviewer. All were later compared to the
classification using ‘INSHI-2008’.

Results: Of 126 patients, median baseline CD4 was 43 cells/uL and HIV-1 RNA was
5.9 log4,. Seventy-three (58%) had extrapulmonary/disseminated TB. Twenty-two (18%)
and 21 (17%) fulfilled TB-IRIS criteria by study definition and INSHI-2008 definition,
respectively. Two (2%) were diagnosed by study definition only and one (1%) by INSHI-
2008 definition only. Twenty (16%) were concordantly diagnosed by both definitions and
103 (82%) were consistently negative. Eighteen (82%) had worsening of a pre-existing
site, while 4 (18%) had TB-IRIS in a new location. Lymph node enlargement (73%) and
fever (59%) were common TB-IRIS. Sensitivity and specificity of INSHI-2008 was 91%
(95%CI=72%-98%) and 99% (95%CI1%=95%-99.8%), respectively. Positive predictive
value was 95% and negative predictive value was 98%. By multivariate analysis, factors
predicting TB-IRIS were extrapulmonary TB (OR=8.63) and disseminated TB
(OR=4.17).

Conclusions: There was high concordance between the INSHI-2008 and French 2004
definition for TB-IRIS diagnosis in HIV/TB patients with relatively high rate of
paradoxical TB-IRIS. This suggests that lack of HIV-1 RNA and CD4 monitoring does
not impede the ability to diagnose TB-IRIS.
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Table 1. Relationships among terms between two definitions by percentage and 95%

confidence interval to diagnose paradoxical TB IRIS in the study

Definition Study Definition - Study Definition -
fulfilled not fulfilled

INSHI 2008 Positive predictive
Definition - 20 1 value = 95%
fulfilled (77% - 99%)
INSHI 2008 Negative predictive
Definition - not 2 103 value = 98%
fulfilled (93 - 99.5%)

Sensitivity = 91% Specificity = 99%

(72% - 98%) (95% - 99.8%)

Kappa coefficient between two definitions was 0.918 with P value of <0.001. Twenty
(16%) were concordantly diagnosed by both definitions and 103 (82%) were consistently

negative. Two (2%) were diagnosed by study definition only.
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Table 2. Clinical characteristics of 3 patients with discordant TB-IRIS diagnosis between 2 case definitions

Case definitions

Patients, Initial TB TB-IRIS Baseline CD4,
Study INSHI 2008 Comments
(Age, gender) diagnosis manifestations HIV-1 RNA
Definition Definition
Met criteria of ‘Study Definition’ but did not meet criteria of INSHI 2008’
This patient had exaggerated fever and decrease in plasma
Recurrent fever,
HIV-1 RNA combined with an increase in CD4 and
Smear-positive cough, diarrhea, CD4 = 20 (3%),
Patient 8 2 majors + 0 major + spontaneous resolution of all symptoms without receiving
cervical abdominal pain, HIV-1 RNA >6
(28 years, male) 2 minors 3 minors specific treatment that fulfilled study definition but no
lymphadenitis hepatomegaly and log10
markedly recurrent lymphadenitis or other manifestation that
tenderness
met the major criteria of INSHI 2008 definition.
This patient met study definition for possible TB-IRIS with
Smear-positive Recurrent fever, CD4 = 93 (3%), met marked fever in one major criterion of study definition
Patient 36 1 major + 0 major +
pulmonary mild cervical lymph HIV-1 RNA = 5.5 and 2 minors. Did not meet any major criteria of INSHI
(27 years, male) 2 minors 1 minor
tuberculosis node enlargement log10 because no clear documentation of node enlargement and
only had constitutional symptoms (minor criterion of INSHI).
Met criteria of ‘INSHI 2008’ but did not meet criteria of ‘Study Definition’
This male had worsening of chest X-ray at IRIS (major
Fever, shortness of criterion) plus recurrent fever and worsening of respiratory
Disseminated
breath, chest X-ray CD4 = 58 (10%) symptoms of minor INSHI criteria but met exaggerated
Patient 53 tuberculosis 1 major + 1 major +
showed worsening HIV-1 RNA >6 inflammatory reaction of major study criteria and
(31 years, male) (sputum/pus 1 minor 2 minors
of pulmonary log10 spontaneous resolution of symptoms of minor study criteria
smear-positive)
infiltrations only. CD4 increased from baseline of <25 cells/uL and

plasma HIV-1 RNA decreased of < 1 log,o, copes/mL.




Table 3. Univariate and multivariate analysis of factors predicting paradoxical TB-IRIS by study definition vs. INSHI 2008 definition

Factors

Study Definition

INSHI 2008 Definition

Univariate analysis

Multivariate analysis

Univariate analysis

Multivariate analysis

OR (95%Cl)*

OR (95%Cl)*

OR (95%Cl)*

OR (95%Cl)*

Gender
Male

Female

1.47 (0.53-4.09)
1

0.458

1.36 (0.49-3.80)
1

0.558

Age, years
<35
> 35

3.23 (1.17-8.92)
1

0.023

2.90 (0.99-8.50)
1

0.053

2.29 (0.85-6.12)
1

0.100

2.27 (0.75-6.83)
1

0.147

Baseline CD4, cells/uL
0-49
50 — 199

1.39 (0.05-3.74)
1

0.513

1.28 (0.47-3.46)
1

0.632

Baseline HIV-1 RNA,
log 4o copies/mL
<59
>59

]
1.51 (0.60-3.81)

0.380

1
2.17 (0.83-5.67)

0.115

]
1.06 (0.27-4.19)

0.932

Time from TB treatment to
HAART, days

<45

> 45

1.56 (0.61-3.97)
1

0.350

2.29 (0.85-6.12)
1

0.100

1.76 (0.59-5.26)
1

0.310

Site of Tuberculosis
Pulmonary only

Extra-pulmonary only

1
7.90 (1.93-2.30)

0.004

1
8.63 (1.99-37.50)

0.004

1

10.20 (1.99-52.24)

0.005

1

10.48 (1.95-56.28)

0.006
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Both

4.76 (1.22-18.6)

0.025

417 (1.03-16.86)

0.045

8.25 (1.72-39.57)

0.008

5.94 (1.18-29.80)

0.031

CD4 increased at week 12
from baseline, cells/uL
<105
> 105

1
2.02 (0.78-5.26)

0.149

1
1.66 (0.62-4.41)

0.310

CD4 increased at week 24
from baseline, cells/uL
<119

> 119

1
1.55 (0.60-4.01)

0.371

1
1.59 (0.59-4.29)

0.361

Plasma HIV-1 RNA decreased
at week 12 from baseline, log
10 copies/mL

<40

>4.0

2.56 (0.99-6.59)
1

0.052

2.30 (0.83-6.38)
1

0.110

2.63 (0.98-7.02)
1

0.055

2.03 (0.51-8.07)
1

0.313

Plasma HIV-1 RNA decreased
at week 24 from baseline, log
10 copies/mL

<40

>4.0

2.04 (0.76-5.51)
1

0.158

2.21 (0.78-6.30)
1

0.137

HAART regimens
Nevirapine-based

Efavirenz-based

1
1.04 (0.41-2.61)

0.935

1

1.08 (0.42-2.76)

0.873

*OR = Odds ratio and 95%CI = 95% confidence interval of odds ratio
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A Randomized Trial Comparing Plasma Drug
Concentrations and Efficacies between 2
Nonnucleoside Reverse-Transcriptase Inhibitor—Based
Regimens in HIV-Infected Patients Receiving
Rifampicin: The N,R Study

Weerawat M k Sungh ph.? Preecha T thip,' Aroon L yomkul,'
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University, "The H Netherlands-Australie-Thailand Ressarch Collaboration, Thai Red Cross AIDS Research Centrs, and *Faculty of Medicine,
Chulalongkorn University, Bangkok, Thailand

{See the editorial commentary by Lalloo on pages 1760-2)

Background. To our knowledge, to date, no prospective, randomized, clinical trial has compared standard
doses of efavirenz- and nevirapine-based antiretroviral therapy among patients with concurrent human immu-
nodeficiency virus type 1 (HIV-1) infection and tuberculosis (TB) who are receiving rifampicin.

Methods, Rifampicin recipients with concurrent HIV-1 infection and TB were randomized to receive antiret-
roviral therapy that included either efavirenz (600 mg per day) or nevirapine (400 mg per day). Efavirenz and
nevirapine concentrations at 12 h after dosing (C,.) were monitored at weeks 6 and 12. CD4" cell counts and
HIV-1 RNA levels were assessed every 12 weeks.

Results.  One hundred forty-two patients were randomized into 2 groups equally. The mean body weight of
patients was 53 kg, the mean CD4* cell count was 65 cells/mm?®, and the median HIV-1 RNA level was 5.8 log,,
copies/mL. At weeks 6 and 12, the mean C,, of efavirenz ( + standard deviation) were 4.27 + 4.49 and 3.54 +
3.78 mg/L, respectively, and those for nevirapine were 5.59 + 348 and 5.6 + 2.65 mg/L, respectively. Interpatient
variability in the efavirenz group was 2.3-fold greater than that in the nevirapine group (coefficient of variation,
107% vs. 47%). At week 12, 3.1% of patients in the efavirenz group and 21.3% in the nevirapine group had C,.
values that were less than the recommended minimum concentrations (odds ratio, 8.396; 95% confidence interval,
1.808-38.993; P = .002). Intention-to-treat analysis revealed that 73.2% and 71.8% of patients in the efavirenz
and nevirapine groups, respectively, achieved HIV-1 RNA levels <50 copies/mL at week 48, with respective mean
CD4" cell counts of 274 and 252 cells/mm® (P> .05). Multivariate analysis revealed that patients with low C,,
values and those with a body weight <55 kg were 3.6 and 2.4 times more likely, respectively, to develop all-cause
treatment failure (P<.05).

Conclusions.  Antiretroviral therapy regimens containing efavirenz (600 mg per day) were less compromised
by concomitant use of rifampicin than were those that contained nevirapine (400 mg per day) in patients with
concurrent HIV-1 infection and TB. Low drug exposure and low body weight are important predictive factors for
treatment failure.

Trial registration. ClinicalTrials.gov identifier NCT00483054.
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mortality associated with HIV-1 infection and the risk that HIV-
1 infection will progress to AIDS [1, 2]. The large number of
drugs used to treat HIV-1 infection and related diseases, how-
ever, requires physicians to keep up to date with important
potential interactions between antiretroviral agents and other
drugs, such as those used to treat various opportunistic infec-
tions. Tuberculosis {TB), for example, is the most common
AIDS-defining condition in people infected with HIV-1, and it
is the most common cause of mortality in many areas, including
Thailand [3]. Currently, rifampicin is a key drug used in anti-
TB regimens, because rifampicin-containing regimens are de-
monstrably more effective than regimens that do not contain
rifampicin, allowing for shorter courses of therapy and lower
rates of treatment failure [4].

Mortality is clearly reduced in patients with concurrent HIV-
1 infection and TB who initiate ART while receiving treatment
for TB [5], but potential drug-drug interactions are a major
concern for patients concurrently receiving both therapies. The
available rifamycins differ in potency as cytochrome enzyme
inducers, with rifiampicin being the most potent [6]. Unfor-
tunately, rifampicin is the only rifamycin available in most
developing countries where TB is endemic. Protease inhibitor—
based regimens are contraindicated as initial therapy for pa-
tients receiving rifampicin because of rifampicin’s potent in-
duction of the cytochrome system and its effect on protease
inhibitor levels [7]. Coadministration of rifampicin with either
efavirenz or nevirapine is also associated with lower exposure
to nonnucleoside reverse-transcriptase inhibitors (NNRTIs),
but to a significantly lesser extent. Rifampicin levels, on the
other hand, are not significantly affected by NNRTI use [8].
Decreased plasma levels of antiretroviral drugs can lead to HIV-
1 treatment failure, and the lowest acceptable plasma concen-
trations at 12 h after dosing (C,,) for efavirenz and nevirapine
are currently proposed to be 1 and 3.4 mg/L, respectively [9].

ART guidelines in resource-rich countries recommended efa-
virenz over nevirapine [7, 10, 11]. Nevertheless, nevirapine has
been widely used in many resource-constrained countries in
sub-Saharan Africa and Asia because of its greater availability
and lower cost. Although NNRTI-based regimens are widely
used, to date, to our knowledge, no randomized, clinical trials
have directly compared these 2 NNRTI-based regimens in HIV-
1-infected patients who are receiving rifampicin-based anti-TB
regimens. Therefore, we conducted a randomized, comparative
trial with the following objectives: (1) to study antiviral efficacy
at 48 weeks after ART initiation, and (2) to determine plasma
NNRTI drug levels in patients with concurrent HIV-1 infection
and TB who were receiving a rifampicin-containing anti-TB
regimen. Patients were randomized to initiate treatment with
either standard-dose efavirenz-based ART (the efavirenz group)
or standard-dose nevirapine-based ART (the nevirapine group).

MATERIALS AND METHODS

This study was a prospective, open-label, randomized, com-
parative trial involving 142 Thai patients (71 patients per
group) with concurrent HIV-1 infection and TB. Patients were
treated at the Bamrasnaradura Infectious Diseases Institute,
Ministry of Public Health (Nonthaburi, Thailand). The en-
rollment was period was December 2006—October 2007. All
patients were followed up for 48 weeks after the initiation of
ART. Inclusion criteria were as follows: (1) HIV-1 infection in
individuals aged 18—60 years, (2) active TB diagnosed by clinical
features plus acid-fast stain and/or culture positive for Myco-
bacterium tuberculosis, (3) receipt of treatment with a rifam-
picin-containing anti-TB regimen 4-16 weeks before enroll-
ment, {4) naive to ART, and (5) CD4* cell count, =350 cells/
mny’. Exclusion criteria were as follows: (1) aspartate amino-
transferase and alanine aminotransferase levels =5 times the
upper limit of normal range; (2) serum creatinine level, >2 mg/
dL; (3) receipt of a medication that has drug-drug interactions
with nevirapine or efavirenz; (4) receipt of immunosuppressive
drugs; and (5) pregnancy or lactation. The study was conducted
in accordance with the guidelines of the Helsinki Declaration
of 2000. The institutional ethics committees of the Bamras-
naradura Infectious Diseases Institute and the Thai Ministry of
Public Health approved this study, and all patients provided
written, informed consent before enrollment.

All patients received oral lamivudine (150 mg every 12 h)
and oral stavudine (30 mg every 12 h for patients who weighed
=60 kg and 40 mg every 12 h for those who weighed =60 kg).
Patients were randomized to receive either efavirenz (600 mg
at bedtime while fasting) or nevirapine {200 mg every 12 h).
Patients in the nevirapine group started therapy at a dosage of
200 mg every 24 h for 2 weeks, followed by an increase to 200
mg every 12 h. The dosage of rifampicin was 450 mg per day
for patients who weighed =50 kg and 600 mg per day for those
who weighed =50 kg. The anti-TB regimen was isoniazid, ri-
fampicin, ethambutol, and pyrazinamide for the first 2 months
followed by isoniazid and rifampicin for the subsequent 4-7
months.

Clinical characteristics and findings from physical exami-
nations were recorded for each patient. Patients were assessed
at follow-up visits at weeks 2,4, 8, 12, 18, 24, 36, and 48. Drug
adherence, occurrence of adverse events, and use of concom-
itant medications were noted, and blood specimens was col-
lected for laboratory testing. Adherence to treatment was as-
sessed with a questionnaire, and the severity of adverse reactions
was graded using scoring instrument [12].

The primary outcome of interest was the proportion of pa-
tients who achieved a plasma HIV-1 RNA level <50 copies/mL
after 48 weeks of ART, as analyzed by intention-to-treat (ITT)
and on-treatment {OT) analysis. The ITT population included
enrolled subjects who received at least 1 dose of ART. Loss to
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Table 1. Baseline characteristics of 142 human immunodeficiency virus (HIV)-infected patients.

Efavirenz group Meviraping group

Characteristic {n="71) n=T71) P
Demagraphic characteristics
Male sex 46 (64.8) 49 (69.0) g2z
Age, years 36.7 = 80 380 + 8.0 106
Body weight, kg 52.9 + 96 534 + 04 755
Body mass index® 196 + 2.8 20.3 + B4 337
Site of TB 478
Lung 45 (63.4) 41 (57.7)
Carvical lymph node 13118.3) 16 (22.5)
Dissermninated 12 (16.9) 12 (16.9)
Meninges 00 2 (2.8}
Colen 1014 0i0)
Tirne from TB diagnosis to initiation of ART, median months (IQR) 14 (1.2-2.0) 1.7 (1.1-2.6) 853
Laboratory parameters
CD4* cell count, cells/mm? 74.8 + 682 B8 + B7.3 076
CD4* cell percentage 7.3 = 63 b8 + b1 08
Plasma HIV-1 RNA level, log,, copies/mL 5.75 (5.57-5.78) B.75 (6.45-5.79) 362
Hemaglobin concentration, afdL 10.8 = 1.7 108 ~ 1.6 879
Serum alkaline phosphatase level, ma/dL 162.3 + 112.2 167.0 + 167.0 b2z
Alanine aminctransferase level, L/L 28.8 + 17.8 31.7 + 248 A4
Alburnin level, mgfdL 3.6 = 07 36 + 0.7 349
Total bilirubin level, mofdL 061 = 048 Q.64 = 0.60 .289
Serum creatinine level, ma/dL 0.67 = 015 0.70 + 0.19 228
Positive for hepatitis B vinus antigen 6 (8.6) 2(2.8) 275
Positive for hepatitis C antibody 18 (26.4) 18 (26.4) =99
Tetal cholesterol level, mafdL 161.62 + 29.37 164.63 + 36.59 858
Trighyceride level, mafdL 145.85 + 77.75 14042 + 4921 820

NOTE. Dataare no. (%) of patients or mean = standard deviation, unless otherwise indicated. ART, antiretroviral therapy, IQR, interquartile rangs;

TE, tuberculozis.

? Caleulated as waight in kilograms divided by the aquare of height in meters,

follow-up, death, and discontinuation of use of the study drug
were considered to be treatment failures. OT analysis included
all patients’ records at week 48 of ART. The secondary outcomes
were as follows: (1) the proportion of patients with C,, NNRTI
concentrations that were less than the recommended minimal
level, (2) CD4" cell count at week 48 of ART, and (3) the
incidence of NNRTI-associated adverse reactions, including
rash and hepatotoxicity.

Blood samples were obtained to determine CD4" cell counts
by flow cytometry and to determine HIV-1 ENA levels with
use of the Roche Amplicor, version 1.5 (Roche Diagnostics),
at baseline and every 12 weeks after initiation of ART. The
lower limit of detection for the HIV-1 RNA level is 50 copies/
mL. Virologic failure was defined as either a plasma HIV-1
RNA level =1000 copies/fmL after having a previously unde-
tectable value or as lack of achievement of an HIV-1 RNA level
<50 copies/mL after 24 weeks of ART. Complete blood cell
counts and liver transaminase levels were measured at baseline,
weeks 6 and 12, and every 12 weeks thereafter. After 6 and 12
weeks of ART, blood samples were obtained in lithium heparin

tubes 12 h after drug administration for analysis of efavirenz
and nevirapine levels. Samples were centrifuped at 1500 g for
10 min at 4°C and were stored at —20°C until they were an-
alyzed at the HIV Netherlands-Australia-Thailand Clinical Re-
search Laboratory, which is located at the Chulalongkorn Med-
ical Research Center (Bangkok), by high-performance liquid
chromatography. High-performance liquid chromatography
was performed in accordance with the protocol developed by
the Department of Clinical Pharmacology at the University
Medical Centre Nijmegen (Nijmegen, the Netherlands) [13].
Power and Sample Size, version 1.01 [14], was used to cal-
culate sample size by testing for proportion of patients with
plasma HIV-1 RNA <50 copies/mL after 48 weeks between the
2 study groups. The difference in the proportion of patients
with a plasma HIV-1 RNA <50 copies/mL was a difference of
=20% for the 2 treatment groups. Type I and type II errors
were 0.05 and 0.20, respectively. Sample size required for the
study was 142 patients. All analyses were performed using SPSS,
version 11.5 (SP55). Mean values (+ standard deviations) or
median values (with interquartile ranges [IQRs]) and frequency
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Table 2. R for di i ion of leoside reverse-tran-
scriptase inhibitors (NNRTIs) for the i and nevirapi
groups.

Efavirenz group  Mevirapine group

Reason (n="71) n=71 I
Lost to follow-up 4 (5.6) B (7.0 =99
Death 228 6 (8.5 275
NNRT-asseciated skin rash 3142 2 (28 6383
MMRTI-associated hepatitis 00 228 >.99°
Transfer 1o another hospital 0 Q) 101.4) >.99°

* Zaro was substituted for 1 to calculate the 2 value,

were nsed to describe the patients’ characteristics for contin-
uous and categorical data, respectively. Fisher's exact test was
used to compare the number of patients with C,, values for
ININRTIs that were less than the minimum recommended levels
(for efavirenz, <1 mg/L; for nevirapine, <3.4 mg/L) and the
number of patients who achieved undetectable HIV-1 RNA
levels between groups. Interpatient variability was expressed as
a coefficient of variation. Student’s ¢ test was used to compare
CD4* cell counts between groups. A binary logistic regression
model was used to determine the possible risk factors for treat-
ment failure at 48 weeks. The NNRTI levels at weeks 6 and 12
were compared in each group using a paired ¢ test. P values
<.05 were considered to be statistically significant.

RESULTS

A total of 142 patients were enrolled and were evenly random-
ized into the efavirenz group and the nevirapine group. The
mean age was 37 = 8 years, 67% of patients were male, and
all were ethnically Thai Median time from TB diagnosis to
ART initiation was 5.6 weeks. The patients’ demographic char-
acteristics and laboratory parameters are summarized in table
1. After 12 weeks of ART, the patients in efavirenz group and
nevirapine group had mean weights of 56.7 = 9.1 and
58.1 + 9.5 kg, respectively (P = 412). Sixty-two patients in the
efavirenz group and 55 patients in the nevirapine group con-
tinued to be followed up to 48 weeks. Thus, all-cause discon-

tinuation during the study period occurred for 25 patients (9
in the efavirenz group and 16 in the nevirapine group; P =
.093). Reasons for discontinuation of ART are shown in table
2. Two patients infected with hepatitis C virus had to discon-
tinue nevirapine use because of grade 3 hepatitis. Five patients
(3 in the efavirenz group and 2 in the nevirapine group) de-
veloped grade 2 or 3 skin reactions, but every patient tolerated
the other NNRTI-based regimen after switching groups. Two
patients died in the efavirenz group (one died of Pseudomonas
pneumonia, and the other died of wasting syndrome), and &
deaths occurred in the nevirapine group (1 patient died of
Escherichia coli sepsis, 1 died of Preurmocystis pneumonia with
respiratory failure, 1 died of gastrointestinal bleeding associated
with Kaposi sarcoma, and 3 died of undetermined causes). No
deaths were attributed to use of any drug.

Table 3 shows the proportion of patients who had plasma
HIV-1 RNA levels <50 copies/mL after 48 weeks of ART in
terms of both ITT analysis and OT analysis. Univariate and
multivariate analysis of possible risk factors for treatment failure
after 48 weeks are shown in table 4. Overall, there was a ten-
dency of the association between week 6 C,, values for NNRTIs
that were less than the recommended minimum levels and
treatment failure, as found by ITT analysis at week 48 (P =
.060); however, no correlation was found between these 2 fac-
tors in subgroup analysis of each NNRTI (P> .100). Multivar-
iate analysis, however, revealed that patients who had C,, values

Table 3. Virological resy I the ef: and nevirapine tr
groups at week 48.
Proportion of patients (%)
who achieved and
HIV-1 RMA level <50 coples/mL
Analysis Efavirenz group  Nevwirapine group OR 95% CI P
ITT analysis 5271 (73.2) 5171 (71.8) 0.932 [0.445-1.547) >.99
OT analysis® D252 (83.9) 51/65 (82.7) 2,462 (0.722-8.323) 164

NOTE. Cl, confidence intarval; HIV-1, human immunodeficisncy vius typs 1; ITT, intenticn-
totreat; OR, odds ratio; OT, on-traatmant.

* Analysis axcluded patients who were lost 1o follow-up, died, discontinued ncnnucleosida
ravarse-transcriptase treatment because of adverss reactions, or tranzfered to anothar hospital
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Table 4. Univariate and multivariate

lysis of possible risk factors for treatment failure after 48 weeks of antiretroviral therapy.

Treatment outcome
at week 48,
proportion of patients (%)

Univariate analysis

Multivariate analysis

Possible risk factor Success Failure OR (95% CI P OR (95% Cl) P
C,; for NNRTIs less than the recommended level 27102 (8.7) F32(21.9) 2924 (0.991-8.628) 060 3.610(1.046-12.453) 042
Baseline body weight, <565 kg 317103 (30.1)  21/39 (B3.8) 27100(1.271-5.780) 011 2.370 (1.017-5.625) 046
Positive hepatitis C antibody test result 220102 (21.4) 14/39 (36.9) 2062 (0.920-4.608) .087 2.000(0.782-B.102) 148
Recsipt of efavirenz vs. nevirapine 52/102 (B0.6) 19/30 48.7) 0932 (0.446-1.947) =99 1.656 (0.670-4.089) 275

Baseline HIV-1 RMA level, <5.5 log,, copies/mL
Baseline CD4* cell count, <50 cellsimm®
Baseline serum albumin level, <2 mg/L

5G/103 (57.3)
14/102 (12.6)

T6/103 (72.8) 34/30 (87.2) 2415 (0.867-5.803] 166 1.786 (0.694-5.367) 302
25/30 (B4.1) 1.332 (0.622-2.849) 567 1.012 {0.995-1.008) 546
10/39 (26.6) 2102 (0.890-5.464) 130 1.044 {0.633-1.727) 853

NOTE. CI, confidence intarval; C,;, concantration at 12 h aftar dosing; HV-1, huranimmunodsficency virus type 1; MNRTI, nonnuclecside reverse-transcriptase

inhibitor; CR, odds ratio.

for NNRTIs that were less than the recommended minimum
concentrations and those who had a baseline body weight <55
kilograms were 3.6 times and 2.4 times more likely, respectively,
to develop treatment failure after 48 weeks of ART. The median
CD4" cell count responses every 12 weeks after ART initiation
are shown in figure 1. There were no differences in the mean
alanine aminotransferase levels between the efavirenz and ne-
virapine groups at week 12 (38.8 vs. 37.6 U/L) or week 24 (49.3
vs. 37.9 U/L) of ART (P=>.05).

The distributions of C,, values for efavirenz and nevirapine
are shown in figure 2. The mean C, values for efavirenz at
weeks 6 and 12 were 4.27 + 449 and 3.54 = 3.78 mg/L, re-
spectively. The mean C,, values for nevirapine at weeks 6 and
12 were 5.59 + 348 and 5.6 = 2.65 mg/L, respectively. The
coefficient of variation, a measure of interpatient variability of
drug concentrations within groups, was calculated for each
group at weeks 6 and 12 of ART. For the efavirenz group, the
coefficients of variation were 105% and 107% for weeks 6 and
12, respectively, whereas those for the nevirapine group were
62% and 47%, respectively. Thus, patients in the efavirenz
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Figure 1. Mean CD4* cell counts for the efavirenz and nevirapine treat-
ment groups, by on-treatment analysis. *F value for week 48 comparison

group had 1.7-2.3-fold greater interpatient variability in C,,
drug levels than did patients in the nevirapine group at weeks
6 to 12 of ART. At week 6 of ART, 3 (4.3%) of 70 patients in
the efavirenz group and 13 {20.0%) of 65 patients in the ne-
virapine group had C,, drug levels less than the recommended
minimum concentrations (odds ratio, 5.587; 95% confidence
interval, 1.511-20.833; P = .007). At week 12 of ART, 2 (3.1%)
of 64 patients in the efavirenz group and 13 (21.3%) of 61
patients in the nevirapine group had C,, values less than the
recommended minimum concentrations (odds ratio, 8.396;
95% confidence interval, 1.808-38.993; P = .002).

DISCUSSION

Previous clinical and pharmacologic data suggest that com-
parable virologic, immunologic, and clinical outcomes are
achieved with either efavirenz [15, 16] or nevirapine [17-19],
given at standard doses, when used concurrently with rifam-
picin-containing anti-TB regimens, Contrary to some ART

guidelines based on the results of nonrandomized trials, which
support coadministration of rifampicin with NNRTI-based
ART regimens [7, 10], we found that 48-week virologic and
immunologic responses did not differ in patients who received
standard doses of efavirenz-based ART versus those who re-
ceived nevirapine-based ART. Nonetheless, low C,, NNETI lev-
els and low baseline body weights predicted all-cause treatment
failure (P = .042 and P = .046, respectively) by binary logistic
regression analysis. The other factors in the regression model
inchided receipt of nevirapine, hepatitis C serologic findings,
baseline CD4" cell count, baseline plasma HIV-1 ENA level,
and serum albumin level, none of which was significantly as-
sociated with treatment failure. Previous reports involving HIV-
l-infected patients who did not have TB noted that the risk
of virologic failure increased when the C,, nevirapine level de-
creased to <3.4 mg/L and the C,, efavirenz level decreased to
<1 mg/L [20, 21]. This study, however, is the first report to
correlate plasma NNRTI concentrations with clinical outcomes
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Figure 2. Distributions of concentrations at 12 h after dosing (Cy) for efavirenz and nevirapine after 6 and 12 weeks of antiretroviral therapy.

s

*Comparison of percentages for patients who had Cy, values for nonr
recommended levels.

during coadministration of rifimpicin in a prospective, ran-
domized study. Regarding the factor of low body weight: this
association may be explained by the fact that malnutrition was
associated with reduced survival among patients who com-
menced ART [22]. In addition, we found a trend toward in-
creased mortality in patients with concurrent HIV-1 infection
and TB patients who received nevirapine, compared with those
who received efavirenz (8.5% vs. 2.8%). This is concordant
with the recent data on HIV-1-monoinfected patients in the
United States and southern Africa [23, 24].

Coadministration of rifampicin with either efavirenz or ne-
virapine may lead to the lower C, NNRTT levels in some pa-
tients, increasing the risk of ART failure. Rifampicin is a potent
inducer of CYP3A4, and it increases the expression of CYP2B6
[25]. The proportion of patients with C,;, values for NNRTIs
that were less than the recommend minimum concentration
was greater among those receiving nevirapine-based ART, with
one-fifth of patients in the nevirapine group having low C,,
drug levels at both time points. This may be partly explained
by the fact that nevirapine is metabolized by both isoenzymes
3A4 and 2B6, whereas efavirenz is mainly metabolized by cy-
tochrome P450 isoenzyme 2B6 only. Thus, the effect of rifam-
picin on the metabolism of efavirenz may be less than its effect
on nevirapine [26—28]. Long-term antiviral efficacy of ART that
includes nevirapine (400 mg per day), therefore, may be con-
siderably compromised when compared with standard-dose
efavirenz—based ART. An observational study found a higher
rate of ART failure among patients with TB who were treated
with nevirapine, compared with patients who did not have TB;
no difference, however, was found in the virologic response to

reverse-transcriptase inhibitors that were less than the particular

efavirenz-based ART regimens [29]. The results from our study
indicate that nevirapine-based regimens are associated with a
greater risk of C, values for NNRTIs that are less than the
recommended minimum concentration; this may explain the
findings of the previously reported observational study [29].

In patients with concurrent HIV-1 infection and TB who are
taking rifampicin and initiating ART, a nevirapine-based reg-
imen was associated with a higher risk of having a suboptimal
C,; drug level than was as efavirenz-based regimen among pa-
tients who had mean body weights of 53 + 9 kg. Because lower
drug levels are strong predictors of treatment failure, efavirenz
may be the better NNRTI for concomitant treatment of HIV-
l-infected patients with TB who are also receiving rifampicin.
Its higher cost and potential teratogenicity, however, are crucial
barriers to public health implementation in many resource-
constrained countries. This study provides clinical evidence of
efficacy and safety to support the use of NNRTI-based ART
among patients with TB who are receiving rifampicin, in agree-
ment with treatment guidelines for HIV infection.

Although our multivariate analysis did significantly correlate
all-cause treatment failure with reduced C,, NNRTI levels, no
differences were observed between the treatment groups in
terms of their immunologic and virologic outcomes specifically,
because, if the difference was <20%, then our sample size was
not sufficient to differentiate. Therefore, we have assumed that
the higher rate of treatment failure in the nevirapine group was
a consequence of those patients having a greater risk of sub-
optimal C,, levels, compared with patients in the efavirenz
group. It is important to note that certain allotypes of CYP
2Ba, such as *6 and *18, are relatively common among Asians,
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and these are associated with reduced enzyme function, leading
to a greater drug exposure of both NNRTI drugs [30-32].
Therefore, our results may not be applicable to other ethnic
populations, which may differ in phenotype. As a final caveat,
this study defined the cutoff minimal therapeutic concentration
of nevirapine at 3.4 mg/L. Some studies demonstrate the risk
of virologic failure is increased if the concentration is<3.1 mg/
L instead [33]. Interestingly, 5 patients in our study had ne-
virapine levels in the range of 3.1-3.4 mg/L, and 3 {60%) of
these patients developed treatment failure (2 developed viro-
logic failure, and 1 was lost to follow-up). This figure is con-
sidered to be a high rate of failure and is the reason we defined
the cutoff concentration at 3.4 mg/L. There might have been
other factors that influence the requirement of a higher cutoff
concentration other than drug interaction, such as compro-
mised efficacy during the first few weeks of ART initiation or
improved protein levels over time changing the pharmacoki-
netic. However, the overall results were almost similar when
analysis used a cutoff point of 3.1 mg/L.

In conclusion, drug C,, levels for efavirenz (600 mg per day)
are less compromised by concomitant treatment with rifam-
picin than are levels for nevirapine {400 mg per day) in patients
with concurrent HIV-1 infection and TB who weigh <60 kg.
Although efavirenz levels varied across a wide range, almost all
patients had drug concentrations greater than the minimal rec-
ommended level. Importantly, low NNRTI drug exposure was
found to be an important predictive factor for treatment failure
after 48 weeks of ART. Therefore, our data suggest that ART
that includes efavirenz (600 mg per day) should preferred over
that which contains nevirapine (400 mg per day) for eligible
patients in a setting where both are available. Nevirapine-based
ART remains an acceptable option for pregnant women and
for persons with restricted access to efavirenz. For both regi-
mens, the important of strict adherence to medication dosing
must be emphasized, to minimize the risk of treatment failure.
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Efavirenz and Nevirapine Interactions with Rifampicin:
Resolving the Dilemmas?

Umesh G. Lalloo

Melson R. Mandela School of Medicine, University of KwaZulu-Natal, Congella, South Africa

{See the article by Manosuthi et al. on pages 1752-9)

Tuberculosis (TB) is the most common
opportunistic infection in persons with
human immunodeficiency virus (HIV) in-
fection, and the 2 diseases together rep-
resent a deadly duo [1]. The TB epidemic
has been aggravated by the HIV epidemic,
particulatly in developing and resource-
limited regions of the world. According to
the World Health Organization {WHO),
there were 9.2 million new cases and 14.2
million prevalent cases of TB globally in
2006 [2]. It is estimated that 1.2 million
deaths in 2006 were attributable to TB.
Globally, there were an estimated 709,000
new cases of TB among HIV-infected per-
sons in 2006, Africa accounts for 85% of
these cases, India accounts for 3.3%, Eu-
rope accounts for 1.8%, and other coun-
tries account for 9.4% [2]. The burden of
TB is increasing in countries such as South
Africa, where the rate of HIV infection is
still very high. Currently, the incidence of
TB is close to 1000 cases per 100,000 per-
sons in South Africa [2]. It is comforting
that emerging data support the hypothesis
that coadministration of highly active an-
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tiretroviral treatment (HAART) to pa-
tients who are receiving treatment for ac-
tive TB improves morbidity and mortality
[3]. The question of early versus delayed
introduction of HAART should be an-
swered by the A5221 Study of the Adult
AIDS Clinical Trials Group and the Cam-
bodian Early vs. Late Introduction of An-
tiretrovirals (CAMELIA) Study [4]. Con-
current treatment of HIV infection in
patients who are receiving anti-TB treat-
ment is a top priority in countries with
a high burden of HIV infection and TB
burden. Therefore, it is important that
HAART be prescribed to eligible patients
receiving anti-TB treatment with confi-
dence and safety.

Rifampicin forms the backbone of first
line anti-TB treatment and has allowed for
the use of short-course chemotherapy for
TB even in HIV-infected patients. How-
ever, the drawback of rifampicin is that it
is a potent inducer of cytochrome P450
CYP3A4, which, in turn, interferes with
the metabolism of a number of antiret-
roviral drugs—notably, efavirenz, nevira-
pine and the protease inhibitors, and the
recently developed CCR5-receptor antag-
onist maraviroc. Rifampicin also reduces
the concentration of the integrase in-
hibitor raltegravir, although the recom-
mended dosage of 400 mg twice per day
appears to be adequate when raltegravir
and rifampicin are coadministered; how-
ever, clinical experience with the com-

bination of raltegravir and rifampicin is
very limited [5]. The second-generation
nonnucleoside reverse-transcriptase in-
hibitor (NNRTI) etravirine is a diaryl-
pyrimidine derivative that was devel-
oped to overcome NNRTI-resistant var-
iants that encode L100l, K103N, Y181C,
Y188L, and G190A/S mutations [6]. Et-
ravirine cannot be recommended for use
with rifampicin, because rifampicin has
been shown to significantly reduce the con-
centration of etravirine [6]. The NINRTI de-
lavirdine is less potent than efavirenz and
nevirapine and inhibits cytochrome P450,
use of this agent is not recommended in
patients receiving rifampicin [7].

The data for administration of protease
inhibitors with rifampicin are also disap-
pointing. Recent evidence has shown that
administration of increased doses of lo-
pinavir-ritonavir to healthy volunteers
who were also taking rifampicin resulted
in a high frequency of nausea, vomiting,
and hepatitis [8]. Whether patients with
HIV infection and active TB would ex-
perience similar levels of hepatotoxicity is
unclear, but the data call for extreme cau-
tion. Ritonavir-boosted lopinavir may still
be useful for young children who are tak-
ing rifampicin [9], and this strategy re-
mains an option for adults in resource-
limited settings. The clinical vigilance
required when administering protease in-
hibitors is least available in these settings.
Because of the lack of adequate data, the

1760 + CID 2009:48 (15 Juae) * EDITORIAL COMMENTARY

51



general recommendation is that protease
inhibitors should be avoided for patients
who are receiving rifampicin.

Nucleoside reverse-transcriptase inhib-
itors (NRTIs) are generally well tolerat-
ed, but HAART regimens that consist of
MNRTIs alone are inferior to NNRTI-based
regimens [10], although NRTI-based reg-
imens are currently recommended by the
WHO in patients who cannot tolerate
efavirenz or nevirapine. A controlled trial
of a NRTI-based HAART regimen given
concurrently with TB treatment is essen-
tial. The clinical dilemma also relates to
patients who develop active TB while re-
ceiving protease inhibitor—based HAART
regimens. The only options are the first-
generation NNRTIs efavirenz and nevi-
rapine. The jury is still out regarding
whether higher doses of efavirenz are
needed when it is administered with ri-
fampicin and whether nevirapine is ac-
tually safe, given the risk of hepatotox-
icity. Although higher doses of efavirenz
could be used to overcome the reduced
therapeutic concentrations that occur
when it is given with rifampicin, potential
increases in neuropsychiatric adverse ef-
fects and hepatotoxicity are a concern. In
the event that efavirenz use is contrain-
dicated for women who have been ex-
posed to single-dose nevirapine for pre-
vention of mother-to-child transmission
of HIV, the options for HAART are lim-
ited. This is because nevirapine-based
HAART regimens are contraindicated be-
cause of a high risk of resistance [11].

In the event of resistance to NNRTIs,
the options are severely restricted. The al-
ternative is to look for substitutes for ri-
fampicin. The replacement candidates are
rifapentine and rifabutin, which are rifa-
mycins and which are less likely to cause
induction of cytochrome P450. These
drugs are prohibitively expensive, espe-
cially in resource-limited regions, where
the need is greatest. Rifabutin is contra-
indicated in persons who are receiving ri-
tonavir, which is a potent CYP3A inhib-
itor, because ritonavir may increase the
levels of rifabutin up to 4 times, with at-

tendant toxicity [12]. Alternatives to cur-
rent NNRTIs (efavirenz and nevirapine)
are also limited. There are no data to sup-
port replacement of rifiampicin with mox-
ifloxacin in anti-TB regimens. The Global
Alliance for TB Drug Development has
only elected to investigate replacement of
ethambutol and isoniazid with moxiflox-
acin in its clinical drug development pro-
gram, although there are data from short-
term studies of humans that moxifloxa-
cin is at least as potent as rifampicin
in its bacteriocidal activity against Myco-
bacterium tuberculpsis [13, 14] . This re-
mains an option that warrants atten-
tion by the Global Alliance for TB Drug
Development.

The N,R study by Manosuthi et al. [15]
in this issue of Clinical Infectious Diseases
is the first prospective, randomized clinical
trial to have compared serum concentra-
tions and the efficacy of efavirenz and ne-
virapine in patients receiving a standard
anti-TB treatment regimen that contains
rifampicin. This study has 3 important
conclusions: (1) efavirenz, given at a stan-
dard dosage of 600 mg per day, is adequate
for suppression of HIV, despite variation
in blood concentrations of the drug; (2)
nevirapine is effective in standard dosages
of 400 mg per day, although efavirenz is
superior; and (3) low drug concentrations
and body weight <55 kg were predictive
of HAART failure. The higher frequency
of lower drug concentrations explained
the trend toward a higher failure rate for
nevirapine, compared with efavirenz. Pre-
sumably, lower body weight predicted
more-advanced HIV infection and/or TB,
as well as a higher mortality rate, but
would not explain HAART failure. Al-
though the objective of the N R study was
to assess virologic outcomes, it would have
been informative if the TB outcomes had
been reported. This may well be the topic
of a separate publication.

The N,R study involved Thai patients;
the question is whether these findings
may be extrapolated to other popula-
tion groups. The authors note that
Asians have certain allotypes of CYP2B6

that predict higher concentrations of
NMRTIs and account for the good out-
comes without increase in dosage in per-
sons who receive concomitant rifiampicin
treatment. A small study from South Af-
rica also reported a good virologic re-
sponse with a 600-mg daily dose of ef-
avirenz [16]. A recent study found
polymorphisms in CYP2B6 in African
American persons [17]. This indicates
that studies that involve different popu-
lations are required. Two large, ongoing
studies of early versus deferred HAART
in patients with TB—AIDS Clinical Trials
Group study A5221, which is a multi-
national, and the CAMELIA study in
Cambodia, which is a National Institutes
of Health Comprehensive International
Program for Research on AIDS {CIPRA)
study—should resolve the issue of effi-
cacy of efavirenz [4]. It is difficult to pre-
dict how many patients in these 2 studies
will receive nevirapine.

In conclusion, when given at a standard
dosage of 600 mg per day, efavirenz ap-
pears to be the NNRTI of choice for
HAART for patients who are receiving ri-
fampicin-based TB treatment. If efavirenz
is contraindicated, then nevirapine (at a
standard dosage of 400 mg per day) ap-
pears to suffice. We must await the results
of the A5221 and CAMELIA trials for a
definitive position on efavirenz. IfNNRTIs
cannot be used, then the options are se-
verely restricted and may involve the cau-
tious use of a ritonavir-boosted lopinavir
based regimen. Substitution of rifabutin is
an option where this drug is available.
Currently, there is no suitable substitute
for the rifamycins, although moxifloxacin
is a potential candidate. In the absence of
these options, one may have to opt to
defer HAART until TB treatment has been
completed, but there is a high mortality
rate in the absence of HAART. The dilem-
mas are unresolved, and clinicians and sci-
entists will continue to be challenged by
the complexities of TB treatment and
HAART. In the midst of all this, we should
not lose sight of the humble goal of pre-
vention as the most cost-effective strategy
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to combat the deadly duo of TB and HIV
infection.
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Background: The International Network for the Study of HIV-associated IRIS (INSHI)
recently published criteria for tuberculosis-associated immune reconstitution inflam-
matory syndrome (TB-IRIS) diagnosis. The performance of this definition and clinical
manifestations of TB-IRIS were studied.

Methods: Antiretroviral therapy-naive HIV/TB Thai patients receiving antituberculous
therapy were enrolled during 2006 - 2007 and prospectively followed through 24 weeks
of antiretroviral therapy. All were defined as having paradoxical TB-IRIS if fulfilled
‘study definition” by French 2004 and confirmed by an external reviewer. All were later
compared by the classification using ‘INSHI-2008".

Results: Of 126 patients, median baseline CD4 cell count was 43 cells/pl and HIV-1
RMNAwas5.9 logo. Seventy-three (58%) had extrapulmonary/disserninated TB. Twenty-
two (18%) and 21 (17%) fulfilled TB-IRIS criteria by study definition and INSHI-2008
definition, respectively. Two (2% were diagnosed by study definition only and one
(1% by INSHI-2008 definition only. Twenty (16%) were concordantly diagnosed by
both definitions and 103 (82%) were consistently negative. Eighteen (82%) had
worsening of a preexisting site, whereas four (18%) had TB-IRIS in a new location.
Lymph node enlargement (73%) and fever (59%) were common in TB-IRIS. Sensitivity
and specificity of INSHI-2008 was %1% (95% confidence interval = 72-98%) and 99%
(95% confidence interval =95-99.8%), respectively. Positive predictive value was
95% and negative predictive value was 98%. By multivariate analysis, factors predict-
ing TB-IRIS were extrapulmonary TB (odds ratio=8.63) and disseminated TB (odds
ratio=4.17).
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Conclusion: There was high concordance between the INSHI-2008 and French 2004
definition for TB-IRIS diagnosis in HIVITB patients with relatively high rate of para-
doxical TB-IRIS. This suggests that lack of HIV-1 RNA and CD4 cell count monitoring
does not impede the ability to diagnose TB-IRIS.
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syndrome, Thailand, tuberculosis

Introduction

Various general immune reconstitution inflammatory
syndrome (IRIS) case definitions in HIV-infected patients
had been published since 2004 [1-3]. However, a
standardized clinical case defininion for paradoxical
mberculoss-associated [RIS (TB-IRIS) primarily was
lacking. The International Network for the Smdy of
HIV-associated [RIS published criteria for paradoxical
TB-IRIS and unmasking TB-IRIS diagnosis in 2008
(INSHI-2008 definition) [4] aimed for use in sertings in
which laboratory infrastructure is often limited. Briefly,
INSHI case definition of [RIS includes diagnosss of TB,
initial response to treatment, onser should be within
3 months of HAART inipanon, and it should be
combined with clinical criteria. To date, there has not
been a validation of this consensus case definition yet.
Therefore, the objective of this prospective study was to
assess performance of INSHI-2008 definition and to
study clinical manifestations of and predictive factors for
paradoxdical TB-IRIS among Thais coinfected with HIV-
1 and TB in a clinical trial comparing pharmacokinetic
measures between efavirenz and nevirapine, in patients
who were receiving rifampicin [5].

Methods

Patients coinfected with HIVand TB who were receiving
antituberculous therapy were enrolled berween 2006 and
2007 and they were prospectively followed through 24
weeks after HAART. Inclusion criteria were HIV-
infected individuals 18—-60 years of age; acuve TB
diagnosed by clinical features, positive acid-fast stain,
and/or positive culture for Mycobacterium  tuberculosis;
treated with an antimberculous regimen 4-16 weeks
prior to enrollment; naive to HAART; and CD4 cell
count less than 350cells/pl. Exclusion criteria were
serum transaminase more than five imes of upper imit of
normal range; serum creatinine more than 2mg/dl;
receiving a medication that has drug—drug interactions
with nevirapine or efavirenz; receiving Immunosuppres-
sive drugs; pregnancy or lactation; and the culre results
yielded nontuberculous mycobacteria. Directly observed
therapies were implemented.

Extrapulmonary TB included TB that involved lymph
node, pleura, gastromtestinal tract, or others. Dissemi-
nated TB is defined as military TB or TB that involved
more than one organ or positive blood culure for M.
tuberculosis. Tests other than CXR were performed when
the clinical signs and symptoms suggested IR IS; they were
not mutinely done in all cases. The ant-TB regimen
comsisted of isoniazid, rifampicin, ethambutol, and
pyrazinamide for the first 2 months followed by isoniazid
and rifampicin for the subsequent 4 months. All patients
were started on stavudine, lamivudine, and either
efavirenz 600 mg/day at bedtime or nevirapine 200 mg
twice a day. Two definitions in the present study inchided
‘study definition’ and ‘INSHI-2008 definition’. In terms
of study definition, patients were classified as having
definite TB-IRIS if they met two major criteria, or met
criterion A of the major criteria and two minor criteria
from a case definition previously described by French
et al. [2] with confirmation by an independent external
reviewer. Patients who did not meet all of the criteria for
definite TB-IRIS but who were considered by the
external reviewer to have clinical manifestations consist-
ent with the syndrome were classified as having possible
TB-IRIS. The cases were later compared by the
classification using the INSHI-2008 consensus definition
[4]. Clinical events at weeks 6, 12, and 24 and at time of
TB-IRIS were recorded. All patients were instructed to
report by phone call and present to the hospiral for any
atypical symptoms. Clinical assessment, including com-
plete physical examination, laboratory, and radiological
investigations, was performed to exclude alternative
diagnoses. CD4 cell count by flow cytometry and plasma
HIV-1 RNA wsing Roche Amplicor version 1.5 (Roche
Diagnostics, Banchburg, New Jersey, USA) were assessed
at baseline and every 12 weeks thereafter. Medication
adherence was assessed by questionnaire.

All statistical analyses were performed using SAS software,
version 9.1 (SAS Institute, Cary North Carolina, USA).
Sensitivity, specificity, positive predictive value, and
negative predictive value of INSHI-2008 definition
compared with smdy definition were shown using
Wilson score method. The chance-corrected pro-
portional agreement (Kappa coefficient) was calculared.
Student’s i-test was used for analysis of continuous data
with pamametric distributions, whereas the Wilcoxon

AQI
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rank sum test was used for analysis of nonparametric dara.
Categorical data were analyzed using % test. Possible
predictive factors for TB-IRIS were evaluated with a
logistic regression model by adjusting for confounding
factors with Pvalue less than 0.2 from univariate analysis.
A two-sided o less than 0.05 was considered to indicate
statistical significance. The instimtional ethics committees
of Institute and the Thai Ministry of Public Health
approved the swmdy. All patients provided written,
informed consent. This clinical trial is registered in the
Marional Library of Medicines registry under the
registration number NCTO0483054.

Results

Of 142 parients who were minally enrolled, 16 patients
were excluded because the results of cultures revealed
growth of nonmberculous mycobacteria in 12 parients
and four were excluded due to other causes. The
remaining 126 patients were inchuded in the final analysis.
The median [interquartile range (IQR)] age was 35 (31—
42) years and 66% were men. A majority had TB
confirmed either by acid-fast stain and/or culture as
follows: 79 (62.7%) patients having a positive acid-fast
stain and 66 (52.4%) having culure confirmation.
Median (IQR) baseline CD4 cell count was 43 (23.0—
92.0) cells/pl and median (IQR) HIV-1 RNA was 5.9
(5.5-6.0) logiocopies/ml. Fifty-three (42%) patients
were diagnosed as having pulmonary TB, 45 (36%)
had disseminated TB, and 28 (22%) had extrapulmonary.
Median (IQR) time between antituberculous regimens
and HAART initiation was 1.5 (1.2-2 3) months. Of 126
patients, 22 (18%) patients fulfilled TB-IRIS criteria by
study definition. Sixteen of 22 patients had definite TB-
RIS and six of 22 patients had possible TB-IRIS. Of all,
21 (17%) patients fulfilled TB-IRIS criteria by INSHI-
2008 defimton. Table 1 shows percentages and 95%
confidence mtervals (Cls) of each value by INSHI-2008
definition. Common manifestations of TB-IRIS were as
follows: 5994 lymph node enlargement, 3634 fever, 73%
cough, 18% abdominal pain, and 18% headache. Eighteen
(82%) patients had worsening of a preexiting site,
whereas four (18%) had TB-IRIS in a new location.
Median (IQR) time between HAART initiation and TB-

IRIS development was 14 (9-23) days. Of 22 patients,
14, five, two, and one patients developed TB-IRIS after
2,4, 6, and 8§ weeks of HAART, respectively. By INSHI-
2008 definition, 14, four, two, and one patients devel-
oped TB-IRIS after the corresponding weeks.

Regarding three parients with discordant TB-IRIS
diagnosis, two patients who met criteria of ‘study
definition” but did not meet criteria of ‘INSHI-2008
were one patient with smear-positive cervical lymphade-
nitis having no markedly recurrent lymphadenitis or other
manifestation that met the major criteria of INSHI-2008
and another patient with smear-positive pulmonary TB
who did not meet any major criteria of INSHI because of
no clear documentation ofnode enlargement. One patient
with disseminated TB met criteria of ‘INSHI-2008" but
didnot meet criteria of ‘study definition” because CD4 cell
count decreased from baseline of less than 25 cells/pl
and HIV-1 RNA decreased from baseline of less than 1
log, g copies/ml.

Median CD4 cell responses berween patients who
developed TB-IRIS ws. non-TB IRIS at baseline,
week 12, and week 24 were 35 vs. 44 cells/pl, 174 vs.
156 cells/ul, 188 ws. 168cells/pl, respectively (all
P=0.05). Median increase in CD4 cell count at week
12 from baseline (144 vs. 91 cells/pl) and at week 24 from
baseline (137 vs. 118 cells/ ul) between the corresponding
groups were not different (P> 0.05). Plasma HIV-1 RNA
was not different at three time points and decrease in
plasma HIV-1 RNA from baseline between patients with
and without TB-IRIS did not differ (all P> 0.05). Table 2
shows factors that predicted paradoxical TB-IRIS. Six
patients died. All causes of death were not related o TB-
IS,

Discussion

Owerall, high concordance between the INSHI-2008
definition and the study defimition by French-2004 for
TB-IRIS diagnosis was beyond what would have been
expected by chance (Kappa 0.918). Moreover, INSHI-
2008 definition also had high performance with regard to

Table 1. Relationships among terms bet two definitions by per
associaled immune reconstilution inflammatory syndrome in study.

g e and 95% confidence interval to diagnose paradoxical tuber cul osis-

Study definition — Study definition -
Definition fulfilled not fulfilled
INSHI-2008 definition — fulfilled pdi} Positive predictive value=95% (77— 99%)
INSHI-2008 definition — not fulfilled 2 103 Negative predictive value =98% (93— 99.5%)
Sensitivity =91% Specificity =99%
(72— 98%) (95— 99.8%)

Kappa coefficient between two definitions was 0.918 with P value of less than 0,001, Twenty (16%) were concordantly diagnosed by both
definitions and 103 (82%) were consistently negative. Two(2%) were diagnosed by study definition only. INSHI, the Intem ational Network for the

Study of HIV-associated immune reconstitution inflammatory syndrome.
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Table 2. Univariale and multivariale analysis of factors predicting paradoxical tuberculosi iated i rec itution infl ¥

syndrome by study definition vs. INSHI-2008 defini tion.

Study definition

INSHI-2008 definition

Univandate analysis

Multivarate analysis

Univanate analysis Multivariate analysis

Factors OR (95% CIP P OR {95% CIf P OR {95% CIf* P OR (95% CIP* P
Sex

Male 1.47 (053-4.09) 0458 - 1.36 (0.49-3.80) 0.558 -

Female 1 - 1 -
Age (years)

=35

323 (1.17-892) 0023 2.90 (0.99-8.50)
1 1

=35
Baseline €04 cell count {cells/ul)y

0—-49 1.39 {0.05-3.74) 0513 -
50-199 1 -
Baseline HIV-1 RNA {logg c.opuf.sn’ml}
=59 0.380 -
=59 1.51 [O.BD —3.81) -
Time from TB treatment to HAART (days)
=45 1.56 (0.61-3.97) 0.350 -
=45 1 -
Site of tubercul osis
Pulmaonary only 1 1
Extrapulmonary only  7.90 (1.93-2.30) 0.004 8.63 (1.99-37.50)
Both 476 (1.22-18.6) 0.025 417 (1.03-16.86)
CD4 cell count increased at week 12 from baseline (cells/ul)
=105 1 0.149 -
=105 2.02 (0.78-5.26)
CD4 cell count increased at week 24 from baseline [u.lls.n’pl}
=119 1 0371 -
=119 1.55 (0.60-4.01)
Plasma HIV-1 RNA decreased at week 12 from baseline [logm copies’
=40 256 (0.99-6.59) 0.052 230 (0.83- 613}
=40 1 1
Plasma HIV-1 RNA decreased at week 24 from baseline (logiw wpusn’ml}
=40 204 {0.76-551) 0158
=40 1 -
HAART regimens
MNevirapi ne-based 1 -
Efavirenz-based 1.04 (0.41-2.61) 0935 -

0.053  2.29(085-6.12) 0100 227 (0.75-6.83) 0.147
1 1
1.28 {0.47-3.46)  0.632 -
1

0.115 1 0.932

1
217 {0.83-5.67) 1.06 {0.27-4.19)

2.29(0.85-6.12) 0.100 1.76{059-5.26) 0310
1 1

1 1
0,004 10.20(1.99-52.24) 0.005 10.48 (1.95-56.28) 0.006
0.045 825 (1.72-3957) 0.008 594 (1.18-29.80) 0.031

1 0.310 =
1.66 (0.62-4.41) =

1 0.361 -
1.59 {0.59-4.29) =

0.110 2.63 (0.98-7.02) 0.055 2.03 (0.51-8.07) 0.313
1 1

221{0.78-630) 0137 -
1

1
1.08 {0.42-2.76)  0.873 -

INSHI, the Intemational Network for the Study of HIV-assocated immune reconstitution inflammatory syndome; TB, tuberculosis.

*0R, odds ratio and 95% CI, 95% confidence interval of odds ratio.

itivity and specificity in these particular patients
with high pretest probability. With low numbers of false-
positive and false-negative cases, a case fulfilled INSHI-
2008 definition is in iself INSHI-2008 definition good at
diagnosis of paradoxical TB-IRIS. Nevertheless, the
optimal monitoring should include CD4 cell count and
HIV-1 R.NA and these measurements should be assessed
when considering the diagnosis of TB-IRIS. In case they
are not available, the INSHI definition provides a
reasonable alternative in establshing the diagnosis.

Two patients were diagnosed by study defimition only.
Interestingly, these differences were mainly due to the
patients not developing obvious focal inflammation at the
mitial site of TB or even another new inflammatory
anatomic site except exaggerated high fever after
excluding other causes. However, exaggerated inflam-
matory reaction, that i, marked fever, is considered to be
a major criterion in the smdy definition based on French-

2004. Patients with TB-IRIS might present with high
fever and subtle focal mflammatory reaction. Therefore,
patients in this category may be missed when INSHI-
2008 definition & applied. On the other hand, one patient
was diagnosed with paradoxical TB-IRIS by INSHI-
2008 only. This can be exphined by the immunological
and virological responses not meering study defimiton.
Another observation was that no IRIS cases occurred
beyond 2 months of HAART initiation. Paradoxical
TB-IRIS after 3 months has been infrequently reported
so far [6,7]. Hence, inclusion of a timeframe of the first
3 months of HAART, which corresponds to the period of
rapid immune recovery [8], & reasonable. Moreover, the
results derived from INSHI-2008 are also consistent with
findings from study definition in terms of nsk factor
identification and the strength of association.

The IRIS rate in this cohort i1s similar to that of other
reports  from  resource-constrained  countries, which
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ranged from 8-13% [6,7.9] compared with 17-43%
from the resource-rich countries [10-14]. The median
time berween HAART initation and TB-IRIS devel-
opment was 2 weeks. This number corresponds to those
in other reports [10,13,14], but it is slightly higher than
that in our own previous report [7]. The explainable
reason is the earlier initiation of HAART in this study. A
number of risk factors associated with TB-IRIS have
been identified previously [4]. The present smudy
demonstrated that “extrapulmonary TB® and “disserni-
nated TB’ were independently associated with TB-IRIS
with the odds ratio of 4-9. This finding is consistent with
previous report [7] and may reflect a high pathogen load.
Finally, none of the parients in the study died from [RIS
event. To date, death has been reported infrequently
[4,6,7.11,15].

A number of imitations should be acknowledged. First,
the performance of definiion can change if the
population tested is dramatically different from ours.
Second, this study incorporated study definirion based
upon the French-2004 criteria and the decision of an
independent external reviewer. Further study may apply
different standard criteria to appraise INSHI-2008.
Third, our sample size may not be enough to detect
some previous documented risk factors. Ultimarely,
current treatment guidelines support the coadministra-
tion of rifampicin with efavirenz-based over nevimpine-
based regimens because of lesser drug—drug interactions
and high efficacy. However, the difference of HAART
regimen was not found to be asociated with TB-IRIS.

In resource-constrained countries, physicians  treat
advanced HIV-infected patients with TB i the setting
of limited laboratory capacity. Herein, we demonstrated
the validity of a recently published clinical case definition
to define paradoxical TB-IRIS. This suggests that lack of
laboratory tools does not impede the ability to diagnose
TB-IRIS.
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Abstract

Identifying factors predictive of efavirenz concentration and supportive evidence for a
definitive dose recommendation of efavirenz during rifampicin co-administration are needed.
HIV/tuberculosis patients receiving rifampicin-containing antituberculous regimen were
enrolled during 2006-2007 and followed through 60 weeks. All were initiated treatment with
efavirenz 600 mg/day+stavudine/lamivudine. Fasting efavirenz concentrations at 12 hours
after dosing (C4,) by HPLC assay, CD4, plasma HIV-1 RNA and ALT were monitored.
Seventy-one patients with 65% male and meantSD body weight 53+10 kilograms were
enrolled. MeanxSD CD4 was 75+68 cells/uL. Means+SD C,, efavirenz at week 6, 12, and
after rifampicin discontinuation were 4.5+4.3, 3.8+3.5 and 3.51£2.7 mg/L, respectively. By body
weight stratification (35-45, 46-55, 56-65 and >66 kilograms), means C;, efavirenz were 7.6,
4.1, 2.4 and 1.8 mg/L, respectively. By correlation analysis, high body weight was associated
with low C,, efavirenz at week 6 and 12 (P=0.003, r=-0.255). With regression prediction line,
C,, efavirenz at 1 mg/L intercepted at mean (95%Cl) body weight of 57.5 (54.9-60.1)
kilograms. By multivariate analysis, low C,, efavirenz at week 6 (P=0.028) and week 12
(P=0.020) was associated with high body weight. At 60 weeks, 81.9% patients achieved HIV-
1 RNA <50 copies/mL and mean+SD CD4 was 3411213 cells/uL. In summary, a standard
dose of efavirenz-based regimen is appropriate for patients who had body weight less than or
equal to 60 kilograms while receiving rifampicin. Long-term antiviral efficacy is favorable. The
further study needs to explore the appropriate escalating daily efavirenz dosage for patients

with body weight higher than 60 kilograms.

Background

Tuberculosis is one of the most common opportunistic infections among HIV-infected
patients, and it is their leading cause of death (14). Substantial reduction in mortality is
achieved among people co-infected with HIV and tuberculosis who were initiated highly active
antiretroviral therapy (HAART) in both resource-rich and resource-constrained countries (6,
16, 30). However, the issue of drug-drug interactions between rifampicin and antiretroviral
agents, especially non-nucleoside reverse transcriptase inhibitors (NNRTIs) and protease
inhibitors raises concerns. Rifampicin is an essential drug for treatment of tuberculosis and is

a potent inducer of cytochrome P450 enzymes in the liver (3), resulting in markedly reduced
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plasma concentrations of protease inhibitors (1). Although rifampicin has a lesser effect on
efavirenz concentration than on nevirapine concentration (4, 15, 21, 23), subtherapeutic
efavirenz exposure can still occur when co-administered with rifampicin, leading to
subsequent treatment failure on a NNRTI-based regimen (3). Conversely, concentrations
above the therapeutic range increase the risk of drug-related toxicity, such as
neuropsychiatric side effects and hepatotoxicity (22). The target minimum mid-dosing plasma
efavirenz level has been described at 1 mg/L (1). To date, the body weight cutoff for standard
daily dosage of efavirenz has not been well established. Evidences for the recommendation

of efavirenz dosing adjustment when rifampicin is co-administered are needed.

N,R was a randomized, clinical trial comparing the clinical efficacy of two NNRTI-
based HAART regimens (efavirenz-based vs. nevirapine-based regimen) for patients co-
infected with HIV and tuberculosis who received rifampicin-based antituberculous therapy (20).
A secondary objective was to assess body weight as a cutoff for selecting the daily dosage of
efavirenz by (1) examining the relationship between efavirenz concentration at 12 hours (C;,)
after dosing and body weight in patients receiving rifampicin and (2) identifying baseline
clinical characteristics affecting C,, efavirenz and elevated transaminase enzyme during co-
administration of efavirenz and rifampicin. The study also aimed to compare mean C,,

efavirenz between before and after rifampicin discontinuation.

Materials and methods

Patients co-infected with HIV and tuberculosis who were receiving rifampicin-
containing anti-tuberculous therapy were enrolled between 2006 and 2007, and they were
followed through 60 weeks after HAART initiation. Inclusion criteria were: (1) HIV-infected
individuals 18-60 years of age, (2) active tuberculosis diagnosed by clinical features, positive
acid-fast stain and/or positive culture for Mycobacterium tuberculosis, (3) treated with a
rifampicin-containing antituberculous regimen 4 -16 weeks prior to enroliment, (4) naive to
HAART and (5) CD4 cell count <350 cells/pL. Exclusion criteria were: (1) serum aspartate
aminotransferase (AST) and serum alanine aminotransferase (ALT) >5 times of upper limit of

normal range, (2) serum creatinine >2 mg/dL (3) receiving a medication that has drug-drug
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interactions with nevirapine or efavirenz, (4) receiving immunosuppressive drugs and (5)
pregnancy or lactation. All patients were started on twice daily stavudine (30 mg for body
weight <60 kilograms and 40 mg for weight >60 kilograms), lamivudine (150 mg), and
efavirenz 600 mg/day at bed time with irrespective of baseline patients’ body weight. The
dosage of rifampicin was 450 mg/day if body weight <50 kilograms and 600 mg/day for body
weight >50 kilograms. The antituberculous regimen was isoniazid, rifampicin, ethambutol and
pyrazinamide for the first two months followed by isoniazid and rifampicin for the subsequent
four to seven months.

Fasting C,, efavirenz was measured using a validated high performance liquid
chromatopraphy assay at three time points; week 6, week 12, and 6-12 weeks after rifampicin
discontinuation. This assay was developed at the Department of Clinical Pharmacology at the
University Medical Centre Nijmegen, The Netherlands. The sample peak heights were
processed by ChromQuest Software version 4.1. CD4 cell count by flow cytometry, plasma
HIV-1 RNA using Roche Amplicor® version 1.5 (Roche Diagnostics, Branchburg, NJ, U.S.A.),
and alanine aminotransferase (ALT) enzyme were assessed at baseline and every 12 weeks
thereafter through 60 weeks. Clinical evaluation and medication adherence were assessed by
questionnaire at every visit. The proportion of patients who achieved plasma HIV-1 RNA <50
copies/mL after 60 weeks of HAART was analyzed by intention-to-treat (ITT) and on-
treatment (OT) analysis. ITT population included enrolled subjects who received at least one
dose of ART. Loss to follow-up, death or discontinuation of study drug was considered to be
treatment failures. OT analysis included all patients’ records on 60 weeks of HAART and
analyzed by excluded patients who lost to follow-up, died, discontinued NNRTIs due to
adverse reactions and transfer to another hospital.

All analyses were performed using SPSS version 11.5 (SPSS Inc., Chicago, IL, USA).
Meanzstandard deviation (SD) and frequencies (%) were used to describe patients’
characteristics and laboratory measures. Pearson’s correlations were used to study the
relationships between C,, efavirenz and body weight. Possible predictive factors for C;,
efavirenz were evaluated with a linear regression model by adjusting for confounding factors,
i.e. age, baseline body weight, serum creatinine, serum ALT and gender (substituted gender
as body weight for another model). All factors were examined as continuous variables.
Possible predictive factors for elevated serum ALT at week 12 were evaluated with a linear

regression model by adjusting for confounding factors, i.e. hepatitis B surface antigen,
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hepatitis C antibody, baseline serum ALT, body weight at week 12 and C,, efavirenz at week
12. The factors of hepatitis B surface antigen and hepatitis C antibody were examined as
dichotomous variables and the remaining factors were examined as continuous variables.
The beta value and its 95% confidence interval (Cl) were estimated. Paired t-test was used
to compare C,, efavirenz and serum ALT between time points. Fisher's exact test were used
to compare the proportion of patients with C,, efavirenz <1 mg/L between time points and to
compare rates of all-cause treatment failure between patients with C,, efavirenz <1 mg/L and
= 1 mg/L. Inter- and Intra-patient variability was expressed as coefficient of variation (CV%).
The institutional ethics committees of Bamrasnaradura Infectious Diseases Institute and the
Thai Ministry of Public Health approved the study. All patients provided written, informed
consent prior to enrollment. This clinical trial is registered in the National Library of Medicine’s

registry (www.clinicaltrials.gov) under the registration number NCT00483054.

Results

Seventy-one patients were enrolled, 65% of whom were male and mean+SD baseline
body weight was 53110 kilograms. Mean+SD baseline CD4 cell count was 7568 cells/pL,
median (IQR) log plasma HIV-1 RNA was 5.8 (5.6-5.8) and meantSD serum ALT was 29+18
U/L. Six (8.5%) patients had positive hepatitis B surface antigen and 18 (25.4%) had positive
hepatitis C antibody. Mean+SD body weight increased at week 6 (5419 kilograms, P=0.003)
from baseline and at week 12 (5719 kilograms, P<0.001) from baseline. Means+SD C;,
efavirenz at week 6, week 12, and after rifampicin discontinuation were 4.5£4.3 mg/L, 3.8+3.5
mg/L, and 3.51£2.7 mg/L, respectively (Figure 1). After stratification into four groups by body
weight at week 6 (35-45, 46-55, 56-65 and >66 kilograms), mean C,, efavirenz were 7.6
mg/L, 4.1 mg/L, 2.4 mg/L, and 1.8 mg/L, respectively. Three of 70 (4.3%), 2 of 64 (3.1%),
and 2 of 60 (3.3%) patients had, respectively, C;, efavirenz <1 mg/L at week 6, week 12, and
after rifampcin discontinuation, respectively (P>0.05). Twenty-four (34.3%), 16 (25.0%), and
14 (23.3%) patients had C,, efavirenz >4 mg/L at the corresponding periods (P>0.05). High
inter-patient variability at week 6 (CV 105%), week 12 (CV 107%) and after rifampicin
discontinuation (CV 77%) as well as high intra-patient variability between week 6 and 12 (CV
136%) were observed in C,, efavirenz.

Figure 2A shows the relationship between C,, efavirenz at week 6 and week 12 and

body weight. By correlation analysis, there appears to be a relationship between high body
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weight and low combined C;, efavirenz at week 6 and 12 (P=0.003, r=-0.255). Conversely,
plotting regression prediction line by defining C,, efavirenz as a independent variable, C,,
efavirenz at 1 mg/L intercepted body weight at a mean of 57.5 (95% confidence interval:
54.9-60.1) kilograms. The same trends were found at week 6 (P=0.033, r=-0.257) and week
12 (P=0.058, r=-0.234); and also found in C,, efavirenz at week 6, week 12, and after
rifampicin discontinuation as shown in Figure 2B (P=0.001, r=-0.239). In the separate
multivariate analysis model at each time point, low C,, efavirenz at week 6 and week 12
were associated with higher body weights (P=0.028) as shown in Table 1. This correlation
was not significant (P=0.244) after discontinuation of rifampicin.

By ITT and OT analysis at 60 weeks, 70.4% (50 of 71) and 81.9% (50 of 61) of
patients achieved plasma HIV-1 RNA <50 copies/mL, respectively. The meantSD CD4 cell
count was 3411213 cells/pL. Two of 3 (66.7%) patients with C;, efavirenz <1 mg/L at week 6
and 18 of 67 (16.9%) patients with C,, efavirenz =1 mg/L at week 6 developed treatment
failure at week 60. MeantSD serum ALT level increased at week 12 (38+32 U/L) from
baseline (P=0.046, paired t-test). At 12 weeks, 2 patients and no patients developed grade lll
liver toxicity (5-10 folds above upper normal limit) and grade IV liver toxicity, respectively.
Univariate and multivariate analysis of predictive factors for serum ALT at week 12 are
summarized in Table 2. The factor ‘positive hepatitis B surface antigen’ was a strong
predictive factor for high serum ALT level during concurrent efavirenz and rifampicin
administration (P=0.005). There were few adverse drug effects: 3 (4.2%) patients developed
grade Il or grade lll cutaneous reactions that lead to discontinuation of efavirenz after the first
three months of HAART, and none of them developed Stevens-Johnson syndrome or toxic
epidermal necrolysis. No patients discontinued efavirenz because of neuropsychiatric

problems attributable to efavirenz.

Discussion

The range of acceptable plasma concentrations at 12 hours for efavirenz is currently
proposed to be 1-4 mg/L (1). The emergence of efavirenz-associated resistant mutations is
likely facilitated by prolonged exposure to subtherapeutic drug concentrations. Efavirenz has
a low genetic barrier to resistance; in fact, a single mutation results in high-level resistance
not to only efavirenz but to nevirapine as well (11). Therefore, maintaining an adequate drug

concentration is very important for achieving long-term virological suppression.



65

To date, clinical trials evaluating weight-based cutoffs for efavirenz dosing during co-
administration of rifampicin are limited, and additional data for patients with higher body
weights are needed (4, 7, 15, 17, 18, 21, 23). The optimal efavirenz dosage when
coadministered with rifampicin is still debated. According to the current US Department of
Health and Human Services (DHHS) guidelines (1), experts recommend starting efavirenz
dose of 600 mg/day and monitoring for virological response, and for patients weighting >60
kilograms, they would consider increasing the dose to 800 mg/day. The British HIV
Association (BHIVA) treatment guidelines recommend using 50 kilograms as the cutoff for
increasing the efavirenz dosage (8). World Health Organization guidelines for the resource-
limited settings, on the other hand, recommend using efavirenz at 600 mg/day only (32). In
the present study, almost one-third (31%) of patients had body weights of equal or greater
than 60 kilograms during drug monitoring. Nevertheless, most patients (95%) achieved
efavirenz concentrations above the minimum recommended level of 1 mg/L. Efavirenz
concentrations at week 12 decreased approximately 16% relative to week 6 as patients
gained an average of 3 kilograms of weight but this decrease did not change the percentage
of patients with C;, <1 mg/L. Interestingly, upon graphing the regression prediction line, an
efavirenz concentration of 1 mg/L intercepted mean body weight at 60 kilograms at the upper
limit of 95% confidence interval. Therefore, increasing efavirenz dosing, practically to 800
mg/day, in patient weighting >60 kilograms to compensate for the effect of rifampicin
coadministration may be considered. However, long-term closed follow-up among patients
with high body weight is needed.

Efavirenz concentrations persistently decreased from 25% to 46% for every 10
kilograms increase in body weight. In addition, by both univariate and multivariate analyses
for the model of week 6 and week 12, the factor ‘high body weight’ was found to be an
important predictive factor for low drug concentration (P <0.05). These models did not include
‘gender’ because this parameter had highly positively correlated with ‘body weight’ (P <0.001).
However, gender was not found to be associated with efavirenz concentration in the separate
multivariate model (data not shown). Some previous studies were not able to demonstrate the
effect of this factor (5, 7, 12). A cross sectional study from the Liverpool therapeutic drug
monitoring registry showed that body weight was an independent predictive factor for plasma
efavirenz concentration (29). Furthermore, marked inter-patient and intra-patient variability

were observed in this study during concurrent use of both drugs, and the consistency of this
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trend over time was found. The previous studies showed low intra-patient variability in patient
receiving efavirenz alone (22). This may be explained by the extensive difference of genetic
polymorphism that influences CYP2B6 enzyme expression (13). Although efavirienz 600
mg/day is associated with high inter-patient variability of drug concentrations, treatment
efficacy and toxicity outcomes remain favorable. However, complex pharmacokinetic
interaction should be further studied.

Another observation arise from this study is that efavirenz concentration was not
increased after discontinuation of rifampcin when compare to the period of concomitant
administration of efavirenz and rifampicin as it had been revealed from nevirapine-based
HAART (19). This finding corresponds with a previous study that monitored minimum
concentration (C,,,, of efavirenz in 19 African patients (7). This may due to the fact that
rifampicin is a potent CYP3A4 inducer, and it increases the expression of CYP2B6 (2), while
efavirenz is mainly metabolized by CYP2B6 (31). Therefore, efavirenz is compromised in a
small extent. In addition, increase in body weights over time result in decreasing efavirenz
concentration as mentioned. Thus, this effect could lower or counterbalance with increasing
efavirenz concentration of the withdrawal pharmacokinetic interaction. Given these reasons,
the sample size may not be large enough to detect this small difference of increase in drug
concentration. With regard to liver toxicity, antiretroviral therapy for HIV and immune
reconstitution-associated hepatitis B virus reactivation may result in liver damage (28). In the
present study, Patients with positive hepatitis B surface antigen, but not patients with high C,,
efavirenz, were more likely to develop high serum ALT at week 12. Likewise, all patients in
our study tolerated efavirenz well despite over one-fourth of them having had efavirenz
concentrations above 4 mg/L. In contrast, African patients experienced high rates of
neuropsychiatric effects (7).

A number of limitations should be acknowledged. First, this study collected C,,
instead of C,,;, as a pharmacokinetic parameter to assess drug exposure. A number of
studies attempted to demonstrate the ability of C,, to predict clinical efficacy and adverse
reaction (9, 22). Likewise, C,, is not a practical pharmacokinetic measure since efavirenz is
normally taken at before bedtime. Second, there are no studies that clearly show therapeutic
drug monitoring improved patients’ clinical outcome. In addition, high variation of drug level
measurement, particularly single measurement, has been shown and multiple determinations

would be required (24). This is a reason that why we monitored plasma drug level for 3 time



67

points. Third, genetic differences in the metabolism of efavirenz play roles on drug exposure
and toxicity, a persons with the polymorphisms CYP2B6 516G>T had higher efavirenz
concentrations (10, 25, 27). The frequency of this allele ranges from 15% in Asians up to
50% in Africans (10, 27). However, our further genotypic study of allele is undertaken. Thus,
our results may not be completely applicable to ethnic group with different polymorphisms. In
addition, the correlation between body weight and C,, efavirenz still showed the same trend
after the outlier of C,, efavirenz was excluded. Nonetheless, this is the first clinical trial
reporting the effect of efavirenz dosage adjustments during concomitant administration of
rifampicin and correlating it with clinical outcome in patients co-infected with HIV and
tuberculosis. Ultimately, as previous studies demonstrated that many factors contribute to
pharmacokinetic variability of antiretroviral drugs, including biological factor (e.g., gender, age
and pregnancy), environmental factor (e.g., drug-drug interactions and food) and genetic
issue (26). Herein, we did study and analyze potential clinical factors that may influence drug
concentration, included gender, body weight, food intake, liver function, concomitant drugs,
and ethnicity.

A standard dose of efavirenz-based regimen is appropriate for co-infected HIV and
tuberculosis patients who had body weight less than 60 kilograms while receiving rifampicin.
In the clinical practice, especially in the resource-constrained countries, therapeutic drug
monitoring is not feasible. A weight-based cutoff for efavirenz dosing is a practical therapeutic
approach. However, further study needs to explore the appropriate escalating daily efavirenz
dosage in the patients with higher body weight. In addition, issue of ethnic, pharmacogenetic

difference as well as the appropriate time to commence HAART should be taken into account.
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Figure 1. Distributions of C,, efavirenz after 6 and 12 weeks of HAART (concurrently

receiving efavirenz and rifampicin) and after rifampicin discontinuation
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Figure 2. Relationship between body weight at timing of concentration and pooled C,, efavirenz at week 6 and 12 (receiving efavirenz and
rifampicin) (2A); and at week 6, 12, and after rifampicin discontinuation (2B). Broken lines represent regression prediction and 95 percent
confidence intervals for the mean. Unfilled dot represents C,, at week 6 and week 12; and filled dot represents C,, at after rifampicin

discontinuation.
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Table 1. Summary of multivariate analysis of efavirenz concentration and patients’ parameters at week 6 and week 12

C,, efavienz at week 6

C,, efavienz at week12

Parameters

Beta 95% CI* P value Beta 95% CI* P value
Body weight at week -0.289 -.254 to - 0.015 0.028 -0.310 -0.207 to -0.019 0.020
Baseline serum creatinine 0.122 -3.988 to 10.284 0.381 0.192 -0.006 to 0.049 0.125
Age -0.095 -0.183 to 0.081 0.440 0.176 -0.030 to 0.175 0.162
Serum ALT at week -0.008 -0.006 to 0.005 0.947 0.103 -3.388 to 7.821 0.432

95%CI = 95% confidence interval of beta value



Table 2. Summary of univariate and multivariate analysis of predictive factors for serum ALT at week 12

Univariate analysis

Multivariate analysis

Parameters

Beta 95% CI* P value Beta 95% CI* P value
Positive hepatitis B surface

-0.282 -124.222 to -10.584 0.021 -0.364 -146.423 to -27.477 0.005
antigen
Baseline serum ALT 0.188 -0.206 to 1.597 0.128 0.208 -0.113 to 1.668 0.086
Positive hepatitis C antibody -0.089 -48.420 to 22.827 0.476 -0.181 -62.439 to 9.078 0.141
Body weight at week 12 0.058 -1.340 to 2.150 0.645 0.164 -0.630 to 2.932 0.201
C,, efavirenz at week 12 0.059 -2.042 to 3.321 0.636 0.129 -1.297 to 4.064 0.306

95%CIl = 95% confidence interval of beta value

76



71

NANKIN

LONFEITURUNLRTUN 5

A Randomized Control Trial of Two Non-nucleoside Reverse Transcriptase Inhibitor-based Regimens
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and Tuberculosis Patients Receiving Rifampicin
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BACKGROUND

OBJECTIVES

To date, the body weight cutoff for standard daily
dosage of efavirenz among people co-infected with HIV
and tuberculosis and receiving rifampicin has not been
well established. Evidences for the recommendation of

To assess body weight as a cutoff for selecting the daily
dosage of efavirenz by (1) examining the relationship
between efavirenz concentration at 12 hours (C12) after
dosing and body weight in patients receiving rifampicin

efavirenz dosing adjustment when rifampicin is co- and (2) identifying baseline clinical characteristics affecting
administered are needed. C12 efavirenz and elevated transaminase enzyme during
co-administration of efavirenz and rifampicin.
METHODS

Patients co-infected with HIV and tuberculosis who
were receiving anti-tuberculous therapy were enrolled
between 2006 and 2007, and they were prospectively
followed through 60 weeks after HAART.

Inclusion criteria were:

(1) HIV-infected individuals 18-60 years of age,

(2) active TB diagnosed by clinical features, positive acid-
fast stain and/or positive culture for M. tuberculosis,

(3) treated with an antituberculous regimen 4 -16 weeks,
(4) naive to HAART, and (5) CD4 count <350 cells/pL.

All patients were started on twice daily stavudine (30 mg for
body weight <60 kilograms and 40 mg for weight >60
kilograms), lamivudine (150 mg), and efavirenz 600 mg/day
at bed time with irrespective of baseline patients’ weight.
The dosage of rifampicin was 450 mg/day if body weight
<50 kgs and 600 mg/day for body weight >50 kgs.

Fasting C12 efavirenz was measured using a validated high
performance liquid chromatopraphy assay at three time
points; week 6, week 12, and 6-12 weeks after rifampicin
discontinuation.

RESULTS

Seventy-one patients were enrolled, 65% of whom were
male and mean:SD baseline body weight was 53:10
kilograms. Mean:SD baseline CD4 cell count was 75:68
cells/uL, median (IQR) log plasma HIV-1 RNA was 5.8
(5.6-5.8) and mean:SD serum ALT was 29:18 U/L. Six
(8.5%) patients had positive HBsAg and 18 (25.4%) had
positive hepatitis C antibody. Mean:SD body weight
increased at week 6 (54:9 kilograms, P=0.003) from
baseline and at week 12 (57:9 kilograms, P<0.001) from
baseline.

Figure 1 showed the distributions of C12 efavirenz at each
time point. After stratification into four groups by body
weight at week 6 (35-45, 46-55, 56-65 and >66 kilograms),
mean C12 efavirenz were 7.6 mg/L, 4.1 mg/L, 2.4 mg/L,
and 1.8 mg/L, respectively.

Figure 1. Distributions of C12 efavirenz after 6 and
12 weeks of HAART (concurrently receiving

efavirenz and rifampicin) and after rifampicin
discontinuation

p
x

sEseas
12 Efavirenz (mg/L)

Cyz Efavirenz (mgl)

wesk1z  Rifampici disconimuation

High inter-patient variability at week 6 (CV 105%), week 12
(CV 107%) and after rifampicin discontinuation (CV 77%)
as well as high intra-patient variability between week 6 and
12 (CV 136%) were observed in C12 efavirenz.

Figure 2A shows the relationship between C12 efavirenz
and body weight. Conversely, plotting regression prediction
line by defining C12 efavirenz as a independent variable,
C12 efavirenz at 1 mg/L intercepted body weight at a mean
of 57.5 (95% confidence interval: 54.9-60.1) kilograms.

By ITT and OT analysis at 60 weeks, 70.4% (50 of 71) and
81.9% (50 of 61) of patients achieved plasma HIV-1 RNA
<50 copies/mL, respectively. The mean:SD CD4 cell count
was 341:213 cells/pL.

Figure 2. Relationship between body weight at timing of concentration and
pooled C12 efavirenz at week 6 and 12 (receiving efavirenz and rifampicin) (2A);

and at week 6, 12, and after rifampicin discontinuation (2B). Unfilled dot represents
C12 at week 6 and week 12; and filled dot represents C12 at after rifampicin discontinuation.
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Table 1. Multivariate analysis of efavirenz concentration and J Table 2. Univariate and multivariate analysis of predictive factors for
patients’ parameters at week 6 and week 12 serum ALT at week 12

Cy, efavienz at week 6 C,, efavienz at week12

Univariate analysis Multivariate analysis
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Beta 95%CIF P Beta 95%ClF P
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A standard dose of efavirenz-based regimen is appropriate for co-infected HIV and tuberculosis patients who had
body weight <60 kilograms while receiving rifampicin. In the clinical practice, especially in the resource-constrained
countries, therapeutic drug monitoring is not feasible. A weight-based cutoff for efavirenz dosing is a practical
therapeutic approach. However, further study needs to explore the appropriate escalating daily efavirenz dosage in
the patients with higher body weight. In addition, issue of ethnic, pharmacogenetic difference as well as the
appropriate time to commence HAART should be taken into account
This study was funded by a grant from (1) The Thailand Research fund (TRF), (2) the Ministry of Public Health, Thailand and

(3) Bamrasnaradura Infectious Diseases Institute, Thailand.
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BACKGROUND

OBJECTIVES

Recently, the International Network for the Study of
HiV-associated IRIS (INSHI) published criteria for
paradoxical TB-IRIS and unmasking TB-IRIS diagnosis in
2008 (INSHI 2008 definition) aimed for use in resource-
constrained settings where laboratory infrastructure is
often limited. To date, there has not been a validation of
this consensus case definition yet.

The objective of this prospective study was to
assess performance of INSHI 2008 definition and to
study clinical manifestations of and predictive factors for
paradoxical TB-IRIS in Thais co-infected with HIV-1 and
tuberculosis.

METHODS

Patients co-infected with HIV and tuberculosis who
were receiving anti-tuberculous therapy were enrolled
between 2006 and 2007, and they were prospectively
followed through 24 weeks after HAART.

Inclusion criteria were:

(1) HIV-infected individuals 18-60 years of age,

(2) active TB diagnosed by clinical features, positive
acid-fast stain and/or positive culture for M. tuberculosis,
(3) treated with an antituberculous regimen 4 -16 weeks
prior to enroliment,

(4) naive to HAART, and (5) CD4 count <350 cells/uL.

Two definitions in the present study included ‘study
definition’ and ‘INSHI-2008 definition’.

In terms of study definition, patients were classified as
having definite TB-IRIS if they met two major criteria, or
met criterion A of the major criteria and 2 minor criteria
from a case definition previously described by French, et
al [French A 2004] with confirmation by an independent
external reviewer.

Patients who did not meet all of the criteria for definite TB-
IRIS but who were considered by the external reviewer to
have clinical manifestations consistent with the syndrome
were classified as having possible TB-IRIS. The cases
were later compared to the classification using the INSHI-
2008 consensus definition [Meintjes G 2008].

RESULTS

The remaining 126 patients were included in the final

analysis. The median (IQR) age was 35 (31-42) years,
and 66% were male. Median (IQR) baseline CD4 was 43
(23.0-92.0) cells/pL and median (IQR) HIV-1 RNA was
5.9 (5.5-6.0) log10 copies/mL. Fifty-three (42%) patients
were diagnosed as having pulmonary tuberculosis, 45
(36%) had disseminated tuberculosis and 28 (22%) had
extrapulmonary. Median (IQR) time between anti-
tuberculous regimens and HAART initiation was 1.5 (1.2-
2.3) months.
Common manifestations of TB-IRIS were: 73% lymph
node enlargement, 59% fever, 36% cough, 18%
abdominal pain, and 18% headache. Eighteen (82%)
patients had worsening of a pre-existing site, while 4
(18%) had TB-IRIS in a new location.

Table 1. Relationships among terms between two definitions
by percentage and 95% CI to diagnose paradoxical TB IRIS

Median (IQR) time between HAART initiation and TB-IRIS
development was 14 (9 - 18) days. Of 22 patients, 14, 5, 2
and 1 patients developed TB-IRIS after 2, 4, 6 and 8
weeks of HAART, respectively. By INSHI-2008 definition,
14, 4, 2 and 1 patients developed TB-IRIS after the
corresponding weeks.

Table 2 shows factors which predicted paradoxical TB-
IRIS. Six patients died. All causes of death were not
related to TB-IRIS.

Regarding 3 patients with discordant TB-IRIS diagnosis, 2
patients who met criteria of ‘Study Definition’ but did not
meet criteria of ‘INSHI-2008’ were one patient with smear-
positive cervical lymphadenitis had no markedly recurrent
lymphadenitis or other manifestation that met the major
criteria of INSHI-2008 and another patient with smear-
positive pulmonary tuberculosis did not meet any major
criteria of INSHI because no clear documentation of node

Definition  Study Definition - Study Definition -
fulfilled not fulfilled enlargement.
INSHI 2008 Positive One patient with disseminated tuberculosis met criteria of
Definition 20 (15.9%) 1(08%) predictive value |\ SH|-2008" but did not meet criteria of ‘Study Definition
fulfilled =95% "
(77% - 99%) because CD4 decreased from baseline of <25 cells/uL and
INSHI 2008 Negative HIV-1 RNA decreased of < 1 log10 copies/mL.
Definition - 2 (1.6%) 103 (81.7%) predictive value
not fulfilled =98% Table 2 (continue)
(93 - 99.5%)
Sensitivity = 91% Specificity = 99% Factors Study Definition INSHI 2008 Definition
(72% - 98%) (95% - 99.8%) Univariate analysis __ Multvariale __ Univariate analysis __ Multivariate
Kappa coefficient between 2 definitions was 0.918 with P value of <0.001. ST OR(9S%Ch P _OR(95%C) P OR(95%C) P OR(9S%CH P
e
Pumonary oy B 1 1 3
Table 2. Univariate and multivariate analysis of factors Extra:puimonary 7.9 0004 863 0004 1020 0005 1048 0006
- : >0 (53230 (1993750 (995220 @sss628) 0031
predicting paradoxical TB-IRIS by study definition vs. INSHI Both 47 0025 417 05 825 0008 59
08 definition (122-185) (10316 85) (L72:3957) (118-29.80)
20 CD4 increased at 0.149 310
Factors Study Definition INSHI 2008 Definition baseine,celsii N . N
Univariate Multivariate __ Univariate analysis___ Multvariate >105 202 - 166
OR (35%Cl) P OR (95%Cl) P OR(95%Cl) P OR (95%Cl) P 078526 052:441)
T4 ncreased ot oan 0361
Gender =] s nerease
Male 147 136 baseline, cells/ul -
Female (053-4.09) (0.49-3.80) =119 1 - 1
1 1 >119 155 159
Age. years o ) G100 oaar ©60-401) (©059-429)
=35 32 290 229 221 Plasma HIV-1 0052 0.110 0055 0313
3 a1ras2) (099850 (085612) (075689 A dacreased at
i 1 1 1
o1 [ baseine. og
D3, cellsi copesimL.
0ts 139 12 <40 255 230 263 203
50199 (0.05:3.74) (0.47-3.46) (0.99-6.59) (0.836.38) (0.98-7.02) (0.51-8.07)
p fy >0 B B B B
Baseine HIV o0 oS 0532 Plasmaiv 015 o1
RNAJ0g NA cecreased
copiesiml. atweek 24 o
g 1 - B 1 baseine, 109,
s 151 - 217 106 copesimL.
©e038y ©83567) (27419 a0 200 221
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CONCLUSIONS

In resource-constrained countries, physicians treat advanced HIV-infected patients with tuberculosis in the setting of
limited laboratory capacity. Herein, we demonstrated the validity of a recently published clinical case definition to define
paradoxical TB-IRIS. This suggests that lack of laboratory tools does not impede the ability to diagnose TB-IRIS.

This study was funded by a grant from (1) the Ministry of Public Health, Thailand , (2) The Thailand Research fund (TRF) and (3)

Bamrasnaradura Infectious Diseases Institute, Thailand.



