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Summary
Background HIV-1 pan-resistance refers to a reduced susceptibility to nucleoside reverse transcriptase inhibitors,
non-nucleoside reverse transcriptase inhibitors, protease inhibitors and integrase strand tranfer inhibitors. Although

still anecdotal, its management remains a concern both for affected people living with HIV (PLWH) and for public
health.

Methods We described genotypic resistance testing (GRT) of three PLWH with a documented poor virological
response to previous antiretroviral therapies, who started ibalizumab, an anti-CD4 monoclonal antibody, combined
with an optimized background therapy. Both historical and most recent GRT on plasma RNA and peripheral blood
mononuclear cell DNA were interpreted according to the Stanford HIVDD version 9.0 (last updated on 22 February,
2021). After the switch to a regimen including the monoclonal antibody, HIV-1 RNA has been quantified biweekly
(PCR Cobas® HIV-1 test 6800 Systems, Roche Diagnostics). Follow-up was censored at data freezing (16 January,
202I).

Findings We report findings from heavily treatment-experienced PLWH with a pan-resistant HIV-1 infection, who
achieved virological control once introduced injections of ibalizumab, that is free from cross-resistance with all the
antiretroviral drugs available and ensures patient adherence due to a close monitoring attributable to the route of
administration, combined with recycled enfuvirtide and an optimized background regimen, selected on the basis of
an accurate evaluation of resistance mutations.

Interpretation In these cases, this new approach has revealed to be a turning point in achieving virological control.
Funding None, this research was supported by internal funding.
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Introduction new drugs, such as ibalizumab (IBA) and fostemsavir,
Antiretroviral therapy (ART) has revolutionized the in people with limited options.”* ‘
course of HIV infection, reducing mortality and improv- Although the prevalence of three and four-class resis-

ing the quality of life for people living with HIV ~ tance has been estimated about 5—10% in Europe and
(PLWH).' However, the emergence of HIV-1 drug resis- < 3% in North America with a high rate of morbidity
tance has raised concerns because it represents a major ~ and mortality, HIV-1 pan-resistance is still anecdotal
determinant of treatment failure.> For that purpose, ~ and refers to a limited susceptibility to five antiretroviral
international guidelines recommend to define a tailored ~ classes, including nucleoside reverse transcriptase
therapy based on genotypic resistance testing (GRT) in  inhibitors (NRTIs), non-nucleoside reverse transcriptase

PLWH with virological failure (VF), also considering  inhibitors (NNRTIs), protease inhibitors (PIs), and inte-
grase strand transfer inhibitors (InSTIs), suggesting

that it could be a challenge for individual management
as well as for public health.> ® Emerging evidence of
HIV-1 resistance has stressed the need to develop drugs
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Research in context

Evidence before this study

References were identified in PubMed with the search
terms “HIV drug resistance”, “HIV-1” and “multi-drug resis-
tance” or, “multi-drug class resistance”, “ibalizumab”, “fos-
temsavir”, and “enfuvirtide” from 1985 until June, 2021.
Only papers published in English were reviewed. The final
reference list was generated on the basis of originality
and relevance to the broad scope of this paper.

Over the last four decades, while life expectancy of
most people living with HIV infection has been signifi-
cantly improved through highly-active antiretroviral
therapy, a minority of people have developed multidrug
resistance, and in anecdotal cases pan-resistance,
defined as a limited susceptibility to the main four anti-
retroviral classes. To the best of our knowledge, three
cases of pan-resistance to each of the five available anti-
retroviral classes, including entry inhibitors, have been
reported. Pan-resistance represents a life-threatening
condition for the individual as well as for public health,
owing to the risk of pan-resistant virus transmission
from people who do not achieve virological suppres-
sion. In this context, taking into account historical geno-
types and performing resistance testing when clinically
appropriate is highly recommended by international
guidelines, with the aim of building an antiretroviral
regimen capable of the best achievable control. In the
absence of fully active drugs, the development of mole-
cules with innovative mechanisms of action as well as
an accurate management of therapeutic tools are cru-
cial for the survival of these people.

Added value of this study

Here we report a series of three people with pan-resis-
tance including reduced susceptibility to entry inhibi-
tors. All of them were previously enrolled in the phase 3
BRIGHTE trial involving subjects with multidrug resistant
HIV-1 infection and limited treatment options. After the
aforementioned subjects developed protocol-defined
virological failure related to non-adherence and associ-
ated to a reduced susceptibility to the investigational
HIV-1 attachment inhibitor fostemsavir, we proposed a
new strategy to achieve virological control. Our
approach combines a deep assessment of the historical
and current resistance mutations in order to tailor an
optimized background therapy with the use of the first
monoclonal antibody blocking HIV-1 entry ibalizumab
together with the recycling of enfuvirtide.

Implications of all the available evidence

Implications of all the available evidence: The control of
the HIV epidemic cannot disregard the management of
people with multidrug resistant and pan-resistant infec-
tions. Our experience shows that it is feasible to achieve
virological control in people living with pan-resistant
HIV-1 infection, thus reducing their risk of morbidities,
mortality and pan-resistant HIV-1 transmission.

with novel mechanisms of action, such as fostemsavir,
an attachment inhibitor, lenacapavir, a capsid inhibitor,
islatravir, a nucleoside reverse transcriptase transloca-
tion inhibitor, and IBA, an anti-CD4+ humanized
monoclonal antibody that blocks the entry of HIV-1 by
binding to CD4+ cell-surface receptors.

We present a case series where we combined both a
deep assessment of the historical and current resistance
mutations to tailor an optimized background regimen
(OBR) including any drug with a residual antiretroviral
activity and a new therapeutic approach based on the
use of IBA; it represented an “induction treatment” to
get virological control; once this target was achieved, a
“maintenance treatment” was proposed, with the main
aim to promote good tolerability and adherence.

Methods

Ethics

The treatment here reported received the authorization
of the Italian Medicines Agency (AIFA), which supplied
ibalizumab by means of the 5% Fund, providing sup-
port for the use of orphan drugs for the treatment of
rare diseases and potential life-saving drugs, not yet
available on the market, for particular and serious dis-
eases. AIFA authorization was then notified to the
Ethics Committee of IRCCS San Raffaele Scientific
Institute, as recommended for retrospective studies.
The research here described was conducted in accor-
dance with the World Medical Association Declaration
of Helsinki. Each subject read and subscribed a written
informed consent for treatment, collection and use of
data or samples, and being included in scientific publi-
cations.

Cases

Three PLWH followed at IRCCS San Raffaele Scientific
Institute (Milan, Italy) were considered for this retro-
spective study. At the start of IBA combined with the
OBR (baseline), a validated in-house method was used
to identify mutations in the reverse transcriptase, prote-
ase and integrase genes; HIV-1 RNA was extracted from
patients’ plasma samples using QIAamp viral RNA kit
(Quiagen, Valencia, CA). Synthesis and amplification of
cDNA were performed in a single step by using the
commercial SuperScript III One-Step RT-PCR System
with Platinum Taq DNA Polymerase (Invitrogen) and
specific external primers. Outer and inner primers were
designed to amplify overlapping fragments within the
pol region in order to obtain genes separately, providing
an increaased efficiency of the amplification. We also
performed GRT on peripheral blood mononuclear cell
(PBMC) HIV-1 DNA, using an “home-made” protocol.
HIV-1 DNA was extracted from PBMCs by QIAamp
DNA Viral Mini kit, Qiagen); HIV-1 DNA levels were
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determined by a Tagman real-time quantitative PCR
assay result PCR-products were sequenced by using the
BigDye terminator v.3.1 cycle sequencing kit (Applied
Biosystems), and an automated sequencer (ABI 3130
XL). GRT on plasma HIV-RNA and PBMC HIV-DNA
were interpreted according to the Stanford University
HIV Drug Resistance Database version 9.0 (hivdb.stan-
ford.edu/hivdb/by-sequences/, last updated on 22 Feb-
ruary, 2021).° We also analyzed previous historical GRT
and plasma levels of viro-immunological markers col-
lected from diagnosis to data freezing.

Study medications

IBA was administered intravenously at a 2000 mg load-
ing dose followed by an 8oo mg maintenance dose
every 14 days. Enfuvirtide (ENF) was injected subcuta-
neously at a 9o mg twice daily (td) dose until a stable
virological control was reached. The OBR consisted of
approved antiretrovirals at the recommended dosage,
and the regimen was tailored based on GRT-driven sus-
ceptibility prediction, clinical and pharmacological his-

tory.

Follow-up

Since baseline, HIV-1 RNA had been quantified
biweekly or monthly using PCR Cobas® HIV-1 test
6800 Systems, Roche Diagnostics; undetectable viral
load was defined as HIV-1 RNA < 50 copies/mL. HIV-1
coreceptor usage was determined as formerly
described.”® The follow-up was censored at data freezing
(16 January, 2021). HIV-1 RNA and CD4+ cell count col-
lected before and after baseline are reported in
Figures. 1—3.

Role of funders
This research was supported by internal funding.

Results

Case 1 is a 62-year-old man known for a sexually-trans-
mitted HBV and HIV-1 subtype B co-infection since
1986 and treated with ART from 1990. Opportunistic
infections, such as esophageal candidiasis and neurotox-
oplasmosis, recurrently occurred due to a poor immune
recovery (CD4+ T-cell count < 100 cells/pL). He never
maintained a stable virological suppression, partly due
to a scarce drug adherence. In 2016, he met elegibility
criteria for enrollment into the BRIGHTE trial
(NCT02362503) as part of the non-randomised cohort;
he started a regimen with fostemsavir (FTR) plus an
OBR including atazanavir/cobicistat (ATV/c) 300/
150 mg once daily (od) plus maraviroc (MVC). A prior
treatment failure under MVC was reported, with Rj tro-
pism at screening. A modest drop in HIV-1 RNA rang-
ing from 294,300 copies/mL at start of FTR+OBR to a
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nadir of 56,358 copies/mL was described at study week
4, CD4+ count of 12 cells/uL peaked at 27 cells/uL at
week 8. Drug accountability indicated non-adherence to
FTR+OBR. He met protocol-defined VF (PDVF) criteria
at day 172 with emergent gpi6o amino acid subsitu-
tions at M426 M/L, and temsavir (TMR) half-maximal
inhibitory concentration (IC50) fold change (FC)
increased from 0-37 to 17-0 (Table 1, Case 1). Before
baseline, GRT both in plasma HIV-RNA and PBMC
HIV-DNA were performed, revealing a CXCR4-tropic
virus and high-level resistance to all the drugs tested,
except for intermediate resistance to darunavir/ritonavir
(DRV/r) and potential low-level resistance to tipranavir/
r (TPV/r), according to the presence of the major resis-
tance mutations V32I, M46L, Is0V, V82AS, LgoM
(Table 1, Case 1). At baseline, HIV-t RNA was
275,000 copies/mL and CD4+ 9 cells/uL (0.9%). IBA
was associated to DRV/r 6oo/100 mg td (because of a
potential residual activity), recycled ENF 9o mg td, and
emtricitabine/tenofovir alafenamide (FTC/TAF) 200/
10 mg od, because several studies support the evidence
that NRTIs can retain efficacy despite the predominance
of variants bearing the M184V/I mutation, according to
the hypothesis that maintaining the M184V/I mutation
can represent an advantage in terms of viral replica-
tion.""* Case 1 showed a viremia ranging between 100
and 600 copies/mL from week 10. At week 34, ENF
was stopped as planned, because an improved stable
virological control was reached, and dolutegravir (DTG)
so mg td was added. At week 76, HIV-1 RNA was
948 copies/mL and CD4+ count 30 cells/pL (2-5%).
Case 2 is a 56-year-old man with a sexually-transmit-
ted subtype B HIV-1 infection treated since 1995. Over
time, he developed a severe lipodystrophy, relapsing
skin lesions caused by Molluscum contagiosum, atypical
mycobacteriosis, and a life-threatening multi-drug resis-
tant (MDR) Pseudomonas aeruginosa pneumonia. He
never achieved stable virological suppression or CD4+
cell recovery, consistently < 100 cells/puL. In 2016, he
was enrolled into the non-randomized cohort of the
BRIGHTE trial, where investigational FTR was added to
an initial OBR of DTG 50 mg td, DRV/r 6oo/100 mg td
and FTC/tenofovir disoproxil fumarate (TDF) 200/
300 mg od. Viral load and CD4+ cells did not meaning-
fully improve (the nadir viral load was 13,354 copies/mL
at week 16). Drug accountability indicated non-adher-
ence to FTR+OBR. He met PDVF criteria at week 36
with emergent M426L and ICs50 FC increase from 7-56
at baseline to > 4670 (Table 1, Case 2). He was with-
drawn from the BRIGHTE study after he developed
Cytomegalovirus pneumonia. Baseline GRTs on PBMC
HIV-DNA predicted susceptibility to doravirine (DOR),
not yet available in our country at that time, low-level
resistance to rilpivirine (RPV), potential low-level resis-
tance to etravirine (ETR) and intermediate resistance to
efavirenz (EFV), but high-level resistance was predicted
on past plasma HIV-RNA to every NNRTI, except for
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Figure 1. On the top: major resistance mutations on HIV-RNA at ibalizumab start (according to Stanford HIVDb version 9.0, last
updated on 2021-02-22), from the right to the left on NRTI, NNRTI, PI, InSTI. Graphic: HIV-RNA (orange line) and CD4+ T-cell count
(blue line) trend represented by all the available values since the first years after HIV-1 infection diagnosis to ibalizumab start (blue
arrow on the right), and then monthly until data freezing. Antiretroviral dosages: enfuvirtide 90 mg iv twice daily (td), darunavir/rito-
navir 600/100 mg td, maraviroc 300 mg td, dolutegravir 50 mg td, fostemsavir 600 mg td, ibalizumab administered iv at a 2000 mg

loading dose followed by 800 mg every 14 days.

intermediate resistance to DOR (Table 1, Case2). An
intermediate resistance to DRV/r was highlighted both
in cumulative and baseline plasma HIV-RNA and
PBMC HIV-DNA (according to the presence of the
major resistance mutations V32I, M46L, I54A, 184V,
LgoM). High-level resistance to the other available
drugs was reported, including CXCR4 tropism. Past
GRTs on plasma HIV-RNA documented a G3GE and
L34M mutation for ENF; viral susceptibility to ENF was
not evaluated at baseline. At baseline, he had HIV-1
RNA 62,600 copies/mL and CD4+ 5 cells/uL (0-7%).
On the basis of the described resistance prediction, we
built an OBR including DRV/r 6oo/100 mg td, FTC/
TAF/RPV 200/25/25 mg od, ENF 9o mg td. Because of
the very limited therapeutical options, we added MVC
to target residual Rj variants and maximize the antiviral
activity of OBR.” Case 2 viremia reached values
permanently < 100 copies/mL from week 4. A transient
virological rebound was observed between week 24 and
34 (3690 copies/mL), correlating with ENF interruption
because of reduced tolerance. However, upon restarting
ENF he achieved complete virological suppression until
once again stopped ENF at week 772, due to painful nod-
ules at injection sites. At week 76, HIV-1 RNA was
< 50 copies/mL and CD4+ count 25 cells/pL (2:5%).
Case 3 is a 24-year-old male with a mother-to-child
transmitted subtype F HIV-1 infection, on ART since
1997 after being diagnosed with Pneumocystis jirovecii
pneumonia and disseminated Cytomegalovirus infection.

Despite several antiretroviral regimens, he never
achieved a stable virological control. In 2016, he met
the criteria to be enrolled into the randomised cohort of
the BRIGHTE trial, thus he received investigational
FTR 6oo mg td added to an initial OBR consisting of
ATV/r plus DTG td. ENF resulted fully active at the
time of enrollment, but the patient refused its use as
injectable drug. DTG was the only OBR agent assessed
as “fully active”, although previous exposure and a docu-
mented raltegravir (RAL) resistance. During BRIGHTE,
he reached HIV-1 RNA < 40 copies/mL between study
weeks 12 and 36, with increase in CD4 count from 180
to 540 cells/uL. At week 6o, he met PDVF criteria.
Drug accountability indicated non-adherence to FTR
+OBR. Pre-enrollment GRT revealed a polymorphic
amino acid replacement on M426L and M434V which
was detected also at week 6o, while TMR IC50 FC
increased from 181 at baseline to 288 at PDVF (Table 1,
Case 3). He was discontinued from BRIGHTE at week
156 due to lack of efficacy likely attributed to underlying
non-adherence to treatment. Before baseline, plasma
HIV-RNA and PBMC HIV-DNA GRT were performed,
showing a resistance profile to most of the drugs in
each antiretroviral class (Table 1, Case 3). GRTs on
PBMC HIV-DNA showed susceptibility to FTC/lamivu-
dine (3TC) and intermediate resistance to TDF/TAF
and abacavir (ABC), while high-level resistance resulted
from previous plasma HIV-RNA tests. Intermediate
resistance to DOR and ETR resulted from all the

www.thelancet.com Vol 77 Month March, 2022



Articles

Major resistance mutations on Mail, D67N, K70Q, M1841, L210W, V321, M46L, I54A, 184V,
ekl TSy, KR
10000000 - Fostemsavir
Dolutegravir
Darunavir/r
1000000 -|
?
Maraviroc e -~ Ibalizumab
100000 -| Enfuvirtide 1_ e o Po o0 "2
_ lv » N — 8 ¢ ? e bo~ ® é S
z - LobF .
- 1 * L
g 10000 | . v ¢ =
8 B
E
[ 1000
=
T
100
§) [Fee===—=======}======rg=- S====r—R========== = S==SSST=SE=T=SS=STTTTTTTTSTSTTTTTTTTTESTSTIEC e
10 |

LI B I B I I I I B e e i 4

1995

Time (years)

- HIV RNA —e— CD4

Figure 2. On the top: major resistance mutations on HIV-RNA at ibalizumab start (according to Stanford HIVDb version 9.0, last
updated on 2021-02-22), from the right to the left on NRTI, NNRTI, PI, InSTI. Graphic: HIV-RNA (orange line) and CD4+ T-cell count
(blue line) trend represented by all the available values since the first years after HIV-1 infection diagnosis to ibalizumab start (blue
arrow on the right), and then monthly until data freezing. Antiretroviral dosages: enfuvirtide 90 mg iv twice daily (td), darunavir/rito-
navir 600/100 mg td, maraviroc 300 mg td, dolutegravir 50 mg td, fostemsavir 600 mg td, ibalizumab administered iv at a 2000 mg

loading dose followed by 800 mg every 14 days.
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Figure 3. On the top: major resistance mutations on HIV-RNA at ibalizumab start (according to Stanford HIVDb version 9.0, last
updated on 2021-02-22), from the right to the left on NRTI, NNRTI, PI, InSTI. Graphic: HIV-RNA (orange line) and CD4+ T-cell count
(blue line) trend represented by all the available values since the first years after HIV-1 infection diagnosis to ibalizumab start (blue
arrow on the right), and then monthly until data freezing. Antiretroviral dosages: enfuvirtide 90 mg iv twice daily (td), darunavir/rito-
navir 600/100 mg td, maraviroc 300 mg td, dolutegravir 50 mg td, fostemsavir 600 mg td, ibalizumab administered iv at a 2000 mg

loading dose followed by 800 mg every 14 days.
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Class Sample, time Major resistance mutations Drug Cumulative Baseline Plasma HIV-RNA PBMC HIV-DNA
Case 1 NRTI Plasma HIV-RNA, D67N, K70E, L74IL, Y115F, ABC High-Level High-Level High-Level na RESISTANCE
historical Q151M, M184MV, K219EK PREDICTION
PBMC HIV-DNA, na FTC High-Level High-Level High-Level na
historical
Plasma HIV-RNA, D67N, K70E, Y115F, Q151M, 3TC High-Level High-Level High-Level na
baseline M184v
PBMC HIV-DNA, na TDF/TAF High-Level High-Level High-Level na
baseline
NNRTI Plasma HIV-RNA, L100IL, G190Q, F227L DOR High-Level High-Level High-Level na
historical
PBMC HIV-DNA, na EFV High-Level High-Level High-Level na
historical
Plasma HIV-RNA, L100IL, V106AV, G190Q, ETR High-Level High-Level High-Level na
baseline F227FL
PBMC HIV-DNA, na NVP High-Level High-Level High-Level na
baseline
RPV High-Level High-Level High-Level na
Pl Plasma HIV-RNA, M46L, 150V, V82AS, L9OM ATV/r High-Level High-Level High-Level na
historical
PBMC HIV-DNA, na DRV/r Intermediate Intermediate Intermediate na
historical
Plasma HIV-RNA, V32l, M46L, 150V, V82A, LO0OM LPV/r High-Level High-Level High-Level na
baseline
PBMC HIV-DNA, na TPV/r Potential Low-Level Potential Low-Level Potential Low-Level na
baseline
InSTI Plasma HIV-RNA, E138K, G140S, Y143CRHY, BIC High-Level High-Level High-Level High-Level
historical Q148H
PBMC HIV-DNA, E138EK, G140GS, Y143YCHR, DTG High-Level High-Level High-Level High-Level
historical Q148QH
Plasma HIV-RNA, E138K, G140S, Y143R, Q148H EVG High-Level High-Level High-Level High-Level
baseline
PBMC HIV-DNA, E138EK, G140GS, Y143YCHR, RAL High-Level High-Level High-Level High-Level
baseline Q148QH
Entry Inhibitors Plasma HIV-RNA, CXCR4 (range FPR 0-2-6-7%); MVC Not effective Not effective Not effective Not effective

Table 1 (Continued)

historical

gp41: no mutations
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Class Sample, time Major resistance mutations Drug Cumulative Baseline Plasma HIV-RNA PBMC HIV-DNA
PBMC HIV-DNA, CXCR4 (FPR 1-7%); gp41: no
historical mutations
Plasma HIV-RNA, CXCR4 (FPR 1-7%); gp41: na ENF Susceptible na Susceptible Susceptible
baseline
PBMC HIV-DNA, CXCR4 (FPR 1-7%); gp 41: na
baseline
Plasma HIV-RNA, no mutations FTR Reduced susceptibil- na Reduced susceptibility to na
BRIGHTE baseline ity to TMR? TMR?
Plasma HIV-RNA, M426M/L
BRIGHTE PDVF
Case 2 NRTI Plasma HIV-RNA, M41L, D67N, K70Q, M184l, ABC High-Level High-Level High-Level High-Level RESISTANCE
historical L210W, T215Y, K219R PREDICTION
PBMC HIV-DNA, M41L, D67N, K70Q, M184, FTC High-Level High-Level High-Level High-Level
historical L210W, T215Y, K219R
Plasma HIV-RNA, M41L, D67N, K70Q, M184l, 3TC High-Level High-Level High-Level High-Level
baseline L210W, T215Y, K219R
PBMC HIV-DNA, M41L, D67N, K70Q, M184l, TDF/TAF High-Level High-Level High-Level High-Level
baseline L210W, T215Y, K219R
NNRTI Plasma HIV-RNA, K101KE, Y181V, G190A DOR Intermediate Susceptible Intermediate Susceptible
historical
PBMC HIV-DNA, G190A EFV High-Level Intermediate High-Level Intermediate
historical
Plasma HIV-RNA, G190A ETR High-Level Potential Low-Level High-Level Potential Low-Level
baseline
PBMC HIV-DNA, G190A NVP High-Level High-Level High-Level High-Level
baseline
RPV High-Level Low-Level High-Level Low-Level
Pl Plasma HIV-RNA, V32l, M46L, I54A, 184V, L9OM ATV/r High-Level High-Level High-Level High-Level
historical
PBMC HIV-DNA, V32I, M46L, I54A, 184V, L9OM DRV/r Intermediate Intermediate Intermediate Intermediate
historical
Plasma HIV-RNA, V32l, M46L, I54A, 184V, L90OM LPV/r High-Level High-Level High-Level High-Level
baseline
PBMC HIV-DNA, V32I, M46L, 154A, 184V, L9OM TPV/r High-Level High-Level High-Level High-Level
baseline

Table 1 (Continued)
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Class Sample, time Major resistance mutations Drug Cumulative Baseline Plasma HIV-RNA PBMC HIV-DNA
InSTI Plasma HIV-RNA, E138A, G140S, Y143H, Q148H BIC High-Level High-Level High-Level High-Level
historical
PBMC HIV-DNA, E138A, G140S, Q148H DTG High-Level High-Level High-Level High-Level
historical
Plasma HIV-RNA, E138A, G140S, Q148H EVG High-Level High-Level High-Level High-Level
baseline
PBMC HIV-DNA, E138A, G140S, Q148H RAL High-Level High-Level High-Level High-Level
baseline
Entry Inhibitors Plasma HIV-RNA, CXCR4 (range FPR 0-4-2.68%); MmvC Not effective Not effective Not effective Not effective
historical gp41: G36E, L34M
PBMC HIV-DNA, CXCR4 (FPR 5-8%); gp41: no
historical mutations
Plasma HIV-RNA, CCRS (FPR 69-8%); gp41: no ENF Potential resistance Susceptible Potential resistance Susceptible
baseline mutations
PBMC HIV-DNA, CXCR4 (FPR 3:1%); gp41: no
baseline mutations
Plasma HIV-RNA, no mutations FTR Reduced susceptibil- na Reduced susceptibility na
BRIGHTE baseline ity to TMR® to TMR®
Plasma HIV-RNA, M426L
BRIGHTE PDVF
Case 3 NRTI Plasma HIV-RNA, M41L, D67N, T69Si, M184IMV, ABC High-Level Intermediate High-Level Intermediate RESISTANCE
historical L210W, T215Y, K219EK PREDICTION
PBMC HIV-DNA, M41L, D67N, L210W, T215H, FTC High-Level Susceptible High-Level Susceptible
historical K219E
Plasma HIV-RNA, M41L, D67N 3TC High-Level Susceptible High-Level Susceptible
baseline
PBMC HIV-DNA, M41L, D67N, L210W, T215H, TDF/TAF High-Level Intermediate High-Level Intermediate
baseline K219E
NNRTI Plasma HIV-RNA, L100IL, K103N DOR Intermediate Intermediate Intermediate Intermediate
historical
PBMC HIV-DNA, L100IL, K103N EFV High-Level High-Level High-Level High-Level
historical
Plasma HIV-RNA, L100I, K103N ETR Intermediate Intermediate Intermediate Intermediate
baseline
L100l, K103N NVP High-Level High-Level High-Level High-Level

Table 1 (Continued)
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Class Sample, time Major resistance mutations Drug Cumulative Baseline Plasma HIV-RNA PBMC HIV-DNA
PBMC HIV-DNA,
baseline
RPV High-Level High-Level High-Level High-Level
Pl Plasma HIV-RNA, M46L, 150V, V82A, L90OM ATV/r High-Level High-Level High-Level High-Level
historical
PBMC HIV-DNA, M46L, I50L, V82VA, L90OM DRV/r Low-Level Resistance Susceptible Low-Level Susceptible
historical
Plasma HIV-RNA, M46L, I50L, L9OM LPV/r High-Level High-Level High-Level High-Level
baseline
PBMC HIV-DNA, M46L, I50L, V82VA, L90OM TPV/r Susceptible Susceptible Susceptible Susceptible
baseline
InSTI Plasma HIV-RNA, Y143CHRY, S147G, N155H BIC Intermediate Intermediate Intermediate Intermediate
historical
PBMC HIV-DNA, S147G, N155H DTG Intermediate Intermediate Intermediate Intermediate
historical
Plasma HIV-RNA, none EVG High-Level High-Level High-Level High-Level
baseline
PBMC HIV-DNA, $147G, N155H RAL High-Level High-Level High-Level High-Level
baseline
Entry Inhibitors Plasma HIV-RNA, CCR5 (range FPR 50-5-87-8%); MVC Not effective Not effective Susceptible Not effective
historical gp41:L34M
PBMC HIV-DNA, CXCR4 (FPR 1-8%); gp41: L34M
historical
Plasma HIV-RNA, CCRS (FPR 86-2%); gp41: L34M ENF Susceptible Susceptible Susceptible Susceptible
baseline
PBMC HIV-DNA, CXCR4 (FPR 1-8%); gp41: L34M
baseline
Plasma HIV-RNA, M426L FTR Reduced susceptibil- na Reduced susceptibility na
BRIGHTE baseline ity to TMR® to TMR®
Plasma HIV-RNA, M426L

BRIGHTE PDVF

Table 1: Case 1-2-3. On the left: major resistance mutations according to Stanford HIVDDb version 9.0 (last updated on 2021-02-22) detected on plasma HIV-RNA and peripheral blood mononuclear cell
(PBMC) HIV-DNA, cumulative (all the available tests, baseline included) versus baseline (test collected just before ibalizumab plus Optimized Background Therapy starting). NRTI, nucleoside reverse
transcriptase inhibitor; NNRTI, nonnucleoside reverse transcriptase inhibitor; Pl, protease inhibitor; InSTI, Integrase strand transfer inhibitor; FPR, false positive rate; PDVF, protocol-defined

virological failure; na, not available.

On the right: resistance prediction according to Stanford HIVDD version 9.0 (last updated on 2021-02-22) for the drugs of common use for each class, distinguished based on time (cumulative plasma + PBMC GRTs versus base-
line plasma + PBMC GRTs) and sample (cumulative plasma GRTs versus cumulative PBMC GRTSs). ABC, abacavir; FTC, emtricitabine; 3TC, lamivudine; TDF/TAF, tenofovir disoproxil fumarate/tenofovir alafenamide; DOR, dor-
avirine; EFV, efavirenz; ETR, etravirine; NVP, nevirapine; RPV, rilpivirine; ATV/r, atazanavir/ritonavir; DRV/r, darunavir/r; LPV/r, lopinavir/r; TPV/x, tipranavir/r; BIC, bictegravir; DTG, dolutegravir; EVG, elvitegravir; RAL,
raltegravir; MRV, maraviroc; ENF, enfuvirtide. (a,b,c) Viral susceptibility to temsavir (TMR) at baseline and after PDVF was reported as fold change (FC) in half-maximal inhibitory concentration (IC50) and were (a) 0-37 and 17; (b)

7-56 and >4669-6; (c) 181 and 288, respectively.
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available tests, as well as low-level resistance to DRV/r
and susceptibility to TPV/r. Further, intermediate resis-
tence emerged in all GRTs for DTG and bictegravir
(BIC). A CCRs-tropic virus was identified in plasma
HIV-RNA, while PBMC HIV-DNA revealed a CXCR4-
tropic virus. Only a minor L34M mutation was detected
for ENF, described as strongly associated with CXCR4
tropism and a marginal reduction in ENF susceptibility.
At baseline, he had HIV-1 RNA 21,966 copies/mL and
CD4+ 278 cells/uL (13-:6%). We built an OBR which
included DTG 50 mg td, MVC 300 mg td, FTC/TAF/
RPV od, and ENF go mg td. Case 3 reached HIV-1 RNA
levels steadily below 200 copies/mL following a single
loading dose of IBA, frequently achieving HIV-1
RNA < 50 copies/mL. At week 12, ENF was stopped
because of stable viral control, and DRV/r 600/100 mg
td was introduced. At week 98, HIV-1 RNA was 84 cop-
ies/mL with CD4+ count 341 cells/pL (13-2%).

Discussion

We described three cases of people living with a pan-
resistant HIV-1 infection, who reached virological con-
trol after introducing IBA and recycling ENF in associa-
tion with an OBR based on current and historical GRT.
All the PLWH had a mild increase of CD4+ cell count
once started IBA and none of them has developed
opportunistic infections during the observation period;
our findings are consistent with data on IBA previously
published in the setting of MDR infection.”® IBA has
been introduced as a rescue therapy for PLWH with
MDR resistance; hence, its cost has been considered
affordable if its use is restricted to heavily treatment-
experienced (HTE) PLWH who have limited treatment
options.”” Moreover, the choice of a directly observed
therapy received biweekly in the hospital has certainly
allowed reinforcing adherence to oral and subcutaneous
ART regularly, even during the SARS-CoV-2 pandemic.
In addition, local discomfort due to ENF subcutaneous
injection was the only reported adverse event related to
OBR and did not affect their compliance.

A personalized OBR strategy was tailored both using
historical and current plasma HIV-RNA GRT and also
performing HIV-DNA GRT to detect resistance muta-
tions harboured in PBMC. Furthermore, the assess-
ment of resistance detected in HIV-DNA GRT has
proved to have a potential role in predicting VF.'®
Despite the evidence of cumulative resistance to all the
antiretroviral classes approved, each of the individual
cases achieved undetectable viral load and maintain a
significantly improved viral control after failing a prior
ART regimen that included FTR, which induced viral
suppression in one case. The exhaustion of FTR activity
and its causes need to be more investigated. In the
BRIGHTE trial, treatment failure was secondary to
gpi2o substitutions previously associated with a
reduced phenotypic susceptibility to TMR, the active

FTR-derived compound.*®*" However, a suboptimal
adherence may have contributed in failing FTR. It has
been recently shown that these amino acid substitutions
do not alter the mechanism of action of drugs that inter-
feres with HIV-1 entry, such as IBA or MVC.** So, the
sequential use of different entry inhibitor agents, in par-
ticular FTR, a pre-attachment inhibitor that affects
gp120, and IBA, a post-attachment inhibitor, has not
impaired IBA efficacy. However, mutations in the
gp12o glycosylation site have been documented to
decrease susceptibility to IBA.*?

The approach we describe includes ENF recycling,
that has demonstrated to improve survival in PLWH
with a MDR infection.” Other benefits of combining
IBA and ENF for a short period are based both on syner-
gistic activity in vitro and lack of cross-resistance
between two drugs.”**> ENF was started together with
IBA with the aim to be discontinued when a stable HIV-
1 RNA control was achieved, due to high rate of injec-
tion site reactions.

In conclusion, it is feasible and effective to use a
GRT-driven strategy in clinical practice for people living
with a pan-resistant HIV-1 infection. The recycling of
ENF associated to a new drug free from cross-resistance
with all the antiretrovirals available, including other
entry inhibitors, and a close monitoring attributable to a
route of administration that has ensured patient adher-
ence, has revealed to be a turning point in achieving
virological control in heavily-treated PLWH who have
experienced repeated ART failure on any number of
prior regimens over a 20—30 year period.
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