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Abstract

There are no standardized criteria to characterize confirmed protocol-defined virological failure (PDVF) nor
the inclusion criteria for the resistance analysis population (RAP) in Phase Ill randomized clinical trials
(RCTs) of initial antiretroviral therapy (ART). We assessed the clinical impact of mismatching between
virological non-response (HIV-1 RNA >50 copies/mL), confirmed PDVF (48 weeks), and RAP definition in
studies with the newest first-line ART. A systematic review of all Phase Ill RCTs was performed, including
preferred once-daily ART (EACS European AIDS guidelines) or recently approved by the US Food and Drug
Administration. We identified 16 treatment arms (14 RCTs) with 6175 participants treated with dolutegravir,
bictegravir, elvitegravir/cobicistat, raltegravir, darunavir/cobicistat, rilpivirine, or doravirine. Plasma HIV-1 RNA
thresholds for PDVF or RAP ranged from 40 to 50, 200, 400, and 500 copies/mL. This led to discrepancies
between trials regarding the participants defined as virological non-responders, PDVE or included in RAP.
Overall, 85/296 (29%) patients with PDVF were not genotyped. There was a linear correlation between the
threshold of HIV RNA chosen to perform genotyping and rates of participants with PDVF but not genotyped.
Only eight treatment arms genotyped all participants with PDVF. Most of the remaining eight arms genotyped
roughly < 50% of those with PDVF. In summary, the absence of standardized definitions of VF and criteria
for resistance testing in pivotal Phase Ill RCTs of the first-line ART leads to the possibility of underreporting
of resistance mutations when genotypes are only performed at higher viral load cutoffs. Stringent
homogeneous criteria should be defined to ensure that all participants with PDVF (e.g., confirmed HIV RNA

= 50 copies/mL and the second > 200 copies/mL) undergo genotyping. (AIDS Rev. 2018;20:158-170)
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Large Phase Ill randomized clinical trials (RCTs) re-
quired for antiretroviral drug approval by regulatory
agencies have standardized definitions for their pri-
mary endpoints with regard to treatment failure and
virological success. However, there is no uniformity in
the definition of virological failure (VF) or HIV-1 RNA
threshold chosen for resistance analysis performance.
There are no rules governing which samples (first or
confirmatory) are sent for HIV resistance assessment’.
While drug regulatory agencies thoroughly review the
study protocols, this variability between protocols is
allowed. These differences in the study defined “resis-
tance analysis population” (RAP) among trials result in
dissimilar rates of participants with VF whose samples
are submitted for resistance evaluation. Furthermore,
some samples cannot be amplified, and therefore, re-
sults cannot be interpreted.

When evaluating the virological results of pivotal
RCTs, clinicians are mostly influenced by the rates of
participants with confirmed drug resistance mutations
(DRMs) isolated at failure. However, those participants
having experienced VF to regimens with low barrier
against resistance development and with no resistance
results available will nevertheless have subsequently
some clinical implications that could be missed with
this straightforward interpretation. A history record of
this failure might grant a restriction to access to some
future simplification antiretroviral regimens or dosing
due to suspected resistance or cross-resistance in the
drug class (i.e., integrase inhibitors).

In this review, we aimed to assess the clinical impact
of mismatching between virological non-response, VF,
and RAP definition in RCTs with the newest once-daily
first-line antiretroviral regimens. Our aim is to identify
the rates of HIV-infected participants with confirmed
HIV-1 RNA > 50 copies/mL that finally do not have a
valid genotype at a standardized week 48 analysis,
and therefore, there is no certainty about their lack of
resistance selection during VF.

Methods

We completed this systematic review using PRISMA
guidelines®. We undertook a systematic review of VF
outcomes at week 48 in all Phase Ill, non-inferiority
RCTs including treatment-naive HIV-1-infected adults
receiving the once-daily triple-drug regimens consid-
ered preferred in European guidelines® or recently ap-
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proved by the US Food and Drug Administration (FDA).
Regimens consisted of a dual coformulated nucleos(t)
ide reverse transcriptase inhibitor (NRTI) backbone,
combined in a once-daily regimen with either-a non-
nucleoside reverse transcriptase inhibitor (NNRTI), a
boosted protease inhibitor (bPl), or an integrase strand
transfer inhibitor (INSTI). When data were available
with coformulations including tenofovir alafenamide
and tenofovir disoproxil fumarate with the same third
drug (i.e., darunavir or elvitegravir), only tenofovir alaf-
enamide arms were considered. European, Spanish,
International, and US guidelines recommend tenofovir
alafenamide as a first choice due to favorable bone
density and kidney safety®S.

In each RCT, we collected the rates of participants
with HIV-1 RNA > 50 copies/mL in the snapshot analy-
sis done at 48 weeks, the protocol-defined VF (PDVF)
criteria and rates, the HIV-1 RNA criteria defined for
resistance testing, the samples used to test for resis-
tance (first one above a defined viral load threshold or
the second and confirmatory sample) at the time of VF,
the rates of participants genotyped for resistance but
with non-valid results, and the emergent DRM against
the third drug or the NRTI backbone (Tables 1 and 2).
Furthermore, we specifically analyzed the rates of par-
ticipants with confirmed VF and an HIV-1 RNA > 200
copies/mL even if this was not the predefined limit in
the trial. This threshold has shown the highest degree
of agreement between three US FDA-approved HIV-1
RNA assay platforms while minimizing differences ob-
served between assays and has important implications
for the definition of VF in clinical trials, guidelines, and
clinical practice®’.

Data shown in tables 1-3 were retrieved from data
published or presented in International conferences
identified through a systematic review, including the
main study data and all the secondary presentations/
publications. When data were incomplete or unavail-
able, they were obtained from the clinical trials inves-
tigators on request.

Virological non-response is defined as the percent-
age of participants with VL > 50 copies/mL at 48 weeks,
using an intention-to-treat analysis with either the US
FDA-defined snapshot algorithm or the time-to-loss of
virological response according to each study.

We performed a Cochran-Armitage test to assess
whether the association between the HIV-RNA thresh-
old chosen to perform a genotype resistance test in
every study and the rate of participants with PDVF that
was not submitted for genotyping followed a trend
(dose-response effect).
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Results

We identified 14 clinical trials that comprised 16 treat-
ment arms and recruited 6175 participants. No studies
were excluded from the study. The main trial characteris-
tics and outcomes are shown in table 3. We assessed 10
arms with the INSTIs bictegravir (n = 2), dolutegravir
(n = 6), elvitegravir/cobicistat (n = 1), or raltegravir (n = 1),
5 arms with the NNRTIs rilpivirine (n = 3) or doravirine
(n = 2), and one arm with the bPI darunavir/cobicistat.

PDVF criteria were not homogeneous among the stud-
ies (Table 1). The threshold used in plasma HIV-1 RNA
for the definition of VF or the composition of the RAP
ranged from 40 to 50, 200, 400, and even 500 copies/
mL. All participants with virological non-response at
48 weeks were considered PDVF in SPRING-28°, GS-
US-380-1489'011and 149018, GS-US-292-0104/01111416
and STaR"-%. However, the remaining studies showed a
discrepancy between virological non-response - a pa-
rameter that has a standardized definition - and PDVF
compositions. The percentages of participants with viro-
logical non-response included in the PDVF population
were 85.7% (18/21) in SINGLE?"??, 13.3% (2/15) in FLA-

MINGO?, 37.5% (6/16) in ARIA®*% 50% (8/16) in AM-
BER?, 56.4% (22/39) in DRIVE-AHEAD?, and 44.2%
(19/43) in DRIVE-FORWARD?.

Therefore, FLAMINGO showed the lowest rate of par-
ticipants with virological non-response meeting PDVF
criteria. One dolutegravir study (ARIA) did not have a
definition for VF, but only for confirmed virological with-
drawal. Conversely, three studies (ONCEMRK?®, ECHO3*
%, and THRIVE3"%) reported a higher number of par-
ticipants with PDVF than with virological non-response.

In addition, not all participants classified as PDVF in
the studies were included in the RAP population and
were subsequently genotyped.

The definitions used for VF (PDVF) were not infre-
quently different than those chosen for the inclusion in
the RAP, and therefore, there were a variable number
of participants with confirmed VF that was not subse-
quently genotyped (Table 2 and Fig. 1). In one of six
dolutegravir arms (GS-US-380-1489), only half of the
participants with confirmed VF (four of eight) were
genotyped. All participants with PDVF were included
in the RAP in the five remaining dolutegravir studies,
though FLAMINGO showed the lowest rate of partici-
pants with virological non-response meeting PDVF cri-

Table 1. Week 48 Phase lll clinical trials of the newest once-daily antiretroviral drugs in the first-line therapy in participants with

HIV-1 infection: main characteristics

Third Clinical trial Design Arm Female NRTIs  Comparator High Low  Efficacy: < 50
drug size (n)* participants (%) arm VL (%)** CD4 (%)*** copies/ml at
48 weeks
% (95% CI)*
DTG  *SINGLE?'2 DB 414 16.0 3TC/ABC EFV T 32.0 140  88% versus
81%; 7 (2-12)
SPRING-289 DB 411 15.0 2NRTIs™t RAL 28.0 13.0  88% versus
85%;
2.5 (-2.2-7.1)
FLAMINGO? oL 242 13.0 2NRTIs™t DRV/r 25.0 10.0  90% versus
83%;
7.1(0.9-13.2)
HARIA2425 oL 248 100.0% 3TC/ABC ATV/rt 28.0 26.0  82% versus
71%;
10.5 (3.1-17.8)
*GS-US-380-1489'%"" DB 315 10.0 3TC/ABC BIC/FTC/ 16.0 10.0  93% versus
TAF 92%;
-0.6 (3.6--4.8)
GS-US-380-1490'28 DB 325 11.0 FTC/TAF BIC 17.0 10.0  93% versus
89%;
-3.5(1--7.9)
(Continue)
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Table 1. Week 48 Phase lll clinical trials of the newest once-daily antiretroviral drugs in the first-line therapy in participants with

HIV-1 infection: main characteristics (Continued)

Third Clinical trial Design Arm Female NRTIs  Comparator High Low  Efficacy: <50
drug size (n)* participants (%) arm VL (%)** CD4 (%)*** copies/ml at
48 weeks

% (95% Cl)*

BIC  *GS-US-380-1489'°'" DB 314 9.0 FTC/TAF DTG/3TC/ 17.0 11.0 92% versus
ABC 93%;
~0.6 (~4.8-3.6)
#GS-US-380-1490'>% DB 320 13.0 FTC/TAF DTG 21.0 14.0 89% versus
93%;
-35(-7.9-1)
EVG/c *GS-US-292-0104 DB 866 15.0 FTC/TAF FTC/TDF 23.0 13.0 92% versus
and 01111416 90%;
2 (-0.7-4.7)
RAL  ONCEMRK# DB 531 17.0 FTC/TDF RAL 400 28.0 13.0 90% versus
QD mg BID 90%;
-0.4 (-4.9-4)
DRV/c ¥ *AMBER?® DB 362 12.0 FTC/TAF FTC/TDF 16.6 6,1 91% versus
88%;
2.7 (-1.6-7.1)
RPV  ECHQ303132 DB 346 23.0 FTC/TDF EFV 48.0 33.00 83% versus
83%;

~0.4 (-5.9-5.2)*

RPV  THRIVE®"S3 DB 340 26.0 ONRTIs't EFV 450  33.00  86% versus
82%;
3.9 (-1.6-9.5)

1STaR 1720 oL 394 7.0 FTC/TDF EFV 34.0 13.0  86% versus
82%:
4.1 (-1.1-9.2)

DOR  *Drive-ahead?’ DB 364 16.0 3TC/TDF EFVt 20.0 120 84% versus
81%; 3.5 (-2-9)

Drive-forward® DB 383 17.0 2NRTIstt DRV/r 22.0 11.0  84% versus 80%;
3.9 (-1.6-9.4)

VL: viral load; ABC: abacavir; 3TC: lamivudine; FTC: emtricitabine; TDF: tenofovir disoproxil fumarate; TAF: tenofovir alafenamide; DTG: dolutegravir; BIC: bictegravir;
EVG/c: cobicistat-boosted elvitegravir; RAL: raltegravir; DRV/c: cobicistat-boosted darunavir; ATV/r: ritonavir-boosted atazanavir; EFV: efavirenz; RPV: rilpivirine;

DOR: doravirine; DB: double-blind; OL: open-label.

"Number of participants in the arm that includes the study drug (randomized and treated).

“% of participants with VL >100.000 copies/mL.

"% of participants with<200 CD4-+cells/ul.

fCombination therapy with coformulated NRTI: FTC/TDF.

Participants received an open-label investigator-selected regimen of background NRTIs: SPRING-2 study: TDF plus FTC (59%) or ABC plus 3TC (41%); FLAMINGO study:
TDF plus FTC (67%) or ABC plus 3TC (33%); THRIVE study: TDF plus FTC (60%), AZT plus 3TC (30%) or ABC plus 3TC (10%); DRIVE-FORWARD study: TDF plus

FTC (87%), ABC plus 3TC (13%).

841% African heritage.

*This study excluded participants with positive hepatitis B surface antigen.

¥This study excluded participants with CD4<50 cells/ul.

*Fixed dose combination (FDC).

*% of participants with CD4<200 cells/ul in pooled ECHO and THRIVE data.

*Efficacy of the study arm versus control arm; adjusted treatment difference, 95% confidence interval (Cl). Intention-to-treat (ITT) US FDA-defined snapshot algorithm unless
otherwise specified.

*“Intention-to-treat-time-to-loss of virological response (ITT-TLOVR)
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Table 2. Definition rules for virological failure and resistance testing at week 48 in the Phase lll clinical trials analyzed.

Third  Clinical trial (n) VF definition (PDVF) Criteria for resistance testing Sample
drug tested for
resistance
DTG Single (n=414)2122 2 VL >50 copies/mL on or after 2 VL > 50 copies/mL on or after week First
week 24 24
Spring-2 (n=411)89 2 VL >50 copies/mL on or after 2 VL > 50 copies/mL on or after week First
week 24 24
Flamingo (n=242)% 2 VL >200 copies/mL on or 2 VL > 200 copies/mL after week 24 First
after week 24
Aria (n=248) 2425 2 VL >400 copies/mL on or 2 VL > 400 copies/mL on or after week  First
after week 24* 24
GS-US-380-1489 (n=315)'%""  Confirmed virological rebound 2 VL > 50 copies/mL with the second Second
> 50 copies/mL or last VL > 200 copies/mL or>200 copies/mL
available HIV-1 RNA at week 48 or last study visit
> 50 copies/mL
GS-US-380-1490 (n=325)'2"3  Confirmed virological rebound 2 VL > 50 copies/mL with the second Second
> 50 copies/mL or last VLL>200 copies/mL or>200 copies/mL
available HIV-1 RNA at week 48 or last study visit
> 50 copies/mL
BIC (GS-US-380-1489 (n=314)'%"" Confirmed virological 2 VL > 50 copies/mL with the second Second
rebound>50 copies/mL or last VL > 200 copies/mL or
available HIV-1 RNA >200 copies/mL at week 48 or last
> 50 copies/mL study visit
(GS-US-380-1490 (n=320)'2"3  Confirmed virological 2 VL > 50 copies/mL with the second Second
rebound>50 copies/mL or last VL > 200 copies/mL or>200 copies/mL
available HIV-1 RNA at week 48 or last study visit
> 50 copies/mL
EVG/c  GS-US-292-0104 and VL > 50 copies/mL and<1 log,, 2 VL > 50 copies/mL after achieving < Second
0111 (n=866)1%16 reduction from baseline at 50 copies/mL and the second
week 8, or VL>50 copies/mL VL > 400 copies/mL; or
after previous suppression to < VL > 400 copies/mL at week 48 or last
50 copies/mL or>1 log,, study visit
increase from nadir
RAL Oncemrk (n=531)% VL > 40 copies/mL by week 24 VL > 500 copies/mL Second
QD or 2 VL > 40 copies/mL after
initial < 40 copies/mL
DRV/c AMBER (n=362)%¢ Confirmed < 1 log,, VL VL > 400 copies/mL Anyt
reduction from baseline
and VL > 50 copies/mL at
week 8, or VL > 50
copies/mL after previous
suppression to < 50
copies/mL or > 1 log,, VL
increase from nadir or VL
>4 00 copies/mL at
endpoint or last study visit
after week 8
(Continue)
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Table 2. Definition rules for virological failure and resistance testing at week 48 in the Phase I clinical trials analyzed. (Continued)

Third  Clinical trial (n) VF definition (PDVF) Criteria for resistance testing Sample
drug tested for
resistance
RPV ECHO (n=346)%-32 Never achieved Never achieved 2 VL < 50 copies/ First
2 VL < 50 copies/mL and mL and >0'5 log,, above nadir or 2
> 05 log,, above nadir or VL > 50 copies/mL after 2VL < 50
2 VL > 50 copies/mL after 2 copies/mL (or single when last
VL < 50 copies/mL (or single  available)
when last available)
Thrive (n=340)%"-3 Never achieved 2 VL < 50 Never achieved 2 VL <50 copies/mL First
copies/mL and > 0.5 log,, and >0.5 log,, above nadir or
above nadir or 2 VL > 50 2 VL > 50 copies/mL after 2 VL <50
copies/mL after 2 VL < 50 copies/mL (or single when last
copies/mL (or single when available)
last available)
STaR (n=394)'7-20 VL > 50 copies/mL and VL > 400 copies/mL at week 48 or Second
< 1 log,, reduction from last study visit (at or after week 8) or
baseline at week 8, or suboptimal virological response (<1
VL > 50 copies/mL after log,, decrease in VL from baseline
previous suppression to at week 8 and confirmed at the
< 50 copies/mL, or > 11log,,  subsequent visit) or confirmed VF
increase from nadir
DOR Drive-ahead (n=364)%" Confirmed VL > 200 copies/ VL > 400 copies/mL** AnyTt
mL at week 24 or week 36
or confirmed VL > 50 at
week 48 or confirmed
VL > 50 copies/mL after
initial VL < 50 copies/mL
Drive-forward (n=383)% Confirmed VL > 200 copies/ VL > 400 copies/mL*** Second

mL at week 24 or week 36 or
confirmed VL > 50 at week

48 or confirmed VL > 50

copies/mL after initial VL < 50

copies/mL

n denotes number of participants referred to overall of each treatment arm; VL: viral load; PDVF: protocol-defined virological failure; VF: virological failure;

DTG: dolutegravir; BIC: bictegravir; EVG/c: cobicistat-boosted elvitegravir; RAL: raltegravir; DRV/c: cobicistat-boosted darunavir; RPV: rilpivirine; DOR: doravirine

*VF not defined throughout ARIA study. Instead, criteria for virological withdrawal were defined as specified above.

**The plasma sample collected for resistance testing from the VF visit and the confirmation visit was tested for resistance testing provided the VL was > 400 copies/mL.
***Sample from the VF confirmation visit was sent for resistance testing if VL > 400 copies/mL or, if not available, from early discontinuation visits.

TPDVF with VL>400 copies/mL at failure (preferably confirmed, or otherwise at unconfirmed virological failure time point) or at later time points.

tBoth samples (first and second) or either one, if VL > 400 copies/mL

teria (2/15, 13.3%). In both bictegravir arms analyzed
(GS-US-380-1489/1490), up to half of the participants
with PDVF met the predefined criteria for genotyping
(one participant of three and seven of 14, respectively).
In the elvitegravir/cobicistat arm, only 19/31 (61.3%)
participants with PDVF met the resistance criteria and
five of them were not genotyped because they resup-
pressed without any treatment change; therefore, only
45.2% of the participants with PDVF were eventually
genotyped.

The raltegravir once-daily study showed the highest
rate of inconsistency between the number of partici-
pants with PDVF and those included in the RAP. Only

14 of 36 (39%) participants with PDVF were eventually
genotyped. This was related to the choice of the high-
est threshold for genotyping (> 500 copies/mL of
HIV-1 RNA) among all analyzed studies.

All participants with PDVF were genotyped in the
AMBER study (darunavir/cobicistat), though only half
(8/16) of those with virological non-response were con-
sidered VF. All participants meeting PDVF criteria were
genotyped in the rilpivirine studies ECHO and THRIVE,
but only 62.5% (20/32) in STaR. This was probably
related to the choice of a highest threshold defined for
genotyping (> 400 copies/mL) in the latter, contrary to
> 50 copies/mL in the first two studies.
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Finally, in DRIVE-AHEAD (doravirine), 13 of 22 (59.1%)
participants with PDVF were genotyped; in addition, 10
out of 35 participants discontinuing for reasons other
than PDVF, were included in RAP. In DRIVE-FORWARD,
only seven of 19 (37%) participants with PDVF plus two
of 40 participants who discontinued for reasons other
than PDVF with last HIV-1 RNA > 400 copies/mL were
genotyped.

No resistance was selected against the third drug in
any participant in the studies with dolutegravir (n = 1955
participants), bictegravir (n = 634), or darunavir/cobici-
stat (n = 362). No resistance against the backbone
NRTIs was selected with either dolutegravir, bictegravir,
or darunavir/cobicistat. Two participants assigned to
dolutegravir in the ARIA study had either K219Q or
E138G in the reverse transcriptase, with no reduced
susceptibility to any study drugs. One participant (1/362)
treated with darunavir/cobicistat was found to have one
NRTI resistance mutation (M1841/V), but it was detected
in a pre-treatment sample by deep sequencing.

Resistance against the third drug and backbone
NRTIs was commonly selected in participants with
PDVF and genotype data available in the elvitegravir/
cobicistat study. Half of the participants (7/14) geno-
typed had resistance against the NRTIs and five had
resistance in the integrase as well. The rate of partici-
pants with any resistance selected at failure was also
high among those with PDVF on raltegravir (five of 10,
50% with resistance against NRTIs, four with simultane-
ous integrase resistance mutations) with a success-
fully amplified genotype. This is particularly worrisome
as this study showed the highest discordance between
PDVF and RAP populations, with 22 of 36 participants
with PDVF not genotyped due to having an HIV-1 RNA
< 500 copies/mL.

Sixty-one of 1080 (5.6%) participants included in ril-
pivirine studies (ECHO, THRIVE, and STaR) with PDVF
and HIV-1 genotyping data available selected for some
resistance against NNRTIs (55 of 61) and against the
backbone NRTIs (58 of 61). 10 of 747 (1.3%) partici-
pants treated with doravirine selected any resistance
against NNRTIs and against the backbone NRTIs.

A variable number of participants meeting the RAP
criteria failed genotype amplification due to technical
issues, protocol violations, or trial site errors (Table 2).
Overall, there was an inverse correlation between the
threshold used in HIV-1 RNA for amplification and the
rate of participants with amplification failure. By con-
trast, the study with highest threshold for resistance
testing (raltegravir, HIV-1 RNA > 500 copies/mL), un-
expectedly disclosed a relevant rate of amplification

Llibre, et al.: Impact of VF definition in ART trials

failure (four of 14 participants who were genotyped).
We found a strong evidence of an association between
the higher HIV-1 RNA threshold for genotyping and
increasing rates of participants with PDVF that was not
eventually genotyped: < 50 copies/mL 0/110 (0%),
< 200 copies/mL, 13/32 (40-6%), <400 copies/mL
50/118 (42.4%), and < 500 copies/mL 22/36 (61.1%),
p < 0.001 (Cochran-Armitage test).

Discussion

In this systematic review of week 48 virological
outcomes in 16 treatment arms including 6175 partici-
pants in 14 Phase Ill non-inferiority RCTs of treatment-na-
ive HIV-1-infected participants, the rates of virological
non-response were low in all included RCTs, being
lower in INSTI- or Pl-based than in NNRTI-containing
regimens. Unexpectedly, despite being studies mainly
designed for drug registration and approval, we found a
high discrepancy in the criteria used to designate PDVF
and RAP populations among the studies, with thresholds
of plasma HIV-1 RNA ranging from 40 to 50, 200, 400,
and even 500 copies/mL. The higher the threshold above
which genotyping was performed in the studies; a sig-
nificantly higher rate of participants with confirmed PDVF
was not genotyped in a given study.

While all participants with virological non-response
were considered PDVF in five studies (SPRING-2, GS-
US-380-1489 and -1490, GS-US-292-0104/0111, and
STaR), the remaining studies commonly included
<50% of participants with virological non-response as
PDVF, with the lowest percentages in FLAMINGO
(13.3%), ARIA (37.5%), and DRIVE-FORWARD (44.2%).

In addition, the definitions of PDVF were frequently
different than those chosen for the inclusion in the RAP,
and therefore, a variable number of participants with
confirmed VF were not subsequently considered for
genotyping. Only five (out of six) dolutegravir studies,
the darunavir/cobicistat one, and the rilpivirine ECHO
and THRIVE studies genotyped all participants with
PDVF. However, approximately 50% or less of the par-
ticipants with PDVF were included in the RAP popula-
tion (and therefore genotyped) in the GS-US-380-1489
dolutegravir arm, both bictegravir studies, and the el-
vitegravir/cobicistat one. Only 39% of participants with
PDVF in the raltegravir once-daily study, 37% in the
DRIVE-FORWARD doravirine study (the lowest rate),
62.5% in the rilpivirine STaR study, and 59% in the
DRIVE-AHEAD study were genotyped. Not surprisingly,
this was related to the choice of the highest threshold
of HIV-1 RNA to genotype the samples at VF: 500 copies/
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mL in the raltegravir study and 400 copies/mL in both
doravirine DRIVE studies.

This opens up the possibility that variable degrees
of HIV resistance at VF may have evolved in partici-
pants with confirmed VF but which did not undergo
genotypic analysis and adds uncertainty in the inter-
pretation of the trial results.

This is particularly worrisome with drugs that have a
low barrier against resistance development and in
which, hence, HIV-1 resistance is not infrequently
found in the genotypes performed at VF. These drugs
include elvitegravir/cobicistat, raltegravir, and rilpiv-
irine, showing selection of HIV-1 resistance against
both the third drug and the NRTIs used in the back-
bone in approximately 50% of the participants with
PDVF and genotypes successfully performed. Of par-
ticular concern is the raltegravir once-daily study, with
50% (5/10) of participants genotyped successfully har-
boring mutations both in the integrase and reverse
transcriptase, but with the highest rate of inconsistency
between PDVF and RAP populations, with only 39% of
participants with PDVF included in the RAP analysis.

The dolutegravir, bictegravir, and cobicistat-boosted
darunavir studies reported no emergent resistance against
the third drugs evaluated or the backbone NRTIs. The
strength of this evidence driven by the number of indi-
viduals included in the analysis is currently very high with
dolutegravir, followed by bictegravir and was lower with
darunavir/cobicistat. However, prior data with darunavir/
ritonavir in the ARTEMIS study add further evidence on
the absence of resistance selection with this drug®.

A variable number of participants included in the RAP
are not eventually genotyped for a variety of reasons,
mainly spontaneous resuppression with no treatment
change. In some cases, pharmacokinetic studies con-
firm low or absent plasma levels of the study drugs along
the transient VF, therefore, confirming treatment non-
adherence. However, this does not preclude resistance
selection. Some cases do not have a valid amplification
due to technical issues or trial site errors. This information
is not easily obtained or is lacking in most of the presen-
tations/publications and should be more clearly depicted
in the resistance analysis tables to allow a complete in-
terpretation of the resistance shown in the studies.

In addition, the failure to detect resistance (by stan-
dard population genotyping amplification) does not
necessarily rule out the existence of resistance, and
having had a PDVF while receiving low resistance bar-
rier drugs have clinical implications for future treatment
choices. Once resistance has developed to a drug or
drug class through cross-resistance, resistant viruses

are archived in lymphoid cells, and responses to the
drug are compromised indefinitely®®.

When selecting a subsequent regimen in participants
with confirmed VF despite the lack of genotypic resis-
tance tests, these limitations should be borne in mind,
especially when considering some simplification strate-
gies including dual therapies (such as dolutegravir/la-
mivudine, dolutegravir/rilpivirine, or cabotegravir/rilpiv-
irine long-acting regimens). A twice-daily dose of DTG
should even be considered in some of these cases with
confirmed VF on an INSTI regimen despite the lack of
genotype data available, particularly when the activity
of other drugs in future regimens is compromised.

The choice of higher thresholds of HIV-1 RNA to
perform a genotyping is usually attributed to the lack
of validation of these FDA-approved tests in partici-
pants with < 1000 copies/mL, and the possibility of
rendering inaccurate genotypic results with lower viral
loads.? Routine and in-house assays can, however, be
adapted to perform at low viral load levels with high
success rates. In a recent analysis with 4915 samples,
88% of low-level viremia (< 1000 copies/mL) resistance
assays produced useable sequences, with higher suc-
cess at higher VL. Up to 70% of samples with HIV-1
RNA 100-199 copies/mL and 79-91% with 200-400
copies/mL had a valid amplification and, of interest, the
results appeared predictive of future virological out-
comes®®37. Therefore, test limitations are no longer a
reason to hinder genotyping samples from participants
with lower level viremia at VF in Phase llI clinical trials.
While not validated assays might not be acceptable by
the regulatory agencies, the information should be ad-
ditionally offered in all registrational Phase Il studies.

The effect of low-range low-level viremia (51-199
copies per mL) on subsequent failure of ART remains
unclear®. However, a recent analysis has shown that
the Cox proportional hazards analysis of the associa-
tion between this stratum of low-level viremia and con-
firmed VF on the first-line ART is 2.0 (95% Cl=1.8-2.2),
increasing the risk with increased ranges of low-level
viremia®”. The risk was significantly increased even
after a single measurement of low-range low-level vire-
mia of 51-199 copies/mL.

Current guidelines define VF as a confirmed viral
load > 200 copies/ml, a threshold that eliminates most
cases of apparent viremia caused by viral load blips
or assay variability.” Therefore, at a minimum, genotyp-
ing should be attempted on all participants with con-
firmed VF at this threshold in clinical trials.

Further, variability exists in trial methodology as
some trials perform the genotype on the first sample at



VF while others do it in the second or last confirmatory
sample (Table 1). One trial performed a genotype in
both the first and second samples®. The question is
not trivial, as using the second confirmatory sample
may allow for variable periods of low or intermediate
viral replication before the analysis (that may last up to
some weeks even in highly controlled RCTs) and lead
to the accumulation of further HIV resistance.

An elegant ad hoc analysis of elvitegravir/cobicistat
studies has shown that first failure found fewer partici-
pants with emergent resistance than the analysis done
at the later confirmation of VF*°. The first failure time-
point underestimates emergent resistance mutations
and may not fully describe the extent of resistance that
developed at the time of a subsequent regimen switch.
Therefore, an agreement must be reached in all clinical
trials to perform the genotype in the same timepoint
sample at VF to allow a fair comparison, with the best
results obtained at the last confirmatory sample.

A limitation of our analysis was the incomplete re-
trieval of data regarding confirmed VF with HIV-1 RNA
> 200 copies/mL at week 48 in those trials without this
predefined limit, according to the FDA-defined VF. This
lack of information has hindered the homogenization of
VF threshold in each trial to perform an even com-
parison of virological outcomes among all RCTs in-
cluded in the systematic review. Moreover, all analyses
used population sequencing, which does not detect
low-frequency mutations.

In summary, there is a significant variation in the
definitions of VF and criteria predefined for resistance
testing in pivotal registration randomized studies of an-
tiretroviral agents in treatment-naive participants. There-
fore, a relevant proportion of participants with confirmed
VF do not undergo an HIV genotype evaluation. We
recommend the use of common standardized criteria in
all studies to provide an accurate direct comparison
and suggest that all participants with confirmed VF and
any VL - or at least a VL > 200 copies/mL - should
undergo genotypic analysis. This would reduce the un-
certainty of resistance selection and its potential clinical
impact in those participants with confirmed VF without
a genotype. The sample used for genotyping should
also be standardized, and data suggest that using the
second or confirmatory sample would be optimal.
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