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Summary
Background Due to the low number of individuals with HIV-2, no randomised trials of HIV-2 treatment have ever 
been done. We hypothesised that a non-comparative study describing the outcomes of several antiretroviral therapy 
(ART) regimens in parallel groups would improve understanding of how differences between HIV-1 and HIV-2 might 
lead to different therapeutic approaches.

Methods This pilot, phase 2, non-comparative, open-label, randomised controlled trial was done in Burkina Faso, 
Côte d’Ivoire, Senegal, and Togo. Adults with HIV-2 who were ART naive with CD4 counts of 200 cells per µL or 
greater were randomly assigned 1:1:1 to one of three treatment groups. A computer-generated sequentially numbered 
block randomisation list stratified by country was used for online allocation to the next available treatment group. In 
all groups, tenofovir disoproxil fumarate (henceforth tenofovir) was dosed at 245 mg once daily with either 
emtricitabine at 200 mg once daily or lamivudine at 300 mg once daily. The triple nucleoside reverse transcriptase 
inhibitor (NRTI) group received zidovudine at 250 mg twice daily. The ritonavir-boosted lopinavir group received 
lopinavir at 400 mg twice daily boosted with ritonavir at 100 mg twice daily. The raltegravir group received raltegravir 
at 400 mg twice daily. The primary outcome was the rate of treatment success at week 96, defined as an absence of 
serious morbidity event during follow-up, plasma HIV-2 RNA less than 50 copies per mL at week 96, and a substantial 
increase in CD4 cells between baseline and week 96. This trial is registered at ClinicalTrials.gov, NCT02150993, and 
is closed to new participants.

Findings Between Jan 26, 2016, and June 29, 2017, 210 participants were randomly assigned to treatment groups. Five 
participants died during the 96 weeks of follow-up (triple NRTI group, n=2; ritonavir-boosted lopinavir group, n=2; 
and raltegravir group, n=1), eight had a serious morbidity event (triple NRTI group, n=4; ritonavir-boosted lopinavir 
group, n=3; and raltegravir group, n=1), 17 had plasma HIV-2 RNA of 50 copies per mL or greater at least once (triple 
NRTI group, n=11; ritonavir-boosted lopinavir group, n=4; and raltegravir group, n=2), 32 (all in the triple NRTI group) 
switched to another ART regimen, and 18 permanently discontinued ART (triple NRTI group, n=5; ritonavir-boosted 
lopinavir group, n=7; and raltegravir group, n=6). The Data Safety Monitoring Board recommended premature 
termination of the triple NRTI regimen for safety reasons. The overall treatment success rate was 57% (95% CI 
47–66) in the ritonavir-boosted lopinavir group and 59% (49–68) in the raltegravir group.

Interpretation The raltegravir and ritonavir-boosted lopinavir regimens were efficient and safe in adults with HIV-2. 
Both regimens could be compared in future phase 3 trials. The results of this pilot study suggest a trend towards 
better virological and immunological efficacy in the raltegravir-based regimen.

Funding ANRS MIE.

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND 
4.0 license.

Introduction
HIV-2 is an enveloped retrovirus with an endemic area 
concentrated mainly in west Africa, and a lesser spread 
to other parts of the world.1 The estimated number of 
people with HIV-2 worldwide is between 1 and 
2 million.2 HIV-2 has a lower replicative capacity 

than HIV-1, which has important clinical consequences 
including lower risk of vertical transmission during 
pregnancy and lactation, and slower progression to 
immunosuppression and its associated risk of serious 
complications. When immunosuppression occurs, it 
presents the same characteristics as those associated 
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with HIV-1 in terms of type and severity of opportunistic 
diseases.3–6

HIV-2 and HIV-1 differ in terms of phenotypic 
susceptibility to antiretrovirals. HIV-2 has long been 
known to be intrinsically resistant to non-nucleoside 
reverse transcriptase inhibitors (NNRTIs).7,8 The natural 
resistance of HIV-2 to fusion inhibitors has been 
described recently,9 with phenotypic studies suggesting 
that saquinavir, lopinavir, and darunavir are the only 
effective protease inhibitors against HIV-2, and two 
single-arm trials suggesting that integrase strand 
transfer inhibitors (INSTIs) are promising 
anti-HIV-2 drugs.9–13 However, due to HIV-2 being 
concentrated in west Africa and the low number of 
people affected, no randomised trials comparing 
antiretroviral therapy (ART) regimens in people 
with HIV-2 have ever been done.14–18

A phase 3 efficacy trial comparing the reference 
treatment of HIV-2 to alternative treatments would 
require a high number of participants, which is difficult 
to achieve for such a rare disease. Any trial would also 
rely on a fragile pre-trial hypothesis because of the 
absence of previous randomised evidence. Before 
embarking on a long and expensive project, gathering 
solid preliminary data was necessary. We hypothesised 
that a non-comparative pilot study describing the 
evolution of clinical, immunological, and virological 
outcomes under several ART regimens in small parallel 
groups would help to better design future large-scale 

comparative trials and to understand how differences 
between HIV-1 and HIV-2 might require different thera
peutic approaches in terms of drug choice but also in 
terms of criteria for starting treatment and for assessing 
the success of treatment.

Methods
Study design
FIT-2 ANRS 12294 was a pilot, phase 2, non-comparative, 
open-label, randomised controlled trial, conducted at 
seven HIV care centres in four countries: Burkina Faso 
(Ouagadougou and Bobo-Dioulasso), Côte d’Ivoire 
(Abidjan), Senegal (Dakar), and Togo (Lomé). The study 
was approved by the national ethics committees of the 
four countries. The protocol is available in the appendix 
(pp 10–82). This trial is registered at ClinicalTrials.gov, 
NCT02180438.

Participants
For inclusion, participants had to have HIV-2 (as 
diagnosed using the FIT-2 serological test algorithm; 
appendix p 7), no previous history of ART, a CD4 count 
greater than 200 cells per µL, were required to be aged 
18 years and older, and had to provide written informed 
consent.

The main exclusion criteria were HIV-1 and HIV-2 
dual infection, pregnancy or breastfeeding, severe 
anaemia (haemoglobin ≤8 g/dL), neutropenia 
(neutrophils ≤500 cells per µL) or thrombocytopenia 

Research in context

Evidence before this study
We searched PubMed on June 30, 2023, with no date 
restrictions, using the terms “HIV-2” AND “randomised 
controlled trial” OR “cohort”, with no language or date 
restrictions. No randomised controlled trials were identified. 
We found five non-randomised prospective studies that 
reported the efficacy of antiretroviral therapy (ART) in 
individuals with HIV-2, suggesting that ritonavir-boosted 
lopinavir was the most suitable protease inhibitor in HIV-2 
infection and that integrase strand transfer inhibitors (known 
as INSTIs) were a promising alternative to anti-HIV-2 drugs. 

Added value of this study
To our knowledge, this study is the first randomised controlled 
trial on the efficacy and tolerance of three first-line ART 
regimens in adults with HIV-2. All regimens included tenofovir 
and emtricitabine or lamivudine. The third drug was either 
zidovudine (triple nucleoside reverse transcriptase inhibitor 
[NRTI] regimen), ritonavir-boosted lopinavir, or raltegravir 
depending on group assignment. The data suggest that the 
triple NRTI regimen should not be used, and that the ritonavir-
boosted lopinavir and raltegravir-based regimens both have 
good efficacy and tolerance and could be further assessed in 
phase 3 trials. The study also provides evidence on the efficacy 

endpoints for use in future trials. Due to the low replicative 
capacity of HIV-2, nearly 100% of the participants with HIV-2 in 
future studies would have an unquantifiable viral load under 
treatment, with a threshold of 50 copies per mL. A much lower 
level of viraemia should be considered. CD4 cell count gain 
under treatment seems to be an interesting criterion, including 
in individuals with more than 500 CD4 cells per µL, but it 
remains difficult to set a discriminating gain threshold for the 
definition of success or failure. Finally, permanent 
discontinuation of ART appears to be a non-discriminatory but 
rather frequent phenomenon, perhaps reflecting the possibility 
that individuals with HIV-2 and their treating physicians do not 
have a clear idea of the benefit–risk ratio of ART for everyone 
regardless of CD4 cell count, which is now universally accepted 
practice for HIV-1.

Implications of all the available evidence
Both the ritonavir-boosted lopinavir and raltegravir regimens 
are suitable for the first-line treatment of HIV-2. Raltegravir-
based regimens tend to have better virological and 
immunological benefits, but the overall benefit–risk ratios of 
the two regimens are still to be compared in a phase 3 
randomised controlled trial.
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(platelet ≤50 000 per µL), renal impairment (creatinine 
clearance ≤50 mL per min), liver function impairment 
(prothrombin time <50%), non-stabilised ongoing 
severe illness, conditions favouring one ART regimen 
over the others, and known contraindication to a trial 
drug (appendix p 28).

Randomisation and masking
Eligible participants were randomly assigned 1:1:1 to 
one of the three following ART regimens: tenofovir 
disoproxil fumarate (henceforth tenofovir), emtri
citabine or lamivudine, and zidovudine (the triple 
nucleoside reverse transcriptase inhibitor [NRTI] 
group); tenofovir, and emtricitabine or lamivudine, and 
ritonavir-boosted lopinavir (ritonavir-boosted lopinavir 
group); or tenofovir, and emtricitabine or lamivudine, 
and raltegravir (raltegravir group). A computer-
generated sequentially numbered block randomisation 
list stratified by country was fed into an in-house 
software programme by an engineer who had no 
involvement in the rest of the trial for online allocation 
to the next available treatment group, concealing the 
sequence until interventions were assigned.

Procedures
In all groups, tenofovir was dosed at 245 mg once daily, 
with either emtricitabine at 200 mg once daily 
or lamivudine at 300 mg once daily. For the triple 
NRTI group, zidovudine was given at 250 mg twice 
daily; for the ritonavir-boosted lopinavir group, lopinavir 
was given at 400 mg twice daily and boosted with 
ritonavir at 100 mg twice daily; for the raltegravir group, 
raltegravir was given at 400 mg twice daily.

Co-trimoxazole prophylaxis was prescribed to all 
patients with a CD4 count less than 500 cells per µL.

The participants were monitored for 96 weeks from 
the start of ART. Visits to the study clinic were scheduled 
every 4 weeks up to week 24 and every 12 weeks 
thereafter, and the patients were instructed to report to 
the clinic between visits if they had any clinical 
problems.

CD4 cell count and plasma HIV-2 RNA were measured 
at inclusion (day 0) and weeks 4, 8, 12, 24, 36, 
48, 72, and 96. CD4 cell count was measured using 
a fluorescence-activated cell sorting (known as FACS) 
count flow cytometer (Fascan Becton-Dickinson, 
San Carlos, CA, USA). HIV-2 RNA was measured using 
a real-time PCR assay (Generic HIV-2 Charge Virale 
Biocentric, Bandol, France; with a limit of 
detection [LOD] of 10 copies per mL and limit of 
quantification [LOQ] of 50 copies per mL).19

Blood samples were taken by trained nurses. Whole 
blood was stored at –80°C for further HIV-2 total 
DNA quantification. Total DNA was extracted using 
a QIAsymphony DSP DNA mini kit (Qiagen, 
Courtaboeuf, France). To normalise the HIV-2 DNA 
quantification, the amount of total DNA in extracts was 

identified by quantification of the albumin gene, using 
a LightCycler FastStart DNA Master Hybprobe kit 
(Roche, Mannheim, Germany), and serial dilutions of 
Human Genomic DNA (Roche, Mannheim, Germany) 
as standard.20,21 HIV-2 total DNA was quantified using a 
real-time PCR assay with a 95% LOD of 3 copies 
per PCR and LOQ of 6 copies per PCR.22

Genotypic resistance tests were carried out each time 
two consecutive plasma HIV-2 RNAs were 50 copies 
per mL or greater. Sequencing of protease, reverse 
transcriptase, and integrase regions was carried out 
using previously described in-house methods.19 
HIV-2 drug resistance mutations were classified using 
the list from The Collaborative HIV and Anti-HIV 
Drugs Resistance Network.23

HIV-2 RNA was measured at the virology laboratories 
of the Treichville hospital in Abidjan (Côte d’Ivoire, for 
samples from Togo and Côte d’Ivoire), Le Dantec 
hospital in Dakar (Senegal) for samples from Senegal, 
and Souro Sanou hospital in Bobo-Dioulasso 
(Burkina Faso) for samples from Burkina Faso. The 
HIV-2 RNA measurement protocol was harmonised 
across laboratories, and a quality control process was 
carried out in the three laboratories under the 
supervision of the virology laboratory of the Bichat-
Claude Bernard hospital (Paris, France). HIV-2 DNA 
measurement and RNA genotypic resistance tests were 
carried out at the virology laboratory of Bichat-Claude 
Bernard hospital.

Outcomes
The primary outcome was treatment success at week 96. 
Treatment was considered a success if the participant 
was alive at week 96; had a plasma HIV-2 RNA of less 
than 50 copies per mL at week 96 (with a time window 
of week 92 to week 104); had a substantial CD4 cell 
count gain between inclusion and week 96; and had no 
serious morbidity episode between inclusion and 
week 96 (with a time window of week 92 to week 104). 
The CD4 cell count gain was considered substantial if 
the gain since baseline was 100 cells per µL or greater 
for patients with CD4 counts of 500 cells per µL or 
fewer at baseline, and any gain (ie, ≥1 cell per µL) for 
those who had more than 500 cells per µL at baseline. 
Serious morbidity was defined as any AIDS-defining 
event other than tuberculosis or any grade 3 or 4 
cardiovascular, renal, or non-tuberculous bacterial 
event.

The main secondary outcomes were the occurrence of 
grade 3 or 4 adverse events of any type according to the 
Agence Nationale de Recherche sur le Sida (known as 
ANRS, Paris, France) grading table, changes in the 
CD4 cell count and plasma HIV-2 RNA, virological 
failure (ie, two consecutive plasma samples 
with HIV-2 RNA ≥50 copies per mL), HIV-2 drug 
resistance mutation, and permanent discontinuation of 
ART (appendix p 29).
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Statistical analysis
A given ART regimen was considered highly effective if 
the rate of treatment success was higher than 70% at 
week 96 (expected level), and insufficiently effective if it 
was lower than 55% (unacceptable level; 56–69% was 
considered acceptable).

The primary analysis was in the intention-to-treat 
population and included all participants who were 
randomly assigned to treatment groups. Death and 
missing data at week 96 were considered treatment 
failure. In each ART regimen, the one-sided 95% CI of 
the proportion of monitored patients reaching the 
primary endpoint was calculated. The lower limit of 
the one-sided 95% CI had to be greater than 55% (ie, the 
unacceptable level) for the regimen to be considered 
sufficiently effective. A safety analysis was carried out at 
week 24. A data and safety monitoring board reviewed 
the week 24 analysis and had full access to the safety and 

efficacy data throughout the trial. SAS version 9.2 
software was used to analyse the data.

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.

Results
Between Jan 26, 2016, and June 29, 2017, 250 patients 
were screened, of whom 40 (16%) were excluded and 
210 (84%) were randomly assigned to treatment groups. 
71 (34%) participants were assigned to the triple 
NRTI group, 69 (33%) to the ritonavir-boosted lopinavir 
group, and 70 (33%) to the raltegravir group (figure 1). All 
participants were of sub-Saharan African origin. The trial 
ended on May 15, 2019, just before the COVID-19 
pandemic, which made the movement of biological 

32 switched to ritonavir-boosted 
lopinavir

1 died
0 stopped follow-up

71 assigned to triple NRTI
 

71 started ART

71 were included in the analysis

2 died
4 stopped follow-up

69 were included in the analysis

69 assigned to ritonavir-boosted 
lopinavir

68 started ART

1 excluded due to participant 
decision

 

1 died
4 stopped follow-up

70 were included in the analysis

70 assigned to raltegravir

70 started ART

250 individuals screened 

210 randomly assigned

39 continued on triple NRTI 

1 died
3 stopped follow-up

40 excluded
 10 other
 9 lived far from the study centre
 6 had dual HIV-1 and HIV-2 infection
 4 had a CD4 cell count <200 cells per µL
 4 had another severe disease
 2 declined to participate 
 2 were not ART naive 
 2 had a creatinine clearance <50 mL per min
 1 aimed to get pregnant

Figure 1: Trial profile
Among the 11 participants who permanently discontinued follow-up, two withdrew consent but agreed to be included in the analysis (one in the ritonavir-boosted 
lopinavir group and one in the raltegravir group), and nine were lost to follow-up (three in each group). ART=antiretroviral therapy. NRTI=nucleoside reverse 
transcriptase inhibitor.
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samples between countries and continents very difficult 
for 2 years. Therefore, it took 3 years in total to complete 
the virological database.

The median age was 51 years (IQR 47–57); 147 (70%) of 
210 participants were female and 63 (30%) were male 
(table 1). 171 (81%) participants were at WHO clinical 

stage 1, 149 (71%) had a CD4 count of 500 cells per µL or 
more, and 161 (77%) had a plasma HIV-2 RNA of less 
than 50 copies per mL. In total, the participants were 
monitored for 368 person-years (median 96 weeks, 
IQR 96–97).

The safety analysis at week 24 concluded that the study 
could continue (appendix p 5). Week 96 treatment 
success had a rate of 55% (n=116, one-sided 95% CI 
50–61) overall: 51% (95% CI 41–60) in the triple 
NRTI group, 57% (47–66) in the ritonavir-boosted 
lopinavir group, and 59% (49–68) in the raltegravir group 
(table 2). The main reason for treatment failure was the 
absence of a substantial CD4 gain, which accounted 
for 27 (41%) of 66 in the triple NRTI group, 22 (35%) 
of 62 in the ritonavir-boosted lopinavir group, and 
23 (35%) of 65 in the raltegravir group (Ns are for 
participants who were alive and had data available).

During follow-up, five (2%) of the 210 participants died, 
four (2%) had an AIDS-defining disease, and 37 (18%) 
had 41 non-AIDS-defining grade 3–4 disease (table 3). 
The median variation in bodyweight between baseline 
and week 96 was –1 kg (IQR –4 to 2) overall, –1 kg 
(IQR –4 to 2) in men and –2 kg (IQR –5 to 2) in women 
(appendix p 8).

Plasma HIV-2 RNA was measured in 198 (94%) of 
210 participants at week 24, 197 (94%) of 210 at week 48, 
and 193 (92%) of 210 at week 96. Five (3%) 
of 198 individuals had plasma HIV-2 RNA of 50 copies 
per mL or more at week 24, eight (4%) of 197 at week 48, 
and two (1%) of 193 at week 96 (Ns are for participants 
who were alive and had data available; figure 2A). During 
follow-up, 17 (8%) of 210 participants had a plasma 
HIV-2 RNA of 50 copies per mL or more at least once, 
and seven (3%) at least twice (table 3; appendix p 6). Of 
the seven participants with at least two plasma 
HIV-2 RNA measurements of 50 copies per mL or 
more (ie, virological failure), six (86%) were in the 
triple NRTI group and one (14%) was in the ritonavir-
boosted lopinavir group. All seven participants with 
virological failure had a plasma HIV-2 RNA concentration 
of 50 copies per mL or greater at baseline.

HIV-2 total DNA was measured in 188 (90%) of 
210 participants at baseline, 172 (82%) at week 24, 
181 (86%) at week 48, and 183 (87%) at week 96. 
HIV-2 total DNA levels were detectable (ie, ≥LOD) in 
60 (32%) of 188 participants at baseline, 44 (26%) of 172 at 
week 24, 40 (22%) of 181 at week 48, and 44 (24%) of 183 
at week 96; and quantifiable (ie, ≥LOQ) in three (2%) of 
188 participants at baseline, two (1%) of 172 at week 24, 
0 of 181 at week 48, and 1 (1%) of 183 at week 96. All three 
participants with a quantifiable HIV-2 total DNA at 
baseline had an HIV-2 total DNA below the LOQ at 
week 48 and week 96. Of the 185 patients with an HIV-2 
total DNA below the LOQ at baseline, only one (1%) had 
a quantifiable HIV-2 total DNA during follow-up 
(75 copies per mL of whole blood at week 24 and 
131 copies per mL at week 96). None of the seven patients 

  Triple NRTI (n=71) Ritonavir-boosted 
lopinavir (n=69) 

Raltegravir (n=70) 

Sex

Male 19 (27%) 23 (33%) 21 (30%)

Female 52 (73%) 46 (67%) 49 (70%)

Age, years 52 (46–58) 52 (48–57) 50 (46–55)

WHO clinical stage

1 59 (83%) 59 (86%) 53 (76%)

2 7 (10%) 5 (7%) 8 (11%)

3 5 (7%) 5 (7%) 9 (13%)

CD4 cell count

Median (IQR) per µL 706 (496–946) 648 (479–811) 641 (452–865)

200–349 per µL 4 (6%) 5 (7%) 7 (10%)

350–499 per µL 14 (20%) 15 (22%) 15 (21%)

≥500 per µL 52 (74%) 49 (71%) 48 (69%)

Plasma HIV-2 RNA 

<50 copies per mL 61 (86%) 47 (68%) 53 (76%)

≥50 copies per mL 10 (14%) 22 (32%) 17 (24%)

Median (IQR) copies per mL 226 (143–698) 190 (96–1576) 401 (307–1871)

BMI, kg/m² 25·3 (23·0–29·8) 25·6 (22·7–30·1) 25·3 (21·8–28·2)

Positive plasma HBs antigen*  8 (11%) 0 7 (10%)

Positive plasma hepatitis C virus antibody* 3 (4%) 3 (5%) 2 (3%)

Haemoglobin, g/100 mL 12 (11–13) 13 (12–14) 12 (11–13)

Plasma alanine aminotransferase, IU 16 (11–22) 17 (14–23) 15 (11–20)

Creatinine clearance, mL per min† 98 (84–120) 99 (85–115) 97 (79–111)

Data are n (%) or median (IQR). IU=international unit. NRTI=nucleoside reverse transcriptase inhibitor. 
*Three participants had missing data, all in the ritonavir-boosted lopinavir group. †Clearance was estimated using the 
modification of diet in renal disease formula.

Table 1: Baseline characteristics

Triple NRTI 
(n=71) 

Ritonavir-boosted 
lopinavir (n=69) 

Raltegravir 
(n=70) 

Dead 2 (3%) 2 (3%) 1 (1%)

Missing data* 3 (4%) 5 (7%) 4 (6%)

Alive and all data available 66 (93%) 62 (90%) 65 (93%)

No episode of serious morbidity 62 (87%) 59 (86%) 64 (91%)

HIV-2 viral load of <50 copies per mL 64 (90%) 62 (90%) 65 (93%)

Substantial CD4 cell gain since inclusion† 39 (55%) 40 (58%) 42 (60%)

Combined primary endpoint

Treatment failure 35 (49%)‡ 30 (44%) 29 (41%)

Treatment success, n (%); one-sided 
95% CI

36 (51%)‡; 41–60 39 (57%); 47–66 41 (59%); 49–68

Data are n (%) unless otherwise specified. NRTI=nucleoside reverse transcriptase inhibitor. *Missing data for at least 
one component of the primary endpoint. †Increase in CD4 count between baseline and week 96 of ≥100 cells per µL 
for patients who had <500 cells per µL at baseline or increase between baseline and week 96 of ≥1 cells per µL for 
patients who had ≥500 cells per µL at baseline. ‡The triple NRTI treatment was prematurely interrupted for safety 
reasons. Therefore, week 96 outcomes in this group do not reflect the efficacy of a triple nucleoside regimen.

Table 2: Primary outcome 
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with virological failure had quantifiable HIV-2 DNA at 
baseline or during follow-up.

Drug resistance tests were done for five of the 
seven participants with virological failure (four in the 
triple NRTI group and one in the ritonavir-boosted 
lopinavir group). Two of these participants had viruses 
with several NRTI resistance mutations (Lys65Arg-
Thr69Ser-Val111Ile-Tyr115Phe-Met184Val and Lys65Arg-
Thr69Ser-Met184Val) detected at week 96. The remaining 
three had no resistance mutations.

The median variation in CD4 count between baseline 
and week 96 was 105 cells per µL (IQR –31 to 231) 
overall, 142 cells per µL (56 to 230) in participants with a 
baseline CD4 count less than 500 cells per µL, and 

88 cells per µL (–79 to 231) in those with a baseline 
CD4 count of 500 cells per µL or greater (table 1, 
figure 2B).

The Data Safety Monitoring Board reviewed the 
results of the week 24 safety analysis on April 6, 2018, 
and recommended stopping the triple NRTI group for 
safety reasons. This recommendation was based on the 
following findings at the time of the data review. First, 
six (9%) of the 71 participants in the triple NRTI group 
had virological failure (including five who had a 
quantifiable viral load at baseline), while no virological 
failure was observed in the other groups. Only one of 
these six participants were confirmed to be non-
compliant. Second, nine (13%) participants in the 
triple NRTI group had discontinued treatment for 
adverse effects (five for digestive adverse effects and 
four for anaemia) versus three (2%) of 139 in the other 
two groups. In the triple NRTI group, participants who 
discontinued for adverse effects did not overlap with 
those who had virological failure.

One participant in the ritonavir-boosted lopinavir 
group never started ART. During the entire follow-up 
period, 50 (24%) of the 210 participants discontinued 
the ART regimen assigned at randomisation, including 
32 (15%) who switched to another ART regimen and 
18 (9%) who discontinued ART permanently.

Participants who switched to another regimen were all 
in the triple NRTI group. Reasons for switching were 
virological failure (n=2), adverse events (n=9), or 
recommendation by the Data Safety Monitoring 
Board (n=21). All of these participants switched to 
ritonavir-boosted lopinavir. One individual died 
2·4 months after switching.

Among the 18 participants who discontinued ART 
permanently, 11 discontinued trial follow-up (three in 
the triple NRTI group, four in the ritonavir-boosted 
lopinavir group, and four in the raltegravir group), 
three completed follow-up but indicated they did not 
wish to continue ART (one in the triple NRTI group, 
one in the ritonavir-boosted lopinavir group, and one in 
the raltegravir group), and four died while they were 
still receiving the ART regimen assigned at 
randomisation (one in the triple NRTI group, two in the 
ritonavir-boosted lopinavir group, and one in the 
raltegravir group).

Discussion
HIV-2 infection is much less common than HIV-1, is 
mainly concentrated in west Africa, and is less severe 
and less replicative than HIV-1.5,7,24 The rarity of HIV-2 
means that certain features of the virus, particularly 
those concerning its sensitivity to antiretroviral drugs, 
are less well known, and that the organisation of 
randomised trials to identify the most effective drug 
combinations is more difficult than for HIV-1. As HIV-2 
is less replicable than HIV-1, viral load control—the 
standard success criterion used to monitor the efficacy 

Triple NRTI 
(n=71) 

Ritonavir-
boosted 
lopinavir 
(n=69) 

Raltegravir 
(n=70) 

Morbidity

AIDS-defining morbidity 1 (1%) 2 (3%) 1 (1%)

Other grade 3–4 morbidity 

Invasive bacterial diseases 1 (1%) 3 (4%) 0 

Serious cardiovascular 
disorders

2 (3%) 0 1 (1%)

Serious renal disorders 0 1 (1%) 0

Malignancies 0 0 2 (3%)

Serious digestive disorders 6 (9%) 4 (6%) 0

Serious haematological 
disorders

5 (7%) 1 (1%) 5 (7%)

Death of unexplained cause 2 (3%) 1 (1%) 0

Any other grade 3–4 
morbidity

3 (4%) 1 (1%) 3 (4%)

Plasma HIV-2 RNA 

≥10 copies per mL at least once 22 (31%) 21 (30%) 8 (11%)

≥50 copies per mL at least once 11 (16%) 4 (6%) 2 (3%)

Virological failure 6 (9%) 1 (1%) 0 

ART modifications

Switch to another regimen 32 (45%) 0 0 

Permanent ART 
discontinuation

5 (7%) 7 (10%) 6 (9%)

ART=antiretroviral therapy. NRTI=nucleoside reverse transcriptase inhibitor. 
Virological failure was defined as two consecutive measurements of plasma HIV-2 
RNA >50 copies per mL. Three deaths were of unknown cause; the remaining 
two deaths were associated with severe sepsis (n=1) and breast cancer (n=1). 
AIDS-defining morbidity was extra pulmonary tuberculosis (n=2) and fungal 
oesophagitis (n=2). Invasive bacterial diseases identified were bacterial 
pneumonia (n=2), prostatitis (n=1), and severe sepsis (n=1). Serious 
cardiovascular disorders identified were peripheral arterial occlusive disease (n=1) 
and stroke (n=2). Malignancies identified were breast cancer (n=2). Serious 
digestive disorders identified were vomiting, diarrhoea, or abdominal pain (n=7), 
pancreatitis (n=1), intestinal occlusion (n=1), and gastric perforation (n=1). 
Serious haematological disorders identified were neutropenia (n=7), anaemia 
(n=3), and anaemia and neutropenia (n=1). Other grade 3–4 morbidity identified 
were hypocalcaemia (n=2), hypercalcaemia (n=1), diabetes (n=1), 
neuropsychiatric disorders (n=1), elevation of alkaline phosphatases (n=1), and 
dyspnoea (n=1). Reasons for switching to another regimen were virological failure 
(n=2), adverse events (n=9), and due to a decision by the treating physician 
following the advice of the Data Safety Monitoring Board (n=21). 

Table 3: Secondary outcomes
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of ART in HIV-1 infection—cannot be used for 
monitoring the efficacy of ART in HIV-2 infection.25

We did a pilot randomised trial to evaluate three 
ART regimens in west African adults with HIV-2 who 
were treatment naive. The aim was not to compare the 
three regimens with each other, but to assess each of 
them for future phase 3 studies, and to do so in parallel 
by ensuring that all three groups broadly had the same 
baseline characteristics to facilitate specification of the 
parameters for a possible future trial.

The triple NRTI group was discontinued. The results 
from this group are sufficient to discount it for routine 
use. This group was clearly the least effective virologically 

and the least well tolerated.26,27 The ritonavir-boosted 
lopinavir and raltegravir groups did not reach the success 
criterion we had set a priori due to the immunological 
component of the composite criterion, which was 
difficult to set in advance. However, the treatments were 
well tolerated in both groups, virological failures and 
morbidity and mortality were rare, and CD4 cell count 
gains were good. These results suggest that both 
regimens are acceptable for future randomised trials, 
which should also consider using more conservative 
criteria to define treatment success.

Since future phase 3 trials comparing these two 
regimens would require hundreds of participants, who 

Figure 2: Plasma HIV-2 RNA and CD4 cell count variation over time, according to treatment group
(A) Plasma HIV-2 RNA over time, according to treatment group. (B) CD4 cell count variation over time, according to treatment group. Error bars are IQRs. 
ART=antiretroviral therapy. NRTI=nucleoside reverse transcriptase inhibitor.
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would probably be difficult to recruit, various observations 
can be made in the meantime, based on our results and 
data available elsewhere.

Boosted protease inhibitor regimens have long been 
the preferred treatment option in HIV-2 infection, with 
ritonavir-boosted lopinavir being the most widely used 
and best described protease inhibitor in cohort studies.7,16

Since 2018, WHO has recommended a dolutegravir-
based regimen as a first-line option for individuals 
with HIV-2.28 This recommendation, based on virological 
data and a parallel with recommendations made for 
HIV-1 treatment, has been supported by two non-
comparative trials10,13 in people with HIV-2 in France and 
Senegal (one with raltegravir and the other with 
elvitegravir). These two pilot studies showed good 
efficacy and tolerability, with rates similar to those 
reported for the present study.10,13 Our data suggest 
a trend towards better viral control and higher CD4 cell 
count gains in the raltegravir group, which does not 
prove its superiority but tends to support the 
WHO recommendation. Moderate weight gain was 
observed in the raltegravir group, whereas weight loss 
was more common in the other two groups, which is 
consistent with a trend towards better immunological 
and virological efficacy. In both groups, an absence of 
evidence for being overweight was observed, which is 
reassuring as this is one of the effects currently being 
monitored in African people taking second-generation 
INSTIs, especially in women.29

Our study has several limitations. First, this was a pilot, 
non-comparative study, in which the number of 
participants was small and the success rate was lower 
than expected even in the treatment group considered 
the reference, which resulted in the trial being 
underpowered. The data collected are useful for posing 
hypotheses for future studies, but do not provide strong 
evidence for the comparative effectiveness of the 
treatments studied. Second, we used a composite 
endpoint because using mortality as the primary 
endpoint was not feasible. In HIV-1 trials, clinical, 
immunological, and virological failure or success are 
routinely used as surrogate endpoints. Our definitions 
of immunological and virological success were 
questionable; a CD4 gain of at least 1 cell per µL reflects 
the absence of immunological worsening more than 
immunological success. An unquantifiable viral load on 
treatment does not have the same meaning for people 
whose pre-ART viral load was quantifiable as it does for 
those whose viral load was already unquantifiable before 
they started ART. These two questions of defining 
immunological and virological success highlight the 
difficulty in defining the best surrogate endpoints to be 
used in HIV-2 trials. Third, the follow-up was limited to 
96 weeks and weight gain on a raltegravir-based regimen 
could have been greater over a longer term. Fourth, the 
study was unmasked. Knowledge of the treatment 
randomisation could have influenced clinician and 

participant behaviours in the ongoing management or 
the ascertainment of efficacy and safety outcomes. Fifth, 
we excluded people with CD4 counts of less than 200 cells 
per µL because the treatment options included a triple 
nucleoside regimen. Had we included more participants 
with advanced-stage disease, the proportion of individuals 
with a quantifiable viral load would have been higher 
and, consequently, virological efficacy would have been 
easier to measure. However, at a time when ART is 
recommended for all individuals regardless of their 
CD4 cell count, on the basis of evidence coming from 
HIV-1 studies,30,31 it is particularly important to discuss 
the value of early ART in individuals with HIV-2. Treating 
people with HIV-2 at early stages in this study 
provided original data highlighting how the issue of 
HIV-2 treatment requires a specific approach compared 
with HIV-1. HIV-2 has a lower replication rate and 
progresses more slowly than HIV-1. However, our data 
show that people with HIV-2 who still have high CD4 cell 
counts when beginning treatment undergo an increase 
in their CD4 cell count while having treatment, which 
suggests a benefit in terms of immune defence in these 
participants. Therefore, the question of when to treat an 
individual, which no longer arises for HIV-1, might 
remain relevant for HIV-2. Addressing this question 
would require identification of the threshold (if any) 
above which the benefit of treating would be equal to or 
smaller than the risk.

In conclusion, triple nucleoside regimens should not 
be used in adults with HIV-2, while raltegravir-based and 
boosted lopinavir-based regimens could be compared in 
future phase 3 trials. The results of this pilot trial suggest 
a trend towards better virological and immunological 
efficacy for the raltegravir-based regimen. Since most 
individuals with HIV-2 are located in west Africa, weight 
gain and metabolic complications should be carefully 
studied in these individuals who receive INSTIs.32
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