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Abstract. Despite the profound changes and improve-
ments reached in the field of HIV treatment, tolerability and
adherence to highly active antiretroviral therapy remains a
challenge. Furthermore, multi-experienced patients could take
advantage of drugs with different mechanisms of action to
combat the spread of resistance to actual therapy. For these
reasons identification of new HIV drugs is crucial. Among
all the molecules that at present are under investigation, entry
and fusion inhibitors pose an interesting class owing to their
peculiar characteristics, including prevention of entry of the
virus into the human cells. In this study, we reviewed articles,
clinical trials, and conference communications about all the
drugs under investigation belonging to the class of entry and
fusion inhibitors that are at least in phase I clinical trials.
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1. Introduction

HIV continues to be an important challenge and a major
global public health issue. According to the last WHO report,
there were approximately 36.7 million individuals living with
HIV, with 1.0 million individuals succumbing to HIV-related
causes and 1.8 million newly infected ones at the end of 2016,
globally (1). Despite global policies and the general advice
to treat every HIV patient, only 54% of adults and 43% of
children living with HIV are currently receiving antiretroviral
therapy (1).

The HIV treatment regimen is termed highly active
antiretroviral therapy (HAART) and its main goal is to
suppress HIV replication and reduce viral loads (VLs)
below the detectable level. In fact, it has been proven that
suppression of HIV replication improves life expectancy and
quality of life (2,3). The second aim of HAART is immune
recovery. Both effects are essential for any HIV drug: Failing
an acceptable immune recovery is one of the leading causes
for comorbidities in HIV-infected patients, because of a
constant pro-inflammatory status (4,5) that leads to several
chronic diseases including diabetes mellitus, chronic kidney
dysfunction, cardiovascular diseases and cancer (4-30).

Over 25 drugs and their combinations have been approved
for clinical use, however, the optimal drug regimen has yet to be
identified. HAART is a long-life effective treatment. Available
drugs can achieve undetectable VL and immune restoration
but co-morbidities, adverse effects (AEs), drug interactions
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and insurgence of resistance are unsolved problems. Several
drugs have been studied to resolve these problems. Among
them there are new possible components of the ‘entry and
fusion inhibitors’ class. All the drugs of the ‘entry and fusion
inhibitors’ class share some peculiar characteristic that could
represent an advance in HIV control. They are the only drugs
that prevent entry of the virus into the human cells. This
mechanism of action may prevent the infection of new cells
during the rounds of ongoing replication that are present also
in patients on HAART and which is thought to be the cause
of refueling of the HIV reservoir (31). These drugs potentially
play a role in the prevention of new infections through the
Pre-exposure prophylaxis (PrEP) and in multidrug-resistant
patients.

The very first steps of the infectious cycle of HIV are
attachment, fusion and entry of viral particles in the human
cells. During this phase, HIV glycoproteins such as gp120,
and gp4l, play a crucial role (32). The envelope protein gp120
binds the CD4 receptor on the host cell surface, starting a
cascade of conformational changes in gpl20 that exposes
the chemokine receptor binding domains and allows them to
interact with the target receptor. The main co-receptors used
by HIV-1 for entry into the cell are the chemokine receptors
CCRS5 and CXCR4. Tropism, or binding with the co-receptors,
is so important that HI'V-1 is classified either exclusively using
CCRS5 (R5) or CXCR4 (X4), or using both co-receptors (R5X4
or dual-tropic). Once gp120 is bound with the CD4 protein and
the co-receptor, the N-terminal fusion peptide gp41 penetrates
the cell membrane and the loop structure, formed by gp120,
CD4 and co-receptor, allowing the fusion of the viral and host
membranes. Subsequently, entry of the viral capsid occurs (33).

All the chemical compounds that act against these events
have been grouped in the ‘entry and fusion inhibitors’ class.
They are further sub-classified depending on their target in:
CD4-receptor inhibitors, co-receptor antagonists (CCRS5 and
CXCR4), and fusion inhibitors (34).

At present, only two drugs of this class have been
approved: Maraviroc, a CCRS5 antagonist, and enfuvirtide, a
gp4l antagonist. Fig. 1 presents the drugs currently studied
and their targets, while Table I focuses on the study phase the
drugs are currently in.

In this paper we reviewed the articles, clinical trials and
conference communications with regard to all the drugs
belonging to the class of entry and fusion inhibitors that are at
least in phase I clinical trials.

2. CCRS antagonist

PRO-140.PRO-140 is a humanized IgG4 monoclonal antibody
(mAb), that binds to hydrophilic extracellular domains on
CCRS5 and competitively inhibits viral entry of HIV-1 (35,36).
It is used only in patients with an R5-type HIV virus (36,37).
At antiviral concentrations, PRO-140 does not prevent
CC-chemokine signaling (35,36).

Notably, in vitro PRO-140 has exhibited activity against
viruses resistant to maravilLaroc, the only CCRS5 antagonist
approved for HIV treatment [Jacobson ef al (37): CCRS5
monoclonal antibody PRO 140 inhibited HIV-1 resistant to
maraviroc, a small molecule CCR5 antagonist. International
AIDS Conference, Mexico City 2008, abs TUA A0305].
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When a virogical failure (VF) occurs, no change in
co-receptor tropism and no significant change in virus suscep-
tibility to PRO-140 and maraviroc have been reported (38)
[Lalezari et al: PRO 140 single-agent maintenance therapy for
HIV-1 infection: A 2-year update. Conference on retroviruses
and opportunistic infections (CROI), February 13-16, 2017,
Seattle, abs 437].

Currently, PRO-140 appears to be a well-tolerated drug.
No drug-related serious adverse effects (SAEs), discontinua-
tions because of AEs, or any notable patterns of toxicity have
been previously reported. The most common AE was a mild,
transient, and self-resolving injection site reaction that has
occurred in less than 10% of participants (38,39).

In a randomized, double-blind, placebo-controlled
dose-ranging phase 2a study, Jacobson ef al reported that
subcutaneous PRO-140 demonstrated potent and prolonged
antiretroviral activity (35). Authors of that study recruited
adults affected by only CCR5-tropic virus at screening, with
a mean age of 42.4 standard deviation (SD) + 7.09 years.
Inclusion criteria were: Plasma HIV-1 RNA =5,000 copies/ml,
CD4 + T cell 2300 cells/mm?® (with a nadir >200 cells/mm?)
and no history of AIDS-defining illnesses. The 44 partici-
pants did not receive antiretroviral therapy for =12 weeks and
were randomized into one of four treatment groups: Placebo,
162 mg subcutaneously once a week, 324 mg subcutaneously
once a week, and 324 mg subcutaneously twice a week.

The reduction for the PRO-140 groups was statistically
significant relative to the placebo group. The best perfor-
mances were reached in the 324 mg weekly group in which
73% of subjects had a VL of <400 copies/ml while no placebo
subject had such a VL (P=0.001). The mean maximum reduc-
tion in HIV-1 RNA observed for the 324 mg weekly dose was
1,65 log. Individual viral nadirs were typically observed on
day 22 (range, day 15-29).

Low-titred anti-PRO-140 antibodies (1:32 or less) were
detected in three subjects treated with the 324 mg weekly dose.

After these proof-of-concept studies, two different strate-
gies of treatment with PRO-140 were evaluated in phase ITb/II1
clinical trials.

The study ‘A randomized, double-blind, placebo-
controlled trial, followed by single-arm treatment of PRO 140
in combination with optimized background therapy (OBT)
in treatment-experienced HIV subjects’ (NCT02483078;
https://clinicaltrials.gov/ct2/show/NCT02483078?term =
NCT02483078&rank =1), evaluated the possibility of adding
this new drug to an OBT, chosen on the basis of a subject's
resistance test results and treatment history, in treatment-expe-
rienced patients with a virologic failure. After one week of
overlap with existing ART and PRO-140 (350 mg SC weekly)
all the patients received PRO-140 and an OBT, while in the
second arm, PRO-140 is due to be substituted with a placebo.

The study ‘PRO 140 SC as single agent maintenance
therapy in virally suppressed subjects with CCR5-tropic
HIV-1 infection’ (NCT02859961; https://clinicaltrials.gov/
ct2/show/NCT02859961? term = NCT02859961 & rank =I)
is also ongoing. It is a multi-center study designed to evaluate
the efficacy, safety, and tolerability of the strategy of shifting
clinically stable patients receiving suppressive combination
antiretroviral therapy to PRO-140 monotherapy (350 mg
sc weekly) and maintaining viral suppression for 48 weeks
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Table I. Entry and fusion inhibitors
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Drug Target Study phase Clinical studies
Fostemsavir gpl120 III BRIGHTE study (ongoing)
Ibalizumab CD4 (dominio 2) I NCT00784147 (complete)
Albuvirtide gp4l I TALENT study (complete, unpublished results)
UB-421 CD4 (dominio 1) 1T NCTO03149211 (ongoing)
NCTO01668043 (complete)

PRO-140 CCRS5 I NCT02483078 (ongoing)
NCT02355184 (ongoing)

NCT02990858 (ongoing)

NCT02859961 (ongoing)

Cenicriviroc CCR5 e CCR2 1Ib NCTO02128828 (complete)
Monomeric DAPTA CCR5 II NCTO00000392 (complete)
Combinectin gpl20 e gp4l Pre-clinical -

Vedolizumab 0437 integrin Pre-clinical -

gpl20 ———

Fostemsavir

gp4l
Albuvirtide

PRO-140
CCRS Cenieriviroe
Monomeric DAPTA

P Idalizumab
[ D4 { UB-421

Figure 1. Entry and fusion inhibitors and their targets on a CD4+ T-lymphocyte.

following study entry. Consenting patients are to be shifted
from a combination antiretroviral regimen to weekly PRO-140
monotherapy for 48 weeks during the treatment phase with the
one week overlap of existing retroviral regimen and PRO-140
at the beginning of the study treatment and also one week
overlap at the end of the treatment in subjects that do not expe-
rience virologic failure.

This strategy should be innovative and noteworthy for stable
patients, improving their quality of life and their adherence to
treatment. PRO-140 drug interactions are currently unknown.

Cenicriviroc. Cenicriviroc (CVC) is a small molecule that
binds to a domain of CCR5 and subsequently blocks HIV-1
entry inhibiting interaction between HIV-1 gpl120 and
CCRS5 (40). CVC may have an anti-inflammatory effect as it is
also a CCR2 antagonist (41).

Cenicriviroc has a plasma half-life of approximately 35 h
and may be used once daily (42).

CVC, administered orally and once daily, demonstrated
potent antiviral activity and good tolerance between HIV-1-

infected subjects, that were antiretroviral-experienced, and
naive to CCRS5 antagonists (43).

CVC exhibits high levels of resistance in vitro. Complete
resistance to CVC developed after 67 weeks, with several
amino acid changes in both the V3 and other Env regions (44).

A phase 2b, multicenter, randomized, double-blind,
double-dummy study evaluated, at 24 and 48 weeks, the
proportion of virologic success. It also compared the safety
and tolerability of two different doses of CVC (100 and 200 mg
orally) with those of EFV (42). Those authors used TDF/FTC
as a backbone for all the participants. The three arms were:
CVC 100 mg, 58 patients; CVC 200 mg, 57 patients; and EFV
28 patients.

The proportion of virologic success was similar in all the
treatment arms at week 24 (76, 73 and 71%) and week 48 (68,
64 and 50%). In addition, the rates of virologic non-response
were not significantly different in the treatment groups at
week 48 (15, 20 and 11%).

None of the efavirenz-treated patients with VF had emer-
gent NRTI mutations. However, NRTI mutations (M1841
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and/or V) accounted for 75% of the VFs with CVC 100 mg and
for 33% of the VFs with CVC 200 mg. One participant with
VF who was in the 200 mg CVC group had a tropism switch
from R5 to X5RS tropic virus.

The following percentages of AE, related to treatment,
were found (42): 50% in the 100 mg CVC group, 44% in the
200 mg CVC group, and 71% in the EFV group. The most
frequent were: Nausea (12%), headache (10%), diarrhea (7%),
and abnormal dreams (7%). SAEs occurred in 1 participant
in each group, accounting for 2, 2 and 4 of patients.

CVC does not inhibit CYP-mediated activity and does not
induce CYP3A4 in human hepatocytes.

The interaction between CVC and ritonavir, darunavir,
atazanavir, efavirenz and dolutegravi [Lefebvre er al,
‘Pharmacokinetics of cenicriviroc when administered with
and without ritonavir, darunavir/ritonavir or atazanavir/rito-
navir’, International Workshop on Clinical Pharmacology of
HIV Therapy, Amsterdam 2013, abs O_09A and O_09B] has
been previously described.

CVC may play a role in treatment-experienced patients
with a multiresistant RS virus.

Monomeric DAPTA. Monomeric DAPTA (mDAPTA) is a
synthetic compound derived from the gpl20 V-2 region of
HIV. It is a selective CCR5 co-receptor antagonist that binds
this co-receptor and subsequently inhibits the interaction
between HIV-1 gp120 and CCRS5 (46-48).

In vitro, Agrawal et al demonstrated that mDAPTA is
1,000-fold more potent than maraviroc in inhibiting virus
entry (49).In fact, it completely inhibited the release of virus (X4
and R5) from PBMCs from all the samples of HIV-uninfected
and HI'V-infected patients with VL <50 copies/ml. The authors'
disclosure was that mDAPTA prevents HIV recovery and the
production of replication-competent HIV from CD8-depleted
patient PBMCs.

An interesting phase I trial tested an intra-nasal administra-
tion of mDAPTA 3 times a day for up to 32 weeks, given either
alone or in combination with current HAART. The mean VL
did not change in the study period, being 3.71 log copies/ml
at baseline and 3.85 log copies/ml at week 24. By contrast,
a complete suppression of active HIV replication in the
circulating monocyte (CD14) population was observed.
Furthermore, the investigators of that study were unable to
isolate infectious virus from any plasma sample (50). This
fact indicates a disconnection between PCR detection of HIV
RNA and extremely infectious plasma virus in these long-term
non-progressor subjects. Authors of that study observed an
immune restoration with a mean CD4+ cell count increase
from 540 to 652 cell/ul.

A phase 2 study is still ongoing (NCT00951743;
https://clinicaltrials.gov/ct2/show/ NCT00951743?term =
NCT00951743 & rank =1). This is a 24-week, double-blind,
two-arm study in which mDAPTA is compared to placebo.
In total, 40 HIV-infected individuals in HAART and with
VL <200 copies ml were randomized to receive 0.01 mg of
mDAPTA intranasally twice a day or placebo.

In the phase 1 study (50) conducted neither AEs nor nasal
pathologies were reported.

No resistance or changes in tropism during treatment was
registered. No drug interactions are known.
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3. gp120 antagonist

Fostemsavir. Fostemsavir is a pro-drug of temsavir (TMR)
a molecule that prevents viral entry by binding to the viral
envelope gpl20 and interfering with virus attachment to
the host CD4 receptor (51). TMR binds directly to the virus
and not human cells, and is active against R5, X4 and R5X4
HIV-1 (51-55).

In a multiple-ascending dose study, the average plasma
half-life of TMR was 3.2-4.5 h (immediate-release formulation)
and 7-14 h (extended-release formulation) (Mascolini, ‘Levels
of novel HIV attachment inhibitor with or without Ritonavir’,
12 th International Workshop on Clinical Pharmacology of
HIV Therapy, Miami 2011).

After 8 days of monotherapy, fostemsavir achieved a
maximum median decrease in HIV-1 RNA from baseline of
1.21 to 1.73 log copies/ml (56).

Suboptimal efficacy of TMR was associated with the
presence of the M426L, S375, M434 and M475 substitu-
tions (54,55).

No in vitro cross-resistance was observed with other
classes of antiretrovirals (52,53), with any other entry inhibi-
tors (ibalizumab and enfuvirtide).

In phase 2b studies TMR showed similar efficacy to a rito-
navir-boosted atazanavir (AT V/r) using tenofovir disoproxil
fumarate (TDF) and raltegravir (RAL) as companions (42,57).
Specifically, Thompson et al showed that, through week 48, the
proportion of fostemsavir subjects with a VL <50 copies/ml
was 77-95% versus 88% for AT V/r subjects (42). A difference
occurred in virologic response rates according to the baseline
VL. The virologic response was 74-100% with a baseline
VL <100,000 copies/ml VL versus 60-91% in subjects with
=>100,000 copies/ml. Across fostemsavir arms, median CD4
T cell count increases from baseline were 145-186 cells/ul and
similar to the AT V/r arm (142 cells/ul).

The Brighte study (NCT02362503; https://clinicaltrials.
gov/ct2/show/NCT02362503?term = NCT02362503 & rank
=1), a phase 3 study, is ongoing and aims to evaluate whether
fostemsavir is an optimal option in heavily treated experienced
adults with limited therapeutic options (<2 classes of active
antiretrovirals remaining). After several phase 2 studies the
dosage selected for this clinical trial was 600 mg tablets orally
twice daily. All the patients also received an OBT.

Grade 2 to 4 treatment-related AEs occurred in 8.5-18%
of patients, the most common of which were nausea, diar-
rhea, headache, vomiting, fatigue, and asthenia (42,58). SAEs
occurred in 0-2% of patients (42,58).

4. gp41 antagonists

Albuvirtide. Albuvirtide (ABT) is a peptide derived from gp4l
that inhibits the formation of a six-helix bundle structure in
gp41, which is necessary for fusion of the viral and cellular
membranes (59).

The first attempt of combination therapy using ABT and
available drugs led to an open-label, randomized, parallel phase
2 trial (60). Naive patients with a VL >5,000 copies/ml and a
CD4+ cell count >350 cells/ul, were randomized to receive an
intravenous infusion of 160 or 320 mg weekly and lopinavir/
ritonavir (LPV/r) 400/100 mg twice daily. At the 47 th day the
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mean VL decrease was 1.91 log and 2.20 log, while the CD4+
cell count change was -5 cells/ul and 52 cells ul for the 160 and
320 mg groups, respectively.

The TALENT study, a phase 3 trial, is ongoing
(NCTO02369965; https://clinicaltrials.gov/ct2/show/
NCT02369965). Participants are children and adults (aged
16-60 years) with HIV who have had treatment failure with a
standard first-line ART regimen containing NRTIs or NNRTTIs.
VL of =1,000 copies/ml at baseline was observed. All the
patients received LPV/r and were randomized to receive ABT
(320 mg i.v. weekly) or tenofovir and lamivudine. An interim
analysis (61), showed that, at week 48, 80.4% of the patients in
ABT arm had VL <50 copies/ml versus 66% of the patients in
the other arm. The CD4+ cell count was similar for both arms.

The most common AEs reported were: Diarrhea (7.5%),
headache (2.2%), and dizziness (2.2%) (61). SAEs occurred
in 5.6% of participants in a phase 3 trial. No injection site
reaction has been reported. ABT does not affect serum
cretinine or eGFR levels but high cholesterol (12.9%) and high
triglycerides (32.3%) were reported as laboratory abnormali-
ties [Xie (61) International congress of drug therapy in HIV
infection, Glasgow 2016].

In Glasgow, Xie (61) presented an interim analysis of
the TALENT study showing that mutations at amino acid
positions 36, 40, 126 and 144 could represent mechanism of
resistance for ABT.

In patients treated with LPV/r and ABT, a decrease of
LPV/r exposure was identified. However, this decrease did not
lead to a change in the usual doses of these drugs (62). No
other drug interactions are known at present.

An NDA was accepted by China FDA in July 2016 for this
drug that could become the first long-acting anti-HIV new
drug.

5. CD4 antagonists

Ibalizumab. Ibalizumab is a humanized monoclonal antibody
(mADb) that acts by binding to the interface between domains
1 and 2 of the CD4 receptor (63). The post-binding confor-
mational effects caused by this interaction prevent viral entry
and fusion (64). Unlike other monoclonal antibodies that,
targeting domain 1 of CD4, have been found to be immuno-
suppressive (65,66), ibalizumab has no immunosuppressive
effects (67,68), because its binding site to CD4 receptors is
distant from the binding site of MHC II molecules (63).
Ibalizumab has an average half-life of 3-3.5 days when
administered subcutaneously (69), and can be administered
once a week. Additionally, an intramuscular administration
is being evaluated (Lin et al: ‘Intramuscular ibalizumab:
Pharmacokinetics, safety, and efficacy vs iv administration’
CROI, Seattle 2017, abs 438). Owing to the limited data,
optimal dosage and route of administration remain to be
verified even if the best results have been obtained with an
intravenous administration of 25 mg/kg every two weeks (70).
The first evidence of a good antiviral effect of ibalizumab
in humans was reported among 30 HIV-positive patients in
ART with virologic failure and a VL of >5,000 copies/ml (70).
Those subjects that received 25 mg/kg of ibalizumab had a
peak mean reduction of 1.11 log on day 21 after a single dose.
The increased peak of CD4+ cells was on day 1 suggesting
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that an increase may have been due to the redistribution of
CD4 cells from lymphoid tissue rather than an immune
restoration. Khanlou et al confronted ibalizumab and an
optimized background regimen (OBR) versus an OBR alone in
multi-resistant HIV patients (Khanlou er al: ‘Safety, efficacy
and pharmacokinetics of ibalizumab in treatment-experienced
HIV-1 infected patients: A phase 2b study.” 51 st ICAAC
Chicago 2011, abs H2-794b). In this phase 2b trial ibalizumab
was administered intravenously in two doses: 800 mg every
2 weeks or 2,000 mg every 4 weeks. In the ibalizumab arms,
the VLs showed a significant decrease (1.5-1.6 log copies/ml)
while the mean increase in the CD4 T cell count after
24 weeks was of 37-40 cells/ul. Norris et al, demonstrated that,
in treatment-experienced patients with a multiresistant virus,
ibalizumab added to OBR had a better performance than the
OBR alone. In ibalizumab plus OBR arm the subjects obtained
a peak mean reduction of 0.95-1.16 log versus 0.2 log of the
placebo plus OBR group [Norris, “TNX-355 in combination
with optimized background regimen (OBR) exhibits greater
antiviral activity than OBR alone in HIV treatment experienced
patients’ Interscience Conference on Antimicrobial Agents
and Chemotherapy, Washington 2005, abs LB-26]. In another
phase I trial (69), ibalizumab was tested as a monotherapy for
9 weeks in subjects with a VL >5,000 copies/ml and a CD4+
cell count between 100-500/ul. Jacobson et al, chose three
different schedules: 10 mg/kg once a week, 10 mg/kg loading
dose followed by 6 mg/kg every 2 weeks, and 25 mg/kg every
2 weeks (69). Almost all the subjects exhibited a decrease of
VL between 0.5 and 1.7 log copies/ml with a peak within the
first week. The VLs returned to baseline values by the end
of treatment. In all the study arms, after an initial increase
in CD4+ cell counts, all the subjects returned to the baseline
CD4+ cell count, reinforcing the idea that a redistribution of
CD#4 cells from lymphoid tissue is the real cause of this rapid
peak, as suggested by Kuritzkes et al (70).

Moreover, reduced susceptibility to ibalizumab relative to
baseline appeared in 93% of the subjects after the treatment.
This finding discouraged the use of ibalizumab in mono-
therapy.

The preliminary results of a phase III trial (NCT02475629)
were presented (Lewis, ‘Long-acting ibalizumab in patients
with multi-drug resistant hiv-1: A 24-week study,” CROI,
Seattle 2017, abs 449LB). Those authors tested ibalizumab
in treatment-experienced patients infected with multi-drug
resistant HIV-1. Patients must have been treated with HAART
for at least 6 months and be failing with a VL >1,000 copies/ml
and a mean CD4+ cell counts of 150 cells/ul. After two weeks
of monotherapy the patients received ibalizumab and an OBR.
At week 24, 43% of participants had a VL <50 copies/ml and
50% <200 copies/ml. The authors disclosed that this schedule
had a good tolerability and high efficacy, even in patients that
have failed with >10 ARV agents. Only 1 drug-related AE
(IRIS) led to treatment discontinuation.

Ibalizumab is being evaluated also for PreP in healthy
volunteers at risk for HIV according to clinical history and
sexual behaviors (NCT01292174).

Secondary resistance has been described after one single
omission in a patient that has accidentally received placebo
instead of ibalizumab (71) and when this drug was used in
monotherapy (69). However, this resistance has no cross-
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reaction to other entry and fusion inhibitors such as maraviroc
and enfuvirtide (69,72).

Mild AEs have been reported in <15% of the cases, the
most frequent were: rash, headache, nausea and diarrhea
(Khanlou er al, ‘Safety, efficacy and pharmacokinetics of
ibalizumab in treatment-experienced HIV-1 infected patients:
A phase 2b study’. 51 st ICAAC 2011, abs H2-794b). Norris,
“TNX-355 in combination with optimized background regimen
(OBR) exhibits greater antiviral activity than OBR alone in
HIV treatment experienced patients.” Interscience conference
on antimicrobial agents and chemotherapy, Washington 2005,
abs LB 2-26). Grade 3-4 AEs have been described in 2-4% of
subjects in ibalizumab arm versus 5% in placebo arm [Norris,
“TNX-355 in combination with optimized background regimen
(OBR) exhibits greater antiviral activity than OBR alone in
HIV treatment experienced patients’ Interscience conference
on antimicrobial agents and chemotherapy, Washington 2005,
abs LB 2-26]. No drug-related deaths or discontinuation
occurred during clinical trials.

UB-421. UB-421 is a humanized IgGl monoclonal antibody
(mADb) that competitively binds to domain 1 of CD4 receptors and
inhibits HIV-1 entry into cells. In vitro, UB-421 has demonstrated
activity ability against both X4 and R5-tropic virus (Wang, ‘A
phase 2 open-label trial of antibody UB-421 monotherapy as a
substitute for HAART!’. CROI, Seattle 2017, abs 450 LB).

In aphase Ila trial (NCT01668043), with naive HI V-infected
adults in Taiwan the investigators obtained an average VL reduc-
tion of 2.27 and 2.45 log copies/ml after 8-week monotherapy
on 10 mg/kg/weekly or 25 mg/kg/biweekly, respectively.

In another phase II open label study (Wang, ‘A phase 2
open-label trial of antibody UB-421 monotherapy as a substitute
for HAARTI’. CROI, Seattle 2017, abs 450 LB) was adminis-
tered UB-421 as a monotherapy as a replacement of HAART
in 29 HIV-l-infected adults with virologic suppression. All
the subjects were assigned to Cohort 1 (10 mg/kg weekly of
UB-421 for 8 weeks) or to Cohort 2 (25 mg/kg bi-weekly for
16 weeks). The authors reported that 27 out of the 29 patients
completed the monotherapy period (8 and 16 weeks) with no
virologic rebound (VR) defined as a VL >400 copies/ml in two
consecutive visits. At the end of treatment 22 patients resumed
the previous HAART successfully but 5 refused the HAART
treatment. Among them the VR was detected as 35-62 days
after the last UB-421 dose. At the end of the study CD4+ cell
count remained stable and CD8+ increased. Interestingly, they
observed a mean 2.24-fold reduction in 10 out of 11 patients
that had a proviral DNA >100 copies/10° PBMC at baseline. The
most common drug-related AE was mild to moderate skin rash
(48.3% of subjects), and no death or drug-related SAE occurred.

UB-421 isbeing evaluated in a phase I1I trial (NCT03149211)
as substitution therapy for HAART in adults who are virologi-
cally suppressed on a stable ART regimen.

No drug resistance was reported after 8 weeks of mono-
therapy with UB-421 (73).

6. Discussion
Despite the revolution achieved in the field of HIV treatment

in the last three decades, there are still some important issues
that require attention.
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First, with HAART HIV changed from a lethal disease
to a chronic one but a cure remains elusive. Furthermore,
many patients are diagnosed at late stage with a low immune
recovery (23). Second, since it is a chronic disease that needs
life-long treatment, HIV is burdened with a lot of co-morbidi-
ties due to the virus and treatment thereof (17). The safe profile
showed by entry inhibitors could represent advancement in
terms of drug-related toxicities in comparison with actual
HAART.

Third, it has been proven that even if we could obtain a
stable virologic suppression, most of the co-morbidities that
come from immune activation cannot be defeated if we are
unable to combat the HIV reservoir (20,21). Some of these new
drugs have shown partial efficacy against the HIV reservoir, as
described above.

Finally, it is imperative to confront the issue of prevention.
Even if condoms and sexual education remain the milestones
of prevention, in recent years the idea of PrEP has gained
ground. Furthermore, in this field the entry inhibitors could be
additional weapons against the spread of HIV infection.

Entry and fusion inhibitors are a new class of antiretroviral
drugs that could play a role in particular settings. Being a
relatively new class with no or less cross-reactions and few
mechanisms of resistance demonstrated thus far, they could
be used as a rescue therapy in experienced patients with
MDR viruses. Fostemsavir, Ibalizumab, Albuvirtide and
Cenicriviroc are being tested in clinical trials as ‘third drugs’
in patients with problem of drug resistance.

Another possible use is a monotherapy with an entry
inhibitor (UB-421, PRO-140 and monomeric DAPTA), in
stable undetectable patients. This substitution therapy for
stable patients could be safer especially for older patients with
co-morbidities. In fact, the entry inhibitors showed a very good
safety profile in their first clinical trials, probably also because
they act outside the human cells and target the HIV proteins
having a low toxicity. Furthermore, it has been suggested by
the VISCONTI study that in selected patients, after a period
with an effective therapy that could also reduce the HIV
reservoir, we could stop therapy obtaining a good control of
the HIV infection (74). All those patients have extremely low
HIV DNA levels, and some entry inhibitor showed an effect in
reducing HIV DNA in the first clinical trials.

The most important limitation in clinical practice is likely
to be viral tropism. All those entry inhibitors that bind one of
the two main co-receptors would not be used in every clinical
setting. This is the case of CCR5 antagonists.

In conclusion, entry and fusion inhibitors are very prom-
ising drugs that could reach some features required in new
HIV treatments. They showed good safety and efficacy and
seem to be optimal in long-term treated patients for the lack of
significant drug-drug interactions and drug resistances.

Obviously, all of them have to demonstrate this good
quality in future clinical trials. Currently the possible uses
are: PrEP, rescue therapy for MDR HIV, de-escalation for
stable patients and being the ‘third drug’ in conventional
HAART.
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