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Abstract

Itolizumab is a first-in-class anti-CD6 monoclonal antibody that was initially developed for various cancers and was later
developed and approved in India for treatment of moderate to severe chronic plaque psoriasis in 2013. This drug is now being
re-purposed for COVID-19. The potential utility of itolizumab in COVID-19, based on its unique mechanism of action in
ameliorating cytokine release syndrome (CRS), was proposed first in Cuba with approval of a single-arm clinical trial and
expanded access use. Subsequently, a phase II, open-label, randomized, placebo-controlled trial has been conducted in 30
COVID-19 patients in India after receiving regulatory permission. Based on the results, the Indian drug regulatory agency
recently approved itolizumab in July 2020 for ‘restricted emergency use’ for the treatment of CRS in moderate to severe acute
respiratory distress syndrome (ARDS) due to COVID-19. This has drawn sharp criticism within the scientific community,
with the approval being granted on the basis of a relatively small phase II trial, without conduct of a conventional phase III
trial, and lacking availability of the claimed supportive real-world evidence in the public domain to date. In a global scenario
where finding a successful treatment for COVID-19 is of utmost priority, a biologic agent has been re-purposed and approved
with a successfully completed RCT, in a country where cases and mortality due to COVID-19 are growing exponentially.
However, instead of welcoming the approval with open arms, many doubts are being raised. This is an issue that needs to
be considered and dealt with sensitively, as well as scientifically.

Itolizumab is a drug originally used for treating psoriasis Amidst the ong(?ing: struggle to find a successful treatment
that has been recently approved for treating complica- for COVID-19, itolizumab became the first novel biologic

tions in moderate to severe COVID-19 patients in India therapy to be approved in the world for COVID-19—for
and Cuba. patients with moderate to severe complications. The Indian

drug regulatory agency (Central Drug Standard Control
Organisation, CDSCO) recently approved itolizumab
for ‘restricted emergency use’ for treatment of cytokine
release syndrome (CRS) in moderate to severe acute res-

Itolizumab is an anti-CD6 humanized monoclonal anti-
body that suppresses T cell activation and downregulates
the synthesis of proinflammatory cytokines and adhesion

molecules.

While approval for restricted emergency use of this agent
makes a potentially life-saving treatment available for an
important subset of COVID patients, the relative paucity
of available evidence requires thorough analysis and
publication, along with further phase III or real-world
investigations.
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piratory distress syndrome (ARDS) due to COVID-19,
followed by a similar approval in Cuba [1, 2]. ‘Restricted
emergency use’ requires fulfilment of certain requirements
for use including written informed consent of patients,
explaining risks and benefits of the drug and putting a
risk management plan in place to manage any adverse
effects. The drug can be given only in hospitals and medi-
cal institutions, and is not meant for sale at retail pharma-
cies [3]. Itolizumab is a first-in-class monoclonal antibody,
first developed for auto-immune diseases in India, where
it received approval for treatment of patients with active
moderate to severe chronic plaque psoriasis in 2013 [4]. It
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has been approved for the same indication in Cuba as well,
but not in other countries yet [5].

The potential utility of itolizumab in COVID-19, based
on its mechanism of action, led to expanded access use
and conduct of a trial in Cuba, retrospectively registered
with the Cuban regulatory agency (Center for the State
Control of Medicines, Equipment and Medical Devices,
CECMED) in May 2020. This trial recruited patients with
critical and severe illness, and moderately ill patients with
very high risk of developing severe symptoms [6]. Encour-
aged by the initial promising results with the first few
patients seen in this index trial, regulatory permission was
received to repurpose the drug for COVID-19 in India. The
drug was studied in an open-label, randomized, controlled,
phase II trial at four hospitals in India to assess the safety
and efficacy of itolizumab in preventing CRS in moderate
to severe ARDS due to COVID-19 [7]. On the basis of
the results of this phase II trial, itolizumab was granted
approval for ‘restricted emergency use’ for this indication
in COVID-19 patients in July 2020 [1]. The data obtained
from the Cuban single-arm trial, in conjunction with the
Indian data, also led to the drug’s approval for the same
indication in COVID-19 in Cuba later in the same month;
data on the results submitted to the Cuban authority are
not available [2]. On one hand, this is welcome news as
a potentially life-saving treatment is now available for an
important subset of COVID-19 patients—those having
CRS-mediated ARDS. But, on the other hand, the rela-
tive paucity of evidence available makes it necessary to
carefully evaluate the scientific validity of this approval.
Further questions arise as the drug has not been included
in the clinical management protocol recommended by the
national task force on COVID-19 in India, despite get-
ting approval from the country’s regulator, because of
insufficient evidence. The innovator company, Biocon
Ltd, claims to have supportive real-world data on nearly
1000 patients that they intend to provide to the authorities
concerned [8].

2 Itolizumab: The Molecule, Mechanism
of Action, and Safety

Itolizumab is a humanized anti-CD6 monoclonal antibody
(mADb), specifically targeting the SRCR-1 (scavenger recep-
tor cysteine-rich like domain 1) of CD6. It has a molecular
weight of 148 kDa and contains two heavy chains and two
light chains linked with a disulfide bond [9-11]. The par-
ent antibody of itolizumab is ior T1, a murine mAb, which
has shown therapeutic efficacy in psoriasis and rheuma-
toid arthritis. Itolizumab, being a humanized mAb, is less
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immunogenic and has a better safety profile with the same
therapeutic efficacy as ior T1 [10, 12].

2.1 Mechanism of Action

Itolizumab is a mAb directed against CD6, a surface glyco-
protein found on mature T cells, immature B cells, the Bla
subset of B lymphocytes, and certain regions of the brain.
It plays a pivotal role in cell proliferation, adhesion, differ-
entiation, and survival. Its extracellular region is composed
of three SRCR domains. CD6 is a co-stimulatory molecule,
and its stimulation is responsible for T 1 activation, and dif-
ferentiation of T cells, which promotes a proinflammatory
response. Thus, by inhibiting CD6, itolizumab downregu-
lates the synthesis of proinflammatory cytokines and adhe-
sion molecules that eventually leads to reduced interferon-y
(IFNy), interleukin (IL)-6, and tumor necrosis factor-a
(TNFa) levels, along with reduced T-cell infiltration at the
inflammatory sites [4].

Interestingly, these anti-inflammatory effects are not
achieved by inhibiting ligand binding and causing T-cell
depletion, but by inhibiting new receptor formation, stimu-
lating loss of existing receptors or by blockade and internali-
zation or downregulation of receptors. In vitro experiments
have shown that itolizumab does not cause T-cell depletion
but inhibits T-cell proliferation induced in the presence of
ALCAM (activated leukocyte cell adhesion molecule or CD
166) and excess IL-2, and downregulates the phosphoryla-
tion of intracellular proteins implicated in the CD6-medi-
ated activation pathways [4]. So, it inhibits the downstream
inflammatory cascade by a unique mechanism of action.

2.2 Safety and Monitoring

Safety data for itolizumab has been derived mainly from
the two multicenter clinical trials of patients with chronic
plaque psoriasis, and from a study of patients with rheu-
matoid arthritis [10, 13, 14]. No treatment-related severe
adverse effects (AEs) were noted in these trials. The vari-
ous AEs observed with itolizumab were infusion-related
reactions (such as nausea, rash, urticaria, flushing, cough,
wheezing, dyspnea, dizziness, and headache), pyrexia due
to infections, pruritus, antidrug antibody formation, and
transient decrease in mean lymphocyte count. Infusion reac-
tions, the most common adverse event, have been reported in
12-15% of patients. The frequency and severity of infusion
reactions were noted to decrease with subsequent infusions.
Other frequent adverse events (>5%) are diarrhea, pyrexia,
upper respiratory infections, and pruritus [4, 15].
Itolizumab is not recommended for patients with active
infection or a history of recurring infections, latent TB
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infection, children, patients with hepatic and renal impair-
ment, or pregnant and lactating women [4, 11].

3 Rationale for Use in Cytokine Release
Syndrome (CRS)-Induced Acute
Respiratory Distress Syndrome (ARDS)
due to COVID-19

As summarized in our article, CRS is a phenomenon impli-
cated in severe COVID-19 disease where there is an uncon-
trolled release of inflammatory cytokines including various
interleukins, TNFa, IFNYy, and other mediators [16]. This
severe systemic acute inflammatory response can cause
damage to multiple organs including acute lung injury and
ARDS, which is being reported as one of the serious com-
plications in COVID-19 patients [17, 18]. Higher levels of
these cytokines and mediators have been observed in the
plasma of COVID-19 patients requiring intensive care [19].
A 2.9-fold higher mean IL-6 concentration has been shown
in patients with complicated COVID-19 compared with non-
complicated disease [20].

Amelioration of CRS is an important strategy to reduce
the severity of pulmonary and systemic complications in
such COVID-19 patients, which can reduce the need for
intensive care and mechanical ventilation. Based on the
strategy of reducing the pulmonary hyperinflammation
through modulating the CRS, several randomized controlled
trials (RCTs) of IL-6 inhibitors such as tocilizumab and sari-
lumab are exploring their potential in patients with serious
COVID-19 across the globe [16].

The mechanism of action of itolizumab is different from
that of other selective immunomodulatory approaches (e.g.,
IL inhibitors) being tried for treatment of CRS associated
with COVID-19, as it selectively targets the CD6—-ALCAM
pathway and decreases the activation, proliferation as well
as differentiation of T cells into pathogenic effector T cells.
Production of pro-inflammatory cytokines like IL-6, TNFa,
and INFy is decreased along with T-cell infiltration, but the
regulatory function of Treg cells is preserved [9—14]. It may
perhaps be a better immunomodulatory approach for com-
bating CRS-induced ARDS in COVID-19 with its ability to
stop the production of pro-inflammatory cytokines rather
than just inhibiting these cytokines as the other agents do.

4 Clinical Trials of Itolizumab
for the Treatment of COVID-19

A phase II, multi-centric, open-label, two-arm, randomized,
pivotal clinical trial was conducted in 30 patients in India
[21]. The trial included adults aged > 18 years of either sex
with a confirmed virological diagnosis of SARS-CoV-2

infection with reverse transcription polymerase chain reac-
tion (RT-PCR) assay who were hospitalized due to clinical
worsening of COVID-19 infection with an oxygen satura-
tion at rest in ambient air <94%. Patients had moderate
to severe ARDS, as defined by a ratio of arterial oxygen
partial pressure and fractional inspired oxygen (PaO,/FiO,)
of <200, or>25% deterioration from the immediate previ-
ous value. In case of a delay in RT-PCR results, biomarker
data—either baseline serum ferritin level > 400 ng/mL or
IL-6 levels >4 times the upper limit of normal (ULN)—was
required for inclusion of the patient into the study. Patients
with known severe allergic reactions to mAbs; known his-
tory of hepatitis B, hepatitis C, or HIV; active tuberculosis
(TB) infection or having a history of inadequately treated
or latent TB; absolute neutrophil count (ANC) < 1000/mm?,
platelet count < 50,000/mm?, and absolute lymphocyte count
(ALC) < 500/mm?; those on immunosuppressant drugs in
the past 6 months; and those who had participated in other
clinical drug trials using anti-IL-6 therapy were excluded
[15].

Itolizumab was administered at a loading dose of 1.6 mg/
kg, chosen as it is the approved dose in patients with chronic
plaque psoriasis and has been administered as an intravenous
(IV) infusion in several phase II and III clinical trials, with-
out any evidence of dose-limiting toxicities. An additional
dose of 0.8 mg/kg was administered after 1 week in some
patients, if required, based on the physician’s discretion; up
to four weekly doses were allowed in the study [15].

With a 2:1 randomization, 20 patients were randomized
to receive itolizumab plus supportive care, while 10 patients
received supportive care alone in the control arm. The pri-
mary outcome was comparison of the 1-month mortality rate
between the two arms. The secondary outcomes were plasma
levels of biomarkers, lymphocyte count, C-reactive protein
(CRP), PaO,/FiO,, radiological response, duration of hos-
pitalization, and remission of respiratory symptoms [7, 21].
All patients receiving itolizumab recovered fully and were
discharged from hospital, whereas three out of ten patients
(30%) in the control arm died. There was also significant
improvement in key efficacy parameters of lung function
such as PaO, and SpO, (oxygen saturation) without increas-
ing oxygen flow in the itolizumab arm. All patients on itoli-
zumab were weaned off oxygen by day 30, and none needed
ventilator support, unlike the control arm. Key secondary
endpoints of the clinical markers of inflammation such as
IL-6, TNFa, serum ferritin, d-dimer, lactate dehydrogenase
(LDH), and CRP showed clinically significant suppression
after itolizumab dosing and correlated well with clinical
and radiological improvement in symptoms and chest X-ray
images, respectively. Itolizumab was well tolerated overall
and found to be safe, with the infusion reactions manageable
with slowing the infusion rate [21].
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These results are in line with the findings of the Cuban
study, a single-arm, non-controlled clinical trial, where 80
COVID-19 patients were treated with itolizumab [15, 21].
It has been claimed that 79% of severely ill patients were
discharged from the intensive care unit (ICU) after 14 days
of treatment, while moderately ill patients showed a reduc-
tion in the rate of disease progression. However, no further
details about this trial are available. Two studies on pre-
print servers are available presently; both are from the same
Cuban trial (RPCEC00000311). One study shows that a sin-
gle dose of itolizumab decreased the serum IL-6 levels after
48 h of administration in 24 moderate to critically ill elderly
COVID-19 patients [22]. In another study, the authors con-
cluded that in 19 moderately ill elderly COVID-19 patients,
itolizumab treatment was associated with a significantly
reduced risk of admission to ICU and a 10 times lower risk
of death [23].

5 Approval for COVID-19 and Controversy

The approval of itolizumab for restricted emergency use to
treat COVID-19 patients with the complication of moderate
to severe ARDS comes at a time when cases and hospitaliza-
tions are increasing alarmingly; the mortality has exceeded
80 thousand in India [24]. This approval presumably comes
with the intention of providing a viable life-saving treat-
ment option for a specific subset of COVID-19 patients.
Itolizumab is not a new investigational drug, having been
approved since 2013 for psoriasis. The drug is being repur-
posed and positioned as a relatively more affordable option
for treating CRS in COVID-19 patients compared with other
immunomodulatory drugs like tocilizamab, which are also
being used off-label. Tocilizumab is still under investiga-
tion in various countries including India, at the stage of
phase III trials [16, 25]. There is not enough evidence yet
from completed studies that these drugs reduce mortality in
COVID-19 patients. Under these circumstances, the recent
approval of itolizumab on the basis of a phase II trial has
understandably drawn sharp scrutiny from experts. Ques-
tions have been raised, mainly regarding the small sample
size of the trial, exemption of a larger phase III trial, lack
of published data regarding off-label use for COVID-19,
and substantial claims being made through media without
peer review or scientific publication [26]. These arguments
have been defended by the company mainly on the basis of
the desperate need for treatment to prevent mortality due
to complications such as ARDS in seriously ill COVID-19
patients amidst the burgeoning pandemic, and that their trial
successfully fulfilled all scientific and regulatory require-
ments [21].

Inconsistencies and potential fallacies have been observed
by the scientific community pertaining to the study design
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used and withdrawal of two patients who experienced
adverse events on initiation who were not considered ran-
domized and were excluded from the trial analysis; one of
these patients later died [27]. Does this breach the principle
of intention-to-treat analysis? Moreover, there is confusion
whether all 30 patients were actually randomized as it was
reportedly stated that the first five participants were given
itolizumab sequentially. This was done as per recommenda-
tions of the trial’s drug and safety monitoring board. It also
purportedly led to refusal by the subject expert committee
(SEC) of CDSCO to give the emergency approval to itoli-
zumab at an earlier stage in late May 2020 [28, 29]. From
the data made available to date, the baseline SpO, and values
of inflammatory markers like CRP, D-dimer, ferritin, and
LDH are not known; instead, a difference in proportion of
improvement or mean change from baseline has been pro-
vided [27]. While all patients were on oxygen at baseline,
a higher proportion of patients (40%) were on non-invasive
ventilation (NIV) in the control arm at baseline compared
with the treatment arm (25%), three of whom eventually
went on to have the adverse outcome of death [27].

6 Discussion

There is no doubt that finding a successful treatment for
COVID-19 that can save lives in this pandemic, which
has taken close to 0.9 million lives worldwide to date, is
of utmost priority [30]. In this scenario, a biologic agent
has been re-purposed, successfully completed a RCT, and
received approval for restricted emergency use in a country
where cases and mortality due to COVID-19 are growing
exponentially. So, instead of welcoming the approval with
open arms, why are so many doubts being raised? This is an
issue that needs to be considered and dealt with sensitively,
as well as scientifically.

The trial that led to itolizumab approval in India was an
open-label, multicenter RCT, but the total sample size, being
a phase II study, was only 30 patients, of whom only 20
patients actually received the drug [21]. Although the pri-
mary endpoint (i.e., mortality at 1 month) was significantly
in favor of itolizumab, it cannot be claimed with certainty
that this result would reflect real-world effectiveness. It is
unclear whether a design such as Simon’s two-stage design,
which can lead to greater confidence in the significance of
results obtained even from a smaller size phase II trial, was
followed for this trial or not [31]. However, it is to be noted
that this type of study design is suitable for a single-arm
study.

While the sample size may have been sufficient for
the primary outcome parameters, the trial is likely to be
underpowered for many secondary efficacy parameters; the
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‘statistically significant’ advantage of itolizumab for these
parameters does not hold credence. It is also not known
what constituted the best standard of care at the sites in
the trial or whether steroids were part of the treatment
regimens for these patients. This is important in light of
the established effectiveness of steroids in patients with
moderate to severe Covid-19 pneumonia [32]. The results
are certainly encouraging, and are claimed to have been
obtained through fulfilment of the due regulatory require-
ments, leading the Indian drug regulator to approve the
drug for emergency use. The need to conduct a phase III
clinical trial has also been waived, allowing the innova-
tor to carry out post-marketing surveillance (phase IV)
[33]. This adds further to the scrutiny and raises more
questions. Typically, phase II trials are designed to evalu-
ate the drug’s efficacy in people with the disease being
studied along with determining the common short-term
adverse effects and risks associated with the drug. They
also test different dose regimens of the study molecule to
derive the optimal dosage for disease. A phase III trial is
a large, multi-center trial considered crucial to proving
the efficacy of a drug in a sufficient number of patients
compared with placebo or standard of treatment; it pro-
vides evidence of clinical and statistical significance of
any treatment effects obtained [34]. These questions have
perhaps compelled the regulator to instruct the innova-
tor company to revise its proposed phase IV protocol to
keep safety as the primary objective, and increase the sam-
ple size as well as geographic distribution of study sites
[35]. Furthermore, media claims of mortality reduction
in COVID-19 have been made while the results have not
yet been peer reviewed and scrutinized within the scien-
tific community. Whether the study was methodologically
robust cannot be determined unless the study protocol or
the results in their entirety are available. Now there are
reports questioning the scientific validity of this phase II
trial and pointing out inadequacies in its design [36]. The
Cuban regulatory study is non-randomized and single arm
(non-controlled); data available for that study is even more
scant [37].

It was proclaimed earlier that the real-world data for
‘off-label” use of the drug on compassionate grounds will
be published; all patients being cured of COVID-19 [21].
The latest statement claims availability of real-world evi-
dence on 1000 patients [38]. It is being argued that any
such real-world data for itolizumab is less likely to include
cases that recovered without the use of itolizumab, and it
may include only those patients who were successfully
treated with the drug, which will not reflect the true results
[36]. The lack of confidence in the drug, or rather in the
evidence available to date, has been echoed in the exclu-
sion of the drug from the latest clinical management pro-
tocol released by the national task force for COVID-19

in India, and a statement made by the chief of the apex
body of medical research in the country [39]. However, in
Cuba it has been included in the COVID-19 management
protocol since April, before the grant of approval [40].

Itolizumab, which is manufactured in India, is relatively
cheaper than other lifesaving options in severe COVID-
19, such as tocilizumab or remdesivir, and its randomized
trial is being touted as ‘robust’. However, these justifi-
cations have seemingly not been accepted by the scien-
tific community. The approved itolizumab formulation of
25 mg/5 mL costs INR7950 (~US$105) per vial. The aver-
age cost of therapy at a dose of 1.6 mg/kg, comprising four
vials, is estimated to be ~INR32,000 (~USD425), which is
less than the treatment cost with tocilizumab, which var-
ies between INR45,000 and INR50,000 (~ USD600-670)
per vial [41]. However, this cost is still high, as only a
small proportion of patients in India can access or rather
afford this cost for complete treatment where the average
per capita monthly income is INR11,254 (~USD150) [42].

The data and protocols from the drug trials in India and
Cuba should be published at the earliest in their entirety;
this may assuage many of the doubts and concerns regard-
ing the strength of evidence. Even with the restricted use
approval, a phase III trial of the drug should have been
directed in India, as for tocilizumab, which is currently
undergoing a large phase III trial in the country despite
more real-world and randomized data being available for
this drug. However, the emergency due to this pandemic
has to be considered; the approval given is not complete—
the restricted use necessitates fulfilment of important pre-
requisites of use. The phase II data and the claimed real-
world evidence does come entirely from the respective
countries of approval, which gives some confidence for
the use of the drug.

7 Conclusion

At this point in time, a guarded approach is needed regarding
both use and evaluation of itolizumab as a drug for treatment
of COVID-19. Perhaps publication of the trial data from the
Indian and Cuban studies with support from the real-world
off-label use data may provide satisfactory answers to some,
if not all, of the crucial questions raised. Even so, more evi-
dence would undoubtedly be warranted in terms of both
randomized and real-world studies to be really convinced
of the efficacy and safety of this drug for its purported use
in COVID-19. For now, itolizumab does give physicians a
therapeutic option to potentially save lives in an important
subset of COVID-19 patients.
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