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Background: Lopinavir/ritonavir (LPV/r) is a major antiretroviral treatment in China, but
little is known about the performance of first-line LPV/r-based regimen in treatment-naive
patients with human immunodeficiency virus type 1 (HIV-1) infection. This study aims
to assess the efficacy and adverse effect events of LPV/r plus lamivudine and tenofovir
or zidovudine as an initial antiretroviral treatment in HIV-1-infected individuals for whom
cannot take efavirenz (EFV) or is allergic to EFV.

Methods: We performed a retrospective study of patients registering with the China’s
National Free Antiretroviral Treatment Program from July 2012 to January 2017, followed
at a tertiary care hospital in Beijing, China. The primary outcome was the proportion of
subjects with HIV-1 RNA <40 copies/ml at 6 and 24 months of treatment. We assessed
the immunological response and adverse events.

Results: In total, 4,862 patients were enrolled in the study and 237 were eligible for
analysis in each study arm. During the first six months, virological suppression was better
with the LPV/r-based regimen than with the EFV-based regimen (93.80 vs 87.80% for
P < 0.05). Viral suppression rates continued to increase until 12 months, remain steady
thereafter until 24 months, for both groups. The multilevel analysis revealed that patients
in the LPV/r group were more likely to display improvements in CD4 T-cell count over
time than those in the EFV group (P < 0.001). Grade 3 or 4 laboratory adverse events
were observed in 14 patients (5.91%) from the LPV/r group and three patients (1.20%)
in EFV group.

Conclusion: Our findings demonstrate that LPV/r-containing regimens are effective and
well-tolerated in Chinese treatment-naive patients with HIV-1 infection.

Keywords: human immunodeficiency virus, first-line therapy, antiretroviral therapy, lopinavir/ritonavir, efavirenz,
adverse effects
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INTRODUCTION

Left untreated, human immunodeficiency virus (HIV) infection
leads to a severe, life-threatening immunodeficiency syndrome.
Worldwide, 36.9 million people were estimated to be living with
HIV atthe end 0f 2017 (World Health Organization Global Health
Observatory (GHO), 2018; UNAIDS, 2018). The incidence of
HIV infection has remained stable since 2005, but the number
of people living with HIV (i.e. the prevalence of HIV infection)
is steadily increasing (GBD 2015 HIV Collaborators, 2016).
HIV prevalence is low in China, but this country is nevertheless
ranked seventh worldwide in terms of the total number of
infections, with 849,602 HIV-infected individuals registered by
the end of September, 2018 (NCAIDS, NCSTD, China CDC,
2018), and this number probably remains underestimated
due to inadequate surveillance and under reporting in
low-income regions.

Antiretroviral therapy (ART) reduces the risk of disease
progression and prevents HIV-1 transmission. Most ART
guidelines worldwide recommend its use for all patients with
HIV-1infection, regardless of their CD4 T-cell counts. The China’s
National Free Antiretroviral Treatment Program (NFATP) was
set up in 2003 and has significantly expanded access to ART in
China. Morbidity and mortality in HIV-infected patients have
decreased markedly in the last few years (AIDS and Hepatitis C
Professional Group, 2018; Liu et al., 2018), but the availability
of antiretroviral regimens remains limited in China, as in many
developing countries.

According to the NFATP guidelines, the first-line regimen
the treatment of HIV infection should consist of a combination
of two nucleoside reverse transcriptase inhibitors (NRTIs) and
one non-nucleoside reverse transcriptase inhibitor (NNRTI):
lamivudine (3TC), zidovudine (AZT) or tenofovir disproxil
fumarate (TDF), and efavirenz (EFV) or nevirapine (NVP) or
rilpivirine (RPV) (AIDS Professional Group, 2015). The protease
inhibitor lopinavir/ritonavir (LPV/r)-based regimen is usually
given as the second-line treatment when patients switch from the
first-line regimen because of adverse events or drug resistance.
Currently, the majority of HIV-1-infected patients are treated
with a panel of free limited drugs provided by the Chinese
government. No single tablet regimen such as EFV/3TC/TDF
was available in China. However, LPV/r can be administered to
treatment-naive patients under some circumstances, such as in
situations in which patients have low CD4* T-cell counts, drug
resistance is a concern or testing is not available, the patient is
female and wishes to have childbearing demand, the patient has
a history of mental illness and cannot take EFV or the patient is
allergic to EFV.

EFV and LPV/r are no longer recommended as first-line
treatments in most developed countries, because of their
adverse effects (Gunthard et al., 2014), but they are still widely
used in underdeveloped and developing countries (World
Health Organization, 2014). In China, 471,140 patients were
registered as receiving ART under the NFATP by the end of
2015 (Liu et al., 2018). TDE, AZT, 3TC, EFV, and LPV/r are the
most important antiretroviral drugs in clinical use, especially

for LPV/r which is the main PI included in the NFATP (AIDS
Professional Group, 2015; AIDS and Hepatitis C Professional
Group, 2018). However, the previous study has shown that 22%
patients displayed EFV concentrations out of the therapeutic
range of 1-4 pg/ml in Chinese patients (13.1% < 1 pg/ml,
9.3% > 4 pg/ml) (Meng et al., 2015). These results show poor
adherence with EFV in some patients and for others with excess
of EFV, adverse events may occur. Thus, more clinical trials of
new combinations need to be tested for new first-line ART
regimens to improve adherence and tolerance.

Previous studies have suggested that LPV/r performs well in
treatment-naive HIV-1-infected individuals (Cohan et al., 2015;
Ghosh et al,, 2016; Jespersen et al., 2018), but little is known
about the performance of LPV/r-based regimens in treatment-
naive patients in China. The aim of this study was, therefore, to
compare the efficacy and adverse effects of LPV/r plus two NRTIs
with those of EFV plus two NRTIs as a first-line ART in HIV-1-
infected patients from a tertiary care hospital in Beijing, China.

MATERIALS AND METHODS
Study Population

We performed a follow-up study of patients who registered with
the NFATP from July 2012 to January 2017 and were followed
at the Center for Infectious Diseases of Beijing Youan Hospital,
Capital Medical University in Beijing, China. This center is one of
the most important HIV/AIDS health care centers participating
in the NFATP in China, where more than 8,000 HIV-infected
patients on ART are followed regularly.

The inclusion criteria were: 1) HIV-1 infection confirmed
by western blotting; 2) patient >18 years of age. The exclusion
criteria were: 1) pregnancy; 2) use of dual therapy; 3) history
of ART before LPV/r therapy; 4) treatment for <3 months; 5)
missing baseline data (at least one CD4* T-cell count or plasma
HIV viral load at baseline missing); 6) patients who switched
regimens. In total, 319 patients were using LPV/r as a first-
line regimen and 2,832 patients were using EFV as a first-line
regimen. We performed case-control matching to identify the
best-matched pairs (1:1). Finally, 237 patients were included in
each of the treatment arms in this study (Figure 1).

Ethics Statement

All the participants provided written informed consent for
participation in the study and for the storage and use of their
clinical samples for research. This study and other related
experiments were approved by the Beijing Youan Hospital
Research Ethics Committee, and written informed consent was
obtained in accordance with the Declaration of Helsinki. The
study was carried out in accordance with approved guidelines
and regulations.

Data Collection
Baseline data were collected at treatment initiation. Follow-up
visits were scheduled at 2 weeks, 1, 2, and 3 months, and then
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512 patients used LPV/r as
first-line regimen

193 excluded

1 patients <18 years old

33 patients viral load <1000 copies/ml
10 pregnant women

4 patients used dual therapy

2 patients switched regimens

44 patients treated < 3 months

93 patients without baseline CD4/VL
4 patients lost to follow up

2 patients transferred to other medical
centers

v

319 patients remained

4350 patients used EFV as
first-line regimen

1518 excluded

338 patients viral load <1000 copies/ml
154 patients treated <3 months

860 patients without baseline CD4/VL
135 patients lost to follow up

31 patients transferred to other medical
centers

v

2832 patients remained

1:1 matched by baseline
Age. Sex. CD4. VL

237 patients used LPV/r
as first-line regimen

FIGURE 1 | Flowchart for patient selection.

237 patients used EFV
as first-line regimen

every three months thereafter. The treatment groups were: 1)
LPV/r-based regimen: LPV/r plus TDF/AZT plus 3TC; or 2)
EFV-based regimen: EFV plus TDF/AZT plus 3TC. General
data (demographic characteristics and symptoms) were collected
at baseline. Leukocyte count, hemoglobin level, platelet count,
alanine aminotransferase (ALT), total bilirubin, lipid, and
glucose levels were determined at baseline and at each visit.

CD4* T-Cell Count and Viral

Load Measurement

CD4* T-cell count and plasma HIV RNA levels were determined
at baseline and every six months thereafter. Routine blood
CD4* T-cell counts (cells/pl) were measured by four-color flow
cytometry with human monoclonal anti-CD4-APC, anti-CD3-
FITC, anti-CDS8-PE, and anti-CD45-PerCP antibodies (BD
Multitest™, catalog No. 340499) on peripheral whole-blood
samples from each patient according to the manufacturer’s
instructions. The cells were analyzed on a BD FACS Canto™ II
flow cytometry system (BD Biosciences, San Jose, CA). HIV-1
viral load was determined with an automated real-time PCR-
based m2000 system (Abbott Molecular Inc, Des Plaines, IL) in
accordance with the manufacturer’s instructions with a limit of
detection of 40 copies/ml.

Observation Endpoint

The primary outcome was the proportion of subjects with HIV-1
RNA <40 copies/ml at 6, 12, 18 and 24 months. The main secondary
endpoint was percentage change in CD4* T-cell count from
baseline at 6, 12, 18, and 24 months. Adverse events were assessed
by determining: 1) the number of patients who discontinued or
switched the ART regimen due to adverse events 2). the number of
patients with laboratory abnormalities at least grade 3 due to drugs
related. The severity of drug toxicity was evaluated according to the
AIDS Clinical Trial Group toxicity grading scale.

Statistical Analysis

Variables that did not follow a normal distribution are presented
as the median and interquartile range (IQR) and were analyzed
in Wilcoxon rank sum tests. P < 0.05 was used to characterize
the statistical significance. Categorical variables as age, sex, CD4*
T-cell count, HIV viralload, ART regimens, and laboratory values
are presented as numbers and percentages and were analyzed in
chi-squared tests. We used linear multilevel models to calculate
differences in the change in CD4* T-cell count from baseline to
24 months. Data were managed and analyzed with SAS version
9.14 (SAS Institute, Cary, North Carolina). Differences were
considered statistically significant if P < 0.05 in two-tailed tests.
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TABLE 1 | Baseline demographic and clinical characteristics.

Variables LPV/r-based EFV-based P-value
regimen regimen
(n =237) (n =237)
Ages (years) 0.859
<30 69 64
30-40 124 126
>40 44 47
Sex
Men 227 (95.78%) 227 (95.78%) 1.000
Women 10 (4.22%) 10 (4.22%)
Baseline CD4 (cells/pl) 273.00 281.50 0.976
(189.00-382.19)  (161.50-407.50)
CD4+ T-cell count 0.122
<100 40 27
> 100 to <200 41 43
> 200 to <350 75 94
> 350 to <500 45 49
>500 36 24
HIV RNA (log,, copies/ml) 4.25(3.83-4.77)  4.26 (3.83-4.76) 0.942
HIV RNA (log,, copies/ml) 1.000
< 100 000 203 203
>100 000 34 34
ART regimen
TDF+3TC 201 204 0.696
AZT+3TC 36 33
TC 3.86 (3.42-4.33)  3.89(3.31-4.36) 0.632
TG 1.06 (0.82-1.47)  1.02 (0.78-1.45) 0.427
HDL-c 0.97 (0.83-1.14) 0.98 (0.85-1.12) 0.847
LDL-c 2.23(1.92-2.67) 2.08(1.92-2.67) <0.001
RESULTS

Characteristics of the Patients

In total, 4,862 patients were included in the study: 237 patients
were eligible for analysis in each arm of the study (Figure 1).
The two groups were comparable at baseline in terms of age, sex,

CD4* T-cell count, viral load, and serum lipid concentrations,
but LDL-c concentration was higher in the group of patients on
the LPV/r-based regimen [2.23 (1.92-2.67) vs. 2.03 (1.92-2.67);
P <0.001] (Table 1).

Virological Assessment

During the first six months, virological suppression was better
in the LPV/r group than in the EFV group (93.80 vs. 87.80% and
P < 0.05). Virological suppression rates continued to increase
until 12 months, remaining stable thereafter until 24 months in
both groups (Figure 2).

Immunological Response

Mean CD4* T-cell counts increased by 579.21 and 531.88 cells/pl
between baseline and 24 months in the LPV/r and EFV groups,
respectively. The multilevel analysis revealed that the patients in
the LPV/r group were more likely to display an improvement in
CD4" T-cell count over time than those in the EFV group (P <
0.001) (Figure 3).

Adverse Effects

None of the patients discontinued treatment due to adverse
events. Adverse laboratory events of grade 3 or 4 were noted in 14
patients (5.91%) in the LPV/r group and three patients (1.20%)
in the EFV group (Table 2).

DISCUSSION

Few data are available for the performance of first-line LPV/r-
based regimens in treatment-naive patients with HIV-1 infection
(Cohan et al., 2015; Jespersen et al., 2018). This study therefore
aimed to assess the efficacy and adverse effects of LPV/r plus 3TC

98.06% 519 98.51%

a1 93.80% ) 98:51A) . 0
£ 09 | 9751%  98.44% 98.50%
2]
< 08
2 07 ¢ 87.80%
£ 06 |
=) 0.5 B
.2 L
g 0.4 —e— LPV/r-based regimen
§ 0.3 r —e— EFV-based regimen
o 0.2 B

0.1 [

0 T T T 1 MOnthS
0 6 12 18 24
Number of patients:
LPV/rregimen 237 226 206 201 201
EFVregimen 237 205 201 193 200
FIGURE 2 | Proportion of patients with HIV RNA <40 copies/ml. *P < 0.05, the difference in the proportion of patients with HIV RNA <40 copies/ml was significant
in x? tests.

Frontiers in Pharmacology | www.frontiersin.org

December 2019 | Volume 10 | Article 1472


https://www.frontiersin.org/journals/pharmacology/
http://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Su et al.

Lopinavir/Ritonavir-Based Initial Antiretroviral Therapy

579.21
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— £=17.97, P<0.001
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o
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S
=
& 400
®
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[}
300 A
= 288.35
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Number of patients:
LPV/rregimen 237 235
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FIGURE 3 | Mean changes in the CD4+ T-cell counts of patients.

T T Months
12 18 24
212 178 159
237 197 210

TABLE 2 | Laboratory abnormalities at 6, 12, 18, 24 months.

LPV/r-based regimen EFV-based regimen

(n =237) (n =237)

Grade 3 or 4 laboratory

abnormalities

Leukocytes 0 0
Hemoglobin 0 0
Platelets count 0 0
Alanine aminotransferase (ALT) 0 0
Fasting glucose 2 0
Creatinine (CR) 0 0
Total cholesterol 2 1
Triglycerides 9 2
HDL cholesterol 0 0
LDL cholesterol 1 0

and TDF, or AZT as a first-line antiretroviral therapy in HIV-1-
infected individuals, by comparison with a standard EFV-based
regimen. The results obtained suggest that LPV/r- based ART
has a good eflicacy and adverse event profile for the Chinese
treatment naive patients with HIV-1 infection.

ART greatly improves the prognosis of HIV-infected
patients, but factors such as adverse drug reactions, inadequate
compliance, and drugresistance increase thelikelihood of clinical
and virological failure (Ghosn et al., 2018; Prabhu et al.,, 2019).
LPV/r still plays a key role in treatment in developing countries,
despite being an old drug that is no longer recommended for
first-line treatment in Western countries, in which it is more
widely used as a second-line therapy (Developed by the DHHS
Panel on Antiretroviral Guidelines for Adults and Adolescents,
2019). In areas with limited resources, such as China, LPV/r-
based regimens are free and are the only option in situations
in which EFV cannot be used due to primary drug resistance,

allergies, hepatotoxicity, neurotoxicity, or pregnancy plans, for
example. It thus remains a key drug in China’s current anti-HIV
treatment program.

Patients who agreed to ART with a LPV/r-based regimens
displayed high rates of virological suppression and good
immunological recovery. A study in pregnant women showed
that first-line EFV- and LPV/r-based regimens both led to high
levels of virological suppression and a low risk of transmission
to the infant (Cohan et al,, 2015). An African study showed
that first-line LPV/r-based regimens triggered lower rates of
treatment resistance than NNRTIs, but were not superior in
terms of efficacy or severe adverse events (Jespersen et al., 2018).
However, six studies have described patients who received
EFV-containing regimens presented poor adherence due to
neuropsychiatric adverse such as body heat, delusions, dizziness,
anxiety, intense, and nightmares (Li et al., 2017), which can be
associated with NNRTI resistance.

In our patients, virological suppression was achieved within
the first six months in 93.8% of the patients who received initial
LPV/r-based regimens. Viral suppression took longer to achieve
in patients with baseline viralloads >100,000 copies/ml, consistent
with the findings of previous study (Haile et al., 2016). Regardless
of the stratification method used, the initial treatment of patients
with LPV/r-based regimens resulted in complete virological
suppression within 18 months. Some previous studies using a
cutoff value of 40 copies/ml to define virological suppression
have reported the achievement of virological suppression in 70%
of patients on LPV/r-based regimens (Antiretroviral Therapy
Cohort Collaboration, 2017).

In addition, another randomized controlled trial (ACTG) in
Africaand Asia showed that >80% of the patients had suppressed
plasma HIV RNA levels from week 12 onward (< 400 copies/
ml) when treated with the LPV/r monotherapy (Kumarasamy
et al,, 2015). The greater benefits of a rapid decrease in plasma
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HIV RNA levels, such as the prevention of HIV infection in
HIV-negative individuals at high risk of exposure have been
demonstrated in increasing numbers of studies. The prevalence
of resistance to NNRTIs among previously untreated
individuals living in areas of limited resources, such as Sub-
Saharan Africa (5% resistance rate) (Gupta et al., 2012) and
South Korea (2.7% resistance) (Park et al., 2016), has increased,
and PI-based regimens may be more appropriate in these areas.
The widespread use PI-based first-line therapies in resource-
limited settings is not currently recommended, due to the high
risk of resistance-related failure for second-line NNRTI/NRTI
regimens (Hill et al., 2013), but Hill et al. suggested that LPV/
r-based regimens might be superior to NNRTIs as an initial
treatment, particularly in limited-resource settings, in which
there may be resistance, but no access to drug resistance testing
(Hill et al., 2013).

In this study, mean CD4* T-cell count had increased
by 209.3 and 287.8 cells/ul relative to baseline at 12 and
24 months, respectively. Baseline CD4* T-cell counts are
associated with immune response after ART. Patients with a
CD4" T-cell count <200 cells/pl at the start of treatment had
poorer immunologic outcomes than patients with >200 cells/
ul, consistent with the findings of previous studies (Garcia et al.,
2004). In this study, most patients had high CD4* T-cell counts
at baseline, higher than those for patients on second-line ART
in other studies (Luz et al., 2015), but similar to those reported
in another study assessing LPV/r-based second-line ART (Patel
etal, 2013). In an Iranian study, the authors reported that mean
CD4" T-cell counts had increased by 139 cells/ul relative to
baseline at 12 months (Rasooli-Nejad et al., 2017). The authors
of a Ugandan study reported an increase in mean CD4* T-cell
counts of 153 cells/ul at 12 months (Laker et al., 2014). We
therefore hypothesized that initial treatment with LPV/r-based
regimens might lead to a better immune response than switching
to LPV/r-based regimens after first-line ART failure. Further
studies are required to test this hypothesis.

Some adverse events were observed in our study population,
but tolerance was good in most patients, and none of the patients
discontinued treatment due to adverse events. An increase
in LDL-c levels is one of the most important risk factors for
atherosclerotic cardiovascular disease (ASCVD) (Stone et al.,
2014a; Stone et al, 2014b; Catapano et al, 2017). Reducing
LDL-c levels also reduces the risk of ASCVD and death (Baigent
et al., 2005). We show here that median LDL-c levels had not
increased after 24 months of ART. Similarly, HDL-c and TC
levels remained good after 24 months (Table 1). In other studies,
LPV/r-based regimens have generally been reported to be well-
tolerated in terms of changes in lipid levels (Molina et al., 2007;
Gathe et al., 2009), suggesting a limited impact of LPV/r-based
regimens on cardiovascular risk. The results of this study suggest
that the lipid profiles of patients taking AZT were generally
poorer than those of patients taking TDF, especially for TC and
LDL-c, but these differences were not significant, due to the small
number of cases. A similar trend has been reported in previous
studies (Feeney and Mallon, 2011; Souza et al., 2013; da Cunha
et al., 2015; Ombeni and Kamuhabwa, 2016). No serious adverse

events or severe hepatic dysfunction associated with LPV/r-
based ART were observed. No patient discontinued ART or
switched regimens because of adverse events.

However, some limitations of this study deserve mention.
The sample size was small and all the patients came from a
single center, limiting the extent to which the results can be
generalized in whole China. No control group receiving a
NNRTI was included. In addition, for reasons that were not
always recorded on the patients’ medical charts, only 159
patients were still in follow-up at 24 months, corresponding
to an attrition rate of 33%. In addition, the higher loss of
follow-up in the group of LPV/r may be related to the bi-daily
administration, and/or to the digestive tract side effects. The
data were limited to those available from the medical charts,
and it was not possible to test additional biomarkers or factors
associated with treatment failure. Additional studies are
required to address these issues.

In conclusion, LPV/r-based ART was found to be beneficial
and well-tolerated as a first-line ART in a resource-limited
setting such as China. We observed high rates of virological
suppression, immunological responses, and tolerability in
treatment-naive patients. Long-term (24 months) treatments
with TDF+3TC+LPV/r or AZT+3TC+LPV/r were similarly
beneficial. The use of LPV/r-based ART for treatment-naive
patients could be beneficial for patients for whom drug resistance
testing is not available.

DATA AVAILABILITY STATEMENT

All datasets generated for this study are included in the article/
supplementary material.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by the Beijing Youan Hospital Research Ethics
Committee, Beijing Youan Hospital, Capital Medical University.
The patients/participants provided their written informed
consent to participate in this study.

AUTHOR CONTRIBUTIONS

BS, YW, LD, and LS conceived the study, designed the
experiments, and analyzed the data. T], HZ, ZL, AL, YS,
and WH performed the experiments, carried out the data
collection and data analysis. RZ, TZ, HW, SH, and LS
contributed to reagents and materials. BS, YW, and LD wrote
the article and revised the manuscript. All authors read and
approved the final manuscript.

FUNDING

This work was supported by the National 13" Five-
Year Grand Program on Key Infectious Disease Control

Frontiers in Pharmacology | www.frontiersin.org

December 2019 | Volume 10 | Article 1472


https://www.frontiersin.org/journals/pharmacology/
http://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Su et al.

Lopinavir/Ritonavir-Based Initial Antiretroviral Therapy

(2017Z2X10202102-005-003 to BS, 2018ZX10721102-003-003
and 2018ZX10302-102 to LD, 2018ZX10301-407-005 and
20187X10302103-001-003 to TJ, 2017ZX10202101-004-001
to TZ), the National Natural Science Foundation of China
(NSFC, 81772165 to BS, 81571973 to HW, 81601795 to LD),
the Beijing Municipal of Science and Technology Major Project
(D161100000416003 to HW), Beijing Municipal Administration
of Hospitals’ Youth Program (QML20161702), and the Beijing
Key Laboratory for HIV/AIDS Research (BZ0089). The funders

REFERENCES

AIDS and Hepatitis C Professional Group, Society of Infectious Diseases, Chinese
Medical Association, Chinese Center for Disease Control and Prevention.
(2018). Chinese guidelines for diagnosis and treatment of HIV/AIDS (2018).
Chin. J. Intern. Med. 57, 1-18. doi: 10.3760/cma.j.issn.0578-1426.2018.12.002

AIDS Professional Group, Society of Infectious Diseases, Chinese Medical
Association (2015). Third edition of the guidelines for diagnosis and treatment
of HIV/AIDS. Chin. J. Clin. Infect. Dis. 08 (05), 385-401. doi: 10.3760/cma.j.i
ssn.1674-2397.2015.05.001

Antiretroviral Therapy Cohort Collaboration. (2017). Survival of HIV-
positive patients starting antiretroviral therapy between 1996 and 2013: a
collaborative analysis of cohort studies. Lancet HIV 4, €349-e356. doi: 10.1016/
$2352-3018(17)30066-8

Baigent, C., Keech, A., Kearney, P. M., Blackwell, L., Buck, G., Pollicino, C., et al.
(2005). Efficacy and safety of cholesterol-lowering treatment: prospective
meta-analysis of data from 90,056 participants in 14 randomised trials of
statins. Lancet 366, 1267-1278. doi: 10.1016/S0140-6736(05)67394-1

Catapano, A. L., Graham, I, De Backer, G., Wiklund, O., Chapman, M. J,
Drexel, H., et al. (2017). 2016 ESC/EAS Guidelines for the Management of
Dyslipidaemias. Rev. Esp. Cardiol. (Engl Ed) 115. doi: 10.1016/j.rec.2017.01.002

Cohan, D., Natureeba, P, Koss, C. A., Plenty, A., Luwedde, F, Mwesigwa, .,
et al. (2015). Efficacy and safety of lopinavir/ritonavir versus efavirenz-based
antiretroviral therapy in HIV-infected pregnant Ugandan women. AIDS 29,
183-191. doi: 10.1097/QAD.0000000000000531

da Cunha, J., Maselli, L. M., Stern, A. C,, Spada, C., and Bydlowski, S. P.
(2015). Impact of antiretroviral therapy on lipid metabolism of human
immunodeficiency virus-infected patients: old and new drugs. World J. Virol.
4, 56-77. doi: 10.5501/wjv.v4.i2.56

Developed by the DHHS Panel on Antiretroviral Guidelines for Adults and
Adolescents. (2019). Guidelines for the use of antiretroviral agents in adults
and adolescents with HIV. https://aidsinfo.nih.gov/contentfiles/lvguidelines/
adultandadolescentgl.pdf

Feeney, E. R.,and Mallon, P. W. (2011). HIV and HAART-Associated Dyslipidemia.
Open Cardiovasc. Med. ]. 5, 49-63. doi: 10.2174/1874192401105010049

Garcia, F, de Lazzari, E., Plana, M., Castro, P, Mestre, G., Nomdedeu, M., et al.
(2004). Long-term CD4+ T-cell response to highly active antiretroviral therapy
according to baseline CD4+ T-cell count. J. Acquir. Immune Defic. Syndr. 36,
702-713. doi: 10.1097/00126334-200406010-00007

Gathe, J., da Silva, B. A., Cohen, D. E,, Loutfy, M. R., Podzamczer, D., Rubio, R.,
et al. (2009). A once-daily lopinavir/ritonavir-based regimen is noninferior to
twice-daily dosing and results in similar safety and tolerability in antiretroviral-
naive subjects through 48 weeks. J. Acquir. Immune Defic. Syndr. 50, 474-481.
doi: 10.1097/QAI1.0b013e31819¢2937

GBD 2015 HIV Collaborators. (2016). Estimates of global, regional, and national
incidence, prevalence, and mortality of HIV, 1980-2015: the Global Burden of
Disease Study 2015. Lancet HIV 3,e361-387. doi: 10.1016/S2352-3018(16)30087-X

Ghosh, A. K., Osswald, H. L., and Prato, G. (2016). Recent Progress in the
Development of HIV-1 protease inhibitors for the treatment of HIV/AIDS. J.
Med. Chem. 59, 5172-5208. doi: 10.1021/acs.jmedchem.5b01697

Ghosn, J., Taiwo, B., Seedat, S., Autran, B., and Katlama, C. (2018). HIV. Lancet
392, 685-697. doi: 10.1016/S0140-6736(18)31311-4

Gunthard, H. E, Aberg, J. A,, Eron, J. ., Hoy, J. E, Telenti, A., Benson, C. A, et al.
(2014). Antiretroviral treatment of adult HIV infection: 2014 recommendations

had no role in study design, data collection and analysis, decision
to publish, or preparation of the manuscript.

ACKNOWLEDGMENTS

We thank Yunxia Ji, Rui Wang, and Li Li for T-cell counting
and viral load detecting, and the HIV-1-infected subjects who
participated in this study.

of the International Antiviral Society-USA Panel. JAMA 312, 410-425. doi:
10.1001/jama.2014.8722

Gupta, R. K,, Jordan, M. R,, Sultan, B. ], Hill, A., Davis, D. H., Gregson, ., et al.
(2012). Global trends in antiretroviral resistance in treatment-naive individuals
with HIV after rollout of antiretroviral treatment in resource-limited settings:
a global collaborative study and meta-regression analysis. Lancet 380, 1250
1258. doi: 10.1016/S0140-6736(12)61038-1

Haile, D., Takele, A., Gashaw, K., Demelash, H., and Nigatu, D. (2016). Predictors
of treatment failure among adult antiretroviral treatment (art) clients in bale
zone hospitals, South Eastern Ethiopia. PloS One 11, e0164299. doi: 10.1371/
journal.pone.0164299

Hill, A., McBride, A., Sawyer, A. W.,, Clumeck, N., and Gupta, R. K. (2013).
Resistance at virological failure using boosted protease inhibitors versus
nonnucleoside reverse transcriptase inhibitors as first-line antiretroviral
therapy-implications for sustained efficacy of ART in resource-limited settings.
J. Infect. Dis. 207 (Suppl 2), S78-S84. doi: 10.1093/infdis/jit112

Jespersen, S., Honge, B. L., Krarup, H., Medstrand, P,, Sorensen, A., Medina, C., et
al. (2018). Protease inhibitors or NNRTIs as first-line HIV-1 Treatment in West
Africa (PIONA): a randomized controlled trial. J. Acquir. Immune Defic. Syndr.
79, 386-393. doi: 10.1097/QAI1.0000000000001820

Kumarasamy, N., Aga, E., Ribaudo, H. J,, Wallis, C. L., Katzenstein, D. A., Stevens,
W. S, et al. (2015). Lopinavir/Ritonavir monotherapy as second-line antiretroviral
treatment in resource-limited settings: week 104 analysis of AIDS clinical trials
group (ACTG) A5230. Clin. Infect. Dis. 60, 1552-1558. doi: 10.1093/cid/civ109

Laker, E., Mambule, I, Nalwanga, D., Musaazi, ]., Kiragga, A., and Parkes-Ratanshi, R.
(2014). Boosted lopinavir vs boosted atazanavir in patients failing a NNRTI
first line regimen in an urban clinic in Kampala. J. Int. AIDS Soc. 17, 19792. doi:
10.7448/1AS.17.4.19792

Li, H., Marley, G., Ma, W., Wei, C., Lackey, M., Ma, Q,, et al. (2017). The role of
ARV associated adverse drug reactions in influencing adherence among HIV-
infected individuals: a systematic review and qualitative meta-synthesis. AIDS
Behav. 21, 341-351. doi: 10.1007/510461-016-1545-0

Liu, P, Tang, Z., Lan, G., Zhu, Q., Chen, H., You, Y,, et al. (2018). Early antiretroviral
therapy on reducing HIV transmission in China: strengths, weaknesses and
next focus of the program. Sci. Rep. 8, 3431. doi: 10.1038/541598-018-21791-2

Luz, P. M., Belaunzaran-Zamudio, P. E, Crabtree-Ramirez, B., Caro-Vega, Y.,
Hoces, D., Rebeiro, P. E, et al. (2015). CD4 response up to 5 years after
combination antiretroviral therapy in human immunodeficiency virus-
infected patients in Latin America and the Caribbean. Open Forum Infect. Dis.
2, 0fv079. doi: 10.1093/0fid/0fv079

Meng, X., Yin, K., Wang, J., Dong, P, Liu, L., Shen, Y, et al. (2015). Effect of
CYP2B6 gene polymorphisms on efavirenz plasma concentrations in chinese
patients with HIV Infection. PloS One 10, e0130583. doi: 10.1371/journal.
pone.0130583

Molina, J. M., Podsadecki, T. ., Johnson, M. A., Wilkin, A., Domingo, P., Myers, R.,
et al. (2007). A lopinavir/ritonavir-based once-daily regimen results in better
compliance and is non-inferior to a twice-daily regimen through 96 weeks.
AIDS Res. Hum. Retroviruses 23, 1505-1514. doi: 10.1089/aid.2007.0107

NCAIDS, NCSTD, CDC C. (2018). Update on the AIDS/STD epidemic in China
the third quarter of 2018. Chin. J. AIDS STD 24, 1075. doi: 10.13419/j.cnki.
aids.2018.11.01

Ombeni, W., and Kamuhabwa, A. R. (2016). Lipid profile in HIV-infected patients
using first-line antiretroviral drugs. J. Int. Assoc. Provid. AIDS Care 15, 164-
171. doi: 10.1177/2325957415614642

Frontiers in Pharmacology | www.frontiersin.org

December 2019 | Volume 10 | Article 1472


http://doi.org/10.3760/cma.j.issn.0578-1426.2018.12.002
http://doi.org/10.3760/cma.j.issn.1674-2397.2015.05.001
http://doi.org/10.3760/cma.j.issn.1674-2397.2015.05.001
http://doi.org/10.1016/S2352-3018(17)30066-8
http://doi.org/10.1016/S2352-3018(17)30066-8
https://doi.org/10.1016/S0140-6736(05)67394-1
https://doi.org/10.1016/j.rec.2017.01.002
https://doi.org/10.1097/QAD.0000000000000531
https://doi.org/10.5501/wjv.v4.i2.56
https://aidsinfo.nih.gov/contentfiles/lvguidelines/adultandadolescentgl.pdf
https://aidsinfo.nih.gov/contentfiles/lvguidelines/adultandadolescentgl.pdf
https://doi.org/10.2174/1874192401105010049
https://doi.org/10.1097/00126334-200406010-00007
https://doi.org/10.1097/QAI.0b013e31819c2937
http://doi.org/10.1016/S2352-3018(16)30087-X
https://doi.org/10.1021/acs.jmedchem.5b01697
https://doi.org/10.1016/S0140-6736(18)31311-4
https://doi.org/10.1001/jama.2014.8722
https://doi.org/10.1016/S0140-6736(12)61038-1
https://doi.org/10.1371/journal.pone.0164299
https://doi.org/10.1371/journal.pone.0164299
https://doi.org/10.1093/infdis/jit112
https://doi.org/10.1097/QAI.0000000000001820
https://doi.org/10.1093/cid/civ109
https://doi.org/10.7448/IAS.17.4.19792
https://doi.org/10.1007/s10461-016-1545-0
https://doi.org/10.1038/s41598-018-21791-2
https://doi.org/10.1093/ofid/ofv079
https://doi.org/10.1371/journal.pone.0130583
https://doi.org/10.1371/journal.pone.0130583
https://doi.org/10.1089/aid.2007.0107
http://doi.org/10.13419/j.cnki.aids.2018.11.01
http://doi.org/10.13419/j.cnki.aids.2018.11.01
https://doi.org/10.1177/2325957415614642
https://www.frontiersin.org/journals/pharmacology/
http://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Su et al.

Lopinavir/Ritonavir-Based Initial Antiretroviral Therapy

Park, M., Kee, M. K., Rhee, ], Park, J. Y., Kim, S. S., Kang, C,, et al. (2016). The
trend of transmitted drug resistance in newly diagnosed antiretroviral-naive
HIV/AIDS patients during 1999-2012 in South Korea. J. Clin. Virol. 81, 53-57.
doi: 10.1016/j.jcv.2016.06.001

Patel, D., Desai, M., Shah, A. N., and Dikshit, R. K. (2013). Early outcome
of second line antiretroviral therapy in treatment-experienced human
immunodeficiency virus positive patients. Perspect. Clin. Res. 4, 215-220. doi:
10.4103/2229-3485.120170

Prabhu, S., Harwell, J. I., and Kumarasamy, N. (2019). Advanced HIV: diagnosis,
treatment, and prevention. Lancet HIV 6, e540-e551. doi: 10.1016/
$2352-3018(19)30189-4

Rasooli-Nejad, M., Khazaee-Pool, M., Abbasian, L., Bayat Jozani, Z. Ahsani-
Nasab, S., Moradmand Badie, B., et al. (2017). Assessing the efficacy of second-
line antiretroviral treatment for hiv patients failing first-line antiretroviral
therapy in iran: a cohort study. Acta Med. Iran 55, 233-240.

Souza, S. J., Luzia, L. A,, Santos, S. S., and Rondo, P. H. (2013). Lipid profile
of HIV-infected patients in relation to antiretroviral therapy: a review.
Rev. Assoc. Med. Bras (1992) 59, 186-198. doi: 10.1016/S2255-4823(13)
70454-5

Stone, N. J., Robinson, J. G., Lichtenstein, A. H., Bairey Merz, C. N., Blum, C. B,,
Eckel, R. H., et al. (2014a). 2013 ACC/AHA guideline on the treatment of
blood cholesterol to reduce atherosclerotic cardiovascular risk in adults: a
report of the American College of Cardiology/American Heart Association
Task Force on Practice Guidelines. Circulation 129, S1-45. doi: 10.1161/01.
cir.0000437738.63853.7a

Stone, N. J., Robinson, J. G., Lichtenstein, A. H., Bairey Merz, C. N., Blum, C.
B., Eckel, R. H., et al. (2014b). 2013 ACC/AHA guideline on the treatment
of blood cholesterol to reduce atherosclerotic cardiovascular risk in adults: a
report of the American College of Cardiology/American Heart Association
Task Force on Practice Guidelines. J. Am. Coll. Cardiol. 63, 2889-2934. doi:
10.1016/j.jacc.2013.11.002

UNAIDS. (2018). Global HIV & AIDS statistics — 2018 fact sheet. WORLD AIDS
DAY 2018.

World Health Organization. (2014). March 2014 supplement to the 2013
consolidated guidelines on the use of antiretroviral drugs for treating and
preventing HIV infection: recommendations for a public health approach.

World Health Organization Global Health Observatory (GHO). (2018). data.
http://www.who.int/gho/hiv/en/.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2019 Su, Wang, Zhou, Jiang, Zhang, Li, Liu, Shao, Hua, Zhang, Wu, He,
Dai and Sun. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original author(s) and the copyright owner(s)
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Pharmacology | www.frontiersin.org

December 2019 | Volume 10 | Article 1472


https://doi.org/10.1016/j.jcv.2016.06.001
https://doi.org/10.4103/2229-3485.120170
https://doi.org/10.1016/S2352-3018(19)30189-4
https://doi.org/10.1016/S2352-3018(19)30189-4
https://doi.org/10.1016/S2255-4823(13)70454-5
https://doi.org/10.1016/S2255-4823(13)70454-5
https://doi.org/10.1161/01.cir.0000437738.63853.7a
https://doi.org/10.1161/01.cir.0000437738.63853.7a
http://doi.org/10.1016/j.jacc.2013.11.002
http://www.who.int/gho/hiv/en/
http://creativecommons.org/licenses/by/4.0/ 

http://creativecommons.org/licenses/by/4.0/ 

https://www.frontiersin.org/journals/pharmacology/
http://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

	Efficacy and Tolerability of Lopinavir/Ritonavir- and Efavirenz-Based Initial Antiretroviral Therapy in HIV-1-Infected Patients in a Tertiary Care Hospital in Beijing, China

	﻿Introduction

	﻿Materials and Methods

	﻿Study Population

	﻿Ethics Statement

	﻿Data Collection

	﻿CD4+ T-Cell Count and Viral 
Load Measurement

	﻿Observation Endpoint

	﻿Statistical Analysis


	﻿Results

	﻿Characteristics of the Patients

	﻿Virological Assessment

	﻿Immunological Response

	﻿Adverse Effects


	﻿Discussion

	﻿Data Availability Statement

	﻿Ethics Statement

	﻿Author Contributions

	Funding

	﻿Acknowledgments

	References



