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A B S T R A C T

Background: We investigated the efficacy of a switch to dolutegravir plus lamivudine in aviremic individuals
without evidence of persistent lamivudine resistance-associated mutations in baseline proviral DNA popula-
tion sequencing.
Methods: Open-label, single-arm, 48-week pilot trial. HIV-1 infected adults, naïve to integrase inhibitors, with CD4+
above 350 cell/mL and fewer than 50 HIV-1 RNA copies per mL the year prior to study entry switched to dolutegra-
vir plus lamivudine. Participants were excluded if baseline proviral DNA population genotyping detected lamivu-
dine resistance-associated mutations. To detect resistance minority variants, proviral DNA next-generation
sequencingwas retrospectively performed from baseline samples. Primary efficacy endpoint was proportion of par-
ticipants with fewer than 50 HIV-1 RNA copies per mL at week 48. Safety and tolerability outcomes were incidence
of adverse events and treatment discontinuations. ART-PRO is registeredwith ClinicalTrials.gov, NCT03539224.
Findings: 41 participants switched to dolutegravir plus lamivudine, 21 with lamivudine resistance mutations in
historical plasma genotypes. Baseline next-generation sequencing detected lamivudine resistance mutations
(M184V/I and/or K65R/E/N) over a 5% threshold in 15/21 (71¢4%) and 3/20 (15%) of participants with and with-
out history of lamivudine resistance, respectively. At week 48, 92¢7% of participants (38/41) had fewer than 50
HIV-1 RNA copies per mL. There were no cases of virologic failure. Three participants with historical lamivudine
resistance were prematurely discontinued from the study (2 protocol violations, one adverse event). Ten partici-
pants (4 in the group with historical lamivudine resistance) had a transient viral rebound, all resuppressed on
dolutegravir plus lamivudine. There were 28 drug-related adverse events, only one leading to discontinuation.
Interpretation: In this pilot trial, dolutegravir plus lamivudine was effective in maintaining virologic control
despite past historical lamivudine resistance and presence of archived lamivudine resistance-associated
mutations detected by next generation sequencing. Further studies are needed to confirm our results.
Funding: Fondo de Investigaciones Sanitarias, Instituto de Salud Carlos III PI16/00837-PI16/00678.
© 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license.
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Research in context

Evidence before this study

We searched PubMed for clinical trial publications, cohort
studies, and review articles published between July 1, and
November 30, 2019, with combinations of the search terms
“lamivudine resistance”, “HIV”, “simplification”, “switch”,
“proviral DNA”, “next generation sequencing” (NGS),
“nucleoside reverse transcriptase inhibitor”, “integrase
strand transfer inhibitor” (INSTI), “dolutegravir”, “lamivu-
dine” and “dual therapy”, with no restrictions on language
or publication date. We also searched for relevant publica-
tions from international HIV congresses (2018-2019) and
we used public search engines to retrieve most updated
guidelines. One large multicentric trial and other smaller-
sized studies using lamivudine and dolutegravir as dual
HIV-1 therapy in virologically suppressed patients have
been reported. Retrospective cohort studies and one clinical
trial have suggested that lamivudine might provide addi-
tional antiviral activity when combined with dolutegravir in
treatment experienced patients history of lamivudine resis-
tance-associated mutations. There is scarce data of the effi-
cacy of lamivudine and dolutegravir as maintenance
therapy in patients with historical resistance to lamivudine.

Added value of this study

ART-PRO 48-week study is the first prospective trial provid-
ing preliminary evidence that dolutegravir plus lamivudine
can be efficacious in maintaining virological control in inte-
grase inhibitor-naïve, long-term viral suppressed persons
with a history of lamivudine resistance when baseline provi-
ral DNA Sanger genotype does not detect the persistence of
lamivudine resistance-associated mutations. This pilot study
brings evidence against the notion that treatment with dolu-
tegravir and lamivudine in the context of historical resistance
to lamivudine is a functional dolutegravir monotherapy. We
found that the presence of archived lamivudine resistance-
associated mutations detected in proviral DNA by next gen-
eration sequencing, but not by population sequencing, did
not affect the efficacy of the 21 patients included in this
group. In ART-PRO study none of the 21 patients with either
history of lamivudine resistance or detection of lamivudine
resistance-associated mutations on DNA proviral sequencing
experienced virological failure.

Implications of all the available evidence

Standard of care, three-drug combination antiretroviral ther-
apy might bring toxicities leading to its interruption or to
suboptimal compliance. In heavily treatment experienced
persons with history of lamivudine resistance mutations,
naïve to integrase-inhibitors, recycling discarded antiretrovi-
rals such as lamivudine might open the possibility of avoid-
ing toxicity or simplifying regimens. This is the first clinical
trial specifically designed to address the efficacy of lamivu-
dine and dolutegravir as dual therapy for maintenance of
viral suppression in patients with historical lamivudine resis-
tance as long as M184V/I and/or K65R/E/N mutations are not
found on proviral DNA population sequencing prior to dual
therapy initiation. Results from ART-PRO support further
assessment of lamivudine and dolutegravir as dual therapy
in treatment experienced HIV-1 infected persons with prior
lamivudine resistance.
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Introduction

Antiretroviral treatment (ART) has led to improved control of HIV
infection which, in turn, has given the opportunity to aspire for less-
toxic but equally potent reduced-drug regimens. Dolutegravir plus
lamivudine is endorsed by guidelines for treatment of persons initiat-
ing HIV treatment [1,2]. In treatment-experienced individuals a large
multicenter study showed that dolutegravir plus lamivudine was
non-inferior for maintenance of virological suppression to a tenofo-
vir-alafenamide based triple-drug regimen at 48 weeks [3]. Other
smaller studies demonstrated that residual viremia and viral reser-
voir did not increase after a year switch to dolutegravir plus lamivu-
dine compared to standard therapy [4,5]. However, these studies
excluded patients with prior virologic failure and data regarding the
efficacy of dolutegravir plus lamivudine in persons with history of
resistance to lamivudine are currently scarce. Specifically, there are
no prospective data exploring the effect that archived lamivudine
resistance mutations may exert upon the efficacy of a maintenance
dual regimen of lamivudine plus dolutegravir.

Studies in virologically failing patients have shown that lamivu-
dine retains antiviral efficacy despite evidence of lamivudine resis-
tance-associated mutations [6�8]. The MOBIDIP study was the first
trial evaluating a dual regimen including lamivudine for maintenance
of HIV suppression in persons with history of lamivudine resistance-
associated mutations. In said study, 265 virologically suppressed par-
ticipants- 96% of whom had a historical genotype detecting the
M184Vmutation- were randomized to either boosted protease inhib-
itor monotherapy or to lamivudine plus boosted protease inhibitor.
The study was prematurely discontinued after 48 weeks because the
proportion of virologic failures with boosted protease inhibitor
monotherapy was significantly higher compared to lamivudine plus
boosted protease inhibitor (difference between groups 21¢8%) [9].
Considering these results and in the context of past lamivudine resis-
tance, we hypothesized that combining lamivudine to another drug
with a high genetic barrier such as dolutegravir would also succeed
in maintaining virologic suppression.

At present, it is still unknown if proviral DNA genotyping in viro-
logically suppressed patients can predict the efficacy of a given treat-
ment, and discussion persists as to whether proviral DNA adds
additional helpful information to that of a historical genotype. DHHS
guidelines currently recommend to cautiously interpret the results of
proviral DNA resistance testing [2], as this assay may not detect all
previously existing drug-resistance mutations [10�12]. Next-genera-
tion sequencing allowed to predict virological failure of initial ART
based on non-nucleoside reverse transcriptase inhibitors but, reduc-
ing the threshold to detect minority resistant variants also increased
the number of persons missclassified as “at risk” of virological failure,
when in fact they had good virological control- a finding that, authors
argued, could lead to unnecessary changes in antiretroviral treatment
[13]. The importance of detecting minority resistant populations in
proviral DNA is even more questionable since a high proportion of
archived HIV is non replicating [14,15]. In addition, there is currently
little information on the relevance of those minority resistant popula-
tions detected by next-generation sequencing, but not through provi-
ral DNA population sequencing.

We designed the pilot study ART-PRO to gather preliminary infor-
mation on efficacy of dolutegravir plus lamivudine as maintenance
therapy in virologically suppressed patients with past history of lami-
vudine-resistant mutations, but without present evidence of their
persistence at study initiation in proviral DNA Sanger sequencing.
We retrospectively performed next-generation sequencing of base-
line samples to evaluate if resistance-associated mutations detected
only through this technique could impact the antiviral efficacy of the
regimen.



R. De Miguel et al. / EBioMedicine 55 (2020) 102779 3
We hypothesized that long-term viral suppression could lead to
clearance of historical resistance mutations, and that, if these were
not detected by proviral DNA population genotyping at baseline,
treatment with dolutegravir plus lamivudine would be able to main-
tain viral control in patients with prior history of lamivudine resis-
tance. This would not only open the possibility to recycle discarded
antiretrovirals but would also allow access to a simplified regimen
endorsed by guidelines in patients who, owing to previous failures,
are frequently treated with complex antiretroviral combinations that
may include high pill burden or risk of toxicity. We also theorized
that persisting mutations detected only through next-generation
sequencing, but not in DNA bulk genotyping, would not negatively
impact the efficacy of dolutegravir plus lamivudine.

The aim of this pilot study was to perform an initial test of the
accuracy of our hypothesis, which, if so, would provide the grounds
for a fully-powered study to confirm our findings.

2. Methods

2.1. Study design and participants

This pilot- proof of concept, single-arm, phase IIa, open label clini-
cal trial took place in two university hospitals in Madrid (Spain): Hos-
pital Universitario 12 de Octubre and Hospital Universitario La Paz.

Inclusion criteria were HIV-1 infected participants who were
18 years or older, on stable ART for at least 3 months, CD4 count of
more 350 cell/mL, and HIV-1 RNA of less than 50 copies per mL in the
year prior to study entry (allowing for one blip [HIV-1 RNA of less
500 copies/mL] in the 3 months before study entry, only if preceded
and followed by HIV-1 RNA of less 50 copies/mL). For inclusion, par-
ticipants had to have history of treatment with lamivudine or emtri-
citabine, to be naïve to integrase inhibitors and willing to switch ART
owing to toxicity or for simplification reasons. Prior virologic failures
were allowed and, for the purpose of the study, we included one
group of participants with historical RNA genotypic test documenting
a previous history of lamivudine resistance-associated mutations.
Participants were excluded if lamivudine resistance-associated muta-
tions were detected in proviral DNA by population genotyping at
screening. Other exclusion criteria were pregnant, lactating or fertile
women unwilling to commit to birth control and hepatitis B antigen
S-positive infected persons.

All participants provided written informed consent. The study
was approved by the Ethics Committee and is in accordance with
applicable laws and the Declaration of Helsinki. The study protocol
for ART-PRO is available online.

Although originally planned for 48 weeks, a 144-week extension
of the study is currently ongoing.
2.2. Procedures

Participants were selected from our prior study that evaluated the
concordance in detecting persistence of resistance-associated muta-
tions in aviremic persons using proviral DNA population and next-
generation sequencing genotyping (“GEN-PRO”) [16].

In GEN-PRO study visit, we obtained samples for peripheral blood
proviral DNA genotyping (Sanger sequencing using Big Dye Termina-
tor (Applied Biosystem), and the Stanford HIVDB algorithm to inter-
pret resistance mutations) and peripheral blood mononuclear cells
(PBMCs) to retrospectively perform next-generation sequencing. For
next-generation sequencing, HIV-1 DNA was extracted from PBMCs
using the QIAamp� DNA blood minikit (Qiagen, Hiden, Germany) and
a 3385 bp pol gene fragment was then amplified by nested PCR as
described elsewhere [17]. Next-generation sequencing was per-
formed with Illumina in a Miseq instrument (Illumina, San Diego, CA,
USA). Sequences were preprocessed with Prinseq-lite (http://prinseq.
sourceforge.net/) and FLASH (http://www.cbcb.umd.edu/software/
flash) programs [18,19]. The resulting aligned reads were analyzed
for HIV-1 drug resistance testing with PaSeq software (https://paseq.
org/). The 1% threshold was chosen for resistance interpretation.
Baseline samples with lamivudine resistance-associated mutations
detected through next-generation sequencing underwent hypermu-
tation analysis with Hypermut 2.0 software (https://www.hiv.lanl.
gov/content/sequence/hypermut/hypermut.html) using default set-
tings. Individual sequencing reads from each patient were considered
hypermutated when p< 0¢05 was obtained in Fisher�s exact test that
compared the number of APOBEC-associated G-to-A changes in each
read with the G-to-A changes in the reference sequence (HXB2).

We reviewed if participants qualified for the ART-PRO study on
the basis of inclusion and exclusion criteria. To be eligible, proviral
DNA population genotype had to be performed at most 45 days
before switching treatment without detecting lamivudine resistance-
associated mutations. For the participants included in this study, we
considered the GEN-PRO study visit as the screening visit.

There were two groups of participants: one group without history
of lamivudine resistance or without lamivudine resistance-associated
mutations in historical RNA genotype and a second group with lami-
vudine resistance-associated mutations in historical RNA genotype.

On the first study visit (day 1), participants were switched to dolu-
tegravir 50 mg plus generic lamivudine 300 mg both taken orally
once daily. Thereafter, scheduled visits were performed at week 4,
8,12, 24, 36 and 48. At all visits participants underwent medical eval-
uation including physical examination, reporting of adverse events,
review of concomitant medications, HIV-1 RNA viral load, CD4+ cell
count, hemogram, lipid profile, liver, urine and renal function tests.
Adherence was measured using pill count.

Any viral rebound had to be followed by a re-test within a two-
week window to confirm that the viral load decreased under 50 HIV-
1 RNA copies per mL. If any participant had HIV-1 RNA above 200
copies per mL we performed plasma genotyping testing in the inte-
grase and retrotranscriptase (ViroSeq HIV-1 Genotyping System,
Abbott Molecular, Spain).

Adverse events were graded and classified as drug related when
appropriate by the investigator. Patients could be withdrawn from
the study for safety reasons, if unable to participate in study proceed-
ings, lost to follow-up or at their own request anytime throughout
the study.
2.3. Outcomes

The primary outcome was the proportion of participants with HIV
RNA below 50 copies per mL at 48 weeks, in the intention-to-treat-
exposed population using the US Food and Drug Administration
(FDA) snapshot algorithm.

Secondary efficacy outcomes included the proportion of partici-
pants with HIV RNA below 50 copies per mL at week 24 (FDA-snap-
shot, intention-to-treat-exposed population), the proportion of
participants with virologic failure at week 48 using FDA-snapshot
algorithm, transient virological rebounds (defined as unconfirmed
episodes of detectable viral load), mean change in CD4+ cells count
per mL from baseline to week 48 and incidence, type and number of
resistance mutations at week 48.

Safety and tolerability outcomes were incidence of adverse events
and treatment discontinuation due to toxicity or intolerance.
2.4. Statistical analysis

This is a pilot, proof of concept trial and as such we performed
convenience sampling and selected a small number of participants.
Initially we intended to recruit 20 participants for each arm (total
40). All analysis were prespecified and described in the protocol.

http://prinseq.sourceforge.net/
http://prinseq.sourceforge.net/
http://www.cbcb.umd.edu/software/flash
http://www.cbcb.umd.edu/software/flash
https://paseq.org/
https://paseq.org/
https://www.hiv.lanl.gov/content/sequence/hypermut/hypermut.html
https://www.hiv.lanl.gov/content/sequence/hypermut/hypermut.html
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Intention-to-treat-exposed population included all participants
receiving at least one dose of dolutegravir plus lamivudine. We
calculated the proportion of participants with HIV RNA below 50 cop-
ies per mL at 48 weeks, in the intention-to-treat-exposed population
using the US Food and Drug Administration (FDA) snapshot
algorithm in each of the two groups of participants separately. In the
per protocol analysis we included all subjects receiving at least one
dose of study treatment with no deviation to the eligibility criteria.
For the primary endpoint we included the analysis of the proportion
Patien
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Table 1
Demographic and Baseline characteristics for the enrolled participants (n=41).

All participants
(n=41)

Historical resistance
to lamivudine

No historical
lamivudine resistance

p value

(n=21) (n=20)

Male sex, n (%) 32 (78¢1) 16 (76¢2) 16 (80) 0¢768
Age (years), median (IQR) 52¢4 (45¢4-56¢9) 53¢4 (47¢1-57¢6) 50¢8 (42¢9-55¢3) 0¢636
Time since HIV diagnosis (years), median (IQR) 20¢6 (15-25¢1) 21¢5 (17¢5-23¢5) 16¢9 (12-27¢4) 0¢342
HIV mechanism of transmission, n (%) 0¢383
Men who have sex with men 14 (34¢1) 5 (23¢8) 9 (45)
Heterosexual 9 (22) 6 (28¢6) 3 (15)
Intravenous drug users 13 (31¢7) 8 (38¢1) 5 (25)
Other 5 (12¢2) 2 (9¢5) 3 (15)

CD4 count (cells/mm3), median (IQR)
Nadir 196 (93-290) 160 (99-216) 259 (70-314) 0¢161
Baseline 673 (531-842) 705 (531-871) 647 (530-800) 0¢527

ART duration (years), median (IQR) 18 (13¢1-21¢4) 18¢8 (17¢2-21) 13¢1 (7¢9-21¢6) 0¢085
Duration of suppressed plasma HIV RNA (years), median (IQR) 6 (3¢3-11) 7¢7 (4-12) 5¢3 (3-8.9) 0¢272
Number of previous ART regimens, median (IQR) 6 (4-10) 7 (5-10) 4 (2-7) 0¢427
Type of ART regimen at baseline, n (%) 0¢002
2 NRTI + bPI 8 (19.5%) 7 (33¢3) 1 (5)
2 NRTI + NNRTI 9 (22) 2 (9¢5) 7 (35)
1 NNRTI + bPI 5 (12¢2) 5 (23¢8) 0 (0)
1 NRTI + bPI 14 (34¢1) 3 (14¢3) 11 (55)
bPI monotheraphy 5 (12¢2) 4 (19) 1 (5)

Baseline ART including lamivudine or emtricitabine 28 (68¢3) 9 (42¢9) 19 (95) <0¢001
Time from historical RNA genotype to baseline proviral DNA sequencing 12¢9 (11¢1-14¢4) 13¢4 (11¢1-14¢6) 10¢4 (4¢3-13¢6) 0¢152
M184V (Proviral DNA Sanger genotype)* 2 (4¢9) 2 (9¢5) 0 (0) 0¢488
M184V/I detected by NGS in proviral DNA, n (%)
>20% 8 (19¢5) 7 (33) 1 (5) 0¢046
>10% 13 (31¢7) 11 (52¢4) 2 (10) 0¢007
>5% 17 (45¢5) 14 (66¢7) 3 (15) 0¢002
>1% 27 (65¢9) 20 (95¢2) 7 (35) <0¢01

K65R/E/N detected by NGS in proviral DNA, n (%)y

>20% 1 (2¢4) 1 (4¢8) 0 (0) 1
>10% 2 (4¢9) 2 (9¢5) 0 (0) 0¢488
>5% 2 (4¢9) 2 (9¢5) 0 (0) 0¢488
>1% 3 (7¢3) 3 (14¢3) 0 (0) 0¢233

Abbreviations: 3TC: lamivudine. ART: antiretroviral treatment. bPI: boosted protease inhibitor. FTC: emtricitabine. NRTI: Nucleoside reverse transcriptase
inhibitors. NNRTI: Non- Nucleoside reverse transcriptase inhibitors (NRTIs). NGS: Next-Generation Sequencing.
* Protocol violation.
y Of those who initiated cART prior to labour.
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independence for categorical variables. Adjusted differences of the
mean change in CD4 cell counts, lipid parameters and weight at
week 48 compared to baseline and significance were assessed with a
multivariable linear regression using as covariables the historical
mutation group and the baseline value (analysis of covariance). We
assessed the association between categorical variables using the x2
test when samples were of sufficient size or with the Fisher exact test
when they were not.

We compared the frequency of resistance mutations detected by
next-generation sequencing and proviral bulk genotyping, and we
analyzed the percentage of participants with M184V/I and/or K65R/
E/N detected by next-generation sequencing at 1%, 5%, 10% and 20%
thresholds at study entry.

We performed a planned interim analysis at week 24. To continue
the study at least 80% of patients with an adherence over 90% needed to
have HIV RNA below 50 copies per mL in each study group, without
emergence of any new resistancemutations in case of virologic failure.

All analyses were prespecified in the protocol and were per-
formed using Stata software (version 15.0; Stata Corporation, College
Station, Texas, USA).

2.5. Role of the funding source

The funding source had no role in designing, collecting, interpret-
ing or writing of the report. All authors had access to the data and
final manuscript and vouch for the veracity of the submitted publica-
tion. The corresponding authors are responsible for the decision to
submit the study for publication.
3. Results

Between September 25, 2017, and April 9, 2018, we assessed the
eligibility to participate in this study. Participants were selected
among the 102 participating subjects of our prior study GEN-PRO, of
whom 45 were offered to participate in ART-PRO to achieve our
intended sample size (Figure 1). Forty-one participants on suppres-
sive ART were included and switched to dolutegravir plus lamivu-
dine: based on historical RNA genotype 21 had a history of resistance
to lamivudine and 20 had not. Median time between the historical
RNA genotype and baseline proviral DNA sequencing was 12¢9 years
(IQR: 6¢7-14¢4).

Baseline demographic characteristics at study entry were overall
similar between groups (Table 1). Participants with previous lamivu-
dine resistance had a non-statistically significant longer duration of
HIV infection and lower CD4+ nadir count and had received a greater
number of prior treatment regimens and were less likely to be receiv-
ing treatment with lamivudine or emtricitabine prior to entering the
study compared to those without historical lamivudine resistance.
Median duration of HIV viral suppression was 6 years (IQR 3¢3-11) in
both groups, which was also higher in the group with historical lami-
vudine resistance (7¢7 years versus 5¢3 years in the group without
history of lamivudine resistance).

Proviral DNA next-generation sequencing genotypes from baseline
samples obtained before switching ART were retrospectively available
in all cases except for one participant belonging to the non-historical
lamivudine resistance group, in whom amplification was unsuccessful.
Seven participants with historical lamivudine resistance had the
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Table 2
FDA-snapshot at W48, Intention to treat- exposed (ITT-e) analysis population (n=41). Abbreviations: AE: adverse event.

All participants Historical resistance
to lamivudine

No historical resistance
to lamivudine

(n=41) (n=21) (n=20)

HIV-1 RNA �50 copies/mL 38 (92¢7) 18 (85¢7) 20 (100)
Virologic failure 0 (0) 0 (0) 0 (0)
HIV-1 RNA �50 copies/mL 0 (0) 0 (0) 0 (0)

HIV-1 RNA �50 copies/mL in W48 window 0 (0) 0 (0) 0 (0)
Discontinuation Study Drug due to Lack of Efficacy 0 (0) 0 (0) 0 (0)
Discontinuation Study Drug due to other reasons and Last available HIV-1
RNA �50 copies/mL

0 (0) 0 (0) 0 (0)

No virologic data at W48 3 (7¢3) 3 (14¢3) 0 (0)
Discontinuation Study Drug Due to AE 1 (2¢4) 1 (4¢8) 0 (0)
Discontinuation Study Drug due to other reasons and Last available HIV-1
RNA <50 copies/mL

2 (4¢9) 2 (9¢5) 0 (0)
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M184V/I and/or K65R/E/Nmutations detected over the 20% threshold at
baseline by next generation sequencing. When considering over a 5%
threshold more than half of the participants with history of lamivudine
resistance (15/21) had these mutations, and almost all participants in
this group had lamivudine resistance-associated mutations when the
1% threshold was applied (20/21). Among participants without histori-
cal lamivudine resistance, none presented the K65R/E/N mutation but
in three and seven cases the M184I mutation was detected with over a
5% or 1% threshold, respectively, including one participant harboring
the M184I mutation with a 99% frequency. Reads with lamivudine resis-
tance-associated mutations detected through next-generation sequenc-
ing (1% threshold) were subjected to hypermutation analysis, showing
that 16/27 samples harbored retrotranscriptase defective viral genomes
due to APOBEC-induced mutations. After removal of reads identified as
hypermutated, lamivudine resistance-associated mutations remained
present in 22 of the 27 initial samples.

Two participants in the history of lamivudine resistance group
-initially misclassified as lacking lamivudine resistance-associated
mutations- had the M184V mutation detected in proviral DNA Sanger
sequencing at baseline (protocol violation).

38/41 patients completed the 48 weeks of study. There were three
participants that prematurely discontinued: the two protocol viola-
tions (week 12) and one withdrawal due to an adverse event (week
8), all doing so with HIV RNA below 50 copies per mL. At week 48,
92¢7% of participants (38/41) remained with HIV RNA below 50
copies per mL (FDA-snapshot intention- to- treat- exposed analysis).
All participants completing 48 weeks reached the primary efficacy
endpoint of HIV RNA below 50 copies per mL following the FDA-
snapshot algorithm (Figure 2, Table 2). The three participants that did
not complete the study belonged to the historical lamivudine resis-
tance group: primary efficacy endpoint in this group was 85¢7 % in
the intention- to- treat- exposed analysis (18/21 of participants with
HIV RNA below 50 copies per mL at week 48) and 94¢7% in the per-
protocol analysis (18/19 HIV RNA below 50 copies per mL at week
48) (Table 2). The three non-completers abandoned the study before
reaching week 24, hence, efficacy at week 24 does not differ from the
results presented for week 48.

Ten participants � four from the historical lamivudine resistance
and six from the non- lamivudine resistance group- had a transient
low-level viral rebound followed by a re-test HIV RNA below 50 cop-
ies per mL (Table 3). Two of these occurred on day 1 of the study
(before switching treatment), and in half of the cases the person
admitted to temporary low adherence or was suffering a concomitant
mild infection. All cases of transient viral rebound re-suppressed
without changing treatment. We were able to obtain Sanger sequenc-
ing in two participants with history of M184V/I mutation who had a
transient viral rebound, including one individual rebounding to
1120 copies/mL at week 36 (Figure 3): there was no re-emergence of
lamivudine-resistance associated mutations nor did we identify any
newly acquired integrase mutations. Three of the six participants
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without historical lamivudine resistance who had transient low-level
viral rebound had the M184I mutation detected through next-gener-
ation sequencing in baseline proviral DNA, including the participant
who had this mutation detected at a frequency above 99%. Notably,
this participant’s viral rebound occurred on day 1 of the study when
he had not yet received the first dose of dolutegravir plus lamivudine,
and remained without any blips throughout the study.

Through week 48, there were no cases of withdrawal due to viro-
logic failure and no emergence of resistance mutations. None of the
21 participants who had either history of lamivudine resistance or
detection of lamivudine resistance-associated mutations above the
5% threshold in proviral DNA had virologic failure after 48 weeks of
follow-up (IC95% 0-14%). At 48 weeks, there was not a significant dif-
ference in mean change of CD4 count from baseline (23¢84 cells/
mm3, p=0¢686, IC95% -94¢88-142¢56).

There were 28 treatment related adverse events (Table 4). Most
drug related adverse events were mild cases of flatulence or insomnia
that spontaneously resolved in the first weeks after the switch. One
participant had newly acquired insomnia attributed to dolutegravir
leading to treatment discontinuation on week 8, after which his
symptoms disappeared. The only laboratory grade 3 drug-related
adverse event occurred in one participant in the group with historical
lamivudine resistance (hypercholesterolemia). We found no differ-
ence in total cholesterol, HDL, LDL mean changes by group. Mean
weight change from baseline was 1¢36 kg (95% CI -1¢11; 3¢84) with-
out significant differences by group.

4. Discussion

In this pilot trial dolutegravir plus lamivudine maintained viro-
logic suppression through 48 weeks despite history of lamivudine
resistance and detection of archived lamivudine resistance-associ-
ated mutations in proviral DNA by next generation sequencing but
not by population sequencing. These results provide preliminary evi-
dence supporting the combination of dolutegravir plus lamivudine as
a reduced-drug regimen for maintenance of HIV suppression in inte-
grase naïve persons with historical lamivudine resistance, without
lamivudine resistance-associated mutations detected by proviral
DNA Sanger sequencing

Our results and those of others do no support the assumption that
dolutegravir plus lamivudine in patients with prior history of lamivudine
resistance is functional dolutegravir monotherapy. In ART-PRO none of
the 21 participants reaching week 48 who had either history of lamivu-
dine resistance or detection of lamivudine resistance mutations above
the 5% threshold in proviral DNA experienced virologic failure. In two
other clinical trials a total of 21 participants with history of lamivudine
resistance or detection of lamivudine resistance-associated mutations in
proviral DNA did not experience virologic failure 48 weeks after switch-
ing to dolutegravir plus lamivudine [20�22]. Adding the results of these
three trials, none of a total of 42 participants with history and/or detec-
tion of lamivudine resistance-associated mutations have developed viro-
logic failure after switching to dual therapy with dolutegravir plus
lamivudine. In contrast, pooled data from dolutegravir monotherapy
studies for maintenance treatment revealed a proportion of virologic fail-
ure of 8¢9% (95% CI 4¢7-16¢2) at 48 weeks [23]. These differences in the
rates of virological failure suggest that lamivudine might provide signifi-
cant antiviral activity to dolutegravir despite the presence of archived
lamivudine resistance mutations. Additional support for this hypothesis
comes from two retrospective cohort studies in which a historical
plasma genotype detecting the M184V mutation was not predictive of
virologic failure in participants switching to lamivudine- based dual ther-
apies with either a protease inhibitor or an integrase inhibitor [24,25].

The residual antiviral efficacy of lamivudine was demonstrated
more than a decade ago in a study showing a viral load increase of
0¢5 log10 after discontinuing lamivudine despite the presence of the
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Table 4
Overview of drug-related adverse events.

Historical resistance to lamivudine No historical resistance to lamivudine

(n=21) (n=20)

Patients Adverse events Patients Adverse events p-value

Any adverse event 10 (47¢6%) 13 8 (40%) 15 0¢624
Grade 3 or 4 adverse event 1 (4¢8%) 1 0 (0%) 0 <0¢001
Laboratory Grade 3 or 4 adverse event 1 (4¢8%) 1 0 (0%) 0 <0¢001
Serious adverse event 0 (0%) 0 0 (0%) 0
Discontinuation due to adverse event 1 (4¢8%) 1 0 (0%) 0 <0¢001
Death 0 (0%) 0 0 (0%) 0

Adverse events occurring in at least 5% of patients in either group

Digestive 2 (9¢5%) 2 4 (20%) 5 0¢342
Neuropsychiatric 5 (23¢8%) 5 3 (15%) 3 0¢477
Dermatologic 0 (0%) 0 1 (5%) 1 <0¢001
Musculoskeletal 2 (9¢5%) 2 1 (5%) 1 <0¢001
Head and neck 0 (0%) 0 2 (10%) 2 0¢1373

8 R. De Miguel et al. / EBioMedicine 55 (2020) 102779
M184V mutation [26]. Another study reported lower viral rebound in
persons harboring the M184V who received lamivudine monother-
apy compared to patients interrupting treatment [27]. In addition to
the antiviral effect of lamivudine, the maintenance of the M184V/I
mutations might contribute to the success of dolutegravir plus lami-
vudine by sustaining a diminished viral fitness and preventing the
emergence of resistance mutations against dolutegravir [28,29].

Another factor that might have contributed to the success of the
dolutegravir plus lamivudine regimen in this pilot trial is the
exclusion of participants if baseline proviral DNA population geno-
typing detected lamivudine resistance-associated mutations. In our
study GEN-PRO [16] we found that when lamivudine resistance-asso-
ciated mutations were absent in proviral DNA by population geno-
typing, the percentage of lamivudine resistance-associated
mutations detected by next-generation sequencing was much lower
than when proviral DNA population sequencing did detect lamivu-
dine resistance-associated mutations. Only 17¢1% of the participants
in ART-PRO had detection of lamivudine resistance-associated
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mutations by next generation sequencing with a threshold over 20%.
This is in contrast with GEN-PRO, where 78¢5% or participants with
lamivudine resistance-associated mutations detected in proviral DNA
by population genotyping had these mutations detected by next gen-
eration sequencing with a threshold of 20%. We believe baseline pro-
viral DNA population sequencing renders at least some assurance
that past lamivudine resistance-associated mutations are not persist-
ing at high levels and thus, increases the probability of response to
dolutegravir plus lamivudine. In our study, the hypermutation analy-
sis showed that 18¢5% of mutations associated with lamivudine resis-
tance detected at baseline through next-generation sequencing were
from hypermutated viral sequences, and therefore, not clinically rele-
vant. However, this analysis does not completely exclude that the
archived resistance mutations found in our study may be related to
defective viral genomes for other reasons different to hypermutation,
such as large internal deletions [15].

In our study the group with historical lamivudine resistance had
longer duration of viral suppression (7¢7 vs 5¢3 years) compared to
the group without historical lamivudine resistance. It has been postu-
lated that the duration of virologic suppression could have some role
in the dynamics of lamivudine resistance. The small sample size pre-
vents us from inferring if this had a significant impact in our results,
however, in the study by Gagliardini et al. [30] dual therapy with
either boosted protease inhibitor or integrase inhibitor plus lamivu-
dine in persons with past M184V demonstrated only a statistically
higher risk of virological failure for those with a viral suppression
equal or under three years, which is inferior to the median viral sup-
pression duration in our study.

The most important limitations of our study are the small sample
size-characteristic of a pilot proof-of-concept clinical trial and the relative
short follow-up. We intentionally recruited a small number of partici-
pants because treatmentwith dolutegravir plus lamivudine in suppressed
persons with prior history of resistance to lamivudine had never been
prospectively tested before. A 144-week extension of our study is cur-
rently ongoing, but further studies are necessary to confirm our findings.

To our knowledge, our study is the only specifically designed to
address the outcomes of dolutegravir plus lamivudine for mainte-
nance of viral suppression in patients with historical resistance to
lamivudine. Our results generate the hypothesis that a switch to
dolutegravir plus lamivudine in integrase-inhibitor naïve persons
with historical lamivudine resistance-associated mutations could be
effective in preserving virologic suppression at 48 weeks, under the
condition that, before switching to dual therapy, proviral DNA popu-
lation sequencing does not detect the persistence of lamivudine resis-
tance-associated mutations. The findings of this pilot trial call for a
larger, fully-powered study to confirm our results.
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