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Abstract

Objectives
The study aim was to evaluate the impact on Liver and Kidney toxicity of the single tablet

regimen Elvitegravir/Cobicistat/Emtricitabine/Tenofovir Disoproxil Fumarate (EVG/COBI/
FTC/TDF) on Antiretroviral Therapy (ART) experienced or naive patients.

Methods

Patients initiating EVG/COBI/FTC/TDF were enrolled in the SCOLTA project, a multicenter
observational study reporting grade 3—4 Adverse Events in subjects beginning new antire-
troviral drug regimens. In this analysis, patients were evaluated at TO (baseline), T1 (six
months) and at T2 (twelve months).
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Results

A total of 329 patients were enrolled, and 280 (85.1%) of these had at least one follow-up
visit. Median observation time was 11 months (IQR 7.0-15.5). Two hundred and two
patients (72.1%) were ART experienced and 78 (27.9%) ART naive. Prevalence of HCV-co-
infection was 21.4%. At T1, we observed a significant decline in estimated glomerular filtra-
tion rate (eGFR), both in experienced and naive patients (mean change from T0-7.5 £ 12.8
ml/min, -15.5 + 17.8 ml/min, respectively, p = 0.0005), which was confirmed at T2 (mean
change from T0-8.2 + 15.8 ml/min, -17.6 + 19.4 ml/min, respectively, p = 0.001). Regarding
aspartate aminotransferase (AST) and alanine transaminase (ALT) grade 1-2 modifica-
tions, no significant differences were observed between experienced and naive subjects,
but an increased prevalence of abnormal liver function test was observed in patients with
chronic HCV infection (p<0.001).

Conclusions

A significant decline in eGFR was observed in patients initiating EVG/COBI/FTC/TDF in the
first 6 months, with no significant worsening occurring at 12 months vs. 6 months of therapy.
Patients with chronic HCV infection were at higher risk to develop abnormal liver tests.

Introduction

Most studies evaluating the safety of Elvitegravir/Cobicistat/Emtricitabine/Tenofovir-Diso-
proxil fumarate (EVG/COBI/FTC/TDF) have described a significant reduction in estimated
glomerular filtration rate (eGFR) during the first four weeks of treatment, and few changes
through 48 weeks, both in naive and experienced patients [1-5]. In two studies performed
on naive patients, median eGFR change at 48 weeks of treatment was -12.7 and -14.3 ml/
min [1, 2], while a median creatinine increase of 0.06 and 0.12 mg/dl was observed in expe-
rienced subjects at 48 weeks of treatment [3, 4]. In a study evaluating naive patients with
mild to moderate renal impairment, median eGFR change from baseline was -7.6 ml/min at
week 48 [5].

Elevations in alanine transaminase (ALT) and aspartate aminotransferase (AST) were
observed less frequently during EVG/COBI/FTC/TDF treatment, compared to Tenofovir/
emtricitabine/efavirenz (TDF/FTC/EFV) and tenofovir/emtricitabine/atazanavir/ritonavir
(TDE/FTC/ATV/r) regimens. Such events occurred in 15-17% of naive patients [1, 2] and 2%
of experienced ones [4] on EVG/COBI/FTC/TDF, vs. 31-34% of naive patients on TDF/FTC/
EFV [1], in 22% of those on TDF/FTC/ATV/r as their first line treatment [2] and in 1% of
experienced patients on Protease Inhibitor regimens [4].

Few patients in these studies were co-infected with HBV and HCV, and a very small pro-
portion of subjects had CD4 +T cell counts <200 cell/micrL [1-4]. The most frequent adverse
events (AE) during the first 48 weeks of treatment with EVG/COBI/FTC/TDF were: diarrhea
(7-23%), nausea (7-21%), upper respiratory tract infections (8-15%) and headache (6-15%)
[1-4]. Insomnia and depression were reported in about 3-9% of patients[1-4] and skin rash
was experienced only by 0.3-6.0% of patients [1, 2].

In Italy, the number of patients with HIV-HCV co-infection has increased to 45% [6] and
most patients start therapy with advanced chronic HCV infection (Hepatic fibrosis F3/F4),
due to Italian Pharmaceutical Agency restrictive rules for treatment of HCV infection [7]. Our
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primary aim was to evaluate the impact of this regimen on liver and kidney function in both
naive and experienced patients receiving combination ART (cART). Our secondary purpose
was to identify the overall frequency of adverse drug reactions.

Materials and methods

Patients initiating EVG/COBI/FTC/TDF were enrolled in the Surveillance Cohort Long-term
Toxicity Antiretrovirals/antivirals (SCOLTA) project, a prospective, multicenter observational
study created to assess the incidence of AE in patients receiving new antiretroviral drugs in
clinical practice. The project has an internet site (http://www.cisai.info) where grade III and IV
AE are recorded, according to the Division of AIDS Tables [8]. The SCOLTA Project currently
includes three cohorts: dolutegravir, EVG/COBI/FTC/TDF and darunavir/cobicistat. Patients
undergo follow-up at 6-month intervals and AEs are notified when they are clinically observed.
Details are described elsewhere [9]. The study protocol was approved by the local ethics com-
mittee of the coordinating center at Hospital “L. Sacco”University of Milan on 18 September
2002. A new protocol amendment was submitted and approved on 13 June 2013 by the same
ethics committee. This last version was approved by local ethics committee of each group and
written consent was obtained from all participants.

Patients were evaluated at TO (baseline), T1 (six months) and T2 (twelve months). eGFR
was calculated as mL/min/1.73 m* using the Modification of Diet in Renal Disease (MDRD)
formula: eGFR = 186 * serum creatinine (mg/mL)'l'157 * age (years)'o'203 *1.210 (if black) *
0.742 (if female).

As far as transaminase increase, grade 1-2 events were defined as 1.25-<5.00 x upper nor-
mal level (AST: 40 mg/dL; ALT 35 mg/dL) if baseline values were normal, and 1.25-<5.00 x
baseline value if an abnormal value was present at baseline. Grade 3-4 were recorded in the
online system.

HCV infection was defined as the presence of HCV-Antibodies (Ab); HCV chronic infec-
tion as the presence of HCV-Ab and HCV-RNA.

Categorical and discrete variables were described as frequency and percentage (%). Contin-
uous variables were described using mean and standard deviation (SD) if normally distributed,
and median and interquartile range (IQR) if not normally distributed. At univariate analysis,
groups were compared using chi-square for categorical variables (Person chi-square or Fisher
exact test or Mantel-Haenszel test as appropriate) and analysis of variance for continuous vari-
ables, or via non-parametric tests for not normally distributed continuous variables. Repeated
measures were analyzed as change from baseline. A general linear model was used to include
potential confounders in the multivariate analysis.

Hazard ratios (HR) and 95% confidence intervals (CI) were calculated for treatment inter-
ruption, and logistic regression was used to adjust simultaneously for the potentially con-
founding effects of selected variables, according to the Cox model. Variables with p<0.20 at
univariate were subsequently included in the model equation as appropriate (i.e., scores were
adjusted only for variables not included in their calculation and correlated variables were
included in turn). Statistical analysis was performed using the SAS/STAT statistical package
(version 9.4; SAS Institute Inc., Cary, North Carolina, USA).

Results

Between January 2014 and December 2016, 329 patients were enrolled, 280 (85.1%) of which
had at least one follow-up visit. Two hundred and two (72.1%) were ART experienced and 78
(27.9%) were treatment naive. Prior to the cohort drug, ART experienced patients were on
Protease Inhibitors (115, 56.9%) or Non-Nucleoside Reverse Transcriptase Inhibitors (51,
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25.3%) or Integrase Strand Transfer Inhibitors (35, 17.3%)-based treatment: 145 (71.8%) were
virologically suppressed when starting EVG/COBI/FTC/TDF and 161 (79.7%) were already on
aregimen including TDF.

HCV-Antibody (Ab) positive patients were 61 (21.8%, 59 experienced and two naive); The
baseline characteristics of the sample are shown in Table 1.

Over time, CD4+ T cells change from baseline was 29 (£188) at T1 and 32 (£180) at T2 in
experienced patients, and 125 (+167) at T1 and 190 (+162) at T2 in naive ones (p<0.0001).
Among those who had reached the observation visit, HIV-RNA was still detectable in 18.4% of
experienced and 23.0% of naive subjects at T1 (p = 0.40), and respectively in 13.7% and 14.6%
at T2 (p = 0.88).

Table 1. Patient’s characteristics (n = 280.

Variables Experienced Naive P
N =202 (72.1%) N=78
(27.9%)
Males 147 (72.8) 65 (83.3) 0.06
Risk factor IVDU 50 (24.8) 2(2.6) <0.0001
CDC Stage C 52 (25.7) 14 (18.0) 0.05
Detectable HIV-RNA 57 (28.2) 78 (100) <0.0001
HCV-ADb positivityq| 59 (30.1) 2(2.7) <0.0001
Detectable HCV-RNA 30 1
Undetectable HCV-RNA 19 0
Missing HCV-RNA 10 1
eGFR BL*
>90 101 (50.5) 50 (70.1) 0.02*
80-89 44 (22.0) 14 (18.2)
70-79 35(17.5) 6(7.8)
<70 20 (10.0) 3(3.9)
Mean (SD) or Mean (SD) or median (IQR)
median (IQR)
Age (years) 45.7 (9.5) 39.2(11.9) <0.0001
BMI (Kg/m?) 24.1(3.4) 22.9 (2.7) 0.0009
CD4+T cells (cells/ml) 578 (356) 377 (280) <0.0001
HIV-RNA (cp/mm?®) 24 (19-67) 50,042 (8,040-117,171) <0.0001
cART duration (years) 8.0 (3.3-16.8) 0
Total cholesterol (mg/dL) 191.1 (44.9) 158.7 (37.5) <0.0001
HDL cholesterol (mg/dL) 43.2 (12.6) 40.1(13.6) 0.09
Triglycerides (mg/dL) 140 (91-196) 92 (70-121) <0.0001
Blood glucose (mg/dL) 94.3 (29.1) 89.8 (17.1) 0.21
AST (IU/L) 24 (20-35) 24 (20-32) 0.88
ALT (IU/L) 28 (18-46) 27 (17-38) 0.27
Creatinine (mg/dL) 0.90(0.18) 0.86 (0.16) 0.047
Alcaline phosphatase (IU/L) 118.9 (76.4) 88.2 (42.0) 0.005
Fosforemia (mg/dL) 3.19(0.68) 3.10(0.68) 0.46

* chi-square for trend
9] 10 missing
A3 missing

IVDU intravenous drug users, CDC center for disease control, HCV hepatitis C virus, Ab antibody, eGFR estimated glomerular filtration rate, BL baseline,

SD standard deviation, IQR interquartile range, BMI body mass index, cART antiretroviral therapy, HDL high density lipoprotein, AST aspartate

aminotransferase, ALT alanine transaminase.

https://doi.org/10.1371/journal.pone.0179254.t001
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Kidney and liver adverse events

At baseline, the mean eGFRs were significantly different between experienced and naive
patients. However, they tended to be similar at follow-up. Consistently, changes from baseline
were significantly higher in naive than in experienced group (see Table 2 and Fig 1).

After adjusting for HCV-RNA positivity, CDC stage, body mass index (BMI), CD4+ T cells
and eGFR at T0, change from baseline was statistically significant both in experienced and
naive subjects, at T1 and T2 versus T0. No marked difference was observed between adjusted
and unadjusted means: -6.0 (standard error (SE) 1.6) and -6.4 (SE 2.1) for experienced subjects
at T1 and T2 respectively, and -11.5 (SE 2.6) and -15.2 (SE 4.1) for naive patients.

Changes from T1 to T2 were negligible: 0.6 + 15.6 for experienced and -1.2 + 12.2 ml/min
for naive; adjusted means were 1.0 (SE 2.0) and -3.4 (SE 3.8), showing no statistically signifi-
cant difference from zero.

Out of 178 experienced patients with at least one follow-up visit and eGFR at TO >70 mL/
min, 34 (19.1%) experienced a decline of eGFR <70 mL/min at T1 and T2; the corresponding
figure for 74 naive subjects was ten (13.5%), a proportion not significantly different from that
of experienced patients (P = 0.29).

Stratifying for eGFR value at baseline (<70, 70-79, 80-89, and >90 mL/min), a similar pro-
portion of experienced and naive patients showed a worsening or an improvement of renal
impairment stage (p = 0.60). However, renal impairment was cause for interruption only in
four patients, two experienced and two naive.

Regarding liver AE, grade 3-4 were recorded in the designated form and grade 1-2 were
calculated using follow-up laboratory data. An experienced patient who was HCV-Ab negative
at baseline and presented acute HCV infection during follow-up was excluded from the analy-
sis of liver-related AEs.

No significant differences between experienced and naive patients were observed during
follow-up (Table 2) except for treatment interruption that were more frequent in experienced
patients. However, after excluding patients who interrupted because of interactions with
directly antiviral agents (DAAs) no significant differences were confirmed. As for HCV status,
11 liver AEs occurred among 208 HCV-ADb negative (5.3%), one among 19 HCV-Ab positive/
HCV-RNA negative (5.3%), eight among 31 HCV-RNA positive (25.8%), two among 11
HCV-Ab positive subjects with missing HCV-RNA (18.2%), and one among 10 patients with
unknown HCV-RNA status (10%). When including, at the same time, HCV-Ab and HCV-
RNA status and treatment status (naive/experienced) in the analysis, no statistically significant
difference was found between naive and experienced patients (p = 0.40), whereas HCV-RNA
positive subjects had a significantly higher proportion of liver related AEs (Mantel-Haenszel
chi-square p = 0.001, excluding missing HCV-RNA patients).

Safety-adverse events and treatment interruptions

During the observation period, 54 (19.3%) patients withdrew treatment: 11 were virological
failures, four switched to other treatments because of DA As initiation, ten were lost to follow-
up, and eleven chose to interrupt. The 11 patients with virological failure were mostly experi-
enced patients (ten vs. one), with a high prevalence of HCV-Ab positivity (45%); median time
to interruption was 13 months (range 1-19); their mean CD4+T cells change from baseline
was -21 (£79) and -8 (+251) at T1 and T2 respectively. One patient died from hepatic cancer
and one from accidental drug overdose. Overall, 16 patients (5.7%) interrupted their treatment
because of AEs (ten grade 1-2, six grade 3-4).

Four patients interrupted for kidney-related events (impaired creatinine clearance); five
because of gastrointestinal events; two had liver-related events (one liver decompensation in
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Table 2. Adverse events.

Variables Experienced Naive P
N =202 (72.1%) N =78 (27.9%)
eGFR
TO 95.4 (24.3) 108.2 (26.0) 0.0001
™ 87.9 (24.8) 92.6 (20.4) 0.13
T2 88.2 (27.3) 91.9(19.9) 0.39
T1-TO -7.5(12.8) -15.5(17.8) <0.0001
T2-TO -8.2(15.8) -17.6 (19.4) 0.001
T2-T1 0.6 (15.6) -1.2(12.2) 0.46
eGFR <70 at T1 or T2
with eGFR >70 at BL 34 (19.1) 10(13.5) 0.29
(n =178 exp./74 naive)
with eGFR<70 at BL 19 (95.0) 3(100.0) 1.00

(n =20 exp./3 naive)

eGFR category as compared to BL*

Worse 88 (43.6) 34 (43.6) 0.60
Same 92 (45.5) 39 (50.0)
Better 22(10.9) 5(6.4)
Liver enzyme increase
Grade 1-2 17 (8.5) 3(3.8) 0.40
Grade 3—4 or causing treatment 2(1.0) 1(1.3)
interruption
Grade 3-4 adverse events not leading to treatment interruption 12 (5.9) 1(1.3) 0.01
Central nervous system 3 0
Cardiovascular disease 2 0
Diarrhea 1 0
Blood lipid increase 2 0
Muscle pain 1 0
Other# 3 1
Treatment interruptions 46 (22.8) 8(10.3) 0.01
Reasons for treatment interruptions
Virological failure 10(21.7) 1(12.5) 0.25
Death 2(4.3) 0
Hepatic cancer 1 0
Overdose 1 0
Adverse events 11 (23.9) 5 (62.5)
Gastrointestinal 4 1
Kidney related 2 2
Liver related 1 1
Skin 1 0
Central nervous system 1 0
Other§ 2 1
Poor adherence/patient’s choice 9(19.6) 2(25.0)
Other: starting DAA treatment 4(8.7) 0
Lost to follow-up 10 (21.7) 0

eGFR estimated glomerular filtration rate, BL baseline, DAA direct antiviral agents
*At least +1/-1 move through categories <70, 70-79, 80—89,>90 mL/min
#Karposi sarcoma, acute Hepatitis C infection, pneumonia, fever

§ Multiple skin infections, erectile dysfunction, intolerance

https:/doi.org/10.1371/journal.pone.0179254.t002
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Fig 1. eGFR change from baseline: Means and 95% confidence intervals”. eGFR = estimated
Glomerular Filtration Rate.

https://doi.org/10.1371/journal.pone.0179254.9001

an experienced HCV-co-infected patient and one transaminase increase in a naive HCV-Ab
negative subject). Other reasons for interruption were: erectile dysfunction, skin rash, insom-
nia, intolerance.

Excluding four patients who withdrew from treatment because they had started DAAs,
interruptions were more frequent among experienced than naive patients, but not significantly
(HR 1.58, 95% CI 0.73-3.39, p = 0.24): after adjustment for potential confounders measured at
study entry (gender, age, BMI, CD4+T cells, CDC stage, HCV-RNA status), the risk showed a
slight increase (HR 2.14, 95% CI 0.92-5.00, -p = 0.08). The only one significant predictor of
treatment interruption was CD4+ T cells at study entry (HR 0.92, 95%; 0.86-0.97 by 50 addi-
tional cells/mL, p = 0.003). Models including CD4+T cells at T1 and T2 provided similar
results.

As far as grade 3-4 AEs not leading to treatment interruption, they occurred mainly in
experienced patients (12/13, 92.3%): three central nervous system (CNS) events (headache,
anxiety, sleepwalk) were considered to have possibly been related to EVG/COBI/FTC/TDEF.
Opverall, grade 3-4 AEs occurred in 19 subjects: after adjustment for potential confounders as
measured at study entry (gender, age, BMI, CD4+T cells, CDC stage, HCV-RNA status) HR
for first grade 3-4 AE in experienced patients was 1.96 (95% CI 0.38-10.14, p = 0.42), with
naive patients used as the reference category.

Discussion

In this study, we took a snapshot of EVG/COBI/FTC/TDF use in a real life Italian setting.

Observed rates of discontinuation from significant reduction of creatinine clearance in
experienced patients were similar to rates seen in RCTs [3, 4], while such interruptions were of
a comparatively higher proportion in our naive patients, with a percentage of 2.6% vs. 0.3-1%
[1, 2]. This result may be due to the relatively small sample of naive subjects in our study (78
patients), since these patients had significantly better eGFR profiles at baseline than the experi-
enced group. However, the 95% confidence interval for this proportion was wide (0.7-8.8%),
and included the estimates observed in other studies [1, 2].
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One reason for the general significant eGFR reductions which we observed could be that a
small group of patients initiated EVG/COBI/FTC/TDF with an eGFR<70ml/min, despite con-
tra-indication. Interestingly, we observed that, in clinical practice, eGFR calculation is often
not carried out, possibly because physicians are used to suppose that normal creatinine levels
are an indication of normal eGFR levels when, in fact, levels of the former can be normal, even
in presence of eGFR lower than 70 ml/min (i.e. in older patient). However, among 23 patients
who had eGFR< 70 mL/min at enrollment, only three experienced subjects withdrew because
of AEs: one because of impaired creatinine clearance and two for other events.

Finally, a significant eGFR reduction of in both naive and experienced patients was
observed. This was not a surprise, given the known inhibition of the multi drug and toxin
extrusion-1(MATE-1) renal transporter, which is involved in tubular secretion of creatinine
[10]. We confirmed the data of RCTs on the stabilization of these effects after the first 4 weeks
of treatment.

We observed a more marked eGFR reduction in naive patients, likely because they had
never been exposed to ritonavir, which itself affects tubular secretion of creatinine and can par-
tially inhibit MATE-1 [11] and to tenofovir that, combined with COBI as first line regimen,
might have been the cause of this decline.

Contrastingly, we observed significantly lower eGFR in experienced than in naive patients,
even though the decrease in eGFR was more marked in naive ones. Considering the whole
sample, during the follow-up period, the proportion of patients with eGFR<70 increased by 2
to 3 fold. This occurrence was not considered to be sufficient reason for interruption, probably
because COBI documented effect on creatinine secretion invalidates the use of creatinine in
calculating eGFR. Recently, Post et al. published a study about kidney safety of EVG/COBI/
FTC/TDF in patients with eGFR>50 ml/min [5]: they calculated eGFR using cystatin C, which
is not influenced by COBI, and observed safety levels similar to those reported in studies con-
ducted on patients with eGFR>70 ml/min. It is probable that in our study, physicians’ deci-
sions to continue EVG/COBI/FTC/TDF were influenced by such considerations.

Rates of treatment interruption due to both gastrointestinal and liver events were similar in
the experienced group as well as in naive patients, as compared to RCTs. However, it should
be noted that we observed a very low incidence of gastrointestinal events of any grade. These
results could be partially due to a lack of reporting, especially in experienced patients, which
represent the majority of our sample. Having experienced a far greater incidence of gastroin-
testinal events with previous Protease Inhibitors or Non-Nucleoside Reverse Transcriptase
Inhibitors based treatments, patient-reported symptoms, both in STRATEGY-PI and in
STRATEGY-NNRTI, were significantly reduced [12, 13]. This amelioration of gastrointestinal
symptoms has probably contributed in reducing the reports of such events by patients in our
cohort.

Although our cohort included a large percentage of patients with HCV-Ab positivity
(21.8% of subjects with at least 1 follow-up visit), we did not observe a significant increase in
ALT and AST during the first 48 weeks of treatment considering only HCV infection (both
HCV-RNA negative and positive). However, fifty percent of patients with grade 3-4 AEs suf-
fered from chronic hepatitis C and a significant higher proportion of patients with positive
HCV-RNA experienced liver AE. We confirmed a low incidence of liver events in patients ini-
tiating EVG/COBI/FTC/TDF a described in RCT's [1-4] and the higher rates of abnormal AST
and ALT and liver decompensation in antiretroviral treated patients with HIV-HCV coinfec-
tion as described in literature [14, 15]. Data are lacking about specific hepatic toxicity of EVG/
COBI in patient with chronic HCV viral hepatitis. Recent data about use of COBI/EVG on 72
patients with HIV-HBV coinfection showed a normalization of ALT in 50% of patients with
abnormal ALT at baseline[16] but patients were mostly with a suppressed HBV-DNA. We
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could argue that uncontrolled HCV viral replication could be a risk factor for abnormal liver
test in patients initiating EVG/COBI/FTC/TDF.

Our study has some limitations. A main limitation is the comparatively small sample size
and the subsequent low power, that prevented us from drawing significant conclusions in case
of infrequent events. Another limit was the use of creatinine as marker of eGFR that is not so
accurate in patients on COBI, we took into account this limitation and compared our data
only with studies that used only creatinine like ours. We have no sure data on liver fibrosis
stage in patients with HIV-HCV coinfection even if we can suppose that most patients should
have a liver stiffness <10 kPa because no one has been treated with direct antiviral agents dur-
ing the study period since Italian Health System rules provided treatment for HCV only for
patients with a liver stiffness > 10 kPa. [7]

Conclusions

A significant decline in eGFR was observed in patients initiating EVG/COBI/FTC/TDF at 6
month-follow-up, with no significant worsening at 12 months compared to 6 months. Our
data suggests the importance of careful monitoring of renal function, both in naive and in
experienced patients who are initiating EVG/COBI/FTC/TDF, especially during the first 4
weeks, even in patients with normal eGFR at baseline. Patients with positive HCV-RNA were
at higher risk of developing AST and ALT elevation and liver-related events.

Supporting information

S1 File. Patients’characteristics and adverse events. BMI, body mass index; PI, protease
inhibitor; NNRTI, non-nucleoside reverse transciptase inhibitor; INSTI, integrase strand
transfer inhibitor; TDF, tenofovir disoproxil fumarate; HCV, hepatitis C virus; Ab, antibody;
eGFR, estimated glomerular filtration rate; BL, baseline; SD standard deviation; IQR, inter-
quartile range; cART, antiretroviral therapy; HDL, high density lipoprotein; AST, aspartate
aminotransferase; ALT, alanine transaminase; det, detectable; AE, adverse event; GI, gastro-
intenstinal, DAA, direct antiviral agents.
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