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Low Rate of HIV Primary Resistance in Vietnam

individuals from Southern Vietnam during the 2008-2012
rapid ART scale-up.

METHODS

Study Population

Antiretroviral-naive individuals who visited the Hospital
for Tropical Diseases in Ho Chi Minh City, Vietnam, were
enrolled in the study from 2008 until 2012. The enrollment of
consecutive antiretroviral-naive patients started in October and
ended when 300 enrollments had been achieved. In 2009 and
2012, the enrollment was stopped at 250 and 270, respectively,
for the operational reasons. After securing written informed
consent, plasma samples were collected and stored at —80°C.
At the end of the year’s sampling, the frozen plasma samples
were shipped to the National Center for Global Health and
Medicine (NCGM) in Tokyo, Japan, for genotypic resistance
testing. Patients with history of exposure to any antiretroviral
drug, including mono or dual therapy were excluded. The study
protocol was approved by the institutional ethical review boards
of both Hospital for Tropical Diseases in Vietnam and NCGM
in Japan (NCGM#360).

Genotypic HIV-1 Resistance Testing and
Subtype Determinations

Drug resistance genotyping was performed using in-house
protocols at NCGM. Briefly, total RNA was extracted from
plasma with a High Pure Viral RNA kit (Boehringer Mannheim,
Mannheim, Germany), followed by reverse transcription—poly-
merase chain reaction (PCR) with a One Step RNA PCR kit
(TaKaRa Shuzo, Otsu, Japan). Nested PCR was subsequently
conducted with a Prime STAR Max Premix kit (TaKaRa Shuzo,
Otsu, Japan) to amplify the pol-reverse transcriptase (RT) and
protease (PR) region. The PCR products were purified with
QIAquick PCR Purification Kit (Qiagen, Valencia, CA) and
subjected to direct sequencing with an ABI PRISM 3730 auto-
mated DNA sequencer (Applied Biosystems, Foster City, CA).
Amino acid sequences were deduced with the Genetyx-Win
program version 11.0 (Software Development, Tokyo). The sub-
types of HIV-1 were determined by using RT gene with “Gen-
otyping/NCBI” tool using BLAST algorithm (http://www.ncbi.
nlm.nih.gov/projects/genotyping/formpage.cgi). Drug resistance
mutations were identified from the list for surveillance of trans-
mitted drug resistance mutations.'® All sequences obtained from
the study have been deposited in the DNA Data Bank of Japan
database (accession no: AB894875 to AB896651).

Statistical Analysis

Differences between 2 groups were tested for statistical
significance by using x? test for categorical data and the
Mann—Whitney test for continuous variables. Logistic regres-
sion model was used to identify the factors associated with
infection by TDR. Differences were considered significant if
the P value was less than 0.05. Statistical analyses were per-
formed using IBM SPSS Statistics software version 21J JBM
Japan, Inc, Tokyo, Japan).
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RESULTS

Characteristics of Study Population

The study enrolled 1426 individuals but 20 were later
found to be ineligible after providing written informed
consents (previous ART exposure, n = 17, insufficient blood
withdrawn, n = 2 had, negative for HIV infection, n = 1). The
remaining 1406 participants were assigned to the drug resis-
tance test. The characteristics of these subjects are summa-
rized in Table 1. Approximately 63% of the study participants
were men, and the latter were older than females (31 years vs
29 years; P << 0.001). The most frequently reported HIV
transmission route was heterosexual contact (65.9%), fol-
lowed by injection drug use (IDU) (29.6%). Very few
(0.1%) declared homosexual contact as a risk for HIV infec-
tion. The majority of patients with IDU were men, and the
percentage of IDUs was greater in men than that in women
(men: 42%; women: 3.4%; P << 0.001). The proportion of
IDUs had decreased over time (35% in 2008, 17.6% in 2012)
and the prevalence of hepatitis C infection, which reflects
possible multiple needle sharing, had decreased simulta-
neously. These changes in the study population reflect pre-
ponderance of HIV epidemic in male IDUs in the early phase
and recent expansion to the general population in Vietnam.!

Prevalence of Transmitted Drug
Resistance Mutations

Among the 1406 individuals who underwent HIV drug
resistance genotyping, we obtained the complete sequences of
both PR and RT in 1389 individuals. The majority were
infected with CRFO1_AE (98%), whereas 17 were infected
with subtype B. Over the 5-year study period, drug resistance
mutations were detected in 58 individuals (4.18%): 28
(2.02%) against nucleos(t)ide reverse transcriptase inhibitors
(NRTIs), 19 (1.37%) against nonnucleoside reverse transcrip-
tase inhibitors (NNRTIs), and 15 (1.08%) against protease
inhibitors (PIs), including 4 against both NRTIs and NNRTTs.
Table 2 summarizes the prevalence of the specific drug resis-
tance mutations. The annual prevalence of TDR was persis-
tently low during the study period, ranging from 2.40% to
5.48%, and no clear trend was noted over time. In thymidine
analog mutations (TAMs), mutations at codon 215 were the
most frequent (0.36%) followed by K219Q (0.22%). In other
NRTI-related mutations, V75M and mutations at codon 74
and 184 were relatively frequent, of which V75M was re-
ported previously as frequent d4T-resistance-related mutation
among CRFO1_AE." We did not identify mutations related to
Q151M complex or insertions at codon 69. The most com-
mon NNRTI mutation was K103N (0.5%), followed by
Y181C (0.43%), G190A and E (0.36%), and mutations at
codon 188 (0.22%). The most common Pl-associated muta-
tions was M46L (0.43%) and M461 (0.29%) but both were
considered polymorphisms.>®*' All other PI-associated muta-
tions were rare; only 1 among 1389 sample (0.07%) harbored
each mutation. Of those, D30N, L76V, and .90M were major
mutations, whereas F53Y was not major mutation®*?! and not
clinically significant when it occurred alone without any other
PI mutations.
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TABLE 1. Patients’ Characteristics

Year of Sampling
Total 2008 2009 2010 2011 2012

Patients, n 1406 298 250 294 297 267
Male gender, n (%) 881 (62.7) 213 (71.5) 150 (60) 184 (62.6) 154 (51.9) 180 (67.4)
Age, median (range) 30 (16-66) 29 (16-58) 29 (20-60) 30 (17-55) 31 (19-66) 33 (18-65)
Living in HCMC, n (%) 735 (52.3) 163 (54.7) 132 (52.8) 148 (50.3) 150 (50.5) 142 (53.2)
Time since HIV diagnosis, n (%) .

<6 mo 975 (69.3 224 (75.2) 181 (72.4) 233 (79.3) 138 (46.5) 199 (74.5)

=6 mo 431 (30.7) 74 (24.8) 69 (27.6) 61 (20.7) 159 (53.5) 68 (25.5)
Risk of HIV transmission, n (%)

Heterosexual contact, alone 854 (60.7) 148 (49.7) 143 (57.2) 149 (50.7) 210 (70.7) 204 (76.4)

IDU, alone 315 (22.4) 73 (24.5) 68 (27.2) 90 (30.6) 44 (14.8) 40 (15.0)

Heterosexual and IDU 73 (5.2) 29 (9.7) 5@2) 3() 29 (9.8) 7 (2.6)

Homosexual contact 2(0.1) 2 (0.7) 0 0 0 0

Other/unknown 162 (11.5) 46 (15.4) 34 (13.6) 52 (17.7) 14 (4.7) 16 (6.0)
HIV-1 subtype, n (%)

CRFO1_AE 1378 (98.0) 295 (99.0) 246 (98.4) 289 (98.3) 289 (97.3) 255 (95.5)

Subtype B 19 (1.5) 1(0.7) 4 (1.6) 2Q) 6(2) 6(22)

Other/unclassified 9 (0.8) 0 0 2 (0.7) 1 (0.6) 6(2.2)
HBs antigen positive, n (%) 217 (15.4) 42 (14.1) 43 (17.2) 49 (16.7) 47 (15.8) 36 (13.5)
Anti-HCV antibody positive, n (%) 557 (39.6) 148 (49.7) 106 (42.4) 117 (39.8) 105 (35.4) 81 (30.3)
CD4 cell count, cells/pL, 110 (1-1322) 70 (1-1042) 115 (1-753) 95 (1-1048) 253 (2-1322) 47 (1-1211)

median (range)
Plasma HIV-1 RNA levels, log
copies/mL, median (range)

5.01 (1.59-6.90)  4.81 (1.69-5.70)

438 (1.69-5.70)

523 (1.59-6.61)  5.02 (2.31-6.90)  5.38 (1.60-6.83)

HCMC, Ho Chi Minh City; CRFO1_AE, circulating recombinant form01_AE; HBs antigen, hepatitis B virus surface antigen; anti-HCV antibody, anti-hepatitis C virus antibody.

The presence of TDR did not correlate with any specific
demographic factor, risk group, or year of study enrollment,
although the odds ratio of acquiring TDR was relatively low in
heterosexual individuals (Table 3). Annual trends of TDR prev-
alence in particular HIV risk categories are shown in Table 4.
TDR prevalence in heterosexual contact alone, IDU alone, and
IDU plus heterosexual contact were 3.33%, 5.41%, and 2.78%
respectively, which were not statistically different. Although no
significant annual trend was noted over the study period among
them, the TDR prevalence in the HIV risk group of IDU alone
were higher than the WHO first threshold 5% in the year 2009,
2010, and 2012 (4.10% in 2008, 5.88% in 2009, 6.67% in
2010, 2.27% in 2011%, and 7.69% in 2012). Phylogenetic tree
analysis showed no clustering of sequences from the study
participants with TDR. Details of the 4 individuals with TDR
in more than 1 group of antiretrovirals are listed in Table 5. One
individual had very extensive resistance: M41L, MI184V,
T215Y in NRTI-associated mutations, and Y181C and
G190A in NNRTI-associated mutations. Overall, persistently
low prevalence of TDR during the last 5 years of ART expan-
sion was noted. However, individuals with multiple-drug resis-
tances were identified during ART expansion. This finding
highlights the importance of TDR and undermines the efficacy
of currently scaled up ART regimens.

DISCUSSION

In this study, we traced the prevalence of TDR over
a relatively long period of time (from 2008 to 2012) in
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treatment-naive individuals in Southern Vietnam during rapid
ART scaling up program. Our result of 4.18% of overall TDR
prevalence was similar to those described previously in
Vietnam.'>'7 However, the study covered longer period of
time and demonstrated the stability of TDR prevalence over
this period. In comparison, all the other previous surveillance
studies conducted in Vietnam were shorter in duration. Pri-
mary HIV drug resistance is one of the main concerns in any
ART program because it can compromise the clinical out-
come of ART, especially in countries with limited ART op-
tions. Our data of persistently low prevalence of TDR in
Southern Vietnam possibly reflect the success of the recent
ART scale-up program in this country.

The TDR rate in our study, however, ranged from 2.4%
to 5.5%, reaching the threshold of low prevalence according to
the WHO definition (<5%) in 2009, 2010, and 2012.* Con-
sidering lower viral replication fitness of strains harboring drug
resistance mutations than that of wild-type strain, the rate of
pretreatment resistance in chronic HIV infection could under-
estimate the real drug resistance transmission with time since
HIV infection. In particular, the low-level prevalence of
M184V* despite widespread use of lamivudine, which is
sometimes used for treatment of hepatitis B virus infection,
could be related to the lower viral fitness. Of note, the percent-
age of individuals diagnosed as HIV positive more than 6
months before study enrollment was higher in 2011 (53.5%)
than that in other study periods, and the TDR prevalence in
2011 was lower (2.72%) than that in 2009, 2010, and 2012.
Most cases had chronic HIV infection at the time of HIV
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TABLE 2. Prevalence of Transmitted Drug Resistance Mutations

Total 2008 2009 2010 2011 2012
Study population (n) 1389 292 250 292 294 261
Any TDR [n (%)] 58 (4.18) 7 (2.40) 13 (5.20) 16 (5.48) 8 (2.72) 14 (5.36)
RT in total [n (%)] 43 (3.10) 7 (2.40) 9 (3.60) 14 (4.79) 4 (1.36) 10 (3.83)
NRTI [n (%)]
Any 28 (2.02) 3 (1.03) 6 (2.40) 11 (3.76) 3 (1.02) 5 (1.92)
Thymidine analog mutations
M41L 2(0.14) { [
D67N 1 (0.07) 1
D67E 1 (0.07) 1
K70E 1 (0.07) 1
T215Y 1 (0.07) 1
T2151 1 (0.07) 1
T2158 1(0.07) 1
T215D 2 (0.14) 2
K219Q 3 (0.22) 1 2
Others
K65R 2 (0.14) 2
L74V 1 (0.07) i
L741 4(0.29) 1 2
V75M 6 (0.43) 1 2 3
M184V 3(0.22) 1 2
M1841 2 (0.14) 1 1
NNRTI [n (%)]
Any 19 (1.37) 5.7 3 (1.20) 4 (1.37) 3 (1.02) 4 (1.53)
KI101E 4(0.29) 1 2 1
K103N 7 (0.50) 1 1 1 4
Y181C 6 (0.43) 1 2 1 2
Y188L 1 (0.07) 1
Y188H 1(0.07) 1
Y188C 1(0.07) 1
G190A 4(0.29) 2 1 1
G190E 1 (0.07) 1
PI [n (%)]
Any 15 (1.08) 0 4 (1.60) 2 (0.68) 4 (1.36) 5(1.92)
D30N 1(0.07) 1
M46I 4(0.29) 2 2
M46L 6 (0.43) 1 3 2
M461/L 1 (0.07) 1
F53Y 1(0.07) 1
L76V 1 (0.07) 1
Lo0OM 1 (0.07) 1

diagnosis, and the exact latency from infection to diagnosis or
to study enrollment was unavailable. Thus, the longer duration
from diagnosis to study participation allows more frequent
reversion from TDR into wild-type virus. This should be taken
into account in the interpretation of the results of the study.
Although our study participants did not represent the
national HIV-infected population in Vietnam but were
rather HIV-infected individuals living in or near Ho Chi
Minh City (HCMC), their age, sex, and the distribution of
HIV risks were almost comparable with the national HIV-
infected population in Vietnam. Notably, HCMC accounts
for approximately 50% of the entire population receiving
ART in Vietna,'> and ART had been widely accessible in
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HCMC since the early phase of ART scale-up or even
before ART scale-up at private clinics. Since previous stud-
ies had predicted increased TDR rates after 5—8 years of
ART scale-up,® HIV-infected individuals in HCMC are con-
sidered to be at higher risk of TDR compared with those in
other areas of Vietnam. In addition, a previous study con-
ducted in HCMC showed that 73% of patients on ART
reported having injected drugs,' and the sentinel surveil-
lance in 2009 showed that HCMC had high HIV prevalence
among IDUs (46%).! Since IDU is considered a risk factor
for poor adherence and emergence of drug resistance,?**
patients in HCMC are considered the key population for
TDR monitoring. Although no statistical relationship was
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TABLE 3. Relation Between Demographic and Clinical Factors and the Presence of Transmitted Drug Resistance

With TDR (n = 58) Without TDR (n = 1331) Odds Ratio* 95% CI P Value
Male gender, n (%) 42 831 1.58 0.88 t0 2.53 0.13
Age (y15), n (%)
<30 24 538 1.00
30-39 22 557 0.98 0.54 to 1.78 0.95
=40 12 178 1.67 0.82 to 3.42 0.16
Time since HIV diagnosis, n (%)
<6 mo 46 923 1.00
=6 mo 12 401 0.60 0.31to 1.15 0.12
Unknown 0 7
Year of HIV diagnosis
Before 2008 2 132 1.00
2008 6 223 1.78 0.35 to 8.93 0.49
2009 13 301 2.85 0.63 to 12.8 0.17
2010 17 293 3.83 0.87 to 16.8 0.08
2011 8 149 3.54 0.74 to 17.0 0.11
2012 12 226 3.50 0.77 to 15.9 0.10
Unknown 0 7
Year of study enrollment, n (%)
2008 7 285 1.00
2009 13 237 2.23 0.88 to 5.69 0.09
2010 16 276 2.36 0.96 to 5.83 0.06
2011 8 286 1.14 0.40 to 3.18 0.80
2012 14 247 2.31 0.92 to 5.81 0.08
Risk of HIV transmission, n (%)
Heterosexual contact 30 883 0.60 0.33 to 1.09 0.05
Injection drug use 19 367 1.49 0.82 to 2.69 0.19
Other 1 20 1.19 0.16 to 9.07 0.86
Unknown 10 131
HBs antigen positive, n (%) 12 205 1.43 0.74 to 2.74 0.28
HCV antibody positive, n (%) 19 533 0.72 0.41 1o 1.27 0.26
CD4 cell count, cells/pul
=100 24 686 1.00
<100 34 642 1.51 0.89 to 2.58 0.14
Unavailable 0 3

*Logistic regression model was used for calculating odds ratio.

CI, confidence interval.

found in our study between TDR and various risk factors,
the odds ratio was lowest for heterosexual contact, with
a marginal P value of 0.05, which indirectly suggests that
other risk groups, such as IDU or men who have sex with
men, is at higher risk of TDR. Meanwhile, the proportion of

IDUs in our study had decreased during the 5 years along
with the nationwide shift from the concentrated HIV epi-
demic in male IDUs to the general population. Although we
failed to find the statistical impact of HIV risk group on
TDR prevalence, TDR prevalence among IDU were

TABLE 4. Prevalence of Transmitted Drug Resistance Mutations in Specific HIV Risk Categories

Total

2008

2009

2010

2011

2012

Total TDR rate [% (n/total)]
TDR rate in HIV risk categories [% (n/total)]
Heterosexual contact alone
IDU alone
IDU plus heterosexual
Homosexual contact alone
Other
Unknown

4.18 (58/1389)

3.33 (28/840)
5.41 (17/314)
2.78 (2/72)

0 (012)

0 (0/20)
7.80 (11/141)

2.40 (7/292)

1.40 (2/143)
4.10 (3/73)
3.45 (1/29)
0 (012)
0 (0/13)
3.13 (1/32)

5.20 (13/250)

4.90 (7/143)
5.88 (4/68)

0 (0/5)

- (0/0)

0 (0/3)
6.45 (2/31)

5.48 (16/292)

3.40 (5/147)
6.67 (6/90)

0 (0/3)

- (0/0)

0 (0/1)
9.80 (5/51)

2.72 (8/294)

1.92 (4/208)
2.27 (1/44)
3.57 (128)

- (0/0)
0 (0/3)

182 (2/11)

5.36 (14/261)

5.02 (10/199)
7.69 (3/39)

0 (0/7)

- (0/0)

- (0/0)
6.25 (1/16)
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TABLE 5. Characteristics of 4 Patients With Drug Resistance Mutations Against Multiple Class Antiretrovirals

Year of  Year of Risk of HIV-RNA Resistance Mutations
HIV Study HIV CD4 Count Log HBs HCV
Patient ID Diagnosis Participant Sex Infection  (Cells/ul.)  Copies/mL)  Antigen Antibody NRTI NNRTI
08HTO0059 2003 2008 M Heterosexual 10 4.11 Negative Negative 174V V1061, G190A
10HTO0136 2010 2010 F Unknown 283 4.60 Negative Negative D67E Y188C
11HT0201 2011 2011 F  Heterosexual 272 598 Positive Negative M41L, M184V, T215Y Y181C, G190A
11HT0299 2011 2011 M Unknown 147 5.83 Negative Negative MI184V V1061, V179D, Y188L

relatively higher, which was above 5% in 2009, 2010, and
2012 and had changed along with the overall TDR preva-
lence. These findings support that IDU is still important as
a TDR risk factor in this population. In this regard, how-
ever, our study enrolled 141 patients who were free of pos-
sible HIV risk or refused to provide information on their
risky behavior. Because their TDR prevalence was high
over the study period, their concealment of IDU experience
could influence the analysis. Although our study was con-
ducted only in urban area, our findings in individuals at
most risk of TDR are useful for the assessment of the situ-
ation in the near future of the entire HIV population in
Vietnam, including rural area where ART has been rapidly
distributed in recent years.

With respect to the drug class, the TDR prevalence
was 2.02% for NRTI, 1.37% for NNRTI, and 1.08% for PI.
Compared with the TDR rate for CRFO1_AE strain in the
TDR lists for surveillance'® (2.9% for NRTI, 0.5% for
NNRTI, and 1.5% for PI), the TDR prevalence of
NNRTI-related mutations was higher for the entire study
period and considered to have increased with ART scale-
up. The Vietnamese national guideline for ART recommen-
ded nevirapine as one of the first-line regimen in 2005 and
either nevirapine and efavirenz since 2009,°® and generally
NNRTI-base regimens have low genetic barriers for devel-
opment of drug resistance. This background provides rea-
sonable explanation of frequent detection of NNRTI-related
mutations like in other resource-limited countries. How-
ever, TAMs and M184V or I were predominantly seen in
NRTI-related mutations, which have clinically significant
impact on treatment outcome. Even after changing the
first-line NRTT in the national ART guideline from zidovu-
dine (AZT) or stavudine (d4T) into tenofovir (TDF) in
2010, AZT or d4T were still extensively used in Vietnam
over the study period. In Western Europe, a decline in the
prevalence of TAMs is being observed in treatment-
experienced cohort as a consequence of changing prescrip-
tion patterns and prompt - management of treatment
failure.?>*® Therefore, the TDR patterns in Vietnam could
be changed with future increase in TDF use and decrease in
AZT or d4T use. We should note that 4 individuals in our
study had TDR in multiple drug classes, including 1 who
had very extensive resistance: M41L, M184V, T215Y in
NRTI and Y181C and G190A in NNRTI, which strongly
compromise the efficacy of the first-line regimens in Viet-
nam and could threaten the nationwide ART scale-up pro-
gram if it spreads. There are multiple factors that influence
the prevalence of individual resistance mutations in primary

© 2014 Lippincott Williams & Wilkins

HIV drug resistance but treatment-experienced persons with
resistance might be the main source of such multiple-class
TDR. Although continuous TDR surveillance is important
to catch TDR expansion, efforts to enhance early diagnosis
of treatment failure with improvement in availability of
tests for plasma viral load and drug resistance in individuals
on treatment, should be encouraged to prevent transmission
of drug-resistant HIV.

In conclusion, TDR prevalence in Southern Vietnam
remained low during the rapid scale-up of ART in 2008—
2012. No demographic factor was statistically related to
TDR detection, and the patterns of detected TDRs were
similar to those described in previous reports. Although
the average TDR prevalence was low, moderate prevalence
was noted in part of the study period, and multiple-class
TDR was detected in some patients. Because ART will con-
tinue to be scaled up, the TDR rate can rise in the future. Our
results highlight the importance of TDR surveillance over
a long period of time to provide proper assessment of the
ART scale-up program.
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Low Raltegravir Concentration in Cerebrospinal Fluid in
Patients With ABCG2 Genetic Variants

Kiyoto Tsuchiya, PhD,* Tsunefusa Hayashida, PhD,* Akinobu Hamada, PhD,1] Shingo Kato, PhD,§
Shinichi Oka, MD, PhD,*|| and Hiroyuki Gatanaga, MD, PhD*||

Abstract: Adenosine triphosphate-binding cassette transporter
G2 (ABCG?2) is expressed on the cerebrospinal fluid (CSF) side of
choroid plexus epithelial cells, which form the blood-CSF barrier.
Raltegravir was recently identified as a substrate of ABCG2. In
the present study, we analyzed the relationship between single-
nucleotide polymorphisms of ABCB1 and ABCG2 genes and
raltegravir concentrations in 31 plasma and 14 CSF samples of
HIV-infected patients treated with raltegravir-containing regimens.
The mean CSF raltegravir concentration was significantly lower in
CA (255 ng/mL) and AA (<10 ng/mL) genotypes at position
421 in ABCG2 gene compared with CC (103.6 ng/mL) genotype
holders (P = 0.016).

Key Words: antiretroviral therapy, raltegravir, cerebrospinal fluid
concentrations, blood—cerebrospinal fluid barrier, adenosine triphos-
phate-binding cassette transporter G2

(J Acquir Immune Defic Syndr 2014;66:484-486)

INTRODUCTION

Anatomical sanctuary sites in HIV-infected patients,
where local drug exposure is lower than systemic compart-
ment, are currently under intense investigation because they
are suspected of hindering viral elimination by antiretroviral
therapy (ART) and acting as sites for the selection of drug-
resistant viruses during combination treatment. Especially the
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brain, the largest sanctuary site, in which residual viruses may
cause chronic encephalitis and neurocognitive disorders, is
one of the hottest foci of current HIV researches. Raltegravir,
one of the preferred integrase inhibitors in the current ART
guidelines, is highly effective in penetrating the central
nervous system,' although a high interpatient variability has
also been reported.>*

Anatomically, the blood—cerebrospinal fluid (CSF) bar-
rier makes tight junction and consists of choroid plexus epi-
thelial cells in the cerebral wventricle. The adenosine
triphosphate-binding cassette transporter Bl (ABCB1), also
known as P-glycoprotein or multidrug resistance protein 1,
and the adenosine triphosphate-binding cassette transporter
G2 (ABCG2), also known as breast cancer resistance protein,
are expressed on the CSF side of choroid plexus epithelial
cells, and both are involved in the active transport of drugs.**
Moreover, ABCB1 and ABCG2 are also expressed in the
intestines and contribute to the absorption of the drugs.
Recently, raltegravir was found to be a substrate of both
ABCBI1 and ABCG2.° In the present study, we analyzed
the relations between raltegravir plasma and CSF concentra-
tions and single-nucleotide polymorphisms (SNPs) of
ABCBI1 and ABCG2 genomes.

MATERIALS AND METHODS

HIV-l-infected patients treated with raltegravir-
containing regimens (raltegravir 400 mg twice daily with 2
nucleotide/nucleoside reverse transcriptase inhibitors and/or
protease inhibitors) were recruited at the AIDS Clinical Cen-
ter, National Center for Global Health and Medicine, Tokyo,
Japan. Blood samples were withdrawn into heparinized tubes
12 hours after raltegravir dosing (trough level), and the
plasma was separated and stored at —80°C. Stocked residues
of CSF samples taken 3—4 hours after raltegravir dosing for
clinical purposes were also subjected to analysis. The Ethics
Committee for Human Genome Studies at the National Center
for Global Health and Medicine approved this study NCGM-
A-000122-02) and allowed us the use of only residues of
samples that were originally obtained for clinical purposes.
Each patient provided a written informed consent.

Plasma and CSF raltegravir concentrations were mea-
sured by the reverse-phase high-performance liquid chroma-
tography (HPLC) method. Briefly, 200 pL of plasma or CSF
and 400 pL of ethyl acetate were vortexed in a tube for 10
seconds and centrifuged. The organic phase was transferred to
a new tube and evaporated to dryness. Subsequently, the
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residue was reconstituted in 250 pL of mobile phase, and 50
uL was injected into HPLC. Chromatography was performed,
using Chromaster HPLC system (Hitachi, Tokyo, Japan) with
RF-10A fluorescence detector (Shimadzu, Kyoto, Japan). In-
ertsil ODS-3 column (150 x 4.6 mm, 5-um particle size; GL
Sciences, Tokyo, Japan) was used as the analytical column.
The flow rate was maintained at 1.5 mL per minute with
fluorescence detection at 307 nm (excitation) and 415 nm
(emission). The mobile phase consisted of acetonitrile/etha-
nol/phosphoric acid/water (20.8:20.8:0.1:58.3, vol/vol). Ral-
tegravir calibration standards ranged from 10 to 2500 ng/mL.
The accuracy of the analysis at 3 concentration levels ranged
from —8.4% to +4.9%. Intraassay and interassay precisions
were <4.8% and <7.6%, respectively. This assay was vali-
dated for both plasma and CSF raltegravir concentrations.

Genomic DNA was isolated from peripheral blood
mononuclear cell, using a QIAamp DNA Mini Kit (Qiagen,
Hilden, Germany). Genotyping of allelic variants of ABCB1
1236 C>T (rs1128503), 2677 G>T/A (rs2032582), 3435
C>T (rs1045642), 4036 A>G (rs3842), and ABCG2 421
C>A (rs2231142) was carried out using the TagMan Drug
Metabolism Assays by the ABI PRISM 7900HT sequence
detection system (Applied Biosystems, Foster City, CA), ac-
cording to the protocol provided by the manufacturer.

Differences between the groups were analyzed for statis-
tical significance using the Kruskal-Wallis test. P values <0.05
denoted the presence of statistically significant difference. Anal-
ysis was performed using the SPSS Statistics software version 21
(IBM, Armonk, NY).

RESULTS

Plasma samples were collected from 31 patients, and
stocked CSF samples from another group of 14 patients were
used for the measurement of raltegravir concentrations.

All 45 patients (Japanese = 44, Myanmarian = 1) were
subjected to SNP analysis of ABCB1 and ABCG2 genomes
(Table 1). At position 1236 of ABCB1 gene, CC, CT, and
TT genotypes were identified in 7, 21, and 17 patients,
respectively. At position 2677, GG, GT, TT, GA, TA, and
AA genotypes were identified in 8, 14, 11, 7, 4, and 1
patients, respectively. At position 3435, CC, CT, and TT
genotypes were identified in 14, 17, and 14 patients, respec-
tively. At position 4036, AA, AG, and GG genotypes were
identified in 25, 18, and 2 patients, respectively. None of the
genotypes of these SNPs in ABCB1 genome showed signif-
icant correlation with raltegravir concentration in plasma or
CSF. At position 421 of ABCG2 gene, CC, CA, and AA
genotypes were identified in 26, 14, and 5 patients, respec-
tively. There was no significant correlation between the
genotype at position 421 and trough concentration of ralte-
gravir in plasma (Fig. 1A). However, in all 3 AA genotype
holders, CSF raltegravir concentration was less than the
lower limit of quantification (10 ng/mL) (Fig. 1B). Further-
more, in one of 4 CA genotype holders, CSF raltegravir
concentration was below the detection limit, although it
was higher than 25 ng/mL in any of the 7 CC genotype
holders. The CA and AA genotype holders had significantly
lower raltegravir concentrations in the CSF than the CC

© 2014 Lippincott Williams & Wilkins

TABLE 1. Genotype Frequencies of ABCB1 and ABCG2
Polymorphisms and Raltegravir Concentrations

Raltegravir
n  Concentration (ng/mL)* P

Plasma (n = 31)

ABCB1

1236 C>T 151128503
cc 3 480.1 % 3477
CT 16 489.5 + 602.4 0.485
TT 12 289.9 + 324.5

2677 G>T/A 152032582
GG 5 2546 + 1612
GT 12 569.9 = 716.6
TT 6 197.1 + 70.5 0.254
GA 4 648.9 = 208.4
TA 4 215.1 * 2194

3435 C>T 151045642
cc 9 3582 * 2539
CT 13 533.5  659.0 0.680
T 9 287.8 * 362.0

4036 A>G 153842
AA 17 408.5 * 535.7
AG 13 402.5 = 4577 0.594
GG 1 572.8
ABCG2

421 C>A 152231142
cc 19 3555 + 366.8
CA 10 550.1 * 699.0 0.779
AA 2 2478 *+ 88.7

CSF (n = 14)
ABCB1

1236 C>T 151128503
CC 4 140.8 = 151.5
CT 5 35.6 + 19.5 0330
TT 5 232 * 147

2677 G>T/A 152032582
GG 3 317 + 20.0
GT 2 36.1 = 23.6
TT 5 232 + 147 0.137
GA 3 188.0 = 146.5
AA 1 <10

3435 C>T 151045642

cC 5 122.5 = 1375
CT 4 304 * 18.6 0.325
TT 5 246 + 175

4036 A>G 153842
AA 8 415 + 56.6
AG 5 103.0 = 1325 0.061
GG 1 <10
ABCG2

21 C>A 152231142
cc 7 103.6 = 116.0
CA 4 255+ 16.8 0.016
AA 3 <10 '

*Data are mean * SD for concentrations =10 ng/mL.
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genotype holders (P = 0.016), when the concentration below
the lower limit of quantification was considered 10 ng/mL.

DISCUSSION

ABCG2 is diffusely expressed, whereas ABCBI is
weakly expressed on the CSF side of choroid plexus epithelial
cells,”® suggesting that the contribution of ABCBI1 may
be minor and that ABCG2 expression level in the choroid
plexus is more likely to influence raltegravir concentration
in the CSF than ABCBI. Previous studies indicated that
genetic polymorphism of ABCG?2 altered the protein expres-
sion level in plasmid transfection experiments.”'® Especially,
C to A nucleotide substitution at position 421 significantly
reduced the expression. The low expression induced by this
nucleotide substitution may impair raltegravir transport from
capillary blood to CSF, resulting in low raltegravir concen-
trations in CSF in holders of the CA/AA genotype at position
421. However, this SNP did not alter plasma raltegravir con-
centration significantly. Transporters other than ABCG2 may
also exist in the intestines and further enhance raltegravir
absorption. The presence of any antiretroviral at a concentra-
tion lower than that required for viral suppression could select
drug-resistant HIV variants. In fact, we reported previously
one patient with CSF raltegravir-resistant HIV variant,
although the variant was not detected in the plasma.'' The
present study indicate that the genotype of this patient was
AA at position 421 and that raltegravir concentration was
below the lower limit of quantification in the CSF of this
patient. Special attention should be paid to the raltegravir-
containing ART of individuals with the CA/AA genotype at
position 421 with active viral replication in the CNS, such as
patients with HIV encephalitis.

Our study has certain limitations. Raltegravir concen-
trations were measured in plasma at trough level in 31
patients, and it was measured in stocked CSF samples of
another group of 14 patients. First, we could not investigate
the correlation between plasma and CSF concentrations
because no paired plasma and CSF samples from the same
subjects were available. Second, the time of CSF sampling in
relation to raltegravir dosing varied among 3—4 hours. How-
ever, the population pharmacokinetic modeling of raltegravir
concentration in the CSF showed a stable time course regard-
less of the dosing time.>'? Therefore, it is unlikely that the

486 | www.jaids.com

sampling time had a large impact on CSF concentration of the
CA/AA genotype at position 421 in ABCG2 gene. Further
analysis of the correlation between ABCG2 genotype and
raltegravir CSF concentration is warranted.
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Long-term exposure to tenofovir continuously
decrease renal function in HIV-1-infected
patients with low body weight: results from
10 years of follow-up
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Haruhito Honda?, Hirohisa Yazaki®, Junko Tanuma?,
Kunihisa Tsukada®, Katsuji Teruya®, Yoshimi Kikuchi?,
Hiroyuki Gatanaga™® and Shinichi Oka™"

Objectives: To investigate the effect of long-term tenofovir disoproxil fumarate (TDF)
use on renal function, especially in patients with low body weight who are vulnerable to
TDF nephrotoxicity.

Design: A single-center, observational study in Tokyo, Japan.

Methods: We performed a 10 years cohort study of 792 HIV-T-infected patients. The
effect of long-term TDF use on estimated glomerular filtration rate (eGFR) was investigated
on treatment-naive patients who started TDF-containing antiretroviral therapy (n =422)
and those who started abacavir-containing antiretroviral therapy as control (n=370).
Three renal endpoints were examined by the logistic regression model: decrement in
eGFR of higher than 10ml/min per 1.73 m” relative to the baseline, more than 25%
decrement in eGFR, and eGFR lower than 60 ml/min per 1.73 m? at least 3 months apart.
The loss in eGFR was estimated using linear mixed models for repeated measures.

Results: The median weight at baseline was 63 kg. TDF use increased the risk of all
three renal outcomes compared with the control group: higher than 10 ml/min per
1.73 m? decrement in eGFR [adjusted odds ratio (OR)=2.1, 95% confidence interval
(Cl) 1.45-3.14, P<0.001], more than 25% decrement (adjusted OR=2.1, 95% Cl
1.50-2.90, P<0.001), and eGFR lower than 60 ml/min per 1.73 m? at least 3 months
apart (adjusted OR=3.9, 95% Cl 1.62-9.36, P=0.002). The cumulative mean loss
relative to the control after 1, 2, 3, 4, and 5 years of TDF exposure was —3.8, —3.6, —5.5,
—6.6, and —10.3 ml/min per 1.73 m?, respectively, indicating that the loss in eGFR
increased over time (P <0.001).

Conclusion: In this cohort of patients with low body weight, TDF exposure increased
the risk of renal dysfunction. Furthermore, the loss in eGFR relative to the control

increased continuously up to 5 years.
© 2014 Wolters Kluwer Health | Lippincott Williams & Wilkins
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Introduction

Tenofovir disoproxil fumarate (TDF) is one of the most
widely used nucleotide reverse transcriptase inhibitors
(NRTIs) for the treatment of HIV-1 infection in both
resource-rich and resource-limited settings [1,2], and
also for the treatment of hepatitis B infection [3,4].
Furthermore, TDF at a fixed dose with emtricitabine, has
been approved in the United States for the prevention of
sexual transmission of HIV-1 in uninfected adults as
preexposure prophylaxis [5,6].

TDF is known to cause renal proximal tubular
dysfunction [7~10] and also reduces estimated glomerular
filtration rate (eGFR) more than other NRTTs [11~13].
To date, the extent of TDF-induced renal dysfunction is
regarded as mild and tolerable [14,15], and one meta-
analysis recommended that TDF use should not be
restricted even when regular monitoring of renal
function and serum phosphate levels is impractical [16].
Furthermore, although evidence is limited, most of the
TDF-induced loss in renal function is considered to occur
during the first year of exposure [12,15].

However, a large proportion of studies that investigated
TDF nephrotoxicity were based on an analysis of a
relatively short observation period, typically a few years,
and little information is available on the effect of long-
term TDF use on the prognosis of renal function. This is
important as HIV-1 infection requires lifelong antire-
troviral therapy (ART). In this regard, although small
body weight is a well established risk factor for TDF
nephrotoxicity [16,17], the TDF-related renal dysfunc-
tion has hardly been evaluated in patients with small body
weight, who are potentially at higher risk for larger drug
exposure and, thus, more severe toxicity [17~20].

Based on the above background, the current study was
designed to investigate the effects of long-term TDF use
on renal function in HIV-1-infected patients with low
body weight, using 10 years data from our observational
cohort study.

Methods

Study design and patients

We performed a single-center cohort study of HIV-1-
infected patients using the medical records at AIDS
Clinical Center, National Center for Global Health and
Medicine, Tokyo. The effect of long~-term TDF use on
renal function was investigated on treatment-naive
patients who started TDF-containing ART, and those
who started abacavir (ABC)-containing ART as the
control. ABC was chosen as the control because this
NRTTI is not known to be nephrotoxic and is not renally
eliminated [21] and because the Japanese guidelines for

the treatment of HIV-1 infection placed both TDF and
ABC as the preferred NRTTs throughout the observa-
tional period [22]. The inclusion criteria were treatment-
naivety, Japanese, age older than 17 years, and treatment
with either the recommended 300 mg/day dose of TDF
or 600 mg/day dose of ABC-containing standard ART
(consisting of one nonnucleoside reverse transcriptase
inhibitor (NNRTT), protease inhibitor (PI) or integrase
strand transfer inhibitor (INSTT), and two NRTTs) at our
clinic between 1 January 2004 and 31 December 2011.
Furthermore, the following exclusion criteria were
applied: start of ART at other facﬂmes baseline eGFR
of lower than 60 ml/min per 1.73 m?, discontinuation of
TDF or ABC within 90 days after initiation of ART, or
start of ART with both TDF and ABC. Of the 1334
patients who started ART at our clinic during the study
period, 792 patients fulfilled these criteria and constituted
the study patients (see Figure, Supplemental Digital
Content 1, http://links.Iww.com/QAD/A537, which
shows patient enrollment process). The study patients
were followed up until 31 December 2013. Censoring
occurred at discontinuation of TDF or ABC, referral to
other hospitals, loss to follow-up, death, or end of the
observation period. The inclusion of Japanese patients
only served to examine a population with relatively small
body stature, compared with whites and African
Americans [17]. The selection of TDF or ABC at
baseline was left to the discretion of the attending
physician, because both drugs were the preferred NRTTs
during the study period in the Japanese guidelines [22].
The attending physician also selected the key drug
(NNRITT, PI, or INSTT). In Japan, TDF became available
from April 2004 and ABC from September 1999.

The study was approved by the human research ethics
committee of National Center for Global Health and
Medicine. All patients included in this study provided
written informed consent for their clinical and laboratory
data to be used and published for research purposes.
The study was conducted according to the principles
expressed in the Declaration of Helsinki.

Measurements

eGFR. was calculated using the Japanese equation based
on standardized serum creatinine, sex, and age, which was
developed by the Japanese Society of N 4phlology (JSN):
eGFR =194 X [serum creatinine]™ x [age] %% x
[0.739 if woman] [23]. This equatlon was used because
the Japanese equation performs better than The Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI)
equation [24] for patients with small body stature, such as
Japanese, especially 1 in individuals with GFR lower than
60 ml/min per 1.73 m” [25]. The 2013 practice guidelines
for patients with CKD published by JSN also recommend
the use of this equation for the Japanese, rather than
CKD-EPI, which was derived mostly from whites and
African Americans [25,26].
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The baseline eGFR was estimated for each patient from
age, sex, and serum creatinine measurements made closest
to and preceding the commencement of ART by no
more than 90 days. Patients visited our clinic at least every
3 months for monitoring CD4™" cell count, HIV-1 viral
load, and eGFR as the prescription period under the
Japanese healthcare system is limited to 3 months. Thus,
for calculation of follow-up eGFR value, we collected
serum creatinine values measured closest to every 90 day
within a range of 45 days from initiation of ART.

The potential risk factors for renal dysfunction were
determined according to previous studies and collected
together with the basic demographics from the medical
records [16,19,27,28]. They included age, sex, body
weight, BMI={body weight (kg)/[(height (m)]*},
history of AIDS, route of HIV-1 transmission, baseline
laboratory data (CD4" cell count, HIV viral load, and
serum creatinine), and presence or absence of other
medical conditions (concurrent use of ritonavir-boosted
PIs (PI/r), concurrent nephrotoxic drugs such as
ganciclovir and sulfamethoxazole/trimethoprim, diabetes
mellitus defined by using antidiabetic agents or fasting
plasma glucose higher than 126 mg/dl or plasma glucose
higher than 200 mg/dl on two different days, hyperten-
sion defined by current treatment with antihypertensive
agents or two successive measurements of SBP higher
than 140 mmHg or DBP higher than 90 mmHg at the
clinic, dyslipidemia defined by current treatment with
lipid-lowering agents, coinfection with hepatitis B
defined by positive hepatitis B surface antigen, coinfec-
tion with hepatitis C defined by positive HCV viral load,
and current smoking). At our clinic, body weight and
blood pressure were measured on every visit, whereas
other variables were measured in the first visit and at least
once annually. We used the data on or closest to and
preceding the day of starting ART by no more than
180 days.

Statistical analysis

The primary exposure variable was TDF use over the
control (ABC) as part of the initial ART. Three renal
endpoints were applied in this study; we primarily
focused on decrement in e GFR of higher than 10 ml/min
per 1.73m” relative to the baseline [29], because this
endpoint is considered appropriate for patients with well
maintained renal function, such as the study population;
more than 25% decrement in eGFR. relative to the
baseline [17,18]; and two consecutive measurements of
eGFR lower than 60 ml/min per 1.73 m? at least 90 days
apart [30]. Changes in eGFR. were plotted from the
baseline measurement until occurrence of each of the
three renal endpoints, and the logistic regression model
was used to estimate the effect of TDF use over control on
the occurrence of these renal endpoints. The model was
adjusted for baseline eGFR, baseline body weight,
nephrotoxic drug use, PI/r use, CD4" cell count,
hypertension, dyslipidemia, and diabetes mellitus, which

are established risk factors for TDF nephrotoxicity
[13,16,27,28]. Baseline age was not added to the model
to avoid over adjustment because the equation for eGFR
calculation already includes age, and the baseline age was
not associated with TDF use, indicating that age is not a
confounding factor for the association between TDF use
and eGFR. Furthermore, older age at baseline was shown
to be a predictive variable for lower baseline eGFR. (linear
regression, P<0.0001). In this case, adding predictive
covariates to the logistic regression model will have
detrimental effects on precision [31].

To investigate the effect of body weight on TDF-related
nephrotoxicity, we did subgroup analysis for baseline
weight categories: at least 70kg and lower than 70kg.
Then, the multivariate logistic analysis for the renal
endpoint of the occurrence of higher than 10 ml/min per
1.73m> decrement in eGFR. was conducted for each
subgroup.

To further investigate the effect of TDF on renal function,
we estimated the decrement in eGFR in the TDF group
relative to the control group by calculating the difference
in eGFR loss between the TDF and control group from
baseline to 5 years after initiation of ART by 90 days
intervals with a linear mixed models for repeated
measures. We constructed the model with a random
effect for patients. This model also included fixed effects
for assigned treatment, baseline eGFR, baseline body
weight, nephrotoxic drug use, PI/r use, CD47 cell count,
hypertension, dyslipidemia, and diabetes mellitus. Inter-
action terms for time by treatment were included.

As additional analyses, the statistical analyses using eGFR.
calculated with CKD-EPI equation adjusted with the
Japanese coefficient were also performed: eGFR =0.813
(2 Japanese coefficient) X 141 X min(SCr/k, 1)* x
max(SCr/k, 1)7'%2%% % 0.993%%°x 1.018 (if female),
where SCr is serum creatinine, Kk is 0.7 for women
and 0.9 for men, o is —0.329 for women and —0.411 for
men, min indicates the minimum of SCr/k or 1, and max
indicates the maximum of SCr/k or 1 [32].

Statistical significance was defined at two-sided P < 0.05.
We used odds ratios (ORs) with 95% confidence intervals
(95% Cls) as a measure of the effect of TDF use on renal
endpoints. All statistical analyses were performed with
SAS Software, version 9.3 (SAS Institute, Cary, North
Carolina, USA).

Results

Of the 792 study patients, 422 patients started TDF-
containing ART (TDF group) whereas the remaining
370 patients formed the control group who started
ABC-containing ART (see Figure, Supplemental Digital
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Table 1. Baseline characteristics of patients who started tenofovir disoproxil fumarate-containing antiretroviral therapy and controls (abacavir-

containing antiretroviral therapy).

Study patients TDF Control (ABC)
(n=792) (n=422) (n=370) P
Sex (male), n (%) 769 (97) 412 (98) 357 (97) 0.40
Age® 36 (31-43) 36 (31-43) 36 (31-44) 0.23
Weight kg) 63 (57.8-70.4) 62.9 (57.2-69.8) 63.8 (58.0-71.4) 0.25
BMI ( kg/m’!)1 22 (20.1-24.1) 21.9 (20.1-23.8) 22.2 (20.3-24.6) 0.23
eGFR (ml/min per 1.73 m 2y 95.7 (84-110) 96.5 (84.7-111.5) 95.4 (83.7-108.6) 0.32
Serum creatinine (mg/d 7 0.74 (0.66~0.82) 0.73 (0.66-0.82) 0.74 (0.67~0.83) 0.27
CDA4™" cell count (/ul)? 189 (78-266) 199 (85-281) 183 (73-241) 0.002
HIV RNA viral load (log;¢/mb)? 4.76 (4.26~5.23) 4.76 (4.26~5.23) 4,76 (4.27-5.26) 0.93
Ritonavir-boosted protease inhibitors, n (%} 673 (85) 368 (87) 305 (82) 0.073
Protease inhibitors (unboosted), n (%) 28 (4) 8 (2) 20 (5) 0.011
NNRTIs, n (%) 48 (6) 20 (5) 28 (8) 0.10
INSTIs, n (%) 45 (6) 28 (7) 17 (5) 0.22
Hypertension, n (%) 118 (15) 41 (10) 77 (21) 0.001
Dyslipidemia, n (%) 9 (1) 5(1) 4.(1) 1.00
Diabetes mellitus, n (%) 29 (4) 9(2) 20 (5) 0.021
Concurrent use of nephrotoxic drugs, n (%) 218 (28) 88 (21) 130 (35) <0.001
Hepatitis B, n (%) 62 (8) 57 (14) 51 <0.001
Hepatitis C, n (%) 37 (5) 20 (5) 17 (5) 1.00
History of AIDS, n (%) 183 (23) 89 (21) 94 (25) 0.15
Homosexual contact, n (%) 689 (87) 364 (86) 325 (88) 0.94
Current smoker, n (%) 369 (47) 193 (46) 176 (48) 0.57

ART duration (years)” 3.52 (2.29-5.18)

3.19 (2.20-4.67) 4.59 (2.48-5.18) <0.001

ABC, abacavir; ART, antiretroviral therapy; eGFR, estimated glomerular filtration rate; INSTI, integrase strand transfer inhibitor; IQR, interquartile
range; NNRTI, nonnucleoside reverse transcriptase inhibitor; TDF, tenofovir disoproxil fumarate.

“Median (interquartile range).

Content 1, htep://links.Iww.com/QAD/A537, which
shows patient enrollment process). Table 1 shows the
characteristics of the study population at baseline. The
majority of the study population was men, comparatively
young, and had a small body stature [median weight,
63kg (mterqualtlle range [IQR] 57.8-70.4 kg), median
BMI 22. Okg/m (IQR 20.1-24.1)]. There was no
difference in baseline ¢eGFR. between the two groups
(P=10.32). More than 80% of the patients of the two
groups used PI/r. Patients of the TDF group had higher
CD47 cell count (P=0.002) and were less likely to have
hypertension (P=10.001), diabetes mellitus (P=10.021),
and on concurrent nephrotoxic drugs (P < 0.001), than
the control. The median duration of ART was longer in
the control group [median, 1675 days, interquartile range
(IQR), 9041890 days] than in the TDF group [median,
1164 days, IQR,, 8021705 days) (P < 0.001)]. The total
observation period was 1347.5 patient-years for the TDF
group and 1379.3 patient-years for the controls.

During the observation period, an eGFR dechne from
baseline of higher than 10 ml/min per 1.73 m* occurred
in 348 (82.5%) of the TDF group and 265 (71.6%) of the
control group (TDF use over control: adjusted OR 2.1,
95% CI 1.45-3.14, P<0.001) (Table 2). Furthermore,
higher baseline eGFR, higher CD4™ cell count also
increased the risk of higher than 10 ml/min per 1.73 m”

decrement in eGFR.

More than 25% decrement in eGFR. occurred in 172
(40.8%) patients of the TDF group and 97 (26.2%) of the

control (adjusted OR =2.1, 95% CI 1.50-2.90,
P <0.001) (Table 3), and two consecutive measurements
of eGFR lower than 60ml/min per 1.73m? were
encountered in 26 (6.2%) patients of the TDF group and
in 14 (3.8%) of the control (adjusted OR =3.9, 95% CI
1.62-9.36, P=10.002) (Table 4).

Subgroup analysis by baseline body weight above and
below 70kg showed that among patients with body
weight at least 70kg, TDF use relative to the control
marginally 1n01eased the risk of higher than 10ml/min
per 1.73m* decrement in eGFR (adjusted OR =1.7,
95% CI 0.83-3.29, P=0.15), whereas among patients
weighing lower than 70kg, the effect of TDF use was
more evident (adjusted OR =2.5, 95% CI 1.55-4.00,
P <0.001) than that among the entire study population
(see Table 1, Supplemental Digital Content 2, http://
links.Iww.com/QAD/A537, which shows effects of
initiating TDF-containing ART over control on higher
than 10ml/min per 1.73 m® decrement in eGFR
according to baseline body weight).

Figure 1 shows the results of the linear mixed models for
repeated measures up to 5 years. The adjusted cumulative
mean loss increased continuously over the years in both
the TDF and control groups: in TDF group, from
—11.8 ml/min per 1.73 m" at 1 year of TDF to —23.7 ml/
min per 1.73 m” at 5 years of TDF exposure, and in the
control, from —8.0 ml/mm per 1.73m> at 1 year to
~13.5ml/min per 1.73m? at 5 year of ART exposure.
The adjusted cumulative mean loss in the TDF group
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Table 2. Effects of initiating tenofovir disoproxil fumarate-
contammg antiretroviral therapy over control on >10ml/min per
1.73m? decrement in estimated glomerular filtration rate:
multivariate logistic regression analysis.

Adjusted 95%
OR Cl P
TDF use relative 2.1 1.45-3.14 <0.001
to the control
Baseline eGFR per 1.1 1.05-1.08 <0.001
1 ml/min per 1.73m?
increment
Weight per 1kg increment 1.0 0.99-1.01 0.92
Use of nephrotoxic drugs 0.8 0.50-1.25 0.31
Use of ritonavir-boosted 1.3 0.78-2.16 0.32
protease inhibitors
CDA4™ cell count per 1/ul 1.0 1.00-1.00  <0.001
increment
Hypertension 2.1 1.17-3.64 0.013
Dyslipidemia 1.0 0.21-4.60 0.98
Diabetes mellitus 1.9 0.63-5.86 0.25

ART, antiretroviral therapy; eGFR, estimated glomerular filtration
rate; OR, odds ratio; TDF, tenofovir disoproxil fumarate.

relative to the control continuously 1ncreased over time:
at 1 year of exposure —3. 8 ml/min per 1.73 m?, at 2 years
-3. 6ml/m1n per 1.73m?, at 3 years —5. Sml/mm per
1.73m>, at 4 years —6.6 ml/min per 1.73m> and at
5 years —10.3ml/min per 1. 73 m> (see Table 2,
Supplemental Digital Content 3, http://links.Iww.com/
QAD/A537, which shows adjusted loss in eGFR in the
TDF group relative to the control estimated with mixed
model for repeated measures). There was significant
interaction between time and TDF use (P<0.001),
suggesting that the adjusted mean loss in eGFR relative to
the control increased significantly over time.

Additional analyses of renal function calculated with
CKD-EPI equation also showed that TDF use doubled
the risk of higher than 10 ml/min per 1.73 m> decrement
(adjusted OR =2.1, 95% CI 1.57-2.86, P< 0.001) and
more than 25% decrement (adjusted OR = 1.8, 95% CI

Table 3. Effects of initiating tenofovir disoproxil fumarate-
containing antiretroviral therapy over control on >25% decrement
in estimated glomerular filtration rate relative to baseline:
multivariate logistic regression analysis.

Adjusted OR 95% ClI P
TDF use over control 2.1 1.50-2.90 <0.001
Baseline eGFR 1.0 1.03-1.04 <0.001

per 1 ml/min per 1.73 m?

Weight per 1kg increment 1.0 0.98-1.01 0.37

Nephrotoxic drug use 0.7 0.47-1.03 0.073

Ritonavir-boosted 0.9 0.58-1.44 0.69
protease inhibitor use

CD4* cell count 1.0 1.00-1.00  0.007
per 1/l increment

Hypertension 1.5 0.96-2.49 0.074

0.13-3.69 0.67
0.77-4.30 0.17

Dyslipidemia 0.7
Diabetes mellitus 1.8

ART, antiretroviral therapy; Cl, confidence interval; eGFR, estimated
glomerular filtration rate; OR, odds ratio; TDF, tenofovir disoproxil
fumarate.

1.12-2.99, P=0.017). The effect of TDF use on the
renal endpoint of lower than 60 ml/min per 1.73 m? was
also marginally significant (adjusted OR =2.7, 95% CI
0.71-10.5, P=0.15). The adjusted cumulative mean loss
increased continuously in both the TDF and control
groups: in TDF group, from —6.3 ml/rmn per 1.73m” at
1 year to 15.0ml/min per 1. 73m® at 5 years of TDF
exposure, and in the control, from —4.1 ml/ min per
1.73m>at 1 year to —8.3 ml/min per 1. 73m>at 5 year of
ART exposure. The cumulative mean loss in the TDF
group relative to the control after 1, 2, 3, 4, and 5 years of
TDF exposure was —2 2, —23, =32, —4.4, and
—6.7ml/min per 1.73m? respectively, which indicated
that the loss in eGFR relatlve to control increased over
time (P<0.001).

Discussion

In this 10 years observational cohort of treatment-naive
patients with low median body weight of 63 kg, initiation
of TDF-containing ART doubled the risk of higher than
10ml/min per 1.73m> decrement or more than 25%
decrement in eGFR relative to baseline, compared with
the control patients who started ABC-containing ART,
and also increased four—fold the risk of deterioration of
eGFR to lower than 60 ml/min per 1.73 m>. The effect of
TDF on the decrement in eGFR. was more evident in
patients with body weight of lower than 70kg (TDF use
over control: adjusted OR =2.5, 95% CI 1.55-4.00,
P <0.001) compared with the entire study population
(adjusted OR =2.1, 95% CI 1.45-3.14, P<0.001),
whereas the effect of TDF on renal dysfunction was only
marginally significant among patients with body weight
of at least 70 kg (adjusted OR =1.7, 95% CI 0.83-3.29,
P=0.15).

More importantly, eGFR. of the patients who started
TDF-containing ART decreased continuously during the
5-year observation compared with the controls who
started ABC-containing ART. The adjusted mean loss
relauve to the control increased from —3.8 ml/min per
1. 73m at 1 year of TDF exposure to —5.5ml/min per
1.73m> at 3 years, and to —10.3 ml/min per 1.73 m"* at
5 years of TDF exposure. This decrement in eGFR
associated with TDF use is alarming considering that the
aging-related decrement in normal renal function is only
0.4ml/min per year [33]. The findings of the present
study warrant long-term monitoring of renal function in
HIV-1-infected patients with low body weight who start
TDF-contamning ART.

The present study has three main strengths. First, to our
knowledge, this is the first study that elucidated the effect
of long-term TDF use on the prognosis of renal function
among HIV-1-infected patients with low body weight.
Low body weight has been identified as a risk for TDF
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Table 4. Effects of initiating tenofovir disoproxil fumarate-
containing antiretroviral therapy over the control on estimated
glomerular filtration rate <60 ml/min per 1.73 m% multivariate
logistic regression analysis.

Adjusted OR 95% Cl P
TDF use over contiol 3.9 1.62-9.36 0.002
Baseline eGFR per 0.9 0.83-0.90  <0.001
1 ml/min per 1.73.m?
Weight per 1kg increment 1.0 0.93-1.00 0.069
Use of nephrotoxic drugs 0.6 0.22-1.52 0.27
Use of ritonavir-boosted 1.4 0.47-3.89 0.57
protease inhibitors
CDA™ cell count per 1.0 1.00-1.00 0.94
1/ul increment
Hypertension 1.9 0.73-5.13 0.18
Dyslipidemia 2.1 0.23-18.7 0.52
Diabetes mellitus 3.7 0.85-16.2 0.083

ART, antiretroviral therapy; Cl, confidence interval; eGFR, estimated
glomerular filtration rate; OR, odds ratio; TDF, tenofovir disoproxil
fumarate.

nephrotoxicity [16,17], and it is noteworthy that many
patients with HIV-1 infection are of small body stature.

Of 35.3 million estimated to be infected with HIV-1 at
the end of 2012, most were from sub-Saharan Africa (25
million) and south and south-east Asia (3.9 million) [34],
and studies from these regions report that HIV-1-infected
patients were of low body weight (mean weight of 57.6 kg
in treatment-naive patients in Zimbabwe and Uganda
[35], median 60kg in west India [36], median 56.5kg in
Thailand [18}, and mean 55kg in Vietnam [37]).
Considering that body weight of these patients are even
lower than that in the present study of 63 kg, the effect of
long-term TDF use on renal function might be more
severe among patients in these regions.

Second, the study enrolled only treatment-naive patients
and followed their renal function up to 5 years after
initiation of standard ART with one key drug and two
NRTTIs (including either TDF or ABC as control). This
study design, together with its observational setting,
allowed examination of the effect of long-term TDF use
on the prognosis of renal function after the start of ART
under ‘real-world’ setting, making the results of the
present study more generalizable.
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Fig. 1. Adjusted mean change in estimated glomerular filtration rate from baseline to 5 years in treatment-naive patients treated
with tenofovir disoproxil fumarate-containing antiretroviral therapy (red line) and controls (patients treated with abacavir-
containing ART) (black line). Least-square means and their 95% confidence intervals were estimated by the linear mixed model.
The x-axis is labeled ‘Months’ to make the figure visually understandable; however, 30 days is labeled here as 1 month. Thus,
3 months equals to 90 days and so on. The model included five fixed effects (assigned treatment, baseline eGFR, baseline body
weight, nephrotoxic drug use and ritonavir-boosted protease use) in this figure. ABC, abacavir; ART, antiretroviral therapy; gGFR,
estimated glomerular filtration rate; TDF, tenofovir disoproxil fumarate.
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Third, the study employed the Japanese equation
developed by the JSN for the calculation of eGFR
[23,26]. Because commonly used methods, such as
MDRD and CKD-EPI equations, were validated mostly
in whites and African Americans, they are probably not
appropriate for people of other ethnicity or of different
body stature [23,38,39]. With regard to body stature,
CKD-EPI was derived from datasets of people with mean
weight of 79-82 kg [24], whereas the Japanese equation
was derived from the set of people with mean weight of
60.4—61kg [23]. Accordingly, clinicians are usually
encouraged to validate their own equation or use MDRD

or CKD-EPI equation with ethnic coefficient [25,38]. In -

the present study, using the Japanese equation for eGFR
for Japanese patients probably yielded a better estimate of
the effect of long-term TDF use on renal function [25].
Furthermore, additional analyses with use of CKD-EPI
equation adjusted with the Japanese coefficient again
showed that TDF exposure increased the risk of renal
dysfunction and the loss in eGFR relative to the control
increased continuously up to 5 years.

Apart from the above strengths, the present study has
several limitations. First, because ofits observational nature,
there is a potential for channeling bias by indication for
TDF use. Indeed, control patients were more likely to have
risks for renal dysfunction, such as diabetes mellitus,
hypertension, concurrent nephrotoxic drugs, and lower
CD4" cell count [16,27], than patients who started
TDF-containing ART. Thus, the incidence of TDF
nephrotoxicity might have been underestimated in the
present study. The median observation period of the
control group was longer than that of the TDF group, and
this might as well contribute to underestimation of TDF
nephrotoxicity. Second, a high percentage of our study
population used PI/r, which is considered a risk for TDF
nephrotoxicity [28]. Although it is difficult to completely
exclude the effect of concurrent PI/r, it should be noted
that PI/r use itself (even without concurrent TDF) has
been considered a risk for CKD [30,40], and the
percentage of PI/r use was similarly high in both the
TDF and control group, suggesting that P1/r affected renal
function of the control patients to some extent as well.
Furthermore, the use of PI/rs did not correlate with any of
the three renal outcomes in this study (Tables 2—4). Third,
all study participants were Japanese and we had a small
number of women. Further studies are needed to deter-
mine whether the findings of this study are also applicable
to women and patients of different racial background.

In conclusion, this long-term observational study of HIV-
1-infected patients with predominantly low body weight
demonstrated that initiation of TDF-containing ART
doubled the risk of higher than 10 ml/min per 1.73 m>
decrement and more than 25% decrement in eGFR,, and
also four-fold increased the risk of deterioration of eGFR
to lower than 60 ml/min per 1.73 m”, compared with the
controls who started ABC-containing ART. The loss in

eGFR in the TDF group relative to the control increased
continuously over time and reached —10ml/min per
1.73m” at 5 years of TDF exposure. The results of the
study certainly warrant regular and long-term monitoring
of renal function in patients with low body weight who
start TDF-containing ART. Further larger studies are
needed to confirm the long-term renal prognosis with
TDF use in patients with low body weight.
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Objectives: Ritonavir-boosted atazanavir (atazanavir/ritonavir) is a widely used antiretroviral drug, though it can
potentially cause nephrolithiasis. The aim of this study was to determine the relationship between poly-
morphisms in genes encoding proteins involved in metabolism and transportation of atazanavir, and
atazanavir/ritonavir-induced nephrolithiasis in HIV-1-infected patients treated with atazanavir/ritonavir.

Methods: Nineteen SNPs in the ABCB1, NR1I2, UGT1A1, SLCO1B1 and CYP3A5 genes were examined in case
patients with atazanavir/ritonavir-induced nephrolithiasis (n=31) and controls (n=47). Case patients were
those with a clinical diagnosis of nephrolithiasis while on atazanavir/ritonavir, based on new-onset acute flank
pain plus one of the following: (i) new-onset haematuria; (i) documented presence of stones by either abdominal
ultrasonography or CT; or (iii) confirmed stone passage. Control patients were consecutively enrolled among
those with >2 years of atazanavir/ritonavir exposure free of nephrolithiasis. Genotyping was performed by allelic
discrimination using TagMan 5’-nuclease assays with standard protocols. Associations between alleles and ata-
zanavir/ritonavir-induced nephrolithiasis were tested by univariate and multivariate logistic regression analyses.

Results: Multivariate analysis showed a significant association between atazanavir/ritonavir-induced nephro-
lithiasis and genotype T/C versus C/C at position ¢.211 (adjusted OR=3.7; 95% (I, 1.13-11.9; P=0.030), geno-
type G/Cversus C/C at 339 (adjusted OR=5.8; 95% CI, 1.56-21.3; P=0.009) and genotype G/G or G/C versus C/C
at 440 (adjusted OR=5.8; 95% (I, 1.56-21.3; P=0.009) of the UGT1A-3’ untranslated region (UTR).

Conclusions: This is the first known study to identify the association between SNPs in the UGT1A-3'-UTR and
atazanavir-induced nephrolithiasis. Further studies are warranted to confirm this association and to elucidate
how these SNPs might influence atazanavir exposure.

Keywords: atazanavir sulphate, renal stones, SNPs

Introduction

Ritonavir-boosted atazanavir (atazanavir/ritonavir) is a widely
used protease inhibitor for the treatment of HIV-1 infection.!
However, some case reports/series have documented nephro-
lithiasis containing atazanavir,?~> and cohort studies demon-
strated that the incidence of nephrolithiasis is substantially
higher in patients on atazanavir/ritonavir-containing ART than

patients on other protease inhibitor- or efavirenz-containing
ART.®~® The development of renal stones, even a single episode,
is a risk factor for significant decrement in renal function, which
could affect the prognosis of patients.”~**

The mechanism of atazanavir-induced nephrolithiasis is not
fully understood. However, unchanged atazanavir is reported to
be excreted in urine at 7% of the administered dose, and strong
acidity (e.g. pH 1.9) is required to achieve optimal dissolution of
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atazanavir,*? whereas urine is usually mildly acidic.® These char-
acteristics of atazanavir are similar to those of indinavir, an old
protease inhibitor well known for its precipitation and renal
stone formation, and could explain the high incidence of nephro-
lithiasis in patients treated with atazanavir/ritonavir.”*

A number of proteins are considered to take part in the metab-
olism or transportation of atazanavir, and thus can affect atazana-
vir exposure. Atazanavir is mainly metabolized by cytochrome P450
(CYP3A), including CYP3A4 and CYP3AS5, and their variants can
affect the concentration and clearance of atazanavir.**** Minor
biotransformation pathways for atazanavir or its metabolites
include glucuronidation, suggesting that UDP-glucuronosyltrans-
ferase 1A1 (UGT1A1), known for its association with atazanavir-
induced unconjugated hyperbilirubinaemia, is also involved in the
metabolism of atazanavir.’* SNPs in the NR1I2 gene, which
encodes the nuclear receptor pregnane X receptor (PXR), regulate
the expression of CYP3A4"® and ABCB1,'” and also influence ataza-
navir concentration.'® With regard to atazanavir transportation,
P-glycoprotein is a membrane protein expressed on the cells of
the intestine, hepatocytes and renal proximal tubules. Encoded
by the ABCB1 gene, P-glycoprotein regulates atazanavir intestinal
absorption, and thus affects exposure to atazanavir.®~22 The
organic anion-transporting polypeptide 1B1 (OATP1B1), encoded
by the gene SLCO1B1, is another protein involved in influx transpor-
tation of protease inhibitors and unconjugated bilirubin. SNPs in
SLCO1B1 also modify atazanavir concentration.?®

To our knowledge, there are no published studies that investi-
gated the association between genetic variants in the genes
that encode proteins invotved in the metabolism or transport of
atazanavir and atazanavir-induced nephrolithiasis. Based on
the above background, the present study was designed to
elucidate the association between polymorphisms in genes
encoding the abovementioned proteins and atazanavir-induced
nephrolithiasis.

Methods

Ethics statement

The study was approved by the Human Genetics Research Ethics
Committee of the National Center for Global Health and Medicine, Tokyo,
Japan. Each patient included in this study provided written informed con-
sent for genetic testing and publication of the clinical data. The study was
conducted according to the principles expressed in the Declaration of
Helsinki.

Study design

We performed a case-control study to elucidate the association between
SNPs in genes encoding proteins that take part in the metabolism of ata-
zanavir and drug transporters and atazanavir-induced nephrolithiasis in a
single-centre cohort.

Study subjects

The eligible subjects were HIV-1-infected Japanese patients, aged
>17 years, who commenced treatment with atazanavir/ritonavir-
containing ART between 1 January 2004 and 30 June 2012,” including
both treatment-naive and treatment-experienced patients. Patients
were excluded if they had (i} commenced atazanavir/ritonavir-containing
ART during the study period at other facilities or (ii) been prescribed

unboosted atazanavir. Case patients were those in whom nephrolithiasis
occurred while on atazanavir/ritonavir-containing ART. Nephrolithiasis was
defined as described in previous studies:*” cases with a clinical diagnosis
by the attending physician based on new onset of acute flank pain plus
one of the following: (i) new-onset haematuria confirmed by urine dipstick
test; (if) documented presence of stones or radiological findings suggestive
of renal stones, such as hydronephrosis or obstruction or dilatation of the
ureter, by either abdominal ultrasonography or CT; or (jii) stone passage
confirmed by either the patient or the attending physician. Control patients
were consecutively enrolled HIV-1-infected patients with >2 years of
atazanavir/ritonavir experience who were free of nephrolithiasis based
on the chart review. Enrolment took place from September 2012 to
February 2013.

Measurements

The potential risk factors for nephrolithiasis were determined according
to previous studies and collected from the medical records, together
with basic demographics.**?*~27 They included age, sex, body weight,
BMI{body weight (kg)/[height (m)}?}, baseline laboratory data [CD4 cell
count, HIV viral load, estimated glomerular filtration rate (eGFR) and
serum uric acid} and the presence or absence of other medical conditions
{concurrent use of tenofovir, past history of nephrolithiasis, previous
exposure to indinavir, diabetes mellitus defined by using antidiabetic
agents or fasting plasma glucose >126 mg/dL or plasma glucose
>200 mg/dL. on two different days, hypertension defined by current treat-
ment with antihypertensive agents or two successive measurements
of systolic blood pressure >140 mmHg or diastolic blood pressure
>90 mmHg at the clinic, infection with hepatitis B virus defined by positive
hepatitis B surface antigen, and infection with hepatitis C virus defined by
positive hepatitis C viral load). eGFR was calculated using the equation of
the four-variable Modification of Diet in Renal Diseases (MDRD) study.*® We
used the data on or closest to and preceding the day of starting atazana-
vir/ritonavir-containing ART by no more than 180 days, except for serum
uric acid level, which were collected within 180 days from the day of start-
ing ART.” The value of serum total bilirubin was collected in two ways: for
patients who continued atazanavir/ritonavir for >2 years, the value of
total bilirubin closest to 2 years after initiation of atazanavir/ritonavir
was collected. For patients who discontinued atazanavir/ritonavir within
2 years, the value closest to and preceding the day of discontinuation
was used. At our clinic, body weight and blood pressure were measured
on every visit.

Genetic polymorphisms

SNPs in genes encoding proteins that take part in the metabolism of
atazanavir and drug transport were selected based on their functional
significance, findings of previously published reports and/or reported
minor-allele frequencies >5% in the Japanese.!>820:23,29-32 Tha qlele
frequency data for the Japanese were obtained from the Japanese SNP
(JSNP) database.®® The 19 selected SNPs were: (i) ABCB1 (encodes
P-glycoprotein) 2677T—A/G (A:Ser893Thr, G:Ser893Ala; rs2032582);
1236T—C (Gly412Gly; rs1128503); 3435C—T (Ile1145]le; rs1045642);
193A—-G [in the 3’ untranslated region (UTR); (rs3842)]; 365T—C (5'-UTR;
rs3213619); (i) NR1I2 (encodes PXR) 370G—A (3'-UTR; rs3732359);
522C—T (3'-UTR; rs3732360); 131C—A (5'-UTR; rs1523127); 1232T—C
(3/-UTR; rs3814058); 1195A—C (3’-UTR; rs3814057); 63396T—C (intron;
rs2472677); 44477T—C (5'-UTR; rs1523130); (iii) UGTIAI 211G—A
(Gly71Arg; rs4148323); ¢.211T—C (3’-UTR; rs10929303), 339G—C
(3'-UTR; rs1042640); 440G—C (3/-UTR; rs8330); (iv) SLCO1B1 (encodes
OATP1B1) 521T—C (Vall74Ala; rs4149056); 388A—G (Asn130Asp;
rs2306283); and (v) CYP3A5 (encodes cytochrome P450 3A5) 14T—C
(3'-UTR; rs15524). We did not find appropriate SNPs in CYP3A4 to examine.
The UGT1A1 variant that contains seven thymine adenine (TA) nucleotide
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JAC

repeats, A (TA);TAA (UGT1A1*28), which is known to be less transcriptionally
active than the common promoter with six TA repeats (UGT1A1*1),3* was
also examined.

Pharmacogenetic analyses

Genomic DNA was extracted from peripheral blood leucocytes using the
QIAamp DNA MiniKit and the protocol provided by the manufacturer
(Qiagen, Valencia, CA, USA). All genotyping was performed by allelic dis-
crimination using TagMan 5’-nuclease assays with standard protocols
(TagMan SNP Genotyping Assays; Applied Biosystems, Foster City, CA,
USA). The primer and probe sequences are available on request. Primer
sequences for PCR amplification of the TATA box of the UGT1A1 promoter
were 5'-GTCACGTGACACAGTCAAAC-3’ and 3'-TTTGCTCCTGCCAGAGGT
T-5;3% the PCR conditions were as follows: 95°C for 5 min, followed by
30 cycles at 95°C for 30's, 58°C for 30 s and 72°C for 30 s, and 72°C
for 7 min.

Statistical analysis

Baseline characteristics were compared between case patients and con-
trol patients by Student’s t-test for continuous variables and by either
the x? test or Fisher's exact test for categorical variables. Differences in
genotype frequencies and allele frequencies between the two groups
were assessed by Fisher’s exact test using a 2x3 table (2x6 table for
rs2032582) and the x? test, respectively. Associations between genotypes
and atazanavir-induced nephrolithiasis were tested by univariate and
multivariate logistic regression analyses. The risk of atazanavir-induced
nephrolithiasis of other variables was estimated with univariate analysis
and the variables with P<<0.10 were incorporated into multivariate ana-
lysis as covariates, in addition to the basic demographics, such as age
and sex. Statistical significance was defined as a two-sided P value of
<0.05. We used ORs and 95% CIs to estimate the strength of association
between nephrolithiasis and each variable. Haploview software was used
to test for Hardy-Weinberg equilibrium and to estimate the linkage

Table 1. Characteristics of patients with and without nephrolithiasis

disequilibrium measure . All other statistical analyses were performed
with the Statistical Package for Social Sciences version 21.0 (SPSS,
Chicago, IL, USA).

Results

Of 37 patients diagnosed with nephrolithiasis while on atazanavir/
ritonavir-containing ART,” 31 provided written informed consent,
and thereby constituted the case patients. Furthermore, 47 con-
secutive control patients who continued atazanavir/ritonavir for
>2 years were enrolled in the study. The baseline characteristics
and laboratory data of patients in the two groups are listed in
Table 1. The basic demographics (sex and age) and established
risk factors for nephrolithiasis (weight, BMI, serum uric acid, hyper-
tension, diabetes mellitus, history of nephrolithiasis and history of
indinavir use) were not different between the two groups, except
for hepatitis C infection, which was more common among case
patients (P=0.034). Serum total bilirubin was higher in case
patients than the controls (P<0.001).

Table 2 summarizes the distribution of genctypes and allele fre-
quencies at the ABCB1, NR1I2, UGT1A1 (including UGT1A1*28),
SLCO1B1 and CYP3A5 genes in the two groups. The genotype distri-
butions for all polymorphisms were in Hardy - Weinberg equilibrium
with a cut-off P value of 0.001. In single SNP analysis, a higher per-
centage of patients with nephrolithiasis had genotype T/C versus
C/C at position c.211 (P=0.025), genotype G/C versus C/C at
position 339 (P=0.007) and genotype G/G and G/C versus C/C at
position 440 (P=0.009) of the UGT1A-3’-UTR. These results were
consistent with allele frequency analysis, as case patients were
more likely to possess allele T versus C at c.211 (P=0.033), allele
G versus C at position 339 (P=0.012) and allele G versus C at 440
(P=0.006) of the UGT1A-3'-UTR, respectively. These three SNPs
were in linkage disequilibrium with each other (D'>0.9). Figure 1

Total patients Patients with nephrolithiasis (n=31) No nephrolithiasis (n=47) P value
Male, n (%) 1(91) 9 (94) 89) 0.70
Age (years), median (IQR) 0 (35-47) 9 (35-45) 40 35-49) 0.40
Weight (kg), median (IQR) 65 6 (58.2-72.3) 64 8 (57.6-71.9) 66.5 (58.2-73.2) 0.60
BMI (kg/mz), median (IQR) 22.7 (20.3-24.6) 22.7 (19.9-24.9) 22.7 (20.4-24.6) 0.58
eGFR (mL/min/1.73 m?), median (IQR) 88.3 (76.8-98.4) 85.8 (69.7-97.9) 88.5 (78.4-98.6) 0.81
Serum creatinine (mg/dL), median (IQR} 0.75 (0.68-0.89) 0.75 (0.72-0.93) 0.75 (0.66-0.85) 0.25

2

(

(

(

(

(
CD4 cell count (cells/mm?), median (IQR) 230 (187-302) 232 (194-356) 229 (187-290) 0.63
HIV-1 load (log;e/mt), median (IQR) 4. 19 (3.38-4.77) 3. 96 (2.25-4.79) 4.22 (3.41-4.77) 0.65
Serum uric acid (mg/dL), median (IQR) 1(5.1-7.0) 3 (5. 5 7.7) 5.9 (4.9-6.7) 0.15
History of nephrolithiasis, n (%) 6 (8) 4 (13 24 0.21
Hypertension, n (%) 9(12) 3(1 ) 6(13) 1.00
Diabetes mellitus, n (%) 3 (&) 1(3) 2 (4) 1.00
Hepatitis C infection, n (%) 6(8) 5 (16) 1(2) 0.034
Hepatitis B infection, n (%) 2(3) 13) 1(2) 1.00
Treatment-naive, n (%) 0 (64) 18 (58) 2 (68) 0.47
Co-administration of TDF, n (%) 26 (33) 9 (2 ) 7 (36) 0.63
History of indinavir use, n (%) 6 (8) 3(10 3 (6) 0.68
Serum total bilirubin (mg/dL) 1.9 (1.4-2.4) 2.3 (1. 8 3.4) 1.7 (1.3-1.9) <0.001
TDF, tenofovir disoproxil fumarate.
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