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UNANYa

g17lulvides (Tenofovir, TDF) Lﬂummmeﬂﬂ%ﬂum&mﬂ dlosniiuseaninmaun
Tunsinwfandelorlotvslufiiiueatisnviedinsfesunou udfwiadeyadiuning
Uaaﬂﬂﬂﬁuﬂuiﬂ’ﬁmxﬂmLLauivﬂ‘UEJ’WIL%QJWWHQJIUQU’JEJQUIV]EJWWWLGUE)LEJ‘?II@’]

nsAnwiiUsznaudenisfinwdes 4 nsdnw léun

1. Mmsfinwanulaenaiemenulavesefilulniles lnean1sininuves proximal tubular
U aTatata Woae giauedn TUsfulneUssdiuannismsadaansy 24 Siludufiieinide
waloTgluaifonun 1,391 918 wvadu 3 ngu fo nquiilder TOF  1Hugdausn (TOF  based
HAART)  naufisududneenduuasivdeuundu TOF  wsshesmfomnsesnadnufes (TOF
switching) waznguillailéien TOF 1ae (non-TDF) Taenguitlsiléen TOF fifthefiasAuen indinavir
1neufie 40% Wegmuvasndemeiuln §1991nnNsanaswes eGFR (eGFR amawsnnnin 25%
2711 baseline 30 <60 cc/min/1.73m2) Tuvanguitléen TOF faususnuieldnoundsagsnan
ﬂ@jmmﬂﬁ TDF lpewuin 3 incidence rate ¥99n154AA renal insufficiency Usganad 1.9 per 100
person year of follow up waz 2.4 per 100 person year of follow up muEU Wewieuiu 6.9
per 100 person year of follow up 1Uﬂdmﬁ1ﬁ15 TOF lngwudn v 3 ﬂ&jmﬁlmﬁﬂ renal
insufficiency iloldedunnduszognanade 127 1.8 U wag 1.4 U puddu nguidannandes
Tun1siiia renal insufficiency leiuAeng > 35 U (1.76 win) weldian indinavir 1nneu (3.68 i) u
anusulafingssiudie (1.61 win) viedl CDA ApuiBuAusIf I MAT1 200 cells/ul (1.77 1i1) Mg
16 TOF  1¥fnanssinude An renal insufficiency Wosninguitlallsl uddndaaudiagle indinavir
DONHARDNI9AN renal insufficiency laishafussvinenguitlduaglalld TOF Sediayadunndrenn
nsAnwlusnaUssmaiinuds n1slier TOF Snaenisvinnuueslannn wasintingatios aud
Arandnegetu nsfinguitlalléen TOF lu cohort HiAnnsanaswasmsvheuvasinuinnit audu
3123 selection bias is1zidonty TOF Tugthedidl eGFR gend1 70 mU/min/1.73m2 uazides
nsTwlugthefifanudesgs wu Wulsaauduladings vy o1guinidudu uenaini
nsAnuimuhids ull a nanfiFuedungudild ToF  Sdwauithedduummunasanud
Tafingaflisnafufiungy non TOF wivdsannldonduanuds nguilld non TOF aedlftaeidu
wwusazeuiulafingannnitegisdaau fee1vavdudefivesnisldon TOF fivildanaim
deslunaiinn1ig metabolic complication Wletfisuifunsldenguitlé thymidine analoque
WU AZT, ddTaunsiia subclinical renal tubular dysfunction (PRTD) Tuea1adassnuiu 696
sedilAvtlaanne 24 $alus wuinguitlden ToF leSeuiiisuiunguitldendulsid TOF (non
TDF based HAART) wWuinilis 29% way 16% audsufifinne fraction tubular reabsorption of
phosphate < 3 wa subclinical renal tubular dysfunction A1ua19U ﬁ'ﬂﬂfjmmﬁ TDF wazlila
TDF laiflnnmunnsnafunisadlunisiin subclinical renal tubular dysfunction usinguiild TDF
15 uric acid lwden wagnsu uric acid Tudaany ganinegredniau

raa

2. Lﬂﬁ'ﬁjaaumam%mmmmﬂwﬁa%@ﬁLﬁumﬂummaﬁmﬁamL%Lmﬂa‘igﬂmuwmmmh%'a

<
[

yiladiil TOF $amfuendulafangs NNRTI (efavirenz) $1uau 14 519 wae fihefndolesloiilésy
g1 tenofovir TaufueeulIFangy ritonavir-boosted PI 91u3u 33 518 fiheudarsneazlasunis
AT NAUNTVIAUMANTIIIUL 1 AT U 138N Auiue (t=0) uagnasiuen s alusil 1.0, 2.0,
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4.0, 6.0, 8.0, 10.0, 12.00 ua¥ 24.0 5% 9 AT AATTVsEFUBEET High Performance Liquid
Chromatography (HPLC) annnsfinwmuin sesuen TOF wielif TDF $aufu boosted PI %30
NNRTI  laiusndnsiuegrefidodfguas eGFR - by MDRD  with  Thai racial  factor
<90mU/min/1.73m2 , RTV AUC0-24 uaznsl4en TDF wnuiunin 2 U fidlnanesefuAUCO-24 984
&1 TDF usidni3euiiisuiy lopinavir/itonavir axdiszduen TDFgeninnslgiu efavirenz daen
lopinavir/ritonavir {uen boosted protease inhibitoril4sauiu TOF mﬂ‘ﬁ@@ pg1alsAmuAIfag
monitor n13¥isuveslafion TOF related renal toxicity Tunuldnguilsely uasuonamiuidlon
seduelupufinisyhanuvedlas (30-50 cc/min) n15W tenofovir awaa3adin 3ol 1 1a u
Gudu Tisgsvenlddnstu udluauiilddgiv LPvr fld1szduenganinedstaauuazgenin
Y1INLTUAN
3. sefueniilulnidesluenaadnsiindoiesledflvy $1umu 351 918 wud enanasingd
1A5un1sa1zidenluy mid dose ( 11-13 hr post dose) ﬁhm?iamm%é’uma&gjﬁ 0.136 (IQR 0.11-
0.17) me/L Bafiseiumufiuugiin (@1 TOF mid dose Ay 0.16 me/L wazAn Cmin (24hr post
dose) AU 0.05 me/L) uavsyivegandt 0.16 me/Liianuduniusiunisiia subclinical
tubular dysfunction Jaseifnasiesziuen TOF > 0.16 me/ mU IguAthnindadesnin < 55 kg &l
AMMAEY 2.32 W1 chronic HCV  2.64 11, eGFR < 90 mL/min/1.73m2  2.66 11,
lopinavir/ritonavir  2.47 Wi uag PRTD 2,08 Wi feuduasnguiimsasdissuuidhssYansiin
renal tubular dysfunction WU n1saTIalaaNIEiNd proteinuria, glycosuria, N3RS
phosphate Tullaanaz Wudy Tuaufidl eGFR < 60 mU/min/1.73m2 fAnasasdinisusurwine) TOF
4. MINTIRIUNUGAMTAAIN polymorphismuas ABCC2, ABCCA, ABCC10 waw SLC22A6 Tu
AUlYA00AU Wummﬁﬁum allele frequencies U831 ABCC2 -24C>T; 1249G>A; 3563T>A,
3972C>T, ABCCA 3463A>G; 4131T>G, ABCC10 526G>A and 2759T>C \Hudsilaugisy 21.8%,
7.8%, 0.1%, 24. 9% 19.8%, 49.2%, 51% uway 7. 1% Wi kny polymorphism UBISLC22A6
728G>A meuauawwm WllauiuAULDLTE uam’muu polymorphism¥8y ABCC2  -24C>T
(genotype CC), Uaz ABCC10 2759 T>C (genotype CC or C/T) fipnuduiusiunisiia tubular
dysfunction tag ABCC4 4131T>G ( genotype TG or GG) dUNUSAUTZAUL tenofovir

AdAgy (keyword) 984015338
wuled,  ewulhSaewlesd,  adveaurans,  nsvinauvedleiaund,  endilulnides,
(HIV, Anti-retroviral drug, Pharmacokinetic, Tenofovir, tubular dysfunction, renal

insufficiency)
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Abstract

Tenofovir disoproxil fumarate (tenofovir, TDF) is a preferred NRTI in HIV-infected adult
for both ARV naive and ARV experience/resistance. However, long term renal safety and
tenofovir plasma concentrations in HIV-infected Thai population is largely unknown.

This study composes of 4 sub-studies;

1. Long term renal toxicity of TDF in 1,391 HIV-infected adults which was determined
by renal insufficiency (eGFR declining >25% or < 60 ml/min/1.73m’) Subjects or proximal
tubular dysfunction (PRTD). Patients were divided in to 3 groups (TDF at first ARV: TDF
based HAART, TDF switching after using other ARV: TDF switching, and non TDF groups). In
non TDF group, 40% of them had past indinavir exposure. The incidence of renal
insufficiency (95%Cl) for overall cohort, TDF based HAART, TDF switching and non TDF were
1.9 (1.3-3.1), 2.4 (1.9-3.1) and 6.9 (5.8-8.3) per 100 person year of follow up, respectively.
The median time for developing renal insufficiency was 1.2 years, 1.8 years and 1.4 years,
respectively. In multivariate analysis, factors associated with renal insufficiency were older
than > 35 yrs(Harzard ratio: 1.76 (95% Confidential interval : Cl 1.26-2.45), p<0.001, indinavir
exposure 3.68 ( 2.73-4.96) , p<0.001, Baseline CD4 < 200 cells/uL: 1.77 (1.32-2.38), p <0.001;
being hypertension 1.161 (1.14-2.28) ; p<0.007. In this cohort, subclinical proximal renal
dysfunction was found as high as 16% for non TDF and 29% for TDF group. There was no
statiscally significant between TDF and non TDF.

2. Intensive pharmacokinetic study in 48 HIV-infected adults using TDF with efavirenz,
darunavir/ritonavir, Lopinavir/ritonavir, and Atazanavir/ritonavir. Blood (pre-dose, 1, 2, 4, 6, 8,
10, 12, and 24 hours after taking ARVs). PK parameters were analysed using High
Performance Liquid Chromatography (HPLC) method. We found that there were no
statistically significant between using TDF with boosted Pl or NNRTI. However, patients with
lopinavir/ritonavir had higher tenofovir concentrations compared to efavirenz. Only eGFR by
MDRD with Thai racial factor <90mU/min/1.73m2 , RTV AUCO0-24 and duration of TDF longer
than 2 years has influenced on AUCO-24 of TDF. In TDF with boosted PI, the lower eGRF,
the higher TDF plasma concentration was observed. In addition, in patients with low renal
clearance (30-50 ml/min), TDF can be administered as 1 pill alternate day or half pill every
day. Furthermore, Thai patients using TDF with lopinavir/ritonavir had greater tenofovir
concentrations than the Caucasian

3. Therapeutic drug monitoring of tenofovir in 351 HIV-infected adults. The median
mid dose tenofovir plasma concentrations were 0.136 (IQR 0.11-0.17) mg/L (Target TDF mid
dose plasmaconcentration is 0.16 mg/L and target Cmin (24 hr post dose) is 0.05 mg/L). In
this sub-study, TDF concentrations >0.16 mg/L was associated with subclinical tubular
dysfunction (PRTD). Low body weight <55 kg, chronic hepatitis C, PRTD, boosted lopinavir
and low eGFR<90 mU/min/1.73m’ were associated with hish TDF plasma concentrations
>0.16 mg/L.
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4. Pharmacogenomic study of tenofovir; Nine single nucleotide polymorphisms (SNPs)
including ABCC2 -24C>T; 1249G>A; 3563T>A; 3972C>T, ABCC4 3463A>G; 4131T>G, ABCC10
526G>A; 2759T>C and SLC22A6 728G>A were investigated. The genotyping was performed
by Tagman allelic discrimination assays with fluorogenic probes. The allele frequencies of
ABCC2 -24C>T; 1249G>A; 3563T>A; 3972C>T, ABCC4 3463A>G; 4131T>G, ABCC10 526G>A
and 2759T>C in this population were 21.8%, 7.8%, 0.1%, 24.9%, 19.8%, 49.2%, 51% and
7.1%, respectively. The polymorphism of SLC22A6 T728G>A was not found in this
population. The prevalence of the polymorphisms examined in this study was similar to
those observed in Asian populations. Additionally, polymorphism of ABCCZ2 -24C>T
(genotype CC), and ABCC10 2759 T>C (genotype CC or C/T) were significantly associated
with proximal renal tubular dysfunction. Futhermore, ABCC4 4131T>G variant (genotype TG

or GG) were independently associated with higher tenofovir plasma concentrations.

Key words: Tenofovir, efficacy and safety, renal toxicity, proximal tubular dysfunction,

pharmacogenomic, tenofovir plasma concentrations
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1. anudrAgyuazuvalynniinnisivy

desheiidunudindeetloifinesdegasiiugrugadvinniy Fadumelkinsldends
Protease inhibitor laglawy Lopinavir/ritonavir 321187 tenofovir WisannTudie  wsen
tenofovir éfnﬁﬁwaﬁwﬁmﬁﬁﬁ@ﬁa renal toxicity Tnetang proximal tubular dysfunction @13
yharuvewvislafiaun (renal tubular dysfunction ) nuldlunanesuuuusausduteslaifonis
Taufainlanne dnuwmgianizidenii Fanconi syndrome  #i300133snuaIn1sauld i 1o
dnLau (nephritis), proximal tubulopathy, proteinuria, diabetes insipidus wag hypokalemia
fawigUfinisalveanisifia renal tubular dysfunction 910 TDF fissnuansUssmaaznution
senumaiEnginnsnAneidemenatiaveseriity Swrmatasiinsalasisitess
lpsunisfinassudsdn & Glomerular filtration rate (GFR) > 70 cc/min  8118-60 U iludu uas
Tassmsifemanduldléfilaazgnisvhauvedmduingussasiudn wilHldd power woftagny
aruuanssegisdifoddny dedugiRnisaivesnisin renal tubular dysfunction 10 TDF lu
fUrenliildeglulasenisidetrazganin Tnslamgluaulnedsdssfugrdiunaisfaganin
yngiuan way fuaeiiduuiu M‘%ammé’ulaﬁmqwzwumwﬁumumqﬁgaﬁu %aﬂﬂwmdwﬁ
wildymiBosmmhauedlaanasdiduiumiu vieausulafingunuiuuasnwlid uazly
AUEe1gun (> 50 ﬂiuﬁﬂwﬁm%mmia%) nsviuredlanazanasan physiologic change v
Tiyeaaimaniidesiensvinuvedafiaunfunntu wararudssgatudiiiniglden TOF de
nsfnwielimsugtRnisaiuarladeidesdenisiin TOF renal toxicity wazszduen
TDF Tuaulnesiudian1smsianiedinu pharmacogenomics Sﬁaaﬂamdw*ﬁ%nﬁmmﬁﬁmmmmezszﬁu
gl ¥aenduiarnenazuanisiuluusiasyaranazidend newusgduednldaenduas
f?f’ﬂuﬂubl‘l/laﬁizﬁumﬁqqﬂ’j’lm’mﬁumﬂ pharmacogenomics W&y pharmacokinetic siUNUMN
ﬁwﬁ’ﬁyﬁ%a%mS’jﬁﬁwlmulmaﬁqﬁizﬁumqmwnmi’umﬂL‘Wiﬁwmaﬂ MsfnwTinIL WU
ihwiindegrafeiliamsaesugliimmndansfifisefuengaasduamiudsmesmatiafeswes
gmInTavnszdusilfaenduasinduiugmansazvinlitinsldvuneluaulnefifvunane-
wanglunsdnunazannisifanadiadsmasaauanalddisvesnisine uenand Seinlidy
wamsliesAmaindunssundneuuaiinzasdmivaulng Jeosdnisindunssumaunuiiazne
61 TDF wi3eeidinsauseming TDF+3TC vide TDF+3TCHEFV Gsluauian o1 tenofovir asiinisldeeing
unsvanesnniululszmalne lufthoindontle? mruduiliie use 1 adt iagninadenis
{in mitochondrial toxicity toe 1¥dwuauiinesansusnls wasdaiinarisdnwldadsusnautde
mnnsfieniifivssdnsnmnnlunsinulhdasusnautyilvenildosaumsvanslufinefifinshia
delh¥asiusniautlasiilifindeindlolsne driudoyamaingifinsniuastadoidosionisifn TOF
renal toxicity uazseduen TOF Tueulnelildifulssleniamedtisiiinshndentdlo? widd
Uslowisaftaedidimsindoliasusnautiaeilbifindeiovlolse Ssnsdadolasusnaudi
Jutymdrdguonsnsasisaugulne nslden TOF gupfinzanilildenldunutu liduiuges
ngpeidiosnuatiafes shlvieuldanalenaiirlumsldofifivssavsamaiduuderleliomielsa
Audniaul

i 11



2. HauIdeinga9a (literature review)

Tenofovir disoproxil fumarate (tenofovir, TDF) tu prodrug 98481 tenofovir Faduedu
laiaiuﬂa:u nucleotide analoque (ntRTI) aaﬂqwﬁwEmmsvnmwuaqt,aulw reverse transcriptase
wazdudanisreaevesiiduevenielta Winwnsindoeyle] InglviTaniuengy nucleoside
reverse transcriptase inhibitor (NRTI) 1 7 93uAU non nucleoside reverse transcriptase
inhibitor (NNRTI) w3endu Protease inhibitor (PD[1] uanainiien TOF §alé¥unistunsiDenlit
SnwmsindehSarusniaudne srsaiiitelduiovassuiesansadudldmerloTluulng
whsnidasadliuiaidug (2] waredisildine Sunudeetosuasiogludnumsfivdaiuen
3w W TDF+ emtricitabine (FTC) i38ni truvada w3 TDF+ FTC+ efavirenz 136031 Atripla
FlildenTuay 1 dindeTu venaniledhilinaduivsiohinsneunisvenvatosniierfsuriild
Aanmeaiuneu wwundu dvidnan eemns vimuvaneyszam touninenddulugs NRTI
TOF  Jalueniildiuegraunsvanal1] uiogndlsinuen TOF  eglunguieniven adefovir uaw
cidofovir ?jﬁmﬂfjuﬁﬁﬂﬁtﬁm Fanconi syndrome Wag acute renal failure 1a[3]

flulri3eslusuuuuensulssmuazeglugy tenofovir disoproxil fumarate Fa1u prodrug
Taeideiirgsanieazgniudsuliieglusy tenofovir diphosphate duidusuitoongvdldannisdnu
\ndvaaumansnusEAUsgeanlunaauindy 0.3 +/-0.09 lulasniusefiadans wavsyiuedign
Tumanauwindu 0.04 lulasnsusiedaaans nmﬁszﬁuaﬂiuwaﬁamﬂﬁmqaqm (Trn) WINAU 14/-0.4
Hluauaiiaadstinuszana 17 $lus e1gndueenmilalanszuiuns glomerular  filtration
way tubular secretion WAUNNY proximal renal tubule[2, 4] é?fﬂumzmumi tubular secretion
fosonfeBufivntfigndsaen (transporter) lawn OAT1, OAT3, ABCC2 way ABCCA [5, 6] fiod
o duTivutfigae e (transporter) lauA OAT1, OAT3, ABCC2 wag ABCCA lasiilulniiuslu
wmam%L%’wlﬂiuwaéufaﬁaqﬁa (epithelial cells) wpeviplaauAuNIU basolateral membrane
1ng organic anion transporters (OATs) #is OAT1 tHuwan uag OAT3 Fadu influx transporter
Husrheannszuadenidng tubular lumen(7] uagndsaintiu TOF axgnduoanannvisladiudy
Wiuthaanzlnei Multidrug Resistance Protein & ( MDR-4) [3, 8] 18 pump fidugneanain
proximal tubule (flagUfi 1) Bsdlfiu ABCC2 wag ABCCA AIuANMTYIeILY9s MDR2 Wag MDRA
transporter AU yNARANLRULUTaR UGN TTIvesBuRv v id I Aeen gy lTinase
sefuaMuuduvetelunanauwarneluwad Fansavauves Tenofovir Tu proximal tubule ¥
ThAnmsviauvewislaiaund ( renal tubular dysfunction ) iisannTuls (5, 6]
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g‘i.lﬁ 1 LEAINISNINIUYVBY organic anion transporter wag multidrug resistance protein Tu
N139U8" tenofovir

Kidney Tubular Dysfunction in HIV Patients
Treated with Tenofovir

OAT, erganic anion transporter

Blood

— MRP, mutidrug resistant protein
—

1 Celldama;ex‘_\_l——j—r:__j
—_- ———————, Urine
MDR1L_ B

. Ftpw <m~m iy S ——
: oara ([0 < G0 "

c- Y- To'e B e —

(OAT-4 [

2 Interference with C_——E
>

cellular functions

" Renal tubular ce

R

o w

arnshifissrasdanmsidondlulniesididy  ldud nsiiefivdels Tnedsieau
gUAnsainmsifnanuinunivemislndesay 1.4 - 22 [9, 10] lugthedldsusfiluliides nmsvihay
vowvislafiaUnd (renal tubular dysfunction ) nuldlumanesuuvudausidutioslifiennis 1u
sufafalaneg Snvasanieidenit Fanconi syndrome 1300199z nUeIN15aL WU ladniau

(nephritis), proximal tubulopathy, proteinuria, diabetes insipidus, W8z hypokalemia [3, 11, 12]
fausfgUnisnivesniaiAn renal tubular dysfunction 910 TDF ATigauainalseimaazwuiios
51smummifdauimgmmimﬂﬁﬂwﬁ%’ammﬁﬁmmmﬁﬁu [13-16]  Faoranadasidngu
lsen3dpazlasunisfnassudadn @ renal clearance (CrCl) > 70 cc/min 818 18-60 U 1usiu
warlassmaifomaniulilldiilanrgnishauvedladuinguszasdndn vlilid power woflagwy
Auuaneseenafitedndny KadugtRnisaivesnisifn renal tubular dysfunction 910 TOFluAuld
filsilfeglulnssnsideazganin Insamzluaulnedelszdvedunansdgainitumng fusn

AsENETHILLINUIY TDF Yasiinase tubular 11nn31 glomerular function [3] w#l
aglsinugUAnisaluesnisiin renal tubular dysfunction 910 TDF d@aulnaigainwa serum
creatinine %30 estimated glomerular filtration rate (eGFR) 31nn15AWIM [13, 17, 18] Fansld
serum  creatininelduduenind nephrotoxicity 210 TDF sinagdiiuly desluunnuaifsasny
ANUANUNR @ estimated GFR a1nn1sauanilagld Cockcroft-Gault (C-G) method Adesede
dhaningn s‘ﬁaﬂiaaLLﬁﬂs]mlﬁ'ﬂa%la‘iﬁﬂﬁ]zﬁﬁmﬂ’ﬂﬁuﬁaaaqLLé”J ilrlaalantueu dunisaiunlag
1% simplified modification of diet in renal disease (MDRD) equation Fanuinsld G vie
MDRD flnunananaeudsvanai20% [19] wsedshess Wowdunioiteaduiu annsanuily
SrEfiN U UISERU Cystacin C Wazidedolduinnia [20, 21]

N11g hypophosphatemia, glycosuria (Ima‘ﬁlwaﬁﬁmaimﬁamﬂﬂa) microalbuminuria g
urinef-2 microglobulinemia AvEduEnsden1svhauues renal tubule AiaUnAuaznUABUT
gziin1sanasues GFR denazduy early marker 9839 TDF renal tubule toxicity [22-25] uaﬂmm‘j
n1ghypophosphatemia 2199z Ageatunsiin osteoporosis
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Labarga uazay [9] lavins@nyinisvineruves renal tubule ludireteyleiainyseme
auinshauveslaunflaggain serum creatinine wag eGFR Wuin 22% i proximal tubular
dysfunction (@Jmnwé’ngm&u’mm 2 Fovpsnnuiuwisluil slycosuria (nefinathaaludenund),
hyperaminoaciduria, fractional tubular reabsorption of phosphate < 0.85, total excretion of
phosphorus > 1200meg/day, fractional excretion of wuric acid > 15% Way urinef3-2
microglobulinemia >1  mg/d) FsnsAnwriinuinnsléen TOF LLazmqmmzLﬁumﬂmﬁawm
renal tubular dysfunction uaﬂmﬂ‘ﬁ Rodriguez Novoa WazAmg [26, 27] WU homozygosity
909 C  allele fisuvus 24 ¥83 ABCC2  gene  dlauduiusiunisiiin proximal  tubular
dysfunction  Beniniudniseanniiuioatu TaFnunduansdnnuduiuioesseduilulntedly
wanawuazmainfivsieln Faflsunuunmsfinuinuy cohort study vhmsdnwiludteinidoletlo?
$1uu 92 Au wugtheiAneaiinndvesvioln 18 au uazitheiliifamnuiaunfivesisln 74
Al Lﬁai’mzﬁuaﬂuwmamwé’ﬂmﬂﬂﬂaU%’Uﬂizmum 10-14 Hlaanudn Qﬂaaﬁﬁmiﬁ’mﬁﬁﬁmm
visladusuiinunfveilszduiilulriieslunanaungsninnguiitreidnsimihiive sviolndusudy
Unf ognsiitfodndymsadia (P=0.001) uazwugihefiszduiluldeslunataunganin 160 wilu
nfusefiaddns Jaudssiisninvieladrudurimihiiiaunfily 4.8 wiwawiiﬂwﬁﬁizﬁuﬁiu‘lw
Feslunanauisnndt 160 wilunSusefadans (28] wenvnil Fux wazame [29] tivin1sdnenis
¥191u¥89 proximal renal tubule Tugfihetevlodnoglu Swiss cohort Anuinnsld TOF saufuen
ngx Pl wun1g proximal tubular dysfunction qﬁuaejﬂﬁmw §99199¥03U"891N81 boosted P
Instaniz lopinavir/ritonavir (kaletra) glufudsnmsvhauwes MDRP-4 transporter pump vl
aANISTUODNUBY tenofovir LaziAnn1sazauLues Tenofovir Tu proximal tubule vinlwlAAN1YIN9IU
vowialafRnund dsluussimnelneiasilonald lopinavir/ritonavir (kaletra) $aufu TDF qﬂuﬂuﬁﬁ
?ﬁuamﬂzjm NNRTI based regimen fiazsiuanudessia TOF renal toxicity

syauilulwissludeaianuduiusiulszdnsnalunisinwivesen 1ne Barditch-Crovo P
uazAuz [4] Iél’v‘iﬁmiﬁﬂmmmé’maumam’maqﬁiuiﬂﬁsﬂu;ﬁﬂwaﬂL%aLaﬁula%’mu 49 au lay
wisgUageanlu 5 nau Tuudaznqulasuiilulndesluvwaunnsisiufe 75, 150, 300, 600
findn3u wagnduilld¥uemann (Placebo) wuimslenauin 300 fadniu Juazadudusvoziom
35 Ju anansnanszdiu HIV-1 RNA Tumanawnldanndign Tnowuinanunsaanssiu HIV-1 RNA 1t
1.22 logl0 fieUtsefindans uasiiseduergeanlunataun 326 uiluniudefindang uiogalsfiom
nslgluruin 600 fadnfudetu whsnuidthedssdualudongadu winuanuaansaluns
ansziu HIV-1 RNA lunanaanldifies 0.80 log 10 Aeuldefiaaans uaruonanigamuinnislden
Afiing1 300 adniuseiudwmaliszduenlunanaunarandias wasiinaviliauanunsaly
M3anTEAU HIV-1 RNA anadlude fetuwun 300iadnsudeTulsgnidenlsivhmsfinuissesii 3
wartunededliiumnanasglunsdnvierled

HadomaiugnssuduiiedenddyodrmisiviliiAnanuiuiyusvesseduelunaian
dmduenfidusenmilalaenszuiunis tubular  secretion SnnsfnwaruduiussznineAIuiy
wUsatugnssuvesBuiivimifiddecen tenofovir - fusedumadnduvesenieluead lng
Kiser wazaeng [30] lavinn1sAnwannuduiiusse nineanuidnduyes tenofovir diphosphate aAelu
WadNUNIENEUgIUTDEY  ABCC2, ABCCA waw SLC22A6 1u;§ﬂaa§msﬁaLaﬂa’3aﬁ’ﬂmu 30 AY
Tnevimsnseiduiiviiminiisndeceiomn 3 Su Ao Su ABCC2 sz 2 SNPs léud 24
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C>T, 1249 G>A Hu ABCC4 AT 2 SNPs LauA 3463 A>G, 4131 T>G 8u SLC22A6 Tas1ew 2
SNPs loun 728 G>A, 453 G>A  wamsAnwmuInaugUaedisisuuuuiugnsm AA - (ngw
homozygous wild type allele) ﬁizﬁummﬁm’iummﬁiﬂwﬁ'sﬁmﬁiuL%aéﬁﬂﬂdﬂﬂﬁjmﬁﬁgULLw
WUGNITULUU AG 130 GG (ngufiflegation 1 variant allele) aghsiitfuddnymisada (P=0.04)

Rodriguez-Névoa wagauz[27] lavinns@inwifsnnuduiussenitenienydugiuludy
ABCC2, ABCC4, ABCB1, SLC22A6 way SLC22A11 ﬁ’uﬂmﬁmmmﬁm‘dﬂaﬁumﬁalmiuﬁﬂaaﬁlﬁ%’um
fulnldes susuunmsineiduiuumagaens Tnefnvlugieindeeyleddum 115 au Fady
¥R 103 AU A 2 Aulazdu 9 10 au ThefiAinanuRnunRvevieln 19 AU (16.5%) Ha
msAnwmuiTlunguithenfidnvaziu ABCC2 -24 CC azlidnnugtheiifinuiinundveaviels
snninguEtaeidnuaziu ABCC2 -24 CT wie TT egnsilifuddnyyneadia (P=0.02)

lzzedine wazAniy [31] lvinn1sAinwfemnuduiussenineanuiuwlsmaiugnsuvesdu
ABCC2, ABCC4 way ABCB1 ﬁ’ummL?ﬁlawaﬁmnﬁmmmLﬂuﬁwia‘vialmﬁluﬁﬂwﬁlﬁ%’uﬁiu‘lwﬁaﬁma
sUsuUNMsANYILIULUY case-control analysis YmsAnwilugithefadoetleoisuau 30 au @
Junifawn 29 au uaey1d wonsiu 1 au IuﬂﬂiﬁﬂwwﬁﬁéﬂaEJﬁLﬁmmmﬁmJﬂamawialm 13 Au
wazftheflifneufinunfivesialn 17 eu  lumsfnuiidvinsieseiduivhmiddndeen
fravun 4 BufleBu ABCC2, ABCCA way ABCBL mansdnwnuiausiuuusveiugnssuiisiums
1249 G>A wesdu ABCC2 fmnuduiusiunisiiamiuiaunfvewmislnegslitvdAgneais
(P=0.02)

Nishijima T wagane [32] levinsfnwdeanuduiusseninannenvdugiulugu ABCC,
ABCC4, ABCC10, ABCB1 way SLC22A6 ﬁ’“umstﬁmmmﬂmﬂﬂamwialmiuéﬂaUﬁiﬁ%’uﬁiuiwﬁa%
susuumsAny Ly cohort study Taefnulufthefnidoleledsndiudum 190 au wufied
AaenuRnUnfivesieln 19 au (10%) lunsnunivhmsieseituiivimiiigudseniomn 5
fu e ABCC2, ABCCA, ABCC10, ABCBI, WAz SLC22A6 Wan1sAnwmud1 JUkuUiugnssy CC 7
Mumils -24 uazgULUUUGNTIN AA Tisuvils 1249 vesBu ABCC2 dmnuduiusiunisiinany
Aaunfvesvislpeg1eiidudAgynisaia Famstnuiidunsineusnivinsinelunaiede
odlsftoilunsfinuildléfinmansanseduelunaiamndoradululdhauiud metug
nssumEiadmasesesululndeslunaanuasihliAnfiviols  uasdslimunsdnulafivans
AsduiussE LU TNaugnsTIvesBuvimthidudsseniussduilulndeslunanaun

%ayjal,‘ﬁlsnﬁu TDF renal toxicity d@aulugjanaingnangiunn dnisanwdesluos dlg
wandu [33-36] Wwagdl retrospective study anUsEiMelne[37] fnuinimdnsdend
ANNFNRUSAUNTANaIYBINITYINAUVRlN

mMsfnwusnuinsgduendulaYaendnaneds WU nevirapine  indinavir saquinavir
lopinavir/r ua¥ atazanavir [38-42] Wlusu Sszdugeduluaulveifiefiouiurmng fuan TOF0R
AnINsEavgtazasluaulngluiy fmmﬁmEJmiﬁﬂmwudfﬁzﬁumﬁgqé’uﬂ’uﬁ‘ﬁumﬂﬁma
F1aLAes TOF Awguriu

i 15



3. 09UszaeAvadlATINIg
nguUszaeAnan
1. evUsziugtinisaiagadeuidesiensiAaTOF renal toxicity Ingina1n eGFR anas
MnAeuALdIL > 25% viedl estimated GFR < 60 cc/min/1.73m2 Seminenguitld
wagldlasuenTDF
2. ieUsziiugtinisaluaztladeidossionisifnrenal tubular dysfunction ( gaInudng1u
Fus2dovesnmedeluil elycosuria lnefinathmaludesund),
hyperaminoaciduria, fractional tubular reabsorption of phosphate <0.85, total
excretion of phosphorus>1200mg/day, fractional excretion of uric acid >15% Wag
urinep-2 microglobulinemia >1 mg/d ) Tagnsilieuliioy sewinanguitlduaglallisu
g1 TDF
3. ifleUssiiussduen TOF Tufthefnidolotlolfidsuen TOF saufuendiu

nguszeensas
1. WieUszutldeiiieadeadiu renal insufficiency
2. WlaLFeuifisuuunliuuesnisifin renal tubular dysfunction seninenguitlduaglalliy
g1boosted Pl
3. iewFeuiisuuualturesniaia renal insufficiency sewinenguiifivieliifinsfinide
h¥adusnaudsmumnig
4. eiFsuifisuunlthesnsiin renal insufficiency sevinanguitlduaylailasuen
boosted PI
5. WlalFeuifisusyduen ToFsevienguitliuaglailé¥ugnboosted Pl wazluauilifuvidelsl
JubSasusniaud
6. WlaL3euiflsusyiuen TDFszmianguiifiuazlaidl renal tubular dysfunction/ renal
insufficiency
7. dieUsuifiunnznisviadmiuiluaudilden TOF warluauiiduhiadusniaviviohsa
AUSNLAUT
8. wloUszidiu pharmacokinetic parameters lag intensive 24 hours pharmacokinetic
study (full PK curve) Iuijﬂwﬁ%m TDF 971740 AY
9. 1iieUseiiiunaTes target genes( LU ABCC2, ABCC4, SCL22A6, SLC22A11, ABCB10) %19
s¢AUE TDFUazN13iAA renal tubular dysfunction/ renal insufficiency
10. WiewSsuifisusirenal clearance %38 slomerular filtration rate (GFR) iuﬂﬂwamgg@
wrlotuarlaifindaiovle (970 historical cohortlmgainenestimated GFR #e35
Cockeroft-Gault (C-G) method U35 simplified modification of diet in renal disease
(MDRD) equation Haznisnsalaannz24 il FIUBITZAUCYstacin Cliazactual eGFR
271NN173AlAY isotope
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4. HNNAFIVUIY

1.t vy ANUAULATINGS 818NN INAEIS SE6Uen tenofovir 89AUNGY boosted PI A
@uasianisiin tenofovir renal toxicity/tubular dysfunction

2. nmenviuguvesiiu ABCC2, ABCCA uardlafudunanannnenwdugiuvesduldud eng e dwtdni
waznEn1sinuvestls dnasesedueilulnileslunataun

5.N50ULUIANYDIIUIY
WHUAIFUTN 1 NTBULLIANYDIUIRY

- YadumanuugnIsy : eSS
ABCC2 Tunanaun
ABCC4
ABCC10 ﬁ
- ‘i']fu%’aﬁuuaﬂmﬂmqéﬁuﬁuqmsu:
0ng A Yvidng waznznsvhauvede Tubular dysfunction

Reduced renal function

6.08ULYAIUIY

nsAnuEdunsAnwuu observational cohort ¥usnanasinsitauuAan HIV-NAT 006 3
:Ju prospective long term cohort 3930 HIV-NAT 006 LLazﬁﬂwﬂuijﬂwL@ﬁﬂl@%ﬁlﬁ%’ums%’mm@ham
flulviesludisiudl 1 unsiau 2553 Aefuil 30 Sunnau 2556 u quivszaunudmiliesswing lne
poalaslde Lusesuaud WensAnuidonsaddndulsaend (HIV-NAT) nisdaauldnsia CD4 HIV
RNA serum creatinine SGPT Lipid profile vin 6 Wou warilnisiiu stored plasma #38 serum 7N 6
ieu saudensiiiuperipheral mononuclear cell (PBMC) Jazads %"’ﬂ%’auuamdwﬁi’mﬁwsziﬁt,azﬂﬁ
Aanadnadesinezdnsivlugiudeyastvan ?ja%’a%aﬁé’jﬂfiauﬁlmmﬁ’m rouduen TOF szminavie
vadldfen TOF vilidnniinsedld dunsametiaany 24 Hluadieuiisuivludensiminisnge
sefuen TOF wag namsaamnsdnunduiugmansagyinduuuy cross sectional a nantlagdundadien
FetioyaguRnisaivesnsiin renal tubular dysfunction uazmsiUieuliisunsasiammsynanusesie
i asFeuiieussniniiisindeletloifieglulasnisiasdaeiidaiteesloTidldaulne
M

foyasdue TOF asiimafouifousswiieindeerleioglulasinmstuasitasiniie
wogledvIngTunnan historical cohort

uenaniagiitaefilden TOF 1w 48 auldSunsnsaaseduen TOF ogsasiden uazas
ihluiSeuidisufugning fuanain historical - cohort wazdiniaiUieuifisuseavinfuflugfndeios
lo¥fifutelddl msfnidelfasusnaud uasnswioudsussduimiuiludindolsadusnaudid
vielifinsfodeiarlesmdneg
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uanINUuin1seTszauelulndssluauniinisieuveslalud Taedl renal clearance 30-50
mU/min tieg31a¢lden tenofovir 1u1A300mg Juriutunie 150 me ( Asadn) Nniu
AFIAYVDINIUIY

TR s o a o a Y] a a s a a | | Y
wndvitugenans, Bunldlunisdndesen, ssaveillulnides, mnuiaunfvesvialndiudu
nMsvinuTeslaanas
o o L dl a o
AINAAUNTEluuITY

1. amendugiuvestindlelndied wse SNP (Single Nucleotide Polymorphisms) e
ANULANAINITTUENTTUTLARINN SR uilAdle lndliissiundadgtlaenuludssynsuinnin
Sovaz 1 HaneliianaiunnAaiunianenm wu daaugawanaisiu Badaeiu Sanundawswnaiy
I 1 [y a 1 1 [ < £y
Wulsasinaiu dnspavausssiosuana1eiu 1udu [43]

2. Afleuwes proximal tubular dysfunction
ANVENFIUATA 2 Tovaen1dzasialull

. a 901 A a
glycosuria (Inefnaumaludonuna)
hyperaminoaciduria
fractional tubular reabsorption of phosphate <0.85

total excretion of phosphorus>1200mg/day

®an oo

fractional excretion of uric acid >15%
. urinef3-2 microglobulinemia >1 mg/d
3. Stage of chronic kidney diseases (according to the Kidney Disease Outcomes Quality
Initiative classification by glomerular filtration rate (GFR) valuelay Lﬁmsﬁuu’mﬂﬂ’l 3
Loy [44] A9l 1 Stage of Chronic Kidney Diseases

Stage | Description GFR (mVmin/1.73m2)

| Kidney damage with normal or increased GFR > 90 ( with other evidence of

chronic kidney damagel)

| Kidney damage with slisht decrease GFR 60-89 ( with other evidence of
chronic kidney damagel)

If Moderately decrease GFR 30-59

\Y, Severely decrease GFR 15-29

\Y Kidney failure <15

'Other evidence of chronic kidney damage may be 1 of the following criteria: persistent
albuminuria; persistent proteinuria, persistent hematuria (after exclusion of other causes),
structural abnormalities of the kidneys at ultrasound scanning or other imaging tests, biopsy-
proven chronic glomerulonephritis.
4. 25 hydroxy (OH) vitamin D

Hypovitaminosis D: 25 (OH) D <30ng/mL

Vitamin D sufficient: plasma 25(0OH)D levels> 30 ng/mL

Vitamin D insufficiency: plasma 25(0OH)D levels 21-29ng/mL

Vitamin D deficiency: plasma 25(0H) D levels < 20 ng/mL
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7. suiguisive

nsfnwillasueranadasiiefadoievledvianunain HIV-NAT 006 Falu prospective
long term cohort FaUHUANIUN 2 s218UTFITY
wNuATFUT 2 518Ul

HIV-NAT 006 cohort
N=1450

%

TDF renal toxicity assessment
N=1450

Tubular function assessment
N=700

Y

TDF plasma concentration and

pharmacogenomic study
N=300-400

Intensive PK of tenofovir
(NNRTI (efavirenz) vs boosted PI
(darunavir/r, lopinavir/r, atazanavir/r)
N=48

ad
35015
1) ¥MnSAU urine 24 F3luawas clotted blood 10 @3 ( 2 Houw) LNEAINIIINITNNNIUVDY
proximal tubular ¥ #1579 Wnna Wealn g3akeTna 1UsAY urine-2 Wudu
2)  vIn1snsalaany
o % . g v Y e’l’ = =3 Y 1 = v
3) YIMINTIVTEAVE1VE9E1 tenofovir (nwauntdendil) tnsdnisiiuiegiudenvesiae
5 1adansiaYINN1TATIA NNIATIATLAVLIVBIYN tenofovir LLANLLFDA &4 LIATNANULIEN
nazfuenilodelulinniign wu Unfifueaan 09.00 u AvzanzidenianUseuna 08.30 -
09.00 U
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g yhmsarmeiunduiugmans  (amveuiilinienelden TOF  wdmegaluingiziia
renal toxicity) YNITIATIEVATHUGNITIU WSEEU WU ABCC2, ABCC4, SCL22A6,
SLC22A11, ABCB1 s Tnefimaifiushedradenvesine 5 Tadansiieviinisnsia

5)  ¥INN1IRTIATLAVLIVOIE tenofovir Wuuintensive pharmacokinetic study (ameeuiilden
ﬁ?ﬁﬁﬁmu% ) Lﬁam area under curve 24 hours(AUC,), minimal concentration
(Crin o C trougn), ma><|mat concentratlon (Cmax) half life (T1/2) iagclearance 1ui’u§
Wwfonzden 9 asinSiay 5 uaaam fausrewsuiuel ndsiuefivaan 1.0, 2.0, 4.0, 6.0,
8.0, 10.0,12.0 way 24 2lua ( augwu) wdaiuen YSunaudennmunsauly 45 fadans Tu
Suilovenatns  wldfunmsnsdendissndusnadidior  vdmntuneuaraduans
Fenliiflegaionadionly  uavanenfuinnzifentoondoaiiiumandond 120
Plumdsfugr  Tufuilagvinsenasssuenunduduressn  oamaiasniegayldiue
sufuomsdn nanetu ewnsdu wazensine audidvuslbilieranatasasldlasu
oy alisuUsEyUeIPU q usnniloandidels

6) yiN1sNUTeYa demographic data uay Nat1LAEdUBI8197N HIV-NAT 006 database
Mm99 urine 24 Hluauaz clotted blood 10 &3 viiivselsaln Aavunemmans
PRIANTUUINE Y

7). ¥N19m539 inactive vitamin D levels luaudilduazlild tenofovir wagluauiiduladasiu
sniauinielsanudniaud

N13053958AUE19UlERATIINTN597 gudidelsaend anin1yalne
@ inactive vitamin D levels asianviiesiadlivie n1A3v1e1g5MnT Auzumeaans
PNAINTUUMING 1Y

#2989 1 : Renal insufficiency Kae proximal tubular dysfunction

Adreteylodntavselila TOF fruiuianuaussann 700 auaglasunsia serum creatinine,
UA, urine 24 hr

nsAamuenanatasyi 2 38 feil @uifuauavemnvesenanasing)

1. deoanaiasuifinmunssnenalasenis HIV-NAT 006 ’“J’uifu%ﬁmimm@aﬁﬂmamiﬁ
foranatinsdnlofesldiusdetusenitednsnlunde  dduiuofutiufesiinisnsioniy
HIV-NAT 006 1 ndse¥ivnenisunmd amasumedh q U sassdugauastinin asams
WosUUAN13MuLlATINT HIV-NAT 006 wWuaziin1sinzidennsialaensianialainingr CD4 HIV
RNA ALT creatinine  luuilazdslifinnsnsiadenveslasenist wiazldinvaneonanasinsuidn
afadi3 Lﬁauiui’uﬁmmaﬁméfaqm%’uméhuagjLLé’a ionsratlaanzuazidennulasinist

2. pranadasTniuedu mn 3 o) Fulusziimananeislasinisi deamatasdlafay
IS duddeduseuiiorsnlumside  TaoSudazldiinisvdennsn  uazasdanangliunluty
Renfufuiiaulddonnnsianutinues HIV-NAT 006 de¥uifuasiinisdnusyianamsunmd #sa
$umesh 9 1 swiiduguazimiin asamaiesufoinisealasenis HIV-NAT 006 Lduasd
Mezdennsialaensianislainidne) CD4 HIV RNA ALT creatinine  wazaszifiunsnsiaden
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[y
[ Y

QQIJ 1 [ . ) ¥ Y v gj 1 a a QQIJ
Y9399lA5INTH dwnsiv urine 24 9ilae auldaglasulanunedasasantdnnesedlasinisi
wazne1utaaznsiudeunuldalmtnuszuiul davneuiuln

anuiivinniavmaaes uaz / vizeiudeya

1SNV AUZLINEAIERT UNNTNEIRERIAINTH WazaAudUTEauANTINTaTEnIN
e opaAsIAY LWsosLAUS Wion1sAnvITemematnaulsaiond (HIV-NAT), AudITelsnend
ANIN1VIALNY NTAVNLNIUAS

nsAATEidaya
G Savdn
Proximal tubular dysfunction between TDF vs non TDF, boosted Pl vs NNRTI
Chronic kidney disease/renal insufficiency between TDF vs non TDFHIV RNA < 50
copies/mL
¥ ase
Factor associated with renal tubular dysfunction/renal dysfunction
Proportion of vitamin D deficiency

Correlation of Vitamin D and hepatitis B or hepatitis C liver fibrosis

Anreideyaiiugudtasiomaldud ey, e, n1svieuwedls, naiia renal  tubular
dysfunction, chronic kidney disease/renal insufficiency, mﬁm”l:s%’aw@éﬁ;ﬁﬂwlﬁ%’u‘lmaLa‘wwzm
tenofovir, 8ndu NNRTI, Pl 538£13819830157U8197Y, A1 CD4, HIV RNA WANLAIANLRAY A1 median
wazyinsuUsngudtienusysunisiinrenal tubular dysfunction wanuasssnaNEtaeAtinslduas
13141 tenofovir  wazdimsizvimiladefionafieadestunisiia renal  tubular  dysfunction/renal

dysfunction

N1SATUINYUINADEN

Sample size calculations are based on precision estimates around the 22% prevalence
of tubular dysfunction that was reported by Labarga P et al[9]. We currently have
approximately 350 patients taking TDF. If the prevalence of tubular dysfunction is the same as
reported in Caucasians, the confidence intervals would run from 17 to 28%, allowing us to
discern the actual prevalence in Thais with an error margin of approximately +/- 6%. According
to these estimates, our study would have approximately 80% power to detect an odds ratio of
2.25 for a predictor variable present in the patients taking TDF with a prevalence of 25%; and

90% power to detect an odds ratio of 2.6 for the same predictor variable.

viatafl 2 nderaumansvasnilulwiesludandeesleiiinshonuvadaniuaznisiiny
vaslas
1. indvaaumansvasenilulwiiesludandaiavledfifinnahauvadauni
Sugnanadinsidnmamidedndsnag a8 medadanaudhcd

1) fuuszmuegdnulifaviiadiil TOF Wudwuszneusnuiunii 1 feu
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2) §1 HIV RNA <50 copies/ml n18lu 6 iiaufiinusn
3) gipslansinlulasinisive

4) ALT <100 U/L way

5) eGFR > 60 mU/min/1.73m”

[
=

fefidnsulesamsdesiiionun 48 seutadu 2 ndw Suegiuiinveserdulifadie
Sudsgnuegsaniu tenofovir lnewuady
nau A fthefndeletloifllésuen tenofovir Samfuendiula¥andu NNRTI (efavirenz) $1uau
12 578
ngu B fuhsfntoienlefildsuen tenofovir afusidiladanau ritonavir-boosted Pl
Juau3e 5w eswuaduldesiudu darunavir/ritonavir, Lopinavir/ritonavir ey
atazanavir/ritonavir
Tuftheusagsnglasumansatameiunduaaumansiiuau 1 admeandendeluil
2.1 axafansesneuTuinuInsIasERusNegasiden dohmelunan 1 Weunewiy
tiansaasziuen Taefidernsfadonenanadasildondu TOF  Saufugidungy  NNRTI
(efavirenz) 1158 boosted Pl (lopinavir/ritonavir, atazanavir/ritonavir, e
darunavir/ritonavin)  angnuteya warluiuileraasinsidnededildsunsdmdentinima
ANLAYIONITUBINULATDLATINTT long term observational prospective cohort (HIV-NAT
006) enanaiAsngusisnanlasuilsteyarequoslasamsideildszyliluenansuansaiy
Buraud159ulATINITIAY (patient informed consent) NeEITelalvioNanadnsuiassediIa
811 waylilagnauaueiaiadasnela
2.2 MINTIasEiuEnetvaziden Weenaradaslidusdedusenfiodisulunisise
Tnwasaslaudaldsunsinasaasid
2215uf 0 asrameunduaaurans S93ull onanasinsdoslafiugduan
NV ‘wé’qmﬂﬂ?‘imawaﬁmmﬁmuﬁ%ﬂ%wLLummunmﬁﬁwma p1@1atAslASUNNS
mnmwmu INS ammmwma umuﬂuavmum p1E1@LATIASUNITLLLE DAL e
ﬁmLLiﬂﬁmmmwaqmﬂuuwmmm ATy Laamiuwammaammmaﬂlﬂ Tuuils
nstidenndiay 6 93 deuiuen (t=0) uaswdsiuen a Falusii10, 2.0, 4.0, 6.0, 8.0,
10.0, 12.00 uay 24.0 574 9 S
Tusuiivgsmnitenanasiasinuanziden a foufugn (t=0) wadn enanadaslasy
TDF ¥89US® Gilead Sciences w11 300 adn5u 91wau 1 1dia s2uiuen NNRTI %38
ritonavir boosted Pl wazen NRTI 801 i fionanasiasineiudsesn uayndeanni
paasiaslAsue1mSAn LLazﬁmi@@Lﬁammmsﬁuﬁmﬁmmnmﬁﬁmum wazenaalng
Li5ua1mananadu war 81sdu auian @weinagu NNRTI %3 ritonavir boosted
Pl wazen NRTI 3n 1 fhfienanadasieeiulszsrdnduriniionaadnsdesiuiuas 2
%y iedananenanasinsaiunsaniuenldias Judiinisnsianisdinaiinidadinine
59uf9 1599 CD4 way HIV RNAluEen sawdnimaluden luiuluden (nday 12 §3)
Lﬁaammu@mmﬂaa@ﬁaﬁw
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2.2.2.5U% 1 1aatastasunisuanuieliuinsiatdennuaiiniuug (24

FN9na991nAUeN TDF)

Tngagenanatasldumstanmameundyaaumans 1 ass (Yufl 0 vian 8.00 -
20.00 u. wagduil 1 19an 8.00 u.) Yauxitlden TOF vum 300 fadnsu Sauandluunsundsud 3 ms
ATIANPNUNFYVIAUAIARS
wHunfizuRl 3 nsnsranednunduaauans

ananaiing 48 seitlden
tenofovir $9ufiue Efavirenz
138 boosted Pl (DRV/r,
LPV/r, WS0ATV/r)
naag 12 578

l#

24 hr intensive PK
(dayo, 1)
T=0,1,2,4,6,8,10,12,24 hr

S¥AUYN tenofovir, efavirenz,
darunavir, lopinavir,

atazanavir

nsseideyamaundvaauans
f?haemLﬁamﬁamimaﬁLm’lzﬁﬁﬁau“amaLﬂﬁmaumam%ﬁ?ugﬂﬁ’lmf]ué”wmmL%’J 1,500 50U
siout ndsnduliinsusnfunaanligumnd -80°C segradontanuadinsinaainiiideya
VI 9IMNTANYIUTENO UMY SHAUTETIN vuelavAIeg1shen waziaianziden syduen
tenofovir, efavirenz, darunavir, lopinavir, atazanavir ﬁ?uﬁwmﬁmmzﬁim%% High Performance
Liquid Chromatography (HPLC) ﬁﬁmﬂﬁﬁ’amsﬁuaa HIV-NAT %ﬁﬁmmigmmumimm Quality
Assurance MNNNNRINGISY Radboud Nijmegen Medical Center USEinALLLEaSLAUALA?
TuustagaaivhnisTinsngiiinisaina calibration curve (agnatios 5 ) Liteldluntsduine
aududureseduinan fegeiiviinsnsia drdeuuansisvesdiiigntues QC wnndn 15%
Tun1svh calibration curve AldanunsasuAilunmsasiandeiunazfonir calibration curve lul
‘Vﬁjmm
Mawdendiegne QCs  Idhlidwumnnluaiaden sasudafuidunasades 13lugungd
< -18 ssmwaidea FaldAvnntutuiegwiideanimmsain melinseiiiuanyasiena QC Aifien
sefuaTadud s nane ge deu Mndusnudeiiedisiifesnimnaia
Aravawegne QC fildgnihunldlumsdaduin amnsaensu vie UjiasAinanisnsininves
fhetewesenanatas wnasinssensuAransnse Wusd desdlegadon 4 Tu 6 vesete QC e
oglutas  20% vosrundlae 2 Tu 6 vesfierns QC @laildnnudududentu vio dmumiadeaiu
lunmeaeu) envdiAeguenyis £ 20% vesdUns
s IamandvaaumansiagninunAamelusunsy Microsoft Excel Ju 2000 3n¥aya plasma
concentration-time vasusiazsy Fnmandyaaumansiazdnwilaun
AUCy ar, - Aituiinneldns i anududuvesseduen-nan
(plasma concentration-time curve) [fadn3u*dalua/ans]
Crax 3zﬁ‘ﬁ’ummLﬁmﬁuﬂummﬁﬁmgaqm [Haansu/ans]
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Conin * FEAUANNLUTUYRIETLANER [HadnTu/EnT)
ta  SEEEIANITEAUENTAITNTUGWAR [F3134]
dl A % 4" d! . . . . 4! % (% 6 o .
ty, @ LIAMNUINUNITVINYIATINUS (elimination  half-life)  GIFUNWUTAU terminal
slope 984N semilogarithmic concentration-time curve (In2/A) [Fla1g], veugh A
ADANAINIVBIN1TVALN (elimination rate constant)
luns@nwilldideyaveteraadasynitenedauaulaseiniside wviing
AATIERAMNENR tnedeyaiily Ae Yoyaatifiuszy1ns (demographics) wazdayaniny
Uaansiy
Toyaanenaradnslagniiulilu case record form (CRF) uaginsien
el = [y ! 1 ! U U £
Wiguiguiuseniingu A wag B uazsendng boosted Pl udazsiilagazlynis

a 6 . . . b ®QJ % s 4
AATITIUUU descriptive analysis aaelusunsu SAS muusmanduaauaansayld
TUsunsu Excel 1997 wazn19tAs121lagds noncompartmental method

AsAnwNIvaRAeYINISUSsUMBUAINULINTUYDIEN tenofovir  wilalisauAvans1ulisana
NNRTI (Efavirenz) uag boosted PIvis 3 aila (Darunavir/r, Atazanavir/r, Lopinavir/r) Wwagdeeunsan
1138AUYT efavirenz 3o boosted Pl dinage tenofovir plasma concentration %3k

2. indvaaumanivaseiilulndssludindfotetladfifinisvinauvaslag

lefinnsnsraseiuentenofovir wuvazBenluauiiinisihauvedlam (renal clearance 30-50
ml/min Wienaumaiuinnasazlden tenofovir 300 me Suutumuiiuuzi winuldonaliazenn vie
14 tenofovir 150 mg ( tenofovir vasesimsindaannsavnesadiale) Tneflsrwavidondai

Tassmsideildgnoonuuulidunisidessesi 1 lidusedns wuudna (open-label) nsAnen
MANFYAAUANENT 210 4 @0 WIFe: HIV-NAT, 50 9ay3 5w wewd 5w dudinaddag sw uasiad
pranasinsfifinantsmsiaiudumsindelss lo 7 uarldsunisinuidesdilulnidesuunm 300 un. yn
48 $lus Bafudrunileosgnsondulaa HAART #idlendvhlasud vieilafiundesAlmndesidu
aaAUsENaU ArgniaueliiiisulaTInsIde

pranasinsfifiguantfidninlasnisaglfidriulassnmsifolundulandunisfaiduogifugms
81 HAART Y09018naiins

naudl 1: enanasiaslaFueiiluliidesuunn 300 un. vn 48 Halus wfugadigfiuuazedvila
it waglasunistududnden Cler 30 feoandn 50 wa./uni

nguil 2: eranardaslafusiluliidesvuin 300 un. vn 48 Falus Samfueaniiyfunazeladfiun
HesAlnundes waglasunistiuduingden Cler 30 fsdpendi 50 wa./Aung

%’jumaumﬁé’fa%mﬁauﬁ’uﬁ%aaaﬂfju ormaiamn et meglumAdeasiiiamnonside
2 a1 Tutlmnenisiseafausnonanasinsarldsunisussfiumeiundvaaumansfunan 48 $alus
Ffmnenisensafiaeslunanassdnmidonn eranasiasezldsunisussiiumednundvaausnans
Juan 24 $2lus mndndueranadnsasdesusuinilsmeruianasnszoziatlunsiuiegiudon
ensAnwmandvaaumaniogsazidun
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Taseansaztavaneluiudnsinlasanis (Fui 0) wislidudavunedeituiuiienaiadaslasu
Usgymueniilulniesniauiuanmseumnuanissulsenueaulsauni  azngdenenanaiag (3
18.) nausuUsEmusdulsafinfnwseavenilulnieswasf 0.5, 1.0, 1.5, 2.0, 4.0, 6.0, 8.0, 12, 24,
36 uay 48 Tlumassulsemuen ieiruaaududuveselulniesagluwad eraainsazgn

= .:' a d' q'} [ YY) Ly dd' @ L 1 A zﬁ' = v
WIEAANLUSINM 10 1A, 71 48 TluandISUUIENIUL NURNNI5IAUAMBENULEDALNANEINI9RIUY
[} v < qy L ~ Yo = a & & [
wndyaauransialadaduas oaadasavgnildsulisudsenmueilulniesiduvuin 150 un. uag
A31 waroranadinsazgnuelvinduludalsaineuialunataesdunividenn (14 Tu) eraadasaznaulun
Tsmenutavazazlasunsuseiliunienunduaauransidunal 24 2lue 1asan159zianziaantivaliu
moagradendugaliunnousulssmueidulifauasi 0.5, 1.0, 1.5, 2.0, 4.0, 6.0, 8.0, 12, uay 24
Fluwmdsdulsemuen emvueanuutuveseluliieingluwad enaadasazgniaivifoniity
USunau 10 wa. 91 24 Fluandasulseniuen Wen1siAufeg1u8aaian1sANEINILNEYaUAIEnSASS
Paonaseduas oraadnsazgniudsulinaulusuusemueiilulndesiduuunn 300 un. vn 48 Halus

Fudunsaduganisive

siadadl 3 szduenilulwdssuazanuasademdlaludiasindenylaiaulne
pranadinsdnsaneuideduisiuim 300 sefesiuussmueidulauiedd ToF 1y
drusenouanuiunit 1 heu
fhefidrsulesamsgesiiazutadu 2 ndu Susgiuriinveseduliiaiimdeiusemueg
$3AU tenofovir Inewuaiy
nau A fthefndeietleflésuen tenofovir Safusdnula¥angu NNRTI (efavirenz)
naw B flhefnidolelelésuen tenofovir saufuedinuladandy ritonavir-boosted PI
ynauldsunsanzdeniionsziuen tenofovir Tu wanain 1 ase

WBnsAnwITevaslasenis
Tufuifthsanmuinnansaaund fiheldsunmsufofssd
1. fifevinsdndonoranasinsiiléord TOF angudeya
2. luiuilormatasfiflsedefildsunisdndonlimmsanuidavionniuemudavedlasens
long term observational prospective cohort (HIV-NAT 006) enanadasnguaananiltasu
flstoyareguedlaseanisifelassylilulenasuansanuduseuiiriulaseniside
(patient informed consent) wagIdelvionaadnsurarseiiia1e1y kasdnaIuAIAINY
ovaasinsnele uaziileoaadinsliiduiteduseuiiioiirsulunidelasasiaslondn
fAfevinsnnadihedtelul
a. fnusEiRnenIsunng
p3rTumerh 9 W nuisdugaazimin

o

c. AMmieslfUanms . Tudilsusarsglasumnsianeseduen 1 ASa o aLRen
Ingliianzidenluyg 23-25 Faluandafiugvse mid dose (11-13 Filuandsiuen) lu
efnuglunaunaIaa
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dmsulusediiuen tenofovir 1wIasn (TDF 300 mg 3-4 times/week) i Auen
Fuduns ws ang wend ndudldumanmaseiueniudund viie Juws
Tupuiiihasusniaudsanse wlifunsamaseiuentenofovir Auaz2 Ads o
nanfeufuetenofovir  wasndsAueIUszaa 14 Halus iieduaa population
pharmacokinetic ( PK)
3. %’aaﬂa“uaﬁ CD4, HIV RNA, liver function test, lipid profile, FBS, i’uﬁﬁuﬁumtenofovir 6?5@
gniAullugnudeyauuuprospective cohort wn 6 Iusgudaldgnianangudeyaiiie
UTATIENUBYA

o Y

o :
\AVBdN 4: pharmacogenomlcs
MnsaTIanesuadviugamans (anzaunliviseinslden TOF  wamealunsizifia renal

toxicity) ¥1n153ATIZREITNUGNITU W30EU 19U ABCC2, ABCCA, SCL22A6, SLC22A11, ABCB1 iludu
Inefimsiiuiegudonvesite 5 Taddnsiienismsia polymorphism N133AsziansiugnTsu
NIV AMBLAFYAIENT PIaINTAINNIINENGY

Pharmacogenetic analyses

Human genomic DNA 16 extract 4131n peripheral blood mononuclear cells (PBMC) Tag
QIAamp®DNA Blood Mini Kit (Qiagen, Hilden, Germany) mﬁ%mi‘ﬁlisﬂurnanufacturer instruction
17911n1991593 Single nucleotide polymorphisms (SNPs) 4112u9  genes oA ABCC2 -24C>T
(rs717620), ABCC2 1249G>A (rs2273697), ABCC2 3563T>A (rs17222723), ABCC2 3972C>T
(rs3740066), ABCC4 3463A>G (rs1751034), ABCC4 4131T>G (rs3742106), ABCC10 526G>A
(rs9349256), ABCC10 2759T>C(rs2125739) and SLC22A6 728G>A (rs11568626)
IpunnsnsiameTagman  allelic  discrimination assays with fluorogenic  probes (Applied
Biosystems, Foster City, CA) R probes @%3U 9 SNPs lﬁgﬂaamwdm Applied Biosystems 7500
Real-Time PCR System.
Statistical analysis

Genotype frequencies were determined by direct counting. The genotypes were divided
into three groups: wild-type (two copies of common allele), heterozygous (one copy of the
variant allele) and homozygous (two copies of the variant allele). The deviation from Hardy-
Weinberg equilibrium was determined by Chi-square test. Allele frequencies were compared
between populations using Chi-square test. All statistical analyses were performed using the
Statistical Package for Social Sciences software (SPSS version 17, SPSS Co., Ltd. Bangkok

Thailand). The level of significance was set at 0.05.

n5AT1Evideya (Data analysis)
1. nmsasudeya: deyaldeUiinn, Sanaidudiedouazandoauunnsgiu
2. muihiaustaya: M54, NTMIEULgY
3. MSNAd@RUANNAFIU: Unpaired t-test, Chi-square test mué’ﬂwmzﬁﬁaga
SmunAnted R yn19adan 0.05
4. UAMIANUFUNUS: Pearson correlation
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Usy1Im19338555% (Ethical Consideration)
msfinuEidu observational cohort laifimsldenlaquanmiionniifiheldsuogiiu

nN13AN T8 HaHIUN1TRANTUNIINALLNTTNNTTIUFTTNTOIVDIAMEUNNEAIENS QWI1AINTA]
uvAnendunounas FeruNATIUTEYIYRIANENTTNNTTIUSAWIYITLCOmmUNity advisory board (CAB)
vesquiidelsaend aninvalne neudsasiulassnisliuas{idelindsuonarsveninuBugonain
auldnoungsnilasinis guaefidnimnsidoesldsunsesueisteruasdoidevesnmaitrsunside
dleffidusenuarasieluluusenndn ssgninzidendivadnifosuazivlaans 24 $2lus wagnaveanis
Felufinardsuuvaimsnuiguaeidsldiuey mafusunadoyadugeduanuseiinsnuided
Wudaiuni HAnNMTIdeAndlaiuagdUayminieasesssy

ANTLEY9INNITNRNANIT

nstazkaena1avilmiinensluauiy \deneantazadenls audenvuiadnatainduly
USNUNRNLZEAY59971358917115UNIUUSARINEILE 81N1SUTNERNSNISRAIDINIZUS IR
wananannvulawanule lduse

UsTLAUdY 9 AuasESIIY
eulszdi - Megrndoniiiiuuazdinavesnaainsmnaugiidessiiuily  anudu
=] a U vav a1 a v LY & [ v ! A A ras
wazazliinsdameiugiliidnfeitesdiulasinisiiegiunnvinuasiegiadeniiiuas lidve
YoIoaalns ManueRIdeEldsiauny

gunsalnldlunside
gUNIalnieguad : 1n38n3a Uaaniy 24 43119 1AT9IMTIA creatinine
gUNIalnfasdan iy : 1n3enTaeTluliIes aunsaliavidensine reagents

Wi 27



8. Nan1SAN®
AugIdevenensenudulumuidedesiis 4 Widedmeluil

#2%a 1 : Renal insufficiency naz proximal tubular dysfunction

[

a1 Jufl 30 LWy 2556 T 19ulASaNT3T8 renal toxicity  MSEUTILIN 1,391 578 lagld
wisthooenidu 3 nquldunnguiiléen TOF fususniSuvesediulada (TOF based HAART) neudild
g1dulsidl TOF (non  TDF  based HAART) uagnguitld TOF w&sanlel evdusnduannou  (TOF
switching  group) Fsdnwmeiiugruvesineds 3 naulduandunsed 2 feyaiugiunisedinues
pranasiastiaundauandifiuinnguiléen TOF daususniFuvesend (TDF based HAART) iilo
Wisuiisuiunguitldiendulsidl TOF (non TDF based HAART) flengtionndn Sruiugwdsifosndn
thwiinaanndt usl BMI gendn current CD4 count $indh usiduugthedidl HIV RNA< 50 copies/mL
11 8 Median (IQR) GFR gandn fiffthefiagle indinavir ua stavudine Hosnin uay f51oild
NNRTI (non nucleoside reverse transcriptase) innnin fiffanidelasadusniaudunnnin udiifiae
WML ANNAULATRgs A1z metabolic syndrome Wag 113 lipodystrophy Ueeninagnatiniay

v I
) a

M137199 2 dayanugIuNead

&9

Unvasa1aadlaIenuea (Subject characteristics)

Characteristic Total TDF based HAART| Non TDF TDF switching | P-value

N=1,391 N=261 based HAART group
N=370 N=760

Median (IQR) age, years 36.7 32.6 34.8 38.5 <0.001
(31.4 - 42.3) (28.5 - 37.6) (30.4 - 40.6) (33.4 -43.9)

n(%) female 636 (42.7) 91 (34.9) 158 (42.7) 352 (46.3) 0.005

% CDC classification A:B:C 52:33:14 52:33:14 52:31:17 51:34:15 0.765

Median (IQR) weight (kg) 57.2 58 57.6 56.5 <0.001
(51 - 65.4) (51.4 - 65) (51-67) (50.8 - 65)

Median (IQR) BMI (kg/m2) 215 213 21.8 21.4 <0.001
(19.5 - 23.6) (19.3 - 23.3) (19.7 - 23.8) (19.5 - 23.5)

Median (IQR) 536.5 488 540 571 <0.001

current CD4 count (cells/pl) | (374 - 711) (352 - 644) (347 - 711) (437 - 759)

Nadir CD4 < 200(cells/uL) 185 188 170 191 0.511
(84 - 261) (86 - 248) (68 - 259) (96 - 264)

Median (IQR) HIV-RNA log10 39 4.2 4.4 1.7 <0.001

copies/ml (1.7-4.7) (2.7-4.9) (3.8-4.8) (1.7-4.1)

n(%) Patients with current 1239 234 308 697 <0.001

HIV-RNA < 50 copies/mL (89.1) (89.6) (83.2) (91.7)
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Median (IQR) creatinine 0.9 0.91 0.92 0.9 0.002
(mg/dl) (0.8 - 1.04) (0.8 - 1.06) (0.8-1.1) 0.77-1)
Median (IQR) GFR 95.3 96.4 92.3 96.2 0.002
( mL/min/1.732) (82.5-107.6) (85.9 - 109.5) (81.6 - 105.5) (82.3- 108.1)
n(%)
Pl based HAART 361(26) 65(25) 81(22) 215(28) <0.001
NNRTI based HAART 418(30) 135(52) 117(32) 166(22)
Pl and NNRTI based HAART| 612(44) 61(23) 172(46) 379(50)
n(%) indinavir exposure 294 - 139 155 <0.001
(21.1) (37.6) (20.4)
Median (IQR) accumulation 294 - 39 4.4 0.583
of IDV exposure (years) (1.6- 6.8) (1.7-6.7)
n(%) stavudine (d4T) 729 (52.4) 15 (5.6) 215 (58.1) 499 (65.6) <0.001
exposure
n(%) atazanavir exposure 227 29 a3 155 <0.001
(16.3) (11.6) (11.1) (20.4)
Median (IQR) of 8.9 4.2 10.6 10.8 <0.001
duration follow up (years) (4.8 -12.2) (0.9 -6.7) (5.9 - 14.0) (6.2 - 13.3)
n(%) hepatitis B co-infection 168 46 14 108 <0.001
(12.1) (17.6) (3.8) (14.2)
n(%)hepatitis C co-infection 109 16 31 62 0.519
(7.8) (6.1) (8.4) (8.2)
n(%) diabetes 78 4 21 51 0.006
(5.2) (1.5) (5.7 (6.7)
n(%) hypertension 167 (12.0) 8(3.1) 58 (15.7) 101 (13.3) <0.001
n(%) Cotrimoxazole exposure | 142 - 76 66 <0.001
(10.2) (20.5) (8.7
n(%) Metabolic syndrome 130 6 a1 83 <0.001
(9.9) (2.3) (11.1) (10.9)
n(%) Lipodystrophy 541 17 178 346 <0.001
(38.9) (6.5) (48.1) (45.5)
n(%) Renal dysfunction at baseline 0.007
Normal 843( 60.6) 168(64.4) 200(54.1) 475(62.5)
Mild 503( 36.1) 92(35.2) 150(40.5) 261(34.3)
Moderate 43(3.1) 1(0.4) 19(5.1) 23(3.0)
Severe 1(0.1) 0 0 1(0.2)
Kidney failure 1(0.1) 0 1(0.3) 0
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M19199 2.1 WiBULigy baseline characteristic ad 1IaMENEIAIUN TenIEUBNGENTYIAIEN

@1 TDF ez non TDF iuengnsusniusiasiu

Characteristic TDF based HAART Non TDF based HAART P-value
N=261 N=370

Median (IQR) age, years 32.6(28.5-37.6) 34.8(30.4-40.6) <0.001
n(%) female 91(34.9) 158(42.7) 0.047
% CDC classification A:B:C 52:33:14 52:31:17 0.59
Median (IQR) weight (kg) 58(51.4-65) 57.6(51-67) 0.06
Median (IQR) BMI (kg/m2) 21.3(19.3-23.3) 21.8(19.7-23.8) 0.24
Median (IQR) baseline 218(126-290) 228(105-342) 0.07
CD4 count (cells/pL)
Nadir CD4 < 200(cells/uL) 188(86-248) 170(68-259) 0.30
Median (IQR) HIV-RNA log10 4.5(3.9-5) 4.4(3.8-4.8) 0.28
copies/ml at baseline
n(%) Patients with HIV-RNA 174 (66.8) 246(66.4) 0.02
> 4 logl0copies/ml at baseline
Median (IQR) creatinine (mg/dl) | 0.91(0.8-1.06) 0.92(0.8-1.1) 0.02
Median (IQR) GFR 96.4(85.9-109.5) 92.3(81.6-105.5) 0.57
( mL/min/1.732)
n(%) hepatitis B co-infection 46(17.6) 14(3.8) <0.001
n(%)hepatitis C co-infection 16(6.1) 31(8.4) 0.03
Diabetes, N 1 2 -
Hypertension, N 0 2 -
n(%) Renal dysfunction at baseline

Normal 0.001

Mild 168(64.4) 200(54.1)

Moderate 92(35.2) 150(40.5)

Severe 1(0.4) 19(5.1)

Kidney failure 0 0

0 1(0.3)

A7l 2.1 GrheiiEusnwideendu TOF fergtiesniuasiidnnudtaegndglosndn
fhefidnisvhameslafinunitosnd warditaefndolasusnavitesniusiitasindolsasy
Snuaudunnnd Tungu non TDF uenaintustuudihefidunimiuasanuduflismaty w vand
Buendu widhgasned 1 vdsnldriusudinguitld non TOF aefiffihefifuummiunazanudy
WINNBY ALY
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i 1 waasleniafiaziiia renal insufficiency a1nnslden TOF 1agna1N eGFR AAAININATT 25%
271 baseline %3a < 60 mU/min/1.73m’ IaswSsuifieusia 3 nausswinanguiilden TOF fausiusnida
¥9387¢1U (TDF based HAART) nguitldendiulaisl TOF (non TDF based HAART) uag nguilld TOF
w&nlderduiiduunneu (TDF switching sroup) %ﬂwudwmjuﬁiﬁmé’m (TDF based HAART) dausi
usn wagnguitld TOF ndsanldendumdumnneu (TOF switching group) laiefu uagsnsannaudils
#1"1ul33l TDF (non TDF based HAART)

1.00
!

/

* — — s ¢ — . — .

Proprotion with renal insufficiency
000 025 050 0.75
|

0 1 2 3 4 5 6 7 8
Years
Number at risk
TDF 261 185 154 137 122 103 83 39 8
Non TDF 370 306 236 191 176 158 145 120 109
TDF switch 760 664 545 411 284 196 168 117 35

—— TDF ——-=- Non TDF
................. TDF switch

Incidence rate (95%Cl) overall =3.8(3.2-4.3) per 100 person year of follow up
Incidence rate for TDF = 1.9(1.3-3.1) per 100 person year of follow up
Incidence rate for non TDF = 6.9(5.8-8.3) per 100 person year of follow up
Incidence rate for TDF switching = 2.4(1.9-3.1) per 100 person year of follow up

[

lgnu319ie 3 nausuin renal insufficiency Weldedunidussesianagde dail
1.2, 1.8 way 1.4 Usuansu
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miﬂﬂﬁ 3 LLamﬁ”JLL‘UsﬁﬁwaﬁiamiLﬁﬂ renal impairment 18N15ASIZALUY Univariate and
multivariate by Cox proportion hazard regression
Variables Univariate Multivariate
Hazard 95% ClI P Hazard 95% Cl P
Ratios Ratios

Subject group

Non-TDF 1.00 <0.001

TDF based HAART 0.26 0.16-0.43

TDF switch 0.26 0.19-0.36
Age >35 years 1.98 1.45-2.72 <0.001 1.76 1.26-2.45 0.001
Gender : Female 1.40 1.04-1.89 0.028
BMI 1.00 0.98-1.03 0.768
Weight 1.00 0.99-1.01 0.603
CD4 cell count at baseline 1.92 1.44-2.58 <0.001 1.77 1.32-2.38 <0.001
< 200 cell/mm3
HIV-RNA > 4 log10copies/ml 1.80 1.3-2.4 <0.001
at baseline
indinavir exposure 4.85 3.62- 6.49 <0.001 3.68 2.73-4.96 <0.001
d4T exposure 0.72 0.54-0.96 0.028
Currently taking TDF 0.66 0.56-0.77 <0.001
Currently taking ATV 1.71 1.21-2.41 0.004
Hepatitis B 0.43 0.24-0.78 0.006
Hepatitis C 1.11 0.67-1.85 0.683
Diabetes mellitus 2.76 1.80- 4.25 | <0.001
Hypertension 2.42 1.73-3.39 <0.001 1.61 1.14-2.28 0.007
Metabolic syndrome 2.98 2.10- 4.23 <0.001
Lipodystrophy 1.70 1.27-2.27 <0.001
Cotrimoxazole exposure 3.44 2.47-4.80 <0.001
months
Year at start ART 0.86 0.83-0.90 <0.001

NA57 3 wudTlun1shes1eiuy multiple  variate §udsfifinasienisin renal

. .. .. . 2 Y N a Y]

insufficiency (eGFR declining > 25% or eGFR < 60 ml/min/1.73m") laun 91g > 351 Sue@nuluy
ug? CD4 AN 200 cells/pL waelasuanaiulisa Ae indinavir 38 stavudine (d4T) unfeu way &
Azauiulafingssineae n1ska TOF Tinansesdiu fe Lin renal insufficiency tasniinguilils s

. . a % v aa i . 2 =
Juwmsnz selection bias ins1eidenly TOF TugUefl eGFR gand1 70 mU/min/1.73m” wagidesnis
TilugUaefimnudesgs wu ulsannudulaings wivau ongunn Wudu Ussneudungy  non
TDF $gtheiagla indinavir uag stavudine 1A
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NAN15ANYINIAIY Renal tubular dysfunction

wasnuuliinnswseigtheninisesadaaie 24 $alue 3dinsiie tubular dysfunction

a & | A . 2 ~ ~ ] oAy v Y
378 lnedeonnguilll eGFR > 60 mUmin/1.73" wagilIsuifiguseninnguinlauaglilaen TOF lag

proximal tubular dysfunction gaInuangIuAILe 2 Torasnizasaluil
. a 901 = a
glycosuria (Inennatinaludeauni)

a.

b. hyperaminoaciduria

c. fractional tubular reabsorption of phosphate <0.85

d. total excretion of phosphorus>1200me/day

e. fractional excretion of uric acid >15%

f.urinef3-2 microglobulinemia >1 meg/d

13197l 4 uansdnwrNugIuvasUszYInsfiAine (Baseline characteristics of the  study
population)
Total Non TDF based TDF based HAART p-value
N=696 HAART N=544
N=152

Gender : female n(%) 324(46.6) 57(37.5) 267(49.1) 0.011
Age (years) 41.5(36.78-47.1) | 43.7( 38.0-48.5) 40.9(36.8-46.6) 0.005
BW (kg) 57.1(52-65.5) 56.4(51.2-65) 58(52-65.7) 0.458
Duration of ART exposure 9.5(4.9-12.1) 10.6(8.2-13.2) 8.4(4.8-11.0) <0.001
(years)
Indinavir exposure n(%) 88(12.6) 30(19.7) 58(10.7) 0.003
Atazanavir exposure n(%) 108(15.5) 16(10.5) 92(16.9) 0.055
Other Pl based HAART n(%) 328(47.1) 55(36.2) 273( 50.2) 0.002
CD4 cell count (cells/ul) 558(416-723) 601(436-772) 546(407-716) 0.039
Nadir CD 4 cell count(cells/uL)| 191(96-257) 199(122-292) 187(93-250) 0.003
Proportion with 636( 91.4) 134(88.2) 502(92.3) 0.109
HIV RNA < 50 copies/mL
History of hypertension (%) 89(12.8) 30(19.7) 59(10.9) 0.004
History of diabetes (%) 39(5.6) 11(7.2) 28(5.2) 0.322
Lipodystrophy (%) 307(44.1) 71(46.7) 236(43.4) 0.465
Metabolic syndrome (%) 60(8.6) 10(6.6) 50(9.2) 0.310
Chronic HBV (%) 97(13.9) 8(5.3) 89(16.4) <0.001
Chronic HCV (%) 54(7.7) 13(8.6) 41(7.5) 0.679
Cotrimoxazole exposure 58(8.3) 21(13.8) 37(6.8) 0.006

(ever, %)

37t 4 Foyaiiugiunisedinvetenanatinsiiuan 696 Mefldiiudaany 24 dalus ieg
N1% tubular dysfunction %dﬁﬁgﬂﬁﬂwmﬁm TDF uwag non TDF based antiretroviral therapy R
Snwnirfiugruvesiihers 2 nqulduandunisd 3 Guandifuiingudilder ToF WeiSeudioudu
naufildiendulaifl TOF (non TDF based HAART) fiengifosnin srurugmdannnnii sozinaniiléen

9N 33




ANULAUNIT

indinavir 11NN wag & nadir CD4 #1N31 weill current CD4 count gendn AxAnweliFadudniaud

N v a{' [V . Y ' A o v v '
fifUreagle indinavir eendn ual{Uiedldersungy

=

wnnd willEte Anudulafingaasiaelasuen cotrimoxazole dognitegnetniauy

Pl f2UNUDNLNLDIIN

A131971 5 uanstayavaananiInsvRalinvesmalasIwI 696 Tefildiulaans

nlaasziizasnisyinauvedla Wiguisu subclinical renal tubular dysfunction

szudnanguild waglild TOF

Total N=696 Non TDF TDF based p-value

based HAART HAART N=544

N=154
Median (IQR) plasma creatinine 0.8 (0.7-1) 0.85(0.7-1) 0.8 (0.7-1) 0.098
(mg/dl)
Median (IQR) eGFR (ml/min/1.732) 96.5(82.6-106.3) 96.8(77.8-110.8) 96.3(83.3-104.8) | 0.578
Median (IQR) creatinine clearance 88.4(74.7-102.2) 88.3(70.5-103.9) 88.5(76-101.7) | 0.437
(ml/min)
Median (IQR) plasma phosphorus 3.5(3.2-3.9) 3.5(3.2-3.8) 3.55(3.-3.9) 0.203
(mg/dl)
Plasma phosphorus < 3 mg/dl (%) 65(9.3) 19(12.5) 46(8.5) 0.13
Fractional tubular reabsorption 0.87(0.84-0.90) 0.87(0.82-0.90) 0.87(0.84-0.90) | 0.717
of phosphorus (units)
Fractional tubular reabsorption of 165(29) 41(33.8) 124(27.7) 0.182
phosphorus < 0.85 (N, %)
TmP/GFR 3.12(2.77-3.45) 3.06(2.72-3.45) 3.14(2.78-3.45) 0.248
TmP/GFR <2.6 mg/dl 105(15.1) 28(18.4) 77(14.1) 0.194
Median (IQR) plasma uric acid 5.1(4.2-6.3) 5.45(4.5-6.75) 5(4.1-6.1) 0.001
(mg/dV)
Fractional excretion of uric acid (%) | 8.9(6.7-11.9) 7.9(6.3-10.9) 9.2(6.9-12.0) 0.003
Fractional excretion 79(11.4) 12(7.9) 67(12.3) 0.127
of uric acid >15% (N, %)
Nondiabetic glucosuria (%) 47(6.8) 7(4.6) 40(7.3) 0.233
total excretion 12(2.1) 3(2.5) 9(2) 0.749
of phosphorus> 1200 mg/day
RPTD (%) 114(16.4) 28(18.4) 86(15.8) 0.442

ANsNTi 5 'ﬁ‘]"lmu;f{ﬂwL%’wéauiﬂiaﬂﬁﬁ'wm 700 578 UALATIZILGLA 696 18 LWSIELAU
Yaazlinsu 39 renal tubular dysfunction MAASIEeLTiuI D189 29% war 16% muduia
N1 fraction tubular reabsorption of phosphate < 0.85 wag subclinical renal tubular dysfunction
U sanauiild TOF waw 1ld TOF Taifiaruusndnafumsadflunisife subclinical renal
dysfunction wanguiile
lutaanrainitedadaau

tubular TDF §ise@u uric acid Tuw@an way n1SUU uric acid
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A1519% 5.1 Wsuisunisiia Tubular dysfunction Tuauiiluwazlsiiuiuinau

Non DM DM p-value

N=(639) (n=39)
Median (IQR) plasma creatnine (mg/dl) 0.8(0.7-1) 1(0.8-1.2) <0.01
Median (IQR) eGFR (ml/min/1.73m2) 97.1(83.3-106.8) 83.5(58.6-97.1) <0.01
Median (IQR) creatinine clearance (ml/min) 88.9(75.8-102.3) 73.2(57.9-98.2) 0.01
Median (IQR) plasma phosphorus (mg/dl) 3.5(3.2-3.9) 3.5(3.1-3.9) 0.95
Plasma phosphorus < 3 mg/dl (%) 59(8.9) 6(15.3) 0.18
Fractional tubular reabsorption 0.87(0.84-0.90) 0.84(0.82-0.89) 0.02
of phosphorus (units)
Fractional tubular reabsorption 149(22.7) 16(41) 0.01
of phosphorus < <0.85 (N, %)
TmP/GFR 3.1(2.8-3.5) 3.1(2.6-3.4) 0.32
TmP/GFR <2.6 mg/dl 96(14.6) 9(23.1) 0.15
Median (IQR) plasma uric acid (mg/dl) 5.1(4.15-6.2) 5.9(4.8-6.9) <0.01
Fractional excretion of uric acid(%) 8.8(6.7-11.8) 9.7(7.2-12.2) 0.16
Fractional excretion of uric acid >15% (N, %) | 71(10.8) 8(20.5) 0.06
Nondiabetic glucosuria (%) 36(5.4) 11(28.2) <0.01
total excretion of phosphorus> 1200 mg/day | 11(1.7) 1(2.5) 0.68
PRTD (%) 99(15.0) 15(38.5) <0.01
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A13197 5.2 Wisuidisunisifia Tubular dysfunction Tuauiduuazliluanuauladings

Non Hypertension Hypertension p-value

N=(607) (n=89)
Median (IQR) plasma creatnine (mg/dl) 0.8(0.7-1) 0.9(0.8-1.1) <0.01
Median (IQR) eGFR (ml/min/1.732) 97.2(83.8-106.9) 85.9(71-100) <0.01
Median (IQR) creatinine clearance (ml/min) 88.5(75.3-102) 86.9(67.6-105.7) | 0.34
Median (IQR) plasma phosphorus (mg/dl) 3.6(3.2-3.9) 3.5(3.2-3.7) 0.02
Plasma phosphorus < 3 mg/dl (%) 53(8.7) 12(13.5) 0.15
Fractional tubular reabsorption 0.87(0.84-0.90) 0.86(0.80-0.89) 0.08
of phosphorus (units)
Fractional tubular reabsorption 135(22.2) 30(33.7) 0.02
of phosphorus < <0.85 (N, %)
TmP/GFR 3.1(2.8-3.4) 2.9(2.7-3.3) <0.01
TmP/GFR <2.6 mg/dl 86(14.1) 19(21.4) 0.08
Median (IQR) plasma uric acid (mg/dl) 5.1(4.1-6.2) 5.6(4.6-7.1) <0.01
Fractional excretion of uric acid(%) 9(6.8-11.8) 8.5(6-11.5) 0.39
Fractional excretion of uric acid >15% (N, %) | 65(10.7) 14(15.7) 0.17
Nondiabetic glucosuria (%) 35(5.8) 12(13.5) 0.01
total excretion of phosphorus> 1200 mg/day | 10(1.7) 2(2.3) 0.69
PRTD (%) 89(14.7) 25(28.1) <0.01
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A15199 5.3 WSsuisunisiia Tubular dysfunction Tuauiliagl@sunazlimelasuen

boosted indinavir

Non Indinavir Indinavir p-value

N=(608) (n=88)
Median (IQR) plasma creatnine (mg/dl) 0.8(0.7-0.9) 1(0.8-1.1) <0.01
Median (IQR) eGFR (ml/min/1.732) 97.7(84.6-108) 82.6(66.7-96.7) <0.01
Median (IQR) creatinine clearance (ml/min) 90.3(76.9-103.6) 72.5(58.6-91.7) <0.01
Median (IQR) plasma phosphorus (mg/dl) 3.5(3.2-3.9) 3.5(3.1-3.9) 0.15
Plasma phosphorus < 3 mg/dl (%) 52(8.6) 13(14.8) 0.06
Fractional tubular reabsorption 0.87(0.84-0.90) 0.84(0.80-0.87) <0.01
of phosphorus (units)
Fractional tubular reabsorption 129(21.2) 36(40.9) <0.01
of phosphorus < <0.85 (N, %)
TmP/GFR 3.1(2.8-3.4) 2.9(2.6-3.3) 0.01
TmP/GFR <2.6 mg/dl 81(13.3) 24(27.3) <0.01
Median (IQR) plasma uric acid (mg/dl) 5(4.1-6.2) 5.4(4.7-7.0) <0.01
Fractional excretion of uric acid(%) 8.9(6.8-11.8) 9.3(6.3-12.7) 0.62
Fractional excretion of uric acid >15% (N, %) | 67(11) 12(13.6) 0.47
Nondiabetic glucosuria (%) 39(6.4) 8(9.1) 0.35
total excretion of phosphorus> 1200 mg/day | 9(1.5) 3(3.4) 0.19
PRTD (%) 87(14.3) 27(30.7) <0.01
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A13197 5.4 WIsuLieun1siia Tubular dysfunction SEUITNARYILAZINAYIEY

Female Male p-value

N=(324) (n=372)
Median (IOR) plasma creatnine (mg/dl) 0.7(0.7-0.8) 0.9(0.9-1.1) <0.01
Median (IOR) eGFR (mt/min/l,73m2) 97.7(84.2-105.3) 94.7(80.6-106.8) 0.05
Median (IQR) creatinine clearance (ml/min) 84.3(73.7-99.2) 91.2(76.1-105.3) 0.01
Median (IOR) plasma phosphorus (mg/dl) 3.7(3.4-4) 3.4(3.1-3.8) <0.01
Plasma phosphorus < 3 mg/dl (%) 17(5.3) 48(12.9) <0.01
Fractional tubular reabsorption 0.88(0.85-0.91) 86.4(82.7-89.1) <0.01
of phosphorus (units)
Fractional tubular reabsorption 49(15.1) 116(31.2) <0.01
of phosphorus < <0.85 (N, %)
TmP/GFR 3.3(2.9-3.5) 2.9(2.6-3.3) <0.01
TmP/GFR <2.6 mg/dl 29(8.9) 76(20.4) <0.01
Median (IOR) plasma uric acid (mg/dl) 4.4(3.5-5.2) 5.8(4.9-6.9) <0.01
Fractional excretion of uric acid(%) 9.8(8.0-13.1) 7.9(5.8-10.6) <0.01
Fractional excretion of uric acid >15% (N, %) | 47(14.5) 32(8.6) 0.02
Nondiabetic glucosuria (%) 13(4) 34(9.1) 0.01
total excretion of phosphorus> 1200 mg/day | 1(0.3) 11(3) 0.01
PRTD (%) 34(10.4) 80(21.5) <0.01

9119197 5.1-5.4 wuhgtheiduuvnudn tubular dysfunction gandngitlsiidu
LU (38.5% vs 15%, p< 0.01) ;:Jﬂwﬁvﬁummﬁuiaﬁmq&ﬁ;liﬂwﬁl,ﬁﬂ tubular dysfunction
genindiilsiidumnuduladings (28.1% vs 14.7%, p< 0.01) gheiaeld$uen boosted
indinavir ﬁﬁﬂ’mﬁ'lﬁﬂ tubular dysfunction q\‘m’iwﬁmmﬂabﬁ%’ua’l boosted indinavir (30.7%
vs 14.3%, p < 0.01) ;}maﬁﬁﬂwﬁlﬁm tubular dysfunction gandEmd (21.5% vs 16.4%, p<

0.01)
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M19197 6 WisuiBun1siAa Tubular dysfunction Tunguanesingg

Age > 40 years Age < 40 years p-value
N=(291) (n=405)
Median (IQR) plasma creatnine (mg/dl) 0.8(0.7-0.9) 0.9(0.7-1) <0.01
Median (IQR) eGFR (ml/min/1.732) 100.9(89-114.5) 92.2(78.2-99) <0.01
Median (IQR) creatinine clearance (ml/min) 94.4(81.5-107.6) 83.1(69.9-98.2) <0.01
Median (IQR) plasma phosphorus (mg/dl) 3.6(3.3-3.9) 3.5(3.2-3.8) 0.06
Plasma phosphorus < 3 mg/dl (%) 25(8.6) 40(9.9) 0.57
Fractional tubular reabsorption of phosphorus| 0.87(0.85-0.90) 0.87(0.83-0.90) 0.02
(units)
Fractional tubular reabsorption 55(18.9) 110(27.2) 0.01
of phosphorus < 0.85 (N, %)
TmP/GFR 3.2(2.8-3.5) 3.1(2.7-3.4) 0.01
TmP/GFR <2.6 mg/dl 41(14.1) 64(15.8) 0.53
Median (IQR) plasma uric acid (mg/dl) 4.9(4.1-5.9) 5.2(4.2-6.4) 0.01
Fractional excretion of uric acid(%) 8.7(6.4-11.9) 9.1(6.8-11.8) 0.33
Fractional excretion of uric acid >15% 30(10.3) 49(12.1) 0.45
(N, %)
Nondiabetic glucosuria (%) 10(3.4) 3709.1) <0.01
total excretion of phosphorus 2(0.7) 10(2.5) 0.08
> 1200 mg/day
PRTD (%) 37(12.7) 77(19) 0.03
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A151991 7 waA4 Predictors of RPTD in HIV-1 infected Thai patients

Univariate analysis

Multivariate analysis

OR (95%Cl) p OR (95%Cl) p
Gender
Female 1 <0.001 1 <0.001
Male 2.33 (1.52-3.60) 2.35(1.49-3.68)
Age (years) 0.025
Age < 40 1
Age > 40 1.61 (1.05-2.46)
BW (kg) 0.99(0.98-1.01) 0.656
Duration of ART exposure (years) | 1.05 (1.0- 1.11) 0.032
TDF
No 1 0.447
Yes 0.83(0.52-1.33)
Indinavir exposure (%)
No 1 <0.001 1 0.010
Yes 2.65(1.59-4.39) 2.04(1.19-3.51)
Atazanavir exposure (%)
No 1 0.012 1 0.029
Yes 1.91(1.17-3.13) 1.79(1.06-3.04)
Other Pl (%)
No 1 0.28
Yes 1.24(0.84-1.86)
CD4 cell count (cells/ul)
> 350 1 0.127
< 350 1.50(0.89-2.52)
Nadir CD 4 cell count(cells/uL)
> 100 1 0.015
< 100 1.72(1.12-2.64)
Proportion of HIV RNA > 50
No 1 0.089
Yes 0.44 (0.17-1.12)
History of hypertension (%)
No 1 0.003
Yes 2.27 (1.36-3.80)
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A15199 7 Predictors of PRTD in HIV-1 infected Thai patients (cont’d)

Univariate analysis

Multivariate analysis

OR (95%Cl)

OR (95%Cl)

P

History of diabetes Mellitus (%)
No

Yes

1
3.52(1.79-6.95)

0.001

1
2.38(1.17-4.85)

0.017

Defined lipodystrophy (%)
No

Yes

1
0.94(0.63-1.41)

0.791

Metabolic syndrome (%)
No

Yes

1
3.14(1.77-5.58)

<0.001

Chronic HBV (%)
No

Yes

1
0.76(0.41-1.42)

0.382

Chronic HCV (%)
No

Yes

1
0.61(0.26-1.48)

0.254

Cotrimoxazole exposure (ever, %)
No

Yes

1
1.37(0.70-2.67)

0.368

HCV: hepatitis C, HBV : hepatitis B, OR: Odd ratio; 95% Cl : 95% confidential interval

agUlagnmsamainasieil 5 -7 msliedussezenlagiads 8-10 U wunsifia subclinical
tubular dysfunction 16% warfifinnag fraction tubular reabsorption of phosphate < 0.85 & 29%
anauild TOF  waz lild TOF laflaruumnensfumsadilunisda  subclinical renal tubular
dysfunction LLGiﬂEjuﬁlﬁ TDF d5gau uric acid Tuiden wag n137 uric acid Tulaanizgandtegadaiay
971 multivariate analysis WU’j’lﬂﬁjﬂJﬁﬁﬂ’J’mLa‘lﬂﬂumilﬁ@ subclinical tubular dysfunction laun e
%18 (Odd ratio : OR 2.35 (95% Confidential interval : Cl 1.49 - 3.68) tag/laBn indinavir 1Ay 2.04
(1.19-3.51) 1¥en atazanavir 1.79 (1.06-3.08) uay Huummusiadae 2.38 (1.17-4.85) ety file
ngudssdpainsfnmumaieveslaegislnddn
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#ida¥ 2 Wndvaauransvasailulniiesluauniinisiicuvasiauns

as Tuil 30 Squiew 2556 dfidsulaseinsiderdudiuu 48 selaadudnddiuau 23
Feuavive 25 Ay 100% ladnsgiisediven tenofovir bty 47 518 dwudn 1 selddineanain
nlasgnszaugunszauldlllannsasyiu TOF 11 24 4alus

A157971 8 wan Subject categorical characteristics at the time of the PK assessment, by
NNRTI or Pl-based regimen

Covariate n Mean | SD min median IQR max
Pl-treated

Age (years) 33 39 6.5 22 39 35-43 56
Height (cm) 33 163 9 143 161 156-170 181
Weight (kg) 33 60 8.9 45 60 53-66 79
Serum Creatinine (mg/dL) | 33 081 |0.16 0.6 0.8 0.7-0.9 1.3
eGFR (MDRD)

mL/min/l.73m2 33 97 16 61 96 86-108 130
eGFR (MDRD_Th)

mL/min/1.73m’ 33 109 |19 69 108 97-122 147
EFV-treated

Age (years) 14 a4 8.2 30 a4 39-50 57
Height (cm) 14 164 6.9 155 164 158-170 175
Weight (kg) 14 59 9.3 46 55 53-69 73
Serum Creatinine (mg/dL) 14 0.81 0.12 0.6 0.8 0.7-0.9 1
eGFR (MDRD)

mL/min/l.??)m2 14 91 12 65 92 83-99 111
eGFR (MDRD_Th)

mL/min/l.??)m2 14 103 13 73 104 94-112 125
All subjects

Age (years) a7 a1 7.3 22 40 36-45 57
Height (cm) a7 163 8.4 143 163 156-170 181
Weight (kg) a7 60 8.9 45 60 53-68 79
Serum Creatinine (mg/dL) a7 0.81 0.15 0.6 0.8 0.7-0.9 1.3
eGFR (MDRD)

mL/min/1.73m’ a7 95 15 61 94 85-107 130
eGFR (MDRD_Th)

mL/min/l.?Z’)m2 a7 107 17 69 106 96-121 147

*P from 2-sided Fisher’s exact test
YeGFR 60 - 90mL/min/m” by MDRD formula

A1 parameter #149984 intensive pharmacokineticuasy TDF 1ielsauiu boosted Pl %39
NNRTI lawanslunisnei 8 uagld plot graph dawandlunmd 2 Fawudnne 2 naulafianuuansneiu
AN LR RIENER
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A4l 9 wdnd TDF pharmacokinetic parameters by drug group

PK parameter TDF with PI TDF with NNRTI Total (n=47)
(n=33) (n=14)
Mean Age (SD), (years) 39 (6.5) 44 (8.2) 41 (7.3)
Mean Height (SD), (cm) 163 (9) 164 (6.9) 163 (8.4)
Mean Weight (SD), (kg) 60 (8.9) 59 (9.3) 60 (8.9)
Mean Serum Creatinine (SD), (mg/dL) 0.81(0.16) 0.81(0.12) 0.81 (0.15)
Mean eGFR (SD), (MDRD) mL/min/1.73m2 97 (16) 91 (12) 95 (15)
Mean eGFR (SD), (MDRD Th)
mL/min/L73m2 - 109 (19) 193 (13) 107 (17)
Mean AUCO0-24 (SD), h*mg/l 3.491 (1.23) 3.18 (0.93) 3.43 (1.06)
Mean Cmax (SD), mg/| 0.41(0.18) 0.42 (0.14) 0.43 (0.16)
Mean Clast (SD), mg/\ 0.096 (0.04) 0.064 (0.03) 0.07 (0.03)
Mean Half-life (SD), hr 11.8 (3.9) 11.8 (2.6) 12.2 (2.68)
Mean CL/F (L/hr) 96.4(43.8) 98.4 (28.1) 93.6 (27.3)
Kel (h-1) 0.06(0.014) 0.062(0.015) 0.06(0.014)

gﬂmwﬁ 2 Ldn9 Mean TDF plasma concentration curves, by drug group

Mean TDF Concentrations by drug group
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7l 3 udne Mean TDF plasma concentration curves, by drug group and whether the
subject had mild renal impairment

Mean TDF Concentrations by drug group

and whether subject has mild renal dysfunction
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S¥AUYN atazanavir, lopinavir, darunavir  lLag efavirenz léfLLamﬂumiNﬁ 10
A157199 10 wane Pharmacokinetic parameters of TDF with ATV, LPV, DRV,
a converted AUC, ,for subjects taking RTV, and the mid-range (C;,) EFV level

Variable mean sd min median | IQR max GM %CV
ATV

Half life (h) 10.4 0.9 9.6 11.2 9.8-124 12.5 9.50 33
Ket (h 0.0762 | 0.0255 | 0.0556 | 0.0618 0.056-0.0999 0.108 0.073 33
Trnax (R) 2.6 1.34 1 2 2-4 4 2.3 63
Crnax (mg/L) 0.41 0.096 0.288 0.41 0.34-0.471 | 0.52 0.397 24.8
Cyq (mg/L) 0.0538 | 0.0154 | 0.038 0.053 0.041-0.067 | 0.071 0.0521 | 29.7
AUC 5 (mg*h/L) | 3.299 1.099 2.051 3.295 2.424-4.172 | 4.551 3.154 36.1
CL/F (L/h) 99.6 35.6 65.9 93.2 72.5-126.8 | 146.3 95.1 36.1
LPV

Half life (h) 13.5 2.7 9.3 13.9 11.2-14.2 20 13.3 19.8
Ket (h 0.129 0.0481 | 0.0554 | 0.13 0.159 0.205 0.120 43
Trnax (R) 35 1.24 2 4 4 6 33 40
Crnax (mg/L) 0.487 0.171 0.286 0.414 0.334-0.609 | 0.827 0.462 35.2
Cypq (mg/L) 0.079 0.026 0.055 0.069 0.061-0.101 | 0.135 0.076 30
AUC,, (mg*h/L) | 3.964 1.1115 | 3.021 3.633 3.021-4.018 | 6.729 3.849 24.5
CL/F (L/h) 79.8 16.6 44.6 82.6 74.7-91.4 99.3 779 24.5
DRV

Half life (h) 11 4.7 5.6 9.4 8.2-12.7 21.8 10.2 40.7
Ket (h) 0.178 0.0416 | 0.128 0.167 0.195 0.269 0.174 22
Trnax (R) 3.75 1.71 1 4 5 6 33 61
Crnax (mg/L) 0.359 0.193 0.107 0.374 0.169-0.529 | 0.654 0.304 70
Cypq (mg/L) 0.118 0.0461 | 0.077 0.102 0.084-0.127 | 0.226 0.112 35.1
AUC,, (mg*h/L) | 3.214 1.303 1.909 2.938 2.072-3.677 | 6.176 3.0 38.9
CL/F (L/h) 48.2 11.6 22 46.4 37-65.6 71.2 453 38.9
Cyi, (mg/L) 3.23 4.01 0.799 1.57 3.49 14.9 2.06 110
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NNTIASIENINTITUIALNARDTEAUYN tenofovir WUTIIHLNES eGFR by MDRD with Thai racial

factor <90mUmin/1.73m° , RTV AUC,,8¥N158NTOFNNUNUAIN2T NINARBDTEAUAUC, . VD98

TDF FLAAILUANTINN 11

m’s’mﬁ 11 wdng Factors ﬁﬁwaﬁia AUC,_,4 of TDF in Subjects using Ritonavir-boosted PI

regimens
Covariate Univariate Multivariate
GMR LCl ucl P GMR LCl ucl p

RTV BID dosing 1.037 0.886 | 1.213 | 0.65
Age (years) 1.005 0.99 1.019 | 0.55
Height (cm) 0.993 0.982 | 1.004 | 0.21
Weight per 10kg 0.934 0.839 | 1.039 | 0.21
Serum Creatinine (mg/dL) 1.225 0.655 | 2.292 | 0.53
MDRD* 0.994 0.988 | 0.999 | 0.03
eGFR_Thai* 0.994 0.989 | 0.999 | 0.03
eGFR_Thai < 90mL/min/1.73m° | 1.327 1.044 | 1.687 | 0.02 1.29 1.03 1.60 0.025
RTV AUC, 4 (mg*h/L) 1.013 0.997 | 1.029 | 0.116 1.02 1.01 1.03 0.006
Tenofovir exposure > 2 years 1.24 1.06 1.45 0.006 1.26 1.09 1.46 0.002
Duration of TDF exposure 1

2-3 years 1.24 1.04 1.48 0.020

> 3 years 1.25 1.01 1.55 0.038
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A 4 udaafingn tenofovir Ya9aeAnIsdsnNltlun1sAnwd Feasiiuindaenanunsarina3ala

enofovir GPO 300

Tenofovir Disoproxil Fumarate

Tablets 300 mg

Antiviral

30 Tablets

M19197 12 LEANENEULNUFIUVRIDIEaNATNITIMTATING

Group 1: Group 2:
TDF-NNRTI (n=20) TDF-LPV/r (N=20)
Gender
Male 6 (30%) 12 (60%) 18 (45%)
Female 14 (70%) 8 (40%) 22 [55%)
Race/Ethnicity: Asian 20 (100%) 20 (100%) 40 (100%)
Age {yrs) 59 (44-65) 53 (39-82) 56 (39-82)
Welght {kg) 54.0 {40.0-80.0) 495 (37.8-75.1) 50.5 (37.8-80)
Body Mass Index {cells/mm3} 21.8({17.9-32.9) 19.2 (16.3-29) 20.8(16.3-32.9)
Creatinine {mg/dL} 1.2 (0.81.9) 1.3 (0.8-2.1) 1.3 (0.8-2.1)
Creatinine Clearance {mL/min} 45.7 {30.0-49.6) 42.0(31.7-45.7) 43.9(30.9-49.7)
HIV-1 RNA Viral Load jcopies/ml) <50 (<50~<50}) <50 (<50~<50) <50 {<50-<50)
CDA4 Cell Count {cell/mm3} 465 {170-773) 596 {113-1063) 502 (113-1063}
HAART Regimen
TDF+3TC+EFY 10
TDF+3TCHNVP 10
TDF+3TCHLPV/T 19
TDF+3TC+ZDV+LPV/r 1

ne519d 12 wudluusaznguiiulddnnu 20au Wuwemne 45% o1ginde 56 Y Fadn
Te1gAaudIwIn ( Aging HIV) wwidniade 50.6 Alansu A1 creatinine clearance ade 43.9
ml/min A1CD4 Lade 502 cells/mm3 LLaxnﬂﬂuﬁ HIV RNA undetectable ( <50 copies/ml)
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M1519% 12 A Tenofovir pharmacokinetic parameters at Day 0 (300 mg every 48 hours)
and Day 14 (150 mg once daily) as part of NNRTI-based HAART

Tenofovir Tenofovir GM Ratio (90% Cl)
300 mg, every 48 150 mg, every 24 P value® 24 hr / 48 hr
hours hours

AUG; . (mg.hr/L) 5.76(3.34-11.08) 3.15(1.73-6.49) NA NA
AUCy 4, (mg.hr/L) 5.76 (3.34 - 11.08) 6.29 (3.45- 12.99)° 0.04 1.09 (0.98 ta 1.22)
Cmax (mg/L) 0.44 (0.23-0.67) 031(0.16-0.55 <001 0.71(0.62 to 0.80)
Clast (mg/L) 0.04 (0.02 - 0.10) 0.07 (0.03- 0.14) 002  1.63(134to1.99)
Cmin (mg/L) 0.04 (<0.008 - 0.10)¢ 0.07 (0.03 - 0.14) 001  1.90 (1.57 to 2.30)
CL/F (L/hr) 23.60(12.26 - 40.73) 21.61(10.47 - 39.37) 0.02 0.91 (0.82 to 1.02)
Tmax (hr) 1.50 (0.50 - 8.00) 1.00 (0.50 - 4.00) 002 057 (0.40ta 0.81)
Ty (hr) 18.0 (13.9-32.5) 13.9 (10.7- 19.1) <001  0.73(0.66 to 0.81)

m’a"mﬁ 12 B Tenofovir pharmacokinetic parameters at Day 0 (300 mg every 48 hours) and
Day 14 (150 mg once daily) as part of boosted protease inhibitor (Lopinavir/ritonavir)

Tenofovir Tenofovir pyalyes &M Ratio (90% C1)
300 mg, every48 hrs 150 mg, every 24 hrs 24hr /48 hr

AUC,, (mg-hr/L) 9.61(6.06-18.92) | 4.80(2.61-9.29) NA NA
AUC, 4, (mg.hr/L) 9.61 {6.06- 18.92) 9.61(5.21-18.59)* 0.45 1.00 (0.92 to 1.09)
Cmax (mg/L) 0.68 (0.4 - 1.31) 042(0.24-0.73) | <0.01 | 0.55(0.49t00.63)
Clast (mg/L) 0.07 (0.03- 0.11) 0.10(0.05-0.20) | <0.01 | 1.59 (1.35to 1.87)
Cmin (mg/L) 0.06 (0.03 - 0.09) 009 (0.04-0.18) | <0.01 | 1.42(1.18t01.72)
CL/F (L/hr) 14.15 (7.19 - 22.44) 14.17 (7.32 -26.08) 0.62 1.00 (0.92 to 1.08)
Tmax (hr} 1.01 (0.48 - 4.00) 125(0.50-4.00) | 048 | 1.18(0.83to 1.68)
Ty (hr) 18.91(12.51-23.31) 12.30(6.09 -42.05) 0.04 0.76 (0.64 to 0.91)
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A15197 12 C WSeueuseaugtenofovir Wal#WsaunU efavirenz %38 lopinavir/ritonavir

efavirenz P value®

Lopinavir/ritonavir

AUC, . {mg.hr/L} 3.15 (1.73 - 6.49) 4.80(2.61 - 9.29) NA
AUC, 4o, (mg.hrfL) 6.29 (3.45 - 12.99)" 9.61 (5.21 - 18.59)* <0.001
Cmax {mg/L) 0.31 (0.16 - 0.55) 0.42 (0.24 - 0.73) 0.012
Clast {mg/L) 0.07 (0.03 - 0.14) 0.10 {(0.05 - 0.20) 0.003
Cmin {(mg/L) 0.07 (0.03 - 0.14) 0.09 (0.04 - 0.18) 0.075
| cL/F (L/hr) 21.61 (10.47 - 39.37) 14.17 (7.32 -26.08) <0.001
Tmax {hr) 1.00 (0.50 - 4.00) 1.25 (0.50 - 4.00) 0.12
Ty thr) 13.9 (10.7 - 19.1) 13.30 (6.0 -42.05) 0.58

A15197 12 D n15l3EN tenofovir YU 300 mg TuauAzIUANTIAAIN1STINUYasln

Baseline Creatinine >80 50-80 30-49 12-29
Clearance (mL/min) (N=3) (N=10) (N=8) (N=11)
Crnax (ng/mL) 0.34+0.03 0.33+0.06 0.37+0.16 0.60+0.19
AUC,... (ugehr/mL) 2.18+0.26 3.06+0.93 6.01+250 15.98 +7.22
CL/F (mL/min) 1043.7+1154 | 807.7+279.2 | 4444 +209.8 177.0 + 971
CLrenal (mL/min) 2435+33.3 168.6 + 27.5 100.6 £27.5 430+31.2

a. 300 mg, single dose of VIREAD

Group 1( efavirenz): AUCy.4gn (mg.hr/L): 5.76 (3.34 - 11.08); Cmax: 0.44 (0.23 - 0.67)
Group 2 ( lopinavir/r): AUCg_gn (Mg.hr/L): 9.61 (6.06 - 18.92); Cmax: 0.68 (0.44 - 1.31)
neT197t 12 wandlidiuinluaufiinisvhauvedlas n1slien tenofovir vua 300 me
Furiutunienisliien tenofovir w1150 mg ( A3aln) iy Tsgiuen tenofovir laisefu uas
n15ien tenofovir $3uAU lopinavir/r 1isgeuen tenofovir a3ndn dlelvien tenofovir saufiu
efavirenz Lagszauey) tenofoviriuﬂajmﬁiéf lopinavir/r #A189n31 ( AUC 9.61 vs 6.01 mg.hr/L )
mslifen tenofovir 1w 300 me lupupzTuanfidainsieureddasumilioudu ( 1519712 D)
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viatail 3 szRuenilulWBesuazanuaanfenlaludiasinidenylaiaulne

o Jufl 30 Squieu 2556 Sifidrsulasameideredudiuan 351 Telaeiduindediuou 167
TUUAZEYIY 184 518

MsAsIzisERuE TOF Ssnsianeidenvziduiuy mid dose ( 11-13 hr post dose) HawuI
AdevessEAUENaEi 0.136 (IQR 0.11-0.17) mg/L Failszfugeninfiuuzh (1 TOF mid dose A33
U1 0.16 me/L wagA1 Cmin (24hr post dose) Asidu 0.05 mg/L) way TDF concentration Aunasonis
\An tubular dysfunction laewuingefifl tubular dysfunction fis1uwauawLINA917S TOF mid dose
gan31 0.16 me/L WwuagUaeduasanguniunisiiin subclinical tubular dysfunction(PRTD) 11319
7l 12 Fanguidl PRTD Hnnslden atazanavir 3nnndn S5y serum creatinine gand1 A1 eGFR A1
wagdsaugaefifisefuen > 0.160mg/ml 11nndnedradalau msiasesideyadie multivariate
analysis Tum157971 13 wuinduiies tenofovir  concentrations >0.160 ng/mL fiieadestunisia

PRTD Tuauiile TDF [odds ratio: OR2.02 (95% CI 1.13-3.66)].

M13199 13 dnwazvasnguussyInsidl PRTD waglill PRTD

Total PRTD Non PRTD p-value

N=351 N=54 N=297
Sex: Male N(%) 184(52.4) 31(57.4) 153(51.5) 0.43
Age (years), median (IQR) 40.2(36.3-45.6) 40.6(37.9-47.4) 40.2(35.9-45.3) 0.16
BW (kg), median (IQR) 58.9(52-67.5) 60.2(53-68.1) 58.5(52-67.5) 0.22
Duration of ART exposure 7.1(4.6-10.3) 9.1(4.7-11.9) 6.8(4.6-10.2) 0.31
(month)
TDF exposure, years
ARV-naive 4.7(2.9-5.4) 4.2(2.8-6.0) 4.7(2.9-5.4) 0.74
ARV-experienced 2.9(1.8-4.9) 2.8(1.5-4.7) 2.9(1.8-4.9) 0.33
Indinavir exposure N(%) 29(8.3) 8(14.8) 21(7.1) 0.06
Atazanavir exposure, N(%) 61(17.3) 15(27.7) 46(15.5) 0.03
Stavudine exposure, N(%) 198(56.4) 29(53.7) 169(56.9) 0.66
Current ARV regimen N(%) 0.06
NNRTI
Boosted PI 185(52.7) 22(40.7) 163(54.9)

166(47.3) 32(59.3) 134(45.1)
Current CD4 cell count 554(428-749) 538(429-730) 554(428-749) 0.53
(celts/mmB), median (IQR)
Proportion with HIV RNA < 50 | 327(93.1) 52(96.3) 275(92.5) 0.32
copies/mL, N (%)
Hypertension, N (%) 30(8.6) 8(14.8) 22(7.4) 0.07
Diabetes Mellitus, N (%) 9(2.6) 1(1.9) 8(2.7) 0.72
Lipodystrophy, N (%) 133(37.9) 14(25.9) 119(40.1) 0.05
Chronic HBV, N (%) 76(21.6) 10(18.5) 66(22.2) 0.54
Chronic HCV, N(%) 26(7.4) 2(3.7) 24(8.1) 0.26
Median plasma creatinine, 0.8(0.7-0.9) 0.9(0.8-1) 0.8(0.7-0.9) 0.001
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mg/d\, median (IQR)

Median eGFR (mU/min/1.73m’) | 97.8(84.9-108.1) 86.8(75.4-100.5) | 98.5(85.6-109.3) 0.002

Plasma TDF concentrations: 0.152(0.120- 0.168(0.124- 0.149(0.120- 0.06
mg/ml 0.198) 0.242) 0.193)

Proportion of patients with 156(44.4) 32(59.2) 124(41.7) 0.02
plasma TDF >0.160mg/ml,

N(%)

Data is expressed as median and interquatile range (IQR). TDF: tenofovir disoproxil fumarate; BW: body
weight; BMI: body mass index; NNRTI: non nucleoside reverse transcriptase; Pl: protease inhibitor; ART:
antiretroviral therapy; eGFR: estimated glomerular filtration rate; HBV: hepatitis B; HCV: hepatitis C; PRTD:

proximal renal tubular dysfunction

9 51




M1519% 14 Predictors of PRTD in HIV-1 infected Thai patients

Univariate analysis Multivariate analysis
PRTD No PRTD OR (95%Cl) P OR (95%Cl) P
Indinavir exposure (%)
No 46(14.2) 276(85.8) 1 0.07
Yes 8(27.6) 21(72.4) 2.29(0.96-5.46)
Atazanavir exposure
(%) 39(13.4) 251(86.6) 1 0.03
No 15(24.5) 46(75.5) 2.1(1.07-4.11)
Yes
Other boosted PI (maily lopinavir/r (%) 0.27
No 20(13) 134(87) 1
Yes 34(17.2) 163(82.8)  1.39(0.71- 2.54)
Hypertension, n(%)
No 46(14.3) 275(85.7) 1 0.09
Yes 8(26.6) 22(73.4) 2.17(0.91-5.17)
Chronic HCV (%)
No 52(16) 273(84) 1 0.22
Yes 2(7.7) 24(92.3) 0.44(0.1-1.90)
TDF plasma concentrations
<0.160 ng/ml
>0.160 ng/ml 23(11.6) 175(88.4) 1 0.02 1 0.02
31(20.3) 122(79.7)  2.02(1.13-3.66) 2.02(1.13-3.66)

Age, sex, body weight, duration of ART, duration of tenofovir, diabetes mellitus, chronic hepatitis B were
not associated with PRTD
HCV: hepatitis C; HBV: hepatitis B; OR: Odd ratio; 95% Cl : 95% confidential interval; TDF: Tenofovir

disoproxil fumarate; PRTD: proximal renal tubular dysfunction; boosted PI: protease inhibitor
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1519t 15 Predictors for plasma tenofovir concentration >160ng/ml in HIV-1 infected Thai
adults

TDF plasma concen- Univariate analysis Multivariate analysis
tration >0.160ng/ml
Yes NO OR (95%CI) P OR (95%Cl) p
Gender
Male 73(39.7) 111(60.3) 1
Female 84(50.3)  83(49.7) 1.5(0.98-2.29)  0.06
BW
Weight > 55kg 81(38.2)  131(61.8) 1 0.004 1
Weight < 55kg 75(54) 64 (46) 1.9(1.23- 2.92) 2.19(1.37-3.50) 0.001
BW/creatinine boosted PI 0.96(0.95-97)  <0.001
No 60(39) 94(61) 1
Yes 96(48.7) 101(51.3) 1.49(0.97-2.28) 0.07
LPV/r
No 118(40.3)  175(59.7) 1 0.001 1
Yes 38(65.5) 20(34.5) 2.82(1.56-5.08) 2.47(1.32-4.60) 0.004
Chronic HCV (%)
No 145(43.2) 190(56.8) 1 0.05 1 0.02
Yes 11(68.7) 5(31.3) 2.88(0.98-8.48) 3.63(1.18-11.18)
eGFR , ml/min/1.73m’
>90 86(37.1) 146(62.9) 1 1
<90 70(58.8) 49(41.2) 2.49(1.54-3.81) <0.001 2.56(1.58-4.16) <0.001
PRTD
No 124(41.7)  173(58.3) 1 1 0.03
Yes 32(59.3) 22(40.7) 2.02(1.13-3.66) 0.02 1.98(1.05-3.73)

Age, duration of ART, duration of tenofovir, diabetes mellitus, chronic hepatitis B, and hypertension were
not associated with tenofovir concentrations >160ng/mL.

HCV: hepatitis C; HBV: hepatitis B; OR: Odd ratio; 95% Cl: 95% confidential interval; TDF: tenofovir
disoproxil fumarate; LPV/r: lopinavir/ritonavir; PRTD: proximal tubular dysfunction; BW: body weight; BMI:

body mass index; Pl: protease inhibitor; eGFR: estimated glomerular filtration rate

NP7 15 MsTeideyade multivariate analysis lilevniladedifinaseszduen TOF
>0.16me/ml WusTaii BW <55kg [OR2.32 (95% C11.45-3.68)], chronic HCV [OR 2.64 (95% CI 1.13-
6.17)], eGFR <90 mL/min/l.73m2 [OR 2.66 (95%Cl 1.64-4.31)], lopinavir/ritonavir [OR2.47 (95%Cl
1.32-4.6)] and PRTD [OR 2.08 (95% CI 1.10-3.92)] Fagunnil 5 uaassesiuen TOF futladeidosusiay
#
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Al 5 Tenofovir plasma concentrations in patients with PRTD, boosted lopinavir,
hepatitis C, eGFR<90 mU/min/1.73m” and BW<55 kg

300+

2501

nY
o
<

=
1]
<

1004 P=0.001 P=0.06 P=0.03 P<0.001 P=0.001

Median (IQR) of TDF plasma
concentration (ng/mL)

o
<

No LPVIr / LPVIr No PRTD / PRTD HIVIHCV [ HIVIHCV®  eGFR>=90 / eGFR<90 BW >55 kg./ BW<=55Kkg.

PRTD: proximal tubular dysfunction, LPV/r: lopinavir and ritonavir, HCV: hepatitis C infection,
eGFR: estimated glomerular rate, BW: body weight

satiugUlgnguilasasdsruuseianisiin renal  tubular dysfunction 13U N139533
Yaanza1dl proteinuria, glycosuria, N15M579 phosphate Tudaanig Wudu TuaunileGFR<50

mU/min/1.73m’ AmsaziinisuSuruinen TOF
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iadadl 4 ndveaumanivasenilulniies
195139579 gene M1AIVANNITINIUDY transporter dnetenofovir LWIMseBEN 21N
proximal tubular cells 1ng§523 9 single nucleotides (SNPs): ABCC2 -24C>T (rs717620), ABCC2

1249G>A (rs2273697), ABCC2 3563T>A (rs17222723), ABCC2 3972C>T (rs3740066), ABCCA
3463A>G (rs1751034), ABCC4 4131T>G (rs3742106), ABCC10 526G>A (rs9349256), ABCC10
2759T>C(r52125739) and SLC22A6 728G>A (rs11568626) Tugfthefnitieiotloilden tenofovir

1w 400 au ugmda180 A (45%) Fune220au (55%) engade 43.47 + 7.85 U wumuAves
allele frequencies WBY ABCC2 -24C>T; 1249G>A; 3563T>A; 3972C>T, ABCC4 3463A>G,;
8131T>G, ABCC10 526G>A and 2759T>C \Judisilmudisiu 21.8%, 7.8%, 0.1%, 24.9%, 19.8%,
49.2%, 51% wag 7.1% wiliny polymorphism 18ISLC2246 728G>A feseasiBenlunsnedl 16
%q%@gaﬁwu%mﬁauﬁmuwL%Lwiﬁmmﬂﬁwuiuﬂumi’umn FiwaziBenlunsad 17
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mswﬁ 16 Genotype frequencies of ABCC2, ABCC4, ABCC10 and SLC22A6 in Thai
patients (n=400)

Gene Polymorphisms Genotype Frequency % P
(Protein) (SNP identification) value*

-24C>T (rs717620) cC 247 618  0.542
cT 132 33.0

3972C>T (rs3740066)  CC 230 575  0.255
cT 141 35.2

4131A>C (rs3742106)  AA 107 268  0.426
AC 192 48.0
CcC 101 25.2

2759T>C(rs2125739) 1T 346 86.5  0.464
TC 51 12.8
CcC 3 0.7

*Test for Hardy-Weinberg Equilibrium, Chi-square test
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m‘s'mﬁ 17 Comparison of ABCC2, ABCC4, ABCC10 and SLC22Aé6 allele frequencies
between Thai and other populations.

Gene Polymorphisms Ethnicity Sample | Allele frequency | P
(Protein) | (SNP identification) Size (%) value*
ABCC2 | -24C>T (rs717620) C T
(MRP2) Thai (This study) 400 78.2 21.8
Chinese[43] 168 78.6 214 | 0863
Mexican[43] 154 75.3 247 | 0617
European(43] 330 80.3 19.7 0.728
1249G>A G A
(rs2273697) Thai (This study) 400 92.2 7.8
Japanese” 190 86.0 140 | 0.175
Chinese'™ 168 89.9 101 | 0621
Mexican'European | 154 87.0 130 | 0.249
o 330 76.7 233 | 0.003
3563T>A T A
(rs17222723) Thai (This study) 400 99.9 0.1
Asian™ 90 1000 | 0.0 0.943
Affican™ 76 93.8 6.2 0.054
Caucasian' 60 93.3 6.7 0.030
3972C>T C T
(rs3740066) Thai (This study) 400 75.1 24.9
Japanese' 88 716 284 | 0631
Chinese'™” 90 73.3 267 | 0.747
Caucasian' 46 62.0 380 | 0.048
ABCCA | 3663T>C T C
(MRP4) | (rs1751034) Thai (This study) 400 80.2 19.8
Japanese' 172 65.7 303 | 0.026
Chinese'™” 166 81.9 181 | 0.718
Affican™ 166 78.3 217 |o0728
European 330 86.7 133 |0.182
4131A5C A C
(rs3742106) Thai (This study) 400 50.8 49.2
Chinese'™” 168 46.4 536 | 0.479
Africanm]Caucasian(1 166 65.1 34.9 0.045
K 46 58.0 420 | 0320
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Gene Polymorphisms o Sample | Allele frequency
) _ o Ethnicity . P value
(Protein) | (SNP identification) Size (%)
ABCC10 | 526G>A(rs9349256) G A
(MRP?) Thai (This study) 400 49.0 51.0
Japanesem] 190 38.4 61.6 0.117
Chinese'™ 166 404 | 596 0.200
African” 166 91.6 8.4 <0.001
European 328 543 | 457 | 0479
2759T>C(rs212573 T C
9) Thai (This study) 400 929 7.1
Japanesem] 190 86.6 13.4 0.157
Chinese'“'African’ | 168 94.0 6.0 0.774
Caucasian’ 166 717 | 283 <0.001
66 63.6 36.4 <0.001
SLC22A6 | 728C>T C T
(OAT1) | (rs11568626) Thai (This study) 400 100.0 | 0.0
African”™ 59 93.2 6.8 0.614

*Chi-square test

uanINUUlAINISIATIZIN polymorphism 899 SNPs fimanuduiusiunisiia tubular
dysfunction #5eli laglaAnuluaulininismnsia pharmacogenomics azdnan15ns3a tubular
function 971U 358 Al LAl 67 (18.7%) AUTLAA proximal tubular dysfunction ( PRTD) @slu

multivariate analysiswuin (M15799116)

diabetes (adjusted odds ratio [OR], 3.74; 95%

confidence interval [Cl], 1.34-10.41, P=0.01); eGFR <90 ml/min/l.?Bmz(OR 1.98; 95% CI 1.12-
3.50, P=0.02; ABCC2 -24C>T (genotype CC) (OR 2.34; 95% Cl 1.26-4.34, P=0.007); ABCC2 -

24C>T 1249(genotype GG) (OR 3.77; 95% Cl

1.27-11.22, P=0.02) wag ABCCI0 2759 T>C

(genotype CC or C/T) (OR 2.80; 95% Cl 1.38-5.66, P=0.004) insudunusiunisiia PRTD
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M15199 18 Predictors of PRTD in HIV-1 infected Thai patients in a step-wise multivariate

logistic regression model

Univariate analysis

Multivariate analysis

OR (95%Cl) P OR (95%Cl) P

Male (versus female) 1.87 (1.08-3.26) 0.03

Age > 50 years 1.6 (0.78-3.27) 0.20

BW > 55 kg 2.04 (1.14-3.64) 0.02

Duration of ART exposure > 5 years 1.47 (0.81-2.68) 0.21

Indinavir exposure 2.4 (1.1-5.23) 0.03

Other PI 1.75(0.98-3.12) 0.06

CD4 cell count< 350 cells/ul 0.77 (0.38-1.56) 0.47

Nadir CD 4 cell count < 100 cells/uL 1.57 (0.9-2.74) 0.11

HIV RNA > 50 copies/mL 0.16 (0.02-1.21) 0.08

Hypertension 2.09 (1.03-4.28) 0.04

History of diabetes 3.81(1.44-10.06) 0.01 | 3.74(1.34-10.41) 0.01
Chronic HBV 0.53(0.26-1.1) 0.09

TDF plasma concentration >160 ng/ml 1.36 (0.76-2.42) 0.30

Duration of TDF exposure 0.92 (0.8-1.05) 0.22

eGFR <90 mU/min/1.73m’ 1.83(1.07-3.14) 0.03 | 1.98 (1.12- 3.50) 0.02
ABCC2: rs2273697: 1249G>A : GG 2.96(1.03-8.52) 0.05 | 3.77(1.27-11.22) 0.02
ABCC2: rs717620 : -24C>T : C/C 1.94(1.08-3.49) 0.03 | 2.34 (1.26-4.34) 0.007
ABCC2: rs3740066: 3972C>T . C/C or C/T 1.79 (1.02-3.16) 0.04

ABCC4: rs1751034 : 3463T>C: : C/C or C/T 0.82( 0.46-1.45) 0.50

ABCC4: rs3742106 : 4131A>C:C/C or C/A 1.57 (0.88-2.8) 0.12

ABCC10: rs9349256: 526G>A : A/A or A/G 1.45 (0.8-2.62) 0.22

ABCC10: rs2125739: 2759T>C : C/C or C/T 2.45(1.26-4.79) 0.01 | 2.80(1.38-5.66) 0.004

uenantuldiaseidayain SNPs finsraldfiauduiusiuntsseduen tenofovir wioll
Tnglstinszsideyaluaulidiuiu 150 519 Geflorgieds 43.9+7.2 U flsgfu mid dose tenofovir
plasma concentration Wiy 100.3£52.7 ng/ml Variant alleles ¥93 ABCC2 -24C>T, ABCC2
1249G>A, ABCC2 3972C>T, ABCCA 3463A>G waz ABCCA 4131T>G wuldl 19.3%, 9.3%, 21.7%,
19.3% Way 50.7% Mua1aU TUA1TIATIZALUY multivariate analysis WU low body weight,

low eGFR, concomitant use of ritonavir-boosted protease inhibitor ey ABCC4 4131T>G

variant (genotype TG or GG) AANUUNUSAUTZAUL tenofovir AIT18azIdenlua1T19 18
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A15797 19 Univariate and multivariate analysis of genetic and non-genetic factors for

tenofovir plasma concentrations

Factors Univariate analysis Multivariate analysis °
B 95%(Cl p value B 95%(Cl p value
Sex 13.986  -3.079 to 0.107
31.052
Age 0.183 -1.002 to 1.368 0.760
Weight -0.918 -1.622 t0 0.214 0.011% -0.861 -1.494  to - 0.008**
0.229
eGFR-MDRD -0.970 -1.420 to - <0.001*% -0.934 -1.375 to - <0.001**
0.520 0.492
Concomitant 40.088  22.998 to <0.001*  29.231  12.649 to 0.001**
use of ritonavir- 57.177 45813
boosted PI
ABCC2 -24C>T -3.435 -21.352 to 0.706
14.482
ABCC2 1249G>A  0.217 -21.989 to 0.984
22.422
ABCC2 3972C>T  -6.675 -24.279 to 0.455
10.930
ABCC4 3463A>G  -12.127 -29.791 to 0.177
5.536
ABCC4 4131T>G  18.464  -1.690 to 0.072* 25.180  7.049 to 0.007**
38.619 43.310

* factors had p-value < 0.1 in univariate analysis and were entered into multivariate analysis

*5<0.1 **0<0.05
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namMsAneReafuIafiud

1A¥11n159579 vitamin D concentration ( 25 hydroxy vitamin D) Iuﬁgﬂaaﬁy’wm 673 518
Anudufuds a7%e1giads 415 Juaz 16% 018> 50 U hwiiniads 57.6 kg way 18% agluinasi
§u (BMI > 25kg/m’) Anade eGFR 96.5(82.6-106.3) mU/min/1.73m’ Uszanas 93% lSuendnu
feradsvesszeznateIiu 8.9 (IQR5.0-10.4) U UaqiiuldEfavirenz uaz tenofovir Anilu31%
way 79%, muasu 57% Laela stavudine (d4T) luedim Aimedian CD4 cell count =571
celts/mm3 (IQR 434-766 cells/mm3) LAY 92% 3 HIV RNA < 50copies/mL laifilasle steroid,
vitamin D uazcalcium melu 6 Weudeunsiaden Sifes 3% finuwdunin 4 standard

alcoholic drinks sto¥u21 % Saguyvuay 13% vesmddldvunuszinfiounds fainnisinungn
$dla w30 mueny  luiwuindnszgniin Aiade circulating  25(0H)D  concentrations et
24.1(IQR18.5-31.5) ng/mL gUAN15alves hypovitaminosis D (25(0H) D< 30ng/ml), vitamin D
deficiency (25(0H)D <20ng/mL) Wagvitamin D insufficiency (25(0HD 20-30ng/mL) sy
70.5%, 29.9% wag 40.6% mudRU  anmTeTziteyanusziuinduddiluguds mean (SD)
25(0OH) D concentrations (23.2 (8.9) ng/ml), p<0.001 f]mﬁuﬁm efavirenz (23.4 (9.3) ng/mL),
0<0.001
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a

INNITIATIZIAE multiple logistic regression analysis WU’JHQ"MQJJ& [OR (95% ClI) 1.6 (1.1-2.1),
p= 0.01], 218> 40 U [OR (95%CI) 1.6 (1.1-2.2), p < 0.01], wazUagiulden efavirenz [OR (95%CI)
1.9 (1.3-2.8), p 0.001] dAudENRUSAUATIE hypovitaminosis D eg1siitadAgyn1eana au
TaziBealunssil 20 uazgUAM 6A - 6C

a9l 20 Regression analysis of vitamin d and associated factors

Vitamin D group Odds Ratio ( 95% CI)
Characteristics Normal Insufficient/ Unadjusted P Adjusted P
Deficient value value
25(0OH) D (95%CI) (95%CI)
25(0OH) D
> 30ng/ml <=30ng/ml
N=199 N=474
Gender N (%)
0.02
Male 120(33.5) 238(66.5) 1 1
Female 79(25.1) 236(74.9) 1.50(1.1-2.1) 1.6(1.1-2.2)  0.010
Age, years N (%)
<40 95(33.8) 186(66.2) 1 0.04 1
>40 104(26.5) 288(73.5) 1.41(1.0-1.9) 1.6(1.1- 0.010
2.2)
HIV transmission N (%)
Heterosexual contacts 141(28.7) 351(71.3) 1 0.54
Homosexual contacts 36(31.5) 78(68.5) 0.87(0.6-1.3)
Season N (%) 0.55
Dry season 75(31) 167(69) 1
Rainy season 124(28.8) 307(71.2) 1.1 (0.8-1.6)
EFV containing regimen N (%)
No
Yes 115(33.5) 308(66.5) 1 1
44(20.9) 166(79.1) 1.9(1.3-2.78) 0.001 1.9(1.3-2.8)  0.001

NVP containing regimen N (%)
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No
Yes 163(29.1) 396(70.9) 1 0.61
36(31.6) 78(68.4) 0.9 (0.6-1.37)

TDF containing regimen N (%)

No,

Yes 39(27.9) 101(72.1) 1 0.62
160(30) 373(70) 0.9(0.6-1.4)

Ritonavir containing regimen

No

Yes 79(24.7) 244(75.3) 1
120(34.1) 230(65.9) 1.4(1.1-2.0) 0.04

Duration of ART, years 8.5(4.9-10.6)  9.0(5.0-10.4) 1.0(0.9-1.1) 0.54

EFV: efavirenz, NVP: nevirapine, TDF: tenofovir disOproxil fumarate, CVD: cardiovascular disease, CAD: coronary artery

disease, HBVART: antiretroviral therapy

m‘wﬁ 6 Vitamin D concentrations between Male and female (9A), older than 40 years

old and younger 40 years old ( 9B) and efavirenz use( 9C)

m‘wﬁ 6A Vitamin D concentrations between male and female
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A9l 6B Vitamin D concentrations between older than 40 years old and younger 40

years old

8 N )
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B 8
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Age <= 40 years Age > 40 years

AN 6C Vitamin D concentrations between efavirenz use
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A9l 20 Regression analysis of vitamin d and associated factors

Vitamin D group Odds Ratio ( 95% CI)
Characteristics Normal Insufficient/ Unadjusted P Adjusted P
Deficient value value
25(0H) D (95%CI) (95%CI)
25(0OH) D
> 30ng/mt <=30ng/ml
N=199 N=474
Gender N (%)
0.02
Male 120(33.5) 238(66.5) 1 1
Female 79(25.1) 236(74.9) 1.50(1.1-2.1) 1.6(1.1-2.2)  0.010
Age, years N (%)
<40 95(33.8) 186(66.2) 1 0.04 1
>40 104(26.5) 288(73.5) 1.41(1.0-1.9) 1.6(1.1- 0.010
2.2)
HIV transmission N (%)
Heterosexual contacts 141(28.7) 351(71.3) 1 0.54
Homosexual contacts 36(31.5) 78(68.5) 0.87(0.6-1.3)
Season N (%) 0.55
Dry season 75(31) 167(69) 1
Rainy season 124(28.8) 307(71.2) 1.1 (0.8-1.6)
EFV containing regimen N (%)
No
Yes 115(33.5) 308(66.5) 1 1
44(20.9) 166(79.1) 1.9(1.3-2.78) 0.001 1.9(1.3-2.8) 0.001
NVP containing regimen N (%)
No
Yes 163(29.1) 396(70.9) 1 0.61
36(31.6) 78(68.4) 0.9 (0.6-1.37)
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TDF containing regimen N (%)

No,

Yes 39(27.9) 101(72.1) 1 0.62
160(30) 373(70) 0.9(0.6-1.4)

Ritonavir containing regimen

No

Yes 79(24.7) 244(75.3) 1
120(34.1) 230(65.9) 1.4(1.1-2.0) 0.04

Duration of ART, years 8.5(4.9-10.6)  9.0(5.0-10.4) 1.0(0.9-1.1) 0.54

EFV: efavirenz, NVP: nevirapine, TDF: tenofovir disOproxil fumarate, CVD: cardiovascular disease, CAD: coronary artery

disease, HBVART: antiretroviral therapy
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InfiudlugUlsayladnilfadusniaud

I§vinisasiaszdviandud lufvasfndoievloifusulidadusnautidededilden
tenofovir based ARTA1UIU 158 978 (33% female) E)’l*ql,a?ia 42 U fade CD4 509 cells/mm3
Wway 89% had HIV RNA <50 copies/ml Anadeszeziiandilden tenofovindunauu 5(1QR3-7) U
Aad8 eGFR 94.2 mU/min/1.73m’ Fibrosis score > 7.5 KPa uaz14 KPa 1agn13¢379 fibroscan
wulu 11.9% wawl.9% muddu Anade serum 25(0H)D levels Aeufuen tenofovir 1u 24.8
(IQR 21.3-30.6)ng/ml Lazanasnasiuen tenofovir Huszoznanadouu 5 U 22.810R 18.0-
27.7) ng/mU S1uanAudid vitamin D deficiency (25(0H)D < 20 ng/ml) Lfina1n 22.2% faufuen
tenofovir 11U 33.5% udslden tenofovir (p 0.01) (nwil 7) Jadeiifinasionsiia hypovitarinosis
D 2MNNTIATILIUUY multivariate analysis oA female [adjusted odd ratio: OR (95%
confidential interval : 95% CI : 3.6 (1.2-11.1), p=0.026), and duration of ART >5 years OR 2.6
(IOR 1.1-6.4), p=0.039

AT 7 WEAIIIUIUAUNANT2E hypovitaminosis D Nauuaznaslaen tenofovir

601" O normal 25 (OH)D>30ng/ml

B vitamin D insufficient 25(OH)D 20-30ng/ml

W vitamin D deficient 25 (OH)D <20ng/ml

prior HBV drugs After HBV drugs
N=158 N=158

Fanfiudludianedladntiiadusnaud

Igvhnsesnsesuiniud luftisindelfasusnauiiFeiiiindeetlotsun 331euay
Lifindeietledsuau 133518 uazasaaliver fibrosis #aeLA3es fibroscan wuin sadusniauTanemus
GT3 47%, GT1 34%, GT6 17% IL-28B CC genotype (rs12979860) F9uanifanisnavaussinonis
Snwnlasadusniaudae Pegylated interferon/ribavirin wugsie8s% lu HIV/HCV wag 85% lu HCV
mono

Liver fibrosislu HCV monoLﬁuﬁ\‘iﬁ 56.5%mild (fibrosis score<7.2KPa); 18.4% moderate
(fibrosis score7.2-9.5 KPa), 12.4% severe (fibrosis score9.5-14 KPa) waz12.7% cirrhosis (fibrosis
score>14KPa) d@lu HIV/HCV wuliver fibrosis Juksanilagny 30.6%mild, 27.8% moderate, 17.6%
severe wag 24.1%cirrhosis AUTE significant fibrosis (fibrosis score>7.2KPa) ﬂﬂﬁlzwﬂwg“mﬂ 918110
HIV-infection wazfinnig hypovitaminosis D Uadefiisadestiunisfin significant fibrosis lnenis
ATIERUUU multivariate analysis loun HIV-infection [adjusted odd ratio (95% confidential
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interval):2.67, 1.20-5.93), p=0.016, Fib4 score >1.45 (6.30, 2.70-14.74), p<0.001 hypovitaminosis
D(2.48, 1.09-5.67), p=0.031Uazn15Laen stavudine (4.92,1.44-16.79)p=0.011) Mun15197 21

A15197 21 Univariate and multivariate logistic regression analysis of the factors associated
with advanced liver fibrosis (TE =7.5 kPa) only HIV/HCV co-infected patients

Variables ' Univariate ' Multivariate

OR 95%CI P aOR 95%CI P
Male gender 1.24 (0.41-3.73) 0.702
Age increased by 10 years 1.48 (0.81-2.71) 0.208
BMI>25kg/m’ 3.88 (0.82-18.23) 0.086 1.34 (0.17-10.84) 0.782
HCV RNA of >800.000 IU/ml  0.95 (0.42-2.11) 0.892
Current abnormal ALT 3.50 (1.48-8.25) 0.004
HCV genotype 0.335 0419
Genotype 3 1.37 (0.47-4.03) 1.59 (0.42-6.03)
Genotype6 0.52 (0.13-2.04) 0.53 (0.09-2.99)
Fib4 score of >1.45 4.55 (1.92-10.76) 0.001 5.29 (1.52-18.35) 0.009
APRI score of=0.5 5.18 (2.15-12.47) <0.001
Estimated duration of HCV
infection of>20 years 1.30 (0.54-3.13) 0.558
Current alcohol consumption 1.11 (0.48-2.58) 0.800
Hypovitaminosis D [25(OH)D
<30 (ng/ml)] 2.00 (0.88-4.53) 0.096 5.04 (1.44-17.62) 0.011
1s12979860 CC allele 1.38 (0.57-3.33) 0.468
ART Regimen 0.494
Efavirenz or nevirapine Ref 1
Protease inhibitor 0.96 (0.4-2.28)
Stavudine exposure 2.66 (1.17-6.07) 0.020 492 (1.44-16.79) 0.011
Didanosine exposure 0.87 (0.35-2.14) 0.756
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9. ayUNaNITITBUALUBLAUBLUL

asulneninsay e il TOF eglugmseliusyAnsuaszoreninsludihefineldordsumn
fow wazdsunidu TOF  insighesviomsenatnafes viefimsldoriidudusnlng gnns
Fiutures CD4 uazdnaudinedidl HIV RNA < 50 copies/mL 9gwuin dnaugiaedill HIV RNA < 50
copies/mL Ansfiusgnsdiaaunaud 6 ieundslfenaunseiis U9 8 Tasdnanuduandisl HIV RNA < 50
copies/mL 71 8 Tiu 96% waz 94% pudu uansin orliUszansamlunssnugs Jeinsanngud
lail¢ien TOF Fait 8 VildndugUaedidl HIV RNA < 50 copies/mL Antdu 84%

dumutaand grinnsdsuulasesnisiuvedla f1painnisanatues eGR Tustngs
#il#en TOF dusnsnuFeldneunds awssannguiilalld TOF wudh & incidence rate va9n715iAn renal
insufficiency 189310 eGFR aAAININATY 25% 27N baseline %38 <60 cc/min/1. 73m’ Uiz:mm 1.9
per 100 person year of follow up &g 2.4 per 100 person year of foltow up ¢ auasu lediauiu
6.9 per 100 person year of follow up Iuﬂamvﬂaﬂm TDF uenaniiffmuin #a 3 ﬂamiumm renal
insufficiency Wigldenfusnifussezinanade fil 1.2, 1.8 wog 1.4 U swddu wag 70 multivariate
analysis WU’j’mEjuﬁﬁmmLﬁlaﬂumilﬁm renal insufficiency launeng > 35 U (Harzard ratio : HR 1.76
(95% Confidential interval : Cl 1.26-2.45) \aglden indinavir snriew 3.68 (2.73-4.96) WuAusiy
Tafingasause1.61 (1.14-2.28) vi3efl CD4 AouEuALLIF AN 200 cells/uL1.77 (1.32-2.38) M3l
TOF Winanseiufe 1A renal insufficiency tosntinguitlild Sedoyatunnsnsninnisfnuily
snsUszina finudn nslien TOF duasemsvhauadlnuinnd wasindndaties asianudssgedu
nsfinguitlallden TOF Tu cohort dhAnnsanaswesnisviieuesiaannnit asduwsed selection
bias ws1zidenty TOF luffliefiil eGFR genin70 mU/min/1.73m’ uazidesnslilugitaeifianmides
gusudulsamusiulafings lwwnu ogunnludu Ussneudungy  non  TDF fgthefiale
indinavir wag stavudine anniiuazuananidsdinsinisiasunisvhauyesls Taeg A1 estimated
eGFR ) 6 \fiou fiinsanasweanisvinauvedls mnd 60 mUmin/1.73m’ Aifinisanvuinen TOF &g
ylstann19iAin TDF renal toxicity n1sTiasigsiidanuinn nanfiduedunguild TOFfswiugihed
Wuwmuuazenudulaiingsiliinsiufungunon  TDFusndsnldedusiudanguitld non TOF
wflfvreiduiumiunazaudulafingsninnitegedaiou Jee1aazidudedvesnislden
TOFfv AN metabolic complication Ha8nan

Fefuffihonduidssiosdinisfinmunisinuredinegilnddanasiiniaudeunieusurune
foufimsvhauveslnazanasin

dwnsiAn  subclinical renal tubular dysfunction lusnanasiassiuiu 696 s1efilaLAu
Jaany 24 lus wuinguitlden TOF lewSsuiisufunguitldendiulaisl TOF (non TDF based
HAART) flonglioandn Srurufvdennndt ssesianfildenduandunin Gfaefiaeld indinavir dos
i1 wiifthefildendungy Pl fduiiuenvilen indinavir 111 uaedl nadic CDA s ud
current CD4 count genin ffAndilasasusniaudunnndt uilifthennuduladings wasaeldsuen
cotrimoxazole pHNI18E1ITALIY Lﬁa@milﬁﬂ subclinical renal tubular dysfunction WuUIM3I94
29% waz 16% AUaUTifianeg fraction tubular reabsorption of phosphate < 3 &g subclinical
renal tubular dysfunction mugdy fanguitld TOF uazlalldTOF laifiauuansefumsadlunis
1AM subclinical renal tubular dysfunction LLGiﬂEjJJﬁléf TDF di5gAv uric acid Tuidon wag 159U uric
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acid Tutlaanz gandnegnadaiau dansidl uric acid ge 0199idBsio MsiAnauflalingsuasnanie
metabolic syndromeluaunan LLaﬂuéﬂwﬁﬁ subclinical renal tubular dysfunction Tnefin1svihany
vodlaund nauilasdosiamunmsinuresleluszerendeluhaziinaronisvhauvedlaanadlueuan
wieliuwazdlonainlanesesmioll wavmsezinshnmunisasiatubular function 713-53419x4
fhodunniudolivezeufidusgfionnisudamioli tieflagldmanmsmstoiu

;f{ﬂwl,aszﬂai'ﬁlu cohort ﬁﬁmw vitamin D insuffiecncy (vitamin D < 30 ng/ml) ﬂ'au%’wqqqﬁa
70% Imaﬁamjwnormophosphate way hypophosphate 13 7il¢ waz Ll TOF lifiauunnsieiu
Fan1e vitamin D insuffiecncy ﬁmm@imq\‘iﬁ%lﬁm osteopenia/osteoporosis TuauAm AR
wurthliae i Aniufuntu wWedunsdestuamedluowen

MadusEAUEY TDF lun1sANWIWUU intensive pharmacokinetic wuinsgéiuen TOF 1ilelw
TDF 52U boosted Pl %39 NNRTI liusnsnsiueeeditdodfny memiaumaunmawwvmamlm
boosted lopinavir/r Wy efavirenz ﬂauwlﬂ boosted lopinavir/r JJ%"“G]‘U’EJ’lmﬂ’J’]uaﬂ?\]’lﬂUUﬂ’liﬁﬂ“mu
WURD H1n1YINUBslaanas seAuen TDF mqwumamw 0.16 mg/L uazsesivggellnuduiusiu
n19An subclinical tubular dysfunction Fstayatiagmiiousuiinulusmagfunni2s) fsusefidng
nuveslaanamisiinisuiuanuuingn TDF n153Asendeyasis multivariate analysis wutladedidl
NasesEiug TOF > 0.16me/ml siaii tmindadesnin <55ke finnuides 2.32 Wi chronic HCV 2.64
W1, eGFR <90 mL/min/1.73m’ 26641, lopinavir/ritonavir 2.47 i wag PRTD 2.08 W fetiugtae
ﬂfjuﬁm’i%ﬁiwuLﬁj’liz’?ﬁmilﬁm renal tubular dysfunction LU n13n5ata@a128913 proteinuria,
glycosuria, N15m593 phosphate Tuilaaniz s Tuauiifl eGFR <60 mU/min/1.73m” fimsasdinis
USuvune TDF

nsilanuiulaings e vy liiinadelagnsesia Pharmacokinetic veseniilulvliigsuas
lumamaendpomt YBIN1IANINIAIU Pharmacokinetic maqawwiuiwnmmﬂ'ﬁmmummlmmm
Luaamﬂmmuaaﬂmﬂmmﬂ glomerular filtration wag tubular secretion i proximal tubule U84
0 muummmu‘[awmqa 130 MU Awilnasie Pharmacokinetic soseniulndesfnaiiioviandsail
yirlfnnsvineuresiaanas dansAnwilduanddifiuin lufvasiidnisiauveslasiinit 90
mU/min/1.73m’ seduen Tenoforvir azgstiulnetanizlunguitléien Tenofovir $affu boosted PI &3
msinwlusmassmeRlinauiontulge, 47] Fanslienlopinavir $3uRU tenofovir ¥ile renal
clearance v84 tenofovir anasfis 17% wazslunalisesu tenofovir Atly proximal renal tubule
Gadoyasmatszma nslilopinavir/ritonavir ¥ilazduen tenofovir g9du 32% winisAnwE wut
sefubTtenofovir geNnnd1 50% drunileinazeSuisainseiuevedlopinavir Tuaulnegs ( szdud
Foennsfe 1-4 me/L [1ludluaulnedsedu lopinavir Tnewds 7.2 me/LI42] wavenlopinavir M
ritonavir 200 mg/day ILa¢ protease inhibitor Frdu 1y atazanavir, saquinavir, darunavir Tl
ritonavir 100 me/day n1sfinulvefiszsuen ritonavir waz lopinavir qu‘iﬂﬁlﬂé’ué&a efflux V99
tenofovir 910 proximal tubule 1Nty

Tut{{ﬂaaﬁﬁmiﬁwmmaﬂmmwﬁaa wulgetenofovir Tuauin 300 me TuLluiuuag 150 mg
ynfulviszdutenofovir ey win1sliuunn150 me nnfwildauldazaaninnni agliuuuild
msasidugntenofovir Mndnlngasdnsindenssulve Jsdiseslvivinlédaiau iesanseduen tenofovir
gunnilelisauiuen lopinavir/ritonavir fetiuenafiansananuuine tenofovir fauin1svhauvedle
Taifannigu creatinine clearance Uszanai60-70 mU/min tiieannisiin renal toxicity
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eninfueulned] polymorphism U84 gene ﬁmwm efflux U84 tenofovir ﬁproximal tubule
WU ABCC4 4131T>G variant (genotype TG or GG) vilisgfiuatenofovir mawu‘[mmamﬂuﬂwm
miwmusuaﬂlmUﬂWiaaLLauu’munmuaamw 55 kg lay zifinloniaiin tubular dysfunction mnmu
louanizd polymorphism of ABCC2 -24C>T (genotype CC), and ABCC10 2759 T>C
(genotype CC or C/T)

fawiUszmalngazeaulumeuaianunidisieylaiaulnenusedu vikamin D concentration
< 20ng/mL §570% lnglawznguidssietmdls o1gann> 40 U uagldendiu efavirenz fe msizen
efavirenz a¢lUsuniusyuy metabolism vas3niuf[48-61] uwasiduldiuamnnlungaunniiduazeos
wn shlannsfunaeaiion mufsaulnenduen vlildadutuuanuniy uasaulnelidey
pnsfigaudneunaideuuas vitamin D deiuluauldnguiiansagld vitamin D supplement sz
1§ tenofovir flenafiviiliiAin hypophosphatemia/hyperphosphaturia wagiiin osteopenia/
osteoporosis  81uadafiufsiuseferBailiwdadivuinnindiy lnemmgluauiiihSasusnaud
videdsaudng il lver fibrosis usnduld wasdiheletlotfiuninduivinligidutusag i
Tonadndetalse Wulsawmmu mnuduladings wavusdlélez)
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Comparisons between validated estimated glomerular
filtration rate (GFR) equations and isotopic GFR in
HIV patients
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Objective: Understanding how best to measure renal function in HIV-infected patients
is critical because estimated glomerular filtration rate (eGFR) in HIV-infected patients
can be affected by ethnicity and body composition. We validated the available eGFR
equations and compared them to the plasma 99mTc-diethylenetriaminepentaacetic
acid (99mTc-DTPA) clearance in HIV-infected patients.

Design: Test of diagnostic accuracy.

Methods: 196 HIV-infected patients underwent measuring 9mTc-DTPA plasma clear-
ance, 5 creatinine-based eGFR equations, cystatin-C GFR and 24-hour urine creatinine
clearance(CrCl).

Results: Mean (SD) 99mTc-DTPA GFR was 117.74 29.2 mL/min per 1.73 m2. The
reexpressed MDRD, CKD-EPI, re-expressed MDRD formula with Thai racial correction
factor, Thai eGFR equation, Cockcroft & Gault, cystatin-C GFR, and 24 hr urine CrCl,
underestimated the reference GFR. The bias estimated by the mean of differences =+ the
limits of agreement for the re-expressed MDRD equation, CKD-EPI, re-expressed
MDRD formula with Thai racial correction factor, Thai eGFR, Cockcroft & Gault,
cystatin C, and 24 hr urine CrCl can be expressed as 18.9+27.3, 11.1£25.5, 6.2+28.8,
13.5+£27.0, 30.4+28.0, 3.2+436.1, and 5.0£12.1 mL/min per 1.73 m2 respectively.

Conclusion: The available eGFR equations underestimated GFR in HIV-infected
adults. However, the eGFR by cystacin C GFR was the most precise and accurate.
Among Cr-based eGFR equations, re-expressed MDRD formula with Thai racial
correction factor was the most precise and accurate. The racial factor for each ethnicity
is important and the existing eGFR equation should be validated before using it in the
HIV population. © 2012 Wolters Kluwer Health | Lippincott Williams & Wilkins
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Introduction

Antiretroviral therapy (ART) has significantly reduced
mortality and progression to AIDS. Instead, compli-
cations of long-standing HIV infection and treatment,
including renal disease, have become increasingly
important. Aging, concomitant metabolic diseases, and
use of potentially nephrotoxic ART can lead to higher
risks for developing renal diseases in HIV-infected people;
therefore, it is critical that physicians have the best tool to
measure renal function in HIV-infected patients. How-
ever, there is no clear guidance which tool is the most
appropriate for measuring the renal function in patients
with HIV.

Physicians who treat HIV-infected patients are concerned
whether the calculated eGFRs derived from non-HIV
population are precise and accurate in assessing HIV-
associated chronic kidney disease (CKD) because the
body compositions of HIV and non-HIV patients vary.
None of the methods used to date have been well
validated in HIV-infected Asian patients. Since all of the
GFR measuring tools were validated in HIV-negative
caucasians and blacks (African Americans) [1—4], there-
fore its use in other ethnic groups casts doubt to its
appropriateness. Even though ““™Tc¢ DTPA plasma
clearance 1s highly accurate and is the gold standard for
GFR assessment, it is impractical to scale up in resource-
limited settings. The serum creatinine is the simplest
method but its inability to detect early decline of the renal
function is its major pitfall [5]. Serum cystatin C is more
expensive than serum creatinine and the effect of HIV
replication may limit its use in this population [6]. The
calculated methods for GFR may be the best tool for use
in resource-limited settings because it does not require
the use of sophisticated equipments nor has any other
additional expenses aside from serum creatinine tests.
Each of the equations has its own pitfall but the most
important issue is that it has not been well validated in
HIV-infected patients, especially Asians. The Cockcroft-
Gault (CG) method [7] is the most commonly used
because it is easy to calculate. Lately, there is increasing
evidence suggesting that the Modification of Diet in
Renal Disease (MDRD) [1,3] and the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) [4] may
be more accurate in assessing GFR in caucasians and
African Americans yet in Asians, the MDRD tends to
overestimate the prevalence of renal disease [8]. As a result
of this, Praditpornsilpa K et al. [9] proposed a racial factor
for Thais that appears to give a more accurate GFR
measurement, at least in HIV-negative patients.

Aside from that, this adjusted eGFR measurement can be
used to monitor the deterioration rate of the renal
function so physicians can change the dose of ART to
prevent CKD/ESRD. Therefore, this study validated all
of the available methods used to assess renal function (re-

expressed MDRD formula, CKD-EPI equation, re-
expressed MDRD formula with Thai racial factor
correction, Thai eGFR equation, Cockcroft & Gault,
and cystacin C GFR) in ARV drug experienced HIV-
infected patients and compared the results to the gold
standard of *”™Tc¢ DTPA plasma clearance.

Materials and methods

Patients

The study was approved by the Ethical Committee for
Research, Chulalongkorn University, Bangkok, Thai-
land. All patients have provided written informed
consent. This study was conducted in accordance with
the Declaration of Helsinki. Stable HIV-infected adults >
18 years old, followed up by HIV-NAT (The Netherlands
Australia andThailand Collaboration in HIV Research),
Bangkok, Thailand, were recruited into the study. The
study was conducted in an ambulatory setting and began
at 08:00—09:00 AM to avoid the diurnal variations in the
renal function. Patients with acute deterioration of the
renal function, amputation, malnutrition (BMI < 18 kg/
mZ), in a bed ridden state, with infection, in an edematous
state, gastrointestinal bleeding, heart failure, or were
hospitalized were excluded. Women of childbearing age
without a reliable contraceptive method, patients on renal
replacement therapy, patients taking methyldopa, levo-
dopa, ascorbic acid, cimetidine, trimethoprim, anti-
biotics, steroids, or flucytosine were also excluded.

Clinical data and body composition assessment
Body composition was assessed by bioimpedance analysis
(BIA) using Body Composition Analyzer (In Body S20,
Biospace, Korea). Skeletal muscle mass, body fat mass,
and total body water were analyzed. Body weight (BW),
height, blood pressure were recorded.

Reference GFR measurement

The reference GFR was determined by plasma collected
at 10 different time points by using the "™ Tc-DTPA
plasma clearance method which was performed at the
Department of Radiology, Chulalongkorn University.
PMTe_DTPA was purchased from the Office of Atoms
for Peace, Bangkok, Thailand, with a radiopurity of >95
% and """ Tc-DTPA bound to plasma protein of <5 %.
The same protocol was applied to all patients. In brief,
heparin lock was inserted in the arm to obtain blood
samples to determine the radioactivity background and
for the serum creatinine assay. A single intravenous bolus
of " Tc-DTPA was injected into each patient. Blood
specimens were drawn to assess plasma radioactivitg at 5,
10, 20, 30, 60, 90, 120, 180, and 240 minutes post 9omp._
DTPA injection. Plasma radioactive activities were then
plotted as a function of time to create a time-activity
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curve to calculate for GFR. The GFR equation was
determined by using bi-exponential fitting method [10]:
D D

GFR = - — =
area under time — activity curve (¥ c(t)dt’

D is the dosage of injected *”"Tc-DTPA. The result was
normalized by the body surface area which was calculated
according to Dubois and Dubois [11]. Reference GFR by
9mT_DTPA plasma clearance were read by a radiologist
who was blinded to the clinical status and laboratory
results of the patients.

Calibration for the serum creatinine assay
Fasting serum creatinine was measured by using a Roche
Diagnostics  (Indianapolis, IN, US) CREA plus
(11775642) enzymatic assay (Crg,,), on a COBAS,
INTRGRA 400 plus analyzer. The measured Crg,,
values were adjusted by using traceable high-level IDMS
reference serum creatinine, as recommended by the
National Kidney Disease Education Program. The IDMS
reference serum creatinine (SRM 967) was purchased
from the National Institute of Standards and Technology.
The certified concentration values for serum creatinine
were 0.847 £ 0.018mg/dL for level 1 and
3.877 £0.082mg/dL for level 2. The coefficient of
variation for the serum creatinine assay was 1.21%.

Cystatin C

Serum for cystatin C levels was collected at the time of
serum creatinine collection. Cystatin C was measured by
a particle Enhanced Turbidimetric ImmunoAssay
(PETIA) (ARCHITECT ¢ Systems and AEROSET
Cystatin C Reagent, Abbott Diagnostics). The coefti-
cient of variation for the serum cystatin C assay was

1.17%.

eGFR calculation for the Thai HIV population
The eGFR values were calculated by using the re-
expressed MDRD equation, CKD-EPI equation, re-
expressed MDRD equation with Thai racial factor
correction, Thai eGFR equation, Cockcroft & Gault
formula, and cystatin C GFR [12] (Table 1).

Table 1. eGFR equations.

Urine 24-hour collection

Urine was collected over a 24-hr period which included
the morning when """ Tc DTPA plasma clearance GFR
was measured. Verbal and written instructions on
appropriate collection technique were provided to the
patients beforehand. Container for urine collection was
provided to each patient. Urine collection was performed
at home 1 day prior the day of radioisotope GFR.
Creatinine clearance (CrCl) was calculated by using this
equation: CrCl = (Urine creatinine/Serum creatinine) x
(urine volume / time of the actual collection). CrCl
estimations were adjusted for BSA.

Statistical analysis

Bland-Altman plots were used to assess the agreement
between eGFR and reference GFR [13]. The regression
of the average and the difference between the reference
GFR and eGFR (reference GFR minus eGFR) were
analyzed. Statistical analysis was performed by using
MedCalc Software version 10 (Mariakerke, Belgium) and
SAS/STAT software version 9.3 (SAS Institute, Cary,
NC, USA).

Results

Characteristics of the patients

A total of 208 HIV-infected cases were studied; 12 cases
were excluded because of the leakage of radioisotope
during the plasma isotope clearance study. 196 cases [10
anti-retrovirus (ARV) naive and 186 well suppressed HIV;
43% were temale| were included in this analysis (Table 2).
The average exposure to ARV was 8.6 & 3.5 years. The
mean (SD) viral load was 2,647.9 + 18,590.2 copies/ml,
and only 10 subjects (ARV naive) had viral load >
50 copies/mL. The mean (SD) CD4 count was
610.3 £241.5 cells/L; none of the patients had CD4
< 200 cells/pL. The averages of the body mass index
(BMI) and body surface area (BSA) were 22.3 +3.2kg/
m? and 1.63 +£0.18 m?, respectively. Only 15% of the
patients had a BMI in the overweight (>25 kg/m?) range.
Fifty-five percent, 44% and 59% of them were classified as
having low skeletal muscle mass, high body fat mass and

eGFR Methods Gender Serum Cr Equations
Re-expressed MDRD equation [3] - Creny 175 X (Crgny) ~ 1% x (Age)’o'203 (x 0.742 if female)
CKD-EPI equation [4] Female Cren, < 0.7 mg/dL 144 x (Crega/0.7) 79329 x (0.993)%8°
Female Cren, > 0.7 mg/dL 144 x (Crg,/0.7) ~'2%9 x (0.993)"¢°
Male: Cren, < 0.9 mg/dL 141 x (Crga/0.9) ~%*11 x (0.993)%8°
Male: Crenz > 0.9 mg/dL 141 x (Crg,/0.9) ~'2% x (0.993)"¢°
Re-expressed MDRD equation - Creny 175XCrgn, -1.154]xAge [-0.203] x0.742 (if female) x1.129) if Thai
with Thai racial factor [9] v
Thai eGFR equation [9] - Creny 375.5X(Cren,) O ®*¥x(Age) ~0-3%* x0.712 (if female)
Cockcroft & Gault equation [7] - Creng [(140-age)xBW/ Crg,, x72]/BSAX0.85 if female

Cystatin C GFR [12]

86.7/cystatin C ~*2
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Table 2. Characteristics of patients enrolled in the study.

Mean +SD Median

Age (years) 43.6+7.8 43.2
Body weight (kg) 59.0+10.9 56.6
Height (meter) 1.63+0.82 1.62
ARV vintage (years) 8.6+3.5 8.7
HIV Viral load (copies/ml) 2,647.9+18,590.2 50.0
CD4 count (cells/ulL) 610.3+241.5 585.5
CD4 (%) 28.0+7.8 24.0
BMI (kg/mz) 22.3+3.2 219
BSA (m?) 1.63+0.18 1.60
Skeletal muscle mass (kg) 24.6+5.6 23.9
Body fat mass (kg) 13.7+6.5 13.1
Fat free mass (kg) 45.0+£9.2 44.2
Soft lean mass (kg) 42.54+8.7 41.5
MAP (mmHg) 91.0£11.5 90
BUN (mg/dL) 12.41 +£4.96 12.00
Serum creatinine (mg/dL) 0.91+0.29 0.90
Urine protein (mg/day) 439.6+£1095.7 220.0
Total cholesterol (mg/dL) 204.1+45.9 196
Serum triglyceride (mg/dL) 152.0+96 119
HDL (mg/dL) 50.9+16.6 49
Plasma glucose (mg/dL) 92.1+25.1 87.0
Serum phosphate (mg/dL) 3.52+0.53 3.50

high body fat percent, respectively. The mean Crg,, was
0.91£0.29 mg/dL (95% confidential interval (95% CI)
of 0.86 to 0.95mg/dL). The mean reference GFR
(™TeDTPA) was 117.7 +29.2 mL/min/1.73 m> (95%
CI of 113.6 to 121.8 mL/min /1.73 m?). One hundred
and sixty-seven patients (85%) had an isotope GFR of >
90 mL/min/1.73% and only 2% had low isotope GFR of
< 60mL/min/1.73 m”. Diabetes mellitus and hyperten-
sion were found in a minority of the patients (7% and
15%, respectively). None of them were on ganciclovir,
adefovir, and cidofovir 6 months prior to this study.

Assessing the agreement between eGFR values
from different equations and reference GFR

The bias estimated by the mean of differences = the limits
of agreement for the re-expressed IDMS traceable MDR D
equation was 18.9427.3, 11.1+25.5 for CKD-EPI,
6.2 £28.8 for re-expressed MDRD formula with Thai
racial correction factor, 15.4+27.0 for Thai eGFR,
30.4 % 28.0 for Cockcroft & Gault, 3.2 £ 36.1 for cystacin
C GFR and 5.0 £ 12.1 mL/min per 1.73 m” for CrCL by
24 hr urine(Fig. 1). The slope of the bias regression line
between the reference GFR and the eGFR by re-expressed
IDMS traceable MDRD equation was 0.15, 1.06 for
CKD-EPI, 0.01 for re-expressed MDRD formula with
Thai racial correction factor, 0.29 for Thai eGFR,, 0.36 for
Cockeroft & Gault, 0.17 for cystatin C GFR, and 0.09 for
CrCL by 24 hr urine (Table 3). Reexpressed MDRD
equation with Thai racial correction factor had the least
slope (0.01) which can be interpreted that at each GFR, the
bias was the most evenly distributed and was almost
constant at 6.2mL/min/1.73 m> (Fig. 1c).

The correlation of each equation varied by 0.81 for the
re-expressed MDRD equation, 0.85 for the CKD-EPI
equation, 0.92 for the re-expressed MDRD equation

with Thai racial correction factor, 0.86 for the Thai
eGFR equation, 0.73 for the Cockcroft &Gault, 0.89 for
the cystatin C GFR, and 0.96 for the CrCl by the 24-
hr urine.

The number of eGFR estimates that fell within 30% of
measured GFR was 74% by re-expressed MDRD
equation, 80% by CKD-EPI equation, 84% by re-
expressed MDRD equation with Thai racial correction
factor, 84% by Thai eGFR equation, 53% by Cockcroft
&Gault, 84% by cystatin C GFR,, and 100% by CrCl by
the 24-hr urine.

Discussion

HIV infection remains incurable and indefinite ART is
often limited by drug toxicity. Renal toxicity is a major
cause for morbidity and mortality in HIV-infected
patients. HIV infection is also a risk factor for CKD.
Since kidney disease tends to be silent during the initial
stages, therefore an accurate and reliable tool for
measuring GFR in HIV-infected patients is urgently
needed globally to properly monitor and manage HIV-
and ART-related renal diseases. A recent study showed
high prevalence of CKD in HIV population [14]. The
exposure to ARV is a unique risk factor for HIV
population. Certain ARVs have been shown to be
nephrotoxic and can cause renal stone disease as well as
chronic tubulointerstitial disease. The expansion of HIV
population and the success of HIV treatment can extend
the lives of the patients that over time, some of them may
develop CKD and progress to ESRD which will
ultimately impact all health care services. It is important
to find a reliable tool to calculate/measure GFR so
physicians can detect patients at risk for developing CKD.
In addition, if this tool can accurately monitor the
deterioration rate of the renal function so that doses of
ART can be reduced, this will significantly help prevent
the disease from occurring.

The re-expressed MDRD eGFR equation has been
developed primarily for Caucasians and African-Amer-
icans with CKD [1-4]. Recent studies have shown that
the calculation of eGFR derived from a race without
prior validation will result in inaccurate estimations of
GFR unless a racial factor is added to the equation to
provide a more precise estimation [5—7]. Even though
various eGFR equations have been studied in different
races, the validation data have not been well studied in a
large HIV population, especially in Asians. Our study has
a large sample size (N =196) and is one of the first of its
kind to compare various equations of estimated GFR
against the radioisotope plasma clearance GFR in HIV-
infected patients from Asia. The majority (95%) of the
patients from the study’s cohort are on ART and their
HIV RNA are well suppressed (VL <50 copies/mL).
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Fig. 1. Bland-Altman plots of eGFR values calculated by different equations and the reference GFR which was used to show the disagreement between the equation and the
reference. The mean bias and+1.96 SD are represented by the horizontal lines. The disagreement of different equations (a); re-expressed MDRD equation, (b); CKD-EPI
equation, (c); re-expressed MDRD equation with Thai racial factor correction, (d); Thai eGFR equation, (e); Cockcroft & Gault, (f); cystacin C GFR, and (g); CrCL by 24 hr urine]
are shown by the regression trend of the difference and the mean bias of the eGFRs towards the reference GFR.
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Table 3. The means of reference GFR and eGFR calculated by the different eGFR equations, the bias between mean and reference GFR, the

range, and slope of the bias line are shown.

Mean GFR +SD
(mL/min/1.73m?)

Mean bias +SD
(mL/min/1.73m?)

Lower limit

Upper limit
(mL/min/1.73m?)

Slope of bias line
(mL/min/1.73m?)

by Bland-Altman plot

Reference GFR 117.74+£29.2 NA

eGFR by reexpressed MDRD 98.7 £26.1 18.9+27.3
eGFR by CKD-EPI equation 106.6£11.9 11.1£25.5
eGFR by Thai racial factor 111.5+£29.5 6.2+28.8
eGFR by Thai equation 104.1+23.4 15.44+27.0
Cockceroft & Gault 86.4+29.2 30.4+28.0
eGFR by Cystatin C 114.0+36.1 3.2+36.1
CrCl by24 hr urine 112.3£31.4 5.0£12.1

NA NA NA

—34.8 72.5 0.15
—38.8 61.0 1.06
-50.4 62.7 0.01
-39.4 66.5 0.29
—24.4 85.3 0.36
—70.2 76.7 0.17
—18.8 28.7 0.09

Some of the patients are overweight but many have
abnormal body compositions due to ART-related
lipodystrophy, resulting in low skeletal mass and high
body fat mass.

We demonstrated that the expressed MDRD, CKD-EPI,
re-expressed MDRD formula with Thai racial correction
factor, Thai eGFR equation, cystatin C GFR, and 24-hr
urine CrCl underestimated the reference GFR. The
application of re-expressed MDRD and CKD-EPI
equations derived from non HIV-CKD population had
a bias of 18.9mL/min/1.73m> and 11.1mL/min/
1.73m” respectively. The spread of the bias between
the reference GFR and the eGFR by CKD-EPI was not
evenly distributed (Fig. 1b). When GFR was less than
110mL/min/1.73m> or more than 110mL/min/
1.73m?, the eGFR from the CKD-EPI overestimated
or underestimated the reference GFR,, respectively. From
all of the serum creatinine based eGFR equations, the re-
expressed MDRD equation with Thai racial factor
correction was the only equation that had the least bias of
6.2mL/min/1.73 m” and an evenly distributed spread of
bias. Therefore the re-expressed MDRD equation with
Thai racial factor correction is more applicable to Thai
HIV-CKD population. Our data agrees with Barraclough
et al’s [15] data which showed that the MDRD formula
was the most precise method for Caucasians infected
with HIV.

The racial factor for each ethnicity is important.
Recently, our group did a study in 350 HIV-uninfected
patients with various CKD stages [16]. We found that
differences in ethnicity significantly affected the results of
the MDRD-based eGFR equation and the racial factor
for Thais was 1.129. When we used the adjusted MDRD
equation with Thai racial factor on our HIV-infected
population with an abnormal body composition but well-
preserved kidney function compared to the uninfected
population, GFR estimation was precise and accurate.
This study showed that re-expressed MRDR equation
with Thai racial factor can precisely and accurately be
used in Thais with or without HIV infection.

The performance of the MDRD with Thai racial factor
suggests that this equation is suitable for GFR estimation

in our HIV-infected population. However, this formu-
lation may not be applicable for all HIV-infected Asians
because other studies conducted in Chinese [17,18] and
Japanese [19—-21] non-HIV-infected population have
different racial factors of 1.23 and 0.88, respectively. This
discrepancy within the Asian population makes it difficult
to adopt a universal eGFR equation/racial corrected
factor. It is unknown whether the body composition or
the differences in determining the reference GFR
method affected this disparity in eGFR equation and
racial corrected factor for the MDR D-based GFR among
Asians. The reference GFR from the Japanese study was
obtained from using renal clearance of inulin whereas for
the Chinese study, “”™Tc DTPA was used. The
techniques used in the Chinese study is similar to our
group but we incorporated 10 time points within the
4 hours period instead of using only 2 time points as in the
Chinese study. Furthermore, we performed all isotopic
measurements at the same time during the day for all
patients to avoid diurnal GFR variation.

Our data supports Bonjoch et al. [22] who reported that
cystatin C had the least bias compared to serum creatinine
based eGFR equations in estimating isotopic GFR when
used in 15 HIV-infected patients. The drawback of using
cystatin C is that it is not standardized even though its use
as a biomarker for renal function is increasing. It has been
shown that there are systematic shifts in cystatin C levels
[23] and standardization is necessary before it can be
systematically and routinely utilized in the clinical setting.
Following cystatin C GFR, the second less biased
technique is the use of CrCl by 24-hr urine collection.
Unfortunately, 24-hr urine collection is the most
impractical and difficult method to be used routinely
in clinical practice; its precise collection of the urine has
made this method unattractive.

The strength of this study is its large sample size as well as
intensive measurements of isotopic GFR (10 time points).
This data can also be applied to females as 43% of the
patients in the study were females. Aside from that, the
present study is representive for both HIV with and
without lipodystrophy/abnormal body composition.
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The primary limitation of this study is that the results may
not be generalizable to non-Thais and very few
participants with impaired kidney function were
included, therefore the comparison at lower levels of
kidney function may be less reliable. In addition, most of
the patients had high CD4 and undetectable VL or well-
controlled HIV suppression so this data may not be
applicable to patients with a more profound immuno-
deficiency or AIDS-related wasting.

In conclusion, we have proved that there is a need for the
racial correction factor for the creatinine based eGFR
equation for both non-HIV CKD and HIV population.
Therefore, it is highly and strongly recommended that the
existing creatinine based eGFR equations should be
validated before using it in both non-HIV CKD and HIV
population in epidemiologic studies and in the
clinical setting.
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Abstract

Background and Aim: Vitamin D insufficiency plays an important role in liver fibrosis in
hepatitis C virus (HCV)-infected patients. We assessed liver fibrosis by transient
elastography and 25 hydroxy vitamin D [25(OH)D] status in HCV-infected patients, with
(HIV/HCYV) or without HIV co-infection (HCV) from Thailand.

Methods: Fibrosis stage was defined as mild (< 7.1 kPa); moderate (7.2-9.4 kPa);
severe (9.5-14 kPa), and cirrhosis (> 14 kPa). Hypovitaminosis D was defined as
25(0OH)D < 30 ng/mL. Logistic regression analyses were used to assess predictors for
significant fibrosis. Serum 25(OH) D levels, HCV genotypes (GT), interleukin-28B
(IL28B) and HCV-RNA were assessed.

Results: A total of 331 HCV and 130 HIV/HCV patients were enrolled (70% male, 35%
people who inject drugs [PWIDs]). HCV GT distribution was as follows: GT3 47%, GT1
34%, GT6 17%. IL-28B CC genotype (rs12979860) were found in 88% of HIV/HCV and
85% of HCV. In HCV, liver fibrosis was mild in 56.5%; moderate in 18.4%; severe in
12.4%; and cirrhosis in 12.7%. In HIV/HCV, these figures were 30.6%, 27.8%, 17.6%, and
24.1%, respectively. Patients with significant fibrosis were more often male, older, with
HIV infection, hypovitaminosis D, and less likely to be infected with GT6. Factors
associated with significant fibrosis by multivariate analysis were HIV infection (adjusted
odd ratio [95% confidential interval]: 2.67, 1.20-5.93), P = 0.016, Fib-4 score > 1.45 (6.30,
2.70-14.74), P <0.001, and hypovitaminosis D (2.48, 1.09-5.67), P =0.031. GT 6 was
less likely to have advanced liver fibrosis (0.17, 0.05-0.65), P = 0.01.

Conclusions: HIV infection, Fib-4 score > 1.45, and hypovitaminosis D are strong and
independent predictors for the presence of advanced fibrosis in our HCV-infected patients.
These data highlight the urgent need of HCV treatment and vitamin D supplement in
resource-limited settings.
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infection with hepatitis C virus (HCV) which is increasing.>™

Introduction This is especially problematic for resource-limited settings

Since the widespread availability of combination antiretroviral
therapy (cART), there has been a dramatic decline in HIV/AIDS-
related morbidity/mortality, and significant increase in the life
expectancies of HIV-infected patients worldwide.! However, the
improved survival after effective cART has been associated with
higher mortality and morbidity rates contributable to chronic
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(RLS), where treatment of HCV is generally not easily acces-
sible. HIV has a negative impact on the natural history of HCV,
and compared with HCV mono-infected patients, HIV/HCV
co-infected patients have a more rapid progression from chronic-
active-hepatitis-to-liver-cirrhosis, end-stage liver disease, liver
cancer,s and death.’
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Factors that contribute to the rapid development of liver fibrosis/
cirrhosis among HIV/HCV co-infected patients are males, acquir-
ing HCV at an older age, heavy alcohol consumption, low CD4
cell count, HCV genotype 3 and insulin resistance.'> Studies
from HCV genotype 1, HIV/HCV co-infection have found that low
serum levels of 25-OH-vitamin D [25(OH)D] are associated with
severe liver fibrosis'*'* and lower HCV treatment response.'*!3
However, these data were obtained mostly from resource-rich
countries and may not be applicable in Asia where the financial
status, behavior, culture, modes of HCV acquisition and HCV
genotype distribution are different. Presently, factors associated
with liver fibrosis in HIV/HCV co-infection and HCV mono-
infection in RLS have not been well-characterized.

Management of HCV-related liver disease is based on staging
of liver fibrosis assessed by liver biopsy. This limits the ability to
assess the presence of fibrosis in RLS because liver biopsies are
not easily accessible. HIV co-infection forms an additional barrier
to access to liver biopsy because of widespread HIV stigmatization
in many settings in Thailand. Therefore, little is currently known
about the prevalence of liver fibrosis in Asia. An alternative non-
invasive tool to measure the degree of liver fibrosis is transient
elastography (FibroScan, TE, Echosens, Paris, France), which has
been validated in both HCV mono-infected and HIV/HCV
co-infected patients.'® This is a promising tool in RLS to assess the
presence of liver fibrosis among HCV-infected patients with/
without HIV co-infection without the need for liver biopsy.

In the present study, we investigated the prevalence of different
stages of liver fibrosis among untreated HCV-infected patients,
with/without HIV co-infection. Predictors for the presence of liver
fibrosis included serum 25(OH)D levels, HCV genotypes, IL28B
and HCV-RNA.

Material and methods

Study design and participants. Chronic HCV (at least
two occasions more than 6 months apart) with and without
HIV were enrolled from Taksin Hospital, Chulalongkorn Memo-
rial Hospital, and HIV-NAT, Thailand. Study protocol was
approved by Institutional Review Board, Faculty of Medicine,
Chulalongkorn University. All patients gave written consent. Basic
characteristics included age, sex, risk category for HCV infection
and for HIV infection if applicable, history of alcohol use, body
weight (BW), body mass index (BMI), history of antiretroviral
agents (ARV) use among those co-infected with HIV/HCV,
calcium and vitamin D intake, and history of bone fracture. Dura-
tion of HCV infection was estimated by using the first reported
exposure as the start of infection, e.g. first time the person shared
used needles if PWIDs (people who inject drugs), first time of
receiving blood products, first time of needle stick injury if health-
care workers and/or first time of unprotected sex.

Samples for HCV-RNA, HCV genotyping and IL28B were col-
lected between June 2010 and April 2012. Blood was drawn after
10 h of fasting to assess CD4 count, HIV-RNA, complete blood
count, glucose, lipid panels, serum creatinine, aspartate amino-
transferase (AST), alanine aminotransferase (ALT), 25(OH)D
levels, and HBV. Tests for anti-HCV antibody were repeated using
chemiluminescent microparticle immunoassay (CMIA) (Abbott
test generation3, Abbott Architect ci4100, Wiesbaden, Germany).
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HCYV viral load testing. Quantification of HCV-RNA was
performed by real-time polymerase chain reaction assay (Abbott
Molecular Inc. Des Plaines, IL, USA). Lower (LLD) and upper
detection limits (ULD) of the assay were < 12 IU/mL and
100 000 000 IU/mL, respectively. Specimens yielding values
above ULD were diluted 100-fold and retested.

HCV Genotyping and IL28B polymorphism. HCV-
RNA was reversed by random primer and viral 5°UTR was ampli-
fied. Positive 5’UTR were then subjected for further amplification
with primers specific for the core and NS5B regions as described
previously.!” Viral genotypes were classified based on the nucleo-
tide sequence using BLAST search and viral genotyping tool
(http://www.ncbi.nlm.nih.gov/). Human DNA was extracted from
PBMCs/sera and used to detect IL28B polymorphism. PCR and
direct sequencing were used to detect rs12979860. Genotype
rs12979860 was analyzed directly from the chromatogram of the
nucleotide sequences.

Assessment of vitamin D levels. Whole blood samples
were centrifuged at 2500 r.p.m. for 20 min and plasma was stored
at —80°C until use. ARCHITECT CMIA was used to quantitate the
levels of 25(OH)D according to the manufacturer’s instructions
(Abbott, Barcelona, Spain). Hypovitaminosis D was defined as
having serum levels of 25(OH)D < 30 ng/mL. Imprecision of the
ARCHITECT 25-OH Vitamin D assay is < 10% but within labo-
ratory (total) coefficient variation.

Assessment of liver fibrosis and cirrhosis. Liver
stiffness was assessed by transient elastography (TE). All TE were
performed by a single-blinded TE specialist to avoid interindividual
variation and standard criteria with FS validation.'® AST/platelet
ratio index (APRI) score was calculated by using Wai efal.’s
formula:'® (AST/upper limit of normal considered as 40 IU/L)/
platelet count x 10%L. Fibrosis 4 Score (Fib-4) was calculated by
using Sterling er al.’s formula:® (age x AST)/[(platelet count X
ALT)".

Fibrosis stage was defined according to fibrosis score as mea-
sured by TE: mild (equivalent to Metavir FO-F1), < 7.1 kPa; mod-
erate (F2), 7.2-9.4 kPa; severe (F3), 9.5-14 kPa; and cirrhosis
(F4), > 4 kPa. Furthermore, advanced liver fibrosis (F3 and F4)
was defined as a fibrosis score of > 9.5 kPa. Cirrhosis was diag-
nosed based on definitive clinical evidence, fibrosis score
> 14 kPa, and/or imaging evidence by abdominal sonogram of the
liver showing cirrhosis/splenomegaly with portal hypertension.

Statistical analysis. Analysis was performed by Stata
version 12.1 (Stata Corp., College Station, TX, USA). For descrip-
tive analysis, frequencies of categorical variable were calculated.
Median and interquartile range (IQR) were calculated for continu-
ous variables. Each variable was correlated to vitamin D status and
advanced liver fibrosis. Magnitude of associations was expressed
as odds ratio (OR) and 95% confidence intervals (95% CI). Cat-
egorical variables were analyzed by using the Pearson’s chi square
test/Fisher’s exact test, as appropriate. Continuous variable was
analyzed using Student’s z-test. Pearson correlation coefficiency
was used to explore the association between serum vitamin D
levels and advanced liver fibrosis. For multivariate analysis, mul-
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tiple logistic regression analysis was used. Variables presenting
P < 0.1 in univariate analysis were tested in the final model.

Results

Characteristics of study population (Table 1). A
total of 130 untreated HIV/HCV co-infected and 331 untreated
HCV mono-infected patients were enrolled. None of them
reported fracture nor taking calcium/vitamin D. Majority were
males (70%) and former PWIDs. The HCV mono-infected group
had a higher proportion of patients > 50 years (34% vs 18%),
longer estimated duration of HCV infection (17 years vs 15 years),
and higher proportion of alcohol consumption (77% vs 39%).
Median 25(OH)D levels were comparable between the HCV
mono-infected and HIV/HCV co-infected patients. The prevalence
of vitamin D insufficiency [25(OH)D 20-30 ng/mL] and defi-
ciency [25(OH)D < 20 ng/mL] among mono-infected patients was
53.9% and 8.9%, respectively, thus the prevalence of hypovita-
minosis D was 62.8%.The prevalence of vitamin D insufficiency
and deficiency among co-infected patients was 47.9% and 13.7%,
respectively (hypovitaminosis D 61.6%).

HCV genotype (GT) and IL28B polymorphism. The
most prevalent circulating genotype was HCV GT3 (47%), fol-
lowed by GT1 (34%) and GT6 (17%). HIV/HCV co-infected
patients more often had plasma HCV-RNA > 800 000 IU/mL
(54% vs 43%).

IL28B at rs12979860 position was available for 94 HIV/HCV
and 136 HCV mono-infected patients. The major allele (CC geno-
types) of rs12979860 position was found in 88% of HIV/HCV and
85% HCV mono-infected patients. Only 1% of HIV/HCV and 4%
of HCV mono were minor TT allele.

HIV parameters for HIV/HCV co-infected patients.
The median CD4 cell count at time of TE was 494 cells/mm? (IQR
310-625 cells/mm?), only 16 (12.5%) of patients had a CD4 cell
count of <200 cells/mm?®. cART was used by 91% of patients.
Median duration of cART was 7 years (IQR 5-11). Protease
inhibitors (PIs) and non-nucleoside reverse transcriptase inhibitors
(NNRTIs) were used by 36.4% and 59.3%, respectively, and 78%
of those on ART had HIV-RNA < 50 copies/mL. Stavudine was
used in 77 (59.2 %) patients with the median duration of 33
months (IQR 15-56).

Liver fibrosis and its fibrosis markers based on
the transient elastography results. Median ALT for
HIV/HCV co-infected and HCV mono-infected patients were
71 IU/L (IQR 43-112) and 60 IU/L (IQR 31-97), respectively
(P=0.004). Figure 1 depicts the distribution of liver fibrosis
staging. A greater proportion of the participants from the HIV/
HCV co-infected group had advanced liver fibrosis (41.7% vs
25.1%). Also, 24.1% of the participants from the HIV/HCV
co-infected group had cirrhosis based on the fibrosis score
> 14 kPa, compared with 12.7% in the HCV mono-infected group.
The proportion of patients with Fib-4 score > 3.25 and APRI score
> 1.5 were significantly greater in HIV/HCV co-infection (21.6%
vs 9.1% and 27.2% vs 10.8%, respectively).
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Comparisons of HCV genotypes 6 to 1 and 3
(Table 2). There were no differences in the median age, sex,
duration of HCV infection, duration of HIV infection, or transmis-
sion route between genotypes. However, patients with HCV GT3
had a significantly higher median ALT (77 IU/L) compared with
those with GT1 (61 IU/L) and GT6 (51 IU/L), P <0.001. Only
23% of the participants with HCV GT3 had normal ALT levels.
HCV-RNA was significantly higher in GT6 (6.6 log;, IU/mL)
compared with GT1 and GT3 (5.9 log), IU/mL), P =0.01. Fur-
thermore, participants with HCV GT3 had higher median fibrosis
scores. In contrast, fewer participants with HCV GT6 had TE
> 7.1 kPa (39.7%) compared with GT3(57.9%) and GT1(47.5%).

Factors associated with advanced liver fibrosis
(metavir F3-F4) (Table 3). After adjustment in the multi-
variate analysis, HIV co-infection (aOR 2.67 [95% CI 1.20-5.93],
P =0.016), Fib-4 score > 1.45 (aOR 6.30 [95% CI 2.70-14.74],
P <0.001), and plasma 25(OH)D level of < 30 ng/mL (aOR 2.48
[95% CI 1.09-5.67], P =0.031) remained significantly associated
with advanced liver fibrosis. HCV GT6 was associated with a
decreased risk of liver fibrosis (aOR 0.17 [95% CI 0.05-0.65],
P=0.01).

In HIV/HCYV co-infected patients (Table 4), HIV-related param-
eters such as CD4 cell count, HIV-RNA, cART use, and duration
of ART were not associated with advanced liver fibrosis whereas
d4T exposure and 25(OH)D were strongly correlated with
advanced liver fibrosis. Importantly, the correlation for
25(OH)D < 30 mg/dL and liver fibrosis was seen at milder levels
of liver fibrosis in HIV/HCV co-infection but not in HCV mono-
infection (TE > 7.5 kPa vs TE > 9.5 kPa). For the multivariate
analysis, d4T exposure (aOR 492 [95% CI 1.44-16.8;
P =0.011]), Fib-4 score > 1.45 (aOR5.29 [95% CI 1.52-18.35],
P =0.009), and 25(OH)D < 30 mg/dL (aOR 5.04 [95% CI 1.44—
17.6; P=0.011]) were strongly correlated with significant liver
fibrosis (TE > 7.5 kPa). In addition, from the multivariate analysis,
only liver fibrosis > 7.5 kPa, not ARV, was associated with
25(OH)D < 30 mg/dL (OR 3.75 [95% CI 1.22-11.55]; P = 0.021).

To further investigate the nature of the relationship between
Fib-4 and APRI and the development of advanced liver fibrosis, we
examined the correlation between Fib-4, APRI and liver stiffness
which revealed positive correlation between liver stiffness and
Fib-4 [Pearson correlation (r)=0.50, P=<0.001] and APRI
(r=0.49, P=<0.001).

A subanalysis was performed including patients who had IL28B
testing. IL28B polymorphism was not found to be a predictor for
liver fibrosis [rs 12979860 CC: OR 1.27 (95% CI 0.47-3.42,
P =0.639)].

Discussion

In this analysis of 130 untreated HIV/HCV and 331 untreated
HCV mono-infected patients using TE to measure degree of liver
fibrosis, the primary finding was that people co-infected with HCV
and HIV have a high prevalence of significant liver fibrosis. HIV
co-infected patients were 2.67 times more likely to have advanced
liver fibrosis (TE > 9.5 kPa) compared with HCV mono-infected
patients. Almost 70% of our HIV/HCV co-infected patients had
significant liver fibrosis (TE > 7.1 kPa) and 41.6% had advanced
liver fibrosis with TE > 9.5 kPa.
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Table 1 Demographic and clinical features of the study participants: 130 HIV/HCV co-infected and 331 HCV mono-infected participants
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Characteristics Total (N = 461) HIV/HCV (N = 130) HCV mono (N = 331) P-value
Sex, N (%) < 0.001
Male 323 (70.1) 111 (85.4) 212 (64.1)

Age, years 3 (36-52) 2 (37-48) 4 (36-53) 0.364

Age > 50 years, N (%) 136 (29.50) 4 (18.46) 112 (33.84) 0.001

Duration of HCV exposure, years 7 (10-24) 5 (10-21) 17.5 (10-25) 0.042

Median (IQR) body mass index (BMI), kg/m? 23 2 (20.8-25.6) 21 6(19.4-23.8) 23 9(21.5-26.0) <0.001

BMI > 25 kg/m?, N (%) 116 (29.3) 9(15.8) 7 (35.1) < 0.001

HCV risk factors <0.001
Heterosexual 25 (5.73) 5(19.23) 5(1.63)

MSM 17 (3.90) 7 (13.08) 0(0.0)

IV drug use 154 (35.32) 1(62.31) 73 (23.86)

Blood transfusion 1(20.87) 4 (3.08) 87 (28.43)

TAS 64 (14.68) 1(0.77) 63 (20.59)

Unknown 0(18.35) 2 (1.54) 8 (25.49)

Alcohol consumption, N (%) 273 (66) 44 (39) 229 (77) < 0.001
Current ALT (IU/L) 2 (35-100) 71 (43-112) 60 (31-97) 0.004
Plasma HCV-RNA, logio IU/mL* 5 9 (5.4-6.6) 6.0 (4.9-6.6) 5.8 (5.6, 6.5) 0.829
Plasma HCV-RNA levels of > 800,000 IU/mL, N (%) 118 (49.2) 70 (54.3) 48 (43.2) <0.001
HCV genotype*

1 128 (34) 32 (31.7) 96 (34.9)

2 2 (0.5) 0 2(0.7)

3 176 (46.8) 50 (49.5) 126 (45.8)

5 1(0.3) 0 1(0.4)

6 63 (16.8) 13(12.9) 50 (18.2)

1+3 5(1.3) 5 (4.9) 0

142 1(0.3) 1(0.9) 0
FibroScan,® kPa 1(5.2-10.5) 5 (6.4-13.85) 6.6 (4.9-9.5) < 0.001
Fib-4 score, median (IQR)" 3(0.8-2.1) 7 (1.0-3.1) 1.1(0.8-1.9) 0.001

<1.45, N (%) 241 (57.2) 4 (43.2) 87 (63.2) <0.001

1.45-3.25, N (%) 126 (29.9) 4 (35.2) (27 7)

>3.25, N (%) 4 (12.8) 7(21.6) 7 (9.

APRI score, median (IQR)" 6(0.3-1.1) 8(0.4-1.6) 5 (0. 3 1.0) <0.001
< 0.5, N (%) 188 (44.7) 8 (30.4) 150 (50.7) < 0.001
0.5-1.5, N (%) 167 (39.7) 3 (42.4) 114 (38.5)
>1.5, N(%) 6 (15.7) 4 (27.2) 2 (10.8)

25(0OH)D levels,™ ng/mL, median (IQR) 27 4 (22.9-33.6) 7 (22.4-34.3) 27 5 (23.2-33.4) 0.961
> 30 ng/mL, N (%) 112 (37.7) 5 (38.5) 7 (37.2)

20-30 ng/mL, N (%) 153 (51.5) 6 (47.9) 7 (53.9)

<20 ng/mL 2(10.8) 6(13.7) 6(8.9)

Median (IQR) current CD4 cell counts, cells/mm? 494 (310-625)

HIV RNA < 50 copies/mL, N (%) 100 (78.1)

Current antiretroviral therapy, N (%) 118 (90.8)

None 2(9.2)

2 NRTIs and NNRTI O (59.3)

2 NRTIs and boosted PI 43 (36.4)

Other 5(4.2)

Note: Median and interquartile range (IQR) is presented, unless otherwise indicated. APRI = [(AST/ULN) x 100]/Platelets count 10%L (ULN = the
upper limit of normal); Fib-4 = [age (years) x AST (IU/L)/[platelet count (10%/L) x ALT(IU/L)"?].
'HCV-RNA was available for 129 HCV/HIV co-infected and 111 HCV mono-infected participants.
*HCV genotype was available for 101 HCV/HIV co-infected and 275 HCV mono-infected participants.
SFibroScan was available for 108 HIV/HCV co-infected and 331 HCV mono-infected participants.
TFib-4 and APRI were available for 125HIV/HCV co-infected and 296 HCV mono-infected participants.

"Vitamin D levels were available for 117HIV/HCV co-infected and 180 HCV mono-infected participants.

ALT, alanine aminotransferase; APRI, AST/platelet ratio index; IV, intravenous; HCV, hepatitis C virus; HIV, human immunodeficiency virus; MSM, men
having sex with men; NNRTI, non-nucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; Pl, protease inhibitor;
TAS, tattoo, acupuncture, sharing of contaminated needles.
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To our knowledge, this study is the first of its kind to report the
prevalence of liver fibrosis among HCV-infected Asians with/
without HIV co-infection. Even though the participants from the
HCYV mono-infected group had a longer duration of expected HCV
infection (17.5 years vs 15 years) and had a higher proportion of
patients over 50 years old (34% vs 18%). The prevalence of
advanced liver fibrosis was higher among the HIV/HCV
co-infected group (41.7% vs 25.1%). Only 12.7% of the partici-
pants from the HCV mono-infected group had cirrhosis, whereas

HIV/HCV HCV

Figure 1 Distribution of liver fibrosis staging among HIV/HCV and HCV
mono-infected patients. @, F1 (< 7.1 kPa); B, F2 (7.2-9.4 kPa); O, F3
(9.5-14 kPa); O, F4 (> 14 kPa).

A Avihingsanon et al.

in the HIV/HCV co-infected group, 24.1% had cirrhosis. These
findings are consistent with previous studies that the prevalence of
liver fibrosis is much higher in individuals co-infected with HCV
and HIV.%*'2? The prevalence of cirrhosis in our HIV/HCV
co-infected population (24.1%) was higher than Europe (13%)!
and Brazil (8.5%).%Given the significant risk for hepatocellular
carcinoma (HCC) development in this population, our findings
highlight the urgent need for HCV treatment and HCC screening
for patients in RLS. Given that 47% of the HCV patients in our
patients have HCV GT3 and 90% of them have IL28B rs12979860
CC allele, they are good candidates for HCV treatment with
pegylated interferon alfa (PegIFN) and ribavirin.

Our findings disagree with prior studies that patients infected
with HCV GT1 tend to have higher plasma HCV-RNA levels than
those infected with HCV GT3.2** In fact, we found that patients
infected with HCV GT6 had higher HCV-RNA than those infected
with GT1 and GT3. Although patients infected with HCV GT6 had
higher median plasma HCV-RNA and a greater proportion of
plasma HCV-RNA > 800,000 IU/mL, they had lower median
fibrosis score by TE and a lower proportion of patients with
advanced liver fibrosis compared with GT3 and 1. By multivariate
analysis, HCV GT3 was only marginally significantly associated
with advanced fibrosis. In a cross-sectional study from France and
Spain, of 314 liver biopsy specimens from HCV mono-infected
patients®® and 283 HIV/HCV co-infected patients by TE,'? the
association between HCV GT3 and advanced liver fibrosis was

Table 2 Hepatitis C (HCV) genotypes 1, 3 and 6 are compared with each other as well as to the study participants’ characteristics

Characteristics Total (n = 367) HCV genotypes, N (%) P-value
Genotype 1 (n=128) Genotype 3 (n = 176) Genotype 6 (n = 63)
Age, years 44 (37-52) 44 (37-52) 44 (37-52) 46 (36-53) 0.987
Median (IQR)
Male 261 (71.12) 87 (67.97) 130 (73.86) 44 (69.84) 0.518
MSM 14 (4.08) 6 (4.96) 7 (4.19) 1(1.82) 0.618
History of intravenous drug use 120 (34.99) 36 (29.75) 66 (39.52) 18 (32.73) 0.213
Duration of HCV infection, years 18 (12-25) 16 (10-24) 19 (13-25) 20 (10-25) 0.262
HIV co-infection 95 (25.89) 32 (25.00) 50 (28.41) 13 (20.63) 0.463
HCV-RNA, logio 1U/mL 6.0 (5.7-6.6) 5.9 (5.7-6.4) 5.9 (56.5-6.6) 6.6 (5.9-6.8) 0.010
Median (IQR)
ALT, IU/L 66 (42-108) 61 (37-100) 77 (53-114) 51 (32-83) <0.001
Median (IQR)
Normal 109 (32.15) 43 (36.13) 37 (22.84) 29 (50.00) <0.001
Abnormal 230 (67.85) 76 (63.87) 125 (77.16) 29 (50.00)
Platelet count < 100,000/mm?® 22 (6.57) 6(5.13) 14 (8.75) 2 (3.45) 0.278
Fib-4 score 1.36 (0.88-2.24) 1.35(0.8-2.16) 1.49 (0.97-2.49) 1.11 (0.86-1.68) 0.034
Median (IQR)
<1.45 179 (54.08) 64 (565.17) 77 (48.73) 38 (66.67) 0.064
> 1.45 152 (45.92) 52 (44.83) 81 (51.27) 19 (33.33)
APRI score
Median ( IQR) 0.63 (0.38-1.18) 0.59 (0.31-1.12) 0.75 (0.5-1.4) 0.42 (0.33-0.85) < 0.001
<05 128 (38.67) 52 (44.83) 44 (27.85) 32 (56.14) <0.001
>0.5 203 (61.33) 64 (55.17) 114 (72.15) 25 (43.86)
Fibroscan, kPa
Median ( IQR) 7.6 (5.4-10.95) 7.2 (5.4-11.4) 8.1 (5.6-11.6) 6.5 (5.2-8.4) 0.008
<71 174 (48.88) 64 (52.46) 72 (42.11) 38(60.32) 0.029
>7.1 182 (51.12) 58 (47.54) 99 (57.89) 25 (39.68)

ALT, alanine aminotransferase; APRI, AST/platelet ratio index; IQR, interquartile range; MSM, men having sex with men.
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Table 3 Univariate and multivariate logistic regression analyses of the factors associated with advanced liver fibrosis (TE > 9.5 kPa)

Variables Univariate Multivariate

OR 95% ClI P aOR 95% Cl P
Male gender 1.69 (1.05,2.72) 0.032 1.01 (0.40-2.52) 0.988
Current age of > 50 years 2.96 (1.91,4.6) <0.001 — — —
Age by 10 years 1.83 (1.46-2.29) < 0.001 1.51 (0.88-2.58) 0.133
BMI > 25 kg/m? 1.75 (1.09-2.80) 0.020 2.25 (0.89-5.72) 0.087
HCV-RNA of > 100,000 IU/mL 2.03 (0.94,4.38) 0.072 — — —
HCV-RNA of > 800,000 IU/mL 1.12 (0.64-1.95) 0.685 — — —
Current abnormal ALT 4.58 (2.68-7.80) <0.001 — — —
HIV co-infection 212 (1.34, 3.36) 0.001 2.67 (1.20-5.93) 0.016
HCV genotype — — <0.001 — — 0.010
Genotype 3 1.32 (0.81, 2.16) — 0.96 (0.44-2.10) —
Genotype 6 0.32 (0.14, 0.74) — 0.17 (0.05-0.65) —
Fib-4 score of > 1.45 8.51 (5.15-14.07) <0.001 6.30 (2.70-14.74) < 0.001
APRI score of > 0.5 10.31 (5.62-18.89) <0.001 — — —
Estimated duration of HCV infection of > 20 years 1.93 (1.21-3.07) 0.006 1.10 (0.47-2.60) 0.828
Current alcohol consumption 0.86 (0.564-1.35) 0.510 — — —
Hypovitaminosis D [25(0H)D < 30 (ng/mL)] 1.78 (1.04-3.06) 0.037 2.48 (1.09-5.67) 0.031
IL28 B
rs12979860 CC allele 1.4 (0.58-3.37) 0.045 — — —

Calculations for Fib-4 and APRI scores are described in the Materials and Methods section.
95% ClI, 95% confidence interval; aOR, adjusted odds ratio; APRI, AST/platelet ratio index; HCV, hepatitis C virus; HIV, human immunodeficiency virus;
OR, odds ratio.

Table 4 Univariate and multivariate logistic regression analysis of the factors associated with advanced liver fibrosis (TE > 7.5 kPa) only HIV/HCV
co-infected patients

Variables Univariate Multivariate
OR 95%Cl P aOR 95% ClI P
Male gender 1.24 (0.41-3.73) 0.702 — — —
Age increased by 10 years 1.48 (0.81-2.71) 0.208 — — —
BMI > 25 kg/m? 3.88 (0.82-18.23) 0.086 1.34 (0.17-10.84) 0.782
HCV-RNA of > 800,000 IU/mL 0.95 (0.42-2.11) 0.892 — — —
Current abnormal ALT 3.50 (1.48-8.25) 0.004 — — —
HCV genotype 1.37 (0.47-4.03) 0.335 1.59 (0.42-6.03) 0.419
Genotype 3
Genotype6 0.52 (0.13-2.04) — 0.53 (0.09-2.99) —
Fib-4 score of > 1.45 4.55 (1.92-10.76) 0.001 5.29 (1.52-18.35) 0.009
APRI score of > 0.5 5.18 (2.15-12.47) <0.001 — — —
Estimated duration of HCV infection of > 20 years 1.30 (0.54-3.13) 0.558 — — —
Current alcohol consumption 1.11 (0.48-2.58) 0.800 — — —
Hypovitaminosis D [25(0H)D < 30 (ng/mL)] 2.00 (0.88-4.53) 0.096 5.04 (1.44-17.62) 0.011
rs12979860 CC allele 1.38 (0.57-3.33) 0.468 — — —
ART Regimen — — 0.494 — — —
Efavirenz or nevirapine Ref 1 — — — —
Protease inhibitor 0.96 (0.4-2.28) — — — —
Stavudine exposure 2.66 (1.17-6.07) 0.020 4.92 (1.44-16.79) 0.011
Didanosine exposure 0.87 (0.35-2.14) 0.756 — — —
Indinavir exposure 0.54 (0.17-1.74) 0.301 — — —
CD4 <500 cells/mm? 0.66 (0.29-1.47) 0.306 — — —
HIV-RNA < 50 copies/mL 2.61 (0.95-7.16) 0.063 2.01 (0.45-9.03) 0.362

95% ClI, 95% confidence interval; aOR, adjusted odds ratio; APRI, AST/platelet ratio index; ART, antiretroviral therapy; BMI, body mass index; HCV,
hepatitis C virus; HIV, human immunodeficiency virus; OR, odds ratio.
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highly significant. Surprisingly, we found that patients with HCV
GT6 were less likely to have liver fibrosis compared with infection
with HCV GT1 and 3. To our knowledge, we are the first to
compare HCV-RNA and liver fibrosis between patients infected
with HCV GT6 to those infected with GT1 or 3. Data from Cau-
casians indicate that the progression rate for fibrosis is much faster
among patients infected with HCV GT3 compared with those with
HCV GT1.'%? However, data from our cohort indicate that HCV
GT3 was not significantly correlated with liver fibrosis compared
with GT1. Our finding is similar to another HCV study from India
where HCV GT3 is the most circulating genotype (75%).”” Hissar
et al. reported that GT3 was not correlated with liver fibrosis.”
Therefore, it is highly likely that host genetic factors may play an
important role in liver fibrosis. Host genetic factors among HCV
GT3 Asians and Caucasians should be further explored.”’

Although ALT elevations are not a good marker of liver fibrosis
especially in HIV co-infected patients, in this study we found that
Fib-4 score was strongly correlated with advanced liver fibrosis.
Participants with Fib-4 score of > 1.45 had a sevenfold increased
risk of having advanced liver fibrosis compared with those with
Fib-4 score of < 1.45. Fib-4 is cheap and very easy to perform,
requiring only levels of ALT, AST, platelet and age. No additional
tests, machines, or skills are required besides laboratory tests rou-
tinely given twice a year. From this observation, Fib-4 can be used
as a surrogate marker to detect advanced liver fibrosis, especially
in RLS where liver biopsy and FibroScan machine are not
widely accessible as well as a tool for monitoring liver disease
progression.*%

In this study, patients with hypovitaminosis D(25(OH)D levels
< 30 ng/mL) were almost three times more likely to have advanced
liver fibrosis. Recently, low serum 25(OH)D levels have been
reported in patients with chronic HCV GT1 and were found to be
associated with severe liver fibrosis.!*!* Vitamin D plays a major
role for calcium homeostasis and bone health, but vitamin D is
now also widely recognized as a critical factor involved in the
immune system, inflammatory response, and fibrogenesis.*
Recent studies have found that low serum levels of 25(OH)D are
also associated with low sustained virological response (SVR) to
Peg-IFN/ribavirin therapy.'*'> Furthermore, vitamin D supplemen-
tation improves early virological response (EVR) (94% vs 48%)
and SVR (86% vs 42%) in HCV GT1 treated with Peg-IFN/
ribavirin.*' Therefore, hypovitaminosis D in our HCV population
has clinical implication both for liver fibrosis progression and for
treatment efficacy. Ensuring adequate vitamin D levels in this
population is important.

Almost of our HIV/HCV co-infected patients were on cART,
with a median duration of 7 years. Furthermore, only 13% had
current CD4 cell counts of 200 cells/mm®. We did not find any
association between several HIV-related factors, such as current or
nadir CD4 count, HIV-RNA or duration of cART, and the presence
of liver fibrosis. This finding is inconsistent with previous studies
that showed advanced liver disease progression among HIV/HCV
co-infected patients with current CD4 < 500 cells/mm?, and nadir
CD4 of <250 cells/mm?.!>32 We found only d4T exposure was
positively correlated (sixfold increased) with advanced liver fibro-
sis, which might be explained by mitochondrial toxicity and/or
insulin resistance. The data on the effect of cART on liver fibrosis
is conflicting. Macias et al. showed that the use of PIs was able to
slow down the progression of the liver disease.*> Moreover, a
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recent report on the use of didanosine has been shown to be
associated with liver fibrosis,* whereas another recent publication
from the EuroSida group failed to support whether ART could
ameliorate the progression of liver disease.”!

Our study had some limitations. First, we did not perform liver
biopsy for the assessment of the presence of liver fibrosis.
However, TE has already been validated for both HIV/HCV and
HCV mono-infected Caucasian patients in several studies. The
positive predictive value of TE for diagnosis of advanced liver
fibrosis has been as high as 95%.% In addition, when we combined
the APRI, Fib-4 and TE together, the result of advanced fibrosis
was the same. Therefore the combined use of TE and Fib-4 or
APRI to evaluate advanced liver fibrosis could avoid a liver biopsy.
Second, this was a cross-sectional study that precluded analysis of
the progression of liver fibrosis. In order to see the trend of liver
fibrosis using the TE, longitudinal studies are recommended.
Third, data on bone mass density, parathyroid hormone, calcium
and phosphate were not available. Therefore it is unclear whether
low levels of vitamin D had any effect on the bones or any calcium
homeostasis in this population or not. Lastly, because insulin resis-
tance has not been investigated in our study population, we were
not able to confirm the positive association between insulin resis-
tance and advanced liver fibrosis, especially in HIV/HCV
co-infected patients with the median of § years of cART.s

Regardless of these limitations, the findings from this study did
have several important clinical implications. Our results underline
the need for HCV treatment in chronically infected patients, espe-
cially for those co-infected with HIV. In this study, most of our
HIV/HCV co-infected participants were not on HCV therapy and
70% had significant liver fibrosis at a median age of 40 years.
Without the availability of HCV treatment, these patients will
develop end-stage liver disease within the next decade. In addition,
the majority of our patients had HCV non-GT1, along with favor-
able IL28B (89% CC genotype), and would therefore be good
candidates for the treatment with Peg IFN/ribavirin.

In conclusion, advanced liver fibrosis is seen in 41.7% and
25.1% of HIV/HCV co-infected and HCV mono-infected patients
from Thailand, respectively. HCV-RNA tends to be higher among
patients infected with HCV GT6, but advanced liver fibrosis is
seen less often in this group, compared with those infected with
GT1 or GT3. Strong and independent predictors for the presence
of advanced fibrosis were HIV infection, Fib-4 score > 1.45, d4T
use and hypovitaminosis D. These data highlight the urgent need
of HCV treatment and HCC screening for HCV patients in RLS. In
addition, the role of vitamin D supplementation should be further
explored as a relatively cheap therapeutic option to reduce liver
fibrosis and improve SVR.
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SUPPLEMENT ARTICLE

HIV and Noncommunicable Diseases:
The Asian Perspective

Jintanat Ananworanich, MD, PhD*1 and Anchalee Avihingsanon, MD, PhD}§

Abstract: Asia is seeing a rise in noncommunicable diseases in
their general population and among people living with HIV. Many
Asians have low body weight, which can lead to higher plasma
concentrations of antiretrovirals and, as a result, their toxicities.
Examples are metabolic complications from protease inhibitors,
chronic kidney disease from tenofovir, and hepatotoxicity from
nevirapine. Asia has not only the highest burden of hepatitis B viral
infection than any other continent but also a predominance of
genotypes B and C, the latter associated with higher risk for
hepatocellular carcinoma. HIV-associated neurocognitive disorders
are equally common among Asians as other populations. Diastolic
dysfunction and asymptomatic myocardial ischemia are not infre-
quent. Non-Hodgkin lymphoma is the most common AIDS-related
cancer, whereas Kaposi sarcoma is relatively infrequent. Emerging
data show high prevalence of human papillomavirus—associated anal
dysplasia in men who have sex with men. Resource-limited countries
in Asia suffer from lack of resources for national screening programs
of noncommunicable diseases, which, in turn, limits the epidemio-
logic data that exist to guide the use of national health resources.

Key Words: HIV, Asia, noncommunicable diseases, HIV-associated
neurocognitive disorders, non-Hodgkin lymphoma, kidney disease

(J Acquir Immune Defic Syndr 2014;67:S99-S103)

INTRODUCTION

More people live in Asia than any other continent.
Among its population of 4.3 billion, around 5 million are
living with HIV. This number could rise markedly even with
a small increase in HIV incidence in highly populated
countries like China, India, or Indonesia. Although access
to antiretroviral therapy (ART) is improving and the death
rate from HIV/AIDS is decreasing, Asia continues to grapple
with 270,000 deaths and 350,000 new infections each year
and only half of those infected have access to ART.!

Noncommunicable diseases (NCDs) account for half of
all deaths reported in the general population in South and
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Southeast Asia.>* Diabetes, coronary heart diseases (CHD),
and cancer are being diagnosed at a younger age in these
particular regions than in other parts of the world, likely
because of unplanned urbanization, smoking, unhealthy diet,
physical inactivity, poverty, and alcohol use.*” Diabetes qua-
drupled in the last 30 years in Thailand, Indonesia, and China,
whereas the rate barely doubled in the United States.® Among
South Asians, earlier onset of acute myocardial infarction and
diabetes was observed.” Genetic, anthropometric, and biolog-
ical factors, such as greater accumulation of visceral fat and
lower glucose disposal, may underlie South Asians’ propen-
sity for diabetes.” South and Southeast Asians also seemed to
have more unfavorable health outcomes than others at similar
waist-hip ratio or lipid levels.?>-*

This article will focus on some key HIV-related NCD
burdens and outcomes among Asians and discuss areas for
future research. Although this commentary is on the Asian
experience, it focuses on South, East, and Southeast Asia and
does not include experiences of Pacific Islanders.

METABOLIC AND BONE DISORDERS

In a 10-year study, diabetes incidence was almost 7
times higher in Taiwanese living with HIV compared with the
general population.”'® A large study among newly infected
Chinese found that 20% had hyperglycemia and 10% had
diabetes and that these conditions were associated with older
age, low CD4 count, and genetic and lifestyle risk factors.
Among those receiving ART, prolonged exposure to protease
inhibitors and nucleoside analogs also increased the risk.’
Dyslipidemia and lipodystrophy are also common in Thais
and Indians, particularly after the use of suboptimal antiretro-
virals (ARVs), such as stavudine and indinavir.'""'? In
a regional Therapeutics Research, Education, and AIDS
Training study with an Asian cohort, 1 in 10 had clinically
diagnosed lipodystrophy.'* Plasma concentrations of ARVs
were found to be higher among South, Southeast, and East
Asians, possibly because of unique genetics and low body
weight.'*?° Lowering the dose of atazanavir/ritonavir from
300/100 to 200/100 mg in Thais reduced lipid and bilirubin
levels without compromising its antiviral activity.'® It is pos-
sible that lower doses of many ARVs would be more appro-
priate for Asians, and the pharmacokinetics of ARVs should
be studied to inform the design of clinical trials comparing
low vs. standard ARV doses.

Cohort studies across South, Southeast, and East Asian
countries report that at least 25% of people living with HIV
experience low bone mass.*' ¢ Studies among Koreans and
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Thais suggested that they may be predisposed to this con-
dition because of their low height and body mass index.**
Despite most of Asia being in the tropics with year-round
sunshine, vitamin D deficiency is highly prevalent in Thais
and Nepalese, and causal factors may include diet, pollu-
tion, sun protection, ARV, and other comorbidities, such as
viral hepatitis.?*-**2°

Future research should focus on identifying the true
incidence of these metabolic-related disorders among people
with HIV, and the long-term outcomes, to guide the use of
national health resources.?’

CHRONIC KIDNEY DISEASES

Emerging cohort data are suggesting worrisome rates
of severe chronic kidney diseases of up to 10% among
Chinese, Japanese, and Indians living with HIV.?#73! Older
age and low CD4 count predicted chronic kidney diseases,
and the use of nephrotoxic drugs, such as indinavir, seemed
to have a long-lasting adverse effect, highlighting the impor-
tance of treating earlier and with safer ARVs. Asians may
also be prone to tenofovir-related kidney complications.
Cohort studies suggest a higher prevalence of proximal
tubular dysfunction among East and Southeast Asians than
among Westerners,*>* thought to result from high tenofovir
plasma concentration, which develops because of their gen-
erally low body weight and unique genetics associated with
poorer tenofovir renal excretion. Concomitant use of pro-
tease inhibitors with tenofovir in second-line regimens fur-
ther enhances this risk.*%*274

Perhaps, the most challenging comorbidity manage-
ment issue in the region is the assessment of the glomerular
filtration rate (GFR). The widely used Cockroft-Gault and
modification of diet in renal disease equations significantly
underestimate the true GFR in Thais and could lead to pre-
mature modifications of ART or unnecessary treatment.’’
Future research should identify the appropriate estimated
glomerular filtration rate (¢eGFR) measure for each Asian pop-
ulation and monitor glomerular and tubular functions, partic-
ularly as tenofovir use is widely scaled up.

HEPATIC DISEASES

Nearly 75% of the 350 million people worldwide
chronically infected with hepatitis B virus (HBV) are from
the Southeast Asia and Western Pacific regions.>® The more
virulent HBV genotypes C and B predominate in Southeast
and East Asia, in contrast to the more favorable genotype A in
Europe and the United States.”®*”** Genotype C is associated
with more rapid liver fibrosis and a higher risk for hepatocel-
lular carcinoma (HCC).*>*® Tenofovir given with emtricita-
bine or lamivudine is extremely effective in lowering the risk
for HCC and ultimately preventing death, particularly if treat-
ment is started early.*'*

Worldwide, about 185 million people have chronic
hepatitis C virus (HCV) infection, and Central and East Asia
are among the most affected regions.**™* This infection pre-
dominates in people who inject drugs (PWID), but the inci-
dence is rising among men who have sex with men (MSM)
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living in large Asian cities.* It is not surprising that many
PWID and other persons at risk in Vietnam and Cambodia
have triple HIV, HBV, and HCV infections, which markedly
increase their risk for end-stage liver disease and other co-
morbidities, such as kidney and bone diseases, in addition to
complications from commonly used first-line ART with non-
nucleoside analogs.*®*” A large study of Vietnamese with
HBYV examined coinfection rates with HIV and HCV. Among
PWID with HBV, 28% also had HIV and 90% had HCV.*®
Among commercial sex workers with HBV, 15% also had
HIV and 40% had HCV. In Thailand, high costs and weak
infrastructure for diagnosing, genotyping, and treating HCV
have led to an almost universal lack of access to HCV
management.*

Even when viral hepatitis is absent, patients with HIV
continue to be at risk for chronic hepatitis. The incidence of
chronic hepatitis was 5.4 per 100 person-years in a Thai
cohort, and the onset was generally within the first 18 months
of ART, occurring more in males and those with higher body
mass index.*”

Nevirapine is commonly used in first-line ART in Asia.
However, Chinese may be at a greater risk for nevirapine-
related hepatotoxicity because of high plasma concentration
of the drug.’! From 25% to 40% of Indians and Chinese
experience hepatotoxicity from nevirapine, which is associ-
ated with having a CD4 count above 250 cells per cubic
millimeter.>>* This has a direct implication for ART choices
in national programs, as a higher CD4 threshold for ART
initiation is now recommended.

NEUROCOGNITION

Asians are as prone to HIV-associated neurocognitive
disease (HAND) as those living in Western countries, with
30%-50% of Chinese and Thais exhibiting some form of
HAND; its severity is associated with advanced HIV dis-
ease.>* ¢ Although there is information supporting the neuro-
virulent nature of HIV clade D found in parts of Africa, such
an association is less clear with other clades found in Asia (B,
C, E), and limited data suggest no clinically relevant differ-
ences between these clades.’””® Studies in Thais have
informed the field regarding the brain insult that occurs very
early in HIV infection®”® and the associations between high
proviral DNA burden and HAND (also brain atrophy, inflam-
mation, and injury).®!

Screening for HAND is challenging in the Asian
context.®? Lack of time and personnel to perform a compre-
hensive assessment in busy clinics and limited validated tools
are major barriers. A Thai study found that adding Trail Mak-
ing Test A to the international HIV Dementia Scale signifi-
cantly improved its sensitivity and specificity in identifying
HIV-associated dementia but not the less severe forms of
HAND.”® Interestingly, even healthy Thais performed differ-
ently from Hawaiians on almost every aspect of the same
neuropsychological test, illustrating the need for appropriate
controls in HIV studies.®

A possible research area for HAND intervention that
could be synergistic with Asian cultures, religions, and ways
of life is mindfulness or meditation.** Mindfulness can reduce
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stress and symptoms of psychiatric conditions in HIV pa-
tients.®> Although its favorable effect on cognitive function
is suggested for other neurologic diseases,*® this has yet to be
explored in association with HAND.

CORONARY HEART DISEASES

Hypertension, the most important treatable risk factor
for CHD, is commonly underdiagnosed in Asians, as it is in
other populations. Though its prevalence among Asians is
largely unknown, high rates of hypertension have been
observed, for example, among Malaysian adults with HIV,
whose rate approaches 50%.5”

Although the population of Asians with HIV is aging, the
majority is still relatively young; therefore, CHD events are
infrequent. Assessing the 10-year risk for CHD may aid in
targeting people who need monitoring and preventive therapy.
There are some warnings that more CHD cases will be
identified in the future. In the Strategies for Management of
Antiretroviral Therapy (SMART) study, asymptomatic myo-
cardial ischemia was borderline more common among subjects
in Asia than those in North America.®® In India and China, up to
40% had diastolic dysfunction on echocardiogram, associated
with having low CD4.*” The commonly used Framingham
equation overestimated the CHD risk in Thais; so, identifying
population-appropriate equations will be important.”*

CANCER

The types of cancer observed in Asians living with
HIV are similar to those reported elsewhere. In the
Therapeutics Research, Education, and AIDS Training Asia
retrospective study of 13 sites across South, Southeast, and
East Asian regions, which included about 200 HIV-infected
Asians with cancer, two-thirds had AIDS-defining cancers
[40% non-Hodgkin lymphoma (NHL), 16% Kaposi sar-
coma, and 9% cervical cancer]. The remaining one-third had
non—AIDS-defining cancers (5% lung, 5% breast, and 5%
HCC). Having a low CD4 count, being older, or not being
on ARVs were predictors. Still, not much is known about the
true prevalence of cancers among Asians with HIV. A Thai
study of around 1500 people with HIV reported a 3% prev-
alence over 5 years.”

Declining rates of NHL after the highly active ART era
were observed in a retrospective study from Taiwan.”* Kaposi
sarcoma was infrequent in Korea, likely because of low-
circulating Kaposi sarcoma-associated herpesvirus.”* Another
study in Japanese MSM also found a low Kaposi sarcoma—
associated herpesvirus seropositivity of 10%.”

Asians living in hot spots for HBV and HCV are at risk
for these infections and for HCC, but little has been reported
on the latter.”® Chronic HBV infection may also increase the
risk for other types of cancers, such as NHL, as has been
shown in a study from Korea.”’

Cervical cancer is among the top killers of women with
HIV, but the screening rate is generally low, as illustrated by
a report from Taiwan.” A recent study from India evaluated
4 methods of screening and found that sequential testing with
visual inspection with acetic acid followed by visual inspection

© 2014 Lippincott Williams & Wilkins

with Lugol iodine was feasible and had adequate sensitivity and
specificity to detect abnormalities confirmed by colposcopy and
biopsy. Of around 1100 women with HIV screened, 5% already
had cervical intraepithelial neoplasia grades 2 and 3.”” Among
Cambodian female sex workers younger than 30 years living
with HIV, 44% had cervical infection with multiple human
papillomavirus (HPV) types, and their HPV risk was 6 times
higher than their HIV-uninfected peers.’° Emerging data are
identifying anal HPV infection and anal intraepithelial neo-
plasia (AIN) as important health issues for Asian MSM. A
Thai study found that 60% of MSM living with HIV had
oncogenic anal HPV infection, and among these MSM,
29% progressed from normal/low-grade AIN to high-grade
AIN in 1 year.®! Abnormal anal pap smear was also observed
in 40% of HIV-infected MSM in China.** Immunization
against HPV is not yet the standard of care in most Asian
countries, and its high price renders it out of reach to most
Asians living with HIV.

CONCLUSIONS

Knowledge of HIV/NCD disease burdens and related
characteristics among Asians is important not only for patient
care in Asia but also for providers in other parts of the world
who are increasingly caring for immigrants from Asia. Not
surprisingly, screening programs found high rates of HBV
and HCV infections among Vietnamese immigrants in the
United States®® and the Netherlands.** End-stage renal dis-
eases from diabetes were also more common among South
Asian immigrants.®’

For clinicians in these resource-rich settings, active
screening and management of conditions Asians face are
likely achievable given the available resources. For those who
care for Asians living with HIV in resource-limited settings,
there is an unfortunate theme of limited access for managing
all types of NCDs. A concerted effort is needed to prioritize
research to understand the magnitude of NCDs among people
living with HIV and determine how best to target diagnosis
and treatment for those most at risk.
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Abstract

Tenofovir (TFV) exposure is associated with antiretroviral efficacy and risk of kidney disease. There is evi-
dence of high interindividual variability of the pharmacokinetics of TFV. The effect of several clinical con-
ditions on the pharmacokinetics of TFV has been observed and may partly explain its variability. We assessed
factors influencing the pharmacokinetics of TFV in Thai patients. Thirty participants (50% female) taking
efavirenz- or ritonavir-boosted protease inhibitor-based regimens were investigated. Intensive pharmacokinetic
sampling was performed over 24 h. Multivariate geometric mean regression models adjusted for covariates with
p<0.2 in univariate analysis were developed. The median age was 41 years. Five participants [three taking a
protease inhibitor (PI) and two taking efav1renz (EFV)] had mild renal dysfunction [estimated glomerular
filtration rate (eGFR) 60-90 ml/min/1.73 m?; range 72-89]. TFV AUC(_p4 was 23% (95% CI 1-49%; p=0.04)
higher in those taking PI vs. EFV, 39% (95% CI 5-84%; p=0.02) higher in those with mild renal dysfunction,
and reduced by 16% (95% CI 5-26%; p=0.008) with each 10kg body weight increase, after adjusting for sex
and duration of TFV exposure. In Pl-treated subjects TFV AUC,_,4 increased by 3% (0.3-6%; p=0.03) for
each mg - h/liter increase in ritonavir (RTV) AUC_,4 after adjusting for sex, weight, mild renal impairment,
and proximal renal tubular dysfunction. Significantly higher TFV exposures were independently associated with
PI regimens, mild renal impairment, lower body weight, and increasing RTV AUC_,4. Clinicians should be
aware of the effect of these factors on TFV exposure when this drug is prescribed.

Introduction mechanisms mediating the toxicity are unclear.’ Previous

studies demonstrated that TFV concentrations and cumulative

TENOFOVIR (TFV) 1S ONE OF THE MOST widely used an-
tiretroviral agents worldwide, recommended as a choice
in first line combination antiretroviral regimens (CART) in both
resource-rich and resource-limited settings for adults and ad-
olescents initiating treatment.'> Tenofovir diproxil fumarate
(TDF) is an oral prodrug of TFV. It is converted to TFV after
absorption through the gut and first past metabolism through
the liver. Within cells, TFV is rapidly phosphorylated to te-
nofovir diphosphate (TFV-DP), which is the active form. TFV
is mainly excreted unchanged into urine by glomerular filtra-
tion and active tubular secretion.” Although TEV is usually well
tolerated, TFV-induced renal toxicity has been reported.*

The mechanism of TFV-induced renal dysfunction involves
damage to the proximal renal tubular cells, but the precise

duration of TFV exposure are found to be associated with an
increased risk of kidney disease.®” Higher TFV trough con-
centrations were found in subjects with renal dysfunction.®™®
This supports the hypothesis that TFV concentrations may
play a part in the development of renal toxicity through chronic
exposure to higher TFV concentrations.

Along with TFV exposure, recent studies have shown that
concomitant treatment with protease inhibitors (PIs) boosted
with ritonavir (RTV) and lower body weight are inde _}Jendent
risk factors for TFV-associated renal dysfunction. The
efficacy of TFV was mainly established in combination with
efavirenz, but TFV dosed concomitantly with boosted PIs but
not efavirenz results in higher TFV exposure, which may
have little benefit in terms of efficacy, but serves to increase a
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person’s risk of renal toxicity.!' Asians may be at particularly
high risk for renal complications with TFV treatment because
of their low body mass index and body weight.'® Thai pa-
tients have higher concentrations of a number of anti-
retroviral agents than Western counterparts, at least in part
explained by their lower body weight.'” In a recent meta-
analysis, the greatest mean difference in calculated creatinine
clearance between TFV-treated subjects and the comparator
group was noted in a study in which the subjects were
Japanese, although the confidence intervals were wide."?
Therefore, the lower body weight of the patients in this
population could lead to a higher TFV concentration, ulti-
mately increasing the risk of developing TFV toxicity.

High interindividual variability of TFV pharmacokinetics
has been observed,14 and body weight, renal function, and
comedications can influence TFV pharmacokinetics.'!!#!3
Although factors contributing to interindividual variability of
TFV pharmacokinetics have been extensively investigated in
other ethnicities, 14716 1 one of the studies was performed in an
Asian population. Identifying factors influencing TFV con-
centrations in Asians could be useful for adjusting TFV
dosage regimens to obtain optimal therapeutic effects while
preventing toxicities related to high TFV concentrations.

In this study we identified factors influencing daily TFV
exposure, assessed as the AUCy_»4, and other pharmacoki-
netic parameters including Cy,.x and C,y4y, in Thai subjects
taking efavirenz (EFV) or RTV-boosted PI-based cART.

Materials and Methods

This was a cross-sectional, intensive pharmacokinetic
(PK) study conducted at the HIV Netherlands Australia
Thailand Research Collaboration (HIV-NAT) in Bangkok,
Thailand. The study was approved by the Chulalongkorn
University Institutional Review Board, and all subjects gave
written informed consent.

Pharmacokinetic sampling and pharmacokinetic assay

HIV-1-infected adult Thai patients (over 18 years of age)
who had been taking 300 mg TDF qd with EFV qd, lopinavir/
RTV bid, or atazanavir/RTV qd for at least 6 months and had
plasma HIV RNA <50 copies/ml were studied. Subjects
were asked to take cART in the morning for 2 weeks before
the intensive PK sampling day. On that day, medication in-
take was observed by a study nurse, and blood sampling was
performed at time =0 (predose) and at 1, 2,4, 6, 8, 10, 12, and
24 h postdosing. A physical examination was also conducted
and routine clinical chemistry and hematology laboratory
analyses were performed. Plasma was transferred to a poly-
propylene tube and stored at —20°C (for no longer than 1
month) and then at —80°C until analysis.

Plasma concentrations of TFV were determined by a val-
idated high-performance liquid chromatography (HPLC)
assay with fluorescence detection and a lower limit of
quantification of 0.015 mg/liter."” The TEV calibration curve
was linear over the concentration range of 0.015 to 1.5 mg/
liter, and within-run and between-run percent variation was
<10%. In subjects taking RTV-boosted lopinavir or ataza-
navir, RTV concentrations were determined using HPLC
with fluorescence detection. The lower limit of quantification
was 0.045 mg/liter."® The within-run and between-run vari-
ation was <10% and the accuracy was between 95% and
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105%. As an external quality control measure, the HIV-NAT
laboratory participates in an International program for ther-
apeutic drug monitoring of antiretroviral drugs in plasma.'

Statistical analyses

PK parameters for TFV and RTV were calculated by
noncompartmental methods using WinNonLin (version 5.2,
Pharsight Corporation, Mountain View, CA). The following
parameters were calculated for TFV: area under the plasma
concentration-time 0-24h (AUC(_»4), the maximum plasma
concentration (Cp,.), the trough plasma concentration at
24h (Cyy), the time to reach the maximum plasma con-
centration (7},.x), the apparent elimination half-life (¢,,,), the
apparent clearance (CL/F), and the apparent volume of
distribution (V4/F). In subjects taking RTV-boosted lopina-
vir or atazanavir, we calculated the RTV AUC,_ ,, or
AUC_,4, respectively.

Estimated glomerular filtration rate (eGFR) was calculated
by the Modification of Diet in Renal Disease (MDRD)
equation with Thai racial correction factor (eGFR-Th), de-
veloped to accurately assess GFR in a Thai population.
Body surface area was calculated according to the formula of
Dubois.?' Proximal renal tubular dysfunction (PRTD) was
defined as at least two of the following five criteria: (1)
fractional tubular absorption of phosphorus <0.80 or tubular
maximum phosphorus corrected for GFR <2.6 mg/dl; (2)
total urinary phosphorus excretion >1,200mg/day; (3)
fractional excretion of uric acid > 15%; (4) §,-microglobulin
> 1 mg/day or f,-microglobulin/urinary creatinine >0.3 mg/
liter; and (5) nondiabetic glucosuria (urine glucose >300 mg/
day or positive urine glucose) with normal glycemia (plasma
glucose <100 mg/dl).

Statistical analyses were performed using Stata version 12
(Statacorp, College Station, TX). Demographic characteris-
tics of subjects taking EFV- and PI-based regimens were
compared using a Wilcoxon test for continuous covariates
and a chi-square or Fisher’s exact test as appropriate for
categorical covariates. The geometric mean (GM) and per-
centage coefficient of variation (%CV) and the mean (SD) or
the median (IQR) of TFV PK parameters were calculated for
subjects on EFV- and PI-based regimens; T,,,x was reported
as the median (IQR). Regression models were used to assess
how the TFV AUC(_54, Crax, and Cp,;, GM were influenced
by factors including regimen type (PI or EFV), age, body
weight, gender, hepatitis B positive, mild renal dysfunction
(eGFR-Th =60-90 ml/min/1.73 mz), PRTD, duration of TFV
exposure, and total duration of ART exposure. Factors sig-
nificant at p <(0.2 in univariate analysis were adjusted for in a
multivariate model. Since an aim of the project was to
compare PK parameters in subjects taking PI- or non-
nucleoside reverse transcriptase inhibitor (NNRTI)-based
regimens, regimen was included in all multivariate models
regardless of the significance level in univariate analysis.

A secondary analysis was conducted in subjects taking PI-
based regimens to examine the effect of RTV AUC(_ 4 on
TFV AUC( 24, Cnax, and Coy. In subjects taking bid PI reg-
imens, the RTV AUC,_,, was doubled to derive the AUC(_54.

Results

Thirty participants (50% female) with a median age of
41(IQR 38-49; range 30-57) years were studied; the sample
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TABLE 1. DEMOGRAPHIC CHARACTERISTICS OF SUBJECTS TAKING TENOFOVIR DIPROXIL FUMERATE
WITH EFAVIRENZ OR PROTEASE INHIBITOR-BASED REGIMENS

Covariate® PI (N=16) EFV (N=14) Total (N=30) p*

Age (years) 40 (36-48) 43.5 (39-50) 41 (38-49) 0.39
Male:female, n (%) 8 (50):8 (50) 7 (50):7 (50) 15 (50):15 (50) 1.00
Height (cm) 160 (156-170) 164 (158-170) 163 (157-170) 0.49
Weight (zkg) 63.4 (56.1-70.2) 55.2 (53.4-68.5) 61.6 (53.5-71.0) 0.33
BSA (m°) 1.63 (1.55-1.79) 1.62 (1.55-1.75) 1.63 (1.57-1.76) 0.62
Hepatitis B positive 2 (13) 4 (29) 6 (20) 0.38
Proximal tubular dysfunction, n (%) 2 (13) 1(7) 3 (10) 1.00
Serum creatinine (mg/dl) 0.75 (0.65-0.8) 0.8 (0.7-0.9) 0.8 (0.7-0.9) 0.22
eGFR-Th (ml/min/1.73 m?) 119 (100-127) 104 (94-112) 110 (96-121) 0.05
Mild renal dysfunction,b n (%) 3(19) 2 (14) 5(17) 1.00
Duration of cART (years) 10.8 (7.3-13.7) 5.3 (3.8-10.6) 8.4 (5.1-12.7) 0.01
Duration of TDF treatment (years) 3.1 (2.1-4.9) 3.8 (2.1-4.8) 3.6 (2.1-4.8) 0.90

Categorical covariates are presented as n (%) and continuous covariates are presented as median (IQR). Significance tests were by
Wilcoxon test for continuous covariates and Chi-square or Fisher’s exact test as appropriate for categorical covariates.

*eGFR 60-90 ml/min/m* by MDRD-Thai.

PI, protease inhibitor; EFV, efavirenz; BSA, body surface area; eGRF-Th, estimated glomerular filtration rate-Thai; cART, combination

antiretroviral therapy; TDF, tenofovir diproxil fumerate.

size was empirical. One subject taking a PI-based regimen
was enrolled, but was excluded from analysis because their
weight and height (102 kg and 185 cm, respectively) were not
representative of the normal Thai population. Subjects were
taking EFV 600 mg once daily (qd) (n=14), lopinavir/RTV
400/100 mg twice daily (bid) (n=12), or atazanavir/RTV
(ATV/r) 300/100mg qd (n=4). There were no significant
differences in patient characteristics noted between the PI
and EFV groups except for eGFR-Th and total duration of
ART use, which was significantly lower in the EFV group
(Table 1). Five participants (three taking PI and two taking
EFV) had mild renal dysfunction (eGFR-Th 60-90 ml/min/
1.73 m>; range 73-89); the median (IQR) duration of TFV
exposure was 4.2 (3.8-5.1) years in these participants vs. 3.0
(2.1-4.0) years in those with normal renal function (p=0.1)
and the median (IQR) duration of ART therapy was 11.1

(6.5-13.0) years in those with mild renal dysfunction vs.
7.7(5.1-11.2) years in those with normal renal function
(p=0.5). One of these subjects with mild renal dysfunction
did not have urinalysis conducted, and therefore we were
unable to establish whether this subject had RPTD; eGFR in
3/30 subjects with PRTD ranged from 96 ml/min/1.73 m* to
146 ml/min/1.73 m?. TFV plasma concentration time curves
for subjects taking EFV and PI regimens, by whether subjects
had mild renal dysfunction, are shown in Fig. 1.

Geometric means (%CV) of TFV AUCg_54, Crax, and Coy
were 3,517 (31) ng - h/ml, 406 (49) ng/ml, and 70 (34) ng/ml,
respectively, in subjects taking PI regimens, and 3,045 (32)
ng - h/ml, 402 (33) ng/ml, and 60 (37) ng/ml, respectively, in
those taking EFV (Table 2). The median time to maximum
plasma concentration was 1 h in 83% of participants and 2h
in the remaining 17%.

Mean TDF Concentrations by drug group
and whether subject has mild renal dysfunction

NNRTI

200 300 400 500
1 1 1 1

Tenofovir concentration (ng/mL)
100

PI

FIG. 1. Mean tenofovir
(TFV) plasma versus time
concentrations by whether the
subject has an estimated glo-

merular filtration rate (¢GFR)
of 70-90 ml/min/1.73 m*.
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TABLE 2. TENOFOVIR DIPROZIL FUMERATE
PHARMACOKINETIC PARAMETERS BY DRUG GROUP

PI EFV Total
Parameter (n=16) (n=14) (n=30)
TFV AUCm24 (ng M h/ml)
Geometric mean (%CV) 3,517 (31) 3,045 (32) 3,288 (32)

Arithmetic mean (SD)
TFV Cax (ng/ml)

3,675 (1,163) 3,177 (925) 3,443 (1071)

Geometric mean (%CV) 406 (49) 402 (33) 404 (42)

Arithmetic mean (SD) 443 (175) 422 (135) 433 (155)
TFV Cayp, (ng/ml)

Geometric mean (%CV) 70 (34) 60 (37) 65 (36)

Arithmetic mean (SD) 74 (25) 64 (29) 69 (27)
TFV half-life (h)

Geometric mean (%CV) 12.4 (24) 11.5 (23) 12.0 (23)

Arithmetic mean (SD) 12.7 (2.76)  11.8 (2.62) 12.3 (2.68)
TFV clearance (liters/h)

Geometric mean (%CV) 85 (31) 95 (27) 88 (30)

Arithmetic mean (SD) 89 (28) 98 (28) 93 (28)
TFV volume of distribution (liters)

Geometric mean (%CV) 1,482 (30) 1,579 (40) 1,527 (35)

Arithmetic mean (SD)
TFV Thax (h)

1,543 (450) 1,713 (854) 1,622 (663)

Median (IQR) 1(1-1) 1 (1-1) 1 (1-1)
RTV AUC 54 (mg - h/liter)

Geometric mean (%CV) 9.8 (39)

Arithmetic mean (SD) 10.6 (4.4)

PI, protease inhibitor; EFV, efavirenz; TFV, tenofovir; RTV,
ritonavir.

The univariate and multivariate regression models for TFV
AUC(_ 54, Cinax, and C,4 are shown in Table 3. In multivariate
models, after adjusting for sex and duration of TVF exposure,
the TFV AUC(_»4 GM was 23% (95% CI 1-49%) higher in
subjects taking PI-based regimens vs. EFV, 39% (95% CI 5-
84%) higher in those with mild renal dysfunction vs. normal
renal function, and reduced by 16% (95% CI 5-26%) for a
10kg increase in body weight.

The TFV C.x geometric mean ratio (GMR) was approxi-
mately 1, and not significantly different in subjects taking PI-
based vs. EFV-based regimens. The TFV C,,.,x GM was 64%
(95% CI 1-269%) higher in participants with proximal renal
tubular dysfunction after adjusting for regimen, sex, weight, and
duration of TDF exposure. The TFV C,4 GM was reduced by
15% (95% CI 2-26%) for a 10kg increase in body weight after
adjusting for regimen and sex. The GM of TFV C,4 was on
average 26% higher in subjects taking Pl-based regimens in
adjusted models, but this was not statistically significant.

In subjects taking PI-based regimens, the GM (%CV) for
the RTV AUC( »4 was 9.8 (39) mg - h/liter. In a multivariate
TFV AUCy_,4 GM model, after adjusting for mild renal
dysfunction, PRTD, sex, and weight, a 1 mg - h/liter increase
in RTV AUC,_,4 increased the TVF AUC, 4 GM by 3%
(95% CI10.3—-6%). A higher, but not significant TFV C,,,,x and
C,4 GM were observed with increasing RTV AUC( 4 in
univariate models (data not shown).

Discussion

Although intracellular concentrations of TFV-DP con-
tribute to the drug’s efficacy, there is evidence of a rela-
tionship between TFV concentrations in plasma and viral
suppression.®*?%? The use of TFV plasma concentrations as
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monitoring parameters for efficacy and safety could be con-
venient in clinical practice. Our study found a high interin-
dividual variability of TFV exposure and pharmacokinetics
(Table 2). Several factors may influence TFV exposure in-
cluding body size, renal function, comedications, and
age.'*1>2* Therefore, identifying factors that may impact
TFV exposure are important for TFV dose adjustment. Cur-
rently, information regarding demographic variables and
how they influence exposure to TFV is limited, especially in
Asian populations.

TFV is primarily excreted unchanged in the urine through a
combination of glomerular filtration and active tubular secre-
tion. Therefore, that renal function influences TVF exposure is
expected, and is confirmed by the results of our study. We found
that the TFV AUC, ,4 increased by 39% among patients with
mild renal dysfunction (€GFR 60-90 ml/min/1.73 m?). How-
ever, the decrease in renal function did not affect TFV C,,,, and
Cy4. This finding is consistent with a previous study showing
that TFV AUC,_., slightly increased in subjects with mild renal
impairment (CLcr 50-80 ml/min) whereas no differences in
Ciaxs Tmax» and elimination half-life were observed.”> More-
over, the results from previous population pharmacokinetic
studies of TFV demonstrate a strong relationship between the
ratio of body weight to serum creatinine (BW/Scr) and TFV
clearance.'*"” Interestingly, the estimated GFR (calculated by
the Cockceroft and Gault equation) was not a significant cov-
ariate for TFV clearance in these studies.

Several surrogate markers have been used to represent
renal function including serum creatinine, BW/Scr, and
eGFR. In our study, renal function was estimated using eGFR
estimated by the MDRD equation with the Thai racial cor-
rection factor.”” This equation takes age, sex, and race into
account and therefore should more accurately estimate renal
function in our study population. Even though TFV dose
adjustments are not required in patients with mild renal
dysfunction, TFV concentrations should be closely moni-
tored. Our results also demonstrated that PRTD was signifi-
cantly associated with TFV C,.x, but not with TFV AUC(_»4
and Cy4. This discordancy could be due to the small number
of patients with PRTD in our study, and therefore there is
insufficient power to detect its effect on TFV AUC(_»4.

Body size is one important factor influencing a drug’s
exposure. Our study demonstrated an inverse relationship
between TFV AUC, 4 and body weight. A 10kg weight
increase resulted in a 26% reduction in TFV AUC(_,4. Si-
milarly, previous studies have shown that various measures
of body size, including body mass index (BMI) and body
weight, are correlated with TFV exposure.'*'® A study
found a 1.04-fold increase of TFV AUC,_,, with each 10%
decrease in BMI, and the risk of TFV-associated nephro-
toxicity was more evident in patients with lower body
weight.'*'® Therefore, patients with smaller body size, who
potentially have a higher degree of drug exposure, could
experience more severe toxicities.'%?° In general, Asians,
including Thais, have lower body sizes compared with other
ethnicities. Thus, close monitoring of TFV exposure and
renal function in this population is warranted.

TFV is not a substrate of cytochrome enzymes and therefore
has a low potential for drug—drug interactions, but an interaction
between TFV and other antiretroviral drugs including lopinavir/
RTV has been demonstrated.'"'>'%?” A 24-50% increase in
TFV AUC, coadministered with lopinavir/RTV or atazanavir,
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TABLE 3. UNIVARIATE AND MULTIVARIATE REGRESSION MODELS FOR GEOMETRIC MEAN RATIO

OF TENOFOVIR AUC( 54, Crnax, AND Coy

Univariate Multivariate
GMR (95% CI) p GMR (95% CI) p

TFV AUC(_,4 (ng-h/ml)

PI vs. EFV 1.16 (0.92-1.45) 0.21 1.23 (1.01-1.49) 0.04

PRTD 1.25 (0.88-1.77) 0.21

Mild renal dysfunction® 1.35 (1.01-1.82) 0.05 1.39 (1.05-1.84) 0.02

Female vs. male 1.20 (0.95-1.50) 0.12 1.00 (0.81-1.23) 0.97

Age (years) 1.00 (0.99-1.02) 0.77

Hepatitis B positive 1.11 (0.83-1.49) 0.46

Weight (per 10kg increase) 0.87 (0.77-0.99) 0.04 0.84 (0.74-0.95) 0.008

Duration of ART (years) 1.01 (0.98-1.03) 0.67

Duration of TDF therapy (years) 1.07 (1.00-1.04) 0.04 1.03 (0.97-1.09) 0.29
TFV Cpax (ng/ml)

PI vs. EFV 1.01 (0.74-1.37) 0.95 0.98 (0.74-1.30) 0.89

PRTD 1.53 (0.96-2.46) 0.07 1.64 (1.01-2.69) 0.05

Mild renal dysfunction® 1.25 (0.84-1.86) 0.27

Female vs. male 1.23 (0.92-1.65) 0.16 1.21 (0.88-1.65) 0.22

Age (years) 0.99 (0.97-1.01) 0.49

Hepatitis B positive 1.14 (0.78-1.67) 0.48

Weight (per 10kg increase) 0.83 (0.71-0.98) 0.03 0.92 (0.77-1.10) 0.33

Duration of ART (years) 1.00 (0.96-1.03) 0.81

Duration of TDF therapy (years) 1.08 (1.00-1.17) 0.06 1.06 (0.98-1.15) 0.11
TFV C,4 (ng/ml)

PI vs. EFV 1.17 (0.91-1.51) 0.21 1.26 (0.99-1.60) 0.06

PRTD 1.14 (0.76-1.71) 0.52

Mild renal dysfunction® 1.21 (0.86-1.71) 0.27

Female vs. male 1.22 (0.95-1.57) 0.11 1.12 (0.87-1.42) 0.37

Age (years) 1.00 (0.98-1.02) 0.88

Hepatitis B positive 0.88 (0.64-1.22) 0.44

Weight (per 10kg increase) 0.86 (0.75-0.99) 0.04 0.85 (0.74-0.98) 0.03

Duration of ART (years) 1.00 (0.97-1.03) 0.87

Duration of TDF therapy (years) 1.03 (0.96-1.11) 0.36
TFV AUC(_4 (ng-h/ml) in subjects taking RTV-boosted PI regimens

PRTD 1.33 (0.88-2.00) 0.16 1.35 (0.92-1.98) 0.11

Mild renal dysfunction® 1.33 (0.89-1.99) 0.15 1.30 (0.93-1.82) 0.10

Female vs. male 1.25 (0.91-1.71) 0.15 1.10 (0.83-1.45) 0.46

Age (years) 0.99 (0.97-1.01) 0.41

Hepatitis B positive 1.18 (0.71-1.95) 0.49

Weight (per 10kg increase) 0.83 (0.69-1.00) 0.05 0.88 (0.74-1.04) 0.11

Duration of ART (years) 0.98 (0.94-1.03) 0.49

Duration of TDF therapy (years) 1.05 (0.97-1.14) 0.21

RTV AUC(_,4 (mg - h/liter) 1.04 (1.01-1.07) 0.03 1.03 (1.003-1.06) 0.03

Mild renal dysfunction: eGFR with Thai racial correction=60-90 liters/min/1.73 m?
GMR, geometric mean ratio; TFV, tenofovir; PI, protease inhibitor; EFV, efavirenz; PRTD, proximal renal tubular dysfunction; ART,
antiretroviral therapy; TDF, tenofovir diproxil fumerate; RTV, ritonavir.

was reported in previous pharmacokinetic studies.>*”*® Our
results also confirmed the influence of concomitant use of RTV
on TFV exposure. In the group of patients taking PI-based
regimens, each mg - h/liter increase in RTV AUC_,4 resulted in
a 3% higher TFV AUC_,4, after adjusting for mild renal dys-
function, PRTD, sex, and weight.

Although the exact mechanism of this interaction is still
unclear, one possible mechanism could be due to inhibition of
efflux transporters by RTV. RTV is a potent inhibitor of ef-
flux transporters, including P-glycoprotein and multidrug-
res1stant Erotems (MRPs) found in the intestine, kidney, and
liver,®~*? which suggests that the mechanisms could involve
interactions in the intestine and kidney. In vitro, Pls inhibit
intestinal efflux pumps leading to a decrease in TDF efflux

and, thus, an increase in TDF absorption.*® Interestingly, the
results from our study demonstrated that TFV Cp,.x was
similar between patients taking PI-based and EFV-based
regimens. Therefore, if the interaction between PI and TFV is
through an inhibition of intestinal efflux pump, it is possible
that the concomitant use of PIs may affect the extent rather
than the rate of TFV absorption.

Another possible mechanism explaining the increase in TFV
AUC( »4 by RTV could be an inhibition of efflux transporters in
the kidney. Kiser ef al. demonstrated a 17.5% decrease in TFV
renal clearance when lopinavi/RTV was coadministered."'
Elimination of TFV into the urine requires drug transporters
including organic anion transporters (OATs), MRP2, and
MRP4.*738 Inhibition of these transporters in the proximal
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tubule cells by RTV or lopinavir/RTV could result in decreased
TFV clearance, leading to higher TFV exposure. Based on the
available data in our study, the precise mechanism of the in-
teraction between PIs and TFV cannot be determined and re-
quires further investigation.

There are some limitations to our study. First, due to a small
number of patients with PRTD, the influence of PRTD on TFV
exposure could not be reliably estimated. Second, there is evi-
dence that genetic variation in TFV transporters may influence
TFV pharmacokinetics and renal toxicities."'*° These genetic
variations may partly explain the interindividual variability of
TFV exposure, but were not investigated in this study. Third,
due to the cross-sectional nature of our study, we were unable to
establish whether mild renal function caused higher TVF ex-
posure or whether the cumulative exposure to higher TFV AUC
led to a reduction in eGFR. Lastly, the number of patients taking
RTV-boosted PI regimens was small (N=16), and limits the
power for statistical tests in our secondary analysis.

Despite these limitations, we are not aware of other studies
that have investigated factors influencing TFV exposure, as-
sessed by AUC(_,4, in Thai patients. As such, our results pro-
vide useful evidence to guide clinicians taking care of HIV
patients receiving TDF, particularly when Thailand has im-
plemented guidelines for treating HIV regardless of CD4 count,
and TDF is a first line agent.** Accordingly, concomitant use of
RTV-boosted PIs, body weight, and the impact of renal func-
tion on TFV exposure should be considered when clinicians
prescribe TDF for Thai and other Asian patients. In some adult
patients who are at risk of having higher TFV concentrations,
there may be a case for using TDF tablet strengths of 200 mg or
250 mg, which have recently been marketed for pediatric use,
although they are not currently available in Thailand.

In summary, significantly higher daily TFV exposures
were independently associated with mild renal impairment,
lower weight, and higher RTV AUC,,_,4 in those taking RTV-
boosted PI. Renal function in patients taking TFV should be
carefully monitored once their eGFR falls below 90 ml/min/
1.73 m?. Moreover, all patients with low body weight re-
ceiving RTV-containing cART should be carefully moni-
tored, since they may have higher TFV exposures and may be
more prone to renal toxicity.
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Tenofovir (TFV) is eliminated by renal excretion, which is mediated through multidrug-resistant protein 2 (MRP2) and MRP4,
encoded by ABCC2 and ABCCH4, respectively. Genetic polymorphisms of these transporters may affect the plasma concentrations
of tenofovir. Therefore, the aim of this study was to investigate the influence of genetic and nongenetic factors on tenofovir
plasma concentrations. A cross-sectional study was performed in Thai HIV-infected patients aged =18 years who had been re-
ceiving tenofovir disoproxil fumarate at 300 mg once daily for at least 6 months. A middose tenofovir plasma concentration was
obtained. Multivariate analysis was performed to investigate whether there was an association between tenofovir plasma concen-
trations and demographic data, including age, sex, body weight, estimated glomerular filtration rate (eGFR), hepatitis B virus
coinfection, hepatitis C virus coinfection, duration of tenofovir treatment, concomitant use of ritonavir-boosted protease inhibi-
tors, and polymorphisms of ABCC2 and ABCC4. A total of 150 Thai HIV-infected patients were included. The mean age of the
patients was 43.9 = 7.2 years. The mean tenofovir plasma concentration was 100.3 * 52.7 ng/ml. In multivariate analysis, a low
body weight, a low eGFR, the concomitant use of ritonavir-boosted protease inhibitors, and the ABCC4 4131T — G variation
(genotype TG or GG) were independently associated with higher tenofovir plasma concentrations. After adjusting for weight,
eGFR, and the concomitant use of ritonavir-boosted protease inhibitors, a 30% increase in the mean tenofovir plasma concen-
tration was observed in patients having the ABCC4 4131 TG or GG genotype. Both genetic and nongenetic factors affect tenofo-
vir plasma concentrations. These factors should be considered when adjusting tenofovir dosage regimens to ensure the efficacy
and safety of a drug. (This study has been registered at ClinicalTrials.gov under registration no. NCT01138241.)

enofovir disoproxil fumarate (TDF), an oral prodrug of teno-

fovir (TFV), is widely used for the treatment of human immu-
nodeficiency virus (HIV) infection because of its high potency,
good safety profile, limited drug interaction, and convenient
once-daily dosing (1, 2). After absorption, TDF is rapidly con-
verted to tenofovir. Tenofovir is then phosphorylated intracellu-
larly to tenofovir diphosphate, an active analog, which inhibits
HIV reverse transcriptase, resulting in a termination DNA chain
elongation (1, 2).

Tenofovir is eliminated by renal excretion through glomerular
filtration and active tubular secretion. It is transported into kidney
tubular cells by organic anion transporter 1 (OAT1) and OATS3,
encoded by the SLC22A6 and SLC22A8 genes, respectively, at the
basolateral membrane. Subsequently, tenofovir is secreted to
the tubular lumen by multidrug-resistant protein 2 (MRP2) and
MRP4, encoded by the ABCC2 and ABCC4 genes, respectively, at
the apical membrane (3). Therefore, genetic polymorphisms of
these transporter genes may affect the transport of tenofovir at
kidney tubular cells and may have an impact on tenofovir plasma
concentrations.

Previous studies have shown that the polymorphisms of
ABCC2 and ABCC4 are associated with higher tenofovir concen-
trations (4, 5) and a higher tenofovir plasma concentration is as-
sociated with renal impairment (6, 7). The cutoff values of the
middose (12-h) tenofovir concentration (C;,) and the trough
(minimum) concentration (C,,,;,) (>160 ng/ml and >90 ng/ml,
respectively) were proposed to discriminate a risk of kidney tubu-
lar dysfunction (KTD) (6, 7). These results suggest that genetic
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variation in tenofovir transporter genes may lead to overexposure
to tenofovir, resulting in kidney tubular cell damage. Therefore, a
study investigating the influence of genetic and nongenetic factors
on tenofovir concentrations is crucial for the optimization of dos-
age regimens to prevent renal toxicity.

However, there are limited studies showing an association be-
tween genetic polymorphisms of drug transporters and tenofovir
plasma concentrations. Therefore, the aim of this study was to
investigate the influence of genetic variants of ABCC2 and ABCC4
and nongenetic factors on tenofovir plasma concentrations. The
results of this study will be useful for the design of tenofovir dosage
regimens to optimize drug concentrations and ensure the safety
and efficacy of this drug.
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MATERIALS AND METHODS

Study population. A cross-sectional study was performed in Thai HIV-
infected patients recruited from the HIV Netherlands Australia Thailand
Research Collaboration (HIV-NAT), Bangkok, Thailand, from March
2012 to May 2013 (ClinicalTrials.gov registration no. NCT01138241).
Patients aged 18 years and older who had been receiving TDF at 300 mg
once daily for at least 6 months for the treatment of HIV infection were
included in the study. Blood samples were obtained at middose (10 to 14
h after the last dose) for tenofovir concentration determination and geno-
typing assay. Demographic and laboratory data, including age, sex, body
weight, serum creatinine concentration, hepatitis B virus coinfection,
hepatitis C virus coinfection, duration of tenofovir treatment, and con-
comitant use of antiretroviral drugs, were recorded. The estimated glo-
merular filtration rate (eGFR) was calculated using the modification of
diet in renal disease (MDRD) formula. The study was approved by the
Institutional Review Board of the Faculty of Medicine, Chulalongkorn
University, Bangkok, Thailand. All patients provided written informed
consent.

Determination of tenofovir plasma concentration. Tenofovir
plasma concentrations were determined at the HIV-NAT research labo-
ratory by a validated high-performance liquid chromatography assay with
a fluorescence detector using the modified method of Droste et al. (8) with
alower limit of quantification of 15 ng/ml. The tenofovir calibration curve
was linear over the concentration range of from 15 to 1,500 ng/ml. The
within-run and between-run coefficients of variation (precision) were less
than 10%, and the accuracy of the tenofovir concentration was between 95
and 105%.

Genotyping assay. Human genomic DNA was extracted from periph-
eral blood mononuclear cells by use of a QIAamp DNA blood minikit
(Qiagen, Hilden, Germany) according to the manufacturer’s protocol.
Five single nucleotide polymorphisms, ABCC2 —24C — T (rs717620),
ABCC2 1249G — A (rs2273697), ABCC2 3972C — T (rs3740066),
ABCC4 3463A — G (rs1751034), and ABCC4 4131T — G (rs3742106),
were genotyped. These polymorphisms were chosen on the basis of the
allele frequency, evidence of their association with tenofovir plasma con-
centrations or toxicity, and their influence on drugs excreted via glomer-
ular filtration and active tubular secretion (4, 9-12).

The genotyping assay was performed by real-time PCR using a Taq-
Man allelic discrimination assay with a predesigned probe and primer
(Applied Biosystems, CA, USA). The PCR conditions were as follows:
95°C for 10 min, followed by 92°C for 15 s and 60°C for 1 min.

Statistical analyses. Statistical analyses in this study were performed
using Statistical Package for the Social Sciences (SPSS; version 17; SPSS
Co., Ltd., Bangkok, Thailand) software. The demographic characteristics
of the patients are presented as the mean * standard deviation (SD) for
continuous data and the frequency (number and percentage of patients)
for categorical data. The allele frequencies of ABCC2 and ABCC4 were
calculated. The distribution of the observed genotype according to Hardy-
Weinberg equilibrium was tested by the chi-square test. Due to the small
number of patients in some genotype groups, the mean tenofovir plasma
concentration was compared between 2 genotype groups, patients with a
homozygous wild-type allele and patients with at least 1 variant allele, by
Student’s ¢ test. A regression model was used to assess whether an associ-
ation exists between tenofovir plasma concentrations and demographic
data, including age, sex, body weight, eGFR, hepatitis B virus coinfection,
hepatitis C virus coinfection, duration of tenofovir treatment, polymor-
phisms of ABCC2, polymorphisms of ABCC4, and concomitant use of
ritonavir-boosted protease inhibitors. Any independent variables with a P
value of <0.1 in the univariate analysis were entered into a model of
multivariable regression analysis using the stepwise method. A P value of
<C0.05 was considered statistically significant.

RESULTS

Demographic data. A total of 150 patients providing 150 blood
samples were included in this study. A summary of the patient
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TABLE 1 Demographic characteristics of study patients”

Characteristic Value
No. (%) of patients of the following sex:

Male 85 (56.7)
Female 65 (43.3)
Mean age = SD (yr) 439 72
Mean body wt = SD (kg) 60.3 £ 11.9
Mean body mass index * SD (kg/m?) 22.5%3.6

Mean serum creatinine concn = SD (mg/dl) 0.9 0.2
Mean eGFR” =+ SD (ml/min/1.73 m?) 90.3 = 18.0
No. (%) of patients:
Hepatitis B virus antigen positive 60 (40.0)
Hepatitis C antibody positive 12 (8.0)
Mean duration of tenofovir treatment * SD (yr) 3.7+20
Mean tenofovir sampling time after last dose = SD (h) 11.9 0.8
Mean tenofovir plasma concn = SD (ng/ml) 100.3 £ 52.7
No. (%) of patients receiving the following comedications:
Lamivudine 94 (62.7)
Emtricitabine 46 (30.7)
Zidovudine 10 (6.7)
Efavirenz 91 (60.7)
Nevirapine 10 (6.7)
Lopinavir-ritonavir 17 (11.3)
Atazanavir-ritonavir 9 (6.0)
Darunavir-ritonavir 3 (2.0)
Saquinavir-ritonavir 19 (12.7)
Raltegravir 1(0.7)

@ Data are for 150 patients.
b Calculated by use of the MDRD formula.

characteristics is presented in Table 1. Among the 150 patients,
101 (67.3%), 48 (32.0%), and 1 (0.7%) patients were receiving
tenofovir in combination with nonnucleoside reverse transcrip-
tase inhibitors (NNRTIs), ritonavir boosted-protease inhibitors,
and an integrase inhibitor, respectively.

The frequencies of genetic polymorphisms of ABCC2 and
ABCC4 are shown in Table 2. All polymorphisms were in Hardy-
Weinberg equilibrium (x% P = 0.05).

Predictors of tenofovir plasma concentrations. The mean
tenofovir plasma concentration for each polymorphism is pre-
sented in Table 3. Tenofovir plasma concentrations between pa-
tients with a homozygous wild-type allele and patients with at least
1 variant allele were not significantly different for all genetic poly-
morphisms.

The influence of genetic and nongenetic factors on tenofovir
plasma concentrations in univariate and multivariate analyses is
presented in Table 4. Factors including low body weight, low
eGFR, concomitant use of ritonavir-boosted protease inhibitors,
and having an ABCC4 4131T — G variation (genotype TG or GG)
were independently associated with higher tenofovir plasma con-
centration (P < 0.05) in the multivariate analysis. Figure 1 pres-
ents the relationship between tenofovir plasma concentrations
and eGFR by ABCC4 4131T — G genotype. Patients having the
ABCC4 4131 TG or GG genotype tended to have higher tenofovir
plasma concentration than those having the TT genotype. On the
basis of the results from multivariate analysis, it was shown that
after controlling for body weight, eGFR, and concomitant use of a
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TABLE 2 Frequencies of ABCC2 and ABCC4 genotype polymorphisms*

Genotype Allele

Genetic No. of % of % of

polymorphism Genotype  patients  patients  Allele  patients

ABCC2 —24C—T CC 98 65.3 C 80.7
CT 46 30.7 T 19.3
T 6 4.0

ABCC21249G —A GG 123 82.0 G 90.7
GA 26 17.3 A 9.3
AA 1 0.7

ABCC23972C—T CC 94 62.7 C 78.3
CT 47 31.3 T 21.7
T 9 6.0

ABCC43463A — G  AA 96 64.0 A 80.7
AG 50 33.3 G 19.3
GG 4 2.7

ABCC44131T—G TT 34 22.7 T 49.3
TG 80 53.3 G 50.7
GG 36 24.0

“ Data are for 150 patients.

ritonavir-boosted protease inhibitor, patients having the ABCC4
4131 TG or GG genotype had, on average, 30% higher mean teno-
fovir plasma concentrations than patients having the ABCC4 4131
TT genotype (P = 0.007) (Fig. 2).

DISCUSSION

Although tenofovir is well tolerated, the induction of nephrotox-
icity by tenofovir has been reported (13). There is evidence of an
association between tenofovir plasma concentrations and renal
toxicity (4, 6, 7, 14). A study by Rodriguez-Né6voa et al. has shown
that patients with a tenofovir plasma concentration of more than
160 ng/ml at middose (10 to 14 h after the last dose) were at a 4.8
times higher risk of experiencing KTD than patients with a teno-
fovir plasma concentration below this cutoff value (6). Moreover,
a previous study by Poizot-Martin et al. suggested that a threshold
tenofovir trough concentration of >90 ng/ml is a predictor of a
risk of KTD (7). Therefore, tenofovir dose adjustment is crucial in
decreasing the risk of renal toxicity when tenofovir is prescribed.
The pharmacokinetics of tenofovir are highly variable between
individuals (4, 15, 16). Thus, identifying factors that contribute to
this high variability would be beneficial for tenofovir dose adjust-
ment. In this study, we investigated the influence of both genetic
and nongenetic factors on tenofovir plasma concentrations. The
results from multivariate analysis showed that tenofovir plasma
concentrations are associated with body weight, eGFR, concomi-
tant use of a ritonavir-boosted protease inhibitor, and the poly-
morphism ABCC4 4131T — G. A lower patient body weight was
associated with higher tenofovir plasma concentrations in our
study. This finding is consistent with the results from previous
studies which demonstrated that body weight is one of the impor-
tant predictors of tenofovir’s pharmacokinetics (4, 15, 17).
Tenofovir is mainly eliminated by renal excretion. It is effluxed
across renal proximal tubule cells by MRP2 and MRP4, encoded
by the ABCC2 and ABCC4 genes, respectively. Genetic polymor-
phisms of these transporters have been reported to be associated
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TABLE 3 Association between tenofovir plasma concentrations and
ABCC2 and ABCC4 genotypes

Genetic Mean tenofovir plasma P

polymorphism Genotype concn * SD (ng/ml) value®

ABCC2 —24C—T CcC 101.5 £ 57.0 0.706
CTorTT 98.1 + 43.9

ABCC21249G — A GG 100.3 £ 55.7 0.984
GA or AA 100.5 *= 37.0

ABCC23972C —>T CcC 102.8 = 57.1 0.455
CTorTT 96.1 + 44.6

ABCC4 3463A — G AA 104.7 = 57.2 0.177
AG or GG 92.6 £ 43.0

ABCC44131T — G TT 86.0 * 30.7 0.072
TG or GG 104.5 £ 57.0

@ Determined by Student’s t test.

with higher levels of tenofovir exposure and KTD (4, 5, 9, 10, 18).
A study by Kiser et al. found that patients carrying the ABCC4
3463A — G variation had lower tenofovir renal clearance than
those carrying the wild type, leading to an approximately 32%
increase in the tenofovir area under the curve in the ABCC4 3463A
— G variant group (9). A more recent study in a Thai HIV-in-
fected population reported that the ABCC2 —24 CC genotype was
associated with a higher tenofovir plasma concentration than the
CT or TT genotype (114 ng/ml for the CC genotype and 93 ng/ml
for the CT or TT genotype) (4). However, that study investigated
only a limited number of genes (ABCC2 —24C — T and ABCBI
3435C — T), and it is possible that the influence of polymor-
phisms of other transporter genes may have not been detected.
Interestingly, we could not confirm the influence of the ABCC4
3463A — G and ABCC2 —24C — T polymorphisms on tenofovir
plasma concentrations in our study. This could be due to the small
number of patients enrolled in previous studies and the different
ethnicities and the different genetic polymorphisms of the pa-
tients investigated among the studies. However, it could be pos-
tulated that several transporter genes may play a role in tenofovir
elimination. The present study is the first to report an association
between the ABCC4 4131T — G variation and tenofovir plasma
concentrations. The results from multivariate analysis showed
that after controlling for body weight, eGFR, and concomitant use
of a ritonavir-boosted protease inhibitor, patients carrying the
ABCC4 4131 TG or GG genotype had, on average, a 30% higher
mean tenofovir plasma concentration than patients carrying the
TT genotype. Although an association between the ABCC4 4131T
— G polymorphism and the tenofovir plasma concentrations has
never been found, the influence of this polymorphism on the in-
tracellular concentrations of lamivudine has been reported (12). A
study by Anderson et al. found a 20% increase in the intracellular
concentrations of lamivudine in patients carrying the ABCC4
4131 TG or GG genotype than those carrying the TT genotype
(12). A potential mechanism of this interaction was proposed. The
ABCC4 4131T — G variation may reduce MRP4 protein expres-
sion and decrease the transportation of drugs in kidney tubular
cells (12).

As the elimination of tenofovir requires drug transporters,
tenofovir may be susceptible to a drug transporter-mediated in-
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TABLE 4 Univariate and multivariate analyses of genetic and nongenetic factors for tenofovir plasma concentrations

Univariate analysis

Multivariate analysis®

Factor B 95% CI” P value® B 95% CI P value
Female 13.986 —3.079 to 31.052 0.107

Age 0.183 —1.002 to 1.368 0.760

Body wt —0.918 —1.622to —0.214 0.011* —0.861 —1.494 to —0.229 0.008**
eGFRY —0.970 —1.420 to —0.520 <0.001* —0.934 —1.375to —0.492 <0.001**
Hepatitis B virus positive —12.241 —29.541 to 5.059 0.164

Hepatitis C virus positive —0.275 —31.721to 31.171 0.986

Duration of tenofovir treatment —0.385 —4.677 to 3.907 0.860

Concomitant RTV-boosted PI* 40.088 22.998 to 57.177 <0.001* 29.231 12.649 to 45.813 0.001**
ABCC2 =24 CT or TT —3.435 —21.352 to 14.482 0.706

ABCC2 1249 GA or AA 0.217 —21.989 to 22.422 0.984

ABCC23972 CT or TT —6.675 —24.279 t0 10.930 0.455

ABCC4 3463 AG or GG —12.127 —29.791 to 5.536 0.177

ABCC4 4131 TG or GG 18.464 —1.690 to 38.619 0.072% 25.180 7.049 to 43.310 0.007**

@ Factors with P values of <0.1 in the univariate analysis were entered into the multivariate analysis.

b CI, confidence interval.

X, P<0.1; %%, P <0.05.

“ Calculated by use of the MDRD formula.
¢ RTV, ritonavir; PI, protease inhibitor.

teraction (1, 19). Previous reports showed that ritonavir-boosted
protease inhibitors, including lopinavir-ritonavir, atazanavir-
ritonavir, and darunavir-ritonavir, can increase the level of teno-
fovir exposure by approximately 17 to 37% (1,9, 20). These inter-
actions were confirmed in our study. The concomitant use of a
ritonavir-boosted protease inhibitor resulted in a 35% increase in
the tenofovir plasma concentration. Even though the exact mech-
anism of the interaction between a ritonavir-boosted protease in-
hibitor and tenofovir has not been conclusively defined, possible
mechanisms have been proposed. Ritonavir was shown to be a
potent inhibitor of P glycoprotein (P-gp) and MRP2 (21). Inhibi-

tion of P-gp by a ritonavir-boosted protease inhibitor could lead
to increased absorption in the gut (22). On the other hand, an
increase in the level of tenofovir exposure due to inhibition of
MRP2, an efflux transporter from the renal proximal tubule cells,
resulting in decreased renal excretion, was also speculated (21).
Some study limitations should be noted. First, the polymor-
phisms of other transporter genes involving tenofovir influx
transport, such as SLC22A6 and SLC22A8, were not investigated
in this study. However, there is evidence that genetic polymor-
phisms of these transporters are not associated with the pharma-
cokinetics of several drugs, including tenofovir, adefovir, prava-
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Tenofovir plasma concentration (ng/ml)
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FIG 2 Box plots of tenofovir plasma concentrations in patients having the ABCC4 4131 TT genotype versus those having the TG or GG genotype by whether the
patients were using ritonavir-boosted protease inhibitors as a comedication. ABCC4 4131T — G genotypes are shown on the x axis. The medians and
interquartile ranges of tenofovir plasma concentrations are shown on the y axis. Among patients who did not use a ritonavir-boosted protease inhibitor, the
median tenofovir plasma concentration was 85.0 ng/ml in patients with the ABCC4 4131 TG/GG genotype, whereas it was 80.0 ng/ml in those with the TT
genotype. Among patients using a ritonavir-boosted protease inhibitor, the median tenofovir plasma concentration in patients with the ABCC4 4131 TG/GG
genotype was 118.0 ng/ml, whereas it was 103.5 ng/ml in those with the TT genotype. After controlling for body weight, eGFR, and concomitant use of a
ritonavir-boosted protease inhibitor, patients having the ABCC4 4131 TG/GG genotype had, on average, a 30% higher mean tenofovir plasma concentration than

TGor GG

those having the TT genotype (P = 0.007).

statin, and torsemide (9, 23-25). Therefore, the transportation of
drugs across the apical membrane (from cell to tubular lumen) by
multidrug-resistant proteins may be a rate-limiting step for drug
secretion (23, 25). Thus, it is likely that the polymorphisms of
organic anion transporters may not be associated with tenofovir’s
pharmacokinetics. Furthermore, we studied a selected number of
efflux transporter polymorphisms. A more comprehensive inves-
tigation of various polymorphisms should be performed. Second,
the overall effect of ritonavir-boosted protease inhibitors was
quantified in this study. Due to the small number of patients using
atazanavir-ritonavir and darunavir-ritonavir, the influence of
each ritonavir-boosted protease inhibitor was not identified.
Third, due to the cross-sectional design of the study, an associa-
tion between a higher tenofovir plasma concentration and renal
toxicity cannot be confirmed. However, it is worth mentioning
that if a middose concentration of tenofovir of >160 ng/ml were
used as the cutoff for a risk of renal toxicity, all of the patients
having a tenofovir concentration at middose of >160 ng/mlin our
study would have the ABCC4 4131 TG or GG genotype. Therefore,
it is possible that patients having the ABCC4 4131T — G variation
could be at higher risk of renal toxicity because of a high tenofovir
plasma concentration. Finally, due to the inhibitory effect of
ritonavir-boosted protease inhibitors on the renal tubular secre-
tion of serum creatinine, a rise in the serum creatinine concentra-
tion could be observed in a group of patients using ritonavir-
boosted protease inhibitors. This may lead to an underestimate of
the eGFR in this group of patients. However, with the small in-
crease in the serum creatinine concentration reported in a previ-
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ous study (0.08 mg/dl) (26), this would result in a negligible de-
crease in the eGFR and should not affect the results of this study.

In summary, this study showed that both genetic and nonge-
netic factors influence tenofovir plasma concentrations, which
could be associated with tenofovir-induced renal toxicity. Patients
who had a low body weight and a low eGFR, who concomitantly
used a ritonavir-boosted protease inhibitor, and who had the
ABCC44131 TG or GG genotype were at risk of a higher tenofovir
concentration. Therefore, the tenofovir concentration should be
closely monitored in these groups of patients.
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Abstract

Background: HIV-infected Asians may be at risk for tenofovir toxicity due to their relatively low body weight (BW).
We assessed the prevalence of proximal tubular dysfunction (PRTD) and risk associated with PRTD in HIV-infected
adults receiving tenofovir in Thailand.

Methods: A cross-sectional study in HIV-infected adults (= 18years) treated with tenofovir for >1 year. Twenty-four-
hour urine samples were collected to assess PRTD. PRTD was defined as the presence of >2 of the following criteria:
hyper-phosphaturia (total excretion of phosphate >1200 mg/day or renal tubular reabsorption of phosphate (TmP/
GFR) < 2.6 mg/dl), hyper-uricosuria (FE of uric acid >15%), or non-diabetic glucosuria. Mid-dose tenofovir plasma
concentrations were determined and concentrations >160 ng/mL were used as a cut-off for assessing risk of PRTD.

Results: 351 subjects (52% males) with median age of 40.2 years, BW of 58.9 kg, and duration of tenofovir
treatment 4.7 years were included. 93% had a HIV-1 RNA <50 copies/mL and 7% were co-infected with HCV. Fifty-
four (15.4%) patients were diagnosed with PRTD. In a multivariate analysis, only a mid-dose tenofovir concentration
>160ng/mL was associated with PRTD [odds ratio: OR 2.02 (95% CI 1.13-3.66)]; 32 of 54 (59.2%) with PRTD had
a tenofovir concentration >160 ng/ml; versus 124 of 297 patients (41.7%) without PRTD (p = 0.02). Predictors of a
tenofovir concentration >160ng/mL were BW<55 kg [OR2.32 (95% CI 1.45-3.68)], chronic HCV [OR 2.64 (95% ClI
1.13-6.17)], eGFR<90 mL/min/1.73m? [OR 2.66 (95% CI 1.64-4.31)], lopinavir/ritonavir [OR 2.47 (95% CI 1.32-4.6)]
and PRTD [OR 2.08(95% CI 1.10-3.92)].

Conclusion: Mid-dose tenofovir concentrations >160 ng/mL were independently associated with PRTD. Tubular
function should be closely monitored in patients using tenofovir with BW<55 kg, lopinavir/ritonavir use, chronic hepatitis

C, or low eGFR.

Keywords: Plasma tenofovir concentration; PRTD; Low BW;
Hepatitis C; Low eGFR; Lopinavir/ritonavir; Asian

Introduction

Tenofovir disoproxil fumarate (TDF) is a nucleotide reverse
transcriptase inhibitor (N (t) RTI) that has activity against both HIV
and hepatitis B virus (HBV). Because of its high efficacy, once-daily
dose, and availability within several fixed-dose combination tablets,
TDF is one of the most widely used ARV drugs as part of combination
antiretroviral treatment (cART). TDF is a prodrug of tenofovir
(TFV) that is rapidly hydrolyzed to tenofovir monophosphate in
the blood, and then converted to its active tenofovir diphosphate
form intracellularly. TFV is primarily eliminated unchanged by a
combination of glomerular filtration and proximal tubular secretion
[1]. Tenofovir clearance is impaired in patients with abnormal renal
function and its accumulation inside the tubular cells may result in
further renal damage [2]. Tenofovir is generally well-tolerated but
several degrees of renal toxicity, including acute tubular necrosis,
nephritis, proximal tubulopathy, proteinuria, diabetes insipidus,
hypokalemia and subclinical proximal renal tubular dysfunction
(PRTD) has been reported [3-14]. In clinical trials, the risk of
clinically significant TDF related renal toxicity is relatively low (0.3-
2% Fanconi syndrome) [15-17]. However, trial participants may not
represent HIV patients at large as they are generally in good health
and have fulfilled strict inclusion criteria.

Several studies conducted in HIV-infected patients found that
older age, presence of metabolic disease and concomitant use of TDF
and protease inhibitor are associated with an increased risk of tubular
dysfunction [18-21]. Recently, several pharmacogenomics studies have
reported that PRTD in HIV-infected patients receiving tenofovir were
associated with certain genetic polymorphisms within genes of several
efflux transporters (ABCC2 or ABCC4 or ABCC10) [22-24]. Higher
plasma concentration of tenofovir has also been recently associated
with proximal tubular dysfunction [10,25]. Even though the isolated
presentation of tubular dysfunction such as hypophosphatemia, tubular
proteinuria, normoglycemic glycosuria, and a decrease in phosphate
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reabsorption has been associated with tubular cell damage but the
clinical significance of isolated or subclinical tubular dysfunction in the
short- and long- term remains largely unclear whether these particular
patients are at increased risk for developing Fanconi syndrome,
progressive alteration of eGFR, osteomalacia or reduced bone mass
density. However, PRTD may indeed contribute to the persistent
loss of the phosphate and subsequent prematuration of osteopenia/
osteoporosis. Clinical research on tubular function is challenging
because of the complexity of kidney exploration. Few studies have
assessed prospectively the tubular function of HIV infected patients,
and have shown that approximately 6.5-22% of HIV-infected patients
may have subclinical PRTD [10,26]. There are limited data on the
prevalence of PRTD of HIV infected patients from Asia whom generally
have lower body weight than those in resource-rich countries.

In South East Asia, TDF is now widely used for HIV treatment with
increased usage of TDE, many patients with low BW and/or pre-existing
renal disease may exhibit clinical symptoms of TDF nephrotoxicity later
in life. The studies from Thailand, Vietnam, and Japan in HIV-infected
patients with median BW of 55-63 kg showed that the high prevalence of
TDF-related renal dysfunction (14.4%-19.6%) was strongly associated
with low BW [27-30]. Since TDEF-related renal toxicity is linked to
an increased plasma concentration, possibly in a dose-dependent
manner, Therefore, the Asian population with small body weight is
expected to be at higher risk of developing TDF-related renal toxicity
(27,28,30,31]. Thus, it is important to understand the relationship
between plasma tenofovir concentrations and factors associated with
tubular dysfunction among Asian HIV-infected patients. It is also
critical to identify subpopulations at risk of developing long-term TDF
nephrotoxicity. As a result of this, we assessed the prevalence of PRTD
and risk factors associated with proximal tubular dysfunction among
HIV-infected patients receiving TDF containing antiretroviral therapy
within a large HIV cohort in Thailand.

Methods
Study population

HIV infected patients participating in a cohort study (clinicaltrials.
gov identifier: NCT 00411983) at the HIV Netherlands Australia
Thailand Research collaboration (HIV-NAT), Bangkok, Thailand, were
included in this analysis. This sub study was reviewed and registered
by the Institutional Review Boards of the Faculty of Medicine,
Chulalongkorn University (NCT01138241). All patients provided a
written consent. A total of 351 patients treated with TDF-containing
cART with a normal estimated glomerular filtration rate (eGFR > 90
ml/min/1.73m?) underwent a 24-hour urinary analysis for assessment
of proximal tubular dysfunction. Plasma samples were collected
“mid-dose (11-13 hours post dose)” to measure the tenofovir plasma
concentration. Patients were excluded if they were currently on
nephrotoxic agents such as pentamidine, ganciclovir, amphotericin B,
adefovir, cidofovir or indinavir. Patient characteristics were extracted
from the HIV-NAT 006 cohort database including sex, age, route of
HIV transmission, HBV and/or HCV co-infection, hypertension,
diabetes, clinically defined lipodystrophy, ARVs, duration of ARVs
and concomitant drugs. Chronic hepatitis B (Hep B) and hepatitis C
(Hep C) infection were defined as having a two positive tests (i.e., Hep
B S antigen (HBsAg or anti-HCV antibody, respectively) more than 6
months apart.

Assessment of proximal tubular function

Blood and 24-hour urine samples were used to assess the kidney

glomerular and tubular parameters. All patients were required to
fast for at least 8 hours before blood samples were collected. Written
and verbal instructions for urine collection were provided along with
the container. Urine was collected over a 24-hour period, which also
included the samples from the morning of the blood draw. Various multi-
parameter blood chemistry and hematology profiles were assessed,
such as glucose, creatinine, sodium, potassium, chloride, bicarbonate,
phosphorus, total calcium, uric acid, albumin, and total protein. Urine
pH, glucose, creatinine, phosphorus, uric acid, albumin, proteins, (2
microglobulin, white and red blood cells in urine was assessed. All
parameters for renal proximal tubular function were performed at the
laboratory of the Division of Nephrology, Chulalongkorn University.

PRTD was defined on the basis of the presence of at least two of the
following criteria [10]:

1. Fractional tubular absorption for phosphorus [1-{(urine
phosphorus x plasma creatinine) / (plasma phosphorus x urine
creatinine)}] less than 0.80.

2. Total daily excretion of phosphorus (urine phosphorus x urine
volume) more than 1200 mg.

3. Fractional excretion of uric acid [1-{(urine uric acid x plasma
creatinine) / (plasma uric acid x urine creatinine)}x 100] more
than 15%.

4. B2 microglobulin more than 1 mg/day or 2 microglobulin/
urinary creatinine more than 0.3 mg/1.

5. Non-diabetic glucosuria (urine glucose > 300 mg/day or
positive for urine glucose) with normal glycemic levels (plasma
glucose < 100 mg/dl).

Immunonephelometry (BN II DADE, Behring, Barcelona, Spain)
was used to assess urine B2 microglobulin.

The eGFR was calculated using the Modification of Diet in Renal
Disease (MDRD) equation [32].

Assessment of tenofovir plasma concentrations

Tenofovir plasma concentrations were measured using a validated
reversed-phase high-performance liquid chromatography (HPLC)
method with fluorescent detection. This method was validated using the
AIDS Clinical Trials Group (ACTG) method validation guidelines over
the concentration range of 15 to 1,500 ng/mL [33]. Average accuracy
for tenofovir was 99-102% and precision (inter- and intra- assay) was
<5% of the coefficient of variation (CV). Samples were assayed at the
PHPT-IRD laboratory at Chiang Mai University which participates in
the ACTG Pharmacology Quality Control program, which performs
standardized inter-laboratory testing twice a year [34].

Statistical analysis

Continuous values are presented as median (interquartile range:
IQR) and categorical data as percentages. A multivariable analysis
using logistic regression models evaluated factors associated with
PRTD. A mid-dose plasma tenofovir concentration cut-off of 160 ng/
mL was used as a threshold to test for an association with PRTD [25].
Variables obtained from the univariate analysis with a p-value < 0.10
were included in the full model. A stepwise selection procedure was
used to assess the relative role of the risk factors. P-values of <0.05 were
considered significant. All statistical analyses were carried out using
STATA version 12.0 (StataCorp, College Station, TX, USA)
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Results
Characteristics of the study patients

Baseline characteristic of study participants are presented in Table
1. Between April 2011 and August 2012, 351 TDF-treated HIV-1-
infected patients (52% male) were enrolled (Tablel). Median age was
40.2 (IQR 36.3-45.6) years. Body weight (BW) was 58.9 (IQR 52-67.5)
kg, 19% and 4% of patients had a body mass index (BMI) > 25 kg/m?or
<18 kg/m?, respectively, and 21% were ARV-naive at the time TDF was
initiated. Median duration of TDF use was 4.7 (IQR 2.9-5.4) years for
ARV-naive patients and 2.9 (IQR 1.8-4.9) years for ARV-experienced
patients. CD4 cell count was 554 (IQR428-749) cells/mm?® and 93% had
a HIV RNA <50 copies/mL. Eight percent of patients had previously
used indinavir boosted with ritonavir (IDV/r), with a median duration
of 2.2 (IQR0.9-5.8) years exposure; 53% of the patients were co-treated
with a NNRTI (42% on efavirenz (EFV) and 11% on nevirapine (NVP)),
and 47% with a ritonavir boosted protease inhibitor (boosted PI; 17%
atazanavir/ritonavir (ATV/r), 17% lopinavir/ritonavir (LPV/r), 10%
saquinavir/ritonavir (SQV/r), and 3% darunavir/ritonavir (DRV/r)).
Chronic HBV and HCV were identified in 22% and 7% of the patients,
respectively. Nine percent and 3% of the patients had hypertension and
diabetes mellitus, respectively.

Proximal renal tubular function

Fifty-four (15.4%) patients were diagnosed with PRTD. A higher
percentage of patients with PRTD had previous IDV exposure (14.8
% versus 7.1%), current ATV exposure (27.7% versus 15.5%), boosted
PI exposure (59.3% versus 45.1%), hypertension (14.8% versus 7.4%),
higher serum creatinine levels and lower median eGFR (86.8 versus
98.5 ml/min/1.73m?). Overall, the median eGFR was 97.8 (IQR 84.9-
108.1) ml/min/1.73m? and 29 (8.3%) patients had serum phosphorus

Total
N = 351
184 (52.4)
40.2 (36.3-45.6)
58.9 (52-67.5)

Sex: Male N (%)
Age (years), median (IQR)
BW (kg), median (IQR)

Duration of ART exposure (month) 7.1(4.6-10.3)
TDF exposure, years

ARV-naive 4.7 (2.9-5.4)
ARV-experienced 2.9 (1.8-4.9)
Indinavir exposure N (%) 29 (8.3)
Atazanavir exposure, N (%) 61(17.3)
Stavudine exposure, N (%) 198 (56.4)
Current ARV regimen N (%)

NNRTI 185 (52.7)
Boosted Pl 166 (47.3)
Current CD4 cell count (cells/mm?®), median (IQR) 554 (428-749)
Proportion with HIV RNA < 50 copies/mL, N (%) 327 (93.1)
Hypertension, N (%) 30 (8.6)
Diabetes Mellitus, N (%) 9(2.6)
Lipodystrophy, N (%) 133 (37.9)
Chronic HBV, N (%) 76 (21.6)
Chronic HCV, N (%) 26 (7.4)
Median plasma creatinine, mg/dl, median (IQR) 0.8 (0.7-0.9)

Median eGFR (ml/min/1.73m?)
Plasma TDF concentrations: ng/ml
Proportion of patients with plasma TDF >160ng/ml, N (%)

97.8 (84.9-108.1)
152 (120-198)
156 (44.4)

< 3 mg/dl. Median eGFR for TDF ARV-naive and TDF-switch subjects
were not significantly different (99.1 (86.9-107.8) and 97.4 (84.2-108.1)
ml/min/1.73m? respectively (p = 0.39) and the prevalence of PRTD was
comparable between the two groups (13.9% versus 15.8%, p = 0.69).

Tenofovir plasma concentrations

Median tenofovir plasma concentrations were 168 (IQR 120-198)
ng/mL and 149 (IQR 120-193) ng/mL for patients with and without
PRTD, respectively (Figurel, Tablel). Overall, 156 (44.4%) patients had
tenofovir plasma concentrations > 160 ng/ml (a reported threshold to
predict PRTD) and among these patients, 32 of 54 (59.2%) had PRTD;
versus 124 of 297 patients (41.7%) without PRTD (p = 0.02).

Risk factors associated with kidney tubular dysfunction

In a univariate analysis, previous IDV exposure, current ATV
exposure, hypertension and a TDF plasma concentration >160 ng/
mL were associated with PRTD (Table 2). However, in the multivariate
analysis, only a tenofovir plasma concentration >160 ng/mL remained
significantly associated with PRTD (OR 2.02, 95% CI 1.13-3.66, p =
0.02). Low body weight, chronic HCV, lopinavir/r use and duration of
TDF were not associated with PRTD.

Risk factors for tenofovir plasma concentrations >160 ng/mL

In univariate analysis, body weight < 55 kg, LPV/r, chronic HCV,
eGFR < 90 ml/min/1.73m? duration of ART per 5 years, and PRTD
were associated with higher tenofovir plasma concentrations >160ng/
mL (Table 3). In multivariate analysis; BW < 55 kg [OR 2.19 (95% CI
1.37-3.50), p = 0.001], chronic HCV [OR 3.63(95% CI 1.18-11.18, p
= 0.024)], eGFR < 90 ml/min/1.73m?* [OR 2.56 (95% CI 1.58-4.16), p
< 0.001], LPV/r [OR 2.47 (95% CI 1.32-4.6), p = 0.004], and PRTD
[OR 1.98 (95% CI 1.05-3.73), p = 0.03] were associated with plasma

PRTD Non PRTD p-value
N =54 N =297
31(57.4) 153 (51.5) 0.43
40.6 (37.9-47.4) 40.2 (35.9-45.3) 0.16
60.2 (53-68.1) 58.5 (52-67.5) 0.22
9.1 (4.7-11.9) 6.8 (4.6-10.2) 0.31
4.2 (2.8-6.0) 4.7 (2.9-5.4) 0.74
2.8 (1.5-4.7) 2.9 (1.8-4.9) 0.33
8(14.8) 21(7.1) 0.06
15 (27.7) 46 (15.5) 0.03
29 (53.7) 169 (56.9) 0.66
0.06
22 (40.7) 163 (54.9)
32 (59.3) 134 (45.1)

538 (429-730) 554 (428-749) 0.53
52 (96.3) 275 (92.5) 0.32
8(14.8) 22 (7.4) 0.07

1(1.9) 8 (2.7) 0.72

14 (25.9) 119 (40.1) 0.05

10 (18.5) 66 (22.2) 0.54
2(3.7) 24 (8.1) 0.26

0.9 (0.8-1) 0.8 (0.7-0.9) 0.001
86.8 (75.4-100.5) 98.5 (85.6-109.3) 0.002

168 (124-242) 149 (120-193) 0.06
32(59.2) 124 (41.7) 0.02

Data is expressed as median and interquartile range (IQR). TDF: Tenofovir Disoproxil Fumarate; BW: Body Weight; BMI: Body Mass Index; NNRTI: Non-Nucleoside
Reverse Transcriptase; Pl: Protease Inhibitor; ART: Antiretroviral Therapy; eGFR: Estimated Glomerular Filtration Rate; HBV: Hepatitis B; HCV: Hepatitis C; PRTD:

Proximal Renal Tubular Dysfunction

Table 1: Baseline characteristics of the study population with PRTD and without PRTD.
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PRTD: proximal tubular dysfunction, LPV/r: lopinavir and ritonavir, HCV: hepatitis C infection, eGFR: estimated glomerular rate, BW: body weight

Figure 1: Tenofovir plasma concentrations in patients with PRTD, boosted lopinavir, hepatitis C, eGFR < 90 ml/min/1.73m? and BW < 55 kg.

PRTD No PRTD

Indinavir exposure (%)
No 46 (14.2) 276 (85.8)
Yes 8 (27.6) 21(72.4)
Atazanavir exposure (%)
No 39 (13.4) 251 (86.6)
Yes 15 (24.5) 46 (75.5)
Other boosted PI (maily lopinavir/r (%)
No
Yes 20 (13) 134 (87)

34 (17.2) 163 (82.8)
Hypertension, n (%)
No 46 (14.3) 275 (85.7)
Yes 8 (26.6) 22 (73.4)
Chronic HCV (%)
No 52 (16) 273 (84)
Yes 2(7.7) 24 (92.3)
TDF plasma concentrations
<160 ng/ml 23 (11.6) 175 (88.4)
>160 ng/ml 31(20.3) 122 (79.7)

Univariate analysis Multivariate analysis

OR (95%Cl) p OR (95%Cl) p
1 0.07
2.29 (0.96-5.46)
1 0.03
2.1 (1.07-4.11)
0.27
)
1.39 (0.71- 2.54)
1 0.09
2.17 (0.91-5.17)
1 0.22
0.44 (0.1-1.90)
1 0.02 1 0.02

2.02 (1.13-3.66) 2.02 (1.13-3.66)

Age, sex, body weight, duration of ART, duration of tenofovir, diabetes mellitus, and chronic hepatitis B were not associated with PRTD.
HCV: Hepatitis C; HBV: Hepatitis B; OR: Odd Ratio; 95% ClI: 95% Confidential Interval; TDF: Tenofovir Disoproxil Fumarate; PRTD: Proximal Renal Tubular Dysfunction;

boosted PI: Protease Inhibitor

Table 2: Predictors of PRTD in HIV-1 infected Thai patients.

concentrations of tenofovir >160ng/mL. Age, sex, duration of ART,
duration of tenofovir, diabetes mellitus, hypertension and chronic
hepatitis B were not associated with tenofovir concentrations >160ng/
mL.

Discussion

In this study, 15.4% of 351 TDF-treated patients had subclinical
PRTD. We found that: 1) patients with PRTD had higher tenofovir
plasma concentrations compared to those without (168 ng/mL versus
149 ng/mL); 2) tenofovir plasma concentrations of >160 ng/mL was
associated with PRTD; 3) BW< 55 kg, eGFR<90 ml/min/1.73m?, chronic
HCV, PRTD, and use of LPV/r were associated with high tenofovir
plasma concentrations. The overall prevalence of PRTD in TDF-treated
patients (15.4%) in this study is relatively lower when compared to the
study from Spain (22%) and higher than study from Italy (Aquitaine
cohort) (6.5%) and the United States (7.6%) [10,26,35]. Our findings are
in agreement with prior studies performed in Europe which reported

that high tenofovir plasma concentrations were associated with PRTD
[25,31]. In the current study, tenofovir plasma concentrations were
2.5-fold higher in patients with eGFR < 90 ml/min/1.73m? and 2-fold
higher in patients with subclinical PRTD. Likewise, patients with
plasma tenofovir concentrations >160ng/mL were associated with
a 2-fold higher risk of developing PRTD, consistent with previous
findings showing tenofovir plasma concentrations was independently
associated with tubular dysfunction [25,31,36]. It has been theorized
that high intracellular concentrations of tenofovir can disrupt the
mitochondrial function and damage the proximal tubular cells [37].
The higher the tenofovir plasma concentrations were, the greater the
accumulation of tenofovir in the proximal renal tubular cells. This can
subsequently result in having a higher risk for tubular cell dysfunction.
In this study, we observed that patient with low eGFR had significantly
higher plasma tenofovir concentrations and patients with PRTD had
lower eGFR than patients without PRTD. Because tenofovir is secreted
via glomerular filtration and proximal tubular secretion, thus when the
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TDF plasma concentration >160ng/ml

Yes NO

Gender

Male 73 (39.7) 111 (60.3)

Female 84 (50.3) 83 (49.7)
BW

Weight > 55kg 81 (38.2) 131 (61.8)
Weight < 55kg 75 (54) 64 (46)

BWi/creatinine
boosted PI
No 60 (39) 94 (61)
Yes 96 (48.7) 101 (51.3)
LPV/r

No 118 (40.3) 175 (59.7)

Yes 38 (65.5) 20 (34.5)
Chronic HCV (%)
No 145 (43.2) 190 (56.8)
Yes 11 (68.7) 5(31.3)
eGFR , ml/min/1.73m?

>90 86 (37.1) 146 (62.9)

<90 70 (58.8) 49 (41.2)
PRTD
No 124 (41.7) 173 (58.3)
Yes 32 (59.3) 22 (40.7)

Univariate analysis Multivariate analysis

OR (95%Cl) p OR (95%Cl) p

1 0.06
1.5 (0.98-2.29)

1 0.004 1 0.001
1.9 (1.23- 2.92) 2.19 (1.37-3.50)
0.96 (0.95-.97) <0.001

1 0.07
1.49 (0.97-2.28)

1 0.001 1 0.004
2.82 (1.56-5.08) 2.47 (1.32-4.60)

1 0.05 1 0.02
2.88 (0.98-8.48) 3.63 (1.18-11.18)

1 <0.001 1 <0.001
2.49 (1.54-3.81) 2.56 (1.58-4.16)

1 0.03
1 0.02 1.98 (1.05-3.73)

2.02 (1.13-3.66)

Age, duration of ART, duration of tenofovir, diabetes mellitus, chronic hepatitis B, and hypertension were not associated with tenofovir concentrations >160ng/mL.
HCV: Hepatitis C; HBV: Hepatitis B; OR: Odd Ratio; 95% Cl: 95% Confidential Interval; TDF: Tenofovir Disoproxil Fumarate; LPV/r: Lopinavir/Ritonavir; PRTD: Proximal
Tubular Dysfunction; BW: Body Weight; BMI: Body Mass Index; PI: Protease Inhibitor; eGFR: Estimated Glomerular Filtration Rate

Table 3: Predictors for plasma tenofovir concentration >160ng/ml in HIV-1 infected Thai adults..

patients have tubular dysfunction/low eGFR, this will possibly cause
higher plasma tenofovir concentrations [1,2]. Therefore, it is possible
that PRTD could be caused by cumulative exposure to tenofovir. On
the other words, PRTD with low renal function can possibly cause high
plasma tenofovir concentrations. Our results support data that the
effect of tenofovir on PRTD is dose-dependent. However, in this study
we could not confirm whether high plasma concentration is mainly
caused by PRTD or it is directly caused by low renal clearance.

Three studies from Asia evaluated the risk of developing TDF
nephrotoxicity in HIV infected patients with median BW of 55-63 kg.
They found that lower body weight was significantly associated with
TDF related nephrotoxicity [28-30]. This is consistent with our findings
that plasma tenofovir concentrations were 2.2-fold higher among
patients with BW < 55 kg. Higher tenofovir plasma concentrations
in patients with low BW < 55 kg would lead to further renal damage.
In addition, this study found that BW/serum creatinine (Scr) ratio
was negatively correlated with tenofovir plasma concentrations
(Correlation Coefficient = -0.28; P < 0.001) which was consistent with
the findings reported by Rodriguez-Novoa et al. and Calcagno et al. in
which tenofovir plasma concentrations decreased as the BW/SCr ratio
increased [25,38].

However it is unclear why HCV co-infection was strongly
correlated with higher tenofovir plasma concentrations in our study.
Patients co-infected with HIV and HCV had higher tenofovir plasma
concentrations [median190 (IQR146-223) ng/mL] compared to those
with HIV mono-infection [median 146 (IQR 120-197) ng/mL] whereas
only 2 out of 54 (4%) patients co-infected with HIV/HCV had PRTD.
In addition, HCV was strongly associated with higher tenofovir plasma
concentration (3.6-fold). Currently, pharmacokinetic data of TDF
in HIV and HCV co-infection is largely unknown. Since TDF is not
a substrate of CYP450 enzyme, HCV co-infection is not expected to
influence the plasma concentrations of tenofovir. There is a higher risk
of renal impairment in HIV and hepatitis B co-infection with advanced
liver fibrosis (fibrosis score >F3). However, in our study, 20% of the

patients co-infected with HIV and HCV had advanced liver fibrosis
(fibrosis score > 9.5kPa) based on transient elastography scores. Median
plasma tenofovir concentrations did not differ between those with or
without advanced liver fibrosis (191 ng/mL versus 136 ng/mL; p =0.15).
In addition, advanced liver fibrosis was not significantly associated with
lower eGFR and higher tenofovir plasma concentrations. Liver damage
can lead to impaired blood flow and production of toxins that can have
a detrimental effect on kidney function. However, this study did not
show any correlation between liver fibrosis and eGFR which may be
due to its relatively small sample size. Thus, we cannot ascertain what
factors are causing the patients co-infected with HCV to have high TDF
plasma concentrations.

Although almost half of the study population (48%) was female,
we did not find any association between female sex and high tenofovir
plasma concentrations. This finding disagrees with a previous Spanish
pharmacokinetic study conducted in 2009 which reported that the
female sex was associated with high tenofovir plasma concentrations
[25]. Other studies also failed to find an association of sex on
tenofovir plasma concentrations. Recently, Gervasoni et al evaluated
tenofovir plasma concentrations among 22 post-menopausal and 28
pre-menopausal women from Italy and found that tenofovir plasma
concentrations were not difference between pre- and post-menopausal
women [39].

Several studies conducted in Caucasians found an association
between high plasma tenofovir concentrations with unboosted
or boosted PI and a higher risk of developing renal toxicity when
compared to EFV, NVP or RAL [21,39-43]. Our results did not observe
a correlation of boosted PI and tubular dysfunction, but LPV/r use was
associated with higher tenofovir plasma concentrations (2.5 fold). No
correlation between ATV/r use and plasma tenofovir concentrations
was observed, unlike those patients on unboosted ATV from Calcagno’s
study which found an association with the high tenofovir plasma
concentration [38]. As our ATV/r patients were using ATV/ 200/100
mg once daily, we speculate that receiving a lower dose may lower the
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impact on inhibition of multiple resistance protein (MRP) transporters
at the apical side of renal tubular cells, and consequently less tenofovir
intra-tubular accumulation.

Our study has several limitations. Firstly, due to the nature of the
cross-sectional design, we could not foresee whether high plasma
tenofovir concentrations and PRTD will predict future renal impairment.
Secondly, only patients with eGFR > 60 ml/min/1.73m?* were enrolled
and approximately 50% of patients using tenofovir at our research
center were included in this analysis so it is possible that patients with
more serious renal toxicity were excluded. Thirdly, most of the patients
on boosted ATV were on ATV/r 200/100 mg once daily instead of the
standard dose of ATV/r 300/100 mg once daily. Hence we cannot draw
strong conclusion whether boosted ATV/r use is associated with high
tenofovir plasma concentration. Lastly, this study had only a single
tenofovir plasma measurement at 12-hours post-drug administration.
Oral apparent clearance of TDF was not determined. High intra-
individual variation of tenofovir clearance have been reported in
Caucasians , but little is known of tenofovir clearance in Asians [44].

In conclusion, mid-dose tenofovir concentrations >160 ng/
mL was independently associated with PRTD. Low BW, chronic
HCV, low eGFR, LPV/r use and PRTD were associated with higher
tenofovir plasma concentration and tubular function should be closely
monitored in these patients. In addition, the association of higher
plasma tenofovir concentrations and PRTD need to be further explored
in a large prospective cohort to determine whether this association is
linked to rapid renal deterioration in the future. Furthermore, lower
dosing strategies of TDF in patients at highest risk of TDF associated
renal toxicity should be further explored.
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Background. The approved tenofovir disoproxil fumarate (TDF) dose of 300 mg every 48 hours for adults with
moderate renal impairment is often confusing and inconvenient. Using a new TDF formulation, we compared the
pharmacokinetics of the standard dose with a dose of 150 mg once daily in HIV-infected adults.

Methods. This was an open-label pharmacokinetic study. Virologically suppressed HIV-infected adults with a
creatinine clearance 30 to <50 mL/minute receiving TDF 300 mg every 48 hours as part of a nonnucleoside reverse
transcriptase inhibitor (NNRTI)- or lopinavir/ritonavir (LPV/r)-based regimen were enrolled. Intensive 48-hour
blood sampling for pharmacokinetic assessment was performed at enrollment, after which the TDF dose was
changed to 150 mg once daily. Two weeks later, 24-hour blood sampling was performed; subjects then returned
to the standard dose. Tenofovir (TFV) pharmacokinetic parameters were calculated using a noncompartmental
analysis.

Results.  Forty adults (55% female) were enrolled: 20 receiving NNRTI-based and 20 receiving LPV/r-based
treatment. Median age was 56 years (range, 44-65 years), weight 51 kg (range, 38-80 kg), and creatinine clearance
43.9 mL/minute (range, 30.9-49.7 mL/minute). The TFV geometric mean ratio of the area under the curve (AUCy_yg)
for every 24 hours vs every 48 hours was 1.09 (90% confidence interval [CI], .98-1.22) and 1.00 (90% CI, .92-1.09)
for patients receiving NNRTI- and LPV/r-based treatment, respectively. Concomitant LPV/r use markedly increased
TFV plasma concentrations, and AUC,_4g, was 67% higher with the standard dose, whereas no differences in in-
tracellular TFV diphosphate concentrations were observed. All subjects remained virologically suppressed, and no
drug-related adverse events were reported.

Conclusions. 'TDF 150 mg every 24 hours provides comparable systemic exposure to the standard dose of 300
mg every 48 hours in patients with moderate renal impairment.

Clinical Trials Registration. NCT01671982.

Keywords. HIV; tenofovir; kidney dysfunction.
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Tenofovir disoproxil fumarate (TDF) is recommended as one of
the preferred drugs to be used as part of combination antiretro-
viral therapy (ART) in treatment-naive patients [1]. The ap-
proved dose of TDF in adults is 300 mg once daily taken
orally [2]. TDF is the oral prodrug of tenofovir (TFV). Following
oral absorption, TDF is rapidly converted to TFV, a nucleotide
(nucleoside monophosphate) analogue. Intracellularly, TFV is
phosphorylated by cellular nucleotide kinase to its active anabo-
lite TFV diphosphate (TFV-DP), which is a competitive inhib-
itor of human immunodeficiency virus type 1 (HIV-1) reverse
transcriptase. TFV is primarily excreted unchanged by the renal
route through a combination of glomerular filtration, and active
tubular secretion and renal impairment can significantly alter
TFV pharmacokinetics [3]. A pharmacokinetic (PK) study of
TDF in HIV-uninfected subjects with varying degrees of renal
impairment showed that subjects with a creatinine clearance
(CrCl) >50 mL/minute (calculated using the Cockcroft-Gault
equation) had similar plasma exposure to those with normal
renal function, whereas subjects with a CrCl <50 mL/minute
had significantly higher exposures [4]. A PK model was devel-
oped based on these data, and model simulations predicted that
TDF 300 mg every 48 hours in patients with CrCl 30-49 mL/
minute would provide similar exposure to that of patients
with normal renal function receiving the standard dose. TDF
300 mg twice weekly (every 72-96 hours) was predicted to be
adequate for patients with a CrCl 10-29 mL/minute. These
TDF dosing interval adjustments for subjects with renal impair-
ment are US Food and Drug Administration (FDA) approved
[2], but have not been clinically evaluated in HIV-infected
adults.

Administering TDF every 48 hours can be confusing and in-
convenient for patients, especially if other coadministered anti-
retrovirals are dosed once and/or twice daily. Lower dosage
strengths (150, 200, and 250 mg) and formulations (scored tab-
lets) of TDF have recently become available that may facilitate
once-daily dosing for patients with moderate renal impairment.
We hypothesized that administration of TDF 150 mg once daily
to HIV-infected adults with moderate renal function impair-
ment (CrCl 30 to <50 mL/minute) will provide drug exposure
comparable to that of the current recommended dose of TDF
300 mg every 48 hours.

It is also important to assess the pharmacokinetics of TFV in
the presence of commonly coadministered drugs. For example,
lopinavir/ritonavir (LPV/r) is often prescribed with TDF, par-
ticularly as part of second-line regimens in resource-limited set-
tings, and concomitant administration can result in a 32%
increase of TFV drug exposure [2, 5].

Our aim was to investigate the plasma and intracellular phar-
macokinetics of TFV following a reduced daily dose (TDF 150
mg once daily) vs the current interval adjustment dosing sched-
ule (TDF 300 mg every 48 hours) in HIV-infected adults with

moderate renal function impairment receiving either nonnu-
cleoside reverse transcriptase inhibitor (NNRTI)-based or
LPV/r-based ART.

MATERIALS AND METHODS

Study Design and Population
This was a phase 1, nonrandomized, open-label, PK study in
HIV-infected adults in Thailand (ClinicalTrials.gov identifier
NCT01671982). HIV-infected subjects attending routine out-
patient clinic visits with moderate renal impairment and already
receiving TDF 300 mg every 48 hours as part of NNRTI- or LPV/
r-based ART per standard of care were proposed to participate.
The required sample size was 40 adults: 20 subjects receiving
TDF plus NNRTI-based highly active antiretroviral therapy
(HAART) (group 1) and 20 subjects receiving TDF plus LPV/
r-based HAART (group 2) (see “Statistical Considerations and
Sample Size” section). All subjects were receiving TDF 300-mg
scored tablets manufactured by the Thai Government Pharma-
ceutical Organization (GPO). The GPO TDF tablet was demon-
strated to be bioequivalent to the original Viread formulation
(Gilead Sciences, Inc) and has been approved by the Thai FDA.
This study was approved by the Ethics Committees at the Ministry
of Public Health, Thailand; Faculty of Associated Medical Sciences,
Chiang Mai University; and the local hospital ethics committees.
Screening was performed within 30 days of enrollment. Con-
senting subjects were screened for eligibility: age >18 years; con-
firmed HIV-1 infection; receiving TDF 300 mg every 48 hours
for at least 2 weeks as part of an NNRTI-based regimen (group
1) or an LPV/r-based regimen (group 2); CrCl between 30 to
<50 mL/minute (defined as 2 CrCl determinations calculated
using the Cockcroft-Gault equation within 2 weeks of each
other, within 1 month prior to entry); and HIV-1 RNA load
<50 copies/mL within 6 months prior to entry. Exclusion crite-
ria were concomitant use of atazanavir or didanosine; pregnan-
cy; any of the following laboratory tests within 30 days prior to
study entry classified as grade 3 or higher (see Division of AIDS
Table for Grading the Severity of Adult and Pediatric Adverse
Events, version 1.0 [December 2004], Clarification August
2009): neutrophil count, hemoglobin, platelets, aspartate ami-
notransferase, alanine aminotransferase; hepatitis B surface an-
tigen positive; and any clinically significant diseases (other than
HIV-1 infection) or clinically significant findings during the
screening medical history or physical examination that, in the
investigator’s opinion, would compromise participation in this
study.

Plasma and Intracellular PK Assessments

At study entry (day 0), a 48-hour PK evaluation was performed
to evaluate the TDF dose of 300 mg every 48 hours. Following
the subject’s normal morning schedule of drug intake, a predose
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blood sample was drawn, after which TDF was administered
with breakfast by the study nurse using directly observed ther-
apy, and blood samples were drawn at 0.5, 1.0, 1.5, 2.0, 4.0, 6.0,
8.0, 12, 24, 36, and 48 hours postdose. Peripheral blood mono-
nuclear cells (PBMCs) were also collected at 48 hours postdose
for the determination of intracellular TFV-DP concentrations.
Immediately after completing the PK sampling, the TDF dose
and administration schedule were changed to 150 mg once
daily. The TDF 300-mg scored tablet was cut in half to provide
the appropriate 150-mg dose. Two weeks later (day 14), subjects
had a second series of blood samples drawn identically to those
at day 0 over the first 24 hours. A single PBMC sample was also
collected 24 hours postdose for determination of intracellular
TFV-DP. Once the 24-hour PK sampling was complete, the
subjects returned to use the standard TDF dose of 300 mg
every 48 hours and were off-study.

Measurement of TFV Plasma and Intracellular TFV-DP
Concentrations

Blood samples collected for plasma TFV measurements were
centrifuged and the plasma was frozen at —20°C. TFV plasma
drug concentrations were measured using a high-performance
liquid chromatography assay with fluorescent detection [6].
This method was internally validated; the average accuracy
was 99%-102%, and precision (inter- and intra-assay) was
<6% of the coefficient of variation. The lower limit of assay
quantification is 0.015 mg/L. Plasma samples were assayed at
the Program for HIV Prevention and Treatment laboratory at
Chiang Mai University. PBMCs collected at the specified time
points were isolated, extracted, and stored at -70°C. PBMC ex-
tracts were assayed for TFV-DP concentration at the Antiviral
Pharmacology Laboratory, University of Nebraska Medical
Center, using a previously validated liquid chromatography-
tandem mass spectrometry assay [7]. Both laboratories partici-
pate in the international external quality control program of the
AIDS Clinical Trial Group Pharmacology Quality Control
(Precision Testing) program [8].

Pharmacokinetic Analyses

Steady-state TFV plasma concentration data were analyzed
using noncompartmental methods (Phoenix, WinNonLin ver-
sion 6.3, Pharsight, Missouri). Calculated PK parameters in-
cluded area under the curve of the plasma concentration vs
time profile (AUC,_,), maximum plasma concentration (Cp,x),
time to Crayx (Thax)> apparent oral clearance (CL/F), minimum
plasma concentration during the dosing interval (C,,;,), and last
concentration measured postdose (Cy,gs). AUC,_, is the expo-
sure during a single dosing interval (ie, AUC,_45 or AUC_54)
and was determined using the linear trapezoidal method.
Ciax> Cmins Ciast (€8, Cygp or Cogp, depending on the TDF dosing
schedule), and T,,x were taken directly from the observed

concentration-time data. The terminal slope Az was determined
from the log-linear portion of the curve. Geometric mean ratios
(GMRs) with 90% confidence intervals (CIs) were calculated
for within-patient comparisons of PK parameters for every-
24-hour vs every-48-hour TDF dosing. Nonpharmacokinetic
statistical analyses were performed using Stata software (version
10.1, StataCorp LP, College Station, Texas). Wilcoxon rank-sum
tests were used to compare TFV PK parameters between groups.
A 2-sided P value of <.05 was considered statistically significant.

Statistical Considerations and Sample Size

The sample size was based on ensuring precision in PK parameter
estimates. The mean (+standard deviation [SD]) TFV AUC re-
ported in HIV-infected adults is 3.32 + 1.37 mg x hour/L (coeffi-
cient of variation 41.2%) following multiple doses of 300 mg once
daily in the fed state [2]. Based on this variability at the standard
dose and assuming that average AUC results are approximately
normally distributed, to be 95% confident that the TFV AUC
sample mean is within 0.66 pug hour/mL (equivalent to 20% pre-
cision) of the true mean, a sample size of 17 subjects was required
per group. Also, for the within-subjects comparison, 17 patients
would provide at least 80% power for the width of the 90% CI for
the mean log;y AUC difference between 48-hour and 24-hour
dosing to be <0.2 on the log; scale (ie, 90% CI GMR falls be-
tween 0.8 and 1.25; assuming a within-subject variance of
0.05). To allow for nonevaluable subjects, 20 subjects were en-
rolled per group, for a total sample size of 40 subjects.

RESULTS

Subject Characteristics

A total of 40 adults (55% female) were enrolled: 20 subjects in
group 1 receiving TDF with an NNRTTI and 20 subjects in group
2 receiving TDF with LPV/r. All 40 subjects completed both PK
sampling visits. The clinical characteristics of the study popula-
tion by group at study entry are presented in Table 1. The over-
all median age was 56 years (range, 44-65 years), weight 51 kg
(range, 38-80 kg), serum creatinine 1.3 mg/dL (range, 0.8-2.1
mg/dL), CrCl 43.9 mL/minute (range, 30.9-49.7 mL/minute)
and CD4 count 502 cells/pL (range, 113-1063 cells/pL). Within
group 1, 10 subjects were receiving efavirenz and 10 were receiv-
ing nevirapine. One subject in group 1 and 2 subjects in group 2
were excluded from the PK analysis due to blood sampling

€rrors.

TFV Plasma Pharmacokinetics: 300 mg Every 48 Hours Versus
150 mg Every 24 Hours

The plasma TFV PK parameters with 300 mg every 48 hours
(day 0) and 150 mg once daily (day 14) for group 1 and
group 2 are presented in Table 2. The mean TFV concentration
versus time curves following TDF 300 mg every 48 hours and
TDF 150 mg once daily for both groups are shown in Figure 1.
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Table 1. Patient Characteristics

Characteristic Group 1: TDF-NNRTI (n = 20) Group 2: TDF-LPV/r (n = 20) Total (N =40)
Sex

Male 6 (30%) 12 (60%) 18 (45%)

Female 14 (70%) 8 (40%) 22 (55%)
Race/ethnicity: Asian 20 (100%) 20 (100%) 40 (100%)
Age, y 59 (44-65) 53 (39-82) 56 (39-82)
Weight, kg 54.0 (40.0-80.0) 495 (37.8-75.1) 50.6 (37.8-80)
Body mass index, kg/m? 21.8(17.9-32.9) 19.2 (16.3-29) 20.8 (16.3-32.9)
Creatinine, mg/dL 1.2(0.8-1.9) 1.3(0.9-2.1) 1.3 (0.8-2.1)
Creatinine clearance, mL/min 45.7 (30.0-49.6) 42.0 (31.7-49.7) 43.9 (30.9-49.7)

(

HIV-1 RNA load, copies/mL

<50 (<50 to <50)

<50 (<50 to <50)

(
<50 (<50 to <50)
CD4 count, cells/uL 465 (170-773) 596 (113-1063) 502 (113-1063)

HAART regimen
TDF + 3TC + EFV 10
TDF + 3TC + NVP 10
TDF + 3TC + LPV/r 19
TDF + 3TC + ZDV + LPV/r 1

Data are presented as No. (%) or median (range).

Abbreviations: 3TC, lamivudine; EFV, efavirenz; HAART, highly active antiretroviral therapy; HIV-1, human immunodeficiency virus type 1; LPV/r, lopinavir/ritonavir;
NNRTI, nonnucleoside reverse transcriptase inhibitor; NVP, nevirapine; TDF, tenofovir disoproxil fumarate; ZDV, zidovudine.

Group 1 (TDF/lamivudine/NNRTI): The geometric mean Chax Was reduced by 29% with the lower 150-mg dose (GMR,
AUC)_4g, ratio (GMR) of TDF 150 mg every 24 hours/300 mg 0.71 [90% CI, .62-.80]), but the C,,i; was 63% higher (GMR,
every 48 hours was 1.09 (90% CI, .98-1.22). The mean TFV 1.63 [90% CI, 1.34-1.99]). Group 2 (TDF/lamivudine/LPV/r):

Table 2. Steady-State Tenofovir Pharmacokinetic Parameters With Tenofovir Disoproxil Fumarate 300 mg Every 48 Hours or 150 mg Once
Daily as Part of Nonnucleoside Reverse Transcriptase Inhibitor— and Lopinavir/Ritonavir—Based Treatment

Parameter

TDF 300 mg, Every 48 h

TDF 150 mg, Every 24 h

GMR (90% CI) 24 h/48 h

Group 1: TDF/3TC/NNRTI (n = 19)

AUCq.., mg x h/L 5.76 (3.34-11.08) 3.15 (1.73-6.49) NA
AUCq_48n, Mg x h/L 5.76 (3.34-11.08) 6.29 (3.45-12.99)° 1.09 (.98-1.22)
Crnax, Mg/L 0.44 (0.23-0.67) 0.31 (0.16-0.55) 0.71 (.62-.80)
Clast, mg/L 0.04 (0.02-0.10) 0.07 (0.03-0.14) 1.63 (1.34-1.99)
Crnin, Mg/L 0.04 (<0.008-0.10)° 0.07 (0.03-0.14) 1.90 (1.57-2.30)
CL/F, L/h 23.60 (12.26-40.73) 21.61 (10.47-39.37) 0.91 (.82-1.02)
Trnax: N 1.50 (0.50-8.00) 1.00 (0.50-4.00) 0.57 (.40-.81)
Group 2: TDF/3TC/LPV/r (n = 18)
AUCq.., mg x h/L 9.61 (6.06-18.92) 4.80 (2.61-9.29) NA
AUCq_4gn, Mg x h/L 9.61 (6.06-18.92) 9.61 (5.21-18.59)* 1.00 (.92-1.09)
Crnax, Mg/L 0.68 (0.44-1.31) 0.42 (0.24-0.73) 0.55 (.49-.63)
Clast, mg/L 0.07 (0.03-0.11) 0.10 (0.05-0.20) 1.59 (1.35-1.87)
Crnin, Mg/L 0.06 (0.03-0.09) 0.09 (0.04-0.18) 1.42 (1.18-1.72)
CL/F, L/h 14.15 (7.19-22.44) 14.17 (7.32-26.08) 1.00 (.92-1.08)
Trnax: N 1.01 (0.48-4.00) 1.25 (0.50-4.00) 1.18 (.83-1.68)

Data are presented as median (range) unless otherwise specified.

Abbreviations: 3TC, lamivudine; AUC,_,, area under the curve of the plasma concentration vs time profile within a single dosing interval; AUCq_4gp, area under the
curve of the plasma concentration vs time profile over 48 hours; Cl, confidence interval; CL/F, apparent oral clearance; C,.g, last concentration measured postdose;
Crmax, Mmaximum plasma concentration; Crnin, minimum plasma concentration during the dosing interval; GMR, geometric mean ratio; LPV/r, lopinavir/ritonavir; NA,
not applicable; NNRTI, nonnucleoside reverse transcriptase inhibitor; TDF, tenofovir disoproxil fumarate; Tnax, time to maximum plasma concentration.

@ Calculated as 2 x AUCq_4.

® Assay lower limit of quantification (LLOQ) was 0.008 mg/L (4 samples below the LLOQ from 2 patients).
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The geometric mean AUC_g, ratio (GMR) of TFV was 1.00
(90% CI, .92-1.09). The mean TFV C,,,x was reduced by 45%
with the lower 150-mg dose (GMR, 0.55 [90% CI, .49-.63]),
but the Cy, was 59% higher (GMR, 1.59 [90% ClI, 1.35-1.87]).

No differences in PK parameters between sexes within each
group were observed. All subjects in group 1 and group 2 re-
mained virologically suppressed, and no adverse events or seri-
ous adverse events were reported during the study.

Comparison of TFV Plasma Pharmacokinetics With NNRTI Versus

LPV/r

With the standard TDF dose of 300 mg every 48 hours, TFV
exposure was significantly higher with the concomitant use of
LPV/r compared with NNRTIs (Figure 1) (AUCy_4gp, 9.61 vs
5.76 mg x hour/L; P <.001). The TFV AUC_4gn, Ciax> and
Clast Were 67%, 55%, and 75% higher, respectively, with LPV/
r. Similar increases were also observed after subjects switched
to 150 mg every 24 hours; the TFV AUCy_481, Cpnax> and Cpag
were 52%, 35%, and 42% higher, respectively, with LPV/r com-
pared to NNRTIs. The TFV oral clearance (CL/F) was approx-
imately 40% slower in the presence of LPV/r.

Intracellular TFV-DP Concentrations in Patients With Moderate
Renal Dysfunction

The TFV-DP C,, with 300 mg every 48 hours and 150 mg once
daily for group 1 and group 2 are presented in Figure 2. The
median duration of TDF 300 mg every 48 hours prior to enroll-
ment was 41 weeks (2-280 weeks). No statistically significant
difference was found between TFV-DP Cj,, with 300 mg
every 48 hours vs 150 mg every 24 hours for either group.
Four patients (2 per group) received between 2 and 4 weeks

of TDF 300 mg every 48 hours prior to enrollment and there-
fore may not have achieved steady-state intracellular levels
(based on an intracellular half-life of 87 hours [9]); TDE-DP
levels were reexamined without these patients, but the results
did not change. Also, no significant difference was observed be-
tween TFV-DP Cy with NNRTIs compared to LPV/r. With
TDF 300 mg every 48 hours, the median TFV-DP Cy, was
129 (range, 27-945) fmol/10° cells with NNRTIs vs 188
(range, 25-497) fmol/ 10° cells with LPV/r (P =.50); whereas
for 150 mg every 24 hours, TFV-DP Cy,, was 158 (range, 47—
715) fmol/10° cells with NNRTIs vs 182 (range, 33-1030) fmol/
10° cells with LPV/r (P =.88).

DISCUSSION

This is the first report assessing alternative dosing of TDF in
HIV-infected adults with moderate renal dysfunction. Our
data demonstrate that reducing the approved TDF dose of
300 mg every 48 hours in adults with a CrCl between 30 and
<50 mL/minute to 150 mg once daily provides comparable ex-
posure over a 48-hour period when receiving an NNRTI- or
LPV/r-based regimen. Additionally, as observed in adults with
normal renal function, TFV plasma exposure was significantly
higher with concomitant LPV/r use.

In the package insert of TDF (VIREAD), the mean (+SD)
TFV AUCq_infinity and Cyax following a single 300-mg dose
was 6.01 £ 2.05 mg x hour/L and 0.37 + 0.16 mg/L in subjects
with a CrCl between 30 and 49 mL/minute (n=8) [2]. These
values are similar to those observed in the patients enrolled in
group 1 receiving TDF with an NNRTI and a CrCl between 30
and 49 mL/minute following multiple doses of TDF 300 mg
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Mean tenofovir concentration vs time curves following tenofovir disoproxil fumarate (TDF) 300 mg every 48 hours or TDF 150 mg once daily in

human immunodeficiency virus type 1—infected adults with moderate renal impairment, as part of nonnucleoside reverse transcriptase inhibitor (NNRTI)—

based (4) or lopinavir/ritonavir (LPV/r}-based (B) treatment.
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Figure 2. Intracellular tenofovir diphosphate (TFV-DF) last concentration measured postdose (Cy.s;) in patients with moderate renal dysfunction, as part of
tenofovir disoproxil fumarate (TDF) plus nonnucleoside reverse transcriptase inhibitor (NNRTI)-based (A) or lopinavir/ritonavir (LPV/r}-based (B) treatment
every 48 hours (g48), or once daily (OD). Box-plot represents median and interquartile range.

every 48 hours (AUCy_gg 5.76 mg x hour/L and C,,,, 0.44 mg/
L). The total apparent CL/F of TFV in group 1 was 23.60 L/
hour, which is consistent with the 26.7 L/hour reported in the
package insert for patients with a similar degree of renal func-
tion impairment. Furthermore, the TFV AUC,_4; in the present
study for Thai HIV-infected adults receiving an NNRTI-based
regimen was similar to that for adults in the United States with
normal renal function receiving the standard 300-mg once-
daily dose (5.74 mg x hour/L [2 x AUCq_,4] [10]). Although
several formulas are now available to estimate CrCl, we used
the Cockcroft-Gault equation to be consistent with the package
insert and have recently shown in a population PK analysis that
CrCl estimated using the Cockcroft-Gault equation significantly
influenced TFV oral clearance [11]. Based on our results, we can
also speculate that further reduced daily doses of TDF may also
be an alternative for patients with severe renal impairment
(CrClI of 10-29 mL/minute)—that is, 75 mg once daily—but
formal PK studies are needed in this patient group.

A drug-drug interaction between TDF and LPV/r is some-
what unexpected, as these drugs are cleared from the body
through different pathways (ie, renal extraction for TFV and he-
patic extraction for LPV/r). A greater TFV-associated decline in
renal function has been reported with protease inhibitors vs
NNRTI-based regimens [12]. Indeed, the TFV AUCy_»4, Ciax>
and Cp,s were observed to be 32%, 15%, and 51% higher in
the presence of LPV/r [10]. Another study has found that the
renal clearance of TFV was 18% slower in patients with con-
comitant LPV/r use compared to those receiving no protease in-
hibitor [5]. We observed a significantly higher TFV exposure
among patients receiving LPV/r compared with those receiving

an NNRTI, and this was independent of TDF dose. Interesting-
ly, this increase of TFV AUCq_s3 and C,,,x in the presence of
LPV/r was approximately 2-fold higher than that previously re-
ported in adults with normal renal function [2]. The mean CL/F
of TFV in group 1 was reduced by 40% compared with group
2. Overall, the impact of LPV/r on TFV pharmacokinetics in pa-
tients with moderate renal function impairment seems to be
higher than in patients with no renal dysfunction; therefore,
closer monitoring for drug-related toxicities would be advisable
for these patients regardless of TDF dosing interval.

Drug influx/efflux transporters play a key role in the disposi-
tion of TFV and may help explain the mechanism of the observed
drug-drug interaction. TFV is transported into proximal tubular
cells by organic anion transporters located on the basolateral
membrane [13]. Three ATP-binding cassette (ABC) transport-
ers—ABCC2 (MRP2) [14], ABCC4 (MRP4) [15], and ABCCI10
(MRP7?) [16]—have been implicated as playing a role in transport-
ing TFV into the urine. A combination of drug transporter inter-
actions between TFV and LPV/r in the kidney tubular cells may
contribute to the changes in TFV pharmacokinetics. TDF is also
a substrate for the efflux transporter p-glycoprotein, which is
highly expressed in the small intestine. Ritonavir is a potent
inhibitor of p-glycoprotein [17], and inhibition of p-glycoprotein
in the gut could potentially lead to increased absorption.

In contrast to the plasma TFV concentrations, there was no
significant difference in TFV-DP Cp, between subjects using
NNRTI- or LPV/r-based HAART, although the median values
with LPV/r were numerically higher. Also, the TFV-DP Cy
was noted to be higher than that reported in HIV-infected
adults with normal kidney function, but the between-patient
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variability we observed was relatively high. The median TFV-
DP concentration 24 hours postdose was 87.2 fmol/10° cells
in adults with normal renal function (n =7) receiving 300 mg
once daily [18]. However, glomerular filtration rate (GFR) has
been shown to be predictive of TFV-DP concentrations, with
an 8% increase in intracellular TFV-DP concentration for
every 10-mL/minute decrease in GFR [19]. Higher TFV-DP is
perhaps reassuring in terms of efficacy, but its consequence on
renal tubular toxicity need to be determined.

In summary, our data demonstrate that switching TDF to
150 mg once daily in HIV-infected adults with moderate renal
function impairment leads to comparable exposure to the cur-
rent recommended dose of 300 mg every 48 hours. Although
the duration of the reduced TDF dose was relatively short, the
preservation of virologic suppression and lack of adverse events
were reassuring. This daily TDF dose option for this subpopu-
lation of patients may be preferable to simplify their regimen
and facilitate drug adherence, but renal function should be con-
tinued to be closely monitored in these patients.
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Abstract
Subheadings: Population PK of TFV in HIV/HBV co-infection

Tenofovir is an efficacious drug with a long half-life and high activity against both HIV and HBV. However, there is
no pharmacokinetic study of tenofovir in HIV/HBV co-infected patients. Data from HIV mono-infected patients
may not be transferable to HIV/HBV co-infected population due to the different nature and consequences of the co-
infection. This study developed a population pharmacokinetic model of tenofovir in patients with HIV/HBV co-
infection and identify pathophysiologic factors influence its pharmacokinetics to ensure optimal, efficient and safe
use of tenofovir. This model can reliably be used to initially adjust the tenofovir dosage if therapeutic drug
monitoring services are unavailable. This study confirms that patients with kidney impairment and not liver
impairment will require tenofovir dose adjustment to prevent unwanted toxicities. Even though drug-drug
interactions of tenofovir co-administered with ritonavir-boosted atazanavir were observed, these did not reach the

significance but caution is still warranted.



Introduction

Hepatitis B virus (HBV) is a serious infectious disease affecting approximately 350 to 400 million people
worldwide." It can progress to chronic hepatitis, cirrhosis, and hepatocellular carcinoma.? HBV and human
immunodeficiency virus (HIV) co-infection is common because they share the same route of transmission. From 40
million HIV-infected people, approximately 10% of them are also co-infected with HBV.> HIV infection accelerates
HBYV progression, decreases hepatitis B e antigen (HBeAg) clearance and increases HBV replication resulting in a
higher yield of serum HBV DNA.*® Most importantly, HIV/HBV co-infection was found to increase the risk of
liver-related mortality up to 12.7 fold, particularly among those with low CD4 cell counts.” Therefore, the
management of HBV in HIV-infected patients should be carefully implemented with the appropriate selected drug

and dosage to obtain optimal efficacy and reduce toxicity and resistance.

Tenofovir is a nucleotide analog recommended to be used as the first-line drug therapy for HIV/HBV co-infected
patients who require HIV treatment. Tenofovir is often used with emtricitabine or lamivudine. Tenofovir disoproxil
fumarate (TDF) is an oral prodrug of tenofovir. After oral administration, TDF is rapidly converted to tenofovir
which is subsequently phosphorylated to tenofovir diphosphate, an active metabolite, by cellular enzymes.®
Following intravenous infusion, approximately 70-80% of the administered dose will be excreted unchanged in the
urine by active tubular secretion and glomerular filtration, thus dose adjustment in patients with significant renal
impairment is necessary.” Since tenofovir exhibits a long half-life (17 hours in serum), a once-daily dose of TDF is

sufficient.

The pharmacokinetics of tenofovir exhibit high interindividual variability (ITV).'>'! In a previous population
pharmacokinetic study conducted in AIDS patients, it was reported that after accounting for the variation from
significant covariates, 50% of IIV was observed for CL/F.'” Additionally, a variation of estimated tenofovir area
under the curve was markedly different, from 1.4 mg.h/L to 6.7 mg.h/L, in patients without tubular dysfunction.""

Hence, suboptimal or toxic tenofovir exposure may be observed in some of the patients.

Tenofovir exposure is found to be associated with efficacy and toxicity. The relationship between TDF
concentrations and viral suppression has been demonstrated.'? Although tenofovir is generally well-tolerated,
tenofovir-induced nephrotoxocity have been reported."*""* There is evidence that tenofovir plasma concentration is
associated with kidney tubular dysfunction.'® Thus, dose adjustment is important to ensure the drug’s efficacy and

safety among those with kidney problems.

Even though the pharmacokinetics of tenofovir were previously investigated in HIV-infected patients, however there
are scarce data in HIV/HBV co-infected patients.''"!” This study aimed to develop a population pharmacokinetic
model of tenofovir in patients with HIV/HBV co-infection and to identify and quantify the influence of the patient’s

characteristics on the pharmacokinetics of tenofovir.



Results
Population pharmacokinetics of tenofovir

A total of 146 patients and 340 plasma concentrations were used for the population pharmacokinetics analysis. The
patients’ characteristics are summarized in table 1. A two-compartment model with first order absorption and
elimination best described the observation data. Therefore, the following pharmacokinetic parameters for tenofovir
were estimated: the apparent clearance (CL/F), the apparent volume of central and peripheral compartment (V,/F
and V,/F), the apparent intercompartmental clearance (Q/F), and the absorption rate constant (k,). A precise
estimation of Q/F and IV of Q/F, V,/F, and k, were not obtained due to sparse characteristic of the data so Q/F was
fixed to a previously reported value of 144 L/hr'! and the ITV of Q/F, Vo/F, and k, were not estimated. A sensitivity
analysis was further performed by fixing Q/F from 130 to 160 L/hr to assess the impact of the fixed value of Q/F on
other parameter estimates. The results from the sensitivity analysis showed that the fixed values of Q/F had a
minimal impact on the estimation of the remaining parameters. The estimated CL/F (IIV), V{/F (I1V), V,/F, and k,
from the base model, the model without covariates, were 54 L/hr (35.5%), 324 L (112.7%), 508 L, and 0.77 hr',
respectively. The results from the covariate model building found that CLCR, CLCRyprp, and concomitant use of
ATV/r were the significant covariates for CL/F and CLCR¢g was the significant covariate for V/F during the
forward inclusion approach. However, due to a high correlation between CLCR¢g and CLCRyprp, CRCLg which
caused a larger drop of the OFV (-12.55 vs -7.13) was added into the base model. During the backward deletion, the
influence of concomitant use of ATV/r on CL/F and CLCRg on V/F failed to reach a significance level. Therefore,
CLCRcg was the only significant covariate for CL/F and none of the covariates were found to be significant for

V//F. The final covariate model on CL/F was:

CL/F(L/hr) = 54.6 x (CRCL ,/93) **

Based on the final model, the population mean CL/F in patients having CRCL¢g 93 ml/min was estimated to be 54.6
L/hr with the estimated ITV of 32.86%. The parameter estimates from the final model are presented in table 2.The
goodness-of-fit plots of the final model are shown in figure 1. No significant trends are visible which indicated that

the final model adequately described the data.
Model evaluation

The results from the bootstrap analysis showed that from 1000 bootstrap runs, 873 runs were minimized successfully
with a successful covariance and were included in the analysis. The summary results of the bootstrap analysis are
shown in table 2. The median values of the parameter estimates obtained from the bootstrap analysis were
comparable and within 10% of the point estimates obtained from NONMEM. Additionally, the 95% ClIs of the
parameter estimates obtained from the bootstrap analysis were similar to those obtained from NONMEM, except for

V//F and V,/F. Hence, the reliability of the parameter and their 95% CI estimated from NONMEM were confirmed.



The constructed 90% PIs from 500 simulations superimposed on the observed data are presented in figure 2. The
results demonstrated that most of the observed data were within the 90% PIs indicating that the final model
performed adequately. However, majority of the concentrations outside the 90% PIs are around the maximum
concentration which indicated that the model’s ability in predicting the concentration around the absorption phase is

somewhat limited (Figure 2).
Discussion

In this study, the population pharmacokinetic model of tenofovir in HIV/HBV co-infected patients was developed.
To our knowledge, we are the first to investigate the pharmacokinetics of tenofovir in this co-infected population.
The plasma concentration of tenofovir can be best described by a two-compartment model with first order
absorption and elimination which is consistent with other previous findings.'®'"'” The estimations for Q/F and the
IV of Q/F, V,/F, and k, could not be precisely obtained due to the sparse sampling design of the study. As a result
of this, the IIV of Q/F, V,/F, and k, were not estimated and Q/F was fixed to a literature value of 144 L/hr."" The
fixed values of Q/F have a small impact on the estimation of other parameters according to the results from a
sensitivity analysis. In our study, the population mean CL/F of tenofovir for patients with creatinine clearance of 93
ml/min was estimated to be 54.6 mg/L. This estimated CL/F was comparable to the mean values previously reported
in HIV-infected patients (50.5 and 42 L/hr, after adjusting the tenofovir dose from TDF to tenofovir).'"'” The
estimated IIV of CL/F was 32.86% which is also consistent with the value obtained from previous studies (19-
33.5%).'% "7 Even though the therapeutic concentration of tenofovir was not established, the relationship between
plasma concentration, efficacy and toxicity was observed. Previous study demonstrated that the plasma
concentrations of tenofovir were dose proportional when TDF was given at 75, 150, 300, or 600 mg. However, the
antiviral activity was comparable at 600 mg and 300 mg.'* On the other hand, a concentration of tenofovir greater
than160 ng/ml was found to be associated with renal toxicity.'® Due to a high IIV of CL/F, a wide range of tenofovir
plasma concentrations was detected when a fixed dose regimen was administered as expected. Therefore,
therapeutic drug monitoring may be used to detect sub-optimal or toxic concentration to ensure efficacy and safety

for the management of HIV.

The pharmacokinetics of tenofovir exhibit high interindividualvariability.'® Several factors may contribute to the
variability of the pharmacokinetics of tenofovir including patients’ characteristics, renal function, and co-
medications. Our study showed that the estimated creatinine clearance (CLCR) was a significant covariate for
CL/F of tenofovir which was not surprising since tenofovir is primarily eliminated by the kidneys, including
glomerular filtration and tubular secretion. The influence of the renal function on tenofovir clearance was confirmed
in previous studies conducted in patients with HIV infection.'™ """ '® Previous population pharmacokinetic studies
of tenofovir in HIV-infected patients demonstrated that the ratio of body weight to serum creatinine (BW/Scr) could
significantly impact the tenofovir CL/F.'"" "' However, the effect of the estimated creatinine clearance was not
observed. In our study, the CLCRg was used as a surrogate marker for renal function which also included the effect
of age, weight, and sex so that the use of CLCR( as a predictor may provide a more accurate estimation of

tenofovir CL/F. Our finding corroborates with a previous report that tenofovir dose adjustment is required and
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recommended among those patients with renal impairment.’ In addition, patients co-infected with HIV and HBV
may also experience liver impairment which is of concern, especially when the hepatotoxicity is related to a
combination of antiretroviral drugs. Yet in our study, the influence of the liver function test (i.e., AST and ALT) was
less prominent. This finding support an earlier investigation that the liver function does not affect the

pharmacokinetics of tenofovir and thus dose adjustment is not necessary among those with liver problems.’

Tenofovir is mainly excreted unchanged in the urine suggesting a low potential for drug-drug interactions. However,
interactions with ritonavir-boosted lopinavir and atazanavir were observed. When tenofovir was co-administered
with lopinavir/ritonavir and atazanavir, the systemic exposure of TDF increased 32% and 24% respectively.” ' -2
In our study, the tenofovir pharmacokinetics were not affected by either lopinavir/ritonavir or atazanavir. Even
though the influence of ATV/r on CL/F of tenofovir was observed during the forward inclusion, this interaction
failed to reach a significance level during the backward deletion. The inability to detect these interactions in our
study maybe due to the small number of patients co-administered with LPV/r and ATV/r (11.6% and 8.2%) resulting

in having inadequate power to detect such interactions.

The developed model is considered to be fairly reliable. The results from the bootstrap analysis showed that the
median and 95% CI obtained from the bootstrap analysis were comparable to the estimates from NONMEM.
However, the 95% CI of V1/F and V2/F from the bootstrap analysis were wider than the range obtained from
NONMEM which indicated the uncertainty in the parameter estimation from NONMEM. A reason for the
uncertainty in the parameter estimation for V1/F and V2/F may be due to the inadequate quantity of samples
collected during the distribution phase.”! Regardless of this, the results from the predictive check confirmed the

predictive power of the model.

This study has some limitations. Due to the sparse samples collected, the precise estimation of some parameters
including Q/F and IV of Q/F, V,/F, and k, could not be obtained. For this study, the IIV of Q/F, V,/F, and k, were
not estimated and the value used for Q/F was based on a previous report. When the sensitivity analysis was
performed, the fixed value for Q/F did not affect the results of the other parameters and the results from the
bootstrap analysis confirmed the reliability of the final parameter estimates. Second, the influence of the co-
medications on tenofovir pharmacokinetics could not be detected. This may be due to a small number of patients
using these co-medications resulting in inadequate power in detecting such influence. Hence, a study with sufficient

power aiming to investigate the influence of the co-medications on tenofovir pharmacokinetics is warranted.

In conclusion, the population pharmacokinetics of tenofovir in HIV/HBV co-infected patients was successfully
developed and validated. The pharmacokinetic parameters for tenofovir in HIV/HBV co-infected patients were
found to be comparable to previous reports from HIV-infected patients. Creatinine clearance significantly impacted
the tenofovir CL/F which confirmed that for patients with renal impairment, the doses often ofovir need to be
adjusted. Despite some of the limitations of the study, the developed model may be used to initially adjust the

tenofovir dosage to ensure optimal exposure of tenofovir among HIV/HBV co-infected patients.



Methods
Patients and blood sampling

We performed a cross—sectional study at HIV-NAT (Netherlands-Australia Thailand Research Collaboration),
Bangkok, Thailand during March 2012 to May 2013(clinicaltrials.gov: NCT01138241).** Additionally, the
participants were selected from the HIV-NAT 006 cohort, a prospective longitudinal cohort study initiated since
1996 (clinicaltrials.gov:NCT00411983) in which intensive blood sampling was performed.” HBV/HIV co-infected
adults (aged >18 years old) with chronic hepatitis B(CHB) treated with tenofovir for HIV treatment for at least 6
months were selected from the database. CHB was defined as HBsAg positive for at least 2 occasions 6 months
apart. Patients with evidence for chronic hepatitis C virus infection, acute infection of other hepatitis viruses, chronic
diarrhea or a history of rifampicin use 6 months prior to the time of blood collection were excluded. The study was
reviewed and approved by the Institutional Review Boards of the Faculty of Medicine, Chulalongkorn University,
Thailand and all patients provided signed consent. Majority of the patients received TDF at 300 mg once daily
which is equivalent to 136 mg of tenofovir in the plasma whereas five other patients were on TDF 300 mg every

other day or for every 48 hours.

One blood sample was randomly collected at each clinic visit for tenofovir concentration assessment. There were no
specific sampling schedules. Intensive blood samples (at time 0, 1, 2, 4, 6, 8, 10, 12, and 24 hours post-dose) were
obtained from 6 patients selected from HIV-NAT 006 cohort. Dosing history including actual time and amount of

the last dose before blood sampling, and time of blood collection were recorded.
Assessment of tenofovir concentration

Tenofovir concentration was determined by high performance liquid chromatography at the HIV-NAT laboratory
according to previously validated assays.”* The lower limit of quantification was 0.015 mg/l. The within-day and

between-day coefficient of variation and accuracy for all quality controls were less than 4%.
Population pharmacokinetic modeling

The PK data were analyzed using NONMEM (version VI, Icon Development Solutions, Ellicott City, MD). A first
order conditional estimation method with interaction (FOCE-I) was used to estimate the pharmacokinetic
parameters. One- and two- compartment model with first order absorption and elimination was evaluated. The
interindividual variability (IIV) was described by an exponential error model for all parameters. The residual
unexplained variability (RUV) was described by a proportional error model. Structural model selection was guided
by the difference of the objective function value (dOFV), successful convergence, precision of the parameter
estimates, and goodness-of-fit plot. For an evaluation of the goodness-of-fit, graphical assessment was obtained
using R (ver.2.8.0, R Development Core Team; www.r-project.org) and Xpose.” Once the appropriate structural
model was obtained, the covariate model was employed to investigate the influence of the covariates on the

population pharmacokinetic parameters. The following covariates were considered: age, weight, serum creatinine



(Scr), creatinine clearance calculated by Cockcroft and Gault equation (CLCRg) and Modification of Diet in Renal
Disease (CLCRyprp), albumin (ALB), alanine aminotransferase (ALT), aspartate aminotransferase (AST),
concomitant ritonavir-boosted protease inhibitors (i.e., lopinavir/ritonavir (LPV/r), saquinavir/ritonavir (SQV/r),
andatazanavir/ritonavir (ATV/r)). A continuous covariates were included in both linear and nonlinear (power and

exponential models) models. The categorical covariates were introduced into the model using the fractional model
(TVCL =6, + 6, x X ), where TVCL is the typical value for tenofovir clearance, 6, is the typical value for

tenofovir clearance when X=0, and 6, is the relative difference for the typical value of tenofovir clearance when
X=1. The covariate model was performed using a stepwise approach. A decrease in the objective function value
(OFV) greater than 3.84 (y*, p < 0.05, df=1) was used as a criteria for inclusion of the covariate during forward
inclusion whereas an increase in OFV greater than 6.63 (), p < 0.05, df=1) was used as the criteria for retaining the

covariate in the model during the backward deletion process.

Model evaluation

The bootstrap and visual predictive check were used to evaluate the model. The reliability of the final parameter
estimates and their 95% confidence interval (CI) were assessed using the bootstrap approach. One thousand

bootstrap datasets were generated by Wings for NONMEM (http://wfn.sourceforge.net) and were fitted with the

final model. The median and bootstrap 95% CI were constructed and then compared with the values obtained from
NONMEM. The visual predictive check was performed to evaluate the predictive performance of the final model.**
?7 Five hundred simulated data were generated by using the original dataset as a template. The median and 90%

prediction intervals (PI) obtained from simulated data were calculated and superimposed on the observed data.
Study Highlights
What is the current knowledge on the topic?

The pharmacokinetics of tenofovir from HIV mono-infected population are highly interindividually variable.

Currently, there are no data on the pharmacokinetics of tenofovir in HIV/HBV co-infected patients.

What question did the study address?
This study aimed to develop a population pharmacokinetic model of tenofovir in HIV/HBV co-infected patients as

well as identify factors explaining the interindividual variability of tenofovir concentration in this population.

What this study adds to our knowledge?

The pharmacokinetics of tenofovir in HIV/HBV co-infected patients are similar to those with HIV-infection. Results
from this study confirm that patients with renal impairment, not liver impairment, would require adjustment of
tenofovir dosage. The final model can be used to initially adjust the tenofovir dosage to ensure optimal exposure of

tenofovir among HIV/HBV co-infected patients.



How this might change clinical pharmacology and therapeutics?
The developed model can be used to predict sub-optimal or toxic concentration of tenofovir. This is especially
important in a resource-limited setting where services for therapeutic drug monitoring may not be available so an

alternative, simpler method is preferred.
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Table 1: Summary of patient characteristics

Patient characteristics

mean (range)

Age (years)

Height (cm)

Weight (kg)

Serum albumin (g/dl)

Serum creatinine (mg/dl)

Creatinine clearance, MDRD (ml/min)
Creatinie clearance, CG (ml/min)

42.8 (23-66.5)
164.5 (145-180)
61.2 (38.9-150)
4.5 (3.2-6)

0.9 (0.5-2.2)

96.1 (32.4-171.8)
92.5 (29-256.6)

Aspartate aminotransferase (U/I) 37.7 (17-95)
Alanine aminotransferase (U/l) 46 (20-172)
Frequency (%)
Gender
Male 95 (65.1)
Female 51(34.9)
Concomitant ritonavir-boosted protease inhibitors
Atazanavir/ritonavir 12 (8.2)
Lopinavir/ritonavir 17 (11.6)
Darunavir/ritonavir 1(0.7)
Saquinavir/ritonavir 19 (13)

MDRD: Modification of Diet in Renal Disease; CG: Cockcroft and Gault equation

12



Table 2: Final parameter estimates and 95% CI from NONMEM and bootstrap analysis

Parameters Estimates (95%CI)*  Bootstrap median (95%CI)°
CL/F (L/hr)) 54.6 (50, 59.2) 54.6 (50.2, 60.2)

Factor associated 0.43 (0.19, 0.67) 0.44 (0.2,0.7)

with CLcr on CL/F

VI1/F (L) 316 (96.48, 535.52) 296 (152.8, 748.6)

V2/F (L) 517 (174, 860) 527 (339.7, 1201.5)

Q/F (L/hr) 144 (fixed) NA

ka (hr-1) 0.73 (0.31, 1.16) 0.71 (0.39, 1.4)

IV CL/F (%CV) 32.8(24.7,39.3) 32.6 (23.3, 39.5)

IV VI/F (%CV) 108.2 (64.2, 138.9) 110.5 (51.1, 166.1)

RUV, proportional (%CV)  36.2 (30.8, 40.8) 36.2 (30.8, 42.3)

? From 873 runs minimized successful with successful covariance
® Calculated as estimates + 1.96 x Standard error
¢ 2.5th and 97.5 percentiles of the bootstrap parameter estimates
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Figure 1: Goodness of fit plot of the final model: the observed vs population predicted
concentration and conditional weighted residual vs population predicted concentration.
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Figure 2: the visual predictive check plot.
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Introduction

Vitamin D plays a key role not only for calcium homeostasis and bone metabolism, but it also has several
non-calcemic actions. Based on recent studies, there is evidence of an association between vitamin D
deficiency and a number of co-morbidities, including impaired immune function, metabolic syndrome,
cardiovascular disease, inflammatory disease, autoimmune disorders, impaired neurocognitive function,
and malignancies . These co-morbidities are also increasingly recognized in HIV-infected individuals
worldwide as this population is living longer as a result of the widespread use of highly active
antiretroviral therapy (HAART) "', Furthermore, HIV-infected individuals are more likely to be vitamin
D deficient compared to HIV-uninfected individuals, and there is an indication that vitamin D
concentrations are directly related to HIV-disease progression ' . Therefore, the role of vitamin D in
preventing these complications is of particular interest.

Currently, the serum concentration of 25-hydroxyvitamin D [25(OH)D] is considered a reliable indicator
of vitamin D status because it represents cumulative exposure to sunlight, which is a major source of
vitamin D "*'°. When the plasma vitamin D concentration decreases below 30ng/mL, plasma calcium is
depressed and parathyroid hormone is stimulated. This results in secondary hyperparathyroidism which
promotes bone turn over, osteopenia, and eventually osteoporosis '*. Therefore, vitamin D plasma
concentrations higher than 30 ng/mL are essential to prevent the stimulation of hyperparathyroidism from
low plasma calcium. However, currently there is no consensus on a cut-off level for defining vitamin D
deficiency. Nonetheless, it is widely suggested that the definition of sufficiency, insufficiency, and
deficiency of vitamin D are plasma 25(OH)D levels above 30 ng/mL, 21-29 ng/mL and lower than 20
ng/mL, respectively 2. Using this definition, a high prevalence of vitamin D insufficiency ranging from
12-86% has been described among HIV-infected individuals, mostly from resource rich countries and
high latitudes '®'°. Furthermore, in these patients a high rate of osteopenia or osteoporosis has been
reported.

Since exposure to sunlight is a major source of vitamin D, it has been assumed that people living in areas

closer to the equator are less likely to have vitamin D insufficiency, because there are strong rays



throughout the year. Although the prevalence of vitamin D deficiency has been well documented in HIV-
infected Caucasian populations from countries situated at high latitudes, but it is unclear what the extent
of vitamin D insufficiency is among those living in subtropical area. As a result of this, we assessed the
prevalence of and risk factors for hypovitaminosis D in our large and long standing cohort of Thai HIV-
infected adults who have been followed for up to 15 years. We hypothesized that our HIV-infected
patients would have a lower prevalence of vitamin D insufficiency as compared to Caucasian HIV-

infected adults.

Methods

Study design and participants

We performed a cross—sectional study among participants enrolled in the HIV-NAT 006 cohort, a
prospective longitudinal cohort study initiated in 1996 to evaluate long term HAART treatment response
and their complications among HIV-infected patients followed at HIV-NAT (the Netherlands-Australia
and Thailand collaboration in HIV research), Thailand. This study took place between July 2010 and June
2011.

As part of the HIVNAT 006 cohort, CD4 cell counts and HIV-RNA viral load (VL) are measured every 6
months, together with other safety laboratory parameters and with clinical and therapy data. All clinical
and laboratory parameters have been collected real time into electronic database. All patients have stored
plasma samples at entry and once a year. Patients have been asked to be fasting at least 8 hours prior
blood drawn for this cohort. All patients signed consent forms to participate in the HIV-NAT 006 cohort
and consented to the stored plasma to be used. For 25(0OH) D testing, we collected new samples from
subjects who visited our clinic during 1 July 2010- 30 June 2011. We also collected data regarding use of
steroids in the 6 months before sample collection, smoking, alcohol use, menopausal status, vitamin
D/calcium supplements and fracture.

HIV-infected adults (aged >18 years old) who were enrolled in the cohort for a minimum of 6 months

were included in this analysis. Patients with current chronic diarrhea or a history of the use of



corticosteroids, anticonvulsants or rifampicin during the 6 months before planned blood draw were
excluded.
This cohort was reviewed and approved by the Institutional Review Boards of the Faculty of Medicine,
Chulalongkorn University, Bangkok, Thailand.
Setting
Bangkok is located at 13°45'N and 100°30°E in the middle of Thailand. The city has a tropical climate,
with high temperatures and high humidity levels. There are only 2 distinct seasons: the dry season
through the months of November to April and the rainy season from May to October. The average
temperature is 32°C (90°F). Temperatures rarely drop below 25°C(70°F).
Vitamin D measurement and definition
Blood was drawn after at least 8 hours of fasting for determination of 25(OH)D levels. Whole blood
samples were centrifuged at 2500rpm for 20 minutes and plasma was stored at -80°C until use. The
samples for vitamin D levels were collected during the clinical visit for the HIV-NAT 006 cohort, during
which CD4, VL, glucose, lipid panels, serum creatinine, and ALT were also tested. 25(OH)D was tested
in plasma by ARCHITECT chemiluminescent microparticle immunoassay (CMIA) for the quantitative
determination of 25-hydroxyvitamin D (25-OH Vitamin D, Abbott, Barcelona, Spain) according to the
manufacturer’s instruction. Serum 25(OH)D less than 20 ng/ml and 20-30 ng/dl were defined as vitamin
D deficiency and insufficiency, respectively. The ARCHITECT 25-OH Vitamin D assay is designed to
have an imprecision of less than 10% within Laboratory (total) Coefficient Variation.
Criteria of Diabetes Mellitus (DM), Hypertension, and Metabolic syndrome
1. DM was defined at the occurrence of fasting plasma glucose >126 mg/dl in two consecutive time
points or a diagnosis of DM, or taking antihyperglycemic drug
2. Cardiovascular events were defined as myocardial infarction, coronary artery disease, stroke, and
hypertension. Hypertension was defined as a diastolic blood pressure>90 mmHg or systolic >140
mmHg in a resting state) in two consecutive time points or a diagnosis of hypertension, or taking

antihypertensive drug.



3. Metabolic syndrome (MS) was defined if patients had at least 2 criteria of fasting glucose > 110
mg/dl in the absent of overt DM, blood pressure > 135/85 in the absent of HT diagnosis,
Triglyceride > 150 mg/dl, Cholesterol > 200 mg/dl, HDL < 40 mg/dl for Men and < 50 mg/dl for
women, and waist circumference > 90 cm for Men and >80 c¢cm for women.

Estimated glomerular filtration rate (eGFR) was calculated by Modification of Diet in Renal

Disease (MDRD).
Statistical analysis
The data analysis was performed by STATA version 11.2 (Stata Corp., College Station, Texas).For
descriptive analysis, the frequencies of the categorical variable were calculated, while median and
interquatile range (IQR) were calculated for continuous variables. Each variable was correlated to vitamin
D status. The magnitude of associations was expressed as odds ratio (OR) and 95% confidence intervals
(95% CI). Pearson correlation coefficiency was used to explore the association between serum vitamin D
levels and potential risk factors. For multivariate analysis, multiple logistic regression analysis was used.
Variables presenting p<0.1 in univariate analysis were tested in the final model.
Results
Study population and vitamin D status
A total of 673 HIV-infected adult patients were included in this analysis. Demographic and clinical
characteristics are presented in Table 1. In brief; 47% of patients were female. The median age was 41.5
years and 16% were older than 50 years old. Median BW was 57.6 kg. Median BMI was 21.9kg/m” and
approximately 18% of them were obese (BMI greater than 25 kg/m?). The median eGFR was 96.5(82.6-
106.3) ml/min/1.73m>. A total of 93% were currently using cART for a median (IQR) duration of 8.9
(5.0-10.4) years. Efavirenz (EFV) and tenofovir disoproxil fumarate (TDF) were currently used in 31%
and 79%, respectively. Of all, 57% of patients had stavudine (d4T) exposure in the past. The median CD4
cell count was 571 cells/mm’ (IQR 434-766 cells/mm®), and 92% had HIV RNA < 50copies/mL. In

addition, none of them took steroid, vitamin D and calcium within 6 months prior blood drawn. Only 3%



of the patients had more than 4 standard alcoholic drinks per day whereas 21 % were current smokers and
13% of the females were menopausal. None of them had fracture.

Median circulating 25(OH)D concentrations were 24.1(IQR18.5-31.5) ng/mL. On average, mean (SD)
25(0OH) D concentrations was significantly lower in women (23.2 (8.9) ng/ml) than men (27.5 (10.6)
ng/mL), p<0.001 and current EFV use (23.4 (9.3) ng/mL) than non EFV(26.5 (10.3) g/mL), p<0.001.
However, mean (SD) 25(OH) D concentrations in older than 40 years group (24(9.7)ng/mL) and younger
group (26 (11) ng/mL) were comparable (p=0.1).The overall prevalence of hypovitaminosis D (25(OH)
D< 30ng/ml), vitamin D deficiency (25(OH)D <20ng/mL) and vitamin D insufficiency (25(OH)D 20-
30ng/mL) were 70.5%, 29.9% and 40.6%, respectively.

Higher proportion of patients in rainny season, d4T exposure, current efavirenz exposure, and
cardiovascular disease (mainly hypertension) in vitamin D insufficient/deficient compared to normal
vitamin D group.

Median (IQR) intact parathyroid hormone was relatively higher in hypovitaminosis D group [46 (34-61)
pg/mL] compared to normal vitamin D group [43(28-62) pg/mL)] but it was not statistically significant
difference (P=0.64).

Identification of the risk factors for hypovitaminosis D (table2 and figure 1)

When serum 25(OH) D concentrations were dichotomized into two groups (insufficient/deficient vs.
sufficient), multiple logistic regression analysis showed that women [OR (95% CI) 1.6 (1.1-2.1), p=
0.01], age older than 40 years old [OR (95%CI) 1.6 (1.1-2.2), p < 0.01], and current use of EFV-based
ART [OR (95%CI) 1.9 (1.3-2.8), p 0.001] were significantly associated with hypovitaminosis D. Other
factors such as BMI, CD4 counts, ART naive/experienced, diabetes mellitus, lipodystrophy,
cardiovascular disease, duration of ARV, boosted protease inhibitor use, smoking status, alcoholic
drinking and tubular function abnormalities were not associated with low vitamin D concentrations.
Discussion

In this study, we analyzed serum 25(OH)D levels in 673 HIV infected patients on a median of 9 years of

ART from tropical region. Our study identified a high prevalence of low vitamin D concentrations among



HIV infected patients living in Thailand, a country located near the equator. When using a 25(OH) D
threshold of 30ng/ml, almost 70.5% of our patients in this cohort have inadequate vitamin D status.
Furthermore, nearly 30% had a 25(OH) D less than 20ng/ml, which is classified as vitamin D deficiency.
Our HIV-infected patients had a relatively similar prevalence of vitamin D insufficiency and deficiency

when compared to the general older Thai women from rural area of Thailand.”***

The prevalence of
hypovitaminosis D in general Thai population at the same age of our cohort ( 40 years old) was
64.6%" from Bangkok, Thailand and it was 20-40% from rural area. Studies examining vitamin D
status in the HIV-infected patients from the tropics are scarce, but low vitamin D status have been
reported up to 74% from Thailand, Brazil and India.***® These findings suggest inadequate vitamin D is a
common problem even in countries that receive abundant sunshine.

The high prevalence of hypovitaminosis D in our cohort is somewhat surprising, considering the relative
younger age of this population. The majority of our patients lived in Bangkok, the capital of Thailand.
Increasing urbanization, working in office, sunscreen use and polluted air may explain this situation.
Recently, a study in the general population in Thailand found that subjects living in urban or big cities
have a higher risk of having lower vitamin D concentrations (64.6 % versus 20-40%).”Lifestyle factors
and air pollution are possibly important factors. Polluted air in our capital city may have blocked the sun
rays from reaching the skin resulting in lower production of vitamin D.***° In addition, vitamin D intake
among Thais is generally low because foods are usually not fortified with vitamin D and few natural
vitamin D-rich food sources are affordable.”’Furthermore, vitamin D and calcium supplement are less
popular in HIV —infected patients compared to vitamin C supplement.

Our prevalence of hypovitaminosis D at 70% was higher than a report in HIV-infected women from
Brazil(40.65%) *” but comparable to studies from countries at high latitudes. In our multivariate analysis,
hypovitaminosis D was associated with female gender (1.6 fold), age older than 40 years (1.6fold), and
efavirenz based HAART(1.9fold). Our findings are inconsistent to the finding from France® where
gender and age were not associated factors. In our cohort, 47% were female but it was only 28% from

French study.’ In the general population, lower vitamin D status has been commonly found with



advancing age.””*"*** Less sun exposure and the decreased ability of the skin to produce vitamin D can
explain this. **Several studies have reported that HIV-infected individuals more often have vitamin D
deficiency compared to HIV-uninfected patients. It is not yet clear what causes this; a problem with the
vitamin D metabolism caused by HAART, inhibition of CYP27B1-hydroxylase caused by an increased
TNF-a level, reduced sun exposure related to illness, or a combination of these factors. Similar to other
studies, we found that the vitamin D levels were lower in patients using efavirenz based HAART as
compared to those who were on a non-efavirenz containing regimen. '* '**-3*37 [n MONET trial, a
higher increase in vitamin D over 96 weeks was observed when patients stopped efavirenz or zidovudine
rather than other antiretroviral drugs.”® It is thought that efavirenz induces the 24 hydroxylase enzyme,
which hydrolyzes 25(OH)D and 1,25(0OH)2D to their inactive form, resulting in low 25(OH)D
concentration.’’

Several cross sectional studies in HIV-infected patients have shown an association between vitamin D

deficiency and chronic disease such as diabetes mellitus®* , HIV disease progression.'>*"*!,

or
advanced HIV disease.’' The association of low vitamin D and diabetes, HIV disease progression or
advanced HIV disease was not observed in our study. Only 7.7%, 1.5% and 11% of our patients were
reported for diabetes mellitus, CD4<200 cells/mm® and CD4200-350 cells/mm”, respectively.

It has been well established in high latitude area that winter seasons are associated with lower vitamin D
levels*. However in this study, seasonality was not associated with vitamin D levels. There were no
differences in vitamin D levels during the dry (November-April) and the wet /rainy (May-October)
seasons. Although the sunray is extremely strong in the dry season compared to in the wet season,
majority of Thai people try to avoid sun exposure by using sun protection gears such as sunscreen and
umbrellas.

Intact parathyroid hormone levels (iPTH) stimulate the 1-o-hydroxylase enzyme which converts
25(0OH)D to 1,25-dihydroxyvitamin D.> In obese patients, iPTH is increased which could contribute to

low levels of 25(OH)D in patients with high BMI.? Recently, Vimaleswaran KS et al reported the analysis

on 42,024 participants from 21 studies that with each 10% increase in BMI, this will lead 25(OH)D



concentrations to decrease by 4.2% * In our study, 122(18%) patients had BMI >25 kg/m?, the 25(0OH)D
concentrations were not difference between the group with BMI >25 kg/m” or less. Although, higher
proportion of BMI >25 kg/m* were found more common in hypovitamin D group ( 75% versus 25%) but
we could not find significant association between BMI and hypovitaminosis D which may have been due
to small sample size of patients with high BMI. Similarly to the French cohort, BMI was not associated to
vitamin D status.’’

Our study has some limitations. Since this is a cross sectional study, therefore the data for vitamin D at
time of ARV initiation and its long-term effect as well as its clinical significance, especially bone mass
density, are unavailable and unknown respectively. In addition, this study did not quantitate the level of
active vitamin D (1,25 hydroxyvitamin D) which could help to better interpretation of some results,
especially in patients treated with efavirenz. Aside from this, another confounding factor is the modern
lifestyle our patients have as most of them are from the capital city Bangkok and are rarely exposed to the
sun working in the office all day and using sunscreen. Furthermore, it is also possible that the polluted air
in Bangkok could have reduced the amount of vitamin D one would typically get if the environment was
much cleaner. Hence the findings from this study may not be representative of HIV-infected Thais from
non-Bangkok and metropolitan area. Nonetheless, our findings highlight the high prevalence of low
vitamin D in HIV-infected patients living in sunshine area and the need to investigate bone health in this
population. In addition, best strategies to prevent and /or treat vitamin D deficiency in HIV-infected
patients should be further investigated in randomized clinical trial.

In conclusion, we found a high prevalence of vitamin D insufficiency and deficiency in our cohort of
HIV-infected adults living in a tropical climate. To prevent reductions in BMD and other hypovitaminosis
D related co-morbidities, vitamin D status should be assessed in all HIV-infected patients, especially in
those who are at highest risk such as female, older age and efavirenz use. In addition, vitamin D
supplement is highly recommended in patients at highest risk. The impact of vitamin D supplement on
vitamin D status and their clinical consequences in an HIV infected patients need to be further evaluated.

Acknowledgement



We would like to thank our patients, HIV-NAT staffs, and Piraporn June Ohata.



References

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

Anderson JL, May HT, Horne BD, et al. Relation of vitamin D deficiency to cardiovascular risk
factors, disease status, and incident events in a general healthcare population. Am J Cardiol. Oct
1;106(7):963-968.

Holick MF. Vitamin D deficiency. N Engl J Med. Jul 19 2007;357(3):266-281.

Judd SE, Tangpricha V. Vitamin D deficiency and risk for cardiovascular disease. Am J Med Sci. Jul
2009;338(1):40-44.

Makariou S, Liberopoulos EN, Elisaf M, Challa A. Novel roles of vitamin D in disease: what is new
in 20117 Eur J Intern Med. Aug;22(4):355-362.

Shikuma C, Seto T, Liang CY, et al. Vitamin D Levels and Markers of Arterial Dysfunction in HIV.
AIDS Res Hum Retroviruses. Oct 7.

Wand H, Calmy A, Carey DL, et al. Metabolic syndrome, cardiovascular disease and type 2
diabetes mellitus after initiation of antiretroviral therapy in HIV infection. AIDS. Nov 30
2007;21(18):2445-2453.

Estrada V, Martinez-Larrad MT, Gonzalez-Sanchez JL, et al. Lipodystrophy and metabolic
syndrome in HIV-infected patients treated with antiretroviral therapy. Metabolism. Jul
2006;55(7):940-945.

Brown TT, McComsey GA, King MS, Qaqgish RB, Bernstein BM, da Silva BA. Loss of bone mineral
density after antiretroviral therapy initiation, independent of antiretroviral regimen. J Acquir
Immune Defic Syndr. Aug 15 2009;51(5):554-561.

Brown TT, Qaqish RB. Antiretroviral therapy and the prevalence of osteopenia and osteoporosis:
a meta-analytic review. AIDS. Nov 14 2006;20(17):2165-2174.

Cysique LA, Brew BJ. Neuropsychological functioning and antiretroviral treatment in HIV/AIDS: a
review. Neuropsychol Rev. Jun 2009;19(2):169-185.

Ellis RJ, Badiee J, Vaida F, et al. CD4 nadir is a predictor of HIV neurocognitive impairment in the
era of combination antiretroviral therapy. AIDS. Sep 10;25(14):1747-1751.

Mehta S, Giovannucci E, Mugusi FM, et al. Vitamin D status of HIV-infected women and its
association with HIV disease progression, anemia, and mortality. PLoS One.5(1):e8770.

Viard JP, Souberbielle JC, Kirk O, et al. Vitamin D and clinical disease progression in HIV infection:
results from the EuroSIDA study. Aids. Jun 19 2011;25(10):1305-1315.

Lips P. Vitamin D physiology. Prog Biophys Mol Biol. Sep 2006;92(1):4-8.

Lips P. Which circulating level of 25-hydroxyvitamin D is appropriate? J Steroid Biochem Mol Biol.
May 2004;89-90(1-5):611-614.

Van Den Bout-Van Den Beukel CJ, Fievez L, Michels M, et al. Vitamin D deficiency among HIV
type 1-infected individuals in the Netherlands: effects of antiretroviral therapy. AIDS Res Hum
Retroviruses. Nov 2008;24(11):1375-1382.

Mueller NJ, Fux CA, Ledergerber B, et al. High prevalence of severe vitamin D deficiency in
combined antiretroviral therapy-naive and successfully treated Swiss HIV patients. AIDS. May
15;24(8):1127-1134.

Welz T, Childs K, Ibrahim F, et al. Efavirenz is associated with severe vitamin D deficiency and
increased alkaline phosphatase. AIDS. Jul 31;24(12):1923-1928.

Adeyemi OM, Agniel D, French AL, et al. Vitamin D deficiency in HIV-infected and HIV-uninfected
women in the United States. J Acquir Immune Defic Syndr. Jul 1;57(3):197-204.



20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Soontrapa S, Boonsiri P, Khampitak T. The prevalence of hypovitaminosis D in the elderly women
living in the rural area of Khon Kaen Province, Thailand. J Med Assoc Thai. Sep 2009;92
Suppl5:521-25.

Soontrapa S, Bunyaratavej N, Rojanasthien S, Kittimanon N, Lektrakul S. Vitamin D status of Thai
premenopausal women. J Med Assoc Thai. Sep 2009;92 Suppl5:517-20.

Soontrapa S, Chailurkit LO. Hypovitaminosis D in Thailand. J Med Assoc Thai. Sep 2009;92
Suppl5:526-29.

Chailurkit LO, Kruavit A, Rajatanavin R. Vitamin D status and bone health in healthy Thai elderly
women. Nutrition. Feb 2011;27(2):160-164.

Chailurkit LO, Piaseu N, Rajatanavin R. Influence of normal ageing on mechanism of bone loss in
women and men in Bangkok. J Med Assoc Thai. Aug 2002;85(8):915-921.

Chailurkit LO, Aekplakorn W, Ongphiphadhanakul B. Regional variation and determinants of
vitamin D status in sunshine-abundant Thailand. BMC Public Health.11:853.

Wiboonchutikul S, Sungkanuparph S, Kiertiburanakul S, et al. Vitamin D Insufficiency and
Deficiency among HIV-1-Infected Patients in a Tropical Setting. J Int Assoc Physicians AIDS Care
(Chic). Jan 13 2012.

Conrado T, Miranda-Filho Dde B, Ximenes RA, et al. Vitamin D Deficiency in HIV-Infected Women
on Antiretroviral Therapy Living in the Tropics. J Int Assoc Physicians AIDS Care (Chic). Jul-Aug
2011;10(4):239-245.

Paul TV, Asha HS, Thomas N, et al. Hypovitaminosis D and bone mineral density in human
immunodeficiency virus-infected men from India, with or without antiretroviral therapy. Endocr
Pract. Jul-Aug 2010;16(4):547-553.

Hosseinpanah F, Pour SH, Heibatollahi M, Moghbel N, Asefzade S, Azizi F. The effects of air
pollution on vitamin D status in healthy women: a cross sectional study. BMC Public
Health.10:519.

Manicourt DH, Devogelaer JP. Urban tropospheric ozone increases the prevalence of vitamin D
deficiency among Belgian postmenopausal women with outdoor activities during summer. J Clin
Endocrinol Metab. Oct 2008;93(10):3893-3899.

Allavena C, Delpierre C, Cuzin L, et al. High frequency of vitamin D deficiency in HIV-infected
patients: effects of HIV-related factors and antiretroviral drugs. J Antimicrob Chemother.
Sep;67(9):2222-2230.

Baker MR, Peacock M, Nordin BE. The decline in vitamin D status with age. Age Ageing. Nov
1980;9(4):249-252.

MacLaughlin J, Holick MF. Aging decreases the capacity of human skin to produce vitamin D3. J
Clin Invest. Oct 1985;76(4):1536-1538.

Welz T, Childs K, Post FA. Do nevirapine and efavirenz affect vitamin D homeostasis similarly?
AIDS. Mar 27;25(6):875-876.

Dao CN, Patel P, Overton ET, et al. Low vitamin D among HIV-infected adults: prevalence of and
risk factors for low vitamin D Levels in a cohort of HIV-infected adults and comparison to
prevalence among adults in the US general population. Clin Infect Dis. Feb 1;52(3):396-405.
Fox J, Peters B, Prakash M, Arribas J, Hill A, Moecklinghoff C. Improvement in vitamin D
deficiency following antiretroviral regime change: Results from the MONET trial. AIDS Res Hum
Retroviruses. Jan;27(1):29-34.

Brown TT, McComsey GA. Association between initiation of antiretroviral therapy with efavirenz
and decreases in 25-hydroxyvitamin D. Antivir Ther.15(3):425-429.

Hammond E, McKinnon E, Glendenning P, Williams R, Mallal S, Phillips E. Association between
25-OH vitamin D and insulin is independent of lipoatrophy in HIV. Clin Endocrinol (Oxf).
Feb;76(2):201-206.



39.

40.

41.

42,

43,

Szep Z, Guaraldi G, Shah SS, et al. Vitamin D deficiency is associated with type 2 diabetes
mellitus in HIV infection. AIDS. Feb 20;25(4):525-529.

Viard JP, Souberbielle JC, Kirk O, et al. Vitamin D and clinical disease progression in HIV infection:
results from the EuroSIDA study. AIDS. Jun 19;25(10):1305-1315.

Mehta S, Mugusi FM, Spiegelman D, et al. Vitamin D status and its association with morbidity
including wasting and opportunistic illnesses in HIV-infected women in Tanzania. AIDS Patient
Care STDS. Oct;25(10):579-585.

van der Mei IA, Ponsonby AL, Engelsen O, et al. The high prevalence of vitamin D insufficiency
across Australian populations is only partly explained by season and latitude. Environ Health
Perspect. Aug 2007;115(8):1132-11309.

Vimaleswaran KS, Berry DJ, Lu C, et al. Causal relationship between obesity and vitamin D status:
bi-directional Mendelian randomization analysis of multiple cohorts. PLoS Med.
2013;10(2):e1001383.



Tablel. Demographic characteristics according to vitamin D concentrations. Median and interquatile

range (IQR) is expressed, otherwise indicated.

Vitamin D group

Characteristics total Normal Insufficient Deficients P va
25(CH) D 25(CH) D 25(CH) D
> 30ng/ml 20-30ng/ml < 20ng/ml
N=199 N=273 N=201
Gender, N (%) Female 315(46.8) 79(39.7) 110(40.3) 126(62.7) <0.C
Median (IQR) Age, years 41.5(37.2-47.0) 40.3(36.1-46.7) 42.9(37.8-47.7)  41.4(37.5-46.3) 0.03
18-35, N(%) 135(20.0) 49(24.6) 48(17.6) 38(18.9) 0.3"
36-50, N(%) 432(64.2) 123(61.8) 178(65.2) 131(65.2)
>50, N(%) 106(15.8) 27(13.6) 47(17.2) 32(15.9)
Route of HIV transmission, 0.1¢
N(%)
Heterosexual contacts 492(81.2) 141(70.9) 192(70.3) 159(79.1)
Homosexual contacts 114(18.8) 36(18.1) 51(18.7) 27(13.4)



Season, N(%)
Summer
Rainny
Median (IQR); Current CD4
cell counts, N(%)
<200 cells/mm’
200-350 cells/mm’
>350 cells/mm’
Current HIV RNA
<50 copies/mL
> 50 copies/mL
DAT exposure
Current cART based regimen
No ART
TDF
NNRTI
Nevirapine
Efavirenz
PI/bPI
Median (IQR) duration of
ART, years
Diabetes, N (%)
CVD (Hypertension, stroke,

CAD); N (%)

242(36.0)
431(64.0)

571(434-766)

10(1.5)
74(11)

589(87.5)

619(92.0)
54(8.0)

384(57.0)

7(1.0)

533(79.2)

114(17.0)
210(31.2)
349(51.8)

8.9(5.0-10.4)

52(7.7)

120(17.8)

75(38)
124(62)

567(411-824)

4(2)
28(14.1)

167(83.9)

171(85.9)
28(14.1)

107(53.8)

5(2.5)

160(80.4)

36(18.1)
44(22.1)
119(59.8)

8.5(4.9-10.6)

17(8.5)

28(14.1)

109(39.9)
164(60.1)

570(434-751)

5(1.9)
29(10.6)

239(87.5)

261(95.6)
12(4.4)

147(53.8)

1(0.4)

219(80.2)

46(16.8)
88(32.2)
139(51)

8.9(5.1-10.4)

25(9.2)

60(22)

58(28.9)
143(71.1)

581(456-761)

1(0.5)
17(8.5)

183(91.0)

187(93)
14(7)

130(64.7)

1(0.5)

154(76.6)

32(15.9)
78(38.8)
91(45.3)

9.2(5.0- 10.5)

10(5)

32(15.9)

0.0

0.6¢

0.2¢

0.0(

0.0:

0.0:

0.5

0.8¢

0.0(

0.0

0.8

0.2]

0.0



HBV co-infection, N (%) 86(12.8) 24(12.1) 35(12.8) 27(13.4)

HCV co-infection, N(%) 46(6.9) 20(10.1) 13(4.8) 13(6.5)
Median (IQR) eGFR; 96.3(82.6-105.3)  95.3(82.6-101.9)  95.9(81.5-104.1) 97.6(83.9-
cc/min/1.73%) 114.5)
Metabolic syndrome, N (%) 58(8.6) 14(7) 27(9.9) 17(8.5)

0.91

0.0°

0.1¢

0.5¢

DAT: stavudine, TDF: tenofovir disproxil fumarate, NNRTI: non nucleoside reverse transcriptase, PI:
protease inhibitor, bPI: boosted protease inhibitor, CVD: cardiovascular disease, CAD: coronary artery
disease, HBV: chronic hepatitis B, HCV: chronic hepatitis C, eGFR: estimated glomerular filtration rate,

ART: antiretroviral therapy



Table 2. Regression analysis of vitamin d and associated factors

Vitamin D group

Odds Ratio ( 95% CI)

Characteristics Normal Insufficient/  Unadjusted P Adjusted P
25(0OH) D  Deficient (95%CI) value (95%CI) value
>30ng/ml  25(OH) D
N=199 <=30ng/ml
N=474
Gender N (%)
Male 120(33.5) 238(66.5) 1 0.02 1
Female 79(25.1) 236(74.9) 1.50(1.1- 1.6(1.1-  0.010
2.1) 2.2)
Age, years N (%)
<40 95(33.8) 186(66.2) 1 0.04 1
>40 104(26.5) 288(73.5) 1.41(1.0- 1.6(1.1- 0.010
1.9) 2.2)
HIV transmission N (%)
Heterosexual contacts 141(28.7) 351(71.3) 1 0.54
Homosexual contacts 36(31.5) 78(68.5) 0.87(0.6-
1.3)
Season N (%) 0.55
Dry season 75(31) 167(69) 1
Rainy season 124(28.8) 307(71.2) 1.1 (0.8-
1.6)

EFV containing regimen N (%)



Yes

NVP containing regimen N (%)
No

Yes

TDF containing regimen N (%)
No,

Yes

Ritonavir containing regimen
No

Yes

Duration of ART, years

CVD
(hypertension,stroke,CAD),N(%)
No

Yes

Diabetes Mellitus, N(%)

115(33.5)

44(20.9)

163(29.1)

36(31.6)

39(27.9)

160(30)

79(24.7)

120(34.1)

8.5(4.9-

10.6)

171 (31)

28(23.3)

308(66.5)

166(79.1)

396(70.9)

78(68.4)

101(72.1)

373(70)

244(75.3)

230(65.9)

9.0(5.0-

10.4)

382(69)

92(76.1)

1.9(1.3- 0.001

2.78)

1 0.61
0.9 (0.6-

1.37)

1 0.62

0.9(0.6-1.4)

1

1.4(1.1-2.0)  0.04

1.0(0.9-1.1)  0.54

1 0.09

1.5(0.9-2.3)

1
1.9(1.3-

2.8)

0.001



No 182(29.3)  439(70.7) 1 0.61

Yes 17(32.7) 35(67.3)  0.9(0.5-1.6)

EFV: efavirenz, NVP: nevirapine, TDF: tenofovir disOproxil fumarate, CVD: cardiovascular disease,

CAD: coronary artery disease, HBVART: antiretroviral therapy

Figure Legend

Figure 1: vitamin D concentrations between Male and female (1A), older than 40 years old and younger
40 years old ( 1B) and efavirenz use( 1C)

Figure 1A vitamin D concentrations between male and female

Figure 1B vitamin D concentrations between older than 40 years old and younger 40 years old

Figure 1C vitamin D concentrations between efavirenz use

Figure 1 : vitamin D concentrations between Male and female (1A), older than 40 years old and
younger 40 years old ( 1B) and efavirenz use( 1C)

Figure 1A vitamin D concentrations between male and female
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Figure 1B vitamin D concentrations between older than 40 years old and younger 40 years old
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Figure 1C vitamin D concentrations between efavirenz use
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