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Fig. 5. CD8* T cell responses to clade B-drived epitope peptides in HIV-1 clade A/E-infected Japanese individuals CD8* T cell responses to 15 clade B-derived
epitope peptides were analyzed by performing ELISPOT assay using CD8* T cells from seven clade A/E-infected individuals (KI-388, KI-632, KI-648, KI-659,

KI-724, KI-837, and KI-964). >200 spots were evaluated as positive response.

and presented in cells infected with these viruses. On the
other hand, CD8% bulk T cells induced by Pol FR9 recog-
nized the clade B virus-infected cells but failed to recognize
the clade A/E virus-infected cells (Fig. 4B). This finding is
consistent with the low ability of these cells to recognize the
clade A/E peptide (Fig. 4A). In contrast, CD8" T cells
induced by Nef GL9 recognized the clade A/E virus-infected
cells but failed to recognize the clade B virus-infected cells
although these T cells could recognize GL9 peptide. This
result may be explained by the fact that the amino acid
sequence of the clade B consensus peptide is different than
that of the clade B clone, NL4-3(Ala and Val at position 1
and 3, respectively, in Nef GL9 region). Thus, CD8™ T cells
induced by 8 out of 10 clade B-derived epitope peptides
successfully recognized both the clade B virus-infected and
clade A/E-infected cells.

3.4. Detection of cross-clade CD8" T cell responses in
the clade A/E-infected Japanese individuals

To confirm CD8* T cell responses to the 15 epitopes
including Nef GL9, we analyzed CD8™ T cell responses to the
clade B-derived epitope peptides in clade A/E-infected in-
dividuals who had HLA alleles restricting these epitopes.
Positive CD8" T cell responses to these 15 clade B-derived
epitope peptides were detected in PBMCs from chronically
HIV-1 clade A/E-infected individuals (Fig. 5). These results
indicate that these cross-clade CTLs are elicited in these
individuals.

4. Discussion

Previous studies, which focused on known CTL epitopes
for the clade B or C viruses, showed the existence of cross-
clade CTLs in HIV-1l-infected individuals by demonstrating
that CTL clones established by using clade-matched peptides
from the clade B-infected or the clade C-infected individuals
recognize the cells infected with other clade viruses [13—17].
These studies also showed that conserved epitopes across the
clades are more likely recognized by the T cell clones and
suggested that conserved epitopes would be a more preferable
target for a widely effective CTL vaccine than variable ones.
In the present study, we for the first time performed a
comprehensive analysis of cross-clade CD8™ T cells by using
11-mer overlapping clade B-derived peptides to stimulate
CD8' T cells from HIV-1 clade A/E-infected individuals.
Interestingly, we found a similar level of CD8' T cell re-
sponses to clade B-derived Nef, Gag, and Pol peptides in the
clade A/E virus-infected individuals as compared to those to
the same peptides in clade B-infected individuals. These re-
sults strongly suggested the existence of a high number of
cross-clade CTLs in the clade A/E virus-infected individuals.
Indeed, we finally identified 15 cross-clade CTL epitopes from
only 13 out of 85 overlapping peptide cocktails. These results
strongly suggest that a large number of cross-clade CTLs were
elicited in the clade A/E virus-infected individuals.

CDS8™ T cells induced by Pol FRY recognized to a much
lesser extent the clade A/E-derived peptide (FR9-8S) than the
clade B-derived peptide and recognized cells infected with

T cells were induced from KI-837. A. Cross-recognition of HIV-1 clade B (open circle) and clade A/E (closed square) optimal epitope peptides of the consensus
sequence. These analyses were performed at peptide concentrations from 0.1 to 100 nM. B. Cross-recognition of cells infected with clade B or clade A/E virus.
IFN-vy production by CD8™* bulk T cells in response to HLA-positive cells prepulsed with clade B or clade A/E consensus optimal peptide and that in response to
HLA-negative cells infected with the virus and to uninfected HLA-positive cells were measured as positive and negative controls, respectively. All epitope se-
quences derived from the clade B or the clade A/E were identical to the sequences from clone virus (NL4-3 or 93JP-NH1) except for clade B Nef GL9 epitope
(GALDLSHFL). NL4-3 has Ala and Val at positions 1 and 3 of this epitope, respectively.
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clade B virus but not those infected with A/E viruses, sug-
gesting that PolFR9-8S was not an epitope. Indeed, the HLA-
A*33:03% individuals were infected with the clade A/E virus
carrying Pol FR9 sequence but not Pol FR9-8S one (data not
shown). The CD8™" T cells induced by Nef GL9 recognized
the clade A/E virus-infected cells, whereas they failed to
recognize the clade B-infected ones. These T cells could
recognize GL9 peptide, though they recognized more effec-
tively Nef GL9-3F-7F peptides than the Nef GL9 one.
However, CD8" T cells specific for both Nef GL9 and Nef
GL9-3F-7F were detected in 3 of 7 HLA-A*02:06" in-
dividuals (data not shown). These results suggest that Nef
GL9-3F-7F had been presented in the clade A/E-infected
individuals. Therefore, the failure of the T cells to recog-
nize cells infected with NL4-3 virus may have resulted from
a different amino acid sequence of this epitope between the
clade B consensus peptide and NL4-3 (Ala and Val at posi-
tion 1 and 3, respectively, in Nef GL9 region). CD8" bulk T
cells induced by 8 other diverse epitopes effectively recog-
nized both the clade B-infected and the clade A/E-infected
cells, suggesting that these diverse epitopes could be cross-
recognized by the T cells.

We previously reported that Phe at position 2 of Nef RF10
is an escape mutation in the clade B virus [48]. This escape
mutation was frequently found in the clade A/E virus, though
the consensus sequence was RF10-5C (RYPLCFGWCEF; Table
1). Since RF10 and RF10-5C were cross-recognized by the
CDS8" T cells induced by the RF10 peptide, these T cells
would be expected to select 2F mutants in the clade A/E-
infected individuals. These results indicate that RF10-5C
was an HLA-A*24:02-restricted epitope in the clade A/E-
infected individuals and that RF10-5C-specific CD8" T cells
could cross-recognize the RF10 epitope.

Since these epitopes were restricted by Asian HLA alleles,
vaccine targeting these epitopes can cover Asian countries
including south-east Asia and China where clade A/E and
clade B viruses are prevalent. An HLA-B*40:02-restricted Nef
epitope was known to be presented by world-wise HLA allele
HLA-B*40:01 [33]. In addition, a previous study showed that
Pol GL9-specific CD8' T cells were elicited in a vaccinated
individual carrying world-wise HLA allele, HLA-A*02:01
[42]. These studies together suggest that some of the HLA-
B*40:02-resticted and HLA-A*02:06-restricted epitopes
identified in this study may be CTL epitopes presented by
these world-wise HLA alleles. Thus, vaccine targeting the
cross-clade epitopes identified in this study may cover coun-
tries in Europe, and northern and southern Americas in addi-
tion to Asian countries.

In conclusion, we here performed the first comprehensive
study of cross-clade T cell responses and demonstrated that
CD8™ T cell responses to clade B-derived Nef, Gag, and Pol
peptides were successfully induced in the clade A/E virus-
infected individuals. We finally identified the 15 cross-
clade epitopes which include not only conserved epitopes
but also polymorphic epitopes across the different clades.
These epitopes can thus be candidate targets of CTL-based
vaccines.
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Introduction

Tlicit drug users, especially injection drug users (IDU), are at high
risk of infection with HIV-1 [1,2]. They are one of the “difficult to
reach” populations, especially with regard obtaining accurate
prevalence data [3]. In Japan, the prevalence of illicit drug use in
the general population is only 2.9% according to the 2009
Nationwide General Population Survey on Drug Use and Abuse
[4,5] (http://www.nenp.gojp/nimh/pdf/h21.pdf. in Japanese)
(http://www.mhlw.go.jp/bunya/iyakuhin/yakubuturanyou/
torikumi/dl/index-04.pdf. in Japanese). To our knowledge,
however, no study has examined the prevalence of illicit drug
use among patients with HIV-1 infection in Japan.

Among patients with HIV-1 infection, illicit drug use is
associated with lower antiretroviral therapy (ART) uptake and
inferior adherence [6-9], which leads to suboptimal treatment
outcome, compared with patients with other risk categories [10—
12]. The aim of the present study was to examine the prevalence
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of illicit drug use in patients with HIV-1 infection and its
association with characteristics of the patients in Japan, in order to
establish effective intervention strategies.

Methods

Ethics Statement

This study was approved by the Human Research Ethics
Committee of National Center for Global Health and Medicine,
Tokyo, Japan. The Committee waived a written informed consent,
because this study only used data of patients from routine clinical
practice. However, at our clinic each patient provided a written
informed consent for the clinical and laboratory data to be used
and published for research purposes [13]. We conducted this study
according to the principles expressed in the Declaration of
Helsinki.
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Study design

This study was designed and reported according to the
recommendations of Strengthening the Reporting of Observa-
tional studies in Epidemiology (STROBE) statement [14]. We
performed a single center cross-sectional study of patients with
HIV-1 infection to examine the prevalence ofillicit drug according
to patient characteristics including sexual orientation, primarily
focusing on men who have sex with men (MSM). Illicit drugs were
defined as legally prohibited substances in Japan; They included
amyl nitrite and 5-methoxy-diisopropyltryptamine, which became
prohibited by law in 2006 and 2005, respectively, in Japan [15].
This study was conducted at the AIDS Clinical Center, Tokyo.
Our facility is one of the largest clinics for HIV care in Japan with
more than 3,300 registered patients [13]. Considering that the
total reported number of patients with HIV-1 infection is 21,415
by the end of 2011, this clinic treats approximately 15% of the
HIV-1 infected patients in Japan (http://api-netjfap.or.jp/status/
2011/11nenpo/hyo_02.pdf. in Japanese).

Study Subjects

The study population comprised patients with HIV-1 infection,
aged >17 years, who visited our clinic for the first time from
January 1, 2005 to August 31, 2010. The following exclusion
criteria were applied; 1) those who visited the clinic for a second
opinion, 2) those referred to other facilities on their first or second
visit. These patients were excluded because the structured
interview on social demographics was often not conducted in
these patents, 3) patients infected through contaminated blood
products (e.g. hemophiliacs) and mother to child transmission, and
4) patients who refused to be included i the study.

Measurements

Variables were collected through a structured interview
conducted at the first visit as part of routine clinical practice by
the nurses specializing at the HIV outpatient care. The interview
by these “coordinator nurses” included the following variables:
history of illicit drug use and injection drug use (and their types if
available), perceived route of transmission, sexual orientation (men
were asked whether they have sex with men), history of gay
bathhouse use (if MSM), working status, and living status (alone or
with someone else) [16]. Because interviews could potentially
underestimate the prevalence of illicit drug use, we also searched
the medical records for information on illicit drug use and related
variables covering the period from the first visit to December
2012. Data of age, sex, ethnicity, current treatment status for HIV
infection, and history of AIDS (defined as history of or concurrent
23 AIDS-defining diseases set by the Japanese Ministry of Health,
Labour and Welfare) were obtained from the medical records
(http://www haart-support.jp/pdf/guideline2012.pdf in Japa-
nese). The laboratory data of CD4 cell count, HIV-1 viral load,
hepatitis C antibody on the first visit were also collected, and when
these tests were not conducted on that day, data within three
months from the first visit were used.

Statistical analysis

Patients’ characteristics and social demographics were com-
pared between MSM and non-MSM groups by the Student’s t-test
for continuous variables and by either the %? test or Fisher’s exact
test for categorical variables. Logistic regression analysis was used
to estimate the odds of association of MSM, relative to non-MSM,
with illicit drug use. The odds of association of each basic
demographics, baseline laboratory data, and other medical
conditions listed above was also estimated with univariate analysis.
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To estimate the odds of association of MSM over non-MSM
with illicit drug use, we conducted multivariate logistic regression
analysis adjusted by age and ethnicity. Age and ethnicity
(Japanese) were selected among four variables with p value
<<0.05 in univariate analysis, because age is a basic demographic
and the literature had reported that population/ethnicity can
affect the prevalence of illicit drug use [17]. The two variables;
“ART” and “history of AIDS” were not included because they
were not considered to be related to illicit drug use.

To estimate the odds of association of different age categories
with illicit drug use, we divided the group into three age
subgroups: =30, 31 to 40, and >40 years. Then, the above-
mentioned multivariate analysis was conducted for each subgroup.

Statistical significance was defined at two-sided p value of
<0.05. We used odds ratios (ORs) and 95% confidence intervals
(95% Cls) to estimate the odds of association of each variable with
illicit drug use. All statistical analyses were performed with The
Statistical Package for Social Sciences ver. 20.0 (SPSS, Chicago,
1L).

Results

During the study period, 1,366 patients with HIV-1 infection
visited the AIDS Clinical Center for the first time, and 170
patients were excluded from the analysis based on the above-
mentioned exclusion criteria (Figure 1). For the 1,196 patients
included in the study, the perceived route of transmission was
male-to-male sexual contact in 948 (79%), heterosexual contact in
173 (14%), IDU in 22 (2%), and unknown in 53 (4%). The
majority of the study patients were relatively young Japanese men
with a median age of 36 years. Most patients were ART-naive,
with a median CD4 count of 245/pl (Table 1).

Among the 1,196 patients, 415 (35%) had used or were illicit
drug users, and 53 (4%) were IDUs while 63 (5%) reported using
methamphetamine. With regard to social history, 27 (2%) had
been detained or arrested due to possession or use of illicit drugs
(Table 1). Among the illicit drugs used, amyl nitrite and 5-
methoxy-diisopropyltryptamine were the most commonly named
by the patients. 3,4-methylenedioxymethamphetamine, cannabis,
heroin, cocaine, and opium were also mentioned (numbers not
counted except for methamphetamine).

Of the 1,196 patients, 973 (81%) were MSM regardless of the
perceived route of transmission (e.g., if a patient considered to
have been nfected with HIV-1 through injection drug use and was
MSM, he was classified as MSM in Table 1). Compared with non-
MSM patients, MSM were significantly younger and more likely
to be Japanese. MSM patients were more likely to have
experienced illicit drugs [392 (40%)] than non-MSM [23 (10%),
p<<0.01], and have used methamphetamine [57 (6%) versus 6
(3%), p=0.07], and to have been arrested/detained due to illicit
drug use/possession [(26 (3%) versus 1 (0.4%), p = 0.04) (Table 1).
There was no difference in the percentage of IDUs among the
MSM and non-MSM groups [44 (5%) versus 9 (4%), p=0.73].
The CD4 count of MSM patients tended to be higher, and MSM
were less likely to present with AIDS than non-MSM, although
HIV viral load of MSM was significantly higher than that of non-
MSM. MSM were more likely to have a job and be living alone.
Further analysis showed that 47% of MSM patients used a gay
bathhouse, and among them, the prevalence of illicit drug use was
higher (49%) than all MSM (40%). The prevalence of illicit drug
use was even higher in MSM aged =30 years (52%).

Univariate analysis showed a significant relationship between
MSM and illicit drug use (OR=5.87; 95% CI, 3.74-9.20;
p<<0.01) (Table 2, Model 1). Furthermore, younger age, being

December 2013 | Volume 8 | Issue 12 | e81960

— 202 —



HIV-1 infected patients who visited The AIDS Clinical Center
for the first time between January 1, 2005 to August 31, 2010

n=1,366

lilicit Drug Use in HIV-1 Patients in Tokyo

Visit for a second opinion
Referred on the first/second visit

Infected with vertical transmission

Excluded n=170

Infected with contaminated products

n=142
n=16
n=11
n=1

Enrolled in the study n=1,186

Route of transmission:

Homosexual contact n=048
Heterosexual contact n=173
Intravenous drug use n=22
Unknown n=53

Figure 1. Patient enrollment.
doi:10.1371/journal.pone.0081960.g001
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Table 1. Baseline characteristics of total study patients, MSM, and non-MSM.
Total (n=1,196) MSM (n=973) Non-MSM (n=223) P value
Sex(male)n (%) 111483 o300 15263 <001
Age (years)! - 36 (29- 43) 35 (20-42) 38 31-47) <001
Hlstory of !lllat drug use,n (%) [ F ; 415 (35) ‘ ‘ 392 ('4‘(’))":; } “’23 (10) e
lnjectlon drug use, n (%) ' 53 (4) ' - 44(5) . 94
Methamphetamme use,n(%) o 63:(5) ‘ 57 ©. - : ,f,"e‘(’3)"" o
Arrested due to |]hc:t drugs, n (%) - ' 27 (2) - 26 (3) ' 1 {0.4)
S dhnan f"',yiNot apphcable ¢ ,461 (47)‘; : L
1058(89 %063 o
70 (6) ' 2 3) 4108
s 108
’ 26 ’(2) ‘ ’ ‘ 2 (0. 2) ’ 24 (1'[)
0 s
Casas 0 e Gen o
902(75) ‘ ’ ’763(7& - 139(63), ’ ‘
. 156 ol Yo s
R0 1105)
. 53044 75 (49) 5505
’ 245(101 379) 252(114 380) ‘207(56~379)
V-1 vira ~ . o 1520 643945200 4430326509
On ’ahtifetroviral therapy, n (%) ' . ‘ 120 (10) - / 85 '(9) 35 (16) N
meystAs g men s awes o mes
Posmve HCV antlbody, (%) ‘ - 38 (3) - 1'9’ (2)‘ ’19 (9)’ o
fmedian (interquartile range).
Data of *three, one, ifteen, %wo, and *four patients were not available (missing).
doi:10.1371/journal.pone.0081960.t001
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Japanese, on ART, and history of AIDS were associated with illicit
drug use. On the other hand, without a job, living alone, and
positive HCV antibody were not associated with illicit drug use.
Multivariate analysis identified MSM to be significantly associated
with illicit drug use after adjustment for age and Japanese (adjusted
OR =4.60; 95% CI, 2.88-7.36; p<<0.01) (Table 2, Model 2).

Subgroup analysis of the patients stratified by three age groups
(=30, 31 to 40, and >40) showed that the odds of association of
MSM with illicit drug use was the strongest in the youngest age
group (=30 years: adjusted OR=7.56; 95% CI, 2.86-20.0;
p<0.01), followed by the cldest (>>40 years: adjusted OR =6.15;
95% CI, 2.40-15.8; p<<0.01), and the weakest in the group aged
31 to 40 (adjusted OR=3.39; 95% CI, 1.73-6.63; p<<0.01)
(Table 3).

Discussion

The prevalence of illicit drug use among patients with HIV-1
infection in this large urban HIV clinic in Tokyo, which treats
approximately 15% of patients with HIV-1 infection in Japan, was
high at 35%. The prevalence was higher among HIV-1 infected
MSM (40%), especially among young MSM aged =30 years
(52%). Furthermore, HIV-1 infected MSM were more likely to use
methamphetamine and to be arrested due to illicit drugs,
compared with non-MSM. It should be emphasized that these
numbers are likely to be underreported, since some patients would
not admit illicit drug use to the interviewers on their first visit.

To our knowledge, this is the first study on the prevalence of
illicit drug use among patients with HIV-1 infection in Japan.
Although the prevalence of illicit drug use is considered extremely
low among the general population in Japan with lifetime
prevalence of 2.9% in 2009, high prevalence of illicit drug use
in patients with HIV-1 infection, especially among HIV-1 infected
MSM, was demonstrated [4,5] (http://www.ncnp.go.jp/nimh/
pdf/h21.pdf. in Japanese) (http://www.mhlw.go.jp/bunya/
iyakuhin/yakubuturanyou/torikumi/dl/index-04.pdf. in Japa-
nese). The prevalence of methamphetamine use and incarceration
due to illicit drug was also high, suggesting a substantial impact of
licit drugs, not only on the well-being of this population in terms
of both medical and social perspectives, but also on public health
perspectives [11,12].

In Japan, the number of illicit drug users arrested in 2010 was
14,965. Among these, 12,200 used methamphetamine, followed
by cannabis (2,367), while only several hundred at most used other
drugs (http://www.mhlw.go.jp/bunya/iyakuhin/yakubuturanyou/
torikumi/dl/index-01.pdf in Japanese). Of note, the number of
arrestees due to other injectable drugs, such as heroin and
cocaine, was small (22 and 112, respectively). Thus, most
injection drug users in Japan are methamphetamine users.
Majority of the padents identified as IDU in this study were
considered to be methamphetamine users as well.

Illicit Drug Use in HIV-1 Patients in Tokyo

Table 3. Results of multivariate analysis of the association of
MSM over non-MSM for illicit drug use according to age.

Adjusted OR  95% ClI P value

MSM vs. non-MSM 7.56

2.86-20.0 <0.01

MSM vs. non-MSM 1.73-6.63 85 <0.01

240-158  <0.01

MSM vs. non-MS|

MSM was adjusted with the same variables as Model 2, Table 2.
MSM: men who have sex with men.
doi:10.1371/journal.pone.0081960.t003

By the end of 2011, of 19,976 patients (excluding those infected
with contaminated blood products) reported to be infected with
HIV-1, 108 (0.5%) were reported to be infected through injection
drug use according to the surveillance conducted by the AIDS
Surveillance Committee of the Japanese Ministry of Health,
Labour and Welfare (http://api-netjfap.or.jp/status/2011/
11nenpo/hyo_02.pdf in Japanese). The prevalence of IDUs in
this study is substantially higher; 53 (4%) of the 1,196 were IDUs,
suggesting a considerable underreporting of IDU in the surveil-
lance data. It is well known that for IDUs, prognosis is much worse
than non-injecting drug users, as one multicenter study conducted
in Europe and North America reported that IDUs experienced
approximately five times higher mortality rates than patients
infected through sexual intercourse [18]. Although the prevalence
of IDUs among patients with HIV-1 infection in Japan is still
much lower than that in neighboring countries, such as Taiwan
(27.6%) and China (24.3%), there is an urgent need to develop
effective prevention programs for HIV-1 infected illicit drug
users [19] (http:/ /www.unaids.org.cn/download/2009%20China%
20Estimation%20R eport-En.pdf) (http://www.cdc.gov.tw/english/
list.aspx?treeid = 00ED75D6C887BB27&nowtreeid = 334C2073091
C8677).

Although the prognosis of injection drug users is reported to be
worse than that of non-injection drug users [20], this study
primarily focused on illicit drug use as a whole, rather than
injection drug use. This is because only a few studies focused on
illicit drug use among HIV-1 infected patients, although a large
number of studies focused on injection drugs [21-25]. Hlicit drug
use in patients with HIV-1 infection is an important issue, because
not only illicit drug use lead to inferior treatment outcome
compared with non users [10-12], but also non injection drug
users are prone to practice high risk sexual behaviors, which might
lead to transmission of HIV and other infectious diseases [8,26].
Studies from the US reported that especially MSM who use illicit

Table 2. Results of multivariate analysis of the association of MSM over non-MSM for illicit drug use.

Model 1 Crude n=1,196

Model 2 Adjusted n=1,196

Men who have sex with men? 5.87
Ageperiyear'

Japanese’

3.74-9.20

Tp<0.05.
doi:10.1371/journal.pone.0081960.t002
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drugs are at high risk for HIV and sexual transmitted infections
due to close associations between risky sexual behaviors and illicit
drug use [27,28] Furthermore, illicit drug use, especially opioid
use, can be a trajectory into injection drug use [29,30].

Several limitations need to be acknowledged. First, due to the
nature of single-center study, this is a convenience sample and the
results of this study do not necessarily represent the prevalence
of illicit drug use in all patients with HIV-1 infection in Japan.
However, as mentioned above, our clinic treats approximately
15% of the total HIV patients in Japan, and furthermore,
most HIV-1 infected patients reside in urban areas such as
Tokyo metropolitan area (http://api-net.jfap.or.jp/status/2011/
l1nenpo/hyo_02.pdf in Japanese). Thus, the discrepancy in the
prevalence of illicit drug use between the study patients and all
HIV patients in Japan should not be too large. Second, the
structured interview method to collect data cannot avoid
underreporting of illicit drug usage. Thus, the prevalence of illicit
drug use in this population is very likely to be higher than what is
reported here. However, underreporting to a certain degree is
unavoidable with regard to issues such as illicit drug use [3].

In conclusion, the prevalence of illicit drug use in patients with
HIV-1 infection in this large HIV clinic in Tokyo was high at
35%, and was higher in HIV-1 infected MSM (40%). Despite the
low prevalence of IDUs (0.5%) among HIV-infected patients
reported by the AIDS Surveillance Committee, 5% of patients in
this study were IDUs. All relevant parties to the issue of illicit drug
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use in patients with HIV-1 infection need to recognize that illicit
drug use is a huge burden in care and well-being of this population
even in Japan, a country with very low prevalence of illicit drug
use in the general population. Appropriate measures for preven-
tion and intervention of illicit drug use are urgently needed to
ensure proper treatment and prevention of spread of HIV
infection.
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Introduction

Advances in antiretroviral therapy (ART) had turned HIV/
AIDS into a chronicOdisease [1-5]. As a consequence of living
longer, chronic kidney disease (CKD) has become an important
cause of morbidity and mortality in HIV-infected patients
[1,3-5]. Several studies have reported increased prevalence of
CKD, ranging from 4.9% to 8.4% in such patients [6-3]. In
addition to the established risk factors, such as aging, diabetes
mellitus (DM) and hypertension [2,10], other factors related to
the virus itself and to the treatment [e.g., exposure to tenofovir
(TDF), a commonly used antiretroviral (ARV)], are thought to
be related to nephrotoxicity in HIV-infected patients[2,11,12].
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To date, the benefit of TDF first line treatment is considered
to outweigh the risk of TDF-induced nephrotoxicity. A recent
meta-analysis study has reported that the use of TDF is
associated with a statistically significant though only modest
renal dysfunction, and recommended no restriction of TDF use
when regular monitoring of renal function and serum phosphate
levels is impractical [13]. Furthermore, the 2010 WHO
guidelines for ART in adults and adolescents recommended
TDF as part of the first line regimens (URL: http://
whglibdoc.who.int/publications/2010/9789241599764_eng.pdf).

However, several studies have reported that low body weight
is an independent risk factor for TDF-associated nephrotoxicity
and might lead to potentially higher risk for larger drug
exposure and thus, more severe toxicity [14-17]. Under such
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scenario, regional prevalence of CKD may influence the
approach to screening and monitoring of HIV-infected patients
initiated on ART. In particular, most nucleoside/nucleotide
reverse transcriptase inhibitors (NRTIs), such as TDF and 3TC/
FTC, are excreted by the kidney and may require dose
adjustment in individuals with reduced glomerular filtration rate
(GFR), and may require more intensive monitoring in patients
with pre-existing CKD.

Following the 2010 WHO guidelines, the use of TDF has
been increasing rapidly in Vietnam, where patients are more
likely to have smaller body weight compared to Caucasians. At
this stage, little is known about CKD among Vietnamese HIV-
infected patients. In this context, it is important to determine the
prevalence of CKD and its risk factors including TDF exposure
and low body weight in this region. The present study was
conducted to evaluate the above factors in Vietnamese HIV-
infected patients.

Methods

Study design

We performed a cross-sectional study with an observational
single-center cohort of Vietnamese HIV-infected patients on
ART. This cohort was established since 2007 at the National
Hospital of Tropical Disease in Hanoi, one of the largest
outpatient clinics for HIV infected-patients in Vietnam. Clinical
data are collected twice a year (in April and October) in this
cohort. The population of this cohort comprised HIV-infected
patients on ART aged more than 17 years. To evaluate CKD in
this group, serum creatinine had been examined since October
2011. Serum creatinine was measured in October 2011 and
April 2012. Patients whose creatinine was not obtained at both
time points were excluded from the study. Other clinical data
were collected twice a year (in April and October) as well. The
study was approved by the Human Research Ethics Committee
of National Hospital of Tropical Disease and Hanoi city. Each
patient included in this study provided a written informed
consent for the clinical and laboratory data to be used for
publication. The study was conducted according to the
principles expressed in the Declaration of Helsinki.

Measurements

Data included demographic variables (height, weight, sex
and age); a complete history of ART; use of cotrimoxazole;
CD4 cell count (cell/mm?, measured by flow cytometry); plasma
HIV-RNA (copies/ml, measured by the Roche COBAS TagMan
HIV monitor assay); serum creatinine (mg/dl, measured by
Jaffe method); date of HIV diagnosis and other comorbidities.
CKD was defined as creatinine clearance (Ccl) estimated by
the Cockcroft-Gault formula of <60 ml/min at October 2011 and
April 2012 (6 months apart). Renal dysfunction at each time
point was also classified into five stages according to the
guidelines of the National Kidney Foundation [18]: normal renal
function: Ccl 280 ml/min; mild renal dysfunction, Ccl between
60-89 ml/min; moderate, Ccl 30-59 ml/min; severe renal
dysfunction, Ccl 15-29 ml/min; and renal failure or dialysis, with
Ccl of <15 ml/min.
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Statistical analysis

Statistical analysis included descriptive (mean and standard
deviation), univariate and multivariate analyses. Absolute and
relative frequencies were utilized for continuous and
categorical variables, respectively. To evaluate the association
between CKD and categorical variables, the chi-square test or
Fisher exact test was applied as required. Independent T test
or one-way analysis of variance (ANOVA) was used to
compare mean values of normally distributed data and the
Mann Whitney test or Kruskal-Wallis test for parameters with
skewed data distribution. Variables significantly associated with

- renal dysfunction in univariate analysis (p<0.05) were entered

into multivariate analysis. Logistic regression was used to
determine the factors associated with CKD in univariate and
multivariate analyses. Statistical significance was defined at
two-sided p value <0.05. We used the odds ratio (OR) and 95%
confidence interval (95% CI) to estimate the association of
each variable with renal dysfunction. All statistical analyses
were performed with The Statistical Package for Social
Sciences ver. 17.0 (SPSS, Chicago, IL).

Results

Patients on TDF

The percentage of TDF use in our cohort increased from
11.9% in April 2011 to 40.3% in April 2012. In contrast,
stavudine (d4T) use decreased from 37.8% in April 2011 to
14.6% in April 2012. The patterns of use of TDF and d4T well
reflected the recommendation of the 2010 WHO ART
guidelines; recommendation for the use of TDF or zidovudine
(AZT) and phasing out of d4T.

Prevalence of CKD and renal dysfunction at each time
point

To determine the prevalence of CKD, serum creatinine was
measured in 771 patients in October 2011 and April 2012. CKD
was diagnosed in 56 (7.3 %) patients and classified as
moderate in 54 and severe in 2 (Table 1). The number of
patients with moderate and severe renal dysfunction increased
from 74 (9.6%) in October 2011 to 111 (14.4%) in April 2012.
The data of serum creatinine by CKD stage are shown in Table
1.

Baseline demographics and laboratory data

Table 2 compares the baseline demographics and clinical
variables of patients with or without CKD for the data of
October 2011. Patients with CKD were significantly older, more
likely to be diabetic females treated with TDF and lopinavir
boosted with ritonavir, and of significantly lower body weight
with higher serum creatinine, and with history of AIDS-defining
disease, compared to those without CKD. CD4 count, HIV RNA
viral load, and duration of ART were not significantly different
between the two groups. The mean CD4 count was >300/mm?
and the mean HIV RNA load was <100 copies/ml in both
groups.
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Table 1. Prevalence of CKD and renal function at two time
points in 771 HiV-infected Vietnamese on ART.

Impact of TDF on CKD

Table 3. Factors associated with CKD based on uni- and
multivariate analyses (n=771).

CKD Oct201 _ Apr2012
Renal fu -
Normal 190 or more 178 (23 ‘0) 159 (20 6) '
( ',5501 (65.0) -
Moderate reduction 108 (14. 0)
Severe reduction 309

fess than 15 ‘ 0 0 ‘ 0
Renal dysfunction was classified according to the guidelines of the National Kidney
Foundation (18)

CKD was defined as Ccls of <60 mi/min at both time points (October 2011 and
April 2012).

CKD; chronic kidney disease, ART; antiretroviral therapy

doi: 10.1371/journal.pone.0079885.t001

Renal failure

Table 2. Baseline demographics and laboratory data of 771
patients measured at October 2011.

variables Entire group CKD (+)

Numberof patlents S

cKD()
) 715(92.7%
366169 <0001
3)  260(36.4)  <0.001

P value

Age years
: Female n(%) L

Bodywelght kg o

) 23 (41.1)
i %) 13(232)  43(¢
) 171(222%) 18(321) 153 (21 4)
3 0(179) 59(83)

Data are meanSD or n (%).
CKD; chronic kidney disease, ART; antiretroviral therapy, TDF; tenofovir
doi: 10.1371/journal.pone.0079885.t002

Factors associated with CKD

Univariate analysis identified older age per year-increase,
female sex, body weight per 1 kg-decrement, use of TDF, use
of lopinavir boosted with ritonavir, diabetes mellitus, and AIDS-
defining diseases as factors significantly associated with CKD.
After adjustment by multivariate analysis, older age per year-
increase (OR=1.229; 95%Cl, 1.170-1.291; p<0.001), body
weight per 1 kg-decrement (OR=1.286; 95%CI, 1.193-1.386;
p<0.001), and use of TDF (OR=2.715; 95%Cli, 1.028-7.168;
p=0.044) were associated significantly with CKD (Table 3).

Discussion

We documented in the present study the prevalence of CKD
and the associated risk factors in our Vietnamese cohort. CKD
was identified in 7.3% of the patients between October 2011
and April 2012. Although severe renal dysfunction was
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Univariate analysis Multivariate analysis
_ OR oWl OR kel pvas
Age per year-increase 1.135 1102 1168 1.228 1.170-1.291 <0.001
3150 1786-5556 2.124 0.892-5056 0.089

Body weight per 1 kg-
v welght per i g 1170 1.119-1.223 1286 1.193-1.386 <0.001

decrement

Useof TDF 2670 1522-4685 2715 1.028-7.168 0.044
Use of Loplnawr 2257 1.165-4.370 1.439 0.460-4.497 0.531
Diabetes mefitus 3180 1.251-8.084 1614 0.353-7.383 0537

AIDS deﬁmngdlsease 2417 1.160-5.035 2.042 0628 6643 0.236
CD call countpercell/pl 1000 1 0998-1.001 T
HIV-RNA level per log 10

coples/ml

1.055 0.641-1.736

Use of cotrlmoxazole 1740 O 3134

OR = Odds ratio; C! = confidence interval; CKD; chronic kidney disease, ART;
antiretroviral therapy, TDF; tenofovir

doi: 10.1371/journal.pone.0079885.t003

observed in only 2 cases, we consider this finding quite
alarming in our study setting, since it is more than double that
reported in a previous study (3.1%) on the prevalence of CKD
among Vietnamese healthy volunteers aged more than 40
years [19]. Our cohort comprised relatively younger and stable
patients on ART with a mean age of 36.4 years.

In addition to the high prevalence of CKD, a striking finding in
this study was that TDF use has increased steeply since the
2010 WHO ART guidelines that recommended the use of TDF;
TDF use was also an independent risk for CKD in Vietnamese,
in addition to low body weight. We reported previously that
Japanese patients with small body weight (<59 kg) treated with
TDF were at high risk of renal dysfunction [16], whereas those
with body weight of >67 kg had negligible risk, similar to the
patients reported by Cooper et al [13]. One experimental study
of rhesus macaques also reported that TDF-associated
nephrotoxicity was dose-dependent [20]. The mean body
weight of the patients enrolled in the present study was 55 kg,
which is about 30 kg less than that of American males of
similar age (88 kg) (URL:http://www.cdc.gov/nchs/data/nhsr/
nhsr010.pdf). To prevent TDF-related CKD in patients with a
small body weight, the efficacy and safety of low-dose TDF
adjusted to low body weight should be evaluated in a clinical
trial.

One study argued that the initial decline in eGFR following
the commencement of TDF therapy stabilized later after the
first 6 months [21]. However, whether or not the initial decline
stabilizes later in patients with low body weight remains to be
documented in a longitudinal study of our cohort. It is true that
the future risk of TDF-related CKD is still uncertain. In this
study, almost all patients who experienced renal dysfunction
continued the same ART regimen because renal dysfunction
was relatively moderate as shown in Table 1. Although one
severe case showed improvement of renal function after
cessation of TDF, normalization of renal function after
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withdrawal of TDF was reported to be incomplete in some
cases [22]. Previous studies recommended dose reduction of
drugs that are cleared by the kidney, such as lamivudine and
TDF, when Ccl falls below 50 ml/min [23], to avoid further
worsening of renal dysfunction. Early detection of eGFR
decline is important for switching from TDF to AZT or abacavir
to preserve renal function. Despite those concerns, however,
there is no doubt that TDF is stil an important drug with
enough anti-HIV potency and less mitochondrial toxicity among
NRTIs. In this regard, serum creatinine should be monitored
even in resource-limited situations.

Furthermore, another study that compared patients with or
without TDF use depicted that TDF was more likely to be used
in the salvage regimen so far; patients on TDF had the longer
duration of ART and more positive viral load (Table 2). Based
on this analysis, patients on TDF were more likely to develop
CKD, although the mean body weight was not significantly
different between the two groups. In addition, in terms of
another antiretroviral agent, protease inhibitor (Pl), also known
as a risk factor for CKD [11], 97 (12.6%) patients used Pls (all
Pls were ritonavir boosted lopinavir). Of 97 patients, 83
(85.6%) were co-administered with TDF. Although univariate
analysis suggested that the use of Pls was associated
significantly with CKD, multivariate analysis did not (Table 3).
The reason of this result could be explained by the short
duration of co-administration and its effect as a confounding
factor for TDF use.

The present study has several limitations. Due to its cross-
sectional nature, we can only draw association of events and
not demonstrate causative relationship between TDF and renal
dysfunction. Further longitudinal studies are required to
determine the impact of the aforementioned factors on renal
function. Second, co-infection with HCV, a known risk factor for
CKD, was not included in this analysis due to lack of available
data in our cohort. The prevalence of HCV in Vietnamese is
relatively high because injecting drug use is one of the main
routes of infection in Vietnam. We are adding data for a
longitudinal study on TDF toxicity in our cohort. Lastly, the
Modification of Diet in Renal Disease formula (MDRD) or
Chronic Kidney Disease Epidemiology Collaboration (CKD-epi)
is commonly used for evaluation of renal function at present
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o Abstract

, Background Although ntonawr—boosted atazanavrr (ATV/r) is known ’co be assoc1eted wnth nephrohthlaSts httle is
- known about the incidence of nephrollthlaSIS in patlents treated thh ntonavnr—boos’ced Darunawr (DRVlr) the other‘
‘ preferred protease |nhrbrtor : o , ,
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,:_who commenced. DRV/r—oontalnmg antiretroviral therapy and those on ATV/r The effects of ATV/r use. over DRVIr
‘were estlmated by unlvanate and multlvanate Cox hazards models L : , : Lo

; ,Results Renal stones were dlagnosed in only one patlent (0 86 per 1000 person—years) of the DRV/r group (n—540)~ ‘
- and 37 (20 2 per 1000 person—years) of the ATV/r group (n=517). The median [interquartile (!QR)] observation penod
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; commencement of ATV/r to diagnosis was 28.1 months (IQR 18.4-42.7), whereas nephrollth|a3|s in the single patient
of the DRV/r group occurred 11.2 month after the introduction of DRV/r. ATV/r use over DRV/r was significantly
‘associated with nephrohthlaSIS by uni- and multivariate ' analyses (HR—26 01; 95% cl, 3 541— 191.0; p—O 001)
. (adjusted HR=21.47; 95% Cl, 2.879-160.2; p=0. 003) '

Conclusion: The lnmdence of nephrolxthxasrs was substantially lower in pahents on DRV/r than those on ATV/r The
results suggest that DRV/r should be selected for treatment of HIV-infected patlents at nsk of chronic kldney dlsease
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Introduction

Ritonavir-boosted darunavir (DRV/r) and ritonavir-boosted
atazanavir (ATV/r) are the only two protease inhibitors (Pl)
selected as the preferred choices in the American Department
of Health and Human Services (DHHS) guidelines for the initial
treatment of patients infected with human immunodeficiency
virus-1 (Hiv-1)  (http://www.aidsinfo.nih.gov/ContentFiles/
AdultandAdolescentGL.pdf). Both drugs are widely used in
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combination with other antiretroviral drugs, based on their high
efficacy, tolerability, favorable lipid profile, and once-daily
dosing [1-4]. However, nephrolithiasis has been reported in
patients receiving ATV/r-containing antiretroviral therapy (ART)
[5,6]. Several case reports documented high concentrations of
ATV in renal stones, suggesting the involvement of ATV in
nephrolithiasis [5-8]. We recently reported in a single center
cohort study that the incidence of renal stones is approximately
10 times higher among patients on ATV/r-containing
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antiretroviral therapy (ART) than those on other Pls-containing
ART [9].

Our study on the effects of ART on renal stone formation
included only a small number of patients on DRV/r-containing
ART [9,10], and no data are available at present on the
incidence of nephrolithiasis in patients treated with DRV/r. Of
note, de Lastours et al [11] recently reported higher ATV and
DRV levels in urine samples than in plasma, whereas plasma
and urinary levels of lopinavir, another commonly used PI,
were comparable. They also reported the presence of PIl-
containing crystals in the urine of a small proportion of patients
on ATV and on DRV, but not on lopinavir/ritonavir (LPV/r). The
data presented by de Lastours et al suggest that DRV can
crystallize in urine leading to nephrolithiasis.

The aim of the present study was to determine the incidence
of DRV/r- and ATV/r-related nephrolithiasis. Such comparison
is important for two reasons: 1) These two Pls are most
frequently prescribed Pls in resource-rich settings, and 2)
nephrolithiasis is a risk factor for chronic kidney diseases
(CKD) and end-stage renal disease (ESRD), which are
important comorbidities associated with AIDS and death
[12-18].

Methods

Ethics statement

This study was approved by the Human Research Ethics
Committee of the National Center for Global Health and
Medicine, Tokyo. Each participant provided a written informed
consent for the 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.

Study Subjects

We performed a retrospective, single-center cohort study of
HIV-1-infected patients using the medical records kept at the
National Center for Global Health and Medicine, Tokyo, Japan.
Our facility is one of the largest clinics for patients with HIV
infection in Japan with more than 2,700 registered patients.
The study population was HIV-infected patients, aged >17
years, who commenced treatment with DRV/r or ATV/r-
containing ART between January 1, 2004 and June 30, 2012.
Both treatment-naive and treatment-experienced patients were
included. The follow-up period started at the time of
commencement of ART containing the abovementioned drugs
for the first time during the study period, and patients were
followed untif June 30, 2013. Patients were excluded if they
had; 1) commenced the abovementioned ART during the study
period at other facilities, 2) been prescribed unboosted ATV, or
3) been under treatment for nephrolithiasis at the time of
commencement of the abovementioned ART. ATV/r became
available in Japan in January 2004, and DRV/r in December
2007.

The attending physician selected either ATV/r or DRV/r at
baseline. The use of these drugs was based on the Japanese
guidelines, which placed ATV/r and DRV/r as the preferred
choice, at least for 5 years during the study period (http:/
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www.haart-support.jp/pdf/quideline2013.pdf. in Japanese). The
attending physician also selected the concurrent drugs
including nucleoside reverse transcriptase inhibitors (NRTI),
non-NRT]I, integrase inhibitors, and CCRS5 inhibitors. None of
the patients received two Pls during the study period.

Measurements

The main investigator reviewed the medical records of all
study patients to identify those with renal stones. Then two
other investigators reviewed the set of medical records of each
patient with renal stones to determine whether the case fitted
into the following pre-defined criteria for nephrolithiasis: cases
with a clinical diagnosis by the attending physician based on
new onset of acute flank pain plus one of the following: 1) new-
onset hematuria confirmed by urine dipstick test, 2)
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 computed tomography, 3) stone passage
confirmed by either the patient or attending physician [9].
Patients with acute flank pain due to etiologies other than
nephrolithiasis were excluded. At the time of diagnosis of
nephrolithiasis, the attending physician selected either
discontinuation or modification of ART. In our clinic, it is
customary for the patient to visit the clinic once a month before
the initiation of ART and until the suppression of HIV-1 viral
load, but the visit interval is extended up to every three months
after viral load suppression.

In this study, the primary exposure variable was ATV/r use
over DRV/r. The potential risk factors for nephrolithiasis were
determined according to previous studies and collected from
the medical records, together with the basic demographics
[7,8,17]. They included age, sex, body weight, body mass
index (BMi)={bodyweight (kg) / [(height (m)]?}, baseline
laboratory data [CD4 cell count, HIV viral load, estimated
glomerular filtration rate (eGFR), serum uric acid], and
presence or absence of other medical conditions [concurrent
use of tenofovir (TDF), past history of nephrolithiasis, previous
exposure to indinavir (IDV), co-infection with hepatitis B defined
by positive hepatitis B surface antigen, and co-infection with
hepatitis C defined by positive hepatitis C viral load]. eGFR
was calculated using the equation of the 4-variable Modification
of Diet in Renal Diseases (MDRD) study [18]. For patients on
ATV/r-containing ART, the value of serum total bilirubin was
collected in two ways: for stone cases, total bilirubin value on
the day was collected, and for non-stone cases, the value of
total bilirubin 2 years after initiation of ATV/r was collected. For
patients who discontinued ATV/r within 2 years, the value
closest to the day of discontinuation was used. At our clinic,
weight was 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, except for serum uric acid
level, which were collected within 180 days from the day of
starting ART.
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Statistical analysis

Baseline characteristics were compared using the Student's
t-test or x? test (Fisher exact test) for continuous or categorical
variables, respectively. The time to the diagnosis of
nephrolithiasis was calculated from the date of commencement
of DRV/r- or ATV/r-containing ART to the date of diagnosis of
nephrolithiasis. Censored cases represented those who
discontinued ATV/r or DRV/r, dropped out, were referred to
other facilities, or at the end of follow-up period. The time from
the start of ART to the diagnosis of nephrolithiasis was
analyzed by the Kaplan Meier method for patients who started
DRV/r (DRV/r group) and ATV/r (ATV/r group), and the log-
rank test was used to determine the statistical significance. The
Cox proportional hazards regression analysis was used to
estimate the impact of ATV/r use over DRV/r on the incidence
of nephrolithiasis. The impact of each basic demographic
parameter, baseline laborafory data, and other medical
conditions listed above was also estimated with univariate Cox
proportional hazards regression. To estimate the unbiased
prognostic impact of ATV/r use over DRV/r for nephrolithiasis,
we conducted three models using multivariate Cox proportional
hazards regression analysis. Model 1 was the aforementioned
univariate analysis for ATV/r use over DRV/r. Model 2 included
age, sex, and weight plus model 1 in order to adjust for basic
characteristics. In model 3, we added variables with P values
<0.05 in univariate analysis after adjustment (these included
tenofovir use, serum uric acid per 1 mg/dl, and past history of
renal stones). Possible risk factors for ATV/r-related
nephrolithiasis identified in previous studies were also added to
model 3 (these included prior exposure to IDV) [7,8].

In addition, to examine the impact of serum total bilirubin on
ATV/r-containing ART and the incidence of nephrolithiasis, the
median serum total bilirubin values were compared between
the renal stone and non-renal stone groups using the Mann-
Whitney U test.

Statistical significance was defined as two-sided p values
<0.05. We used hazard ratios (HRs) and 95% confidence
intervals (95%ClIs) to estimate the impact of each variable on
nephrolithiasis. All statistical analyses were performed with The
Statistical Package for Social Sciences ver. 20.0 (SPSS,
Chicago, IL).

Results

A total of 1,189 patients commenced either DRV/r- or ATV-
containing ART between January 1, 2004 and June 30, 2012.
Of the 1,057 patients who were included in the analysis, 540
(51%) started DRV/r-containing ART while 517 (48.9%) started
ATV/r-containing ART (Figure 1). Table 1 shows the baseline
characteristics of the study population. The ATV/r group
included significantly younger (p=0.019), more patients of East
Asian origin {p=0.009) with higher BMI (p=0.014), higher CD4
count (p=0.038), higher baseline serum uric acid (p=0.007),
and a larger proportion of patients with past history of urinary
stones (p=0.017) and previous exposure to IDV (p=0.036). In
contrast, patients of the DRV/r group were significantly more
likely to use tenofovir (p <0.001) and with higher viral load
(p=0.002) (Table 1).
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Thirty eight patients fulfiled the pre-defined criteria for
nephrolithiasis. Nephrolithiasis was identified in 1 (0.2%) of the
DRV/r group and 37 patients (7.1%) of the ATV/r group, with an
estimated incidence of 0.86 and 20.2 per 1,000 person-years,
respectively. The incidence of nephrolithiasis in the ATV/r
group was approximately 20 times higher than that in the
DRV/r group.

Of the patients with nephrolithiasis, 9 and 12 were diagnosed
by hematuria and stone passage, respectively, as defined
above. Furthermore, 17 were diagnosed by radiological
studies, of which renal calcification was identified in 5 patients.
Figure 2 shows the time from initiation or switching of DRV/r or
ATV/r to the diagnosis of nephrolithiasis by the Kaplan Meier
method. Patients of the ATV/r group were significantly more
likely to develop renal stones, compared to those of the DRV/r
group (p<0.001, Log-rank test).

The median time from the commencement of ART to the
diagnosis of nephrolithiasis was 28.1 months [interquartile
range (IQR), 18.4—42.7 months] for the ATV/r group and only
one patient with nephrolithiasis in the DRV/r group was
diagnosed 11.2 month after the introduction of DRV/r-
containing ART. The total observation period was 1,163.6
patient-years [median, 27.1 months, IQR, 18.1-38.4 months]
for the DRV/r group, and 1,829.6 patient-years [median, 40.6
months, IQR, 17.5-42.7 months] for the ATV/r group. Among
the ATV/r group, the median total bilirubin value of the renal
stone group was marginally higher than that of the non-renal
stone group [2.7 (IQR 2-3.8) and 2.2 mg/dl (IQR 1.6-3.0),
respectively, P=0.051].

Univariate analysis showed a significant relationship
between ATV/r use and nephrolithiasis (HR=26.01; 95% ClI,
3.541-191.0; p=0.001) (Table 2). Higher serum uric acid
(HR=1.415; 95% Cl, 1.173-1.705; p<0.001) and past history of
nephrolithiasis (HR=2.658; 95% Cl, 1.111-6.359; p=0.028)
were also significantly associated with the nephrolithiasis. On
the other hand, tenofovir use was negatively associated with
nephrolithiasis (HR=0.435; 95% CIl, 0.210-0.899; p=0.025)
(Table 2). Multivariate analysis identified ATV/r use over DRV/r
as an independent risk for nephrolithiasis after adjustment for
age, male sex, and weight (adjusted HR=27.08 95% CI, 3.680—
199.3; p=0.001) (Table 3, Model 2), and also after adjustment
for other risk factors (adjusted HR= 21.47; 95% Cl, 2.879—
160.2; p=0.003) (Table 3, Model 3).

The chemical composition of the renal stones of the single
case on DRV/r was analyzed with high performance liquid
chromatography with ultraviolet detection (HPLC-UV) method
as described elsewhere [19,20], but the analysis did not identify
DRV. Renal stones of patients on ATV/r were not analyzed.

Discussion

To our knowledge, this is the first study that investigated the
incidence of DRV/r-associated nephrolithiasis. Only a single
case of nephrolithiasis was detected among 540 patients on
DRV/r-containing ART with total observation period of 1,163.6
patient-years. The incidence of nephrolithiasis in the DRV/r
group was only 0.86 per 1,000 person-years, comparable to
that in the general population in Japan (1.14 per 1,000 person-
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n=1,189

Initiation of ATV- or DRV/r-containing ART regimen
between 2004/01/01 and 2012/06/30

Excluded n=132
Initiation of ART at other facilities (n=76)

A4

Included in the analysis
n=1,057

Unboosted ATV (n=52)
Age <18 years (n=4)

ATV/r group
n=517

DRV/r group
n=540

Figure 1. Flow diagram of patient selection. ART, antiretroviral therapy; ATV, atazanavir; DRV/r, ritonavir-boosted darunavir;

ATV/r, ritonavir-boosted atazanavir.
doi: 10.1371/journal.pone.0077268.g001

years) [21], whereas that in the ATV/r group was 20.2 per
1,000 person-years, approximately 20 times higher. Univariate
and multivariate analyses identified ATV/r use over DRV/r as
an independent risk factor for nephrolithiasis with a high hazard
ratio. Furthermore, in the single patient with nephrolithiasis on
DRV/r, DRV was not detected as a component of renal stones.

This study showed that the risk of nephrolithiasis is
substantially lower among patients on DRV/r- than those on
ATV/r-containing ART based on clinically feasible criteria. This
finding is important considering DRV/r and ATV/r are the two
Pls considered the preferred regimen for the treatment-naive
patients (http://www.aidsinfo.nih.gov/ContentFiles/
AdultandAdolescentGL.pdf).  Both Pls  have  similar
characteristics; they are highly effective and tolerable with
favorable lipid profile, and possess a high barrier to drug
resistance [1-4]. One of the strengths of ATV/r is more
abundant clinical evidence due to longer market availability
than that of DRV/r. On the other hand, ATV/r often causes
indirect hyperbilirubinemia, and requires acidic gastric
environment for optimal absorption that requires some
consideration on drug-drug interactions (http://
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www.aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL.pdf)
(http://packageinserts.bms.com/pi/pi_revataz.pdf). The
substantially lower incidence of renal stones in patients on
DRV/r than ATV/r adds another dimension to patient
management in relation to the selection of a PI.

The development of renal stones, even a single episode, is a
risk factor for CKD, doubling of serum creatinine level, and
ESRD [12,13,16]. Many studies have also demonstrated that
ATVIr use is a risk for renal dysfunction and CKD [22-25]. The
high incidence of nephrolithiasis with ATV/r use identified in the
present study may in part explain the risk of ATV/r for CKD.
Thus, ATV/r should be introduced carefully in patients with
concomitant predisposing factors for CKD. In this regard, there
are no studies that show the association of DRV/r use with
renal dysfunction or CKD, although this may in part be due to
more recent introduction of DRV/r compared with ATV/r.

Why is nephrolithiasis less likely to occur with DRV/r
compared to ATV/r? Although the mechanism of Pl-induced
nephrolithiasis is not fully understood, precipitation of pure Pl is
suggested as a possible etiology [8]. Up to 20% of IDV (an old
PI well-known for its precipitation and renal stone formation) is
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Table 1. Baseline demographics and laboratory data of patients who received ritonavir-boosted darunavir- or ritonavir-

boosted atazanavir-containing antiretroviral therapy.

DRVI/r (n=540)

ATVIr (n=517) p2

Male sex

CD4 cell ckount,k cells}pL*
HIV load, og10 copies/m
Treatment naive
Tenofoviruse
eGFR, mL/min/1.73 m2*
Serum uric acid, mg/dL*

22

istory of nephrolt 22(a1)
25 (4.6)

Previous exposure to IDV

498 (92-’2)

| BE14)
480 (92.8)

260 (190-383)
394 (170-466)
280

15(103_\13@,., &
67)

41(7.9)

0.030

Data are number (%} of patients or * median (interquartile range).

DRVIr, ritonavir-boosted darunavir; ATV/r, ritonavir-boosted atazanavir; eGFR, estimated glomerular filtration rate; HBV, hepatitis B virus, HCV, hepatitis C virus, HIV,

human immunodeficiency virus; IDV, indinavir.

a. The ¥? test or Fisher exact test was used for categorical data, and the Student ¢ test was used for continuous variables.

doi: 10.1371/journal.pone.0077268.t001

excreted unchanged in the urine, a property that contributes to
the high incidence of nephrolithiasis in patients treated with IDV
[26] (http://www.merck.com/product/usa/pi_circulars/c/crixivan/
crixivan_pi.pdf). Unchanged DRV and ATV are reported to be
excreted in urine at similar proportions of 7.7% and 7% of the

administered dose, respectively (http://
packageinserts.bms.com/pi/pi_reyataz.pdf) http:/

www.merck.com/product/usa/pi_circulars/c/crixivan/

crixivan pi.pdf). However, strong acidity (e.g., pH of 1.9) is
required to achieve optimal dissolution of ATV, and its solubility
in urine is known to decrease with increase in pH (http:/
packageinserts.bms.com/pi/pi_reyataz.pdf). Because urine is
usually mildly acidic [9], the difference in the solubility of DRV
and ATV in urine might explain the different incidence of
nephrolithiasis in patients using these two Pls. Although de
Lastours et al [11] described the presence of DRV crystals in
the urine of 4 (7.8%) out of 51 patients on DRV/r and
suggested that DRV/r use might be a risk for renal stones, the
number of enrolled patients in their study was relatively small to
allow firm conclusions.

The present study has several limitations. First, due to the
retrospective nature of the study, the baseline characteristics of
the enrolled patients were not controlled. It is possible that
more patients with potential risks for nephrolithiasis were
included in the ATV/r group. In the ATV/r group, more patients
were hyperuricemic, had history of renal stones, and previous
exposure to IDV, which are known risk factors for
nephrolithiasis. However, multivariate analysis clearly showed
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that ATV/r use is an independent risk factor with high hazard
ratio even after adjustment for variables including the above
three. Second, the median observation period was longer in the
ATV/r group than in the DRV/r group (40.6 versus 27.1
months), suggesting that the risk of nephrolithiasis in the ATV/r
group could be overestimated. Further studies are warranted to
elucidate whether much longer use of DRV/r induces
nephrolithiasis. However, it is noteworthy that in patients with
nephrolithiasis, the median time from the commencement of
ATV/r or DRV/r to the diagnosis of nephrolithiasis was 28.1
months (IQR: 18.4-42.7 months), which was similar to that of
the DRV/r group [median 27.1 (IQR: 18.1-38.4)], backing up
the result of the present study: the risk of nephrolithiasis is
substantially lower among patients on DRV/r than those on
ATV/r. Third, stone composition analysis was conducted in only
one patient with renal stones (treated with DRV/r), therefore, it
is possible that renal stones caused by other etiologies are
included.

In conclusion, the present study demonstrated that the risk of
nephrolithiasis, an important risk factor of CKD, is
approximately 20 times lower among patients on DRV/r- than
those on ATV/r-containing ART, providing DRV/r one
advantage over ATV/r in the selection of Pl. ATV/r use was
identified as a significant and independent risk factor for
nephrolithiasis in a robust statistical model that included ATV/r
use over DRV/r as a primary exposure. ATV/r should be
prescribed with caution in patients with predisposing factors for
nephrolithiasis and those with CKD.
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