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First-line Raltegravir/Emtricitabine/Tenofovir
Combination in Human Immunodeficiency Virus Type
2 (HIV-2) Infection: A Phase 2, Noncomparative Trial
(ANRS 159 HIV-2)

Sophie Matheron,"?* Diane Descamps,?* Sebastien Gallien,’ Amel Besseghir,” Pierre Sellier, Laurent Blum,” Emmanuel Mortier,?
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and Genevieve Chene®; for the France REcherche Nord&Sud Sida-Hiv Hépatites (ANRS) 159 HIV-2 Trial Study Group®

"Hopital Bichat-Claude Bernard, Assistance Publique—Hapitaux de Paris (AP-HP), “Institut national de la santé et de la recherche médicale (INSERM), Infection, Antimicrobiens, Modélisation,
Evolution, Unité Mixte de Recherche (UMR) 1137, *Université Paris Diderot, Sorbonne Paris Cité, and “Hopital Saint Louis, AP-HP, Paris, INSERM, Bordeaux Population Health Research Center,
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René Dubos, Pontoise, *Hapital Louis Mourier, AP-HP. Colombes, and *Hopital Pitié-Salpetriere, AP-HP, Université Paris 6, INSERM, Institut Pierre-Louis Epidémiologie et Santé Publique, UMR en
Santé 1136, Paris, France

Background. New options for first-line treatment of human immunodeficiency virus type 2 (HIV-2) infection are needed. We
evaluated an integrase inhibitor (raltegravir)-containing regimen.

Methods. Antiretroviral therapy (ART)-naive adults with symptomatic infection by HIV-2 only, CD4 count <500 cells/pL
or CD4 decrease >50 cells/uL/year over the past 3 years, or a confirmed plasma HIV-2 RNA (pVL) load 2100 copies/mL were
eligible for this noncomparative trial. The composite primary endpoint was survival at 48 weeks without any of the following:
CD4 gain from baseline <100 cells/pL, confirmed pVL 240 copies/mL from week 24, raltegravir permanent discontinuation, or
incident B or C event. HIV-2 ultrasensitive pVL (uspVL) and total DNA were assessed using in-house polymerase chain reaction
(PCR) assays.

Results.  Baseline median CD4 count of 30 enrolled individuals (67% women) was 436 cells/pL (interquartile range [IQR], 314-
507 cells/pL); pVL was 240 copies/mL in 67% of them, uspVL was =5 copies/mL in 92%, and total DNA was >6 copies by PCR in
32%. At week 48, the composite endpoint of success was reached in 40% [95% confidence interval, 22.7%-59.4%)]. Failure was mainly
(50%) due to CD4 gain <100 cells/uL; uspVL was <5 copies/mL in 87% and total DNA >6 copies by PCR in 12% of participants.

Median CD4 gain was 87 cells/pL (IQR, 38-213 cells/uL; n = 28). No serious adverse reactions were reported.
Conclusions. Raltegravir-containing ART is a safe option for first-line treatment of HIV-2 infection, yielding a comparable

success rate to protease inhibitors.
Clinical Trials Registration. NCT 01605890.
Keywords. first line-cART; HIV-2; integrase inhibitor.

Like human immunodeficiency virus type 1 (HIV-1), human
immunodeficiency virus type 2 (HIV-2) causes AIDS-defining
events, yet immunodeficiency and disease progression is far
slower [1, 2]. Indeed, based on the definition of long-term
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nonprogressors used in HIV-1 infection, the proportion of
people living with HIV-2 (PLWH2) meeting this profile was
reported to be up to 6%, as compared to <1% among people
living with HIV-1 (PLWH1) [3]. Moreover, HIV-2 is character-
ized by a lower replication capacity than HIV-1, that is, approx-
imately 30 times less as shown by modeling [4-7], yielding 9%
of patients meeting definition criteria for elite controllers [3].

In terms of treatment, HIV-2 is naturally resistant to 2 anti-
retroviral drug classes commonly used to treat HIV-1 infection,
namely, nonnucleoside reverse transcriptase inhibitors and
fusion inhibitors [8]. Furthermore, phenotypic studies sug-
gest that HIV-2 susceptibility to protease inhibitors (PIs) var-
ies according to the specific drug tested [9]. Thus, the limited
armamentarium of drugs available to manage HIV-2 infection
calls for evaluation of every innovation when it becomes availa-
ble in HIV-1 infection.
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Geographically, the HIV-2 epidemic is restricted mainly
to West Africa, Angola, Mozambique, and Europe (mostly
Portugal or France, due to migratory flows from affected
African regions) as HIV-2 is less efficiently transmitted than
HIV-1, essentially through sexual or mother-to-child trans-
mission [10-12]. In this context, high level of evidence for the
treatment of HIV-2 remains scarce and powerful designs such
as randomized clinical trials are difficult to implement.

In addition, while disease profile includes traditional deter-
minants of progression such as clinical stage, CD4 lymphocyte
count, and plasma viral load (pVL), the latter is much lower
on average than in HIV-1 infection and below the detection
threshold in very large proportions of untreated PLWH2 [10,
13-15]. Therefore, evaluation of treatment innovations cannot
predominantly rely on the measurement of pVL for eligibility
and outcome, and CD4 cell response should also be considered
within a composite endpoint [16].

Given the lack of randomized trials, observational studies
currently provide the best available evidence for treatment
guidelines, including a combination of 2 nucleoside reverse
transcriptase inhibitors (NRTIs) and 1 PI as recommended
first-line combination antiretroviral therapy (cART) since
2012 [17-21].

Current first-line cART yields lower response in terms of
CDA4 cell count in PLWH2 than in PLWHI1, even with regimens
including recently approved PIs [14, 19, 22-26].

More recently, 2 series of observations raised a specific
interest for the evaluation of raltegravir in antiretroviral-na-
ive PLWH2. First, phenotypic virological studies showed that
the optimal inhibitory concentration 50% (IC, ) for HIV-2
were those of lopinavir, darunavir, and raltegravir [9, 27].
Second, raltegravir was associated with dramatic immune
recovery in some heavily pretreated patients experiencing
virological failure [28-32].

We postulated that a combination of raltegravir plus 2 NRTTs
could yield a better CD4 response than the average response
reported with PI-containing regimens, along with a good safety
profile.

METHODS

Trial Design and Participants
The French National Agency for Research on AIDS and Viral
Hepatitis (ANRS) 159 HIV-2 study was a noncomparative mul-
ticenter, nationwide, 1-step, phase 2 clinical trial, conducted in
18 hospital centers in France, from July 2012 to December 2015.
We used the setting of the French ANRS CO5 HIV-2 cohort,
involving >1000 adults infected with HIV-2 only in 120 clini-
cal sites, to identify potentially eligible patients, and investiga-
tors invited them to participate in the study. Eligibility criteria
for the trial were the following: antiretroviral-naive PLWH2
with a history of Centers for Disease Control and Prevention
group B or C-defining event, CD4 count <500 cells/pL, or CD4

decrease >50 cells/uL/year over the last 3 years, with a last
value of £10% of CD4 nadir or confirmed HIV-2 RNA pVL
>100 copies/mL. Pneumocystis prophylaxis, combined with
toxoplasmosis prophylaxis in the presence of specific antibod-
ies, was an additional eligibility criteria for participants with
CD4 count <200 cells/uL. By April 2013, the scientific commit-
tee of the trial recommended that women who had started a
antiretroviral therapy (ART) other than an integrase inhibitor
(INSTI)-containing combination during pregnancy for pre-
vention of mother-to-child transmission and stopped it at the
time of delivery could be further included if they met other
eligibility criteria.

Noneligibility criteria were absence of effective contraception
method in women of childbearing age; pregnancy or planning
a pregancy; breastfeeding; progressive opportunistic infection
with curative treatment not compatible with that of the trial;
malignancy requiring chemotherapy or radiotherapy; chronic
hepatitis C with Metavir score F2 or greater, decompensated
cirrhosis; uncontrolled insulin-dependent diabetes mellitus;
corticosteroid treatment >3 weeks; hemoglobinemia <7 g/dL,
polynuclear neutrophil count <500/uL, platelet count <50 000/
pL, creatinine clearance <50 mL/minute, aminotransferases or
alkaline phosphatases or bilirubin >2.5 times the upper limit of
normal laboratory range; contraindication to 1 of the excipients
of study treatments; judicial protection; or participation in any
other medication trial.

The protocol was approved according to French regulation
by an Ethics Committee (Comité de Protection des Personnes
de Paris Ile de France XI). The trial was performed in accord-
ance with good clinical practices and the ethical principles of
the Declaration of Helsinki. All participants provided signed
informed consent. Data were regularly reviewed by an indepen-
dent data monitoring committee.

Study Treatment, Design, and Procedures

Study treatment consisted of emtricitabine 200 mg/day, teno-
fovir disoproxil fumarate 300 mg/day, and raltegravir 400 mg
twice daily from week (W) 0 to W48.

The primary endpoint was a composite criterion, defined as
the proportion of participants in therapeutic success, that is,
surviving at W48 without any of the following events from trial
start: CD4 gain <100 cells/uL at W48 compared to the base-
line CD4 count (mean W -4, W0), pVL 240 copies/mL from
W24 confirmed within the next 4 weeks, raltegravir permanent
discontinuation, or new B or C event validated by a dedicated
independent data monitoring committee.

By April 2013, as a pVL quantification assay with a detec-
tion threshold of 40 copies/mL became available, the scien-
tific committee of the trial recommended that the detection
threshold of pVL used for the virological endpoint of the
composite outcome be lowered from 100 copies/mL to 40
copies/mL.
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The component related to discontinuation of raltegravir was
included to reflect the potential of durability of this first-line
regimen, as the number of potential third antiretroviral agents
to be associated to NRTTIs is very limited in HIV-2 infection.

The main secondary endpoint was the mean change in
CD4 lymphocyte count between baseline (mean of W -4 and
WO count) and W12. Other endpoints included evolution of
the rate of participants with undetectable ultrasensitive pVL
(uspVL), with undetectable total HIV-2 DNA from baseline to
W48, respectively; change in CD4 percentage, pVL, and total
DNA values from baseline to W48; description of the resis-
tance mutations selected (number and type of mutations in the
reverse transcriptase [RT] and the integrase genes) compared
to WO, in case of virological failure; rate of clinical progression
(from stage A to B, C, or death and from stage B to C or death);
adherence; rate of treatment switch or discontinuation (overall
and for each study drug); safety (number, nature, severity and
time to adverse event [AE]).

Clinical examination and laboratory sampling, from which
CD4 cell counts and pVL were performed, were performed at
screening (W -4), baseline (W0), W4, W8, W12, W18, W24,
W36, and W48.

Ultrasensitive pVL quantification was performed at WO,
W24, and W48 using real-time reverse-transcription PCR assay

with a threshold between 5 and 10 copies/mL depending on the
volume of plasma available (Biocentric, Bandol, France) [33].
Total HIV-2 DNA quantification was performed at the same
time points using a real-time PCR assay with a threshold of
6 copies developed by the ANRS AC-11 HIV Quantification
group [34].

Resistance-associated mutations to NRTIs and INSTIs were
assessed at screening and at time of virological failure, defined
as the first pVL value 240 copies/mL (confirmed within the fol-
lowing 4 weeks) after a value <40 copies/mL, by sequencing the
RT and integrase genes from plasma specimens using the con-
sensus technique of the ANRS AC11 Resistance Group (www.
hivfrenchresistance.org). HIV-2 resistance mutations were
identified using the list generated by the Collaborative HIV and
Anti-HIV Drug Resistance Network [33, 35].

Adherence to treatment was assessed by the ANRS self-ad-
ministered questionnaire of adherence at W4, W12, W24,
W36, and W48, by trough plasma concentrations of anti-
retroviral drug measurement in case of virological failure,
and by checking the number of treatment trial pills at each
dispensing visit.

Clinical and laboratory AEs were graded using the ANRS
Scale for Grading Adult Adverse Events (grade 1, mild; grade 2,
moderate; grade 3, severe; grade 4, life-threatening).

Assessed for eligibility

(N = 38)

Included

(n=32)

A

Received trial treatment (n = 30)

Did not receive trial treatment (n = 2)

Lost to follow-up (n =1)

-Consent withdrawal and permanent

discontinuation of raltegravir (n =1)

l

Analyzed (n = 30)

Excluded from analysis (n = 2)

Excluded as not meeting inclusion criteria (n = 6)
« Aminotransferases >2.5N (n = 2)
« Previous treatment for prevention of mother
-to-child transmission (n = 2)
« Absence of any effective contraception
method (n=1)

« Platelets <50 000/puL (n=1)

Figure 1. Flow diagram of the ANRS (France REcherche Nord&Sud Sida-Hiv Hépatites) 159 HIV-2 trial.
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Statistical Methods

The primary efficacy analysis was an intention-to-treat analysis,
which included all participants who received at least 1 dose of
emtricitabine/tenofovir and raltegravir, regardless of treatment
changes during the trial. Missing data were considered as fail-
ure. We also performed the analysis on available data. Data were
analyzed with SAS software (version 9.2 and higher).

RESULTS

Among the 32 participants included in the study, 30 received
at least 1 dose of the study drugs and were included in the
intention-to-treat analysis. Twenty-eight participants (93%)
completed the W48 follow-up: 1 participant withdrew consent
(while reporting a permanent discontinuation of raltegravir)
and 1 participant was lost to follow-up (Figure 1).

Baseline Characteristics

Two-thirds of participants were women and most of them orig-
inated from West Africa. They had a long history with HIV-2
infection while remaining at the asymptomatic stage with rather
high baseline CD4 nadir. Baseline median CD4 count was >400
cells/pL and reached at least 500 cells/uL in one-quarter of the
participants. Median pVL was 2.5 log,  copies/mL in 20 partici-
pants with pVL >40 copies/mL (Table 1).

Outcomes
The proportion of participants declaring moderate to good
adherence between W4 and W48 ranged from 76% to 83%.

At W48, the composite endpoint of success was reached in 12
of 30 participants (40% [95% confidence interval {CI}, 22.7%-
59.4%]). Failure was mainly due to not reaching the immuno-
logical criterion of the endpoint, that is, CD4 gain <100 cells/uL
from baseline (n = 15), then to virological failure, that is, pVL
240 copies/mL (n = 1) or to withdrawal before W48 (n = 2).

In terms of immunological response, the median CD4 count
change in the 15 patients with a gain <100 cells/uL was +38
cells/uL; a decrease in CD4 cell count was observed in 5 of them
(overall in 16.7% of participants).

Among the 22 participants with baseline CD4 count <500
cells/uL and the 8 with CD4 count >500 cells/uL, 36% (95%
CI, 17.2%-59.3%]) and 50% (95% CI, 15.7%-84.3%]) experi-
enced treatment success, respectively. Overall, median CD4
count change at W12 and W48 was +73 cells/uL (IQR, +2 to
+143 cells/uL; n = 30) and +87 cells/uL (IQR, +38 to +213 cells/
uL; n = 28), respectively (Figure 2).

At W48, median CD4 count change was +115 cells/uL and
+70 cells/pL in participants with baseline pVL 240 and <40
copies/mL, respectively. Median baseline CD4 count was 465
cells/pL (IQR, 406-658 cells/pL) in participants gaining at
least 100 CD4 cells/uL at W48 vs 414 (IQR, 292-480 cells/
pL) in those with immunologic failure. Furthermore, among
the 28 participants followed up to W48, the CD4 cell count
increased to 2500 cells/uL in 8 of the 21 with baseline count

Table 1. Baseline Characteristics of the Participants in the ANRS (France
REcherche Nord&Sud Sida-Hiv Hépatites) 159 HIV-2 Trial (N = 30)

Characteristic No. (%)
Female sex 20 (66.7)
Age, y, median (IQR) 49 (46.0-52.6)

<35 1(3.3)

35-44 5(16.7)

45-54 17 (566.7)

55-64 4(13.3)

>65 3(10.0)
Place of birth

West Africa 26 (86.7)

France 4(13.3)
HIV-2 transmission mode

Heterosexual contact 23 (76.7)

Transfusion 4(13.3)

Unknown 3(10.0)
Time since HIV-2 diagnosis, y, median (IQR) 11 (75-13.9)
CDC stage (week -4)

A 26 (86.7)

B 2(6.7)

C 2 (6.6)
Nadir CD4 count, cells/uL, median (IQR) 351 (286.0-455.0)
CD4 count, cells/uL (week —4, week 0), median (IQR) 436 (314-507)

<200 3(10.0)

200-349 6 (20.0)

350-499 13 (43.3)

>500 8(26.7)
CD4/CD8 ratio (week 0), median (IQR) 0.9 (0.6-1.2)
Plasma HIV-2 RNA >40 copies/mL (week 0) 20 (66.7)
Plasma HIV-2 RNA >5 copies/mL (week 0) 23 (92.0)
Plasma HIV-2 RNA (week 0), log,, copies/mL, me- 2.5(1.8-3.2)

dian (IQR)

Total HIV-2 DNA (week 0) >6 copies (by PCR) 8(32.0)

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: CDC, Centers for Disease Control and Prevention; HIV-2, human immunode-
ficiency virus type 2; IQR, interquartile range; PCR, polymerase chain reaction.

<500 cells/pL at baseline, and to 2350 cells/uL in 4 of the 9
with baseline CD4 count <350 cells/uL. Median CD4 percent-
age was 33% (IQR, 24.5%-37%) at baseline and 36% (IQR,
29%-42%) at W48, resulting in a median change of +3% (IQR,
+4.5% to +5%).

In terms of virological response, at W48, 27 of 28 participants
who completed the 48-week follow-up had pVL <40 copies/mL
(Figure 3). Virological failure was reported in 1 patient, with a
pVL of 3.3 log, copies/mL at W18 who reported good adher-
ence in dedicated self-questionnaire. Antiretroviral plasma
concentrations measured on W18 and W20 samples were in the
expected range, but the number of pills brought back to hospi-
tal was smaller than expected, suggesting incorrect adherence
between W8 and W12. At time of virological failure, drug resis-
tance mutations were evidenced in the integrase region (E92Q,
T97A, and Y143C/G/H/R), but no resistance mutation was
detected in the RT region.
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Patients (N) 30 30 30 30 30

Median CD4 443 431 468 468 465
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IQR 295 315 359 365 375
508 496 530 590 580
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Visits (weeks)
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468

368
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Figure 2. Median CD4 cell count from week (W) 0 to week 48, ANRS (France REcherche Nord&Sud Sida-Hiv Hépatites) 159 HIV-2 trial. Median CD4 change at W12 and
W48: +73/uL (interquartile range [IQR], +2 to +143) (n = 30) and +87/pL (IQR, +38 to +213) (n = 28), respectively. At W48, median CD4 change: +115/uL and +70/uL in those with
baseline plasma viral load >40 and <40 copies/mL, respectively. Mean CD4 count between W —4 and W0 was 437 cells/uL and is represented by the dotted horizontal line.

In the analysis considering only participants with available
data at W48 (n = 29), treatment success was reported in 12 of 29
(41.4% [95% CI, 23.5%-61.1%]).

At W48, among those participants with available data for
these specific secondary endpoints, uspVL was <5 copies/mL
in 13 of 15 participants (87%) and HIV-2 total DNA was >6
copies by PCR in 3 of 26 (12%). In the sole case of virological
failure, DNA was unchanged at the time of failure (W24) as
compared to WO.

Fifty-six AEs were reported in 20 participants and were
mainly mild to moderate; 50% of these AE were reported in 3
participants. Among the 5 grade 3 clinical AEs (4 participants;
hysterectomy [1]; treatment trial overdosing without toxicity
[1]; bronchopulmonary carcinoma [1]; intestinal functional
disorder [1]; gastrointestinal disorder [1]), only 1 AE was
related to study treatment: gastrointestinal disorder at day 1,
leading to a switch from emtricitabine/tenofovir to lamivudine/
abacavir, followed by complete resolution. A third of clinical
AEs (n = 17 [30.4%]) were gastrointestinal disorders: nausea
(5), abdominal pain (2), others (10) (1 each). None of the par-
ticipants experienced grade 4 AEs. Four severe AEs occurred
in 3 participants: lacunar ischemic stroke (n = 1), Helicobacter
pylori gastritis/Escherichia coli cystitis/functional colopathy
(n = 1), treatment trial overdosing without toxicity (n = 1), and

suspected recurrence of bronchopulmonary cancer (n = 1), but
none was related to antiretrovirals. There was no death nor new
B or C event reported over the trial duration. One pregnancy
was reported in a participant who never received the study
treatments.

DISCUSSION

In this noncomparative trial, a first line cART-containing ral-
tegravir yielded a complete success rate of 40% at 1 year, com-
parable to PI-containing regimens, and was well tolerated.
Ultrasensitive pVL and total DNA were undetectable in most
participants.

Improving evidenced-based treatment of HIV-2 infection is
very challenging in terms of trial designs. First, the best design to
inform evidence-based guidelines is controlled randomized tri-
als. Nevertheless, due to the limited number of people living with
HIV-2 in western and northern regions of the globe, such trials
can only be conducted in West Africa [16, 36], and it is there-
fore useful to also consider observational studies or pilot trials to
inform guidelines for clinical decision or further research. Our
pilot trial was indeed the first step of designing an ongoing ran-
domized trial in West Africa within the ANRS network (ANRS
12294, ClinicalTrials.gov identifier NCT02150993).
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Figure 3. Proportion of participants with plasma human immunodeficiency virus type 2 RNA <40 copies/mL from week —4 to week 48, ANRS (France REcherche Nord&Sud
Sida-Hiv Hépatites) 159 HIV-2 trial. Abbreviations: Cl, confidence interval; lower, lower bound; pVL, plasma viral load; upper, upper bound.

Second, plasma HIV-2 RNA level above the routine detec-
tion limit cannot reasonably be used as the sole or main
inclusion criterion as it pVL is quantifiable in fewer PLWH2
than in PLWHI; for example, in the ANRS nationwide HIV-2
cohort, no more than 19% of patients present with pVL >100
copies/mL at enrollment (Sophie Matheron, personal com-
munication). Therefore, other markers of disease progression
should be considered, such as clinical staging, or CD4 count.
Immunological progression remains slower than that of HIV-
1, thus relevant decline of CD4 slope in the context of HIV-2
seems more appropriate [17]. Third, a composite endpoint is
useful to optimize the power of trials. Therefore, our composite
primary endpoint included clinical progression and CD4 gain
in addition to virological outcome. Retention in the first-line
cART regimen also seemed highly relevant as the number of
potent antiretroviral drugs is far smaller than for HIV-1; more-
over, a high level of NRTI cross-resistance impacts this drug
class more rapidly [37].

Using a similar composite endpoint, PI-containing cART in
antiretroviral-naive patients yielded a global success rate of 45%
(95% CI, 31%-60%) at 12 months in an European retrospective
study, the immunological component of the composite end-
point being the main cause of failure, with a median increase
of 76-88 cells/pL/year after at least 3 months of treatment [24].

Based (1) on available data on raltegravir-containing cART in
PLWHI, with a mean CD4 cell increase of 144 cells/uL at W48
[21], (2) on median values of raltegravir IC, and IC  reported
in 14 PLWH2 (2.4 nM and 12.5 nM, respectively) [27], and (3)
on case reports on immunovirological outcomes of this cART
regimen in 3 PLWH2 with an history of multiple treatment
failure [27, 29, 30, 32], we prioritized this antiretroviral com-
bination to be evaluated in a pilot trial before consideration as
experimental arm in a randomized trial.

The median CD4 cell change in response to treatment (+87
cells/uL at 1 year), even if lower than in HIV-1, was close to
that recently reported with another first-line INSTI-containing
cART in Senegal [38]. In addition, we showed a trend for higher
success rate among PLWH2 starting with baseline CD4 count
2500 cells/pL than with CD4 <200 cells/pL, pleading for an
early start of cCART. Our results also demonstrate the virological
strength of a raltegravir-containing regimen to reach high levels
of undetectable pVL and HIV DNA. These results, along with
absence of any serious treatment-related side effects, are cur-
rent arguments for recommending INSTI-containing regimen
as first-line cART, at the same level than PI-containing ones. So
far, the randomized trial comparing these regimens is ongoing
in West Africa and will provide more information on the pre-
ferred one.
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