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Abstract

In order to limit the emergence of human immunodeficiency virus (HIV) drug resistance in a context of limited antiretroviral option),
we sought to evaluate the efficacy of third-line (BL) regimens considering HIV genotypic resistance profile at initiation of 3L in
Cameroon. A cohort-study was conducted from January-September 2020 among patients initiating a 3L antiretroviral therapy
regimen at the Yaoundé Central Hospital. HIV-1 protease-reverse transcriptase was sequenced at the Chantal Biya international
reference center for research on HIV/AIDS prevention and management and results were interpreted using Stanford HIVdbv8.3.
Good virological response (viral load < 390 copies/mL) was assessed after 12 months using OPP-ERA platform. Statistical
analyses were performed using Epi Info v7.2.2.6, with P < .05 considered statistically significant. Of the 38 patients initiating 3L
with an available genotyping (42% female; median age, 49 [39-57] years), median cluster of differentiation type 4 count and viral
load were 173 [34-374] cells/uL and 169,322 [30,382-551,826] copies/mL, respectively. At enroliment, all patients harbored
resistance to reverse transcriptase inhibitors and 66% (25/38) to protease-inhibitors, although 63% (24/38) were still susceptible
to darunavir/ritonavir. Preferred 3L regimen was dolutegravir + darunavir/r + tenofovir + lamivudine (51%) and median duration on
3L was 21 [17-32] months. Interestingly, 82% (31/38) of the participants achieved good virological response on 3L, regardless
of genotypic profile at recruitment, variations in 3L regimens (P = .9) and baseline cluster of differentiation type 4 count (P = .3).
Despite the high burden of reverse transcriptase inhibitor - and protease inhibitor boosted by ritonavir drug resistance, genotyping-
guided 3L regimens is accompanied by virological success in most patients. This high efficacy, most likely due to use of high
genetic barrier antiretrovirals, requires continuous adherence support alongside close monitoring for long-term effectiveness in
similar programmatic settings.

Abbreviations: 3L = third-line, ART = antiretroviral therapy, CD4 = cluster of differenciation type 4, CIRCB = Centre international
de réeférence Chantal Biya pour la recherche sur la prise en charge et la prevention du VIH/SIDA (Chantal Biya international
reference center for research on HIV/AIDS prevention and management), DRMs = drug resistance mutations, DRV/r = darunavir/
ritonavir, GRT = genotypic resistance testing, HIV = human immunodeficiency virus, HIVDR = HIV drug resistance, NNRTI = non-
nucleoside reverse transcriptase inhibitor, NRTI = nucleoside reverse transcriptase inhibitor, Pl/r = protease inhibitor boosted by
ritonavir, PLHIV = people living with HIV, RLS = resource-limited settings, SSA = sub-Saharan Africa, TDF = tenofovir, VL = viral
load, WHO = world health organization, YCH = Yaoundé Central Hospital.
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1. Introduction

In 2021 worldwide, 85% of all people living with HIV
(PLHIV) knew their status; 88% had access to antiretrovi-
ral therapy (ART) and 92% achieved viral suppression.!!!
This progress, over the last decade, is a result of ART
scale-up which has dramatically reduced human immuno-
deficiency virus (HIV)-related morbidity and mortality even
in resource-limited settings (RLS), including sub-Saharan
Africa (SSA).!'"*l However, achieving a sustained undetect-
able viral load (VL) ( < 50copies/mL) remains a major chal-
lenge due to emerging HIV drug resistance (HIVDR) strains,
especially with the growing number of heavily-treated
patients.”"'""1 Of note, a systematic review and meta-analysis
reported 19% of patients failing second-line after 12 to 18
months in SSA."2I In Cameroon specifically, late detection of
treatment failure has led to a low rate of patients switched
to second- and third-line ART7-%"3l; which remains below
the minimum threshold of 5% defined by World Health
Organization (WHO) for countries with long-term therapeu-
tic experience.®! Like several SSA countries, ART guidelines
in Cameroon followed the WHO-public health approach,
consisting of 2 nucleoside reverse transcriptase inhibitors
(NRTIs) and 1 non-nucleoside reverse transcriptase inhibitor
(NNRTI) as preferred first-line regimen before 2020.[1114-16]
In case of first-line ART failure, second-line regimen for
adults consisted of 2 NRTIs and 1 ritonavir-boosted prote-
ase inhibitor (PI/r),l'"*15:17I while third-line (3L) ART entailed
integrase strand transfer inhibitors (preferably dolutegra-
vir) and/or a second-generation PI/r (darunavir/ritonavir
[DRV/r]) in combination with 2 NRTIs whose selection is
guided by HIV genotypic resistance profile.l'’l As we previ-
ously reported, heavily-treated patients in Cameroon, unlike
those initiating first-line ART, stand at high-risk of acquiring
multi-class drug resistance and have limited therapeutic in
future.”’ Of relevance, in settings where access to genotypic
drug resistance testing is limited, sequencing of optimal reg-
imens prior to 3L initiation would advise on local strategies
for selecting 3L-combinations with the greatest virological
outcome.” 1829 We herein assess the effectiveness of HIVDR
profiling in tailoring for optimal third-line ART among peo-
ple failing second-line treatment with multi-drug resistance
patterns in RLS like Cameroon.

2. Materials and methods
2.1. Study design and settings

This was a cohort-study was conducted among consenting adult
living with HIV who were failing second-line ART. All partici-
pants were followed at the Yaoundé Central Hospital (YCH)
and monitored for HIVDR at the Chantal Biya international
reference center for research on HIV/AIDS prevention and
management.

The YCH is the largest HIV treatment center at coun-
try-level, with over 12,000 PLHIV receiving ART on site. This
HIV treatment center has first-line, second-line and third-
line antiretroviral drug regimens available on site. With over
20 years’ experience on the clinical management of PLHIV
and clinical trials, the site has experienced multidisciplinary
team of health personnel, including but not limited to HV
specialized clinicians, pharmacists, senior nurses, laboratory
scientists, health counselors, psychosocial agents, community
relay agents, representatives of community-based organiza-
tions, and representatives of PLHIV. Most importantly, the
site is also a national reference center for the clinical man-
agement of patients on 3L regimens, with referral from most
health facilities across the country and a cumulative number
of 67 patients on third-line ART at the moment of the study.
For the routine clinical management of PLHIV, the YCH
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has approximately 30% of hospital beds occupied by HIV-
positive patients.

The Chantal BIYA International Reference Centre for
research on HIV/AIDS prevention and management (CIRCB),
is a government institution of the Ministry of Public Health
dedicated to HIV research and patient monitoring in several
aspects, among which: HIV early infant diagnosis in the frame
of the national PMTCT program; Diagnosis of co-infections
with HIV; Viral load measurement; Cluster of differentiation
type 4 (CD4) and CD8 T lymphocytes counts; Biochemical
and haematological analyses for monitoring drug safety;
HIVDR genotypic resistance testing (GRT) at subsidized costs,
and more recently; SARS-CoV-2 real-time PCR and sequenc-
ing for COVID-19 variant surveillance (http://www.circb.cm/
btc_circb/web/).

2.2. Enrolment of the participants

Following an exhaustive sampling method, all 67 PLHIV receiv-
ing third-line ART were contacted by phone-call for possible
inclusion in the study after screening for eligibility criteria
and provision of a written informed consent. For each partic-
ipant, we checked medical reports to assess the availability of
socio-demographic data (sex, age); clinical data (WHO clinical
stage, ART regimens, history of CD4 and viral load and adher-
ence level); and the genotypic resistance profiles at second-line
failure.

2.3. Procedure for HIVDR testing prior to 3L initiation

HIV-1 GRT was performed at CIRCB on plasma ARN ali-
quotes from HIV-infected patients as described elsewhere.!!
Briefly, Viral RNA was extracted from a 1-milliliter aliquot
of plasma using a QIAamp Viral RNA Mini Kit (QIAGEN)
according to the manufacturer’s instructions and then HIV-1
protease and reverse transcriptase were amplified using an
in-house protocol. Drug resistance mutations (DRMs) were
interpreted using the Stanford HIVdb v8.3 algorithm, with
penalty scores of resistances for drug susceptibility assessment
defined as follows: >60 (high-resistance); 30 to 59 (intermedi-
ate-resistance); <30 (susceptible).??! Of note, a “susceptible”
virus is one with no major DRMs Combinations for third-line
ART regimens were provided according to viral susceptibility
profile to PI/r and NRTIs. HIV-subtypes were first obtained
from Stanford HIVdb algorithm and then assessed using rapid
subtyping tools available online: COMET HIV-1 (https://
comet.lih.lu/) and REGA HIV-1 Subtyping Tool - v3.0 (http://
dbpartners.stanford.edu:8080/RegaSubtyping/stanford-
hiv/typingtool/). Subtyping of each individual sequence was
confirmed following molecular phylogeny by using MEGA v7
with HIV reference sequences downloaded from LANL and
HIVdb.

2.4. Quantification of HIV-1 RNA VL measurement following
3L initiation

After switch on third-line ART, HIV-1 RNA viral load measure-
ment was performed to evaluate the effectiveness of therapeu-
tic outcomes. Following informed consent, SmL of blood was
collected from each participant in an EDTA tube and plasma
was obtained after centrifugation at 1800rpm for Sminutes.
Quantification of viral load was done on the OPP-ERA plat-
form as per manufacturer instructions.”! Of note, the OPP-ERA
platform is a point of care with detection thresholds ranging
from <390 to > 10,000,000 copies/mL; therefore, any result
with VL < 390 copies/mL was interpreted as good virological
response based on this platform that was used at the level of the
health facility.
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Figure 1. Flow chart enrolment of the study participants. ART = antiretroviral therapy, HIV = human immunodeficiency virus, PLHIV = people living with HIV.

2.5. Statistical analysis

Descriptive statistics were performed for socio-demographic,
clinical and biological data when available. Median, and inter-
quartile range were reported for continuous variables. The
Fisher exact test and Chi square test were used to compare cat-
egorical variables where appropriate. P values < .05 were con-
sidered statistically significant. All the analyses were performed
using Epi Info version 7.

2.6. Ethical considerations

Ethical clearance for the study was obtained from the regional
ethics committee for research on human health (reference
N°1860CRERSHC/2020) and from the institutional research
ethics committee of the Faculty of Medicine and Biomedical
Sciences of the University of Yaoundé I (reference N° 267UY1/
FMSB). Administrative authorization was obtained from the
YCH (reference N° 162/20/AR/DHCY) for participant enroll-
ment and VL measurements and from the CIRCB (reference
N°0191/019L/CIRCB/DG/SAA/BRH) for analyses of HIV-1
genotypic drug resistance testing.

3. Results

3.1. General clinical features of the study population

Out of the 67 patients (90.4% with HIV-1 group M, 5.7%
with HIV-1 group O and 1.9% with HIV-2), 38 fully met all
inclusion criteria (i.e., all data regarding complete clinical his-
tory prior 3L initiation were available alongside with the results

from a GRT at second-line failure; see Fig. 1). Prior to initiat-
ing third-line ART, the median age of study participants was 49
[39-57] years, 57.9% (22/38) were males, 89.5% (34/38) were
at WHO clinical stage 1 (asymptomatic), median CD4 count
was 173 [34-374] cells/pL, and median viremia was 169,322
[30, 382-551, 826] copies/mL.

3.2. Genotypic resistance profiles prior third-line initiation

At the moment of initiating 3L ART, all patients harbored
DRMs to reverse transcriptase inhibitors, specifically 97.4%
(37/38), 86.8% (33/38) to NNRTI and NRTI respectively
whereas 65.8% (25/38) harbored DRMs to Pl/r. Furthermore,
84.2% (32/38) and 52.6% (20/38) of patients harbored dual
(NRTTI + NNRTI) and triple class (NRTI + NNRTI + PI/r) resis-
tance respectively. Figure 2 gives a breakdown of all DRMs
observed.

3.3. Drug susceptibility prior third-line initiation

According to individual drug class susceptibility profiling, only
5.3% (2/38) of patients appeared still fully susceptible to nevi-
rapine, efavirenz and drotaverine, whereas 26.3% (10/38) were
susceptible to etravirine and 21.1% (8/38) to rilpivirine as far as
NNRTI were concerned. Regarding NRTI, susceptibility to lami-
vudine, abacavir and diagnosing was observed in 2.7% (1/38),
while susceptibility to zidovudine and tenofovir (TDF) was found
in 18.4% (7/38); this underscores the need to select or recycle
NRTIs (specifically between zidovudine and TDF) following indi-
cations from genotypic resistance profile. Regarding PI/r, 63.2%
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Figure 2. HIVDR was interpreted according to Stanford HIVdb.v8.9-1. HIVDR = HIV drug resistance, MDR = multiple drug resistance mutation, NRTI = nucle-

oside reverse transcriptase inhibitors, NNRTI = nucleoside reverse transcriptase
inhibitor boosted by ritonavir, TAMs = thymidine analogue mutations.

inhibitors, Non-TAMs = Non- thymidine analogue mutations, Pl/r = protease

(24/38) patients harbored viruses fully susceptible to DRV/r,
39.5% (15/38) fully susceptible to ritonavir-boosted lopinavir
and 39.5% (15/38) fully susceptible to ritonavir-boosted atazana-
vir; this further underscores the relevance of genotypic profiling
in guiding either a recycling of first generation Pl/r (atazanavir/
ritonavir or lopinavir/ritonavir) or a switch to DRV/r-containing
third-line regimens (with BID for those with partial efficacy).

3.4. HIV-1 genetic diversity at second-line failure, prior to
initiating third-line ART

We had 9 (09) different HIV-1 subtypes in our study popula-
tion. Recombinant forms were the most represented (71.1%;

27/38), with prevailing CRF02_AG (57.9%; 22/38), CRF11_
cpx (7.9%; 3/38), CRF02_AG/CRF06_cpx (2.6%; 1/38) and
CRFO1_AE (2.6%; 1/38). Pure subtypes accounted for 28.9%
(11/38) and comprised subtype Al (13.2%; 5/38), D (5.3%;
2/38), F2 (5.3%; 2/38), G (5.3%; 2/38).

3.5. Virological response after switch to third-line ART
regimens and its determinants

For treatment switch from second- to third-line ART after
GRT, the most prescribed 3L regimen was dolutegra-
vir + DRV/r + TDF + lamivudine (51%) and the median dura-
tion on 3L ART was 21 [17-32] months (see Table 1 for overall
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Overall features of included participants (N = 37)*.

Characteristics

Socio-demographic

Median [IQR] age (years), 49 [39-57]
Male, n (%) 22 (58)
Immuno-virological parameters

Median CD4 count (cell/mm3), 173 [34-374]

Median VL (copies/ml),
HIV-1 genetic diversity (%)

169,322 [30, 382-551, 826]

Pure subtypes 28.97
Circulating recombinant form 71.03
Third-line ART regimens (%)

TDF + 3TC + DTG + DRV/r51.3

TDF + 3TC + DRV/r13.5

TDF + 3TC + DTG 8.1
TDF + 3TC + DTG + ATV/r 54
TDF + 3TC + DTG + LPV/r 5.4
AZT + 3TC + DTG + ATV/r 8.1
ABC + 3TC + DTG + DRV/r 2.7
ABC + 3TC + DRV/r + ATV/r 2.7
DTG + DRV/r + ETR 2.7
Median time on third-line therapy (mo) 21 [17-32]

% = percentage, 3TC = lamivudine, ABC = abacavir; ART = antiretroviral therapy, ATV/r =
ritonavir-boosted atazanavir, AZT = zidovudine, CD = clusters of differentiation, CD4 = cluster of
differentiation type 4, DRV/r = ritonavir-boosted darunavir, DTG = dolutegravir, ETR = etravirine, HIV
= human immunodeficiency virus, IQR = interquartile range, LPV/r = ritonavir-boosted lopinavir,

n = number, TDF = tenofovir, VL = viral load.

* one participant did not have a clear treatment history regarding third-line prescription and was
not included in this table. However, as previous treatment history as well as genotypic resistance
results at 3L initiation were available we did not exclude him from the global analysis (therefore N
= 37 here in this table but N = 38 in the study).

features of study population). Overall, up to 81.6% (31/38)
of patients with <390 copies/mL, indicating a good virologi-
cal response to 3L ART. Only 7.9% (3/38) of participants had
390 to 999 copies/mL (low-level viremia), and 10.5% (4/38)
had > 1000 copies/mL (unsuppressed viremia). Overall, the rate
of viral suppression was 89.5% (34/38) on 3L ART in our study
population.

Regarding determinants of virological response, no asso-
ciation was found between gender distribution (<49 vs > 49
years) and virological response in our study population
(P = .6). Furthermore, with respect to baseline viremia and
CD4 count categorical variables (viral load < 1000 vs >1000
copies/mL; CD4 <200 vs >200 cells/uL) at the moment of
failure to second-line ART, no association was found with
virological response (P = .6 and P = .3 respectively). As for 3L
regimens received, no association was found with virological
response (P =.9 respectively). With respect to HIV-1 genetic
diversity, no association was found between the virological
response and the highly prevalent CRF02_AG vs non-AG
clades (P =.9). Finally, no association was found between
patients genotypic resistance profiles at second-line failure
and virological response on 3L. Thus, among these adherent
patients, 3L regimens alone represented the driven factor for
the viral suppression (89.5%).

4. Discussion and Conclusion

Management of treatment-experienced HIV-infected patients
remains very challenging in RLS where drug options and GRT
are limited, poor adherence and lost-to-follow-up are frequent,
and programmatic monitoring remains suboptimal.”?*2¢ Our
findings reveal that the majority (—90%) of participants were
experiencing viral suppression (<1.000 copies/mL) under 3L
regimens, supporting that a third-line ART guided by genotypic
resistance profiling would ensure a good treatment response
despite the multi-drug resistance patterns. This would indeed
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contribute in achieving the elimination of AIDS as an epidemic
by 2030 in this difficult-to-treat population living in RLS like
Cameroon.! Furthermore, the encouraging rate of viral sup-
pression suggests that virological success is mainly related to
the use of very potent antiretrovirals with high genetic barrier
to resistance, acting on a susceptible viral strain as informed by
genotyping.!327-30 Thus, in RLS like Cameroon with growing
number of patients requiring third-line ART, scaling-up access
to drug resistance testing, be it in terms of geographical distri-
bution, affordability and staff training, will foster a long-term
successful performance of ART programs at global level. This
evidence, generated from the Cameroonian context, supports
the need for enlarged analyses including other SSA countries, to
ensure a wider representativeness of the observed outcomes. Of
note, the relatively low sample size, obtained from an exhaustive
sampling strategy, reflects the actual number of patients receiv-
ing third-line ART locally">*) a number expected to increase
overtime with growing access to VL coverage/monitoring.
Beside the critical role of genotypic resistance testing, ensuring
a regular implementation of enhanced adherence counseling,
psychosocial support centered around the patient’s experience
and daily challenges with ART intake, limiting drug stock outs
and patient lost-to follow-up or defaulters, while promoting
good dispensing practices and community engagement in ART
response, will trigger a timely achievement of the Joint United
Nations Programme on HIV/AIDS goals, following this holis-
tic model.>*! In this perspective of an integrated and holistic
management of third-line ART patients, RLS may achieve sim-
ilar ART performance as standard of care currently reported in
high-income settings.
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