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Abstract

Background

Tenofovir (TDF) and ritonavir-boosted lopinavir (LPV/r) were not introduced to China as

second-line medications until 2009. The efficacy and safety of TDF/3TC/LPV/r based sec-

ond-line regimen have not been evaluated in Chinese HIV patients who failed first-

line regimens.

Methods

This was a multicenter cohort study recruiting patients from Beijing, Shanghai, Guangdong,

and Henan provinces between November 2008 and January 2010. Eighty HIV infected pa-

tients failing first-line regimens with serum creatinine lower than 1.5 times the upper limit of

normal received TDF+ lamivudine (3TC)+ LPV/r were followed up for 120 weeks. CD4 cell

count, viral load, and estimated glomerular filtration rate (eGFR) were monitored at each visit.

Results

At baseline, 31.2% and 48.8% of patients had moderate/high-level resistance to TDF and

3TC, respectively; while 2.5% of patients had only low-level resistance to LPV/r. During 120

weeks of follow-up, virological suppression rate reached over 70% (<40 copies/ml) and

90% (<400 copies/ml), and median CD4 cell count increased from 157 cells/μL at baseline

to 307 cells/μL at week 120. Baseline drug-resistance mutations had no impact on the effi-

cacy of second-line antiretroviral therapy. Median eGFR dropped from 104.7 ml/min/1.73m2

at baseline to 95.6 ml/min/1.73m2 at week 24 and then recovered after week 96.

Conclusion

This study for the first time demonstrated that TDF+ 3TC+ LPV/r was efficacious as second-

line regimen with acceptable nephrotoxicity profiles in patients who failed zidovudine or

stavudine based first-line regimens in China.
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Introduction
After being introduced to China in 2002, combination antiretroviral therapy (cART) effectively
reduced mortality among adult HIV-infected patients in China [1]. At the initiation of the
China National Free Antiretroviral Treatment Program, zidovudine (AZT), stavudine (d4T),
didanosine (DDI) and lamivudine (3TC), plus nevirapine (NVP) or efavirenz (EFV) were used
as first-line regimens. An inevitable issue associated with these regimens is treatment failure,
with cumulative treatment failure rate reaching 50% after five years [1]. Second-line cART,
which consists of tenofovir (TDF) and ritonavir-boosted lopinavir (LPV/r), was introduced in
2009. Its efficacy in Chinese adult HIV patients, however, has not been described.

TDF has been widely used in developed countries, though access to it is still limited in re-
source-limited areas, despite the fact that the World Health Organization (WHO) recommends
TDF use[2] and that TDF might be more cost-effective even in these areas [3]. However, AZT
and d4T are still being widely used in these areas [4]. Therefore, patients who have failed first-
line therapy in resource-limited areas require relatively new regimens. TDF and protease inhib-
itors like LPV/r would be good candidates for second-line regimens.

Previously we reported a one-year observation of a prospective cohort consisting of treat-
ment-experienced patients who received the second-line regimen. This study found that the
TDF+LPV/r based regimen led to greater renal function decline compared with the control
group, in which patients received AZT or d4T based regimens. However, this study did not
evaluate the virological and immunological responses [5].

To this end, we present the findings of a 120-week prospective study. We evaluated the effica-
cy and safety of second-line cART regimens in first-line cART-experienced adult HIV patients.

Methods

Patients
Patients were recruited from Beijing, Shanghai, Guangdong, and Henan provinces between
November 2008 and January 2010, as was described in our previous article [5]. Inclusion crite-
ria were: (1) 18–65 years of age, (2) first-line cART failure (first-line cART was defined as AZT
+ 3TC + NVP/ EFV, d4T+3TC + NVP / EFV, AZT +DDI+ NVP / EFV or d4T + DDI + NVP /
EFV) for at least one year with plasma HIV-1 viral load (VL) more than 400 copies per millili-
ter (copies/ml), (3) available estimated glomerular filtration rate (eGFR) and urinalysis results,
and (4) stayed in this cohort for over 24 weeks. Exclusion criteria included: (1) previous use of
TDF and/or protease inhibitor, (2) serum creatinine (SCr)>1.5 times the upper limit of nor-
mal (ULN). All recruited patients received second-line cART consisting of TDF+ 3TC+ LPV/r.
The follow-up points included visits at 0, 4, 8, 12, 24, 36, 48, 72, 96, and 120 weeks, during
which blood samples were collected for laboratory assessments including T cell subset and
plasma VL.

Measurements
Data collection was described in our previous report [5]. The CD4 cell count was determined
by FACS-Canto (BD Biosciences, NJ, USA) using a standard technique according to the
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manufacturer's protocol. Separated plasma was immediately frozen at -80°C and transported
to Peking Union Medical College Hospital’s central laboratory for viral load testing using the
COBAS Ampliprep/TaqMan 48 real-time RT-PCR Test (Roche, CA, USA) according to the
manufacturer’s instructions. The detection range was from 40 to 1,000,000 copies/mL.

Baseline drug resistance mutation was determined by using Pol sequence (described in our
previous study [6, 7]) and by referring to the Stanford algorithm [8]. We also graded the levels
of resistance (potential, low, medium, or high) by using the Stanford algorithm [8].

eGFR was calculated by the Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) formula, which is more accurate in estimating eGFR compared with other meth-
ods, especially when patients are on cART and [9] GFR is>60 mL/min/1.73m2 [10, 11].

Ethics
All patients in this study signed informed consent. This research was approved by the Institu-
tional Review Board of Peking Union Medical College Hospital. It was in compliance with rele-
vant local laws and the principles expressed in the Declaration of Helsinki.

Statistical analyses
All analyses reflected an intention-to-treat (ITT) model or per-protocol (PP) model and were
performed using Stata 11.0. PP analyses included patients who finished 120 weeks of follow-up
and missed less than four visits. All continuous values were summarized as medians with inter-
quartile ranges (IQRs). Continuous variables were assessed with the Mann-Whitney test (un-
paired comparison) or Wilcoxon matched-pairs sign-rank test (paired comparison, i.e.
changes in CD4 cell count, eGFR), and categorical variables were assessed with chi-square test
or Fisher’s exact test. Statistical significance was accepted at p< 0.05 for two-sided tests.

Results

Baseline characteristics
As summarized in Table 1 and S1 Fig, 80 treatment-experienced patients were included in this
study. Most of them were male and were infected via blood transmission. Hypertension and di-
abetes were not prevalent in this group of patients. Regarding renal function, eGFRs in most
patients were over 90 ml/min/1.73 m2, and only 4.9% of patients had proteinuria over 2+ in
dipstick tests. Most patients were infected by HIV subtype B, and only seven (8.7%) patients
were infected by non-B subtypes (six with CRF01_AE and one with CRF07_BC).

As to baseline drug resistance profiles, almost half of the patients had resistance to TDF or
3TC before the initiation of second-line regimen (Table 1). Of note, moderate-to-high levels of
resistance to 3TC were common. In contrast, resistance to LPV/r was low, with only two pa-
tients having low-level resistance mutations (2.5%). Drug resistance to non-nucleoside reverse-
transcriptase inhibitors (NNRTI) was found in 66 patients (82.5%).

We also demonstrated transmitted drug resistance mutations in Table 2 (according to the
World Health Organization 2009 List of Mutations for Surveillance of Transmitted Drug Resis-
tant HIV Strains [12]).

M184V/I, the major mutation accounting for resistance to 3TC, was found in 45% of pa-
tients. Of 25 (31.2%) patients with moderate-to-high levels of resistance to TDF, type 1 thymi-
dine analog mutation (M41L and T215Y) was found in 21 patients. K65R, which was selected
by d4T and ddI [13], was found in only three (3.8%) of patients. Positivity of Hepatitis B S anti-
gen or antibody against Hepatitis C virus was not associated with higher rates of M184V/I, thy-
midine analog mutations or K65R mutations.
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Virological response
During 120 weeks of follow-up, around 70% of patients reached viral suppression to VL<40
copies/ml in ITT analysis. In addition, almost 90% of patients achieved VL<400 copies/ml in

Table 1. Baseline characteristics (n = 80).

Age (years, IQR) 41 (38–47)

Male (n, %) 59 (73.8)

Route of transmission (n, %)

MSM 7 (8.7)

Heterosexual 7 (8.7)

Blood 59 (73.9)

Others/Unknown 7 (8.7)

Hypertension (n, %) 9 (11.3)

Diabetes (n, %) 1 (1.3)

Body mass index (kg/m2, IQR) 21.7 (20.2–23.6)

CD4 cell count (cells/μl, IQR) 157 (69–272)

Viral load (log copies/ml, IQR) 4.35 (3.75–4.79)

eGFR (ml/min/1.73 m2, IQR) 104.7 (92.0–112.1)

Proteinuria (n, %)

�2+ 4 (5.0)

<2+ 71 (88.8)

Unknown 5 (6.2)

HBsAg status (n, %)

Positive 2 (2.5)

Negative 75 (93.8)

Unknown 3 (3.7)

HCVAb status (n, %)

Positive 56 (70.0)

Negative 21 (26.2)

Unknown 3 (3.8)

Subtype (n, %)

Non-B 7 (8.7)

B 64 (80.0)

Unknown 9 (11.3)

DRM to TDF (n, %)

N/P 45 (56.3)

L 10 (12.5)

M/H 25 (31.2)

DRM to 3TC (n, %)

N/P 30 (37.5)

L 11 (13.7)

M/H 39 (48.8)

DRM to LPV/r (n, %)

N/P 78 (97.5)

L 2 (2.5)

MSM, men who have sex with men; eGFR, estimated glomerular filtration rate; HBsAg, hepatitis B virus S

antigen; HCVAb, hepatitis C virus antibody; DRM, drug resistance mutation; TDF, tenofovir; 3TC,

lamivudine; LPV/r, ritonavir-boosted lopinavir.

doi:10.1371/journal.pone.0120705.t001
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ITT analysis (Fig 1A). PP analyses yielded similar results (S2A Fig). Baseline drug resistance
was not associated with viral suppression. Viral suppression rates reached over 85% (<400
copies/ml) and 65% (<40 copies/ml) in different mutation groups, showing no statistical sig-
nificance (S1 Table). We also evaluated the association of specific baseline drug resistance mu-
tations (M41L, K65R, M184V/I, V32I, and V82F) and virological response and found that
these specific mutations were not associated with virological response (at both<400 and<40
copies/ml levels, data not shown). The association of HIV subtype and virological response was
not significant either (data not shown).

Immunological response
Median CD4 cell count significantly increased from 157 cells/μL (IQR 69–272) at baseline to
307 cells/μL (IQR 216–461, p<0.001) at week 120 (Fig 1B). Median increase in CD4 cell count
was 141 (IQR 60–252) cells/μL at week 120. PP analysis had similar results (S2B Fig). Baseline
drug resistance profiles did not have an impact on CD4 cell recovery (S2 Table).

Table 2. Transmitted drug resistants (TDRs) at baseline (n = 80).

Total Subtype B (n = 64) Non-B (n = 7) Unknown (n = 9)

NRTI TDR (n, %)

M41L* 26 (32.5) 25 (39.1) 1 (14.3) 0 (0)

K65R 3 (3.8) 2 (3.1) 1 (14.3) 0 (0)

D67N/G/E 18 (22.5) 16 (25.0) 2 (28.6) 0 (0)

T69D 11 (13.8) 10 (15.6) 1 (14.3) 0 (0)

K70R/E 17 (21.3) 15 (23.4) 2 (28.6) 0 (0)

L74V/I 5 (6.3) 5 (7.8) 0 (0) 0 (0)

F77L 3 (3.8) 3 (4.7) 0 (0) 0 (0)

F116Y 2 (2.5) 2 (3.1) 0 (0) 0 (0)

Q151M 3 (3.8) 3 (4.7) 0 (0) 0 (0)

M184V/I 36 (45.0) 27 (42.2) 6 (85.7) 3 (33.3)

L210W 22 (27.5) 21 (32.8) 0 (0) 1 (11.1)

T215Y/F/I/S* 33 (41.3) 31 (48.4) 2 (28.6) 0 (0)

K219Q/E/N/R 21 (26.3) 19 (29.7) 2 (28.6) 0 (0)

NNRTI TDR (n, %)

K101E 8 (10.0) 8 (12.5) 0 (0) 0 (0)

K103N/S* 28 (35.0) 27 (42.2) 1 (14.3) 0 (0)

V106M/A 4 (5.0) 4 (6.3) 0 (0) 0 (0)

Y181C/I/V 36 (45.0) 29 (45.3) 5 (71.4) 2 (22.2)

Y188C 2 (2.5) 2 (3.1) 0 (0) 0 (0)

G190A/S/E 22 (27.5) 17 (26.6) 4 (57.1) 1 (11.1)

P225H 2 (2.5) 2 (3.1) 0 (0) 0 (0)

PI TDR (n, %)

V32I 1 (1.3) 1 (1.6) 0 (0) 0 (0)

V82F 2 (2.5) 1 (1.6) 1 (14.3) 0 (0)

NRTI, nucleoside reverse transcriptase inhibitor; NNRTI, non-nucleoside reverse transcriptase inhibitor; PI, protease inhibitor; TDR, transmitted

drug resistant.

*, p<0.05

doi:10.1371/journal.pone.0120705.t002
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Changes in renal function
After the initiation of this TDF-based second-line regimen, median eGFR gradually dropped
from 104.7 ml/min/1.73m2 at baseline to 95.6 ml/min/1.73m2 at week 24. Median change in
eGFR was -8.9 ml/min/1.73m2 at week 24 (IQR -15.7 to -2.1). It slowly increased but remained
significantly lower than baseline level until week 96, when eGFR recovered to 108.6 ml/min/
1.73m2, and remained at similar levels to those at baseline afterwards (Fig 1C). In order to fur-
ther analyze the nephrotoxicity of this regimen, we also grouped our patients by their baseline
eGFR (Fig 1D). PP analyses showed similar results with those in ITT analyses (S2C and S2D
Fig).

Discussion
To our knowledge, this is the first report in mainland China to demonstrate the efficacy and
nephrotoxicity of TDF/3TC/LPV/r-based second-line cART.

At baseline, drug-resistance mutations were common in this cohort, since it mainly com-
prised of patients who initially received non-standard treatment and infrequent virological

Fig 1. Efficacy and eGFR changes during 120-week treatment (ITT analyses). (A) Viral suppression rate (%) during 120-week follow-up. (B) CD4 cell
count recovery during 120-week follow-up. (C) and (D) Estimated glomerular filtration rate (eGFR) during 120 weeks. Asterisks in (C) indicated significant
differences compared with baseline levels. Asterisks in (D) indicated significant differences between groups with baseline eGFR over and lower than 90 ml/
min/1.73m2.

doi:10.1371/journal.pone.0120705.g001
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monitoring [1]. Given that 3TC was one of the medications in both first-line and second-line
regimens, and adherence could not be guaranteed during the implementation of first-line ther-
apy, resistance to 3TC was common. Resistance to TDF, on the other hand, could be due to in-
clusion of d4T and AZT in first-line regimen, which led to cross-resistance [14]. Resistance
to LPV/r was rare, since LPV/r was not introduced to China until 2009, when this study
was initiated.

As to virological response to this second-line regimen, around 70% and 90% of patients
achieved viral suppression to<40 and<400 copies/ml, respectively. This result is similar to
those of other studies with TDF and/or LPV/r based second-line regimens. In a Cambodian
study with LPV/r as one of the second-line medications, viral suppression rate (VL<250 cop-
ies/ml) achieved 92.3% [15]. In fact, this viral suppression rate at week 48 (Fig 1A) approxi-
mates that of treatment-naïve patients receiving first-line cART in our previous studies, in
which 58.8% of patients achieved VL<50 copies/ml and 82.9% achieved VL< 400 copies/ml
[16]. However, in comparison with treatment-naïve patients receiving AZT+ 3TC+ NNRTI or
d4T+ 3TC+ NNRTI, the viral suppression rate in this study is still lower [16, 17].

Notably, baseline drug-resistance profiles had no impact on virological responses (S1
Table). As most patients in our cohort harbored resistance to 3TC and TDF while only a small
proportion of patients had LPV/r low-level resistance, we suggest that in this second-line regi-
men, LPV/r is crucial to viral suppression; in patients with resistance to TDF/3TC, this second-
line regimen is nothing more than functional LPV/r monotherapy. As is known, PI has a
higher genetic barrier compared to those of other classes of medications [18], and previous
studies have demonstrated that PI monotherapy in patients with viral suppression might not
be inferior to cART [19, 20]. However, a systemic review indicates that the overall efficacy of
PI/r monotherapy is still inferior to that of cART in patients starting monotherapy after six
months of viral suppression [21]. Unfortunately, there were no studies comparing LPV/r
monotherapy with cART in patients with treatment failure. Despite this, we still argue that
LPV/r is playing a pivotal role in this second-line regimen.

In terms of immunological response, patients in this cohort achieved CD4 cell count recov-
ery similar to that in treatment-naïve patients receiving first-line therapy [17].

Although TDF has been reported to be associated with kidney injuries, in our cohort, eGFR
slightly decreased at the beginning of this study and then slowly recovered to baseline levels. In-
terestingly, this slight decrease was only observed in patients with normal baseline eGFR levels;
in patients with decreased baseline eGFR (median 84.8, IQR 80.7–87.4 ml/min/1.73m2), we
only observed fluctuation after initiation of TDF and recovery after week 96. This is consistent
with our previous one-year observation and other studies in both Asian and western countries,
in which moderate decrease in eGFR was noted during 48 weeks of follow-up [5, 11, 22, 23].
However, we then observed recovery of eGFR, which is inconsistent with previous reports in
both HIV-infected treatment-naïve patients and in healthy volunteers receiving pre-exposure
prophylaxis. In these reports, eGFR kept decreasing at a slower rate after 48 weeks [11, 24–26].
This discrepancy could be due to the fact that most patients in our study had normal or only
slightly impaired renal function before initiation of this regimen. In addition, most of them did
not have risk factors for renal function impairment (i.e. diabetes, hypertension), except hepati-
tis C. Since HIV itself is an independent factor for renal impairment, and low CD4 cell count
and high VL are associated with a higher risk of end-stage renal diseases [27], recovery of CD4
cell count and viral suppression by this second-line regimen might lead to recovery of renal
function. We also speculate that, since patients in our study have experienced other nucleotide
analogues, which have been demonstrated to have clinically similar renal toxicity profiles [26],
our patients might have been “pre-conditioned” by previous NRTIs. In two previous 48-week
studies with other NRTI-experienced patients, TDF was not associated with clinically
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significant changes in renal function [28, 29]. Unfortunately, there was no previous study with
TDF-based second-line regimen to evaluate changes in renal function beyond 48 weeks, and
further studies with larger sample size are warranted.

As to adherence, viral suppression<400 copies is a surrogate marker in our study. As seen
in Fig 1A and S1 Fig A, viral suppression rate reached 90%, indicating good adherence in
most patients.

The limitations to our studies are as follows. (1) The sample size is limited, and future stud-
ies with larger sample size are necessary to illustrate the efficacy of TDF/3TC/LPV/r based regi-
men in treatment-experienced patients. (2) Only patients with relatively good renal function
were included in this study; therefore, it is difficult to evaluate the efficacy and safety profiles in
patients with decreased eGFR. (3) Most patients in this cohort were infected via blood trans-
mission, while in recent years, HIV infection via sexual transmission has become more com-
mon; therefore, the population characteristics might be deviated from the current situation.

In conclusion, this is the first study in mainland China to demonstrate the efficacy of TDF/
3TC/LPV/r based second-line therapy in patients who failed first-line cART. Since access to
TDF and/or LPV/r is still restricted in resource-limited countries, and the TDF/3TC/LPV/r
based regimen is a good candidate for second-line cART, this study may also be meaningful for
patients who failed first-line cART in these countries.

Supporting Information
S1 Fig. Enrollment flow chart.
(TIF)

S2 Fig. Efficacy and eGFR changes during 120-week treatment (PP analyses). (A) Viral sup-
pression rate (%) during 120-week follow-up. (B) CD4 cell count recovery during 120-week fol-
low-up. (C) and (D) Estimated glomerular filtration rate (eGFR) during 120 weeks. Asterisks
in (C) indicated significant differences compared with baseline level. Asterisks in (D) indicated
significant differences between groups with baseline eGFR over and lower than 90 ml/min/
1.73m2.
(TIF)

S1 Table. Viral suppression rate (%) and baseline resistance to second-line regimen. VL,
viral load; N/P, no resistance or potential resistance; L, low-level resistance; M/H, moderate or
high-level resistance; TDF, tenofovir; 3TC, lamivudine; LPV/r, ritonavir-boosted lopinavir. �

Only two patients in our study harbored low-level resistance to LPV/r, one of whom lost to fol-
low-up at week 84.
(DOCX)

S2 Table. The association of baseline drug resistance mutation and median CD4 cell count
and increase in CD4 cell count (median and interquartile ranges). VL, viral load; N/P, no re-
sistance or potential resistance; L, low-level resistance; M/H, moderate or high-level resistance;
TDF, tenofovir; 3TC, lamivudine; LPV/r, ritonavir-boosted lopinavir. � Only two patients in
our study harbored low-level resistance to LPV/r, one of whom lost to follow-up at week 84.
(DOCX)

Acknowledgments
We thank the study participants for their cooperation. We thank Jennifer Tan from University
of California, Berkeley for language editing. We thank the following clinical institutions and hos-
pitals for participating in this study: Beijing You’an Hospital, Beijing Ditan Hospital; Shanghai

TDF+ 3TC +LPV/r Based Second-Line cART

PLOSONE | DOI:10.1371/journal.pone.0120705 March 30, 2015 8 / 10

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0120705.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0120705.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0120705.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0120705.s004


Public Health Clinical Center affiliated to Fudan University; Guangzhou No.8 People’s Hospital;
Shenzhen Third People’s Hospital; the Infectious Disease Hospital of Henan province.

Author Contributions
Conceived and designed the experiments: TL. Performed the experiments: YH JX ZQ TZ. Ana-
lyzed the data: YJL. Wrote the paper: YJL YH TL. Helped with data collection and coordinated
patient follow-up.: YLL XS.

References
1. Zhang F, Dou Z, Ma Y, Zhao Y, Liu Z, Bulterys M, et al. Five-year outcomes of the China National Free

Antiretroviral Treatment Program. Ann Intern Med. 2009; 151:241–251, w–252. PMID: 19687491

2. World Health Organization. Antiretroviral therapy for HIV infection in adults and adolescents: recom-
mendations for a public health approach, 2010 revision. 2010.

3. Bender MA, Kumarasamy N, Mayer KH, Wang B, Walensky RP, Flanigan T, et al. Cost-effectiveness
of tenofovir as first-line antiretroviral therapy in India. Clin Infect Dis. 2010; 50:416–425. doi: 10.1086/
649884 PMID: 20043752

4. Velen K, Lewis JJ, Charalambous S, Grant AD, Churchyard GJ, Hoffmann CJ. Comparison of tenofovir,
zidovudine, or stavudine as part of first-line antiretroviral therapy in a resource-limited-setting: a cohort
study. PLoS One. 2013; 8:e64459. doi: 10.1371/journal.pone.0064459 PMID: 23691224

5. Cao Y, Han Y, Xie J, Cui Q, Zhang L, Li Y, et al. Impact of a tenofovir disoproxil fumarate plus ritonavir-
boosted protease inhibitor-based regimen on renal function in HIV-infected individuals: a prospective,
multicenter study. BMC Infect Dis. 2013; 13:301. doi: 10.1186/1471-2334-13-301 PMID: 23815472

6. Li Y, Han Y, Xie J, Gu L, Li W, Wang H, et al. CRF01_AE subtype is associated with X4 tropism and
fast HIV progression in Chinese patients infected through sexual transmission. AIDS. 2014; 28:
521–530. doi: 10.1097/QAD.0000000000000125 PMID: 24472744

7. Li Y, Gu L, Han Y, Xie J, Wang H, Lv W, et al. HIV-1 subtype B/B' and baseline drug resistance mutation
are associated with virologic failure: a multicenter cohort study in China. J Acquir Immune Defic Syndr.
2014.

8. Liu TF, Shafer RW.Web resources for HIV type 1 genotypic-resistance test interpretation. Clin Infect
Dis. 2006; 42:1608–1618. PMID: 16652319

9. Inker LA, Wyatt C, Creamer R, Hellinger J, Hotta M, Leppo M, et al. Performance of creatinine and
cystatin C GFR estimating equations in an HIV-positive population on antiretrovirals. J Acquir Immune
Defic Syndr. 2012; 61:302–309. doi: 10.1097/QAI.0b013e31826a6c4f PMID: 22842844

10. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd, Feldman HI, et al. A new equation to esti-
mate glomerular filtration rate. Ann Intern Med. 2009; 150:604–612. PMID: 19414839

11. Martin M, Vanichseni S, Suntharasamai P, Sangkum U, Mock PA, Gvetadze RJ, et al. Renal function of
participants in the Bangkok tenofovir study-Thailand, 2005–2012. Clin Infect Dis. 2014; 59:716–724.
doi: 10.1093/cid/ciu355 PMID: 24829212

12. Bennett DE, Camacho RJ, Otelea D, Kuritzkes DR, Fleury H, Kiuchi M, et al. Drug resistance mutations
for surveillance of transmitted HIV-1 drug-resistance: 2009 update. PLoS One. 2009; 4:e4724. doi: 10.
1371/journal.pone.0004724 PMID: 19266092

13. Lipscomb JT, Switzer WM, Li JF, Masciotra S, Owen SM, Johnson JA. HIV Reverse-Transcriptase
Drug Resistance Mutations During Early Infection Reveal Greater Transmission Diversity Than in En-
velope Sequences. J Infect Dis. 2014; 210:1827–1837. doi: 10.1093/infdis/jiu333 PMID: 24924164

14. Ma L, Huang J, Xing H, Yuan L, Yu X, Sun J, et al. Genotypic and phenotypic cross-drug resistance of
harboring drug-resistant HIV type 1 subtype B' strains from former blood donors in central Chinese
provinces. AIDS Res Hum Retroviruses. 2010; 26:1007–1013. doi: 10.1089/aid.2009.0252 PMID:
20718629

15. Ferradini L, Ouk V, Segeral O, Nouhin J, Dulioust A, Hak C, et al. High efficacy of lopinavir/r-based sec-
ond-line antiretroviral treatment after 24 months of follow up at ESTHER/Calmette Hospital in Phnom
Penh, Cambodia. J Int AIDS Soc. 2011; 14:14. doi: 10.1186/1758-2652-14-14 PMID: 21439074

16. Li T, Dai Y, Kuang J, Jiang J, Han Y, Qiu Z, et al. Three generic nevirapine-based antiretroviral treat-
ments in Chinese HIV/AIDS patients: multicentric observation cohort. PLoS One. 2008; 3:e3918. doi:
10.1371/journal.pone.0003918 PMID: 19081791

17. Li T, Guo F, Li Y, Zhang C, Han Y, LyeW, et al. An antiretroviral regimen containing 6 months of stavu-
dine followed by long-term zidovudine for first-line HIV therapy is optimal in resource-limited settings: a
prospective, multicenter study in China. Chin Med J (Engl). 2014; 127:59–65. PMID: 24384425

TDF+ 3TC +LPV/r Based Second-Line cART

PLOSONE | DOI:10.1371/journal.pone.0120705 March 30, 2015 9 / 10

http://www.ncbi.nlm.nih.gov/pubmed/19687491
http://dx.doi.org/10.1086/649884
http://dx.doi.org/10.1086/649884
http://www.ncbi.nlm.nih.gov/pubmed/20043752
http://dx.doi.org/10.1371/journal.pone.0064459
http://www.ncbi.nlm.nih.gov/pubmed/23691224
http://dx.doi.org/10.1186/1471-2334-13-301
http://www.ncbi.nlm.nih.gov/pubmed/23815472
http://dx.doi.org/10.1097/QAD.0000000000000125
http://www.ncbi.nlm.nih.gov/pubmed/24472744
http://www.ncbi.nlm.nih.gov/pubmed/16652319
http://dx.doi.org/10.1097/QAI.0b013e31826a6c4f
http://www.ncbi.nlm.nih.gov/pubmed/22842844
http://www.ncbi.nlm.nih.gov/pubmed/19414839
http://dx.doi.org/10.1093/cid/ciu355
http://www.ncbi.nlm.nih.gov/pubmed/24829212
http://dx.doi.org/10.1371/journal.pone.0004724
http://dx.doi.org/10.1371/journal.pone.0004724
http://www.ncbi.nlm.nih.gov/pubmed/19266092
http://dx.doi.org/10.1093/infdis/jiu333
http://www.ncbi.nlm.nih.gov/pubmed/24924164
http://dx.doi.org/10.1089/aid.2009.0252
http://www.ncbi.nlm.nih.gov/pubmed/20718629
http://dx.doi.org/10.1186/1758-2652-14-14
http://www.ncbi.nlm.nih.gov/pubmed/21439074
http://dx.doi.org/10.1371/journal.pone.0003918
http://www.ncbi.nlm.nih.gov/pubmed/19081791
http://www.ncbi.nlm.nih.gov/pubmed/24384425


18. von Hentig N, Haberl A. Safety of pharmacoenhancers for HIV therapy. Expert Rev Clin Pharmacol.
2012; 5:557–568. doi: 10.1586/ecp.12.45 PMID: 23121278

19. Pulido F, Arribas JR, Delgado R, Cabrero E, Gonzalez-Garcia J, Perez-Elias MJ, et al. Lopinavir-
ritonavir monotherapy versus lopinavir-ritonavir and two nucleosides for maintenance therapy of HIV.
AIDS. 2008; 22:F1–9. doi: 10.1097/QAD.0b013e3283136d82 PMID: 18832868

20. Campo RE, Lalanne R, Tanner TJ, Jayaweera DT, Rodriguez AE, Fontaine L, et al. Lopinavir/ritonavir
maintenance monotherapy after successful viral suppression with standard highly active antiretroviral
therapy in HIV-1-infected patients. AIDS. 2005; 19:447–449. PMID: 15750401

21. BiermanWF, van Agtmael MA, Nijhuis M, Danner SA, Boucher CA. HIV monotherapy with ritonavir-
boosted protease inhibitors: a systematic review. AIDS. 2009; 23:279–291. doi: 10.1097/QAD.
0b013e32831c54e5 PMID: 19114854

22. Nishijima T, Gatanaga H, Komatsu H, Tsukada K, Shimbo T, Aoki T, et al. Renal function declines
more in tenofovir- than abacavir-based antiretroviral therapy in low-body weight treatment-naive pa-
tients with HIV infection. PLoS One. 2012; 7:e29977. doi: 10.1371/journal.pone.0029977 PMID:
22242194

23. Gallant JE, Parish MA, Keruly JC, Moore RD. Changes in renal function associated with tenofovir diso-
proxil fumarate treatment, compared with nucleoside reverse-transcriptase inhibitor treatment. Clin In-
fect Dis. 2005; 40:1194–1198. PMID: 15791522

24. Solomon MM, Lama JR, Glidden DV, Mulligan K, McMahan V, Liu AY, et al. Changes in renal function
associated with oral emtricitabine/tenofovir disoproxil fumarate use for HIV pre-exposure prophylaxis.
AIDS. 2014; 28:851–859. doi: 10.1097/QAD.0000000000000156 PMID: 24499951

25. Gallant JE, Moore RD. Renal function with use of a tenofovir-containing initial antiretroviral regimen.
AIDS. 2009; 23:1971–1975. doi: 10.1097/QAD.0b013e32832c96e9 PMID: 19696652

26. Gallant JE, Winston JA, DeJesus E, Pozniak AL, Chen SS, Cheng AK, et al. The 3-year renal safety of
a tenofovir disoproxil fumarate vs. a thymidine analogue-containing regimen in antiretroviral-naive pa-
tients. AIDS. 2008; 22:2155–2163. doi: 10.1097/QAD.0b013e3283112b8e PMID: 18832879

27. Jotwani V, Li Y, Grunfeld C, Choi AI, Shlipak MG. Risk factors for ESRD in HIV-infected individuals: tra-
ditional and HIV-related factors. Am J Kidney Dis. 2012; 59:628–635. doi: 10.1053/j.ajkd.2011.10.050
PMID: 22206742

28. Schooley RT, Ruane P, Myers RA, Beall G, Lampiris H, Berger D, et al. Tenofovir DF in antiretroviral-
experienced patients: results from a 48-week, randomized, double-blind study. AIDS. 2002; 16:
1257–1263. PMID: 12045491

29. Fisher M, Moyle GJ, Shahmanesh M, Orkin C, Kingston M, Wilkins E, et al. A randomized comparative
trial of continued zidovudine/lamivudine or replacement with tenofovir disoproxil fumarate/emtricitabine
in efavirenz-treated HIV-1-infected individuals. J Acquir Immune Defic Syndr. 2009; 51:562–568. doi:
10.1097/QAI.0b013e3181ae2eb9 PMID: 19561519

TDF+ 3TC +LPV/r Based Second-Line cART

PLOSONE | DOI:10.1371/journal.pone.0120705 March 30, 2015 10 / 10

http://dx.doi.org/10.1586/ecp.12.45
http://www.ncbi.nlm.nih.gov/pubmed/23121278
http://dx.doi.org/10.1097/QAD.0b013e3283136d82
http://www.ncbi.nlm.nih.gov/pubmed/18832868
http://www.ncbi.nlm.nih.gov/pubmed/15750401
http://dx.doi.org/10.1097/QAD.0b013e32831c54e5
http://dx.doi.org/10.1097/QAD.0b013e32831c54e5
http://www.ncbi.nlm.nih.gov/pubmed/19114854
http://dx.doi.org/10.1371/journal.pone.0029977
http://www.ncbi.nlm.nih.gov/pubmed/22242194
http://www.ncbi.nlm.nih.gov/pubmed/15791522
http://dx.doi.org/10.1097/QAD.0000000000000156
http://www.ncbi.nlm.nih.gov/pubmed/24499951
http://dx.doi.org/10.1097/QAD.0b013e32832c96e9
http://www.ncbi.nlm.nih.gov/pubmed/19696652
http://dx.doi.org/10.1097/QAD.0b013e3283112b8e
http://www.ncbi.nlm.nih.gov/pubmed/18832879
http://dx.doi.org/10.1053/j.ajkd.2011.10.050
http://www.ncbi.nlm.nih.gov/pubmed/22206742
http://www.ncbi.nlm.nih.gov/pubmed/12045491
http://dx.doi.org/10.1097/QAI.0b013e3181ae2eb9
http://www.ncbi.nlm.nih.gov/pubmed/19561519

