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Abstract

Aim of this study was to assess the predictors of virological failure (VF) among patients living with HIV
(PLWHIV) switching from an effective first-line antiretroviral therapy (ART) regimen, and to evaluate the
emergence of resistance-associated mutations. All adult patients enrolled in the Antiviral Response Cohort
Analysis cohort who started ART after 2010, with at least 6 months of virological suppression (VS) before ART
switch and with an available genotypic resistance test (GRT) at baseline were included. Thirty-two patients out
of the 607 PLWHIV included (5.3%) experienced VF after a median of 11 months from ART switch. Younger
age (adjusted Hazard Ratio [aHR] 0.96, 95% confidence interval [CI] 0.92–0.99, p = .023), being male who have
sex with male (aHR 0.15, 95% CI 0.03–0.69, p = .014), and longer time from VS to ART switch (aHR 0.97,
95% CI 0.95–1.00, p = .021) resulted protective toward VF, while receiving a first-line regimen containing a
backbone other than ABC/3TC or TXF/FTC (aHR 3.61, 95% CI 1.00–13.1, p = .050) and a boosted protease
inhibitor as anchor drug (aHR 3.34, 95% CI 1.20–9.28, p = .021) were associated with higher risk of VF. GRT at
the moment of VF was available only for 13 patients (40.6%). ART switch in patients with stable control of
HIV infection is a safe practice, even if particular attention should be paid in certain cases of patients switching
from regimens containing low-performance backbones or protease inhibitors.
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6Department of Medical Biotechnologies, University of Siena, Siena, Italy.
7Department of Biomedical Sciences and Human Oncology, Clinic of Infectious Diseases, University of Bari ‘‘Aldo Moro,’’ Bari, Italy.
8Unit of Infectious Diseases, Department of Medical, Surgical and Experimental Sciences, University of Sassari, Sassari, Italy.
9Infectious Diseases Unit, AUSL – IRCCS Reggio Emilia, Reggio Emilia, Italy.

10InformaPRO s.r.l., Rome, Italy – EuResist Network GEIE, Rome, Italy.
11Infectious Diseases Unit, Azienda Ospedaliero-Universitaria Senese, Siena, Italy.
12Department of Infectious Diseases, Azienda Ospedaliero-Universitaria Policlinico of Modena, Modena, Italy.

AIDS RESEARCH AND HUMAN RETROVIRUSES
Volume 00, Number 00, 2022
ª Mary Ann Liebert, Inc.
DOI: 10.1089/aid.2021.0016

1

D
ow

nl
oa

de
d 

by
 B

ib
lio

te
ca

 I
R

C
C

S 
Is

tit
ut

o 
N

az
io

na
le

 p
er

 la
 R

ic
er

ca
 s

ul
 C

an
cr

o 
- 

A
zi

en
da

 O
sp

ed
al

ie
ra

 S
an

 M
ar

tin
o 

G
en

ov
a 

fr
om

 w
w

w
.li

eb
er

tp
ub

.c
om

 a
t 0

5/
31

/2
2.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 



Introduction

Current antiretroviral therapy (ART) regimens
allow stable control of HIV replication with achieve-

ment of stable virological suppression (VS) in >90% of
treated patients.1 However, given the lifelong nature of ART
treatment, there is growing concern regarding long-term side
effects and adherence issues.2,3 Thus, individual optimization
strategies to tailor the best ART regimen and prevent such
complications have been widely implemented in everyday
HIV clinical practice,4–6 and simplification has been de-
scribed as the main reason for first-line ART discontinuation
in Italy in recent years.7

Genotypic resistance test (GRT) at baseline and upon vi-
rological failure (VF) has been recommended by most in-
ternational guidelines.8–10 Indeed, it can be a useful tool to
guide optimization strategies, especially among heavily
ART-experienced patients for whom the risk of mutations
acquired from previous VF or planned treatment interrup-
tions is consistent.11,12

Aim of our study was to assess the predictors of VF among
patients living with HIV (PLWHIV) switching from an ef-
fective first-line ART regimen, and to evaluate the emergence
of new resistance-associated mutations (RAMs).

Materials and Methods

Study design

We conducted a multicenter retrospective study among
PLWHIV enrolled in the Antiviral Response Cohort Analysis
(ARCA). Inclusion criteria for this study were (1) age ‡18
years, (2) start of ART in year 2010 or following years, (3)
baseline GRT available upon ART initiation, and (4) stable
VS for at least 6 months before switch to a second-line reg-
imen. Moreover, all patients enrolled in the study had a
follow-up period of at least 42 months to better allow the
detection of late VF as well as emergence of new resistance to
antivirals.

Definitions and methods

VS was defined as HIV-RNA values <50 copies/mL for ‡6
consecutive months, VF as either two consecutive HIV-RNA
determinations ‡50 copies/mL or a single determination
‡1,000 copies/mL. ART switch was defined as (1) change in
backbone or (2) change in the anchor drug or (3) reduction in
the number of drugs contained in the regimen. The switch
from tenofovir disoproxil fumarate (TDF) to tenofovir ala-
fenamide (TAF) was not considered for the study, and both
formulations are further addressed in the text with the acro-
nym TXF.

All RAMs at baseline GRT were recorded, as well as
emerging RAMs upon VF, whenever available. Clinical
significance of RAMs was defined according to the IAS-USA
Drug Resistance Mutations Group 2019 definitions.13

Study cohort and data collection

All PLWHIV enrolled in the ARCA cohort were screened
for inclusion in the study. ARCA is a public database de-
veloped as a tool for investigating resistance to antiretroviral
drugs that records all ART regimens administered to patients
together with GRT results (dbarca.net). For each patient,

demographic, virological and immunological data, risk factor
for HIV infection, composition and duration of previous and
current ART regimens, viral genotype, and baseline GRT
mutations were collected. For patients meeting the criteria for
VF, GRT results at VF were retrieved, whenever available.

Statistical analysis

Continuous variables were expressed as median and in-
terquartile range (IQR), whereas categorical variables were
indicated as absolute values and relative frequencies. The
Mann–Whitney U test was used to compare continuous var-
iables and the chi-square test to compare categorical ones.
A Cox proportional-hazards model was used to identify
independent factors of VF, including all variables with a
p value <.1 at univariable analysis. Two-sided p value <.05
were deemed statistically significant. Statistical analyses
were performed using the Statistical Package for Social
Sciences statistical software (IBM� SPSS Statistics� for
Windows, version 26.0; IBM Corporation, Armonk, NY).

Endpoints

The primary endpoint investigated was the development of
VF. Moreover, we aimed at exploring predictors of VF and
the emergence of new mutations to antiretrovirals upon VF,
whenever a GRT was available. A further secondary endpoint
investigated was the durability over time of different second-
line regimens, stratified according to the anchor drug of the
regimen itself.

Ethical considerations

The study was performed in accordance with the ethical
standards of the 1964 Declaration of Helsinki and later
amendments. All patients signed an informed consent for the
use of their clinical and laboratory data in an aggregated and
anonymous form. Access to the ARCA database and data
analyses were regulated by local institutional ethics com-
mittees and by Italian and European privacy legislation
(Approval code ARCA/2014 of 21 July 2014).

Results

Virological failure

A total of 607 PLWHIV undergoing ART switch during
the study period were enrolled in the study. Demographic,
immunological, virological, and treatment data of the en-
rolled patients are outlined in Table 1.

Overall, 32 patients (5.3%) experienced VF, defined by
two consecutive determinations of HIV-RNA ‡50 copies/mL
in 8 patients (25%) and a single determination ‡1,000 cop-
ies/mL in 24 (75%). Median time from ART switch to VF
was 11 months (IQR 4–33); the probability of VF at the end
of the observation period was 6.9% for non-nucleoside re-
verse transcriptase inhibitor (NNRTI)-based regimens, 2.8%
for protease inhibitor (PI)-based, 8.3% for integrase inhibitor
(INSTI)-based ART and 3.1% for regimens combining other
drugs. Comparison of characteristics of patients experiencing
VF or maintaining VS after ART switch is shown in Table 1.

Among all patients receiving a first-line regimen contain-
ing a boosted protease inhibitor (bPI), 35.4% (n = 123/347)
maintained a bPI in the second-line regimen, 32.6% (n = 113)
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Table 1. Baseline Demographic, Immunological, Virological, and Treatment Data

of the Overall Population, and Comparison of Characteristics of Patients Experiencing VF versus

Those Maintaining VS After ART Switch

Characteristics
Overall population,

n = 607 (100%) VF, n = 32 (5.3%) No VF, n = 575 (94.7%) p

Male sex 467 (76.9) 22 (68.8) 445 (77.4) .259
Median (IQR) age, years 41.0 (33.0–49.0) 37.0 (30.0–46.8) 41.0 (33.0–49.0) .144
HIV-1 B viral subtype 432 (71.2) 22 (68.7) 410 (71.3) .756
Risk factor for HIV infection .013

IDU 38 (5.7) 5 (15.6) 33 (5.7)
Heterosexual 339 (55.8) 22 (68.8) 317 (55.1)
MSM 150 (24.7) 2 (6.3) 148 (25.7)
Other 80 (13.2) 3 (9.4) 77 (13.4)

Median (IQR) log10 of HIV-RNA
value at baseline

4.72 (4.14–5.26) 4.85 (4.22–5.15) 4.71 (4.14–5.26) .815

Median (IQR) value of CD4+ cells
count at baseline

318 (205–416) 296 (100–408) 318 (209–419) .371

CD4+ cells count £200/mL 145 (24.5) 11 (35.5) 134 (23.8) .334
CD4+ cells count 201–500/mL 373 (62.9) 17 (54.8) 356 (63.3)
CD4+ cells count >500/mL 75 (12.6) 3 (9.7) 72 (12.8)

Missing data 14 (2.3) 1 (3.1) 13 (2.3)
Median (IQR) time from VS to

ART switch, months
30.0 (15.0–47.0) 18.0 (10.0–36.8) 30.0 (16.0–47.0) .023

Median (IQR) calendar year of ART start 2012 (2011–2013) 2011 (2010–2012) 2012 (2011–2013) .073
First-line regimen composition

Anchor drug .165
NNRTI 216 (35.6) 6 (18.8) 210 (36.5)
PI 347 (57.2) 24 (75.0) 323 (56.2)
INSTI 12 (2.0) 1 (3.1) 11 (1.9)
Other 32 (5.3) 1 (3.1) 31 (5.4)

Backbone .050
ABC/3TC 177 (29.2) 7 (21.9) 170 (29.6)
TXF/FTC 394 (64.9) 20 (62.5) 374 (65.0)
Other 36 (5.9) 5 (15.6) 31 (5.4)

No. of drugs composing first-line regimen .841
2 5 (0.8) 0 (0.0) 5 (0.9)
3 578 (95.2) 31 (96.9) 547 (95.1)
4 24 (4.0) 1 (4.2) 23 (4.0)

Second-line regimen composition
Anchor drug .575

NNRTI 216 (35.6) 14 (43.8) 202 (35.1)
PI 174 (28.7) 9 (28.1) 165 (28.7)
INSTI 153 (25.2) 5 (15.6) 148 (25.7)
Other 64 (10.5) 4 (12.5) 60 (10.4)

Backbone .376
ABC/3TC 149 (24.5) 9 (28.1) 140 (24.3)
TXF/FTC 276 (45.5) 17 (53.1) 259 (45.0)
Other 133 (21.9) 3 (9.4) 130 (22.6)
No backbone 49 (8.1) 3 (9.4) 46 (8.0)

No. of drugs composing second-line regimen .601
2 172 (28.3) 7 (21.9) 165 28.7)
3 418 (68.9) 25 (78.1) 393 (68.3)
4 17 (2.8) 0 (0.0) 17 (3.0)

RAMs at baseline GRT .668
None 521 (85.8) 26 (81.3) 495 (86.1)
1 class 77 (12.7) 6 (18.8) 71 (12.3)
‡2 classes 9 (1.5) 0 (0.0) 9 (1.6)

Bold values underlines the statistically significant values.
ABC/3TC, abacavir/lamivudine; ART, antiretroviral therapy; GRT, genotype resistance test; IDU, intravenous drug use; INSTI, integrase

inhibitor; IQR, interquartile range; MSM, men who have sex with men; NNRTI, non-nucleoside reverse transcriptase inhibitor; PI, protease
inhibitor; RAMs, resistance-associated mutations; TXF/FTC, tenofovir/emtricitabine (both tenofovir alafenamide or tenofovir disoproxil
fumarate); VF, virological failure; VS, virological suppression.
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switched to an NNRTI, 21.9% (n = 76) switched to an INSTI
and 10.1% (n = 35) to other nonconventional regimens. In-
travenous drug users and heterosexuals were significantly
more represented among patients who experienced VF, as
well as patients receiving a first-line backbone different from
abacavir/lamivudine (ABC/3TC) or tenofovir/emtricitabine
(TXF/FTC), mainly 3TC or zidovudine (AZT), alone or in
combination. Also, median time from VS to ART switch was
significantly shorter among patients experiencing VF (18 vs.
30 months, respectively).

At multivariable analysis, younger age (adjusted Hazard
Ratio [aHR] 0.96, 95% confidence interval [CI] 0.92–0.99,
p = .023), being male who have sex with male (MSM; aHR
0.15, 95% CI 0.03–0.69, p = .014) and longer time from VS to
ART switch (aHR 0.97, 95% CI 0.95–1.00, p = .021) resulted
protective toward VF. On the contrary, VF was associated
with first-line regimen composition, in particular receiving a
backbone other than ABC/3TC or TXF/FTC (aHR 3.61, 95%
CI 1.00–13.1, p = .050) and receiving a bPI as anchor drug
(aHR 3.34, 95% CI 1.20–9.28, p = .021). No association was
noted among second-line regimen composition and VF.

Table 2 summarizes the results of multivariable analysis,
whereas Figure 1 depicts the survival curve for patients re-
ceiving the different classes of anchor drugs.

We further investigated the durability of second-line reg-
imens, and found that 259 patients out of 607 (42.7%) dis-
continued second-line ART. At multivariable analysis, the
class of anchor drug in the second-line regimen was found to
be associated with discontinuation ( p < .001). Average du-
rability observed stratified according to anchor drug is as
follows: NNRTI (n = 75) 25 months (95% CI 11.0–40.0); PI
(n = 118) 24.5 months (95% CI 11.8–37.3); INSTI (n = 35) 9
months (95% CI 4.0–20.0); other drugs (n = 31) 11.0 months
(95% CI 5.0–24.0).

Resistance-associated mutations

The overall rate of observed RAMs at baseline was not
different among patients experiencing VF and those main-
taining VS, with 85.8% of patients infected with a wild-type
virus at baseline. Only 1 patient (1/21, 4.8%) with baseline
RAMs to nucleoside reverse transcriptase inhibitors (NRTIs)
experienced VF while receiving an NRTI as part of both first-
and second-line regimens. Moreover, 13 and 5 patients
showed baseline RAMs to NNRTIs and PIs, respectively, but
reached VS despite being administered a first-line regimen
containing these drugs. After ART switch, the regimen was
adjusted according to baseline GRT in all of these patients
and NNRTIs and bPIs were discontinued. The distribution of
major RAMs detected at baseline is depicted in Figure 2.

GRT at the moment of VF was available for 13 (40.6%) of
failing patients; characteristics of GRT at baseline and at VF
for these patients, as well as the composition of their first- and
second-line regimens, are outlined in Table 3. Emergence of
new key mutations in reverse transcriptase and PI genes
were noted in 4 (30.7%) and 3 patients (23.1%), respectively.
Mutations to INSTI were detected in 3/6 patients with
available GRT to INSTI, and in particular key mutations in
one case and minor mutations in two of them.

Discussion

In our multicenter study, conducted in a cohort of selected
PLWHIV with available data about baseline GRT, we re-
ported a low rate of VF (5.3%) among patients switching to a
second-line regimen after achieving stable VS. The observed
rate of VF was much lower than that reported in a recent study
conducted in another Italian cohort, despite the different
primary endpoint and the absence of data about baseline
GRT.14

ART switch in virologically suppressed patients is nowa-
days a common practice as its efficacy and safety have been
confirmed by many studies,15–25 with the issue being exten-
sively investigated also in Italian cohorts.5,19,26–33 However,
to the best of our knowledge, no study has specifically as-
sessed possible predictors of VF among virologically sup-
pressed patients undergoing ART switch. Indeed, predictors
of VF to second-line treatments have been investigated
mainly in low-income countries where ART switch is usually
performed in viremic patients15,34–37 or at most in patients
with persistent low-level viremia.16 Such predictors included
younger age, shorter time of first-line ART duration, lower
CD4+ cells count at the moment of switch to second-line
ART, higher WHO score, and second-line ART composition.

Table 2. Results of Multivariable Analysis

Analyzing Predictors of Virological Failure

aHR

95%
confidence

interval p

Male sex 1.25 0.54–2.89 .60
Age 0.96 0.92–0.99 .02
Risk factor for HIV infection

Heterosexual Ref Ref
IDU 2.24 0.71–7.03 .17
MSM 0.15 0.03–0.69 .01
Other 0.42 0.12–1.47 .18

Log10 of HIV-RNA value
at baseline

0.99 0.60–1.63 .96

CD4+ cells count at baseline 1.00 1.00–1.00 .92
Time from VS to ART switch 0.97 0.95–1.00 .02
First-line regimen composition

Backbone
ABC/3TC Ref Ref
TXF/FTC 1.93 0.74–5.02 .18
Other 3.61 1.00–13.07 .05

Anchor drug
NNRTI Ref Ref
bPI 3.34 1.20–9.28 .02
INSTI 1.28 0.14–11.81 .83
Other 0.79 0.08–7.77 .84

Second-line regimen
composition
Backbone

ABC/3TC Ref Ref
TXF/FTC 1.18 0.45–3.13 .74
Other 0.32 0.08–1.28 .11
No backbone 0.62 0.07–5.15 .66

Anchor drug
NNRTI Ref Ref
bPI 1.34 0.44–4.07 .61
INSTI 1.31 0.42–4.10 .64
Other 1.50 0.26–8.69 .65

Significant results are underlined in bold text. For continuous
variables, the hazard ratio is intended per one-unit increase.

ART, antiretroviral therapy; bPI, boosted protease inhibitor.
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In our cohort, only first-line regimen composition (in par-
ticular a backbone different from ABC/3TC or TXF/FTC
and/or a bPI as anchor drug) predicted a threefold higher
probability of experiencing VF. This might be explained by
the fact that 3TC or AZT alone have a much lower efficacy

and genetic barrier than other backbones, as well as by the
fact that regimens containing bPIs are frequently reserved
for patients with supposed difficult-to-treat infection, both
because of poorer immunovirological status at baseline or
because of adherence issues.

FIG. 1. Increased risk of
virological failure among pa-
tients receiving first-line
treatment with a boosted
protease inhibitor. In the table
is shown the number of per-
sons at risk over time. INSTI,
integrase inhibitor; NNRTI,
non-nucleoside reverse tran-
scriptase inhibitor; PI, prote-
ase inhibitor. Color images
are available online.

FIG. 2. Prevalence of major resistance-associated mutations detected at baseline genotypic resistance test in the study
population. Results displayed refer (from left to right) to resistance to nucleos(t)ide analog reverse transcriptase inhibitors,
non-nucleoside analog reverse transcriptase inhibitors and protease inhibitors, respectively.
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In contrast, younger age, being MSM, and a longer time
from VS to ART switch proved to be protective with regard to
VF. This latter observation has already been reported in a
cohort addressing the durability of dual regimens in patients
with a specific RAM,38 and further supported by the de-
scription of an HIV-DNA decay proportional to the duration
of effective therapy.39

In addition, the long follow-up period available for our
study allowed a more accurate real-life picture of durability
of second-line regimens than that provided by clinical trials,
where follow-up is usually censored at 48 weeks. The
transmitted RAMs observed in our cohort were consistent
with the prevalence previously described in Italy.40 The
emergence of new RAMs upon VF was evaluated only for a
small number of patients for whom a second GRT was
available.

Moreover, we observed a high rate of discontinuation
(>40%), possibly due to the constantly evolving availability
of new antiviral drugs with improved tolerability profiles and
new co-formulated drugs. However, precise reasons for such
an observation will have to be extensively addressed in
dedicated study.

Limitations of this study are its retrospective design and
thus the impossibility to exclude the presence of unmeasured
confounders, the small number of events observed, as well as
the lack of reasons for ART switch. On the contrary, study
strengths are the real-life nature of data presented, their na-
tional representativity and the long time span of observation
for patients included.

Conclusions

Based on our observations, ART switch among patients
under stable VS is a safe practice, allowing to maintain VS in
*95% of patients. However, particular attention should be
paid in certain cases of patients switching from regimens
containing low-performance backbones or bPIs.
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