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Abstract

Introduction: Data on drug resistance, viral outcomes and guidelines compliance following protease inhibitor (Pl)-based
second-line failure in low- and middle-income countries are limited, particularly in the era of dolutegravir-containing antiretro-
viral therapy (ART).

Methods: \We conducted a retrospective cohort study of people living with HIV (PLWH) >3 years old with second-line viral
failure (VF, >1000 copies/ml) at the Academic Model Providing Access to Healthcare from 2011 to 2021. We assessed resis-
tance prevalence and patterns at second-line VF, stratified by Pl (atazanavir/ritonavir or lopinavir/ritonavir), and examined
correlations of resistance and treatment strategies with VF at 6-18 months post-genotype. Analyses employed inverse prob-
ability weighting, adjusting for calendar year, age, gender, ART duration, Pl at genotyping and class-specific resistance, and
considered guidelines-supported versus unsupported strategies.

Results: Of 187 participants (median age 41 years, 54% female, 41% on atazanavir/ritonavir, 59% on lopinavir/ritonavir-based
ART), 91% had any resistance (NRTI 79%, NNRTI 80%, major Pl 37%, dual-class 36%, triple-class 37%). Predicted resistance
to third-line options was 67% for etravirine or rilpivirine and 10% for darunavir/ritonavir. Despite higher resistance detected
on atazanavir/ritonavir versus lopinavir/ritonavir, predicted darunavir/ritonavir resistance was similar. At median 9 months
post-genotype, 95% of 173 participants with available data were on a guidelines-supported regimen (55% second-line; 45%
third-line, 86% dolutegravir-based), of whom 28% had post-genotype VF. Of the 5% not on guidelines-supported regimens,
71% had post-genotype VF. Adjusted odds of VF were higher for guidelines-unsupported versus supported regimens (OR =
4.52; 95% Cl 1.02-26.24), and odds of VF were 97% lower for those on third-line versus second-line (OR = 0.07; 95% ClI
0.02-0.20).

Conclusions: We found high levels of drug resistance and early VF following Pl-based second-line failure in Kenya. Treatment
guidelines compliance and switches to third-line, even within guidelines recommendations, improved early viral outcomes.
Findings highlight the vulnerability of PLWH with advanced ART experience and resistance profiles, and the importance of
following guidelines and improving access to third-line and drug resistance testing, particularly in the new ART era.
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1 | INTRODUCTION nucleoside reverse transcriptase inhibitor (NNRTI)-based first-

line failure in low- and middle-income countries (LMICs) [1].
Global scale-up of antiretroviral therapy (ART) has increased Extensive resistance is reported from some African cohorts,
the number of people living with HIV (PLWH) with failure  with 20-40% developing viral failure (VF) with multiclass
of protease inhibitor (Pl)-based second-line following non- resistance, limiting future ART and survival [2-4]. These
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factors underscore the need to optimize third-line strate-
gies, especially as dolutegravir is integrated into all ART reg-
imens globally [5-7]. Realities like under- or late detection
of VF and resistance due to limited monitoring, low compli-
ance with treatment guidelines, and delayed third-line tran-
sitions raise questions about the adequacy and implementa-
tion of second-line guidelines and their real-world impact
(6, 8, 9].

From 2010 to 2016, the World Health Organi-
zation (WHO) recommended lopinavir/ritonavir  and
atazanavir/ritonavir as preferred second-line Pls after failure
of first-line NNRTI-based regimens [10-12]. In Kenya, 79% of
PLWH with second-line failure had resistance, including 57%
dual- and 7% triple-class resistance [7]. With an estimated
19% of 65,000 Kenyans on Pl-based second-line not virally
suppressed in 2023, such high resistance and its impact
on care remain serious concerns, even in the new ART era
[13]. It may indicate adherence challenges or NRTI/NNRTI
cross-resistance, potentially limiting the effectiveness of
newer classes, regimens, formulations and drugs, including
dolutegravir. WHO introduced dolutegravir-based ART in
2016 as first- or third-line options, with boosted Pls recom-
mended for PLWH with dolutegravir-based first-line failure
[12]. By 2023, >90% of countries have adopted dolutegravir
as preferred first-line ART [14]. However, clinic-level uptake
is heterogeneous. Many Kenyans still use lopinavir/ritonavir
and atazanavir/ritonavir, keeping them relevant in WHO
guidelines and practice, before or after dolutegravir-based
regimens [15].

In Kenya, dolutegravir was first introduced as a third-line
option for adolescents/adults in 2016, and atazanavir/ritonavir
was preferred over lopinavir/ritonavir for people >15 years
due to improved dosing and side effects [16]. Kenya rapidly
adopted WHO guidelines, making dolutegravir-based ART the
recommended first-line in 2018 [17, 18]. Understanding the
use of these drugs within evolving guidelines is important to
optimizing treatment strategies.

When dolutegravir was incorporated into third-line WHO
and Kenya guidelines, it joined existing third-line options
ritonavir-boosted darunavir, etravirine and raltegravir [12, 16].
These guidelines were mostly based on data from settings
with lower HIV burdens and higher genotyping and third-
line availability than many LMICs [19-24]. Few studies have
characterized outcomes after Pl-based second-line failure in
sub-Saharan Africa, especially for those with known resistance
and since dolutegravir availability [22, 23, 25, 26]. Charac-
terizing resistance patterns upon Pl-based second-line fail-
ure, including differences between atazanavir/ritonavir and
lopinavir/ritonavir, and impacts on third-line ART, including
dolutegravir, can inform treatment strategies in LMICs [12,
27, 28].

In this study at a public-sector HIV drug Resistance
Cieselinic in Kenya, we characterized genotypic resistance
upon second-line failure, compared post-genotype VF among
those continuing second-line versus switching to third-line,
evaluated guidelines compliance and determined predictors of
post-genotype VF. We tested four hypotheses evaluating the
impact of guidelines compliance and the extent and specifics
of drug resistance upon second-line failure on treatment out-
comes.

2 | METHODS

2.1 | Study design and setting

In this retrospective cohort study, we analysed medical
records from PLWH at the Academic Model Providing Access
to Healthcare (AMPATH) in western Kenya, which provides
guidelines-based HIV services [29]. In 2015, AMPATH estab-
lished a Drug Resistance Clinic at Moi Teaching and Refer-
ral Hospital (MTRH) to provide multidisciplinary, patient-
centred care for those with second-line failure. The clinic
receives referrals from MTRH's general HIV clinics and other
AMPATH-affiliated sites. MTRH serves >15000 PLWH and
AMPATH serves >120,000. Our study included all eligible
PLWH referred to the Resistance clinic from MTRH and other
AMPATH sites, who underwent genotyping.

During the study, recommended anchor drugs for first-
line regimens included efavirenz or nevirapine for individuals
>3 vyears; second-line regimens included atazanavir/ritonavir
or lopinavir/ritonavir plus two NRTIs [16, 18, 30]. Guide-
lines recommended viral load (VL) testing 6 months after
ART initiation and annually if <1000 copies/ml. For VL
>1000 copies/ml, repeat VL testing was recommended after
3 months of enhanced adherence counselling. PLWH with
second-line failure (VL >1000 copies/ml after 3 months)
were recommended assessments of treatment barriers and
adherence support. Genotyping was recommended after con-
firmed second-line failure despite optimal adherence; geno-
typing requests were reviewed by a technical working group
(TWG) established by the Ministry of Health [16, 18, 30],
who provided individualized recommendations based on geno-
type results; for example continuing the same Pl-based
second-line if no PI resistance, or switching to third-line or
dolutegravir-based ART (regardless of Pl resistance). During
the study, Kenya guidelines evolved in “possible” third-line
regimen options (Table S1): 2011, darunavir/ritonavir, ralte-
gravir, etravirine and recycled lamivudine or tenofovir [30];
2016, combinations of raltegravir (or dolutegravir if available),
darunavir/ritonavir, etravirine and lamivudine, with or with-
out another active NRTI [16]; 2018, etravirine removed, and
dolutegravir replaced raltegravir, with lamivudine (+ another
active NRTI) and + darunavir/ritonavir [18, 31].

AMPATH PLWH >3 years old were eligible for the study if
they failed Pl-based second-line per guidelines (defined above)
and underwent genotyping upon second-line failure. Ethics
approval was obtained from Moi University/MTRH (#000391)
and Indiana University (#2011632356); informed consent was
waived due to the use of routinely collected, de-identified
data.

2.2 | Data management

We reviewed the medical records of all Resistance Clinic
clients to identify all eligible participants. VL testing was
performed at the ISO-accredited AMPATH laboratory. Sanger
sequencing of plasma HIV-1 RNA was performed by the
Kisumu Kenya Medical Research Institute and Nairobi
National HIV Reference Laboratories [32, 33]. Protease and
reverse transcriptase resistance mutations were obtained
from sequences requested from laboratories, and when
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unavailable, from genotyping reports from charts. All partici-
pants had no prior integrase strand transfer inhibitor (INSTI)
exposure (including raltegravir) and integrase genotyping was
not performed. Sequences passing quality control were anal-
ysed [34], with subtypes captured from available sequences
using REGA [35].

2.3 | Statistical methods

We summarized clinical, resistance and subtype (when
available) data by second-line Pl (atazanavir/ritonavir,
lopinavir/ritonavir) at genotyping. Analyses included preva-
lence of any and class-specific resistance, and individual
mutations. Resistance was interpreted using Stanford tools
[36], with antiretroviral (ARV) activity defined by summing
penalty scores for each mutation: 0-9 susceptible; 10-14
potential low-level; 15-29 low-level; 30-59 intermediate;
and >60 high-level resistance. “Any resistance” was defined
as any mutation with a score >10 (including major and
accessory Pl mutations). Predicted resistance was esti-
mated to second- and third-line NRTIs, NNRTIs and Pls.
We also report rilpivirine resistance, relevant to long-acting
cabotegravir/rilpivirine rollout, though it was not in Kenya’s
guidelines during the study.

The primary outcome was VF, defined as VL >1000
copies/ml, using the first VL 6-18 months post-genotype
among those in care at 6 months post-genotype, allowing reg-
imen switches based on genotypeto occur (typically within 1-
3 months). Subgroups were compared using Fisher exact and
Wilcoxon rank sum tests (o = 0.05).

For Hypothesis 1 (H1: post-genotype VF is similar between
switching to third-line versus remaining on second-line per
guidelines), we compared VF between those on second
versus third-line at 6 months post-genotype aligned with
Kenya guidelines (i.e. “guidelines-supported regimen’). The
TWG interpreted resistance and recommended management
on case-by-case bases; we defined those with low-level or
higher PI resistance at second-line failure as on guidelines-
supported regimens if they switched to third-line or another
susceptible second-line Pl. Those without low- or higher-
level resistance to their second-line Pl were also consid-
ered guideline-supported if they stayed on their regimen or
switched to third-line (e.g., treatment optimization). Regimens
were guidelines-unsupported if participants remained on their
second-line Pl or switched to an alternative second-line PI,
despite low- or higher-level resistance to either PI. Those
with >2 class resistance who switched to third-line despite
predicted resistance to their third-line Pl (darunavir/ritonavir)
or NNRTI (etravirine) drug were also considered guidelines-
supported if regimens contained dolutegravir or raltegravir
(assumed susceptibility given no prior INSTI exposure). See
File S1 for analytic methods for this and subsequent hypothe-
ses.

For Hypothesis 2 (H2: post-genotype VF is lower follow-
ing a guidelines-supported versus unsupported strategy), we
used a Firth model and adjusted for pertinent covariates (gen-
der, years on second-line, Pl at genotyping), since few were on
unsupported regimens [37].

For Hypothesis 3 (H3: greater predicted resistance to post-
genotype regimens worsens outcomes regardless of treat-

ment strategy), we used discrete genotypic susceptibility
scores (dGSS) to define the extent of predicted resistance
to non-INSTI post-genotype regimen components and associa-
tions with post-genotype VF, regardless of treatment strategy
[38]. We assigned a discrete value of 1 for Stanford scores
<30 (susceptible) and O for >30 (resistant), and summed
values for each drug across non-INSTI components of post-
genotype regimens to create the dGSS. For example, a dGSS
= 2 for a tenofovir/lamivudine/dolutegravir regimen, showing
high resistance to lamivudine (value = 0), and susceptibility to
tenofovir and dolutegravir (value = 1 each).

For Hypothesis 4 (H4: predicted darunavir/ritonavir
resistance is similar  after  atazanavir/ritonavir-  ver-
sus lopinavir/ritonavir-based second-line failure),
darunavir/ritonavir resistance was defined as penalty score
>15, and two sub-analyses were conducted: one defin-
ing resistance at Stanford score >30 rather than 15; and
another using score >15 but separating atazanavir/ritonavir
users into those with or without prior lopinavir/ritonavir
exposure, versus those on lopinavir/ritonavir, account-
ing for prior lopinavir/ritonavir exposure among those on
atazanavir/ritonavir (none on lopinavir/ritonavir had prior
atazanavir/ritonavir exposure).

Hypotheses 1, 3 and 4 were examined using odds ratios
(OR) with unadjusted logistic regression, inverse probability
weighting (IPW) and G-computation. Our primary analyses
used IPW. We report results from G-computation to assess
the sensitivity of the findings to choice of confounder adjust-
ment method. Adjustment variables included calendar year,
age, class-specific resistance, gender, years on Pl-based ART
and PI at genotyping.

3 | RESULTS

A total of 254 second-line failure genotypes were ordered at
AMPATH from 2011 to 2021 (Figure 1). Of these, 60 were
unretrievable or unverified and seven were done for children
<8 vyears old. Thus, 187 PLWH with genotypes were anal-
ysed, with a median age at genotyping 41 years and 54%
female (Table 1). The median genotyping year was 2017, ear-
liest in 2011 (before Resistance Clinic started in 2015) and
latest in 2021. The median ART duration at genotyping was
9 vyears, including 4 years on first- and 4 years on second-
line. At genotyping, 76/187 were on atazanavir/ritonavir
(42% had prior lopinavir/ritonavir exposure) and 111 on
lopinavir/ritonavir (none with atazanavir/ritonavir exposure).
More were on lopinavir/ritonavir than atazanavir/ritonavir
before 2016, when Kenya guidelines first recommended
atazanavir/ritonavir over lopinavir/ritonavir for second-line
(Figure S1) [16]. Genotyping reports were available for all
participants and sequences for only 83; 62/83 (75%) of whom
were subtype Al.

3.1 | Drug resistance

Most (171/187, 91%) participants had resistance at second-
line failure: 79% NRTI (most common M184V-73%), 80%
NNRTI (most common K103N-29%) and 37% major Pl (most
common M461-27%) (Table 2 and Figure S2). Dual- (36%)
or triple- (37%) class resistance was present in 73% of
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254 genotypes recorded at
AMPATH from 2011-2021

60 genotypes could
not be obtained

194 PLWH with genotype

7 initiated LPV/r-containing
regimen at < 3 years of age

187 with genotype (83 FASTA and 104 pseudo-
sequences) following 2"-line failure included in analysis

Hypothesis-driven analysis cohorts
D Hypothesis 1: post-genotype VF on guideline-supported
2 vs. 34 line

. Hypothesis 2: post-genotype VF on guideline-supported
vs. unsupported regimen

|:| Hypothesis 3: extent of resistance to post-genotype
regimen and post-genotype VF

Hypothesis 4: predicted DRV/r resistance on ATV/r vs.
LPV/r-based 2" line

14 excluded from post-genotype VF analyses
13 deceased/LTFU < 6 months post-genotype
1 transfer out < 6 months post-genotype

173 incare at 6
months post-genotype

]

9 on guideline-unsupported regimen

v
I 164 on guideline-supported regimen I
I

¥

91 remained on 2" line |

[ 73 switched to 3¢ line

2 missing post-genotype VL 15 missing post-genotype VL 4 missing post-genotype VL
2 in care but missing VL [« 9in care but missing VL [+ —> 4 in care but missing VL
0 deceased/LTFU 6 deceased/LTFU at 6-18 months 0 deceased/LTFU at 6-18 months
7 PLWH 76 PLWH 69 PLWH
2VL <1000 5 VL >1000 42 VL <1000 34 VL >1000 62 VL <1000 7 VL >1000 .
copies/mL copies/mL copies/mL copies/mL copies/mL copies/mL

Figure 1. Eligibility flow diagram. Legend: The diagram illustrates the results of the selection process to identify patients with genotyping

upon second-line failure who were included in the overall analysis (n

= 187), and their viral outcomes. The participants included in each

of the hypotheses-driven analyses are indicated by the coloured lines adjacent to each box, according to the legend (see text for more
details). Abbreviations: AMPATH, Academic Model Providing Access to Healthcare; ATV/r, atazanavir/ritonavir; DRV/r, darunavir/ritonavir; LPV/r,
lopinavir/ritonavir; LTFU, lost to follow-up; PLWH, people living with HIV; VF, viral failure; VL, viral load.

participants.  NRTI and NNRTI mutation frequencies
were similar among those on atazanavir/ritonavir versus
lopinavir/ritonavir. However, more major Pl mutations were
detected upon atazanavir/ritonavir versus lopinavir/ritonavir
VF (54% versus 26%) and certain mutations (I50L/V and
184V) differed.

Of 187 participants, 76% had intermediate-high resistance
to >1 regimen drug at genotyping (76% NRTIs, 34% Pls, 34%
dual-class) (Figure 2; left side of panels); and 48% had pre-
dicted intermediate-high resistance to >1 potential third-line
drug (6% dual-class) (Figure 2; right side of panels). Overall,
24% had any predicted resistance to darunavir/ritonavir (10%
intermediate-high), 67% to rilpivirine (44% intermediate-high)
and 67% to etravirine (36% intermediate-high).

Among 76/187 on atazanavir/ritonavir, 46%  had
intermediate-high Pl resistance (45%-atazanavir/ritonavir,
34%-lopinavir/ritonavir, ~ 10%-darunavir/ritonavir).  Among
111/187 on lopinavir/ritonavir, 26% had intermediate-high PI
resistance (26%-lopinavir/ritonavir, 24%-atazanavir/ritonavir,
9%-darunavir/ritonavir). Those on atazanavir/ritonavir with
versus without prior lopinavir/ritonavir exposure had similar
intermediate-high atazanavir/ritonavir resistance (50% vs.
44%, p = 1.00) and lopinavir/ritonavir resistance (41% vs.
30%, p = 0.34).

3.2 | Guidelines-supported regimens and
post-genotype VF (H1, H2)

Among 187 participants, 37% had low- or higher-level resis-
tance to their second-line PI, indicated to switch regimens.
Thirteen participants died or were lost to follow-up (LTFU),
and one transferred out within 6 months post-genotype,
resulting in 173 participants in care at 6 months post-
genotype (Figure 1 and Table S2). Among them, 164/173
(95%) were on guidelines-supported regimens (55% remained
on second-line; 45% switched to third-line, 86% containing
dolutegravir), and of those, 28% had post-genotype VF (Table
S3). Median days from medication switch to VL measurement
was 224 (231 for those switched to third-line, 165 for those
switched to alternative second-line) for those who switched.
Nine (5%) of the 173 were not on guidelines-supported
regimens (all remained on second-line), and of them, 71%
had post-genotype VF (Figure 1 and Table 3). Thus, 46/152
(30%) participants with post-genotype VL had VF, after a
median of 9 months (range 6-18). None who switched to
third-line died or were LTFU, and 10% had post-genotype VF.
In those staying on guidelines-supported second-line, 7% died
or were LTFU and 45% had post-genotype VF. Those switch-
ing to third-line had higher nadir CD4 counts, longer ART
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Table 1. Characteristics of participants at genotyping performed upon second-line failure

Total ATV/r LPV/r

Variable N = 187 n (%) N =76 n (%) N =111 n (%)
Age, median years (range) 41 (6, 70) 43 (16, 70) 40 (6, 68)
Female 101 (54) 40 (53) 61 (55)
Year of genotype, median (range) 2017 (2011, 2021) 2018 (2015, 2021) 2015 (2011, 2021)
Nadir CD4, median cells/mm? (range) 70 (0, 1396) 101 (1, 687) 59 (0, 1396)
Years since nadir CD4, median cells/mm? (range) 7 (0, 17) 8.8 (0, 17) 5 (0, 13)
Years on ART, median (range) 9 (2, 17) 10 (2, 17) 9 (2, 13)
Years on first-line, median (range)? 4 (0.1, 16) 5 (0.1, 12) 3 (0.2, 16)
Years on second-line, median (range) 4 (0.4, 11) 4 (1, 11) 4 (04, 11)
NNRTI exposure pre-genotype?

EFV only 30 (16) 16 (22) 14 (13)

NVP only 108 (59) 41 (57) 67 (63)

EFV and NVP 41 (23) 15 (21) 26 (24)
Pl exposure pre-genotype

ATV/r 76 (41) 76 (100) 0 (0)

LPV/r 143 (77) 32 (42) 111 (100)
ART regimen at genotype

TDF/3TC/ATV/r 56 (30) 56 (74) -

AZT/3TC/ATV/r 17 (9) 17 (22) -

Other ATV/r-containing regimen® 3(2) 3 (4) -

TDF/3TC/LPV/r 37 (20) - 37 (33)

ABC/TDF/3TC/LPV/r 24 (13) - 24 (22)

AZT/3TC/LPV/r 24 (13) - 24 (22)

ABC/3TC/LPV/r 14 (7) - 14 (13)

Other LPV/r-containing regimen® 12 (6) - 12 (11)
HIV-1 subtyped

A 62 ( 28 (37) 34 (31)

C 9( 4 (5) 5(5)

D 6 ( 2 (3) 4 (4)

G 1( 0 (0) 1(1)

Other 5( 0 (0) 5 (5)

Missing 104 (56) 42 (55) 62 (56)

Abbreviations: 3TC, lamivudine; ABC, abacavir; ART, antiretroviral therapy; ATV/r, atazanavir/ritonavir; EFV, efavirenz; LPV/r, lopinavir/ritonavir;
NNRTI, non-nucleoside reverse transcriptase inhibitor; NVP, nevirapine; PI, protease inhibitor; TDF, tenofovir disoproxil fumarate.

aData available for 72 participants on ATV/r and 107 on LPV/r.
BIncludes ABC/3TC/ATV/r (n = 2) and ABC/TDF/3TC/ATV/r (n = 1).

Includes AZT/TDF/3TC/LPV/r (n = 3), ABC/AZT/3TC/LPV/r (n = 3), ABC/DDI/3TC/LPV/r (n = 3), ABC/AZT/LPV/r (n = 2) and ABC/TDF/LPV/r

(n=1).

dSubtype available only for those with original sequences; Other subtype category includes AD (n = 1), CRFO1_AE (n = 3) and DA (n = 1).

duration and lower proportion on lopinavir/ritonavir versus
atazanavir/ritonavir at genotyping versus those not switching.
In the IPW model for H1 comparing post-genotype VF on
guidelines-supported second- versus third-line, odds of VF for
those switching to third-line were 93% lower versus those
remaining on second-line (OR = 0.07; 95% Cl 0.02-0.20).
Logistic regression and G-computation results were similar
(Table 4 and Table S5). In H2 analyses comparing post-
genotype VF on guidelines-supported versus unsupported
regimens, adjusted odds of VF were higher for guidelines-
unsupported versus supported regimens (OR = 4.52; 95% Cl
1.02-26.24, Table 4).

3.3 | Resistance and post-genotype VF (H3, H4)

H3 goal is to examine whether resistance to post-genotype
regimens measured by dGSS is associated with post-genotype
VF. To control for potential confounding by regimen line,
we included regimen line (second or third) as an adjust-
ment covariate. Regimen line together with dGSS deter-
mines whether the regimen is guideline-supported; hence, it
is unnecessary to further adjust for whether regimens follow
guidelines. Among those switching to third-line (n = 73), 1%
had dGSS = 0, 19% dGSS = 1, 51% dGSS = 2, 27% dGSS
= 3 and 1% dGSS = 4 (combined with dGSS = 3 for this
analysis) (Table S4). In the IPW analysis, VF odds were similar
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Table 2. Genotype results for participants with second-line failure, stratified by Pl at genotyping

Total ATV/r LPV/r
Variable N = 187 n (%) N =76 n (%) N =111 n (%)
Any resistance? 171 (91) 70 (92) 101 (90)
NRTI resistance 148 (79) 60 (79) 88 (79)
NNRTI resistance 150 (80) 62 (82) 88 (79)
Pl resistance (major + accessory) 81 (43) 44 (58) 37 (33)
Pl resistance (major only) 70 (37) 41 (54) 29 (26)
Intermediate-high PI resistance® 64 (34) 35 (46) 29 (26)
Resistance category*
No resistance 16 (9) 6 (8) 10 (9)
NRTI only 10 (5) 2 (3) 8 (7)
NNRTI only 22 (12) 10 (13) 12 (11)
Pl only 1(1) 0 (0) 1(1)
NRTI/NNRTI only 58 (31) 14 (18) 44 (40)
NRTI/PI only 10 (5) 6 (8) 4 (4)
NRTI/NNNRTI/PI 70 (37) 38 (50) 32 (29)
ATV/r resistance leveld
None or potential low 119 (64) 35 (46) 84 (76)
Low 7 (4) 7 (9) 0 (0)
Intermediate or high 61 (33) 34 (45) 27 (24)
LPV/r resistance level
None or potential low 126 (67) 44 (58) 82 (74)
Low 6 (3) 6 (8) 0 (0)
Intermediate or high 55 (29) 26 (34) 29 (26)
DRV/r resistance level
None or potential low 150 (80) 56 (74) 94 (85)
Low 19 (10) 12 (16) 7 (6)
Intermediate or high 18 (10) 8 (11) 10 (9)
ETR resistance level
None or potential low 103 (55) 40 (53) 63 (57)
Low 16 (9) 9 (12) 7 (6)
Intermediate or high 68 (36) 27 (36) 41 (37)
RPV resistance level
None or potential low 65 (35) 26 (34) 39 (35)
Low 39 (21) 16 (21) 23 (21)
Intermediate or high 83 (44) 34 (45) 49 (44)

Abbreviations: 3TC, lamivudine; ABC, abacavir; ART, antiretroviral therapy; ATV/r, atazanavir/ritonavir; DRV, darunavir; ETR, etravirine; LPV/r,
lopinavir/ritonavir; NNRTI, non-nucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; NVP, nevirapine; PI,

protease inhibitor; RPV, rilpivirine.

aAny resistance is defined as any mutation within each class which conferred a penalty score >10 based on Stanford scores.
bDefined by the Stanford Database HIVDB version 9.1, which was in place at the time of analyses.

“There were no genotypes with NNRTI/PI only resistance.

dCorresponding penalty scores for resistance levels are: none or potential low level, score <15; low level, score 15-29; intermediate or high

level, score >30.

regardless of predicted resistance (OR = 0.82 for one higher
predicted level of resistance; 95% Cl 0.52—1.35) (Table 4).
ORs from logistic regression and G-computation analyses
were similar (Table S5).

The H4 analysis comparing predicted darunavir/ritonavir
resistance among those on atazanavir/ritonavir versus
lopinavir/ritonavir at genotyping included 187 partici-
pants with genotypes. Overall, 10% had intermediate-

high  darunavir/ritonavir ~ predicted resistance (9% on
atazanavir/ritonavir, 10% on lopinavir/ritonavir). In the
IPW analysis, darunavir/ritonavir resistance was similar
among the two groups (OR = 0.96, 95% Cl 0.35-2.75
for resistance score >15; OR = 0.94, 95% Cl| 0.34-2.56
for score >30) (Table 4). ORs from logistic regression and
G-computation analyses were similar (Table S5). Using IPW to
compare those on atazanavir/ritonavir with and without past
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Figure 2. Predicted drug resistance to second- and third-line ARVs, stratified by the second-line Pl at genotyping. Legend: The figure demon-
strates two panels, grouped by the second-line Pl at genotyping (ATV/r on the left and LPV/r on the right). Each panel presents detailed infor-
mation (one row per participant) of one of five predicted levels of drug resistance, according to Stanford Database. The left side of each panel
shows predicted resistance to the various second-line ARVs taken by participants at the time of genotyping, and the right side of each panel

shows predicted resistance to potential third-line ARVs. The rows in each panel are sorted according to the resistance levels (highest to lowest

to the respective second-line Pl at the time of genotyping (i.e. ATV/r resistance among those on ATV/r, and LPV/r resistance among those on

LPV/r). The resistance levels and scores are colour-coded based on the legend at top right of the figure. Abbreviations: 3TC, lamivudine; ABC

abacavir; ARVs, antiretrovirals; ATV/r, atazanavir/ritonavir; AZT, zidovudine; DRV/r, darunavir/ritonavir; ETR, etravirine; LPV/r, lopinavir/ritonavir;

RPV, rilpivirine; TDF, tenofovir disoproxil fumarate.

lopinavir/ritonavir exposure to those on lopinavir/ritonavir
also showed no significant association with darunavir/ritonavir
resistance.

4 | DISCUSSION

We report extensive drug resistance and concerning early
viral outcomes among ART-experienced Kenyan PLWH fol-
lowing Pl-based second-line failure. Guidelines compliance
was good but imperfect and viral outcomes were better
when guidelines were followed, particularly when switching to

third-line after second-line failure. Findings highlight the vul-
nerability of PLWH with second-line failure, 24% of whom
were <25 years old requiring lifelong ART with close mon-
itoring. As dolutegravir access expands globally, Pls remain
important alternatives, and programmatic data are critical to
identify resistance patterns in new regimens and treatment
sequences, guiding care strategies.

In our study, >90% of PLWH had drug resistance upon
second-line failure, exceeding the 70-80% reported in other
African settings [2-4, 7, 39, 40]. Triple-class resistance was
37%, exceeding the 7-25% seen elsewhere in Africa [3,
7. 41-43], but comparable to South Africa and Namibia
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Table 3. Comparison of participants on guidelines-supported and unsupported regimens after genotyping, stratified by post-
genotype treatment line among those on guidelines-supported regimens

Guidelines-
unsupported
Guidelines-supported regimen regimen
Switched to Stayed on
Total third-line second-line
Variable N =173 n (%) N =73 n (%) N =91 n (%) N=9n (%)
Age, median years (range) 41 (6, 70) 41 (6, 70) 41 (6, 68) 44 (14, 66)
Female 94 (54) 35 (48) 57 (63) 2 (22)
Nadir CD4, median cells/mm? (range) 79 (0, 1396) 114 (0, 1396) 62 (1, 935) 34 (3, 255)
Years since nadir CD4, median 7 (0, 17) 8 (0, 17) 6 (0, 14) 6 (1, 12)
cells/mm® (range)
Years on ART, median (range) 9 (2, 17) 10 (2, 17) 8 (2, 13) 12 (5, 14)
Years on second-line, median (range) 4 (0.4, 11.4) 4 (1, 11) 4 (04, 11) 5(1, 9
Year of genotype, median (range) 2017 (2011, 2021) 2019 (2015, 2021) 2015 (2011, 2021) 2015 (2011, 2020)
ART regimen at genotype
TDF/3TC/ATV/r 51 (29) 35 (48) 15 (16) 1(11)
TDF/3TC/LPV/r 35 (20) 10 (14) 23 (25) 2 (22)
TDF/3TC/ABC/LPV/r 23 (13) 1(1) 20 (22) 2 (22)
AZT/3TC/LPV/r 22 (13) 8 (11) 14 (15) 0 (0)
AZT/3TC/ATV/r 15 (9) 12 (16) 3 (3) 0 (0)
ABC/3TC/LPV/r 13 (8) 7 (10) 4 (4) 2 (22)
Other ATV/r-containing regimen? 3(2) 0 (0) 3(3) 0 (0)
Other LPV/r-containing regimen® 11 (6) 0 (0) 9 (10) 1(22)
Pl at genotype
ATV/r 69 (40) 47 (64) 21 (23) 1(11)
LPV/r 104 (60) 26 (36) 70 (77) 8 (89)
Second-line regimen at 6 months -
post-genotype
TDF/3TC/LPV/r 22 (13) - 21 (23) 1(11)
TDF/3TC/ATV/r 23 (13) - 21 (23) 2 (22)
TDF/3TC/ABC/LPV/r 19 (11) - 16 (18) 3 (33)
AZT/3TC/LPV/r 11 (6) - 11 (12) 0 (0)
AZT/3TC/ATV/r 4(2) - 4 (4) 0(0)
Other second-line regimen® 21 (12) - 18 (20) 3 (33)
Third-line regimen at 6 months -
post-genotype
TDF/3TC/DTG - 30 (41) - -
TDF/3TC/DTG/DRV/r - 20 (27) - -
AZT/3TC/DTG - 4 (5) - -
TDF/3TC/DTG/DRV/r - 3 (4) - -
AZT/3TC/DTG/DRV/r - 2 (3) - -
ETR/RAL/DRV/r - 2 (3) - -
TDF/3TC/DRV/r - 2 (3) - -
Other third-line regimend - 10 (14) - -
(Continued)

(30—-40%) [4, 8]. Differences in populations, subtypes, adher-
ence or tolerability, boosted/unboosted Pls, monitoring and
treatment durations may explain this heterogeneity [2, 8]. Our
heavily treatment-experienced cohort, potentially biased due
to referrals to the Drug Resistance Clinic, might also con-

tribute to high observed resistance. Genotyping may be lim-
ited to those at highest risk, entailing under-detection of resis-
tance in the population. Importantly, NRTI cross-resistance
can affect newer drugs, regimens and formulations even with-
out major or any Pl resistance, underscoring the need for
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Table 3. (Continued)

Guidelines-
unsupported
Guidelines-supported regimen regimen
Switched to Stayed on
Total third-line second-line
Variable N =173 n (%) N =73 n (%) N =91 n (%) N=9n (%)
Outcome post-genotype
VL < 1000 copies/ml 106 (61) 62 (85) 42 (46) 2 (22)
VL > 1000 copies/ml 46 (27) 7 (10) 34 (37) 5 (56)
Deceased or LTFU 6 (3) 0 (0) 6 (7) 0 (0)
Missing® 15 (9) 4 (5) 9 (10) 2 (22)

Abbreviations: 3TC, lamivudine; ABC, abacavir; ART, antiretroviral therapy; ATV/r, atazanavir/ritonavir; DRV, darunavir; ETR, etravirine; LPV/r,

lopinavir/ritonavir; LTFU, lost to follow-up; PI, protease inhibitor.
aIncludes ABC/3TC/ATV/r (n = 2) and TDF/3TC/ABC/ATV/r (n = 1).

bIncludes TDF/3TC/AZT/LPV/r (n = 3), AZT/3TC/ABC/LPV/r (n = 2), ABC/DDI/3TC/LPV/r (n = 3) and ABC/AZT/LPV/r (n = 2).

CFor those on a guidelines-supported regimen who stayed on second-line, “other” includes TDF/3TC/AZT/LPV/r (n = 3), ABC/3TC/LPV/r (n
= 5), ABC/3TC/DDI/LPV/r (n = 1), ABC/AZT/3TC/LPV/r (n = 3), TDF/3TC/ATV/r (n = 3), ABC/AZT/LPV/r (n = 2), D4T/3TC/LPV/r (n = 1),
TDF/3TC/ATV/r (n = 1), ABC/3TC/ATV/r (n = 1) and TDF/3TC/ATV/r (n = 1). For those on a guidelines-unsupported regimen, “other” includes

ABC/3TC/LPV/r (n = 2) and ABC/DDI/3TC/LPV/r (n = 1).

dincludes n = 1 each of 3TC/TDF/RAL/DRV/, DTG/3TC/DRV/r, TDF/3TC/ETR/RAL/DRV/r, TDF/3TC/RAL, AZT/3TC/RAL/DRV/r,
TDF/3TC/DTG/ATV/r, AZT/3TC/RAL, 3TC//ETR/DTG/DRV/r, TDF/3TC/ETR/DRV/r and ABC/3TC/DTG/DRV/r.
€Missing include those in care through 18 months but missing a VL within 6-18 months.

Table 4. Associations between drug resistance, guidelines strategy and VF according to hypotheses 1-4

Analytic approach

Odds ratios and 95% confidence intervals
Inverse probability Unadjusted
logistic regression

weighting

Hypothesis 1 (VF by third-line switch vs. staying on
second-line)
Hypothesis 2 (VF by inappropriate switch vs. guidelines
switch)?
Hypothesis 3 (VF for one higher genotype susceptibility)
Hypothesis 4 (ATV vs. LPV)
Outcome: low or higher-level predicted DRV/r resistance
ATV/r versus LPV/r
Outcome: low or higher-level predicted DRV resistance
ATV/r only versus LPV/r only
LPV/r - ATV/r versus LPV/r only
Outcome: intermediate-high level predicted DRV/r
resistance
ATV/r versus LPV/r

0.07 (0.02, 0.20) 0.14 (0.04, 0.32)

- 5.54 (1.28, 31.82)

0.82 (0.52, 1.35) 0.89 (0.57, 1.48)
0.96 (0.35, 2.75) 1.86 (0.89, 4.01)
1.47 (0.32, 6.72) 1.66 (0.61, 3.90)
1.06 (0.31, 3.43) 2.17 (0.75, 5.45)
0.94 (0.34, 2.5¢) 1.85 (0.87, 3.98)

Abbreviations: ATV/r, atazanavir/ritonavir; DRV/r, darunavir/ritonavir; LPV/r, lopinavir/ritonavir; VF, viral failure.
a0nly nine participants were given a guidelines-unsupported treatment regimen, these estimates are from a Firth model and IPW was not

done.

early resistance testing upon second-line failure and close
follow-up, including after transitioning to dolutegravir-based
ART, for this vulnerable population.

Predicted resistance to key third-line agents at second-line
failure is concerning and underscores the importance of resis-
tance testing in regimen design. Ten percent of participants
had intermediate-high darunavir/ritonavir resistance, versus
3-8% in other LMICs, supporting darunavir’s role as a third-

line anchor drug, with/without dolutegravir [3, 4, 39, 44].
Predicted intermediate-high resistance to etravirine (36%)
and rilpivirine (44%), likely related to prior NNRTI exposure
and potentially underestimated due to mutation decay over
time [45], is comparable to other African cohorts (22—45%
and 23-43%, respectively) [3, 7, 39, 44]. As the long-acting
cabotegravir/rilpivirine rollout progresses, the high risk of
rilpivirine resistance, even following second-line failure, is a
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critical concern. These results are likely influenced by limited
VL and drug resistance monitoring typical in many LMICs,
leading to resistance accumulation and cross-resistance. This
situation demands thorough follow-up, including understand-
ing archived and circulating resistance across all classes upon
Pl-based second-line failure, especially important when con-
sidering dolutegravir and darunavir/ritonavir for third-line and
beyond in individuals with advanced treatment histories and
complex resistance profiles.

Predicted darunavir/ritonavir resistance was similar upon
failure  of atazanavir/ritonavir and lopinavir/ritonavir-
based regimens despite higher Pl resistance upon
atazanavir/ritonavir (54%) versus lopinavir/ritonavir (26%)
failure, and some prior lopinavir/ritonavir exposure in the for-
mer group. ACTG A5228 also reported higher Pl resistance
upon atazanavir/ritonavir (46%) versus lopinavir/ritonavir
(30%) failure [39]. Higher pill burdens and side effects of
lopinavir/ritonavir versus atazanavir/ritonavir possibly wors-
ened lopinavir/ritonavir adherence, resulting in less resistance
[46, 47]. These results offer some reassurance as to the
equivalence of lopinavir/ritonavir and atazanavir/ritonavir
exposure regarding predicted darunavir/ritonavir resistance
and their sequential use in some settings.

Post-genotype VF after a median of 9 months occurred
in 30% of participants with VL data regardless of treat-
ment strategy. This is alarmingly high but within the 5-
36% rates in other LMICs [2, 3, 48]. Post-genotype VF
was substantially lower among those on guidelines-supported
(41/145, 28%) versus unsupported regimens (5/7, 71%), high-
lighting the importance of complying with guidelines. The
95% CI (1.2-31.8) indicates considerable uncertainty about
the true magnitude of this effect, and this result should
be interpreted with appropriate caution. Still, although only
5% of participants were on guidelines-unsupported regimens,
their poorer outcomes invoke the need to assess and mon-
itor guidelines compliance, as done for HIV testing and
ART initiation [49-52]. This is imperative for individuals
with advanced ART histories and resistance profiles, espe-
cially after second- or third-line VF and beyond. Monitoring
guidelines compliance is particularly relevant in the new era
of dolutegravir-based ART to inform strategies to enhance
care.

We found 87% lower odds of post-genotype VF after
switching to third-line versus staying on second-line, within
guidelines-recommended strategies. In ACTG A5288, post-
genotype VF was 66% in adults without lopinavir/ritonavir
resistance maintained on lopinavir/ritonavir-based second-line,
versus <26% in those switched to third-line [48]. A Zimbabwe
study reported similar results [2]. Factors driving these out-
comes were not examined here but may include poor second-
line adherence, superior third-line (mostly dolutegravir-based)
efficacy, tolerability and resistance barriers, or clinic-level fac-
tors like intensified services in a dedicated clinic for clients on
their “last ART line” [53-55]. Close monitoring and support
are essential for individuals remaining on Pl-based second-
line after failure, even if guidelines-compliant without PI
resistance, with consideration of transitioning to third-line.
Indeed, PI resistance could develop after genotyping and
before subsequent VL measurement. Although Pls including
darunavir/ritonavir have high resistance barriers, rapid accu-

10

mulation of protease mutations can occur following initial Pl
resistance [7, 8].

Despite better outcomes after switching to third-line, 63%
of participants remained susceptible to their second-line PI
at failure. This is consistent with other studies, likely reflect-
ing poor second-line adherence or intolerability, and supports
switching to dolutegravir-based ART even without Pl resis-
tance [3, 8, 39]. Given the challenges distinguishing poor and
non-adherence clinically, even with emerging drug-level tech-
nologies, genotyping remains crucial for guiding management
[56]. We found no associations between predicted resistance
to the post-second-line failure regimen and subsequent VF,
possibly due to small sample size, or the improved efficacy
and tolerability of third-line regimens, clinical support and
understanding of advanced treatment stages. This should not
undermine the consideration of resistance testing, particularly
during advanced treatment stages where it remains essential
for regimen design. This includes consideration of alternative
resistance mechanisms and mutations outside the protease
region (e.g., gag or env) undetected by routine assays and
minority drug resistance variants [57, 58]. A better under-
standing of second-line failure and the utility of switching to
dolutegravir- or darunavir/ritonavir-based ART, with or with-
out Pl and other resistance, is needed.

Study strengths include the focus on real-world outcomes,
compliance with guidelines and comprehensive analyses. Limi-
tations include missing adherence data and related interven-
tions, and the time since initial viraemia detection to con-
firmed VF and subsequent clinical actions which may have
influenced management and outcomes. Despite efforts to
retrieve all genotypes, we likely underrepresented AMPATH
second-line failures, highlighting the need for routine geno-
type curation for care and research.

5 | CONCLUSIONS

We found high drug resistance levels and early VF after
second-line Pl-based failure in Kenya. Outcomes were bet-
ter with guidelines compliance and after switching to third-
line, even within guidelines recommendations and without Pl
resistance. Findings, cautiously interpreted, underscore the
importance of complying with guidelines, ongoing research to
reevaluate them and the need for better third-line access,
drug resistance testing, and understanding resistance mecha-
nisms in highly treatment-experienced individuals in the new
ART era. Better adherence monitoring and support are also
needed to identify and address psychosocial and structural
adherence barriers. Given the continued role of Pls in the
new ART era as alternatives or complements to dolutegravir
in treatment guidelines, understanding resistance patterns
upon failure of Pl-based ART remains important. Continued
programmatic drug resistance surveillance is crucial to ensure
guidelines compliance, enhance monitoring and support, and
determine optimal clinical strategies for managing second-line
failure.

AUTHORS’ AFFILIATIONS

IDepartment of Medicine, Indiana University School of Medicine, Indianapo-
lis, Indiana, USA; 2Department of Medicine, Moi University School of Medicine,

85UB017 SUOWIWIOD dA 181D 3ol dde au Ag peusenob a.e sajolie VO ‘8sn JO o[ 10y Akeld17aU1IUO AB|IA UO (SUORIPUOD-PUR-SLLIBYWIOD A8 |1 AReq Ul [Uo//SciL) SUOTIPUOD pue swie | au 89S *[6202/90/52] Uo Akeiqiauliuo AB|im ‘AIseAIUN DNV ANTY - dSVYNI AQ £2592 'Ze1[/200T 0T/I0p/w00" A8 1M Aelq 1 put|uo//:Sdiy Wl pepeojumod ‘9 ‘G20z ‘259285.LT


http://onlinelibrary.wiley.com/doi/10.1002/jia2.26523/full
https://doi.org/10.1002/jia2.26523

Humphrey JM et al. Journal of the International AIDS Society 2025, 28:€26523

http://onlinelibrary.wiley.com/doi/10.1002/jia2.26523/full | https://doi.org/10.1002/jia2.26523

Eldoret, Kenya; ®Department of Biostatistics, Brown University School of Public
Health, Providence, Rhode Island, USA; “Department of Medicine, Brown Univer-
sity Alpert Medical School, Providence, Rhode Island, USA:; ®Academic Model Pro-
viding Access to Healthcare (AMPATH), Eldoret, Kenya; ® Department of Pharmacy,
Moi Teaching and Referral Hospital, Eldoret, Kenya

COMPETING INTERESTS

The authors report no competing interests.

AUTHORS’ CONTRIBUTIONS

JMH, SMA, AD, JWH and RK conceptualized and designed the study and had pri-
mary responsibility for the interpretation of the data. JMH, SMA and RK were
responsible for regulatory approval. JMH, SMA, ES, BJ, EK, CN and SG col-
lected the data. JMH, AD, VN and JWH analysed the data. JMH wrote the paper
with assistance from all coauthors. All authors have read and approved the final
manuscript.

ACKNOWLEDGEMENTS

We thank the clinical staff at the AMPATH Drug Resistance Clinic for helping col-
lect the data for this study.

FUNDING

This project was funded with support from the National Institutes of Health grants
K24A1134359 and P30AI042853.

DISCLAIMER

The content is solely the responsibility of the authors and does not necessarily rep-
resent the official views of the National Institutes of Health.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from the correspond-
ing author upon reasonable request.

REFERENCES

1. World Health Organization. HIV Drug Resistance Report 202 1. Geneva: WHO;
2021.

2. Chimbetete C, Katzenstein D, Shamu T, Spoerri A, Estill J, Egger M, et al. HIV-
1 drug resistance and third-line therapy outcomes in patients failing second-line
therapy in Zimbabwe. Open Forum Infect Dis. 2018;5(2):0fy005.

3. Fily F, Ayikobua E, Ssemwanga D, Nicholas S, Kaleebu P, Delaugerre C, et al.
HIV-1 drug resistance testing at second-line regimen failure in Arua, Uganda:
avoiding unnecessary switch to an empiric third-line. Trop Med Int Health.
2018;23(10):1075-83.

4. Jordan MR, Hamunime N, Bikinesi L, Sawadogo S, Agolory S, Shiningavamwe
AN, et al. High levels of HIV drug resistance among adults failing second-line
antiretroviral therapy in Namibia. Medicine. 2020;99(37).e21661.

5. Gidey K, Mache A, Hailu BY, Asgedom SW, Tassew SG, Nirayo YL. Second-line
antiretroviral treatment outcomes and predictors in Tigray Region, Ethiopia. Infect
Drug Resist. 2023;16:4903-12.

6. Majova B, Variava E, Martinson N. Delays in third-line antiretroviral therapy and
outcomes in North West province. South Afr J HIV Med. 2022;23(1):13%94.

7. Kantor R, Delong A, Schreier L, Reitsma M, Kemboi E, Orido M, et al. HIV
second-line failure and drug resistance at high- and low-level viremia in western
Kenya. AIDS. 2018;32(17):2485-96.

8. Chimukangara B, Lessells RJ, Sartorius B, Gounder L, Manyana S, Pillay M,
et al. HIV-1 drug resistance in adults and adolescents on protease inhibitor-based
antiretroviral treatment in KwaZulu-Natal Province, South Africa. J Glob Antimi-
crob Resist. 2022;29:468-75.

9. Evans D, Hirasen K, Berhanu R, Malete G, Ive P, Spencer D, et al. Predictors of
switch to and early outcomes on third-line antiretroviral therapy at a large public-
sector clinicin Johannesburg, South Africa. AIDS Res Ther. 2018;15(1):10.

10. World Health Organization. Antiretroviral therapy for HIV infection in infants
and children: recommendations for a public health approach. Geneva: WHO; 2010.

11. World Health Organization. Consolidated guidelines on the use of antiretrovi-
ral drugs for treating and preventing HIV infection: recommendations for a public
health approach. Geneva: WHO; 2013.

12. World Health Organization. Consolidated guidelines on the use of antiretrovi-
ral drugs for treating and preventing HIV infection: recommendations for a public
health approach. Geneva: WHO; 2016.

13. National AIDS and STI Control Programme. Kenya national viral load dash-
board. Nairobi: NASCOP; 2023.

14. World Health Organization. Policy fact sheet: WHO HIV policy adoption and
implementation status in countries, 2023. Geneva: WHO; 2023.

15. Zaniewski E, Skrivankova VW, Brazier E, Avihingsanon A, Wagner Cardoso S,
Cesar C, et al. Transition to dolutegravir-based ART in 35 low- and middle-income
countries: a global survey of HIV care clinics. AIDS. 2024;38(15):2073-85.

16. National AIDS and STI Control Programme. Guidelines on use of antiretrovi-
ral drugs for treating and preventing HIV infection in Kenya. Nairobi: NASCOP;
2016.

17. World Health Organization. Updated recommendations on first-line and
second-line antiretroviral regimens and post-exposure prophylaxis and recommen-
dations on early infant diagnosis of HIV: interim guidelines. Supplement to the
2016 consolidated guidelines on the use of antiretrovirals. Geneva: WHO; 2018.
18. National AIDS and STI Control Programme. Guidelines on use of antiretroviral
drugs for treating and preventing HIV in Kenya. Nairobi: NASCOP; 2018.

19. Cahn P, Pozniak AL, Mingrone H, Shuldyakov A, Brites C, Andrade-Villanueva
JF, et al. Dolutegravir versus raltegravir in antiretroviral-experienced, integrase-
inhibitor-naive adults with HIV: week 48 results from the randomised, double-
blind, non-inferiority SAILING study. Lancet. 2013;382(9893):700-8.

20. Gazzola L, Cicconi P, Ripamonti D, Di Filippo E, Gustinetti G, Di Biagio A, et al.
Efficacy and safety of darunavir/ritonavir plus etravirine dual regimen in antiretro-
viral therapy-experienced patients: a multicenter clinical experience. HIV Clin Tri-
als. 2014;15(4):140-50.

21. Vingerhoets J, Calvez V, Flandre P, Marcelin AG, Ceccherini-Silberstein F,
Perno CF, et al. Efficacy of etravirine combined with darunavir or other ritonavir-
boosted protease inhibitors in HIV-1-infected patients: an observational study
using pooled European cohort data. HIV Med. 2015;16(5):297-306.

22. Huibers MHW, Kityo C, Boerma RS, Kaudha E, Sigaloff KCE, Balinda SN, et al.
Long-term virological outcomes, failure and acquired resistance in a large cohort of
Ugandan children. J Antimicrob Chemother. 2019;74(10):3035-43.

23. Harrison L, Melvin A, Fiscus S, Saidi Y, Nastouli E, Harper L, et al. HIV-1 drug
resistance and second-line treatment in children randomized to switch at low ver-
sus higher RNA thresholds. J Acquir Immune Defic Syndr. 2015;70(1):42-53.

24. Cesar C, Shepherd BE, Jenkins CA, Ghidinelli M, Castro JL, Veloso VG,
et al. Use of third line antiretroviral therapy in Latin America. PLoS One.
2014;9(9):e106887.

25. Meintjes G, Dunn L, Coetsee M, Hislop M, Leisegang R, Regensberg L, et al.
Third-line antiretroviral therapy in Africa: effectiveness in a Southern African ret-
rospective cohort study. AIDS Res Ther. 2015;12:39.

26. Andronescu L, Zulu PM, Jackson SS, Hachaambwa L, Claassen CW, Stafford
KA. The association between gender and HIV viral suppression on third-line ther-
apy in Zambia: a retrospective cohort study. Int J STD AIDS. 2019;30(5):453-9.
27. Dorward J, Lessells R, Drain PK, Naidoo K, de Oliveira T, Pillay Y, et al. Dolute-
gravir for first-line antiretroviral therapy in low-income and middle-income coun-
tries: uncertainties and opportunities for implementation and research. Lancet
HIV. 2018;5(7):e400-€4.

28. World Health Organization. Report on the global action plan on HIV drug
resistance 2017-2021. Geneva: WHO; 2023.

29. Academic Model Providing Access to Healthcare. AMPATH; March 3, 2024
[Available from: http://www.ampathkenya.org; accessed June 16, 2024].

30. National AIDS and STI Control Programme. Guidelines for antiretroviral ther-
apy in Kenya. Nairobi: NASCOP; 201 1.

31. Kenya Ministry of Health. Statement on the use of dolutegravir in women of
child bearing age (15-49 yrs). June 22, 2018. Nairobi: Ministry of Health; 2018.
32. Scriven YA, Mulinge MM, Saleri N, Luvai EA, Nyachieo A, Maina EN,
et al. Prevalence and factors associated with HIV-1 drug resistance mutations
in treatment-experienced patients in Nairobi, Kenya: a cross-sectional study.
Medicine (Baltimore). 2021;100(40):e27460.

33. Gachuki T, Sewe R, Mwangi J, Turgeon D, Garcia M, Luman ET, et al. Attain-
ing 1ISO 15189 accreditation through SLMTA: a journey by Kenya's National HIV
Reference Laboratory. Afr J Lab Med. 2014;3(2):216.

34. Delong AK, Wu M, Bennett D, Parkin N, Wu Z, Hogan JW, et al. Sequence
quality analysis tool for HIV type 1 protease and reverse transcriptase. AIDS Res
Hum Retroviruses. 2012;28(8):894-901.

35. Pineda-Pena AC, FariaNR, Imbrechts S, Libin P, Abecasis AB, Deforche K, et al.
Automated subtyping of HIV-1 genetic sequences for clinical and surveillance pur-

11

85UB017 SUOWIWIOD dA 181D 3ol dde au Ag peusenob a.e sajolie VO ‘8sn JO o[ 10y Akeld17aU1IUO AB|IA UO (SUORIPUOD-PUR-SLLIBYWIOD A8 |1 AReq Ul [Uo//SciL) SUOTIPUOD pue swie | au 89S *[6202/90/52] Uo Akeiqiauliuo AB|im ‘AIseAIUN DNV ANTY - dSVYNI AQ £2592 'Ze1[/200T 0T/I0p/w00" A8 1M Aelq 1 put|uo//:Sdiy Wl pepeojumod ‘9 ‘G20z ‘259285.LT


http://onlinelibrary.wiley.com/doi/10.1002/jia2.26523/full
https://doi.org/10.1002/jia2.26523
http://www.ampathkenya.org

Humphrey JM et al. Journal of the International AIDS Society 2025, 28:€26523

http://onlinelibrary.wiley.com/doi/10.1002/jia2.26523/full | https://doi.org/10.1002/jia2.26523

poses: performance evaluation of the new REGA version 3 and seven other tools.
Infect Genet Evol. 2013;19:337-48.

36. Shafer R. Stanford HIV Sequence Database. [Available from: http:/hivdb.
stanford.edu; accessed June 16, 2024].

37. Firth D. Bias reduction of maximum likelihood estimates. Biometrika.
1993;80(1):27-38.

38. Anderson JA, Jiang H, Ding X, Petch L, Journigan T, Fiscus SA, et al. Genotypic
susceptibility scores and HIV type 1 RNA responses in treatment-experienced sub-
jects with HIV type 1 infection. AIDS Res Hum Retroviruses. 2008;24(5):685-94.
39. Wallis CL, Hughes MD, Ritz J, Viana R, de Jesus CS, Saravanan S, et al. Diverse
human immunodeficiency virus-1 drug resistance profiles at screening for ACTG
A5288: a study of people experiencing virologic failure on second-line antiretrovi-
ral therapy in resource-limited settings. Clin Infect Dis. 2020;71(7):e170-€7.

40. Eholie SP, Moh R, Benalycherif A, Gabillard D, Ello F, Messou E, et al.
Implementation of an intensive adherence intervention in patients with second-
line antiretroviral therapy failure in four west African countries with little
access to genotypic resistance testing: a prospective cohort study. Lancet HIV.
2019;6(11):750-€9.

41. Boender TS, Hamers RL, Ondoa P, Wellington M, Chimbetete C, Siwale M,
et al. Protease inhibitor resistance in the first 3 years of second-line antiretroviral
therapy for HIV-1 in sub-Saharan Africa. J Infect Dis. 2016;214(6):873-83.

42. Jordan MR, Penazzato M, Cournil A, Vubil A, Jani |, Hunt G, et al. HIV drug
resistance in African infants and young children newly diagnosed with HIV: a mul-
ticounty analysis. Clin Infect Dis. 2017;65(12):2018-25.

43. Steegen K, Bronze M, Papathanasopoulos MA, van Zyl G, Goedhals D, Van
Vuuren C, et al. Prevalence of antiretroviral drug resistance in patients who are not
responding to protease inhibitor-based treatment: results from the first national
survey in South Africa. J Infect Dis. 2016;214(12):1826-30.

44, Tufa TB, Fuchs A, Orth HM, Lubke N, Knops E, Heger E, et al. Characteriza-
tion of HIV-1 drug resistance among patients with failure of second-line combined
antiretroviral therapy in central Ethiopia. HIV Med. 2022;23(2):159-68.

45. Palmer S, Boltz V, Maldarelli F, Kearney M, Halvas EK, Rock D, et al. Selection
and persistence of non-nucleoside reverse transcriptase inhibitor-resistant HIV-1
in patients starting and stopping non-nucleoside therapy. AIDS. 2006;20(5):701-
10.

46. Akanmu AS, Adeyemo T, Lesi F, Bello FO, Okwuegbuna K, Oloko K, et al.
Immunological and virological outcomes of patients switched from LPV/r to ATV/r-
containing second-line regimens. Curr HIV Res. 2015;13(3):176-83.

47. Mallolas J, Podzamczer D, Milinkovic A, Domingo P, Clotet B, Ribera E, et al.
Efficacy and safety of switching from boosted lopinavir to boosted atazanavir
in patients with virological suppression receiving a LPV/r-containing HAART: the
ATAZIP study. J Acquir Immune Defic Syndr. 2009;51(1):29-36.

48. Grinsztejn B, Hughes MD, Ritz J, Salata R, Mugyenyi P, Hogg E, et al. Third-line
antiretroviral therapy in low-income and middle-income countries (ACTG A5288):
a prospective strategy study. Lancet HIV. 2019;6(9):e588-e600.

49. Allorant A, Parrish C, Desforges G, Robin E, Honore JG, Puttkammer N. Clos-
ing the gap in implementation of HIV clinical guidelines in a low resource setting
using electronic medical records. BMC Health Serv Res. 2020;20(1):804.

50. Cid-Silva P, Margusino-Framinan L, Balboa-Barreiro V, Pernas-Souto B, Mena-
De-Cea A, Martin-Herranz |, et al. Late HIV diagnosis but earlier antiretroviral
treatment initiation in northwest Spain: impact of current treatment guidelines. J
Int Assoc Provid AIDS Care. 2019:8.

51. Tandon N, Mao J, Shprecher A, Anderson AJ, Cao F, Jiao X, et al. Compliance
with clinical guidelines and adherence to antiretroviral therapy among patients liv-
ing with HIV. Curr Med Res Opin. 2019;35(1):63-71.

52. Lima VD, Le A, Nosyk B, Barrios R, Yip B, Hogg RS, et al. Development and val-
idation of a composite programmatic assessment tool for HIV therapy. PLoS One.
2012;7(11):e47859.

12

53. Aboud M, Kaplan R, Lombaard J, Zhang F, Hidalgo JA, Mamedova E, et al.
Dolutegravir versus ritonavir-boosted lopinavir both with dual nucleoside reverse
transcriptase inhibitor therapy in adults with HIV-1 infection in whom first-line
therapy has failed (DAWNING): an open-label, non-inferiority, phase 3b trial.
Lancet Infect Dis. 2019;19(3):253-64.

54. Paton NI, Musaazi J, Kityo C, Walimbwa S, Hoppe A, Balyegisawa A, et al.
Dolutegravir or darunavir in combination with zidovudine or tenofovir to treat HIV.
N Engl J Med. 2021;385(4):330-41.

55. Ombajo LA, Penner J, Nkuranga J, Mecha J, Mburu M, Odhiambo C, et al.
Second-line switch to dolutegravir for treatment of HIV infection. N Engl J Med.
2023;388(25):2349-59.

56. Dorward J, Govender K, Moodley P, Lessells R, Samsunder N, Sookrajh Y, et al.
Urine tenofovir and dried blood spot tenofovir diphosphate concentrations and
viraemia in people taking efavirenz and dolutegravir-based antiretroviral therapy.
AIDS. 2024;38(5):697-702.

57. Coetzer M, Ledingham L, Diero L, Kemboi E, Orido M, Kantor R. Gp41
and Gag amino acids linked to HIV-1 protease inhibitor-based second-line fail-
ure in HIV-1 subtype A from Western Kenya. J Int AIDS Soc. 2017;20(3):
e25024.

58. Mbunkah HA, Bertagnolio S, Hamers RL, Hunt G, Inzaule S, Rinke De Wit
TF, et al. Low-abundance drug-resistant HIV-1 variants in antiretroviral drug-naive
individuals: a systematic review of detection methods, prevalence, and clinical
impact. J Infect Dis. 2020;221(10):1584-97.

SUPPORTING INFORMATION

Additional information may be found under the Supporting
Information tab for this article:

Supplement File 1: jia226523-sup-0001-SuppMat.docx
Figure S1 Title: Distribution of genotyping performed upon
2"-line failure over time, by 2"-line Pl exposure at genotyp-
ing

Figure S2. Title: Frequency of NRTI, NNRTI and Pl HIV-1 drug
resistance mutations in 187 participants with genotypes fol-
lowing failure of 2"-line ART

Table S1. Summary of evolving Kenya Guidelines for possi-
ble 3-line ART in children, adolescents and adults during the
study period, 2011-2021

Table S2. Characteristics of participants by (A) whether guide-
lines recommended switch from 2"-line based on genotype
results, and (B) retention status at 6 months post-genotype.
Table S3. Characteristics of participants with a guidelines-
supported treatment strategy after genotyping, by post-
genotype treatment line and viral load availability, respectively.
Table S4. Predicted resistance to the post-genotype regimen
stratified by whether the post-genotype treatment strategy
was in accordance with the guidelines.

Table S5. Sensitivity analysis evaluating the associations
between drug resistance, guidelines strategy, and VF accord-
ing to hypotheses 1, 3 and 4°. Odds Ratios and 95% Confi-
dence Intervals from G-computation.

85UB017 SUOWIWIOD dA 181D 3ol dde au Ag peusenob a.e sajolie VO ‘8sn JO o[ 10y Akeld17aU1IUO AB|IA UO (SUORIPUOD-PUR-SLLIBYWIOD A8 |1 AReq Ul [Uo//SciL) SUOTIPUOD pue swie | au 89S *[6202/90/52] Uo Akeiqiauliuo AB|im ‘AIseAIUN DNV ANTY - dSVYNI AQ £2592 'Ze1[/200T 0T/I0p/w00" A8 1M Aelq 1 put|uo//:Sdiy Wl pepeojumod ‘9 ‘G20z ‘259285.LT


http://onlinelibrary.wiley.com/doi/10.1002/jia2.26523/full
https://doi.org/10.1002/jia2.26523
http://hivdb.stanford.edu
http://hivdb.stanford.edu

	HIV drug resistance, early treatment outcomes and impact of guidelines compliance after protease inhibitor-based second-line failure in a dedicated resistance clinic in western Kenya: a retrospective cohort study
	1 | INTRODUCTION
	2 | METHODS
	2.1 | Study design and setting
	2.2 | Data management
	2.3 | Statistical methods

	3 | RESULTS
	3.1 | Drug resistance
	3.2 | Guidelines-supported regimens and post-genotype VF (H1, H2)
	3.3 | Resistance and post-genotype VF (H3, H4)

	4 | DISCUSSION
	5 | CONCLUSIONS
	AUTHORS' AFFILIATIONS
	COMPETING INTERESTS
	AUTHORS’ CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	FUNDING
	DISCLAIMER
	DATA AVAILABILITY STATEMENT

	REFERENCES
	SUPPORTING INFORMATION


