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Table 1

Baseline characteristic of Vietnamese patients treated with or without TDF.
Variables Without TDF  With TDF P value
Number of patients (%) 403 (72.5) 153 (27.5)
Age, years 35670 36.9 £ 6.8 0.064
Women, n (%) 167 (41.4) 45 (29.4) 0.009
Body weight 55.7 + 83 56.5 + 8.2 0.284
Serum creatinine, mgj/dl 093+013 093012 0.668
CD4+ cell count, cell/pl 394 + 197 385 + 166 0.651
Log 10 HIV-RNA level, copies/ml 1.48 + 0.55 1.42 + 041 0.190
Proteinuria, n (%) 48 (11.9) 21(13.7) 0.522
Glucosuria, n (%) 3(0.7) 2(1.3) 0.617
HBVAg (+), n (%) 22 (5.5) 29 (18.9) <0.001
HCVAD (+), n (%) 153 (38.0) 69 (45.1) 0.014
Duration of ART, years 1.14 + 135 1.20£147 0650
Use of ritonavir boosted lopinavir, n (%) 7 (1.7) 5(3.3) 0.326
Use of cotrimoxazole drug, n (%) 136 (33.7) 45 (29.4) 0.330
Prior AIDS defining disease, n (%) 36(8.9) 12 (7.8) 0.683
Diabetes mellitus (4), n (%) 31(7.7) 19 (124) 0.082

Data are expressed as mean =+ SD.
ART = Antiretroviral therapy; TDF = tenofovir.

renal dysfunction by Kaplan—Meier method in the two groups. The
incidence of renal dysfunction was significantly higher in the TDF-
switched group, compared with the non-TDF group (p = 0.023, Log-
rank test). With regard to the time of switch to TDF, 109 (71.5%)
patients of the TDF-switched group switched their nucleoside/
nucleotide reverse transcriptase inhibitors (NRTIs) to TDF within 3
months from the baseline and additional 31 (20.0%) switched be-
tween 3 and 6 months. Furthermore, of the 19 patients of the TDF-
switched group who developed renal dysfunction, 13 (71.2%)
switched to TDF within 3 months from the baseline and additional
5 (23.5%) switched to TDF between 3 and 6 months.

Table 2 shows the results of the Cox proportional hazards
regression model. Univariate analysis identified body weight per
1 kg-decrement, use of TDF, and glucosuria as factors significantly
associated with renal dysfunction. After adjustment by multivariate
analysis, body weight per 1 kg-decrement (HR = 1.057; 95%Cl,
1.016—1.098; p = 0.006), use of TDF (HR = 1.980; 95%Cl,
1.094-3.582; p = 0.024), and glucosuria (HR = 5.202; 95%CI,
1.245-21.738; p = 0.024) were still associated significantly with
renal dysfunction.

We also compared the incidence of renal dysfunction in the TDF-
switched group according to body weight. Fig. 2 shows the time
from baseline to renal dysfunction in patients with body weight of
<55 kg, representing the average weight of this study population,
and in those with >55 kg of the TDF-switched group by
Kaplan—Meier method. Patients of the <55 kg group were signifi-
cantly more likely to develop renal dysfunction [12/66 cases
(18.2%), 145.3/1000 person-year] compared to patients of the
>55 kg group [7/87 cases (8.0%), 57.0/1000 person-year] (p = 0.040,
Log-rank test).
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Fig. 1. Kaplan—Meier curve showing the time to renal dysfunction in patients of TDF-
switched group and non-TDF-containing groups. Compared to patients of the non-TDF
group, those of the TDF-switched group were significantly more likely to develop renal
dysfunction (p = 0.023, Log-rank test).
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Table 2
Risk factors for 25% decline in creatinine clearance estimated by uni- and multi-
variate analyses.

Univariate analysis Multivariate analysis

HR  95%CI P HR  95%CI P
value value
Age, per year 1.022 0.984-1.061 0.259
Women 1.484 0.832-2.646 0.181
Body weight 1.053 1.013-1.094 0.008 1.057 1.016-1.098 0.006

per 1 kg decrease
Serum creatinine 0.397 0.096-1.636 0.201

>1.1 mg/dl
CD4+ cell count 1.001 0.999-1.002 0.227
per cell/ul
HIV-RNA level 0.887 0.446—-1.764 0.733
per log
10 copies/ml
Proteinuria 0474 0.147-1.528 0.211
Glucosuria 5.372 1.301-22.176 0.020 5.202 1.245-21.738 0.024
HBVAgZ (+) 1.466 0.622—3.458 0.382
HCVAD (+) 0.949 0.521-1.728 0.864
Duration of 1.151 0.970-1.367 0.108
ART per year
Use of tenofovir 1.927 1.071-3.465 0.029 1.980 1.094-3.582 0.024
Use of ritonavir 2.024 0491-8349 0.329

boosted lopinavir
Use of cotrimoxazole 0.663 0.337—1.305 0.234
Prior AIDS 0.043 0.000-4.144 0.177
defining disease
Diabetes mellitus (+) 0.952 0.341-2.654 0.925

HR = hazard ratio; Cl = confidence interval; ART = antiretroviral therapy.

The mean serum creatinine was higher in the TDF-switched
group compared with the non-TDF group, and the difference in
the mean serum creatinine between the two groups increased from
0 mg/dl at baseline, to 0.4 mg/dl at 6 month, 0.5 mg/dl at 12 months
and 0.6 mg/dl at 18 months from the baseline.

4. Discussion

In this 18-month prospective study of a single-center cohort, we
evaluated the impact of TDF on renal function in Vietnamese HIV-
infected patients with low body weight of approximately 55 kg.
The Kaplan—Meier curve showed that the cumulative incidence of
renal dysfunction was significantly higher among the patients who
switched to TDF than among those who did not (p = 0.023). Cox
proportional hazards regression model identified the use of TDF,
low body weight and glucosuria as significant high risk factors for
renal dysfunction. In sub-analysis of the TDF-switched group, we
confirmed that the cumulative incidence of renal dysfunction was
significantly higher in patients with body weight <55 kg compared
to those weighing >55 kg.
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Fig. 2. Kaplan—Meier curve showing the time to renal dysfunction in patients of TDF-
switched group classified according to body weight. Compared to patients with body
weight >55 kg, those weighing <55 kg were significantly likely to develop renal
dysfunction (p = 0.040, Log-rank test).
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We reported previously that low body weight and TDF use were
factors significantly associated with chronic kidney disease in a
cross-sectional study of this cohort in Hanoi | 12]. The present study
confirmed that TDF exposure and low body weight bear a causative
relationship to renal dysfunction. We also reported low body
weight (<59 kg) as a risk factor for renal dysfunction in Japanese
patients treated with TDF [ 10}, whereas high body weight of >67 kg
was not the risk, similar to the body weight of the patients reported
by Cooper et al. {8]. In light of the fact that the average body weight
of the patients in this cohort was 55 kg, which is around 30 kg
lighter than that of average American males (88 kg) (URL:hittp://
www.cde.gov/nchs/data/nhsr/nhsr010.pdf), the impact of these
risk factors on renal function remain unknown in patients with low
body weight in the long-run, thus, observational studies will need
to be continued for a longer term.

In addition to low body weight, the presence of glucosuria at
baseline was identified as a risk factor for renal dysfunction. This
result is consistent with the most recent WHO guidelines which
suggest urinary glucose as one of the cost-effective screening test
for serious TDF-induced kidney injury (URL: http://apps.who.int/
iris/bitstream/10665/85321/1/9789241505727 _eng.pdf). Since the
number of patients with glucosuria was small in this study (about
1% of total population), and glucosuria was not followed until the
end of the observation period, further evaluation of this factor is
necessary.

Other risk factors for renal dysfunction described in previous
studies, such as cotrimoxazole, LPV/r, hepatitis C virus co-infection
and diabetes mellitus [ 13--16] were not identified as risk factors in
this study. This discrepancy could be explained by the fact that
patients who could be affected by these factors were already
excluded according to the study design, which excluded patients
with renal dysfunction. With regard to the use of LPV/r, which is
known as a risk for renal dysfunction 14,17}, especially in cases of
co-use with TDF, a number of patients with LPV/r were excluded
from the study since most of the patients with LPV/r were co-
treated with TDF at baseline. Thus, the impact of co-use of LPV/r
and TDF on renal function could be underestimated in this study.
Given that LPV/r is used as a salvage regimen and often adminis-
tered with TDF in Vietnam, long-term monitoring of renal function
is required in patients treated with both LPV/r and TDF.

The present study has several limitations. First, data on hyper-
tension, which is a risk factor for renal dysfunction, were not
available in this study. Although the average age of patients in this
study was around 36 years and the prevalence of hypertension may
not high, measurement of blood pressure could lead to better
management of renal dysfunction and hypertension should be
evaluated for potential risk. Regarding diabetes mellitus as well, the
degree of diabetes mellitus was not checked in detail. However,
severe patients such as insulin dependence were not in this study,
thus, the lack of data could be limited. Second, the observation
period of 18 months is relatively short to evaluate long-term
adverse event for renal function as mentioned above. Some
studies advocated stabilization of decline in eGFR later after the
first 6 months of TDF exposure | 18] and reversibility of eGFR decline
after cessation of TDF therapy |19}, while several studies argued
incomplete reversibility of eGFR decline following TDF exposure
[20~221. In this study, most of the patients who developed the
decline in Crcl continued the same ART regimen because of their
moderate and/or stabilized renal dysfunction. However, the
observational period of the present study is relatively short
compared to other studies, thus, whether or not the stabilization
and reversibility will be observed in this cohort of averagely small
body weight should be evaluated in the longer period.

Third, the timing of switch to TDF and total duration of ART were
not unified in the present study, since the study was an

observational cohort in which patients were already on ART at
enrollment. The reasons for switch to TDF were mainly related to
adverse events caused by d4T and AZT or treatment for HBV
infection, thus the timing of switch to TDF was not strictly
controlled. However, more than 70% and 90% of the patients were
switched to TDF within 3 and 6 months from baseline, respectively,
thus influence of this limitation on the result of this study could be
restricted.

Despite concern on nephrotoxicity, TDF remains an important
drug with enough anti-HIV potency and less mitochondrial toxicity
among NRTIs. In order to use it safely in the long term, serum
creatinine should be monitored in patients with aforementioned
risk factors even in resource-limited situations. Further longitudi-
nal studies are required to determine the impact of TDF, low body
weight and glucosuria on renal function in Vietnamese and other
Asian people with low body weight.
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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

Takeshi Nishijima®®, Yohei Kawasaki¢, Noriko Tanaka¢,
Daisuke Mizushima®®, Takahiro Aoki?, Koji Watanabe®, Ei Kinai®,
Haruhito Honda®, Hirohisa Yazaki®, Junko Tanuma?®,
Kunihisa Tsukada®, Katsuji Teruya®, Yoshimi Kikuchi?,
Hiroyuki Gatanaga™” and Shinichi Oka™"

Obijectives: 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-1-infected patients. The
effectof 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 T0ml/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 1.73m?, 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.
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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, TDE 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 1s 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 TDFE
nephrotoxicity [16,17], the TDF-related renal dystunc-
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
NRTT is not known to be nephrotoxic and is not renally
eliminated [21] and because the Japanese guidelines for
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the treatment of HIV-1 infection placed both TDF and
ABC as the preferred NRTIs 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 (INSTTI), and two NRTIs) at our
clinic between 1 January 2004 and 31 December 2011.
Furthermore, the following exclusion criteria were
applied: start of ART at othel fac1ht1es 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.lww.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 NRTIs
during the study period in the Japanese guidelines [22].
The attending physician also selected the key drug
(NNRTI, PI, or INSTI). 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 4phrolovy (]SN)
eGFR =194 X [serum creatinine| x [age] "% x
[0.739 if woman] [23]. This equamon 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 i n 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 eGFR 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, P1/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
(a Japanese coefficient) X 141 X min(SCr/k, 1)% x
max(SCr/k, 1)71%%? % 0.993%8 % 1.018 (if female),
where SCr is serum creatinine, K 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% ClIs) 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
Agea 36 (31-43) 36 (31-43) 36 (31-44) 0.23
Weight kg2 63 (57.8-70.4) 62.9 (57.2-69.8) 63.8 (58.0~71.4) 0.25
BMI (kg/ 22 (20.1-24.1) 21.9 (20.1-23.8) 22.2 (20.3-24.6) 0.23
eGFR (ml/mm per 1.73 m?)? 95.7 (84~110) 96.5 (84.7-111.5) 95.4 (83.7-108.6) 0.32
Serum creatinine (mg/dl)? 0.74 (0.66-0.82) 0.73 (0.66-0.82) 0.74 (0.67-0.83) 0.27
CD4* cell count (uh? 189 (78-266) 199 (85-281) 183 (73-241) 0.002
HIV RNA viral load (logm/ml)a 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 (%) 91 5(T) 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) 5(1) <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, http://links.lww.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,
63 kg (mterquamle range [IQR] 57.8-70.4kg), median
BMI 22. Okg/m (IQR 20.1-24.1)]. There was no
difference in baseline eGFR between the two groups
(P=0.32). More than 80% of the patients of the two
groups used PI/r. Patients of the TDF group had higher
CD4 " cell count (P=0.002) and were less likely to have
hypertension (P=0.001), diabetes mellitus (P=0.021),
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), 904—1890 days] than in the TDF group [median,
1164 days, IQR, 802—1705 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
basehne 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
1ncreased the risk of hlgher 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
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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=0.002) (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
maromally 1ncreased the risk of higher than 10 ml/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 eftect 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. 8ml/rnmpel 1.73m" at 1 year of TDF to —23.7 ml/
min per 1.73m? at 5 years of TDF exposure, and in the
control, from —8.0ml/ 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-
contalmng antiretroviral therapy over control on >10mi/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 1.73 m?
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
CD4™ cell count per 1/pl 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/mm per 1.73m?, at 3 years —5. SmI/mm per
1.73m°, at 4 years —6.6ml/min pet 1.73m?, and at
5 yea1s —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 TDFE 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% Cl 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/ul increment
Hypertension 1.5 0.96-2.49 0.074
Dyslipidemia 0.7 0.13-3.69 0.67
Diabetes mellitus 1.8 0.77-4.30 0.17

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/mm per 1.73m” at
1 year to 15.0ml/min per 1.73 m? at 5 years of TDF
exposure, and in the control, from —4. 1ml/ min per
1.73m” at 1 year to —8.3 ml/min per 1.73 m” 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 1.73 m?, respectively, which indicated
that the loss in eGFR relative 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
10 ml/min per 1.73 m” 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
relative 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 —10.3ml/min per 1.73m” 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-containing 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 mi/min per 1.73 m% multivariate
logistic regression analysis.

Adjusted OR 95% Cl P
TDF use over control 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 1 kg 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
CD4™" cell count per 1.0 1.00-1.00 0.94
1/ul increment
Hypertension 19 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 60 kg in west India [36], median 56.5 kg 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
NRTIs (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 T 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 79-82kg [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
TDPF 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 P1/1s 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

e¢GFR 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 antiretrovirat 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 ABCBI, NR1I12, 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 haematurig; (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=15.8; 95% (I, 1.56-21.3; P=0.009) and genotype G/G or G/Cversus 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

© The Author 2014. Published by Oxford University Press on behalf of the British Society for Antimicrobial Chemotherapy. All rights reserved.
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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 CYP3A5, 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.'?=?? 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 involved 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; (i) 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 (iii) 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.*>?*~?’ 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.'*'®2%:23:29-32 The g|lele
frequency data for the Japanese were obtained from the Japanese SNP
(JSNP) database.®® The 19 selected SNPs were: (i) ABCBI (encodes
P-glycoprotein) 2677T—A/G (A:Ser893Thr, G:Ser893Ala; rs2032582);
1236T—C (Gly412Gly; rs1128503); 3435C—T (Ile11451le; 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); (i) UGTIAL 211G—A
(Gly71Arg; rs4148323); c.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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repeats, A {TA);TAA (UGT1A1*28), which is known to be less transcriptionally
active than the common promoter with six TA repeats (UGT1A1*1),%* 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%% 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 x2 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 D'. 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 genotypes and allele fre-
quencies at the ABCB1, NR1I12, UGT1A1 (including UGTIA1*28),
SLCO1B1 and CYP3AS5 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 ¢.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 (' >0.9). Figure 1

Total patients Patients with nephrolithiasis (n=31) No nephrolithiasis (n=47) P value
Male, n (%) 1(91) 9 (94) 2 (89) 0.70
Age (years), median (IQR) 0 (35-47) 9 (35-45) 0 (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/m?), 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
CD4 cell count (cells/mm?), median (IQR) 230 (187-302) 232 (194-356) 229 (187-290) 0.63
HIV-1 load (logio/mL), 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) 9 (4.9-6.7) 0.15
History of nephrolithiasis, n (%) 6 (8) 4 (13) 2 (4) 0.21
Hypertension, n (%) 9 (12) 3(10) 6(13) 1.00
Diabetes mellitus, n (%) 3 (4) 1(3) 2 (4) 1.00
Hepatitis C infection, n (%) 6 (8) 5(16) 1(2) 0.034
Hepatitis B infection, n (%) 2 (3) 1(3) 1(2) 1.00
Treatment-naive, n (%) 50 (64) 18 (58) 32 (68) 0.47
Co-administration of TDF, n (%) 26 (33) 9 (29) 17 (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- <0.001
TDF, tenofovir disoproxil fumarate.
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Table 2. Genotype/allele frequencies for ABCB1, NR1I2, UGT1A1, SLCO1BI and CYP3AS5 in patients with and without nephrolithiasis

Genotype frequency Allele frequency
nephrolithiasis ~ no nephrolithiasis nephrolithiasis ~ no nephrolithiasis
Amino acid (n=31) (n=47) Pvalue® (n=31) (n=47) P value®
ABCB1 (P-glycoprotein) ABCB1 (P-glycoprotein)

193 A—G, rs3842 193 A—G, rs3842
AIA 16 (52) 27 (57) A 46 (74 68 (72 0.81
AIG 14 (45) 14 (30) 0.24 G 16 (26) 26 (28
G/G 1(3) 6(13)

365 T—C, 153213619 365 T—C, rs3213619
T 28 (90 37 (79 T 59 (95) 84 (89) 0.33
TIC 3 (10 10 (21 0.23 C 3(5) 10 (11)
c/C 0

1236 T—C, rs1128503 Gly412Gly 1236 T—C, rs1128503
T 7 (23) 15 (32) T 33 (53 52 (55 0.80
TiIC 19 (61) 22 (47) 0.48 C 29 (47 42 (45)
cic 5(16 10 (21)

2677 T—AJG, rs2032582 A:Ser893Thr 2677T->AlG, rs2032582
T G:Ser893Ala 5 (16) 5(11) T 26 (42) 30 (32)
T/IA 6 (19) 5(11) A 14 (23) 17 (18) 0.20
G/G 3(10) 10 (21) 0.45 G 22 (35) 47 (50)
GIT 10 (32) 15 (32)
G/A 6 (19) 12 (26)
AIA 1(3) 0

3435 C—T, 151045642 lle1145lle 3435 C—T, rs1045642
c/c 10 (32) 22 (47) C 36 (58 65 (69 0.16
ciT 16 (52) 21 (45) 0.35 T 26 (42 29 (31
T 5 (16) 4(9)

NR1I2 (PXR) NR1I2 (PXR)

131 A—C, 151523127 131 A—C, rs1523127
c/ic 1(3) 6 (13) C 20 (32 35 (37 0.53
C/A 18 (58) 23 (49) 0.38 A 42 (68 59 (63
AIA 12 (39) 18 (38)

370 G—A, 153732359 370 G—A, rs3732359
G/G 8 (26) 16 (34) G 35 (56) 53 (56 1.00
G/A 19 (61) 21 (45) 0.37 A 27 (44) 41 (44
AIA 4 (13 10 (21)

522 C—T,rs3732360 522 C—T,rs3732360
c/C 8 (26 15 (32) @ 35 (56) 53 (56) 1.00
I 19 (61) 23 (49) 0.60 T 27 (44) 41 (44)
T 4 (13) 9(19)

1195 A—C, rs3814057 1195 A—C, rs3814057
AJA 4(13 11 (23) A 27 (44 44 (47 0.69
A/IC 19 (61 22 (47) 0.39 C 35 (56 50 (53
c/c 8 (26) 14 (30)
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1232 T—C, rs3814058
T
T/IC
c/c

44477 T—C, rs1523130
/T
T/C
c/c

63396 T—C, rs2472677
T
T/C
c/c

UGT1A1

*28b
*1/%1
*1/28
*28/*28

211 G—A, rs4148323 Gly71Arg
G/G
G/A
A/A

€.211 T—C, rs10929303
T
T/C
c/cC

339 G—C, rs1042640
G/G
G/C
c/C

440 G—C, rs8330
G/G
G/IC
¢C

SLCO1B1

388 A—G, rs2306283 Asn130Asp

A/A
AlG
G/G

521 T—=(, rs4149056 Vall74Ala

7
T/C
c/c

CYP3A5
14 T—C, rs15524

T

T/C

c/C

0.37

0.38

0.38

0.50

0.61

0.025

0.007

0.007

0.83

0.34

0.50

1232 T-C, rs3814058
T
C

44477 T—C, rs1523130
T
C

63396 T—C, rs2472677
T
C

UGT1Al
*28b
*1
*28

211 G—A, rs4148323
G
A

€211 T—C, rs10929303
T
C

339 G—C, rs1042640
G
C

440 G—C, rs8330
G
C

SLCO1B1
388 A—G, rs2306283
A
G

521 T—C, rs4149056
T
C

CYP3A5
14 T—C, rs15524
T
C

1.00

0.48

0.98

0.21

0.85

0.033

0.012

0.006

0.54

0.71

0.70

By Fisher’s exact test.

b+1, reference sequence A(TA)gTAA; *28, A(TA);TAA.
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Figure 1. Pairwise linkage disequilibrium analysis of UGTIAT and surrounding SNPs. (a) Pairwise linkage disequilibrium analysis of UGT1A1 and
surrounding SNPs using HapMap Japanese samples. SNP ¢.211 (rs10929303) of the UGT1A-3'-UTR is in tight linkage disequilibrium with the gene
next to UGTIAT (HEATR7BI). Two SNPs at 339 (rs1042640) and 440 (rs8330) of the UGT1A-3’-UTR are not shown in (a), but they are located close to
€.211, as shown in (b) and (c). Pairwise linkage disequilibrium analysis of the three risk SNPs in the UGT1A-3’-UTR in (b) 31 cases (patients with
atazanavir-induced nephrolithiasis) and (c) 47 controls. The difference between (b) and (c) suggests that the number of risk haplotypes is greater in
case patients than in control patients. Estimates of D’ for SNPs are shown as numbers in the Argyle box. Dark red shading indicates strong linkage
disequilibrium (D >0.9). Light blue shading indicates high D’ values (>0.99) with low statistical significance [LOD (log of the odds) <2].
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shows the results of pairwise linkage disequilibrium analysis of
UGT1A1 and SNPs around them derived from HapMap data for
the Japanese. On the other hand, there was no difference in the dis-
tribution of 16 other SNPs in ABCB1, NR112, SLCO1B1 and CYP3A5
between cases and controls. The distribution of UGT1A1*28 was
also not different.

Association of genotypes with atazanavir-induced
nephrolithiasis

Univariate analysis showed a significant association between
atazanavir-induced nephrolithiasis and genotype T/C versus C/C
at ¢.211 (OR=3.8; 95% (I, 1.22-11.6; P=0.022), genotype G/C
versus C/C at position 339 (OR=5.9; 95% CI, 1.68-20.9;
P=0.006) and genotype G/G or G/C versus C/C at 440 (OR=5.9;
95% (I, 1.68-20.9; P=0.006) of the UGT1A-3’-UTR (Table 3). No
other SNPs, including UGT1A1*28, showed any association with
nephrolithiasis. Furthermore, basic demographics and established
risk factors for nephrolithiasis were not associated with nephro-
lithiasis, except for infection with hepatitis C virus, which was
marginally associated with nephrolithiasis (OR=8.8; 95% CI,
0.98-79.9; P=0.052).

Multivariate analysis adjusted for sex, age and hepatitis C
infection identified genotype T/C versus C/C at position c.211
(adjusted OR=3.7; 95% (I, 1.13-11.9; P=0.030), genotype G/C
versus C/C at 339 (adjusted OR=5.8; 95% (I, 1.56-21.3;
P=0.009) and genotype G/G or G/C versus C/C at 440 (adjusted
OR=5.8; 95% CI, 1.56-21.3; P=0.009) of the UGT1A-3’-UTR as
independent risk factors for nephrolithiasis (Table 4).

Discussion

To our knowledge, this is the first study that has elucidated
the association between genetic polymorphisms in the
genes encoding proteins that affect atazanavir exposure and
atazanavir-induced nephrolithiasis. The results demonstrated
that Japanese HIV-1-infected patients who developed atazanavir-
induced nephrolithiasis were ~5-fold more likely to have variants
in the UGT1A-3'-UTR, compared with those without nephrolithia-
sis, who were well-matched for other traditional risk factors for
nephrolithiasis. These findings suggest a link between genetic fac-
tors and nephrolithiasis, a major adverse event of atazanavir that
can significantly affect renal function. On the other hand, the
results showed no association between variants in ABCB1 and
SLCO1B1, the genes that encode drug transporter protein for
atazanavir, CYP3A5, the main metabolizer of atazanavir, and
NR112, which encodes PXR to regulate the expression of metabo-
lizers and transporters of atazanavir, and atazanavir-induced
nephrolithiasis.

This study enrolled only Japanese patients in order to examine a
population with comparatively similar genetic backgrounds. It is
possible that the association of UGT1A-3’-UTR variants with
atazanavir-induced nephrolithiasis could be more significant in
people of African or European origin than Japanese or East
Asians, considering that the allele frequencies of these variants
are higher in these populations according to the HapMap data
[e.g. minor allele frequency at position 440 (rs8330): Africans
50%, Europeans 23.3%, Japanese 15.9%, Chinese 15.6%] (www.
hapmap.org). Similar studies are needed in these populations to

Table 3. Univariate analysis to estimate the association of various factors
with atazanavir-induced nephrolithiasis

OR 95% CI P value

Male 1.7 031-951 0.53
Age per year 1.0 093-1.03 0.39
Weight per 1 kg increment 1.0 095-1.03 0.60
BMI per 1 kg/m? increment 1.0 0.83-1.11 0.58
(D4 count per 1 cell/mm? increment 1.0 1.00-1.00 0.63
Baseline eGFR per 1 mL/min/1.73 m? 1.0 098-1.03 0.80

decrement
HIV-1 viral load per 1 logo/mL increment 0.9  0.62-1.34 0.64
Hepatitis C infection 8.8 0.98-79.9 0.052
Hepatitis B infection 1.5 0.09-255 0.77
Treatment naive 0.7 0.25-1.66 0.37
History of nephrolithiasis 33 057-194 018
Uric acid per 1 mg/dL increment 1.2 093-156 0.16
Hypertension 0.7 0.17-3.17 0.68
Diabetes mellitus 0.8 0.07-864 0.82
Co-administration of tenofovir 0.7 027-192 051
History of indinavir use 1.6 0.30-834 0.60
ABCB1

193 A/A versus A/G or G/G 0.8 0.32-197 061

365 T/T versus T/C or C/C 25 0.63-100 019

1236 C/Cversus C/Tor T/T 0.7 0.22-2.33 0.57

2677 T/Tversus T/Aor G/Gor G/Tor G/A 1.6  0.43-6.12  0.48

or A/A

3435 T/T versus T/C or C/C 21 051-840 031
NR1I2

131 A/Aversus A/C or C/C 1.0 0.40-258  0.97

370 G/G versus G/A or AJA 0.7 0.25-1.84  0.44

522 C/Cversus C/Tor T/T 0.7 0.27-204 056

1195 C/Cversus C/A or A/A 0.7 030-227 070

1232 C/Cversus C/Tor T/T 0.7 0.25-1.84 044

44477 C/Cversus C/Tor T/T 1.1 0.42-267 0.89

63396 C/Cversus C/Tor T/T 2.2 045-105 033
UGT1A1

211 G/G versus G/A or AJA 0.9 0.35-2.29 0.82

¢.211 T/C versus C/C 3.8 1.22-11.6 0.022

339 G/C versus C/C 59 1.68-209 0.006

440 G/G or G/C versus C/C 59 1.68-209  0.006

UGT1A1 *28/*28 or *28/*1 versus *1/*1 2.2 0.45-10.5  0.33
SLco1B1

388 G/G versus G/A or A/A 1.6 0.30-834 0.60

521 T/T versus T/Cor C/C 09 0.36-2.43 0.90
CYP3AS

14 T/T versus T/Cor C/C 09 0.38-233 0.89

confirm that the association between UGT1A-3-UTR variants and
atazanavir-induced nephrolithiasis is reproducible.

The mechanism by which SNPs in the UGT1A-3/-UTR are asso-
ciated with the development of nephrolithiasis in patients on an
atazanavir-containing regimen is unknown. However, Court
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Table 4. Multivariate analysis to estimate the association of SNPs of the
UGT1A-3'-UTR with atazanavir-induced nephrolithiasis

Adjusted P
UGT1A-3"-UTR OR 95% CI value
Genotype T/Cversus C/C at 3.7 1.13-119 0.030
position c.211
Genotype G/C versus C/C at 5.8 1.56-21.3  0.009
position 339
Genotype G/G or G/C versus 5.8 1.56-21.3  0.009

C/C at position 440

Each SNP was tested in the model separately.
Each variable was adjusted for sex, age and hepatitis C infection.

et al.’? reported that these SNPs are associated with inter-
individual variability in acetaminophen (paracetamol) glucuroni-
dation in the human liver, and provide protection against acute
liver failure by acetaminophen overdose, probably through more
extensive detoxification of acetaminophen via glucuronidation.
Because the biotransformation pathways of atazanavir or its
metabolites also include glucuronidation,'? the UGT1A-3'-UTR
variants could alter atazanavir metabolism and pharmacokinet-
ics, resulting in increased atazanavir concentration in the blood
and increased excretion in urine, facilitating nephrolithiasis forma-
tion. Unfortunately, serum and urine concentrations of atazanavir
were not measured in the present study. It is also notable that the
UGT1 subfamily has a unique gene structure; the UGT1 gene has
13 exon 1s from UGT1A1 to UGTIA13P, and exons 2-5, which
are common in all MRNAs expressed from the gene.’® The
UGT1A-3-UTR is located in exon 5, which is commonly present
in the UGT1 subfamily (Figure 1), and thus the variants in the
UGT1A-3’-UTR might influence not only UGT1A1 but also other
UGT1 isoforms that take part in glucuronidation of various sub-
strates,”® and they might affect atazanavir metabolism and
pharmacokinetics as well. Figure 1 also shows that the identified
SNPsin the UGT1 3’-UTR are in tight linkage disequilibrium with the
gene next to them (HEATR7B1), suggesting that the latter could
also affect atazanavir metabolism/transportation. To our knowl-
edge, however, there is no information on the role of HEATR7B1
in drug metabolism/transportation, and the above conjecture
remains to be investigated.

In this study, the median serum total bilirubin level in the case
patients was higher than that in the control group. Rockwood
et al.? reported a close relationship between hyperbilirubinaemia
and the development of atazanavir-induced renal stones.
However, no such relationship was found in our previous cohort
study.® In two pharmacokinetics studies, Rodriguez-Novoa
et al.?%*° reported that serum bilirubin level correlated with
plasma atazanavir concentration, and one can speculate that
high bilirubin levels might reflect higher atazanavir concentra-
tions, which result in precipitation of atazanavir in urine and
renal stone formation. However, these results are still preliminary
and further studies are needed to determine the true relation-
ship between serum bilirubin level and atazanavir-related
nephrolithiasis.

Several limitations of this study need to be acknowledged. First,
and importantly, although this study identified association

between the UGT1A-3'-UTR variants and atazanavir-induced
nephrolithiasis, the number of enrolled patients was small in
this case-control study; the results need to be interpreted with
caution. The results could provide the basis for an exploratory
hypothesis and further larger studies are needed to confirm
such an association. Second, not all polymorphisms in genes of
the targeted proteins were examined. Thus, we might have
missed other important SNPs associated with or affecting the
metabolism or transportation of atazanavir. There might be
other, unknown proteins that take part in the metabolism or
transportation of atazanavir that also contribute to susceptibility
to atazanavir-induced nephrolithiasis. Third, because renal stone
formation occurs as a composite of various factors and the com-
ponents of nephrolithiasis were not analysed in the study, it is dif-
ficult to exclude the effects of classic risk factors for renal stone
formation, apart from the genetic factors identified in the present
study. However, the two study samples were well matched in
terms of risk factors, such as BMI, serum uric acid and history of
indinavir use.”*%4~2% Furthermore, the susceptibility to nephro-
lithiasis in patients on an atazanavir/ritonavir-containing regimen
is well established; the incidence of nephrolithiasis is 10- to
20-fold higher in patients on atazanavir/ritonavir-containing ART
than in patients on other protease inhibitor-containing ART
regimens.®’ Fourth, because functional data are not yet available,
clinical or biochemical studies to confirm the results obtained here
are certainly needed. We did not measure atazanavir concentration
in blood or urine.

In conclusion, in a setting where other predisposing factors for
nephrolithiasis were well matched, the present study demon-
strates that the Japanese HIV-1-infected patients who developed
atazanavir-induced nephrolithiasis were ~5-fold more likely to
have variants in the UGT1A-3/-UTR compared with those without
nephrolithiasis. Further studies are warranted to confirm this
association and to elucidate how these SNPs might influence
the metabolism and excretion of atazanavir and the formation
of nephrolithiasis.
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