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Abstract
Ibalizumab (Trogarzo®; ibalizumab-uiyk) is the first monoclonal antibody to be approved for the treatment of HIV-1 infec-
tion. As a CD4-directed post-attachment inhibitor, ibalizumab blocks HIV-1 entry into CD4 cells while preserving normal 
immune function. Ibalizumab, in combination with other antiretroviral(s), is indicated in the USA for the treatment of heavily 
treatment-experienced adults with multidrug-resistant HIV-1 infection failing their current antiretroviral regimen, and in 
the EU for the treatment of adults infected with multidrug-resistant HIV-1 infection for whom it is otherwise not possible to 
construct a suppressive antiviral regimen. In the pivotal phase III TMB-301 trial, ibalizumab significantly reduced the viral 
load 7 days after being added to a failing antiretroviral regimen. Almost half of all patients achieved an undetectable viral 
load after 24 weeks of treatment with ibalizumab plus an optimized background regimen, with virological suppression main-
tained over the longer term (up to 96 weeks) in an expanded access protocol. The drug was generally well tolerated in clinical 
trials. Although additional studies and long-term post-marketing data are needed to fully determine its efficacy and safety, 
ibalizumab represents a valuable and much needed treatment option for patients with multidrug-resistant HIV-1 infection.

Ibalizumab: clinical considerations in 
multidrug‑resistant HIV‑1 infection 

First-in-class CD4-directed post-attachment HIV-1 
inhibitor

Demonstrates potent antiviral activity 7 days after being 
added to a failing antiretroviral regimen

Provides sustained virological suppression when admin-
istered in combination with an OBR

Generally well tolerated

1  Introduction

Advances in antiretroviral therapy (ART) over the years 
have greatly improved outcomes for patients with HIV-1 
infection, with the disease now considered to be a manage-
able (albeit chronic) condition [1]. Standard combination 
ART regimens generally comprise three active drugs from 
two or more drug classes [1]. Most initial regimens include 
two nucleoside reverse transcriptase inhibitors (NRTIs) 
plus either a non-nucleoside reverse transcriptase inhibi-
tor (NNRTI), a boosted protease inhibitor (PI) or an inte-
grase strand transfer inhibitor (INSTI) [1, 2]. Despite the 
proven benefits of ART, the development of resistance to 
available therapies is a continuing concern [3]. Patients with 
multidrug-resistant HIV-1 infection are susceptible to treat-
ment failure, have worsened clinical outcomes and have a 
higher risk of death than other HIV-1-infected patients [4, 
5]. Therefore, the development of new antiretroviral agents 
with a high genetic barrier to resistance is crucial [3].

The entry of HIV-1 into susceptible target cells (mainly 
CD4+ lymphocytes) is a complex multistep process involv-
ing viral attachment, co-receptor binding, and fusion [6, 7]. 
A number of HIV-1 entry inhibitors with different mecha-
nisms of action have been developed to interact with specific 
steps in the entry process [7], thereby inhibiting HIV-1 from 
entering and infecting the immune cells [6]. Entry inhibitors 
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currently available for the treatment of HIV-1 infection 
include the CCR5 co-receptor antagonist maraviroc and the 
fusion inhibitor enfuvirtide [6, 7].

Ibalizumab (Trogarzo®; ibalizumab-uiyk) is a first-in-
class CD4-directed post-attachment HIV-1 inhibitor and 
the first monoclonal antibody to be approved for the treat-
ment of HIV-1 infection. Ibalizumab, in combination with 
other antiretroviral(s), is indicated in the EU and USA for 
the treatment of adults with multidrug-resistant HIV-1 infec-
tion [8, 9]. This article reviews the clinical efficacy and toler-
ability of ibalizumab in this population and summarizes its 
pharmacological properties.

2 � Pharmacodynamic Properties 
of Ibalizumab

Ibalizumab inhibits the entry of HIV-1 into CD4 cells by 
interfering with the post-attachment steps required for viral 
entry, thereby preventing viral transmission via cell–cell 
fusion [8, 9]. Specifically, ibalizumab prevents confor-
mational changes in the gp120-CD4 complex that enable 
co-receptor binding and fusion [3]. Epitope mapping and 
structural studies have demonstrated that ibalizumab binds 
to an epitope in the second domain of the CD4 receptor, 
on a surface opposite both the gp120 and major histocom-
patibility complex-class II (MHC-II) binding sites [10-12]. 
Therefore, ibalizumab does not interfere with MHC-II-
mediated immune function [12]. Ibalizumab also prevents 
HIV-1-induced syncytium formation between infected and 
uninfected CD4 cells [13].

2.1 � Antiviral Activity

The antiviral activity of ibalizumab against HIV-1 is well 
established in vitro [8, 9]. Ibalizumab inhibited the replica-
tion of laboratory strains and clinical isolates of CCR5- and 
CXCR4-tropic HIV-1 in peripheral blood lymphocytes [8]. 
In culture, the concentration of ibalizumab at which 50% of 
viral replication was inhibited (i.e. the effective concentra-
tion; EC50) was 0.4–600 (median 8) ng/mL against HIV-1 
group M isolates (subtypes A, B, C, D, E or O). Ibalizumab 
inhibited 17 clinical isolates of subtype B in an infection 
assay [EC50 8.8–16.9 ng/mL; maximum percent inhibition 
(MPI) 89–99%]. The drug also inhibited CCR5-tropic (EC50 
59–66 ng/mL) and CXCR4-tropic (EC50 44–59 ng/mL) clin-
ical isolates of subtypes B, C and D [8].

Ibalizumab demonstrated breadth and potency against 
HIV-1 when analyzed against a large (n = 116), diverse, 
clinically relevant panel of pseudoviruses [11]. Ibalizumab 
achieved 50% inhibition of infection in 92% of viruses and 
80% inhibition in 66% of viruses. The median half-maximal 
inhibitory concentration (IC50) of ibalizumab was 0.03 μg/mL,  

which was lower than those of the broadly neutralizing  
monoclonal antibodies PG9 (0.11  μg/mL) and VRC01 
(0.22 μg/mL) [11].

The antiviral activity of ibalizumab correlated with com-
plete CD4 cell receptor coating by ibalizumab early in the 
dosing period [14, 15]. In a phase Ia proof-of-concept study, 
complete receptor coating lasted for 4–6 days, 8–20 days 
and 15–34 days following single ibalizumab doses of 3, 10 
and 25 mg/kg, respectively [14]. In a phase Ib study, com-
plete receptor coating was observed at serum ibalizumab 
concentrations of > 5 μg/mL, with partial receptor coating 
seen at serum concentrations of 0.5–5 μg/mL and receptor 
uncoating seen at serum concentrations of < 0.5 μg/mL [15]. 
In the phase III TMB-301 study (Sect. 4.2), the proportion 
of patients exhibiting ≥ 85% CD4 cell receptor occupancy 
was 97% on day 21 and 81% at week 25 [16].

When tested in combination with other antiretrovirals, 
there were no antagonistic effects between ibalizumab and 
any of the agents tested, including abacavir, atazanavir, dida-
nosine, efavirenz, emtricitabine, enfuvirtide, maraviroc, ten-
ofovir and zidovudine [8]. Ibalizumab exhibited synergistic 
in vitro antiretroviral activity against HIV-1 when coadmin-
istered with enfuvirtide, providing support for the strategy of 
combining agents which act at sequential steps of the viral 
entry process [17].

2.2 � Resistance

The primary mechanism of resistance to ibalizumab appears 
to be reduced expression or loss of potential N-linked gly-
cosylation sites (PNGS) in the V5 loop of gp120 [11, 18]. 
In vitro, the complete absence of a PNGS in the N-terminus 
of V5 was associated with marked resistance to ibalizumab 
(median MPI 37%; p < 0.001) [11]. Ibalizumab susceptibility 
was also independently associated with the absence of the 
PNGS at position 386 (p = 0.016) and the side chain length 
of residue 375 (p = 0.008). Ibalizumab exhibited comple-
mentary resistance to VRC01 and soluble CD4, which was 
partly mediated by the V5 PNGS [11]. Loss of V5 PNGS 
was also associated with reduced susceptibility to ibali-
zumab in HIV-1 isolates from patients (n = 14) participating 
in a 9-week phase Ib study [18]. The number of V5 PNGS 
significantly (p < 0.0001) correlated with ibalizumab sus-
ceptibility. Viral clones with two V5 PNGS were efficiently 
inhibited by ibalizumab (median MPI 99%), while clones 
with a single V5 PNGS had reduced susceptibility (median 
MPI 71%) and clones lacking V5 PNGS were resistant to 
ibalizumab (median MPI 40%) [18].

Among adults with multidrug-resistant HIV-1 infection 
who were treated with ibalizumab in the TMB-301 study 
(Sect. 4.2), seven patients met the criteria for virological 
failure (i.e. two consecutive measurements after day 14 
that showed a reduction from baseline in viral load of < 0.5 
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log10 copies/mL) and three patients met the criteria for viral 
rebound (i.e. an increase of ≥ 1.0 log10 copies/mL in viral 
load from the nadir value) [16]. Nine of these patients dem-
onstrated reduced susceptibility to ibalizumab as determined 
by lower MPI, which was related to loss of PNGS in eight 
patients [16].

To date, there are no commercially available resistance 
testing methods for patients with suspected resistance to 
ibalizumab [19].

2.3 � Cross‑Resistance

Phenotypic and genotypic testing demonstrated no evidence 
of cross-resistance between ibalizumab and any approved 
antiretroviral agents (e.g. NRTIs, NNRTIs, PIs, INSTIs 
or entry inhibitors) [8, 9]. In vitro, HIV-1 variants associ-
ated with enfuvirtide resistance (namely G36D, V38A and 
N43D) retained susceptibility to ibalizumab [15]. Similarly, 
ibalizumab-resistant HIV remained susceptible to enfuvir-
tide [15].

Ibalizumab was active against HIV-1 strains resistant to 
currently approved antiretroviral agents [8, 9]. The suscepti-
bility of HIV-1 to ibalizumab was not impacted by baseline 
resistance to NRTIs, NNRTIs, PIs, INSTIs or entry inhibi-
tors in isolates from patients with multidrug-resistant HIV-1 
entering the TMB-301 study (Sect. 4.2) [20]. At study entry, 
the overall mean ibalizumab MPI was 91% and the overall 
mean fold change in the concentration of drug required to 
inhibit 50% of the MPI (IChalfmax fold change) was 1.2. Mean 
MPI values for ibalizumab were 81, 98, 89 and 91% and 
mean IChalfmax fold changes were 1.3, 0.9, 1.1 and 1.0 against 
isolates with wild-type susceptibility to NRTIs, NNRTIs, PIs 
and INSTIs, respectively. In comparison, mean MPI values 
were 94, 91, 91 and 92% and mean IChalfmax fold changes 
were 1.2, 1.2, 1.3 and 1.1 against isolates resistant to all 
NRTIs, NNRTIs, PIs or INSTIs, respectively. Six patients in 
TMB-301 had HIV-1 with reduced susceptibility to enfuvir-
tide. Five of these had MPI values of 84–99% and IChalfmax 
fold changes of 0.7–1.4, while one had HIV-1 with reduced 
ibalizumab susceptibility (MPI 41%; IChalfmax fold change 
6.2). Ibalizumab had MPI values of 94 and 100% against 
two isolates with reduced susceptibility to maraviroc [20].

3 � Pharmacokinetic Properties of Ibalizumab

Ibalizumab demonstrates non-linear pharmacokinetics 
following administration of single intravenous doses of 
0.3–25 mg/kg [8, 9]. Across a clinically relevant dose range 
of 800–2000 mg, the maximum serum concentration (Cmax) 
of ibalizumab increases dose-proportionally, while increases 
in the area under the concentration–time curve (AUC) are 
greater than dose-proportional [9]. Following administration 

of a single loading dose of 2000 mg followed by a mainte-
nance dose of 800 mg every 2 weeks (i.e. the recommended 
dosing regimen; Sect. 6), steady-state concentrations of 
ibalizumab are attained after the first 800 mg maintenance 
dose [8, 9]. The median time to Cmax is dose-dependent [9].

The volume of distribution of ibalizumab is ≈ 4.8 L [8, 9]. 
Clearance decreases and the elimination half-life increases 
with increasing ibalizumab dose [8]. Following single doses 
of 10 and 25 mg/kg, the clearance of ibalizumab is 0.5 and 
0.36 mL/h/kg and the elimination half-life is 37.8 and 64.1 h 
[9]. Elimination is dose-dependent and non-linear. Given 
that ibalizumab is a protein, it is expected to be degraded 
into small peptides and amino acids [9].

The concentration of ibalizumab decreases with increas-
ing bodyweight; however, this is not likely to impact the 
virological outcome and no dosage adjustments based on 
bodyweight are considered necessary [8, 9]. Hepatic and 
renal impairment are not expected to impact the pharmacoki-
netics of ibalizumab. While formal drug interaction studies 
have not been conducted, ibalizumab is not expected to have 
drug-drug interactions based on its mechanism of action and 
target-mediated drug disposition [8, 9].

4 � Therapeutic Efficacy of Ibalizumab

4.1 � Phase II Trials

The potential of ibalizumab for the treatment of multidrug-
resistant HIV-1 infection was initially shown in two rand-
omized, double-blind, phase II trials: a 48-week, placebo-
controlled, phase IIa trial (TNX-355.03) [21] and a 24-week, 
phase IIb dose–response trial (TMB-202) [22] (conference 
abstracts). Of note, these trials used ibalizumab dosages that 
differed from the subsequently approved regimen (Sect. 6).

In TNX-355.03, patients infected with HIV-1 resistant to 
three classes of antiretrovirals were randomized to receive 
ibalizumab 10 mg/kg weekly for 8 weeks followed by 10 mg/kg  
every 2 weeks (n = 27), ibalizumab 15 mg/kg every 2 weeks 
(n = 28), or placebo (n = 27); all patients received an OBR 
[21]. Patients who experienced virological failure (i.e. < 0.5 
log10 reduction from baseline in viral load after week 16) 
were switched to open-label ibalizumab 15 mg/kg every 
2 weeks plus a new OBR. The mean change from baseline 
in viral load at week 24 (primary endpoint) was − 1.16 log10 
copies/mL with the ibalizumab 10 mg/kg regimen and − 0.95 
log10 copies/mL with ibalizumab 15 mg/kg every 2 weeks 
versus − 0.20 log10 copies/mL with placebo (both p < 0.01) 
[21]. Results were durable through 48 weeks [23].

In TMB-202, heavily treatment-experienced patients with 
HIV-1 infection were randomized to receive ibalizumab 
800 mg every 2 weeks (n = 59) or ibalizumab 2000 mg every 
4 weeks (n = 54) with all patients also receiving an OBR 
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[22]. The proportion of patients with a viral load of < 50 
copies/mL at week 24 (primary endpoint) was 44% with 
ibalizumab 800 mg every 2 weeks and 28% with ibalizumab 
2000 mg every 4 weeks. The mean reduction from baseline 
in viral load at week 24 was 1.6 log10 copies/mL in patients 
receiving ibalizumab 800 mg every 2 weeks and 1.5 log10 
copies/mL in patients receiving ibalizumab 2000 mg every 
4 weeks. Corresponding mean increases from baseline in 
CD4+ cell count at week 24 were 37 and 40 cells/μL [22]. 
Based on the results of TMB-202, the 2000 mg loading dose 
followed by 800 mg every 2 weeks was subsequently taken 
forward into the phase III TMB-301 trial (Sect. 4.2) [24].

4.2 � Phase III Trials

The therapeutic efficacy of ibalizumab in patients with  
multidrug-resistant HIV-1 infection was evaluated in a multi-
centre, open-label, phase III trial (TMB-301) [16]. TMB-301 
enrolled 40 adults (aged ≥ 18 years) with multidrug-resistant 
HIV-1 infection and a viral load of > 1000 copies/mL while 
receiving ART for ≥ 8 weeks. Patients were required to have 
received ART for ≥ 6 months, with documented genotypic or 
phenotypic resistance to at ≥ 1 drug in ≥ 3 drug classes. The 
trial consisted of a control period (days 0–6), during which 
patients were monitored while receiving their current ART 
regimen; a functional monotherapy period (days 7–13), dur-
ing which patients received an intravenous loading dose of 
ibalizumab 2000 mg while continuing their previous ART 
regimen; and a maintenance period (day 14 to week 25), 
during which patients were initiated on an optimized back-
ground regimen (OBR) on day 14 and received intravenous 
ibalizumab 800 mg every 14 days, starting on day 21. If 
needed to construct a viable regimen, the OBR could include 
an investigational antiretroviral agent [16].

At baseline, 50% of patients had HIV-1 infection resist-
ant to all the drugs in ≥ 3 antiretroviral classes and 33% of 
patients had resistance to all the drugs in four classes; 13% of 
patients had documented resistance to all approved antiret-
roviral agents [16]. Patients had received 3–22 (median 10) 
antiretroviral drugs. The median age of patients was 53 years 
and most patients were male (85%). The median duration of 
HIV-1 infection was 23 years (range 2–30 years). The pri-
mary endpoint was the proportion of patients with a decrease 
in viral load of ≥ 0.5 log10 copies/mL from baseline to day 
14 (i.e. 7 days after administration of the loading dose) [16].

Ibalizumab demonstrated potent antiviral activity in 
adults with multidrug-resistant HIV-1 infection [16]. A 
significantly higher proportion of patients experienced a 
decrease in viral load of ≥ 0.5 log10 copies/mL during the 
functional monotherapy period than during the control 
period (Table 1). There were no clinically meaningful dif-
ferences in this endpoint across patient subgroups includ-
ing sex, age (< 50 or ≥ 50 years), race (Caucasian, Asian or 
other), country of residence (Taiwan or USA) and use of an 
INSTI or an investigational agent. At the end of the main-
tenance period (week 25), 50% of patients had achieved a 
viral load of < 200 copies/mL; 43% had a viral load of < 50 
copies/mL. The mean reduction from baseline in viral load 
was 1.6 log10 copies/mL (Table 1). Among patients with a 
baseline CD4 + cell count of < 50 cells/μL (n = 17), 18 and 
24% achieved a viral load of < 50 and 200 copies/mL. Cor-
responding rates among patients with a baseline CD4+ cell 
count of ≥ 50 cells/μL (n = 23) were 61 and 70% [16].

Seven patients did not achieve a ≥ 0.5 log10 copies/mL 
reduction in viral load from baseline to the end of the func-
tional monotherapy period [25]. In these patients, the mean 
decrease in viral load at week 25 was 1.3 log10 copies/mL,  
compared with 0.1 log10 copies/mL at the end of the 

Table 1   Efficacy of ibalizumab in adults with multidrug-resistant HIV-1 infection in study TMB-301 [16]

ART​ antiretroviral therapy, BL baseline, IBA ibalizumab, ITT intention-to-treat, OBR optimized background regimen, pts patients
*p < 0.001 vs control period
a Pts received an intravenous loading dose of IBA 2000 mg on the first day of the functional monotherapy period (i.e. day 7)
b During the maintenance period (day 14 to week 25), pts initiated an OBR on day 14 and received intravenous IBA 800 mg every 14 days, start-
ing on day 21
c Primary endpoint

ITT population (n = 40) End of control period 
(day 6)

End of functional monotherapy 
perioda (day 14)

End of maintenance 
periodb (week 25)

Current ART​ IBA + previous ART​ IBA + OBR

Decrease in viral load from BL (% pts)
 ≥ 0.5 log10 copies/mL 3 83c* 63
 ≥ 1.0 log10 copies/mL 0 60 55

Mean change from BL in viral load (log10 copies/mL) 0.0 − 1.1* − 1.6
Viral load (% pts)
 < 50 copies/mL 43
 < 200 copies/mL 50
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functional monotherapy period. Three patients achieved a 
viral load of < 50 copies/mL and one achieved a 1.1 log10 
copies/mL reduction in viral load by week 25, indicating 
that virological response may take longer to achieve in some 
patients with multidrug-resistant HIV-1 infection [25].

At week 25, the mean increase from baseline in CD4+ 
cell count was 62 cells/μL [16]. This increase was numeri-
cally lower in patients with a baseline CD4+ cell count 
of < 50 cells/μL (17 cells/μL) than in those with a baseline 
CD4+ cell count of ≥ 50 cells/μL (78 cells/μL), although the 
difference was not statistically significant [16].

4.3 � Expanded Access Protocol

Ibalizumab plus an OBR maintained virological suppres-
sion over the longer term (up to 96 weeks) in a multicen-
tre, open-label, phase III expanded access protocol (TMB-
311) [26-29]. Patients in TMB-311 included those who had 
previously received ibalizumab in TMB-202 and TMB-
301 (cohort 1) as well as a separate cohort of treatment- 
experienced patients with no history of ibalizumab treatment 
who were on a failing regimen (cohort 2) [26].

From TMB-202, 12 patients entered TMB-311 and 
continued receiving ibalizumab 800 mg every 2 weeks or 
2000 mg every 4 weeks under an investigator-sponsored 
investigational new drug protocol [26]. All patients had a 
viral load of < 50 copies/mL at the time of the last visit. 
Ten patients withdrew from the protocol to receive com-
mercially available ibalizumab [26]. Of the 31 patients who 
completed TMB-301, 27 entered TMB-311, where they con-
tinued to receive ibalizumab 800 mg once every 2 weeks 
for up to 96 weeks [27, 28]. The median reduction from 
baseline in viral load was 2.5 log10 copies/mL at both week 
24 and 48 [27] and 2.8 log10 copies/mL at week 96 [28]. 
At week 48, 59 and 63% of patients achieved a viral load 
of < 50 and < 200 copies/mL. All 15 patients with a viral 
load of < 50 copies/mL at week 24 maintained virological 
suppression to week 48 [27]. Of these, 14 patients main-
tained virological suppression through week 96, with one 
additional patient achieving virological suppression by week 
96 [28]. Among the 22 patients who completed 96 weeks of 
treatment, the median increase in CD4+ cell count at week 
96 was 45 cells/μL [28].

Patients in cohort 2 (n = 38) started an OBR at the same 
time as they received their first 2000 mg loading dose of ibal-
izumab, after which they received ibalizumab 800 mg every 
2 weeks [29]. The proportion of patients achieving a ≥ 0.5 
log10 copies/mL reduction in viral load on day 7 (primary 
endpoint) was 76%. The median reduction from baseline in 
viral load was 2.6 log10 copies/mL at both week 24 and 48. 
Of the 24 patients who completed 24 weeks of treatment, 11 
(46%) had a viral load of < 50 copies/mL at week 24. Three 
patients withdrew from the expanded access protocol prior 

to week 24 and a further seven patients withdrew between 
week 24 and week 48 to receive commercially available 
ibalizumab. Of the 17 patients who completed 48 weeks  
of treatment, 8 (47%) had a viral load of < 50 copies/mL  
at week 48 [29].

4.4 � Real‑World Setting

Preliminary data from the real-world setting provide sup-
portive evidence for the antiviral efficacy of ibalizumab for 
the treatment of multidrug-resistant HIV-1 infection. A ret-
rospective, observational pilot study reviewed the medical 
records of nine patients from seven physician office infusion 
centres in the USA [30]. Patients had advanced HIV-1 infec-
tion and had received intravenous ibalizumab 2000 mg fol-
lowed by 800 mg every 2 weeks for 4–43 (median 33) weeks. 
At baseline, 67% of patients were resistant to all drugs in ≥ 1 
antiretroviral class, 44% to all drugs in ≥ 2 classes, 33% to 
all drugs in ≥ 3 classes and 11% to all approved drugs in 
all classes (NRTIs, NNRTIs, PIs and INSTIs). The median 
reduction from baseline in viral load was 2.7 log10 copies/mL  
at 4–10 weeks, 1.6 log10 copies/mL at 14–22 weeks, 0.07 
log10 copies/mL at 24–37 weeks and 1.6 log10 copies/mL at 
40–58 weeks. The proportion of patients with a decrease in 
viral load of ≥ 0.5 log10 copies/mL was 75% at 4–10 weeks 
and 50% at all other timepoints [30].

5 � Tolerability of Ibalizumab

Ibalizumab was generally well tolerated in patients with 
multidrug-resistant HIV-1 infection. In the pivotal phase 
III trial (TMB-301), the overall incidence of adverse events 
(AEs) was 80%, most of which were mild in severity [16]. 
The most commonly reported AEs were diarrhoea, dizzi-
ness, fatigue, nausea, pyrexia and rash (Fig. 1). Grade 3 or 
4 AEs occurred in 28% of patients and AIDS-defining AEs 
occurred in 10% of patients. Serious AEs were reported in 
23% of patients and 13% of patients discontinued treatment 
due to AEs. There were four deaths, none of which were 
considered to be related to ibalizumab [16].

The tolerability profile of ibalizumab in the cohort of 
ibalizumab-naive patients enrolled in TMB-311 (n = 38) was 
consistent with that seen in TMB-301 [29]. Most AEs were 
mild to moderate in severity. The most common treatment-
emergent AEs (TEAEs) were diarrhoea (24%), headache 
(21%), cough (16%), fatigue (16%), nausea (16%) and rash 
(16%). Grade ≥ 3 TEAEs were reported in 24% of patients; 
two events were fatal but were not considered to be related 
to ibalizumab [29].

The tolerability of ibalizumab was maintained over the 
longer-term in TMB-311; no new safety concerns emerged 
between week 25 and 96 [28].
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5.1 � Adverse Events of Special Interest

Immune reconstitution inflammatory syndrome (IRIS) has 
been observed in patients receiving combination ART, 
including ibalizumab [8, 9]. Two of 153 patients treated 
with ibalizumab in TMB-301 and TMB-202 developed IRIS 
manifested as an exacerbation of progressive multifocal leu-
koencephalopathy and of cryptococcal cutaneous infection, 
respectively; both AEs were serious and resulted in discon-
tinuation of ibalizumab [9]. One patient in TMB-311 also 
developed IRIS, which was considered to be possibly related 
to ibalizumab [29]. Evaluation of inflammatory symptoms 
is recommended, with institution of treatment when neces-
sary [8, 9].

Hypersensitivity reactions to ibalizumab have been 
observed, including rash [9]. Most rashes occurred within 
1–3 weeks of the first dose of ibalizumab, were mild to mod-
erate in severity and resolved within 1–3 weeks with contin-
ued ibalizumab administration [9]. One patient in TMB-301 
experienced eight episodes of rash, one of which was severe 
and considered to be related to ibalizumab [16]. If a rash 
develops, symptomatic therapy (e.g. corticosteroids and/or 
antihistamines) should be initiated when appropriate and 
clinical status monitored [9].

As with all therapeutic proteins, ibalizumab has the 
potential for immunogenicity [8, 9]. Among ibalizumab-
treated patients in TMB-301 and TMB-202 (n = 153), low-
titre anti-drug antibodies (ADAs) were detected in one 
patient. The emergence of ADAs was not associated with 
adverse reactions or reduced ibalizumab efficacy in this 
patient [8, 9].

6 � Dosage and Administration of Ibalizumab

Ibalizumab, in combination with other antiretroviral(s), 
is indicated in the USA for the treatment of HIV-1 
infection in heavily treatment-experienced adults with 

multidrug-resistant HIV-1 infection failing their current 
antiretroviral regimen [8] and in the EU for the treatment of 
adults infected with multidrug-resistant HIV-1 infection for 
whom it is otherwise not possible to construct a suppressive 
antiviral regimen [9].

Ibalizumab should be administered as an intravenous 
infusion by a trained healthcare professional [8, 9]. The rec-
ommended dosage of ibalizumab is a single 2000 mg load-
ing dose followed by a maintenance dose of 800 mg once 
every 2 weeks. The duration of the first infusion (loading 
dose) should be ≥ 30 min, and patients should be observed 
during and for 1 h after completion of ibalizumab adminis-
tration. If no infusion-related adverse reactions are reported, 
the duration of the subsequent infusions (maintenance doses) 
can be reduced to ≥ 15 min and the post-infusion observa-
tion time can be reduced to 15 min. If a maintenance dose 
(800 mg) is missed by ≥ 3 days, a loading dose (2000 mg) 
should be administered as early as possible, with recom-
mencement of maintenance dosing (800 mg) every 2 weeks 
thereafter [8, 9].

The efficacy and tolerability of ibalizumab in paediat-
ric patients has not been established [8, 9]. There are no 
adequate data regarding the use of ibalizumab in pregnant 
women [8, 9]; thus, its use during pregnancy is not rec-
ommended [9]. Women receiving ibalizumab should not 
breastfeed their infants [8, 9]. Local prescribing information 
should be consulted for detailed information regarding use in 
special patient populations, drug interactions, contraindica-
tions and other warnings and precautions.

7 � Current Status of Ibalizumab 
in Multidrug‑Resistant HIV‑1 Infection

Although there have been major advances in ART in recent 
years, HIV drug resistance is an ongoing problem worldwide 
[31]. Patients with multidrug-resistant HIV-1 infection have 
limited treatment options. European guidelines for patients 
with virological failure, resistance mutations and limited 
treatment options recommend the use of experimental and 
new drugs, favouring clinical trials (but avoiding functional 
monotherapy) [2]. Likewise, current US guidelines also rec-
ommend enrolling patients with multidrug-resistant HIV-1 
infection in a clinical trial of an investigational agent [1]. 
Therefore, the search for new treatments for these difficult-
to-treat patients remains a priority.

While most currently available antiretroviral classes inter-
fere with HIV-1 replication and function after the virus has 
entered and infected the host cell, HIV-1 entry inhibitors tar-
get the vital early stages of the HIV life cycle [32], thereby 
preventing viral entry into the cell (Sect. 1). Until recently, 
maraviroc and enfuvirtide were the only entry inhibitors 
approved for the treatment of HIV-1 infection. Ibalizumab, 
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an entry inhibitor with a unique mechanism of action, is the 
first monoclonal antibody to be approved for the treatment 
of HIV-1 infection. As a post-attachment inhibitor, ibali-
zumab inhibits the entry of HIV-1 into CD4 cells, thereby 
preventing co-receptor binding and fusion (Sect. 2). The 
long half-life of ibalizumab allows for an extended dosing 
interval (Sect. 3), mitigating its requirement to be adminis-
tered intravenously. Another advantage of ibalizumab is the 
low potential for drug-drug interactions (Sect. 3).

The approval of ibalizumab for the treatment of multidrug- 
resistant HIV-1 infection [8, 9] was based on the results of 
a phase III trial (TMB-301), in which ibalizumab demon-
strated potent antiviral efficacy in adults with multidrug-
resistant HIV-1 infection (Sect. 4.2). Most patients achieved 
a viral load reduction of ≥ 0.5 log10 copies/mL 7 days after 
ibalizumab was added to a failing antiretroviral regimen. 
Such a reduction has been shown to predict a decreased 
risk of clinical progression, and is considered a clinically 
meaningful endpoint [33]. After 24 weeks of treatment with 
ibalizumab plus an OBR, almost half of all patients achieved 
an undetectable viral load (Sect. 4.2), with virological sup-
pression maintained over the longer term (up to 96 weeks) 
in an expanded access protocol (Sect. 4.3). Data from earlier 
phase II trials (Sect. 4.1) and preliminary data from the real-
world setting (Sect. 4.4) support the phase III findings.

Although limited to a small number of patients, currently 
available clinical trial data suggest that ibalizumab is gener-
ally well tolerated in patients with multidrug-resistant HIV-1 
infection (Sect. 5). Most reported AEs were likely to be asso-
ciated with the patients’ advanced HIV/AIDS. AEs related to 
IRIS, which is commonly associated with combination ART, 
were observed relatively infrequently (Sect. 5.1).

It should be noted that in addition to its small sample 
size, the TMB-301 trial has other important limitations, 
including the absence of a control group for the evaluation 
of longer-term virological response and the short duration 
for analysis of secondary and safety endpoints [16]. How-
ever, considering the relatively small population of patients 
with multidrug-resistant HIV-1 infection and the fact that 
these patients have limited treatment options and a high risk 
of mortality, the US FDA considered the sample size to be 
acceptable and the size of the safety database to be adequate 
[34]. Nevertheless, post-marketing pharmacovigilance data 
are needed to fully define the safety profile of ibalizumab 
[16, 34]. Another limitation of TMB-301 is the fact that 43% 
of patients received an investigational antiretroviral drug as 
part of their OBR [16], thereby complicating the interpreta-
tion of the results.

Monoclonal antibody therapies for rare diseases are 
often associated with high costs [35]. Indeed, the whole-
sale annual acquisition cost for ibalizumab is estimated 
to be US$118,000 [36], without considering the addi-
tional cost of the patients’ current OBR. A model-based 

pharmacoeconomic analysis in the USA demonstrated 
that ibalizumab was not a cost effective treatment option 
for patients with multidrug-resistant HIV-1 infection [37]. 
For the estimated 5000 patients with multidrug-resistant 
HIV-1 infection in the USA, adding ibalizumab to an OBR 
increased costs by US$708 million over 5 years [37].

In conclusion, although additional studies and long-term 
post-marketing data are needed to fully determine its effi-
cacy and safety, current evidence indicates that ibalizumab 
is a valuable option for the treatment of multidrug-resistant  
HIV-1 infection where limited treatment options are 
available.

Data Selection Ibalizumab: 194 records identified 

Duplicates removed 79

Excluded during initial screening (e.g. press releases; 
news reports; not relevant drug/indication; preclinical 

study; reviews; case reports; not randomized trial)

69

Excluded during writing (e.g. reviews; duplicate data; 
small patient number; nonrandomized/phase I/II trials)

9

Cited efficacy/tolerability articles 13

Cited articles not efficacy/tolerability 24

Search Strategy: EMBASE, MEDLINE and PubMed from 1946 
to present. Clinical trial registries/databases and websites were 
also searched for relevant data. Key words were ibalizumab, Trog-
arzo, Hu1A8, TMB355, TNX255, HIV-1. Records were limited to 
those in English language. Searches last updated 6 January 2020
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