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ABSTRACT
In this 12th annual installment of the Antibodies to Watch article series, we discuss key events in antibody 
therapeutics development that occurred in 2020 and forecast events that might occur in 2021. The 
coronavirus disease 2019 (COVID-19) pandemic posed an array of challenges and opportunities to the 
healthcare system in 2020, and it will continue to do so in 2021. Remarkably, by late November 2020, two 
anti-SARS-CoV antibody products, bamlanivimab and the casirivimab and imdevimab cocktail, were 
authorized for emergency use by the US Food and Drug Administration (FDA) and the repurposed 
antibodies levilimab and itolizumab had been registered for emergency use as treatments for COVID-19 
in Russia and India, respectively. Despite the pandemic, 10 antibody therapeutics had been granted the 
first approval in the US or EU in 2020, as of November, and 2 more (tanezumab and margetuximab) may 
be granted approvals in December 2020.* In addition, prolgolimab and olokizumab had been granted first 
approvals in Russia and cetuximab saratolacan sodium was first approved in Japan. The number of 
approvals in 2021 may set a record, as marketing applications for 16 investigational antibody therapeutics 
are already undergoing regulatory review by either the FDA or the European Medicines Agency. Of these 
16 mAbs, 11 are possible treatments for non-cancer indications and 5 are potential treatments for cancer. 
Based on the information publicly available as of November 2020, 44 antibody therapeutics are in late- 
stage clinical studies for non-cancer indications, including 6 for COVID-19, and marketing applications for 
at least 6 (leronlimab, tezepelumab, faricimab, ligelizumab, garetosmab, and fasinumab) are planned in 
2021. In addition, 44 antibody therapeutics are in late-stage clinical studies for cancer indications. Of these 
44, marketing application submissions for 13 may be submitted by the end of 2021. *Note added in proof 
on key events announced during December 1-21, 2020: margetuximab-cmkb and ansuvimab-zykl were 
approved by FDA on December 16 and 21, 2020, respectively; biologics license applications were 
submitted for ublituximab and amivantamab.
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Introduction

Each year since 2010, the ‘Antibodies to Watch’ articles have 
faithfully reported key events related to antibody therapeutics 
in late-stage development and regulatory review, and those that 
were recently approved.1–13 Events that occurred during 2020, 
however, were unprecedented due to coronavirus disease 2019 
(COVID-19). During January – November 2020, over 
60 million people worldwide were infected with the SARS- 
CoV-2 virus, and ~1.5 million people died of the disease. In 
terms of absolute numbers per country, the United States (US) 
had the highest number of infections, over 13 million, and the 
highest number of deaths, over 260 thousand.

It was clear early on that many new therapeutics and vac-
cines would be needed to manage the pandemic. The global 
response to this very substantial need has been truly extraor-
dinary. Hundreds if not thousands of organizations in the 
biopharmaceutical, academic, government and nonprofit sec-
tors pivoted from their usual activities, and started studying the 
virus and the disease, and developing therapeutics and vac-
cines. Remarkably, the programs initiated by the biopharma-
ceutical industry appear to have been accomplished in parallel 
with their ongoing activities involving late-stage clinical studies 
and regulatory review of antibody therapeutics. Regulatory 

authorities also managed the additional COVID-19-related 
workload while maintaining timelines on existing marketing 
applications undergoing review.

‘Antibodies to watch in 2021ʹ includes sections dedicated to 
discussion of anti-SARS-CoV-2 antibodies and other antibody 
therapeutics that were repurposed as treatments for COVID- 
19. We focus on those in late-stage studies and the antibody 
therapeutics under review or authorized for COVID-19 in the 
US or other countries. The discussion and COVID-19 antibody 
therapeutics data are segregated from those related to the 
traditional topics (i.e., recently approved antibody products, 
antibodies in regulatory review, antibodies for which market-
ing applications may be submitted soon) to enable and facil-
itate comparisons with past and future installments of this 
article series. Data presented here were collected and analyzed 
during mid-August through mid-November 2020. Due to the 
large volume of literature for the molecules, we have reported 
primarily on publications, disclosures and events that occurred 
during 2020.

COVID-19 antibody therapeutics in late-stage studies

COVID-19 is characterized by cytokine storm-induced acute 
respiratory distress syndrome, moderate to severe pneumonia, 
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tissue damage resulting from hyper-inflammation, and abnor-
mal clotting. In particular, complement 5, interleukin (IL)-1, 
IL-6, interferon (IFN), and granulocyte-macrophage colony- 
stimulating factor (GM-CSF) have been implicated in the 
pathology of the disease. As the pandemic began to spread in 
early 2020, over 60 antibody therapeutics already in clinical 
studies or marketed for other indications with similar pathol-
ogy were repurposed as possible COVID-19 interventions. As 
of November 2020, late-stage clinical studies for numerous 
repurposed antibody therapeutics (Table 1) were recruiting 
patients, and emergency use authorizations (EUAs) had been 
requested or granted for 3, anti-IL-6 receptor levilimab, anti- 
CD6 itolizumab, and anti-C-C chemokine receptor type 5 
(CCR5) leronlimab.

Also, in early 2020, over 100 organizations sought to dis-
cover new antibodies that bind the SARS-CoV-2 Spike protein, 
and thereby block viral entry into host cells by disrupting 
interactions of the Spike protein with the cellular angiotensin- 
converting enzyme 2 (ACE2) receptor. As of November 2020, 

details for over 120 anti-SARS-CoV-2 antibody therapeutics 
sponsored by commercial firms have been publicly disclosed 
(data available at www.antibodysociety.org/covid-19-biologics- 
tracker). In the remarkably short period of ~10 months, five 
advanced to late-stage clinical studies (Table 1), and the study 
results for two of these bamlanivimab (LY-CoV555) and casir-
ivimab and imdevimab (REGN-COV2) were sufficiently posi-
tive that EUAs were granted by the US Food and Drug 
Administration (FDA). A Phase 2/3 study for another, 
SCTA01, is pending. All of these antibodies target the spike 
protein of the virus.

AZD7442 (AstraZeneca) is a combination of two monoclo-
nal antibodies (mAbs) derived from convalescent patients with 
SARS-CoV-2 infection. Discovered at Vanderbilt University 
Medical Center and licensed to AstraZeneca in June 2020, the 
mAbs were optimized by AstraZeneca with half-life extension 
(YTE modification; half-life 70–100 d) and reduced Fc receptor 
binding (L234F/L235E/P331S triple mutations). A Phase 1 
study (NCT04507256) in healthy adults was started in 

Table 1. Monoclonal antibodies undergoing late-stage clinical studies or authorized for COVID-19*.

Primary sponsoring 
company INN or code name Molecular format Target(s)

Most 
advanced 
phase for 
COVID-19 Phase 2/3 or 3 clinical study conditions

Biocon, Equillium Itolizumab# Humanized IgG1 CD6 EUA in India Hospitalized Patients With COVID-19 (NCT04605926 pending)
Biocad Levilimab# Human IgG1 IL-6 R EUA in Russia Severe COVID-19 (NCT04397562)
AbCellera / Eli Lilly 

and Company
Bamlanivimab (LY- 

CoV555, LY3819253)
Human IgG1 SARS-CoV 

-2
EUA in US Preventing SARS-CoV-2 Infection and COVID-19 

(NCT04497987); Inpatients With COVID-19 (NCT04501978); 
Outpatients With COVID-19 (NCT04518410)

Regeneron 
Pharmaceuticals, 
Inc.

Casirivimab and 
imdevimab (REGN- 
COV2; REGN10933 
+ REGN10987)

Human IgG1 mAbs SARS-CoV 
-2

EUA in US Ambulatory Adult Patients With COVID-19 
(NCT04425629); Hospitalized Adult Patients With COVID-19 
(NCT04426695); Preventing SARS-CoV-2 Infection in 
Household Contacts of Individuals Infected With SARS-CoV 
-2 (NCT04452318)

CytoDyn Leronlimab Humanized IgG4 CCR5 EUA 
requested 
in US

Severe or Critical COVID-19 (pivotal Phase 2 NCT04347239); 
Mild to moderate COVID-19 (pivotal Phase 2 NCT04343651)

InflaRx GmbH Vilobelimab (IFX-1, 
CaCP29)

Chimeric IgG4 C5 Phase 2/3 Severe COVID-19 Pneumonia (NCT04333420)

Alexion 
Pharmaceuticals

Ravulizumab-cwvz# Humanized IgG2/4 C5 Phase 3 Hospitalized adults with severe pneumonia or acute 
respiratory distress syndrome (NCT04369469)

Jiangsu Pacific 
Meinuoke Bio 
Pharmaceutical 
Co Ltd

Meplazumab Humanized IgG2 CD147 Phase 2/3 
pending

Hospitalized Adults With COVID-19 (NCT04586153)

Humanigen, Inc. Lenzilumab Human IgG1 GM-CSF Phase 3 COVID-19 Pneumonia (NCT04351152)
Kiniksa 

Pharmaceuticals, 
Ltd.

Mavrilimumab Human IgG4 GM-CSFR Phase 2/3 COVID-19 Pneumonia and Hyper-inflammation 
(NCT04447469)

Swedish Orphan 
Biovitrum

Emapalumab# Human IgG1 IFN 
gamma

Phase 2/3 Hyper-inflammation and Respiratory Distress in Patients With 
SARS-CoV-2 Infection (NCT04324021)

R-Pharm JSC, 
Cromos Pharma

Olokizumab# Humanized IgG4 IL-6 Phase 2/3 Severe COVID-19 (NCT04380519, NCT04452474 pending)

Hoffmann-La 
Roche

Tocilizumab# Humanized IgG1 IL-6 R Phase 3 Hospitalized Patients With COVID-19 Pneumonia 
(NCT04372186, NCT04409262)

Sinocelltech Ltd. SCTA01 Humanized mAb SARS-CoV 
-2

Phase 2/3 
pending

Hospitalized Patients With Severe COVID-19 (NCT04644185)

Vir Biotechnol./ 
GlaxoSmithKline

VIR-7831/GSK4182136 Human mAb SARS-CoV 
-2

Phase 2/3 Early Treatment of COVID-19 in Outpatients (NCT04545060)

Celltrion CT-P59 Human mAb SARS-CoV 
-2

Phase 2/3 Mild to Moderate COVID-19 (NCT04602000)

AstraZeneca AZD7442 (AZD8895 
+ AZD1061)

Human mAbs SARS-CoV 
-2

Phase 3 Pre-exposure Prophylaxis (NCT04625725); Post-exposure 
Prophylaxis (NCT04625972)

*Data publicly available as of November 21, 2020. 
#Product previously approved for a disease other than COVID-19 in at least one country. 
Table notes: Table 1 includes only monoclonal antibodies evaluated in commercially sponsored, late-stage clinical studies that are listed on clinicaltrials.gov. 
Abbreviations: COVID-19, coronavirus disease 2019; EUA, emergency use authorization; IFN, interferon; IL, interleukin; GM-CSF, granulocyte-macrophage 

colony-stimulating factor; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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August 2020, and Phase 3 trials are due to start in mid- 
November. The Phase 3 studies will evaluate AZD7442 in pre- 
exposure (PROVENT study, NCT04625725) and post- 
exposure (STORMCHASER study, NCT04625972) use, as 
well as outpatient treatment.

CT-P59 (Celltrion) is being evaluated in a placebo- 
controlled, Phase 2/3 study (NCT04602000) of outpatients 
with SARS-CoV-2 infection. The estimated enrollment is 
1020 participants. This study started in late September 2020 
but has a primary completion date in December 2020. Results 
for a Phase 1 study (NCT04593641) evaluating the safety, 
tolerability and virology of CT-P59 in patients with mild 
symptoms of SARS-CoV-2 infection were reported at the 
2020 fall Conference of the Korean Society of Infectious 
Diseases on November 5, 2020.14 This study enrolled a total 
of 18 patients, 15 of which were randomized into three cohorts 
that received CT-P59 at 20 mg/kg, 40 mg/kg or 80 mg/kg, 
respectively. Three patients received matching placebo. 
Patients treated with CT-P59 experienced about 44% reduced 
mean clinical recovery time compared to the average for 
patients who received placebo. Celltrion expects to apply for 
an EUA, conditional on the results for the Phase 2/3 study of 
CT-P59.

VIR-7831 (also known as GSK4182136; Vir Biotechnology, 
GlaxoSmithKline) is being evaluated in a Phase 2/3 study 
(NCT04545060) as an early treatment of COVID-19 in patients 
who are at high risk of hospitalization. This study has an 
estimated enrollment of 1360 participants and a primary com-
pletion date in January 2021.

SCTA01 (Sinocelltech Ltd.) is being evaluated in a Phase 1 
study (NCT04483375) of healthy subjects that started in 
July 2020, and a Phase 2/3 study is due to start in 
February 2021. The placebo-controlled Phase 2/3 trial 
(NCT04644185) will evaluate the efficacy and safety of 
SCTA01 in hospitalized patients with severe COVID-19.

Bamlanivimab (also known as LY-CoV555 and LY3819253; 
Eli Lilly and Company) is being evaluated for several types of 
patients (outpatient and hospitalized) and uses (prophylaxis 
and treatment). Results of an interim analysis of Phase 2 
BLAZE-1 study (NCT04427501) involving outpatients with 
recently diagnosed mild or moderate COVID-19 were recently 
reported.15 Patients received intravenous (IV) administration 
of 700 mg, 2800 mg, or 7000 mg LY-CoV555 or placebo. The 
change from baseline to Day 11 in viral load was the primary 
outcome measure. These values were −0.20 (95% confidence 
interval [CI], −0.66 to 0.25; P = .38), −0.53 (95% CI, −0.98 to 
−0.08; P = .02), and 0.09 (95% CI, −0.37 to 0.55; P = .70) for the 
700 mg, 2400 mg, and 7000 mg doses, respectively. However, 
the authors noted that the endpoint did not appear to be 
clinically meaningful because the viral load was substantially 
reduced at Day 11 for most patients. This outcome is consistent 
with the infection’s natural progression. The percentage of 
patients who were hospitalized on Day 29 was lower among 
those who received LY-CoV555 vs. placebo (1.6% vs. 6.3%, 
respectively), in particular for patients in high-risk subgroups 
(4.2% vs. 14.6%, respectively).

LY-CoV555 is being evaluated in Phase 3 BLAZE-2 trial 
(NCT04497987), which will assess the ability of the antibody to 
prevent SARS-CoV-2 infection and COVID-19 in residents 

and staff at nursing and assisted living facilities. It is also 
being evaluated in 2 Phase 2/3 platform studies (ACTIV-2 
(NCT04518410) and ACTIV-3 (NCT04501978)) sponsored 
by the National Institute of Allergy and Infectious Diseases 
that will compare the effects of LY-CoV555 vs. placebo in 
outpatients with COVID-19 (ACTIV-2) or vs. remdesivir in 
hospitalized patients (ACTIV-3).

Casirivimab and imdevimab (also known as REGN-COV2 
and REGN10933+ REGN10987; Regeneron) is being evaluated 
in multiple late-stage clinical studies. REGN-COV2 is 
a cocktail of two human antibodies derived from parallel efforts 
using both transgenic mice and B cells from recovered 
COVID-19 patients. Like LY-CoV555, REGN-COV2 is being 
evaluated in both outpatient and hospitalized patients, and for 
both prophylaxis and treatment. Results from the ongoing 
Phase 1/2/3 seamless trial (NCT04425629) evaluating high 
(8 g) and low (2.4 g) doses of REGN-COV2 in ambulatory 
adult patients with COVID-19 were announced in late 
October 2020.16 The study’s primary and key secondary end-
points, which assessed virologic endpoints based on viral load, 
seronegative status and dose group, and COVID-19-related 
medically attended visits in patients who had laboratory- 
confirmed COVID-19 at baseline, were met. No significant 
difference in virologic or clinical efficacy between the two 
doses was observed.

REGN-COV2 is also being evaluated in a seamless Phase 1/ 
2/3 study (NCT04426695) of hospitalized COVID-19 patients. 
Prophylactic use of the cocktail is being evaluated in an 
ongoing Phase 3 study (NCT04452318), which will determine 
how well REGN-COV2 prevents SARS-CoV-2 infection in 
household contacts of individuals infected with SARS-CoV-2.

Antibody therapeutics under review or authorized for 
COVID-19 in the US

As of November 20, 2020, an EUA request for leronlimab for 
the treatment of COVID-19 had been submitted to the FDA, 
and both bamlanivimab and REGN-COV2 were authorized for 
emergency use by the FDA. Bamlanivimab and REGN-COV2 
target the SARS-CoV-2 virus and thus reduce the viral load, 
while leronlimab targets CCR5 and is intended to treat symp-
toms of COVID-19.

Bamlanivimab (Eli Lilly and Company)

Lilly announced they had submitted an EUA request for bam-
lanivimab monotherapy in higher-risk patients on October 7, 
2020, and on November 9, 2020, the FDA authorized its emer-
gency use. The agency stated that “it is reasonable to believe 
that bamlanivimab may be effective for the treatment of mild to 
moderate COVID-19 in adults and pediatric patients with 
positive results of direct SARS-CoV-2 viral testing who are 
12 y of age and older weighing at least 40 kg, and who are at 
high risk for progressing to severe COVID-19 and/or hospita-
lization, and that, when used under the conditions described in 
this authorization, the known and potential benefits of bamla-
nivimab when used to treat COVID-19 in such patients out-
weigh the known and potential risks of such product.”17
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The EUA was based on review of the topline data from the 
planned interim analysis of BLAZE-1 (NCT04427501), which 
is ongoing. The EUA letter indicates that distribution of the 
authorized bamlanivimab (700 mg/20 mL vial) will be con-
trolled by the United States Government for use consistent 
with the terms and conditions of the EUA, and that the EUA 
is effective only while circumstances exist justifying the author-
ization of emergency use during the COVID-19 pandemic. The 
recommended dose is 700 mg and the recommended concen-
tration for infusion is 700 mg/200 mL, with a minimum infu-
sion rate of 200 mL/h (i.e., 1-h total infusion time).

Lilly has an agreement with the US government to supply 
300,000 vials of 700 mg doses of LY-CoV555 for 375 
USD million.18 According to Lilly, up to 1 million doses may 
be available in Q4 2020. The price per vial has been set at 1,250 
USD for wealthy countries, with one vial representing a full 
course of treatment. Tiered pricing for LY-Cov555 monother-
apy will apply to middle- and low-income countries.19

Lilly is also pursuing development of a cocktail comprising 
LY-Cov555 and LYCoV016 (also known as JS016, LY3832479, 
CB6-LALA). LYCoV016 is a human anti-SARS-CoV-2 anti-
body with an Fc portion that was modified to include 
Leu234Ala and Leu235Ala (LALA) mutations, which disrupt 
effector functions.20 The two antibodies bind complementary 
regions of the SARS-CoV-2 spike protein. The company antici-
pates submission of an EUA request for combination therapy 
by the end of 2020 and may have data to support a biologics 
license application (BLA) submission for combination therapy 
as early as Q2 2021.

Casirivimab and imdevimab (Regeneron)

In early October 2020, Regeneron announced that they 
requested an EUA for casirivimab and imdevimab (REGN- 
COV2), and on November 20, 2020, the FDA authorized its 
emergency use.21 After reviewing the analysis of Phase 1 and 2 
data from the ongoing Phase 1/2/3 NCT04425629 study, the 
agency concluded that “it is reasonable to believe that casirivi-
mab and imdevimab, administered together, may be effective 
for the treatment of mild to moderate COVID-19 in adults and 
pediatric patients (12 y of age and older weighing at least 40 kg) 
with positive results of direct SARS-CoV-2 viral testing, and 
who are at high risk for progressing to severe COVID-19 and/ 
or hospitalization, and that, when used under the conditions 
described in this authorization, the known and potential ben-
efits of casirivimab and imdevimab, administered together, 
outweigh the known and potential risks of such product.”

The EUA letter further states that distribution of REGN- 
COV2 will be directed by the US government, and its EUA will 
be effective until the declaration that circumstances exist justi-
fying the authorization of the emergency use of drugs and 
biological products during the COVID-19 pandemic is termi-
nated or the EUA is revoked. The authorized dosage is 
1,200 mg of casirivimab and 1,200 mg of imdevimab adminis-
tered together as a single IV infusion over at least 60 min via 
pump or gravity as soon as possible after positive viral test for 
SARS-CoV-2 and within 10 d of symptom onset.

Regeneron was granted a 450 USD million contract to 
manufacture and supply REGN-COV2 by the US government, 

which has committed to making the doses available to 
Americans for free. The agreement covers a fixed number of 
bulk lots, as well as fill/finish and storage activities. Delivery of 
REGN-COV2 drug product started during the third quarter of 
2020, and the company expects to have ~80,000 doses available 
by the end of November, ~200,000 total doses ready by the first 
week of January 2021, and ~300,000 total doses ready by the 
end of January 2021.

Leronlimab (Cytodyn Inc.)

Leronlimab is a humanized anti-CCR5 IgG4 antibody devel-
oped for a variety of indications, including HIV, stroke, graft- 
vs.-host disease (GvHD), triple-negative breast cancer (TNBC), 
as well as COVID-19. Among other roles, CCR5 modulates 
immune cell trafficking to sites of inflammation. Data from 
COVID-19 patients (n = 23) receiving 700 mg leronlimab on 
an open-label compassionate use basis have suggested that the 
drug may improve outcomes.22

CytoDyn completed a Phase 2 clinical trial (NCT04343651, 
CD10) that compared the efficacy and safety of leronlimab vs. 
placebo for mild to moderate COVID-19. Patients are being 
recruiting for a Phase 2b/3 trial (CD12, NCT04347239) to 
evaluate the efficacy and safety of leronlimab for patients with 
severe or critical COVID-19. In this adaptive-design multi-
center study, patients are randomized to receive weekly doses 
of 700 mg leronlimab, or placebo, which are each administered 
via subcutaneous (SC) injection.

Cytodyn disclosed in an investment community conference 
call that they requested an EUA from FDA for leronlimab for 
mild to moderate COVID-19 based on data from the Phase 2 
CD10 study. Top-level results of the study showed that, in 
patients with Total Clinical Symptom Scores of ≥4 at baseline 
(higher scores equate to poorer health state), at Day 3, more 
subjects treated with leronlimab reported improvement in total 
clinical symptom score compared to the placebo group (90% 
on leronlimab arm vs. 71% on placebo).23

Antibody therapeutics authorized for COVID-19 in 
Russia and India

As of November 2020, two repurposed antibodies, levilimab 
and itolizumab, had been registered for emergency use as 
treatments for COVID-19.

Levilimab (Ilsira), a human mAb targeting membrane- 
bound and soluble forms of IL-6 R, is registered in Russia for 
treatment of patients with severe COVID-19. Developed by 
Biocad, levilimab was originally developed for treatment of 
rheumatoid arthritis but had not yet been approved for this 
indication. Biocad initiated a Phase 3 study in COVID-19 
patients in April 2020. The study included 204 participants 
who received a single SC administration of levilimab at 
a dose of 324 mg in combination with standard therapy. 
According to Biocad, the results of a clinical trial of the drug 
demonstrated that levilimab therapy can significantly reduce 
mortality among patients with COVID-19.24 Levilimab was 
registered in Russia on June 5, 2020, through an accelerated 
procedure established by the Government of the Russian 
Federation’s decree No. 441, which applies to emergency use 
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of medical drugs for prophylaxis or treatment of disease caused 
by exposure to adverse chemical and biological conditions.

Itolizumab (Alzumab), a humanized IgG1 targeting CD6, 
was granted restricted emergency use in India for the treatment 
of cytokine release syndrome in COVID-19 patients with mod-
erate to severe acute respiratory distress syndrome (ARDS). 
The EUA was issued by the Drugs Controller General of India 
on July 11, 2020. Developed by Biocon, itolizumab was pre-
viously approved in India for plaque psoriasis. Emergency use 
was granted based on a randomized, controlled, open-label 
study at four hospitals in India, enrolling a total of 30 hospita-
lized COVID-19 patients with moderate to severe ARDS. 
Twenty patients were randomized to receive itolizumab plus 
best supportive care, while 10 patients received best supportive 
care alone. The primary endpoint was reduction in mortality at 
1 month.25

Antibody therapeutics granted a first approval in the 
US or EU in 2020

Companies within the biopharmaceutical industry achieved 
first marketing approvals for at least 6 antibody therapeutics, 
and as many as 13, each year starting in 2014 (Figure 1). In 
total, 61 products were approved in the past ~7 y 
(January 2014–November 2020). In contrast, only 34 products 
were approved during the previous 17 y (1997–2013). Despite 
the pandemic, 10 antibody therapeutics were granted the first 
approval in the US or European Union (EU) in 2020, as of 
November (Table 2). The products are teprotumumab-trbw 
(Tepezza®), eptinezumab-jjmr (VyeptiTM), isatuximab-irfc 
(Sarclisa®), sacituzumab govitecan-hziy (TrodelvyTM), inebili-
zumab-cdon (UpliznaTM), tafasitamab-cxix (Monjuvi®), belan-
tamab mafodotin-blmf (Blenrep®), satralizumab-mwge 
(ENSPRYNGTM), atoltivimab/maftivimab/odesivimab-ebgn 
(InmazebTM), and naxitamab-gqgk (DANYELZA). It is impor-
tant to note that EUAs for COVID-19 are not equivalent to 
approvals, but companies that receive EUAs may pursue mar-
keting approvals for their products in this indication in the 
future.

Teprotumumab (Horizon Therapeutics Ireland DAC)

Teprotumumab (Tepezza®) is a human IgG1k antibody target-
ing insulin-like growth factor 1 receptor (IGF-1 R). It was 
originally developed in the mid-2000s by F. Hoffman-La 
Roche Ltd as a treatment for solid tumors.

On January 21, 2020, the FDA approved Tepezza (teprotu-
mumab-trbw) for the treatment of adults with thyroid eye 
disease, which is associated with an outward bulging of the 
eye that can cause eye pain, double vision, light sensitivity or 
difficulty closing the eye. Teprotumumab was granted Fast 
Track, Breakthrough Therapy and Orphan Drug designations 
by the FDA for this indication. FDA’s approval was based on 
positive data from both Phase 2 (NCT01868997) and Phase 3 
(OPTIC, NCT03298867) studies. The Phase 2 study evaluated 
the effects of teprotumumab or placebo when administered 
every 3 weeks (q3W) by IV infusion. A total of 88 participants 
were randomly assigned to the treatment phase in a 1:1 ratio to 
receive a starting dose of 10 mg/kg of teprotumumab or pla-
cebo. At Week 3, the teprotumumab dose was escalated to 
20 mg/kg IV q3W. Following dose escalation, participants 
continued at this dose level for all subsequent infusions. Of 
the patients who were administered teprotumumab, 71% 
demonstrated a greater than 2 mm reduction in proptosis 
compared with 20% of those who received placebo at Week 
24.26

In the randomized, placebo-controlled Phase 3 OPTIC 
study, participants received eight infusions of teprotumumab 
or placebo q3W for a total of 21 weeks. Teprotumumab 10 mg/ 
kg was administered on Day 1 and teprotumumab 20 mg/kg 
was administered q3W for the remaining 7 infusions. 
Teprotumumab met the study’s primary endpoint, which was 
a responder rate of ≥2 mm reduction of proptosis in the study 
eye (without deterioration in the fellow eye) at Week 24. The 
study included a total of 83 patients, with 41 assigned to the 
teprotumumab arm and 42 to the placebo arm. A proptosis 
response was observed in 83% of patients receiving teprotu-
mumab compared to 10% of patients receiving placebo at 
Week 24 (p < .001).27 All secondary endpoints in the study 
were also met.

Figure 1. Number of antibody therapeutics first approved in the United States or European Union each year during 1997–2020*. *Data publicly available as of 
November 25, 2020. Red bars, first approvals for cancer. Blue bars, first approvals for non-cancer indications. Biosimilar antibody and Fc fusion protein products were 
excluded. A table of US and EU-approved antibody therapeutics is available at antibodysociety.org/resources/approved-antibodies/.
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Eptinezumab (Lundbeck Seattle BioPharmaceuticals, Inc.)

Eptinezumab (VyeptiTM) is a rabbit-derived, humanized, agly-
cosylated IgG1k antibody that targets calcitonin gene-related 
peptide. Heavy chain asparagine 297 was mutated to alanine to 
avoid FcγR and complement protein interactions.28 The mAb 
is produced in Pichia pastoris yeast cells by recombinant DNA 
technology. Development of eptinezumab was initiated by 
Alder BioPharmaceuticals, Inc., which was acquired by 
Lundbeck in October 2019.

On February 21, 2020, FDA approved eptinezumab-jjmr for 
the preventive treatment of migraine in adults. The recom-
mended dosage is 100 mg as an IV infusion over approximately 
30 min every 3 months; some patients may benefit from 
a dosage of 300 mg. The safety of Vyepti was evaluated in 
over 2000 patients with migraine who received at least one 
dose of the drug. The approval was supported by positive 
results from the PROMISE 1 (NCT02559895) and PROMISE 
2 (NCT02974153) Phase 3 clinical trials, which investigated 
eptinezumab for episodic and chronic migraine prevention, 
respectively.1 In PROMISE-1, a total of 665 patients were 
randomized to receive placebo (n = 222), 100 mg Vyepti 
(n = 221), or 300 mg Vyepti (n = 222) every 3 months for 
12 months. Mean migraine frequency at baseline was approxi-
mately 8.6 migraine days per month and was similar across 
treatment groups; mean change from baseline in monthly 
migraine days (MMD) with Vyepti compared with placebo 
months 1–3 was −3.9 d for 100 mg (p = .018), −4.3 d for 
300 mg (p < .001), and −3.2 d for placebo. In PROMISE-2, 
a total of 1,072 patients were randomized to receive placebo 
(n = 366), 100 mg Vyepti (n = 356) or 300 mg Vyepti (n = 350) 
every 3 months for 6 months. Mean migraine frequency at 
baseline was approximately 16.1 migraine days per month 
and was similar across treatment groups. Mean change from 
baseline in MMD compared with placebo across Weeks 1 to 12 

was −7.7 d for 100 mg (p < .0001), −8.2 d for 300 mg 
(p < .0001), and −5.6 d for placebo.29

H. Lundbeck A/S is evaluating IV administration of eptine-
zumab in a Phase 1 open-label, single-dose, pharmacokinetic 
study of children and adolescents with migraine that will be 
followed by an optional, multiple-dose, open-label extension 
period. Participants will receive up to four infusions of eptine-
zumab. The study started in August 2020. The estimated 
enrollment is 32 patients and the estimated primary comple-
tion date is March 2023.

Isatuximab (Sanofi)

Isatuximab (Sarclisa®, isatuximab-irfc) is a chimeric IgG1k that 
targets CD38 overexpressed on plasma cells in multiple mye-
loma (MM). Ixatuximab was granted Orphan Drug designa-
tions by the European Medicines Agency (EMA) and the FDA 
in 2014 and 2016, respectively. Isatuximab was first approved 
in the US on March 2, 2020, in combination with pomalido-
mide and dexamethasone for adult MM patients who have 
received at least two prior therapies including lenalidomide 
and a proteasome inhibitor.30 The European Commission 
granted a marketing approval on May 30, 2020, in the same 
indication. The recommended dose for isatuximab is 10 mg/kg 
IV every week for 4 weeks followed by every 2 weeks in 
combination with pomalidomide and dexamethasone until 
disease progression or unacceptable toxicity.

The approvals of Sarclisa® are based on data from the pivotal 
Phase 3 ICARIA-MM study (NCT02990338). This multicenter, 
multinational, randomized, open-label, two-arm trial enrolled 
307 patients with relapsed and refractory MM who have 
received at least two prior therapies including lenalidomide 
and a proteasome inhibitor. Patients were randomized to 
receive either isatuximab with pomalidomide and 

Table 2. Antibody therapeutics granted first approvals in the European Union or the United States during 2020*.

International non- 
proprietary name

Brand 
name Target; Format Indication first approved

Date of first EU 
approval

Date of first 
US approval

FDA or EMA designations for 
first approved indication

Teprotumumab Tepezza IGF-1 R; Human IgG1 Thyroid eye disease NA 21–01-2020 BT, FT, US Orphan
Eptinezumab Vyepti CGRP; Humanized IgG1 Migraine prevention NA 21–02-2020 NA
Isatuximab SARCLISA CD38; Chimeric IgG1 Multiple myeloma 30–05-2020 02–03-2020 EU/US Orphan
Sacituzumab 

govitecan
TRODELVY TROP-2; Humanized 

IgG1 ADC
Triple-neg. breast cancer NA 22–04-2020 BT, FT

Inebilizumab Uplizna CD19; Humanized IgG1 Neuromyelitis optica and 
neuromyelitis optica spectrum 
disorders

NA 11–06-2020 BT, EU/US Orphan

Tafasitamab MONJUVI CD19; Humanized IgG1 Diffuse large B-cell lymphoma In review 31–07-2020 BT, FT, EU/US Orphan
Belantamab 

mafodotin
BLENREP BCMA; Humanized 

IgG1 ADC
Multiple myeloma 25–08-2020 05–08-2020 BT, PRIME, EU/US Orphan

Satralizumab ENSPRYNG IL-6 R; Humanized 
IgG2

Neuromyelitis optica spectrum 
disorders

In review, 
Accelerated 
assessment

13–08-2020 BT, EU/US Orphan

Atoltivimab, 
maftivimab, and 
odesivimab

Inmazeb Ebola virus; Human 
IgG1 mixture (3 
mAbs)

Treatment for Zaire ebolavirus 
(Ebola virus) infection

NA 14–10-2020 BT, EU/US Orphan

Naxitamab Danyelza GD2; Humanized IgG1 Neuroblastoma NA 25–11-2020 BT, Rare Pediatric Disease, 
EU/US Orphan

*Data publicly available as of November 25, 2020. 
Table notes: nonproprietary names for products approved in the US are atoltivimab/maftivimab/odesivimab-ebgn, belantamab mafodotin-blmf, eptine-

zumab-jjmr, inebilizumab-cdon, isatuximab-irfc, naxitamab-gqgk, sacituzumab govitecan-hziy, satralizumab-mwge, tafasitamab-cxix, teprotumumab- 
trbw. 

Abbreviations: ADC, antibody-drug conjugate; BCMA, B cell maturation antigen; BT, Breakthrough Therapy; CGRP, calcitonin gene-related peptide; FT, Fast 
Track; IGF-1 R, insulin-like growth factor 1 receptor; IL, interleukin; NA, not applicable; PRIME, Priority Medicine; TROP-2, trophoblast cell-surface antigen 2.
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dexamethasone (Isa-Pd) or pomalidomide and dexametha-
sone. The primary endpoint was progression-free survival 
(PFS). The study results showed an improvement of the med-
ian PFS, which was 11.53 months (95% CI: 8.94–13.9) in the 
Isa-Pd arm group vs. 6.47 months (95% CI: 4.47–8.28) for 
those who received only pomalidomide + dexamethasone.30 

A subgroup analysis of the data from the ICARIA-MM study 
showed that Isa-Pd improved PFS, as well as overall response 
rate (ORR), and overall survival (OS) rates, in elderly 
patients.31 For patients ≥75 y, PFS was 11.40 months (Isa-Pd; 
n = 32) vs. 4.47 months (pomalidomide + dexamethasone only; 
n = 29) (hazard ratio (HR) 0.479; 95% CI, 0.242–0.946).

Sanofi has sponsored three other Phase 3 studies evaluating 
the safety and efficacy of isatuximab as a treatment for MM. In 
the IKEMA Phase 3 study (NCT03275285), isatuximab in 
combination with carfilzomib and dexamethasone was evalu-
ated in 302 relapsed and/or refractory MM patients previously 
treated with 1 to 3 prior lines. Sanofi announced in May 2020 
that the primary endpoint of PFS was met in this study. A risk 
reduction of 47% of PFS was observed in the isatuximab group 
compared to carfilzomib and dexamethasone alone.32 The 
Phase 3 IMROZ study (NCT03319667) is assessing the clinical 
benefit of isatuximab in combination with bortezomib 
(Velcade®), lenalidomide (Revlimid®) and dexamethasone ver-
sus bortezomib, lenalidomide and dexamethasone in 475 
patients with newly diagnosed MM not eligible for transplant. 
The combination of isatuximab with lenalidomide and dexa-
methasone in high-risk smoldering MM is also being evaluated 
in a Phase 3 study (NCT04270409) with an estimated enroll-
ment of 300 patients.

Sacituzumab govitecan (Immunomedics, Inc.)

Sacituzumab govitecan (IMMU-132, sacituzumab govitecan- 
hziy, TrodelvyTM) is an antibody-drug conjugate (ADC) com-
prising a humanized IgG1k antibody targeting TROP-2 fused 
to the active metabolite of irinotecan (SN-38).33 On April 22, 
2020, FDA granted Trodelvy® an accelerated approval for adult 
patients with metastatic TNBC who received at least two 
therapies for metastatic disease.34 FDA had previously granted 
sacituzumab govitecan Breakthrough Therapy and Fast Track 
designations for metastatic TNBC, and the BLA received 
a Priority review.

FDA’s approval was based on findings from the pivotal, 
multicenter, single-arm clinical trial IMMU-132-01 
(NCT01631552) that enrolled 108 previously treated patients 
with metastatic TNBC. Sacituzumab govitecan was adminis-
tered at 10 mg/kg IV on Days 1 and 8 every 21 d. Tumor 
imaging was obtained every 8 weeks, and patients were treated 
until disease progression or intolerance to therapy. The pri-
mary efficacy endpoints were objective response rate using 
Response Evaluation Criteria in Solid Tumors (RECIST) 1.1 
criteria and response duration. The ORR was 33.3% (95% CI: 
24.6, 43.1) and the median response duration was 7.7 months 
(95% CI: 4.9, 10.8). Of the patients with a response to sacitu-
zumab govitecan-hziy, 55.6% maintained their response for 6 
or more months and 16.7% maintained their response for 12 or 
more months.34

The accelerated approval program allows FDA to approve 
drugs for serious conditions to fill an unmet medical need 
based on a surrogate endpoint, i.e., a result that is reasonably 
likely to predict a clinical benefit to patients, but additional 
clinical trials are required to confirm the clinical benefit. In 
July 2020, Immunomedics announced that the confirmatory 
Phase 3 ASCENT study (NCT02574455) of TrodelvyTM met its 
primary endpoint of PFS and key secondary endpoints in brain 
metastasis-negative patients with metastatic TNBC who have 
previously received at least two prior therapies for metastatic 
disease.35 While Immunomedics has indicated that they plan to 
submit a supplemental BLA to support full approval of 
TrodelvyTM in the US in the fourth quarter of 2020 and that 
they are on track to file for regulatory approval in the EU in the 
first half of 2021, in September 2020 Gilead Sciences, Inc. and 
Immunomedics announced that they entered into a definitive 
agreement pursuant to which Gilead will acquire Immunomedics.

Sacituzumab govitecan is also being evaluated as a treatment 
for hormonal receptor-positive, human epidermal growth factor 
receptor 2 (HER2)-negative metastatic breast cancer, lung can-
cer, and urinary bladder cancer. FDA has granted sacituzumab 
govitecan Fast Track designations for metastatic non-small cell 
lung cancer (NSCLC), metastatic SCLC, and metastatic urothe-
lial cancer. The ADC has also been designated an Orphan Drug 
for SCLC by the FDA, and for pancreatic cancer by both FDA 
and EMA.

Inebilizumab (Viela Bio)

Inebilizumab-cdon (UpliznaTM) is a humanized anti-CD19 
IgG1k antibody indicated as a treatment of neuromyelitis 
optica spectrum disorder (NMOSD). NMOSD is a rare auto-
immune disorder of the central nervous system that primarily 
damages the optic nerve(s) and spinal cord, causing blindness, 
muscle weakness and paralysis. Most patients with this disor-
der have autoantibodies to aquaporin-4 (AQP4). Inebilizumab 
depletes CD19+ B cells and plasmablasts, which are responsible 
for the production of autoantibodies directed against AQP4. 
Inebilizumab was granted FDA’s Breakthrough Therapy des-
ignation for the treatment of NMOSD, as well as Orphan Drug 
designations by the FDA and the EMA.

On June 11, 2020, FDA approved inebilizumab-cdon for the 
treatment of NMOSD in adult patients who are anti- 
AQP4-antibody positive. The effectiveness of inebilizumab 
was demonstrated in the Phase 2/3 N-MOmentum trial 
(NCT02200770).36 This study enrolled 230 patients with and 
without the AQP4-IgG antibody who were randomized 3:1 to 
receive either 2 doses of 300 mg of inebilizumab as 
a monotherapy or placebo at Day 1 and Day 15, and then 
followed for a total of 28 weeks. The primary endpoint (time 
to first attack) and a majority of the secondary endpoints of the 
study were met. Of patients in the anti-AQP4 antibody positive 
group, 89% remained relapse-free during the post-treatment 
period compared to 58% of the patients taking placebo.37 There 
was no evidence of a benefit in patients who were anti-AQP4 
antibody negative. Inebilizumab demonstrated a favorable 
safety and tolerability profile, with an adverse event rate similar 
to placebo. The recommended dosage of Uplizna includes an 
initial dose of 300 mg IV infusion followed 2 weeks later by 
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a second 300 mg IV infusion, and then subsequent doses 
(starting 6 months from the first infusion) of single 300 mg 
IV infusion every 6 months.

Uplizna is the second antibody therapeutic to be approved 
in the US for NMOSD. FDA approved Soliris (eculizumab) 
injection for IV use for the treatment of NMOSD in adult 
patients who are anti- 
AQP4 antibody positive in June 2019. Soliris, which targets C5 
was first approved by FDA in 2007 for paroxysmal nocturnal 
hemoglobinuria. A BLA for anti-IL-6 receptor satralizumab as 
a possible treatment for NMOSD was under review at FDA 
when Uplizna was approved for this indication.

Tafasitamab (MorphoSys AG)

Tafasitamab (Monjuvi®, tafasitamab-cxix), also known as 
MOR208 and XmAb5574, is a humanized anti-CD19 antibody 
with an engineered Fc domain that functions through apopto-
sis and Fc-dependent mechanisms, including antibody- 
dependent cell-mediated cytotoxicity (ADCC) and antibody- 
dependent cellular phagocytosis (ADCP).38 Tafasitamab was 
granted FDA’s Breakthrough Therapy and Fast Track designa-
tions, and Orphan Drug designations by both FDA and EMA 
for the treatment of relapsed/refractory diffuse large B-cell 
lymphoma (DLBCL). Its BLA for this indication was granted 
Priority Review by FDA. A marketing authorization applica-
tion (MAA) for tafasitamab for DLBCL is undergoing regula-
tory review by the EMA.

On July 31, 2020, FDA granted an accelerated approval for 
Monjuvi® in combination with lenalidomide for adult patients 
with relapsed or refractory DLBCL who are not eligible for auto-
logous stem cell transplant. The approval was based on data from 
the single-arm Phase 2 L-MIND study (NCT02399085), which 
enrolled 81 patients. In this study, patients received tafasitamab at 
12 mg/kg IV in combination with lenalidomide for a maximum of 
12 28-d cycles, followed by tafasitamab as monotherapy. The 
primary endpoint was the best ORR and response duration. Of 
80 patients who received tafasitamab plus lenalidomide, 60% had 
an objective response, 43% had a complete response and 18% had 
a partial response.39 The results of the study showed the best ORR 
in 71 DLBCL patients was 55%, with complete responses in 37% 
and partial responses in 18% of patients. Median response dura-
tion was 21.7 months.40

Belantamab mafodotin (GlaxoSmithKline)

Belantamab mafodotin (GSK2857916, belantamab mafodotin- 
blmf, Blenrep®) is a humanized, afucosylated IgG1k antibody 
targeting B cell maturation antigen (BCMA) conjugated to the 
cytotoxic agent maleimidocaproyl monomethyl auristatin 
(MMA) F. This ADC is produced using POTELLIGENT tech-
nology licensed from BioWa. FDA granted Orphan Drug and 
Breakthrough Therapy designations to belantamab mafodotin 
for MM, and its BLA for MM was granted a Priority review.

On August 5, 2020, Blenrep® was granted an accelerated 
approval by the FDA as monotherapy for the treatment of 
MM in adult patients who have received at least four prior 
therapies and whose disease is refractory to at least one protea-
some inhibitor, one immunomodulatory agent, and an anti- 

CD38 mAb, and who have demonstrated disease progression 
on the last therapy.41 Belantamab mafodotin was evaluated in 
this indication in the open-label, multicenter Phase 2 
DREAMM-2 (NCT03525678) study. Patients received IV 
administration of either belantamab mafodotin at 2.5 mg/kg 
or 3.4 mg/kg once every 3 weeks until disease progression or 
unacceptable toxicity. ORR was the primary endpoint of the 
study. Treatment with single-agent belantamab mafodotin, 
administered as 2.5 mg/kg doses every 3 weeks, resulted in an 
ORR of 31% (97.5% CI: 21%, 43%).42 The prescribing informa-
tion for Blenrep® includes a boxed warning due to alterations in 
vision, including severe vision loss and corneal ulcer, and the 
drug is available only through a restricted distribution 
program.

Data from the DREAMM-2 Phase 2 study also served as the 
basis for the evaluation of belantamab mafodotin’s MAA, 
which was reviewed under EMA’s accelerated assessment pro-
gram. Belantamab mafodotin was accepted in EMA’s PRIority 
MEdicines (PRIME) scheme, and it was designated as an 
Orphan medicinal product. The data reviewed by EMA 
included 13-month follow-up data, which showed an ORR of 
32%, and median duration of response (DOR) and OS of 
11 months and 13.7 months, respectively.43 The European 
Commission granted a conditional marketing authorization 
on August 25, 2020. Blenrep is indicated in the EU as mono-
therapy for the treatment of multiple myeloma in adult 
patients, who have received at least four prior therapies and 
whose disease is refractory to at least one proteasome inhibitor, 
one immunomodulatory agent, and an anti-CD38 mAb, and 
who have demonstrated disease progression on the last 
therapy.

Satralizumab (Genentech Inc.)

Satralizumab (ENSPRYNGTM) is a recombinant humanized 
IgG2k antibody targeting the receptor for IL-6, a pro- 
inflammatory cytokine implicated in the pathology of 
NMOSD. The antibody, which was invented by Chugai and 
licensed to Roche in 2016, is designed to have pH-dependent 
binding to soluble IL-6 receptor. The antibody thus has 
a longer duration compared to conventional antibodies 
because it can release bound IL-6 R in lysosomes and recycle 
via an FcRn-mediated salvage pathway. Satralizumab was 
granted Orphan Drug designations in the US, Europe and 
Japan. FDA granted a Breakthrough Therapy Designation for 
the treatment of NMOSD in December 2018. Prior to FDA’s 
approval, ENSPRYNG had been granted approvals in Canada, 
Japan and Switzerland. Applications are under review by other 
regulatory agencies, including in the EU and China.

On August 13, 2020, FDA approved satralizumab-mwge 
(ENSPRYNG) for the treatment of NMOSD in adult patients 
who are anti- 
AQP4 antibody positive. The efficacy of satralizumab for the 
treatment of NMOSD in adult patients was established in two 
studies. SAkuraStar (NCT02073279) was a randomized (2:1), 
placebo-controlled trial in 95 patients without concurrent 
immunosuppressive therapy (IST) in which 64 patients were 
anti-AQP4 antibody positive and 31 patients were anti-AQP4 
antibody negative. SAkuraSky (NCT02028884) was 
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a randomized (1:1), placebo-controlled trial in 76 adult 
patients with concurrent IST. Of these, 52 adult patients were 
anti-AQP4 antibody positive and 24 adult patients were anti- 
AQP4 antibody negative. In the SAkuraStar monotherapy 
study’s AQP4 antibody positive subgroup, 76.5% of satralizu-
mab-treated patients were relapse-free at 96 weeks, compared 
to 41.1% with placebo.44 In the SAkuraSky study, which eval-
uated satralizumab when used concurrently with baseline IST, 
91.1% of satralizumab-treated AQP4 antibody positive sub-
group patients were relapse-free at 96 weeks, compared to 
56.8% with placebo.45 Based on results of the clinical studies, 
the recommended loading dosage of ENSPRYNG for the first 
three administrations is 120 mg by SC injection at Weeks 0, 2, 
and 4, followed by a maintenance dosage of 120 mg every 
4 weeks.

Atoltivimab, maftivimab, and odesivimab (Regeneron)

Atoltivimab, maftivimab, and odesivimab are IgG1 antibodies 
that bind glycoprotein on the surface of Ebola virus, thereby 
blocking attachment and entry of the virus into cells. 
Developed by Regeneron, a cocktail of these three antibodies 
was evaluated as a treatment for Ebola virus infection. FDA 
granted the atoltivimab, maftivimab, and odesivimab cocktail 
Breakthrough Therapy and Orphan Drug designations for this 
indication.

On October 14, 2020, FDA approved the triple antibody 
cocktail of atoltivimab, maftivimab, and odesivimab-ebgn 
(InmazebTM) for the treatment for Zaire ebolavirus (Ebola 
virus) infection in adult and pediatric patients.46 The effects 
of Inmazeb were evaluated in adult and pediatric patients with 
confirmed infections that occurred during an Ebola virus out-
break in the Democratic Republic of the Congo in 2018 and 
2019.47 In the Pamoja Tulinde Maisha (PALM) study 
(NCT03719586), a 4-arm trial evaluating investigational thera-
pies for Ebola virus infection initiated in November 2018, 154 
patients received Inmazeb as a single IV infusion of 50 mg of 
each mAb. The primary efficacy endpoint was 28-d mortality. 
At this timepoint, 33% of those who received Inmazeb had died 
vs. 51% of those who received a control. Inmazeb was also 
made available in an expanded access program, which included 
an additional 228 patients who received Inmazeb. The PALM 
study was sponsored by the US National Institute of Allergy 
and Infectious Diseases, with collaborators from Institut 
National de Recherche Biomédicale (Democratic Republic of 
Congo); the Alliance for International Medical Action 
(Senegal); International Medical Corps, Los Angeles (US); 
Epicenter, Médecins sans Frontières (France); and the World 
Health Organization (Switzerland).

Naxitamab (Y-mAbs Therapeutics, Inc.)

Naxitamab (hu3F8, naxitamab-gqgk, Danyelza™), a humanized 
anti-GD2 IgG1k antibody, was developed by Memorial Sloan 
Kettering Cancer Center and licensed to Y-mAbs Therapeutics. 
FDA granted Breakthrough Therapy and Rare Pediatric Drug 
designations to naxitamab for the treatment of patients with 
neuroblastoma, and naxitamab was granted Orphan Drug des-
ignations in the EU and US for this indication.

On November 25, 2020, Y-mAbs announced that the FDA 
approved naxitamab-gqgk 40 mg/10 ml in combination with 
GM-CSF for the treatment of pediatric patients 1 y of age and 
older and adult patients with relapsed or refractory high-risk 
neuroblastoma in the bone or bone marrow who have demon-
strated a partial response, minor response, or stable disease to 
prior therapy. The approval for this indication was granted 
under FDA’s accelerated approval regulations based on the 
ORR and DOR.48

The BLA for naxitamab included efficacy and safety results 
from the Phase 1/2 study 12–230 (NCT01757626) and the 
ongoing pivotal Phase 2 study 201 (NCT03363373). In study 
12–230, combination therapy of naxitamab with GM-CSF is 
being evaluated in patients with relapsed/refractory high-risk 
neuroblastoma. Data from several subsets of patients from 
Study 12–230 were presented during the International Society 
of Pediatric Oncology Annual Congress in 2019. In 28 patients 
with primary refractory high-risk neuroblastoma refractory to 
intensive induction therapy, the ORR was 78%, and the 2-y PFS 
rate was 50%. In the second subgroup of 35 patients with 
relapsed neuroblastoma resistant to salvage therapy, among 
30 evaluable patients, the ORR was 37% and the 2-y PFS rate 
was 36%.49

The pivotal study 201 is investigating the efficacy and the 
safety of naxitamab plus GM-CSF as a treatment for high-risk 
neuroblastoma patients with primary refractory disease or 
incomplete response to salvage treatment in bone and/or 
bone marrow. The primary outcome measure of the study is 
ORR. Data from the study presented at the International 
Society of Pediatric Oncology Virtual Annual Congress in 
October 2020 indicated an ORR of 68% and rate of complete 
response of 59% for 22 patients.50 The estimated primary 
completion date of the study is November 2024.

Antibody therapeutics first approved outside the US 
or EU in 2020

Although antibody therapeutics are typically granted the first 
approval in the US or EU, this is not always the case. In 2020, 
prolgolimab and olokizumab were granted their first approval 
in Russia and cetuximab saratolacan sodium was first approved 
in Japan.

Prolgolimab (Biocad) approved in Russia

Prolgolimab (Forteca, BCD-100) is an anti-programmed cell 
death protein 1 (PD-1) human IgG1 (V-lambda-C-kappa) 
antibody with the Fc-silencing mutations leucine (L) to alanine 
(A) substitution at the position 234 and 235 (i.e., ‘LALA’ 
mutations). In April 2020, prolgolimab was granted the first 
market authorization by the Russian Ministry of Health for the 
treatment of unresectable or metastatic melanoma.51

Prolgolimab’s approval was based on positive clinical results 
from the open-label randomized Phase 2 MIRACULUM study 
(NCT03269565) in patients with advanced melanoma who 
received prolgolimab 1 mg/kg or 3 mg/kg once every 2 weeks 
until disease progression or intolerable toxicity. The primary 
endpoint, ORR, was met in both study arms. In the 1 mg/kg 
arm, 38% ORR was achieved, and the disease control rate 
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(DCR) was 64%. In the 3 mg/kg arm, 29% ORR was achieved, 
and the DCR was 46%.52

Olokizumab (R-Pharm Group) approved in Russia

Olokizumab (Artlegia), an anti-IL-6 humanized IgG4k mAb, 
was first registered in Russia in May 2020 for the treatment of 
rheumatoid arthritis (RA). Olokizumab, formerly known as 
CDP-6038, was licensed by R-Pharm from UCB Pharma S.A 
in 2013.53

Olokizumab was evaluated in three Phase 3 studies evaluat-
ing two doses of olokizumab (64 mg SC every 2 or 4 weeks) in 
patients with RA. The primary outcome measures are the 
ACR20 response at Week 14. The Phase 3 NCT02760368 
study (CREDO 1) evaluated the safety and effectiveness of 
olokizumab compared to placebo in RA patients who are 
already receiving, but not fully responding to, treatment with 
methotrexate. In study NCT02760407 (CREDO 2), the effec-
tiveness and safety of olokizumab were being compared to 
placebo and adalimumab in RA patients who are taking meth-
otrexate but have active disease. In study NCT02760433 
(CREDO 3), the effects of olokizumab were compared to pla-
cebo in patients with RA who are already receiving but not fully 
responding to treatment with a tumor necrosis factor (TNF) 
inhibitor. Most patients who participated in these Phase 3 
studies are continuing treatment in the long-term safety and 
efficacy study CREDO 4 (NCT03120949), which has a primary 
completion date in July 2021.

Cetuximab saratolacan sodium (Rakuten Medical) 
approved in Japan

Cetuximab saratolacan sodium (RM-1929, ASP-1929, Akalux® 
IV Infusion) was first approved in Japan in September 2020 for 
the treatment of unresectable locally advanced or recurrent 
head and neck cancer, along with the BioBlade® Laser System. 
Akalux® is composed of the anti-epidermal growth factor 
receptor (EGFR) IgG1k antibody cetuximab conjugated to 
the molecule IRDye® 700DX. When activated at the tumor 
site via the laser, the antibody-dye conjugate induces rapid 
destruction of the cancer cells.54

The Ministry of Health, Labor and Welfare granted cetux-
imab saratolacan a Sakigake Designation for head and neck 
cancers. The Sakigake Designation system facilitates the devel-
opment of breakthrough therapies addressing unmet medical 
needs when companies initiate early development and seek 
initial product approval in Japan.55 FDA granted cetuximab 
saratolacan Fast Track designation for recurrent head and neck 
cancer squamous cell carcinoma.

Rakuten Medical does not yet have approvals in any other 
country and is currently running a randomized, double-arm, 
open-label, controlled Phase 3 trial (NCT03769506) of cetux-
imab saratolacan photoimmunotherapy versus physician’s 
choice standard of care for the treatment of locoregional, 
recurrent head and neck squamous cell carcinoma in patients 
who have failed or progressed on or after at least two lines of 
therapy, of which at least one line must be systemic therapy. 
The primary outcome measures are PFS and OS, and the 
estimated study completion date is December 15, 2020.

Antibody therapeutics undergoing first regulatory 
review in the US or EU

As of November 25, 2020, marketing applications for 16 inves-
tigational antibody therapeutics were undergoing regulatory 
review by either the FDA or EMA (Table 3). Of the 16 mAbs, 
11 (tanezumab, narsoplimab, evinacumab, aducanumab, tralo-
kinumab, teplizumab, inolimomab, ansuvimab, bimekizumab, 
anifrolumab, sutimlimab) are possible treatments for non- 
cancer indications and 5 (margetuximab, oportuzumab mon-
atox, dostarlimab, balstilimab, loncastuximab tesirine) are 
potential treatments for cancer.

Margetuximab (MacroGenics, Inc.)

Margetuximab (MGAH22) is a chimeric anti-HER2 IgG1k 
antibody derived from 4D5, the parent antibody of trastuzu-
mab. Margetuximab and trastuzumab bind the same epitope of 
HER2 with similar high affinities, but the Fc region of marge-
tuximab was optimized have higher affinity for both 158 V 
(high binding) and 158 F (low binding) alleles of the activating 
Fc receptor, CD16A, which may reduce population differences 
related to FcγR genotype. In January 2018, MacroGenics 
announced that FDA had granted Fast Track designation to 
margetuximab for the treatment of patients with metastatic or 
locally advanced HER2-positive breast cancer who have pre-
viously been treated with anti-HER2-targeted therapy. 
MacroGenics submitted a BLA for margetuximab for the treat-
ment of patients with pre-treated metastatic HER2-positive 
breast cancer in combination with chemotherapy in 
December 2019. FDA’s first action on the application is antici-
pated by December 18, 2020.56

Margetuximab was investigated in the Phase 3 SOPHIA 
study (NCT02492711) comparing margetuximab plus che-
motherapy versus trastuzumab plus chemotherapy in patients 
with HER2-positive metastatic breast cancer who have pre-
viously been treated with anti-HER2-targeted therapies. The 
primary endpoints include PFS and OS. As reported at the San 
Antonio Breast Cancer Symposium in December 2019, the 
median PFS was 5.8 months in the margetuximab arm com-
pared with 4.9 months (95% CI, 4.14–5.45) in the trastuzumab 
arm (HR, 0.76; 95% CI: 0.59–0.98; P = .033).57 In patients with 
CD16A genotypes containing a 158 F allele, the median PFS 
was 6.9 months in the margetuximab arm vs. 5.1 months in the 
trastuzumab arm (HR, 0.68; 95% CI: 0.52–0.90; nominal 
P = .005). At that time, limited OS data were available, and 
the final pre-specified OS analysis was expected in the second 
half of 2020.58

Tanezumab (Pfizer, Eli Lilly and Company)

Tanezumab is an anti-nerve growth factor (NGF) humanized 
IgG2k antibody undergoing evaluation as a treatment of 
osteoarthritis (OA) pain and chronic lower back pain. FDA 
granted Fast Track designations to tanezumab for these indica-
tions. A BLA for tanezumab 2.5 mg administered to patients 
with chronic pain due to moderate-to-severe OA who have 
experienced inadequate pain relief with other analgesics was 
submitted to FDA, and a decision on the application is 
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expected in December 2020. EMA is also reviewing 
a marketing application for tanezumab.

The marketing applications for tanezumab are supported by 
data from 39 Phase 1–3 clinical studies that included more than 
18,000 patients. Of these, three were Phase 3 studies that 
evaluated SC administration of tanezumab in patients with 
moderate-to-severe OA. Results from the double-blind, rando-
mized Phase 3 NCT02709486 study of the analgesic efficacy 
and safety of the SC administration of tanezumab 2.5 mg or 
5 mg vs. placebo in patients with OA of the hip or knee were 
recently reported.59 In this study, 849 patients received tane-
zumab or matching placebo (tanezumab 2.5 mg n = 283, tane-
zumab 5 mg n = 284, placebo n = 282) every 8 weeks for 
24 weeks (three doses). The three primary endpoints were (1) 
change from baseline to Week 24 in Western Ontario and 
McMaster Universities Osteoarthritis Index (WOMAC) Pain, 
(2) WOMAC Physical Function, and (3) Patient’s Global 
Assessment of OA (PGA-OA). Statistically significant 
improvements in WOMAC Pain and Physical Function were 
observed in the tanezumab 2.5 mg group, but not PGA-OA. 
For the tanezumab 5 mg group, statistically significant 
improvements were observed for all 3 endpoints, but rapidly 
progressive OA occurred more frequently in patients who 
received this dose of tanezumab (1.4% (4/283), 2.8% (8/284) 
and 0% (0/282) of patients in the tanezumab 2.5 mg, tanezu-
mab 5 mg and placebo groups, respectively).

Ansuvimab (Ridgeback Biotherapeutics LP)

Ansuvimab (mAb114) is a human IgG1 mAb that targets the 
receptor-binding domain of Ebola virus. The antibody was 
isolated by National Institutes of Health (NIH) scientists and 
their collaborators from a human survivor of the 1995 Ebola 
outbreak in the Democratic Republic of the Congo. Ridgeback 
Biotherapeutics LP licensed the intellectual property related to 
mAb114 from NIH in 2018. Ansuvimab was granted US 
Orphan Drug and Breakthrough Therapy designations. 
A BLA for its use as a treatment for Ebola virus disease has 
been granted Priority Review by FDA.

Ansuvimab was included in a Phase 2/3 randomized, con-
trolled trial (NCT03719586) that evaluated a total of 4 Ebola 
virus disease therapeutics.47 When initiated in November 2018, 
the study included 3 drugs, ansuvimab, ZMapp and remdesivir, 
but REGN-EB3 was added in January 2019. ZMapp, which 
served as the study control drug, and REGN-EB3 are both 
cocktails of three anti-Ebola virus antibodies, while remdesivir 
is a small molecule nucleotide analog RNA polymerase inhibi-
tor. Patients in the ansuvimab arm of the study received 50 mg/ 
kg administered IV on Day 1 as a single infusion, and those in 
the ZMapp arm received a dose of 50 mg/kg every third day 
beginning on Day 1 for a total of three doses. The study’s 
primary endpoint was death at 28 d. Patients (n = 681) were 
enrolled until August 9, 2019, when an interim analysis indi-
cated ansuvimab and REGN-EB3 were superior in reducing the 
mortality of Ebola virus disease compared to ZMapp and 
remdesivir. Of 174 patients in the ansuvimab group, 61 
(35.1%) died compared with 84 of 169 (49.7%) in the ZMapp 
group (P = .007). Mortality was additionally reduced (33.5%) in 
the REGN-EB3 group compared with the ZMapp subgroup Ta
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(51.3%; subgroup comprises the patients in the ZMapp group 
who were enrolled on or after the time the REGN-EB3 group 
was added; P = .002).47

Evinacumab (Regeneron Pharmaceuticals, Inc.)

Evinacumab (REGN1500) is a human IgG4k antibody target-
ing angiopoietin-like 3 (ANGPTL3), which regulates the meta-
bolism of plasma lipids, including low-density lipoprotein 
(LDL) cholesterol, high-density lipoprotein cholesterol, and 
triglycerides. The antibody was derived from Regeneron’s 
Velocimmune® technology platform and includes a stabilizing 
mutation in the hinge region to minimize half-antibody 
formation.

A BLA for evinacumab as an adjunct to other lipid-lowering 
therapies in patients with homozygous familial hypercholester-
olemia (HoFH) is undergoing regulatory review in the US. 
FDA granted Breakthrough Therapy and Orphan Drug desig-
nations for evinacumab for HoFH. The BLA for evinacumab 
received FDA’s Priority Review, and the target action date for 
the FDA decision is February 11, 2021. Regeneron indicated 
that EMA recommended an accelerated assessment for evina-
cumab in June 2020.

Data from the Phase 3 ELIPSE trial (NCT03399786) were 
used as the basis of regulatory submissions. In this study, 65 
patients were randomized to receive either IV administration 
of evinacumab 15 mg/kg every 4 weeks (n = 43) or placebo 
(n = 22), plus other lipid-lowering therapies. The primary 
endpoint was the percent change from baseline in the LDL 
cholesterol level at Week 24. At baseline, LDL cholesterol was 
260 mg/dL in the evinacumab group and 247 mg/dL in the 
placebo group. The primary endpoint of the study was met. 
Relative to baseline, the LDL cholesterol level at Week 24 was 
reduced by 47.1% in the patients administered evinacumab but 
increased 1.9% in the placebo group.60

Aducanumab (Biogen Inc., Eisai, Co., Ltd.)

Aducanumab (BIIB037), an anti-amyloid beta (Aβ) IgG1k anti-
body, is undergoing regulatory review in the US as a possible 
treatment for early Alzheimer’s disease. Biogen licensed aduca-
numab from Neurimmune Holding AG in 2007 and has colla-
borated with Eisai on the global development and 
commercialization of aducanumab since 2017. FDA granted 
aducanumab Fast Track designation. Aducanumab was accepted 
into the EMA PRIME program, and EMA has accepted for 
review, following a standard timetable, an MAA for aducanu-
mab for Alzheimer’s disease. In August 2020, Biogen and Eisai 
announced that FDA had accepted a BLA for aducanumab, and 
granted it a Priority Review.61 FDA’s first action on the applica-
tion is expected by March 7, 2021.

The marketing applications include data from two placebo- 
controlled Phase 3 studies of patients with early Alzheimer’s 
disease, EMERGE (NCT02484547) and ENGAGE 
(NCT02477800), that were designed to evaluate the efficacy 
and safety of two dosing regimens of aducanumab. Both stu-
dies were discontinued in March 2019 because a pre-specified 
futility analysis predicted that the primary endpoints were 
unlikely to be met. However, further analysis of the EMERGE 

study data indicated that the change from baseline in the 
Clinical Dementia Rating–Sum of Boxes score at Week 78, 
which was the study’s primary endpoint, was significant in 
patients administered high-dose aducanumab (22% vs. pla-
cebo, P = .01). These patients also showed a consistent reduc-
tion of clinical decline as measured by the Mini-Mental State 
Examination (18% vs. placebo, P = .06), the Alzheimer’s disease 
Assessment Scale-Cognitive Subscale 13 Items (27% vs. pla-
cebo, P = .01), and the Alzheimer’s disease Cooperative Study- 
Activities of Daily Living Inventory Mild Cognitive 
Impairment Version (40% vs. placebo, P = .001). Amyloid 
plaque burden was reduced with low- and high-dose aducanu-
mab compared to placebo at 26 and 78 weeks (P < .001).

Study data for aducanumab were evaluated by FDA’s 
Peripheral and Central Nervous System Drugs Advisory 
Committee. In an advisory meeting on November 6, 2020, 
most members of the committee voted that the study data 
did not support the drug’s efficacy. The four questions the 
members considered were (1) Does Study 302 (EMERGE), 
viewed independently and without regard for Study 301 
(ENGAGE), provide strong evidence that supports the effec-
tiveness of aducanumab for the treatment of Alzheimer’s dis-
ease? (votes: 1 yes, 8 no and 2 uncertain); (2) Does Study 103 
(PRIME) provide supportive evidence of the effectiveness of 
aducanumab for the treatment of Alzheimer’s disease? (votes: 0 
yes, 7 no and 4 uncertain); (3) Has the Applicant presented 
strong evidence of a pharmacodynamic effect of aducanumab 
on Alzheimer’s disease pathophysiology?” (votes: 5 yes, 0 no 
and 6 uncertain); and (4) In light of the understanding pro-
vided by the exploratory analyses of Study 301 and Study 302, 
along with the results of Study 103 and evidence of 
a pharmacodynamic effect on Alzheimer’s disease pathophy-
siology, it is reasonable to consider Study 302 as primary 
evidence of effectiveness of aducanumab for the treatment of 
Alzheimer’s disease? (votes: 0 yes, 10 no and 1 uncertain).62 

FDA typically follows the advice of their advisory committees, 
but there have been exceptions in the past.

Tralokinumab (LEO Pharma Inc.)

Tralokinumab is a human IgG4λ antibody targeting IL-13, 
a pleiotropic T helper type 2 cytokine associated with atopic 
dermatitis and other inflammatory disorders. The antibody inter-
feres with IL-13-mediated signaling by blocking its interactions 
with both IL-13 receptor α1 and IL-13 receptor α2.63 Originally 
identified by Cambridge Antibody Technology and developed by 
MedImmune as CAT-354, AstraZeneca sold the rights to traloki-
numab in dermatology indications to LEO Pharma in 2016. 
Marketing applications for tralokinumab for atopic dermatitis 
are undergoing review in the US and EU. FDA’s first action on 
the BLA is expected in the second quarter of 2021.

The marketing applications are supported by data from 
three Phase 3 studies, ECZTRA 1 (NCT03131648), 2 
(NCT03160885), and ECZTRA 3 (NCT03363854). The rando-
mized, double-blind, placebo-controlled, multinational, 52- 
week ECZTRA 1 and ECZTRA 2 trials evaluated the safety 
and efficacy of tralokinumab (300 mg SC) as monotherapy in 
adults with moderate-to-severe atopic dermatitis who were 
candidates for systemic therapy. The ECZTRA 1 study 
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included 802 patients and the ECZTRA 2 study included 794 
patients. ECZTRA 3 was a double-blind, randomized, placebo- 
controlled, multinational 32-week study of 380 patients that 
evaluated the safety and efficacy of tralokinumab (300 mg SC) 
in combination with topical corticosteroid in adults with mod-
erate-to-severe atopic dermatitis who were candidates for sys-
temic therapy. Data from a Phase 2b study (NCT02347176) of 
204 adults who received SC administration of 45, 150, or 
300 mg tralokinumab, or placebo, every 2 weeks for 12 weeks 
with concomitant topical glucocorticoids64 supported the 
selection of the 300 mg dose for the Phase 3 studies.

The results of the three Phase 3 studies were recently pub-
lished in the British Journal of Dermatology.65 The primary 
outcome measures for the studies included an Investigator’s 
Global Assessment (IGA) of 0 or 1 and 75% improvement in 
Eczema Area and Severity Index (EASI 75) at Week 16. At this 
time point in the ECZTRA 1 and ECZTRA 2 studies, 15.8% and 
22.2% of patients who received tralokinumab achieved an IGA 
score of 0/1 vs. 7.1% and 10.9% of patients who received 
placebo, respectively. More patients who received tralokinu-
mab also achieved EASI 75 compared to those who received 
placebo (25.0% vs. 12.7% and 33.2% vs. 11.4% in ECZTRA 1 
and ECZTRA 2, respectively). In the ECZTRA 3 study, which 
included the use of topical corticosteroid, 38.9% of patients 
who received tralokinumab achieved IGA 0/1 vs. 26.2% of 
those who received placebo. EASI 75 was achieved in 56.0% 
of patients who received tralokinumab vs. 35.7% of those who 
received placebo.66

Narsoplimab (Omeros Corporation)

Narsoplimab (OMS721) is a human IgG4λ antibody that 
targets mannan-binding lectin-associated serine protease-2 
(MASP-2), the effector enzyme of the lectin pathway of 
complement activation. An in vitro study has shown that 
inhibition of MASP2 by narsoplimab can reduce thrombo-
tic microangiopathy (TMA) plasma-mediated human 
microvascular endothelial cell injury.67

Narsoplimab is undergoing review by FDA as 
a treatment for hematopoietic stem cell transplant (HSCT)- 
associated TMA, which is induced by factors associated 
with stem cell transplantation, such as conditioning regi-
mens, immunosuppressant therapies, infection, and GvHD. 
FDA granted narsoplimab Breakthrough Therapy and 
Orphan Drug designations for HSCT-TMA, and narsopli-
mab was also granted Orphan Drug designation for HSCT 
in the EU. Omeros Corporation initiated submission of 
a rolling BLA for this indication in October 2019 and 
completed the submission in November 2020. The company 
also plans to submit an MAA to EMA.

The BLA includes results of the Phase 2 pivotal trial of 
narsoplimab in HSCT-TMA. In the 28-patient single-arm, 
open-label pivotal trial in adult HSCT-TMA patients, narso-
plimab was administered IV once weekly for up to 8 weeks with 
an extended follow-up period. The complete response rate 
(CRR) was 61% (95% CI: 40.6% to 78.5%) in the full analysis 
set (FAS; patient receiving at least one dose of narsoplimab; 
p < .0001 compared to 15% efficacy threshold agreed with 
FDA). The CRR in the per-protocol (PP) population (patients 

receiving the protocol-specified narsoplimab treatment for at 
least 4 weeks) was 74% (95% CI: 51.6% to 89.8%; p < .0001 
compared to the 15% threshold); 100-d survival was 68% in the 
FAS, 83% in the PP population and 94% in complete respon-
ders; and the median OS was 274 d in the FAS and 361 d in the 
PP population. OS could not be determined for the complete 
responders because more than half of the responders were alive 
at the last follow-up.68

The FDA has granted narsoplimab Breakthrough Therapy 
designation for IgA nephropathy, Fast Track designation for 
the treatment of patients with aHUS, and Orphan Drug desig-
nations for the prevention (inhibition) of complement- 
mediated thrombotic microangiopathies and for the treatment 
of IgA nephropathy. Narsoplimab was granted Orphan Drug 
designation for treatment of primary IgA nephropathy in 
the EU.

Teplizumab (Provention Bio, Inc.)

Teplizumab (PRV-031) is a humanized IgG1k that binds to an 
epitope of the CD3-epsilon chain expressed on mature 
T lymphocytes and thereby modulates the pathological immu-
nologic responses underlying type 1 diabetes (T1D) and other 
autoimmune diseases. Teplizumab was granted FDA’s 
Breakthrough Therapy designation for the prevention or 
delay of clinical T1D, and EMA granted teplizumab PRIME 
designation for the prevention or delay of clinical T1D in 
individuals at risk of developing the disease. Provention Bio 
acquired worldwide development and commercialization 
rights to teplizumab from MacroGenics, Inc. in 2018.

A rolling BLA for teplizumab for the delay or prevention of 
clinical T1D in at-risk individuals, as indicated by the presence 
of two or more T1D-related autoantibodies, was started in 
April 2020 and completed by November 2020. The BLA 
includes data from the Phase 2 “At-Risk” study 
(NCT01030861), which evaluated whether administration of 
teplizumab can prevent or delay the development of T1D in 
high-risk autoantibody-positive non-diabetic relatives of 
patients with T1D. Participants received IV infusions of tepli-
zumab given for 14 consecutive days (n = 44) or placebo 
(n = 32). Extended follow-up data showed that, compared to 
placebo, one course of teplizumab delayed insulin-dependence 
in presymptomatic T1D patients by a median of approximately 
3 y.69 Participants in the “At-Risk” study who develop clinical 
T1D after the conclusion of that trial can enroll in an extension 
study (NCT04270942) and receive teplizumab treatment 
within 1 y of diagnosis of clinical T1D.

Teplizumab is also being evaluated in the Phase 3 
PROTECT study (NCT03875729), which will determine 
whether teplizumab slows the loss of β cells and preserves β 
cell function in children and adolescents 8–17 y old who have 
been diagnosed with T1D in the previous 6 weeks. Estimated 
enrollment for the PROTECT study is 300 patients, and the 
estimated primary completion date is May 2022.

Inolimomab (ElsaLys Biotech SA)

Inolimomab (LEUKOTAC) is a murine IgG1k mAb that 
blocks the IL-2 receptor alpha chain (also known as CD25). 
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The drug is undergoing regulatory review in the US as 
a possible treatment for steroid-refractory acute GvHD (SR- 
aGvHD) in grade II–IV adult patients.70 Inolimomab was 
granted Orphan Drug designation for GvHD in both the US 
and EU. ElsaLys Biotech acquired the development and com-
mercialization rights of inolimomab from Jazz 
Pharmaceuticals in 2017, which had rights to the drug via its 
acquisition of EUSA Pharma. EUSA Pharma had acquired the 
rights for Leukotac from Biotest AG in 2003.

The BLA for inolimomab will be reviewed under FDA’s 
Real-Time Oncology Review pilot program, which allows the 
FDA to review key raw and derived datasets as well as results 
and analyses, and provide feedback before the applicant for-
mally submits the complete application. This approach differs 
from rolling review, where only fully completed modules can 
be submitted, and not individual components of a module.

The submission is supported by data from a randomized, 
multicenter, controlled parallel-group Phase 3 study (INO- 
107 – EUDRACT 2007–005009-24) initiated in 2009 that com-
pared inolimomab vs. anti-thymoglobulin (ATG) in patients 
with SR-aGVHD. The study included a total of 100 patients, 
with 49 patients in the inolimomab arm and 51 patients in the 
ATG arm. The primary endpoint, OS at 1 y without changing 
the therapy allocated at baseline, was not met, although 14 
patients (28.5%) in the inolimomab arm survived 1 y vs. 11 
patients (21.5%) in the ATG arm (adjusted HR, 0.722; P =.188) 
A long-term follow-up analysis of patient survival after 1 y 
showed additional clinical benefit was achieved by patients 
who received inolimomab (30% survival vs. 19.6% survival 
for the inolimomab vs. ATG arms, respectively).71

Bimekizumab (UCB)

Bimekizumab (UCB4940) is a humanized IgG1k antibody that 
selectively inhibits two (IL-17A and IL-17 F) of six structurally 
similar members of the IL-17 family of cytokines. These two 
pro-inflammatory cytokines share ~50% sequence identity and 
are expressed as homodimers and IL-17A/F heterodimers. 
Bimekizumab’s affinities for IL-17A and IL-17 F are 3.2 pM 
and 23 pM, respectively, and it can bind both the homodimers 
and heterodimers of these two cytokines.72 Marketing applica-
tions for bimekizumab as a treatment for psoriasis are under-
going regulatory review in the US and EU.

The clinical development program for bimekizumab in 
psoriasis included six Phase 3 studies, three of which included 
an active comparator arm, ustekinumab (Stellara®; BE VIVID 
study), adalimumab (Humira®; BE SURE study), or secukinu-
mab (Cosentyx®; BE RADIANT study). Results for the Phase 3 
BE VIVID study (NCT03370133) that compared bimekizumab 
to ustekinumab were recently presented as part of a virtual 
session for the American Academy of Dermatology 2020 
Annual Meeting.73 The BE VIVID study enrolled 570 partici-
pants with chronic plaque psoriasis for at least 6 months prior 
to screening, and with an affected body surface area of at least 
10% and Psoriasis Area and Severity Index (PASI) of at least 12 
and IGA score ≥3 on a 5-point scale. The primary outcome 
measures were PASI90 response and IGA response at Week 16. 
Results at Week 16 and Week 52 were reported. At Week 16, 
58.6% and 20.9% of bimekizumab-treated patients and 

ustekinumab-treated patients achieved PASI 100, respectively. 
PASI 90 rates (all comparisons p < .001) were bimekizumab: 
85.0%; ustekinumab: 49.7%; and placebo: 4.8%. The IGA 0/1 
rates were bimekizumab: 84.1%; ustekinumab: 53.4%; and pla-
cebo: 4.8%. At Week 52, 64.2% and 38% of bimekizumab- 
treated patients and ustekinumab-treated patients achieved 
PASI 100, respectively. More bimekizumab-treated patients 
also achieved IGA 0/1 and PASI 90 at Week 52 compared 
with ustekinumab-treated patients (77.9% vs. 60.7%, and 
81.6% vs. 55.8%, respectively; p < .001).74

UCB has also reported positive results from the Phase 3 
active-controlled BE SURE and BE RADIANT studies. BE 
SURE (NCT03412747) compared bimekizumab to the TNF 
inhibitor adalimumab in the treatment of adults with moder-
ate-to-severe plaque psoriasis. BE SURE met its co-primary 
endpoints at Week 16, demonstrating the superiority of bime-
kizumab to adalimumab in achieving at least a 90% improve-
ment in the PASI 90 and IGA response of clear or almost clear 
(IGA 0/1).75 BE RADIANT (NCT03536884) met its primary 
endpoint at Week 16 with statistical significance, demonstrat-
ing the superiority of bimekizumab over the IL-17A inhibitor 
secukinumab for complete skin clearance, as measured by 
a 100% improvement in the PASI 100.76

Oportuzumab monatox (Sesen Bio)

Oportuzumab monatox (Vicineum®, VB4-845) is an immu-
notoxin composed of a humanized single-chain antibody 
variable fragment directed against the epithelial cell adhe-
sion molecule (EpCAM) fused to Pseudomonas aeruginosa 
exotoxin A. It is undergoing evaluation as a treatment of 
high-risk non-muscle invasive bladder cancer (NMIBC) 
that is unresponsive to treatment with bacillus Calmette- 
Guérin (BCG). In 2018, the FDA granted oportuzumab 
monatox Fast Track designation for the treatment of 
NMIBC.

In December 2019, Sesen Bio initiated a rolling BLA 
submission for oportuzumab monatox to the FDA based 
on data from the Phase 3 VISTA trial (NCT02449239). This 
open-label, multicenter, single-arm Phase 3 is evaluating 
the efficacy and tolerability of oportuzumab monatox for 
the treatment of high-risk, BCG-unresponsive NMIBC. The 
primary endpoints of the trial are the CRR and the DOR 
(defined as the time from complete response to treatment 
failure) in patients with carcinoma in situ (CIS) with or 
without papillary disease. Patients in the trial receive locally 
administered oportuzumab monatox twice a week for 6 
weeks, followed by once-weekly treatment for another 6 
weeks, then treatment every other week for up to 2 
y. According to data available as of May 2019, the CRR at 
3 months was 40% for CIS patients, and among patients 
who achieved a complete response at 3 months, 52% had 
a complete response for a total of 12 months or longer after 
starting therapy.77

Sesen Bio expects to complete the BLA submission in 
December 2020 and anticipates a potential approval in the 
US in 2021. They expect to submit an MAA for Vicineum 
to the EMA in early 2021 with a potential approval in the 
EU anticipated in early 2022. Sesen Bio licensed rights to 
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the commercialization of oportuzumab monatox in Greater 
China (China, Hong-Kong, Macau and Taiwan) to Qilu 
Pharmaceutical. Sesen Bio retains full development and 
commercialization rights in the US and the rest of world 
excluding Greater China, where Qilu will be the marketing 
authorization holder.78

Dostarlimab (GlaxoSmithKline)

Dostarlimab (TS-042, GSK4057190A) is an anti-PD-1 
humanized IgG4k antibody generated by Anaptysbio 
under partnership with Tesaro, which was acquired by 
GlaxoSmithKline in 2019. BLA and MAA submissions 
were accepted by the FDA and EMA, respectively, in the 
first quarter of 2020 for dostarlimab for the second-line 
treatment of advanced or recurrent deficient mismatch 
repair (dMMR) endometrial cancer.

Interim analyses of data for patients with MMR-deficient 
endometrial cancer with recurrent or advanced disease that 
progressed on a platinum doublet regimen enrolled in the 
Phase 1 GARNET study (NCT02715284) were reported at 
the European Society for Medical Oncology (ESMO) 
Virtual Congress in September 2020. Patients received 
500 mg of dostarlimab every 3 weeks for the first 4 cycles, 
then 1,000 mg every 6 weeks until disease progression or 
discontinuation. The primary endpoints included confirmed 
ORR and DOR. The ORR was 44.7% in patients with 
dMMR disease and 13.4% in those with MMR-proficient 
(MMRp) disease. In the dMMR cohort (n = 103), 11 com-
plete responses, and 35 partial responses were observed. 
Thirteen patients achieved stable disease, while 39 patients 
experienced disease progression. In the MMRp cohort 
(n = 142), 3 patients had CRs, 16 had PRs, 31 achieved 
stable disease, and 77 patients experienced progressive dis-
ease. At the time of data cutoff, with a median follow-up of 
11.2 months, the median DOR had not been reached.79

Dostarlimab is also being evaluated as a treatment for 
various types of cancer in early-stage clinical studies, as 
well as two Phase 3 studies, RUBY and FIRST. The RUBY 
study (NCT03981796) is evaluating dostarlimab plus carbo-
platin-paclitaxel versus placebo plus carboplatin-paclitaxel 
in patients with recurrent or primary advanced endometrial 
cancer. The primary outcome measure is the PFS assessed 
by an investigator, and the primary completion date is 
October 2021. The FIRST study (NCT03602859) is 
a comparison of platinum-based therapy with dostarlimab 
and niraparib versus standard of care platinum-based ther-
apy as first-line treatment of Stage III or IV non-mucinous 
epithelial ovarian cancer. The primary outcome measure is 
the PFS and the primary completion date is February 2023.

Balstilimab (Agenus Inc.)

Balstilimab (AGEN2034) is a human IgG4k antibody directed 
against PD-1, a negative regulator of immune activation 
expressed by T cells. Numerous antibodies that target PD-1 
or its ligand PD-L1 (e.g., pembrolizumab, nivolumab, cemipli-
mab; atezolizumab, avelumab, durvalumab) are marketed as 
treatments for solid tumors as well as lymphoma. Agenus’ 

clinical studies of balstilimab have focused on its use, either 
as monotherapy or in combination with anti-CTLA4 zalifreli-
mab (AGEN1884), as a treatment for cervical cancer. FDA 
granted both balstilimab and the balstilimab/zalifrelimab com-
bination Fast Track designations for the treatment of cervical 
cancer. As of September 2020, Agenus Inc. had initiated 
a rolling BLA submission for balstilimab as monotherapy for 
the treatment of recurrent/metastatic cervical cancer. Agenus 
controls worldwide rights to balstilimab, except for certain 
South American rights, which are controlled by Recepta 
Biopharma, and Greater China rights, which are exclusively 
licensed to Betta Pharmaceuticals.

Data from a randomized, blinded, non-comparative, two- 
arm Phase 2 study (NCT03894215) supported the BLA sub-
mission. This study evaluated the efficacy and safety of balsti-
limab as monotherapy or in combination with zalifrelimab for 
treatment of patients with advanced cervical cancer who 
relapsed or progressed after receiving first-line platinum- 
based chemotherapy for a maximum of 24 months, or until 
disease progression or unacceptable toxicity. The goal of the 
study is to evaluate the efficacy of each arm against its relevant 
historical controls. The primary outcome measure is the objec-
tive response rate to balstilimab administered with placebo 
(Treatment Arm 1 – monotherapy), or with zalifrelimab 
(Treatment Arm 2 – combination therapy). Data from the 
study were presented at the ESMO Virtual Congress held in 
September 2020.80 Of 160 patients included in the balstilimab 
monotherapy arm, the response rates in PD-L1-positive 
patients and all patients were 19% and 14%, respectively. Of 
143 patients included in the balstilimab/zalifrelimab combina-
tion arm, the response rates in PD-L1-positive patients and all 
patients were 27% and 22%, respectively.

Loncastuximab tesirine (ADC Therapeutics SA)

Loncastuximab tesirine (ADCT-042) is an ADC composed of 
an anti-CD19 humanized IgG1k antibody conjugated via 
a linker to pyrrolobenzodiazepine (PBD)-dimer toxin that 
induces the killing of CD19-expressing malignant B cells. The 
FDA granted Orphan Drug designation to ADCT-402 for the 
treatment of diffuse large B-cell lymphoma (DLBCL) and 
mantle cell lymphoma. In September 2020, ADC 
Therapeutics SA announced the submission of a BLA to FDA 
for loncastuximab tesirine for the treatment of patients with 
relapsed or refractory DLBCL.81 FDA’s first action date is 
May 21, 2021.

The BLA submission was supported by data from the open- 
label, single-arm Phase 2 LOTIS 2 study (NCT03589469), 
which evaluated the safety and efficacy of loncastuximab tesir-
ine for the treatment of patients with relapsed or refractory 
DLBCL following ≥2 lines of prior systemic therapy. A total of 
145 patients received loncastuximab tesirine as an IV infusion 
over 30 min on Day 1 of each cycle (every 3 weeks) at a dose of 
150 μg/kg for 2 cycles, then 75 μg/kg for subsequent cycles for 
up to 1 y or until disease progression, unacceptable toxicity, or 
other discontinuation criteria. The primary outcome measure 
is the ORR. Positive initial data from LOTIS 2 were presented 
during the virtual 25th Annual Congress of the European 
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Hematology Association. The ORR was 48.3% (70/145 
patients), the CRR was 24.1% (35/145 patients), and the med-
ian DOR was 10.25 months. The toxicity profile was manage-
able and no new safety concerns were identified.82

Anifrolumab (AstraZeneca)

Anifrolumab (MEDI-546) is an IFN alpha receptor 1 
(IFNAR1)-specific human IgG1κ antibody. It binds to subunit 
1 of IFNAR1, thereby blocking the action of different type 
I IFNs (IFN-α, IFN-β and IFN-ω). The heavy chain of the 
antibody incorporates three mutations, L234F, L235E, and 
P331S, to decrease effector functions.83 Marketing applications 
for anifrolumab for systemic lupus erythematosus (SLE) were 
submitted in the US and EU during the third quarter of 2020. 
Regulatory decisions are expected in the second half of 2021.84 

FDA has granted anifrolumab Fast Track designation for SLE.
Data from the randomized, double-blind, placebo- 

controlled Phase 3 TULIP 2 study (NCT02446899), which 
included 180 SLE patients who received anifrolumab and 182 
who received placebo, were recently reported.85 The primary 
endpoint was a response, defined by British Isles Lupus 
Assessment Group (BILAG)-based Composite Lupus 
Assessment (BICLA), at Week 52. In the anifrolumab arm, 
47.8% of patients had a BICLA response, with the percentage 
slightly higher (48.0%) for patients with a high IFN gene 
signature and lower (46.7%) among patients with a low IFN 
gene signature. In the placebo arm, the corresponding percen-
tages were 31.5%, 30.7% and 35.5%, respectively. The differ-
ence between the two study arms in the percentage of patients 
with a BICLA response was statistically significant (95% CI, 6.3 
to 26.3; P = .001).

Sutimlimab (Sanofi)

Sutimlimab is a humanized IgG4 antibody that targets and 
inhibits complement component 1s (C1s) in the complement 
system, thereby interfering with C1-activated hemolysis in cold 
agglutinin disease (CAD). FDA granted Sanofi a Breakthrough 
Therapy designation for sutimlimab in CAD, and FDA and 
EMA granted Orphan Drug designations for this indication. 
FDA granted priority review of the BLA for sutimlimab for the 
treatment of hemolysis in adult patients with CAD.

The BLA is based on results from part A of the open-label, 
single-arm pivotal Phase 3 CARDINAL study (NCT03347396) 
in patients with primary CAD. Of 24 patients who enrolled, 22 
completed Part A of the study. The primary composite efficacy 
endpoint, defined as the proportion of patients who demon-
strated an increase from baseline in Hgb level ≥2 g/dL or 
normalization of Hgb level ≥12 g/dL at the treatment assess-
ment time point (mean value from Weeks 23, 25, and 26) and 
no blood transfusion from Week 5 through Week 26, was met. 
A total of 13 patients (54%) met the composite endpoint 
criteria, 62.5% (n = 15) of patients achieved a hemoglobin 
≥12 g/dL or an increase of at least 2 g/dL, and 71% (n = 17) 
of patients remained transfusion-free after Week 5. Secondary 
endpoints were also met, indicating improvements in disease 
process, including improvements in hemoglobin, 

normalization of bilirubin, and improvements in Functional 
Assessment of Chronic Illness Therapy-Fatigue Score.86

On November 14, 2020, Sanofi announced that FDA issued 
a Complete Response Letter regarding sutimlimab’s BLA. No 
clinical or safety deficiencies were noted in the letter, but 
certain deficiencies were identified by FDA during a pre- 
license inspection of a third-party facility responsible for man-
ufacturing. Sanofi is working to resolve the issues in a timely 
fashion.87 Prompt resubmission of the BLA may allow an 
approval to be granted in 2021.

Antibodies to watch in 2021: Non-cancer indications

Based on the information publicly available as of 
November 2020, 38 antibody therapeutics are in late-stage 
clinical studies for non-cancer indications other than 
COVID-19 (Table 4). Of these, BLA or MAA submissions for 
at least six (leronlimab, tezepelumab, faricimab, ligelizumab, 
garetosmab, and fasinumab) are planned in 2021.

Leronlimab (CytoDyn Inc.)

Leronlimab’s target, CCR5, has been implicated in many 
pathophysiological processes, such as human immunodefi-
ciency virus (HIV)-1 entry into CD4 + T cells, promotion 
of tumor invasion and metastases, pathogenesis of nonalco-
holic steatohepatitis, development of aGvHD, as well as 
inflammation. FDA has granted leronlimab a Fast Track 
designation as a combination therapy with highly active 
antiretroviral therapy for HIV-infected patients. CytoDyn 
Inc. submitted the non-clinical portion of a BLA for ler-
onlimab (700 mg dose) as combination therapy with an 
antiretroviral regimen for HIV patients who are highly 
treatment-experienced, but the company announced in 
July 2020 that FDA refused to file the BLA due to the 
absence of information needed to complete a substantive 
review.88 CytoDyn intends to re-submit the BLA.

Tezepelumab (AstraZeneca/Amgen)

Tezepelumab (AMG157, MEDI-9929) is a human IgG2 λ anti-
body that targets thymic stromal lymphopoietin, a cytokine 
implicated in the pathogenesis of severe asthma and other 
immune-mediated disorders. FDA granted Breakthrough 
Therapy designation for tezepelumab in patients with severe 
asthma, without an eosinophilic phenotype, who are receiving 
inhaled corticosteroids/long-acting beta2-agonists with or 
without oral corticosteroids and additional asthma controllers. 
Amgen and AstraZeneca partnered on development of the 
drug in 2012. As of a July 2020 update, AstraZeneca anticipates 
a regulatory submission for tezepelumab for severe asthma in 
the first half of 2021.

The safety and efficacy of tezepelumab in patients with 
severe asthma are being evaluated in two Phase 3 studies with 
primary completion dates in September 2020, NAVIGATOR 
(NCT03347279) and SOURCE (NCT03406078). 
NAVIGATOR is a randomized, double-blind, placebo- 
controlled, parallel group study to evaluate the effects of teze-
pelumab in adults and adolescents with severe uncontrolled 

e1860476-16 H. KAPLON AND J. M. REICHERT



Ta
bl

e 
4.

 In
ve

st
ig

at
io

na
l m

on
oc

lo
na

l a
nt

ib
od

ie
s 

in
 la

te
-s

ta
ge

 c
lin

ic
al

 s
tu

di
es

 fo
r 

no
n-

ca
nc

er
 in

di
ca

tio
ns

*.

Pr
im

ar
y 

sp
on

so
rin

g 
co

m
pa

ny
IN

N
 o

r 
co

de
 n

am
e

M
ol

ec
ul

ar
 fo

rm
at

Ta
rg

et
(s

)
M

os
t a

dv
an

ce
d 

ph
as

e
Pi

vo
ta

l P
ha

se
 2

, P
ha

se
 2

/3
 o

r 
3 

in
di

ca
tio

ns

Re
ge

ne
ro

n 
Ph

ar
m

ac
eu

tic
al

s,
 In

c.
G

ar
et

os
m

ab
 (R

EG
N

24
77

)
H

um
an

 Ig
G

4
Ac

tiv
in

 A
Ph

as
e 

2 
(p

iv
ot

al
); 

Ph
as

e 
3 

pe
nd

in
g

Fi
br

od
ys

pl
as

ia
 o

ss
ifi

ca
ns

 p
ro

gr
es

si
va

 (N
CT

03
18

86
66

; 
N

CT
04

57
78

20
 (p

en
di

ng
))

Ca
el

um
 B

io
sc

ie
nc

es
CA

EL
-1

01
, C

h 
m

Ab
 1

1–
1F

4
Ch

im
er

ic
 Ig

G
1

Am
yl

oi
d

Ph
as

e 
3

AL
 a

m
yl

oi
do

si
s 

(N
CT

04
51

22
35

, N
CT

04
50

48
25

)
H

off
m

an
n-

La
 R

oc
he

G
an

te
ne

ru
m

ab
H

um
an

 Ig
G

1
Am

yl
oi

d 
be

ta
Ph

as
e 

3
Ea

rly
 o

r 
m

ild
 A

lz
he

im
er

’s 
di

se
as

e 
(N

CT
03

44
39

73
, 

N
CT

03
44

48
70

, N
CT

02
05

16
08

, N
CT

01
22

41
06

, 
N

CT
04

33
94

13
, N

CT
04

37
42

53
 (p

en
di

ng
))

Ei
sa

i I
nc

.
Le

ca
ne

m
ab

 (B
AN

24
01

)
H

um
an

iz
ed

 Ig
G

1
Am

yl
oi

d 
β 

pr
ot

ofi
br

ils
Ph

as
e 

3
Ea

rly
 A

lz
he

im
er

’s 
di

se
as

e 
(N

CT
03

88
74

55
, N

CT
04

46
86

59
)

G
en

en
te

ch
Et

ro
liz

um
ab

H
um

an
iz

ed
 Ig

G
1

β7
 s

ub
un

it 
of

 α
4-

β7
 a

nd
 α

E-
β 

7 
in

te
gr

in
s

Ph
as

e 
3

Cr
oh

n’
s 

di
se

as
e 

(N
CT

02
39

40
28

, N
CT

02
40

33
23

)

N
ov

ar
tis

 P
ha

rm
ac

eu
tic

al
s 

Co
rp

.
Ia

na
lu

m
ab

 (V
AY

73
6)

H
um

an
 Ig

G
1

BL
yS

/B
AF

F/
TA

CI
/B

CM
A 

re
ce

pt
or

Ph
as

e 
2/

3
Au

to
im

m
un

e 
he

pa
tit

is
 (N

CT
03

21
74

22
)

Ch
ug

ai
 P

ha
rm

ac
eu

tic
al

, H
off

m
an

n-
 

La
 R

oc
he

Cr
ov

al
im

ab
 (S

KY
59

, R
G

61
07

, R
O

71
12

68
9)

H
um

an
iz

ed
 Ig

G
1

C5
Ph

as
e 

3
Pa

ro
xy

sm
al

 n
oc

tu
rn

al
 h

em
og

lo
bi

nu
ria

 (N
CT

04
43

40
92

, 
N

CT
04

43
25

84
)

Cy
to

D
yn

, I
nc

.
Le

ro
nl

im
ab

H
um

an
iz

ed
 Ig

G
4

CC
R5

Ph
as

e 
2/

3
H

IV
 in

fe
ct

io
ns

 (N
CT

03
90

25
22

, N
CT

02
85

99
61

)
Si

no
M

ab
 P

ty
 L

td
SM

03
Ch

im
er

ic
 Ig

G
1

CD
22

Ph
as

e 
3

Rh
eu

m
at

oi
d 

ar
th

rit
is

 (N
CT

04
31

28
15

)
U

ni
te

d 
Bi

op
ha

rm
a

U
B-

42
1,

 d
B4

C7
 m

Ab
H

um
an

iz
ed

 Ig
G

1
CD

4
Ph

as
e 

3#
H

IV
 in

fe
ct

io
ns

 (N
CT

03
14

92
11

, N
CT

04
40

67
27

 p
en

di
ng

)
Re

ge
ne

ro
n 

Ph
ar

m
ac

eu
tic

al
s,

 In
c.

Po
ze

lim
ab

 (R
EG

N
39

18
)

H
um

an
 Ig

G
4

Co
m

pl
em

en
t 

5
Ph

as
e 

3
Pa

ro
xy

sm
al

 n
oc

tu
rn

al
 h

em
og

lo
bi

nu
ria

 (N
CT

04
16

24
70

); 
CD

55
-d

efi
ci

en
t 

pr
ot

ei
n-

lo
si

ng
 e

nt
er

op
at

hy
 

(N
CT

04
20

96
34

)
Fi

br
oG

en
Pa

m
re

vl
um

ab
H

um
an

 Ig
G

1
Co

nn
ec

tiv
e 

tis
su

e 
gr

ow
th

 fa
ct

or
Ph

as
e 

3
Id

io
pa

th
ic

 p
ul

m
on

ar
y 

fib
ro

si
s 

(N
CT

03
95

51
46

, 
N

CT
04

41
95

58
); 

D
uc

he
nn

e 
m

us
cu

la
r 

dy
st

ro
ph

y 
(N

CT
04

37
16

66
, N

CT
04

63
29

40
 (p

en
di

ng
));

 P
an

cr
ea

tic
 

ca
nc

er
 (N

CT
03

94
10

93
);

M
ap

p 
Bi

op
ha

rm
ac

eu
tic

al
 /

 L
ea

fB
io

Co
sf

ro
vi

xi
m

ab
, l

ar
ca

vi
xi

m
ab

, p
or

ga
vi

xi
m

ab
 

(Z
m

ap
p)

Ch
im

er
ic

 Ig
G

1 
m

ix
tu

re
 (3

 
m

Ab
s)

Eb
ol

a 
vi

ru
s

Ph
as

e 
2/

3
Eb

ol
a 

vi
ru

s 
in

fe
ct

io
n 

(N
CT

03
71

95
86

)

U
CB

 B
io

ph
ar

m
a

Ro
za

no
lix

iz
um

ab
 (U

CB
76

65
)

H
um

an
iz

ed
 Ig

G
4

Fc
Rn

Ph
as

e 
3

M
ya

st
he

ni
a 

gr
av

is
 (N

CT
03

97
14

22
, N

CT
04

12
49

65
); 

Pr
im

ar
y 

im
m

un
e 

th
ro

m
bo

cy
to

pe
ni

a 
(N

CT
04

59
69

95
, 

N
CT

04
22

46
88

, N
CT

04
20

04
56

)
M

om
en

ta
 P

ha
rm

ac
eu

tic
al

s
N

ip
oc

al
im

ab
 (M

28
1)

H
um

an
 Ig

G
1

Fc
Rn

Ph
as

e 
2/

3
W

ar
m

 a
ut

oi
m

m
un

e 
he

m
ol

yt
ic

 a
ne

m
ia

 (N
CT

04
11

90
50

)
G

la
xo

Sm
ith

Kl
in

e
O

til
im

ab
 (G

SK
31

96
16

5,
 M

O
R1

03
)

H
um

an
 Ig

G
1

G
M

-C
SF

Ph
as

e 
3

Rh
eu

m
at

oi
d 

ar
th

rit
is

 (N
CT

03
98

04
83

, N
CT

03
97

08
37

, 
N

CT
04

13
47

28
, N

CT
04

33
31

47
)

G
C 

Ph
ar

m
a

Le
nv

er
vi

m
ab

 (G
C1

10
2)

H
um

an
iz

ed
 Ig

G
1

H
ep

at
iti

s 
B 

vi
ru

s 
su

rf
ac

e 
an

tig
en

Ph
as

e 
2/

3
H

ep
at

iti
s 

B 
vi

ru
s-

as
so

ci
at

ed
 li

ve
r 

tr
an

sp
la

nt
 

(N
CT

03
51

91
13

)
N

ov
ar

tis
 P

ha
rm

ac
eu

tic
al

s 
Co

rp
.

Li
ge

liz
um

ab
H

um
an

 Ig
G

1
Ig

E
Ph

as
e 

3
Ch

ro
ni

c 
sp

on
ta

ne
ou

s 
ur

tic
ar

ia
 (N

CT
03

90
78

78
, 

N
CT

03
58

03
56

, N
CT

04
21

08
43

, N
CT

03
58

03
69

)
D

er
m

ira
, I

nc
.

Le
br

ik
iz

um
ab

H
um

an
iz

ed
 Ig

G
4

IL
-1

3
Ph

as
e 

3
At

op
ic

 d
er

m
at

iti
s 

(N
CT

04
14

63
63

, N
CT

04
17

89
67

, 
N

CT
04

39
21

54
, N

CT
04

25
03

50
, N

CT
04

25
03

37
)

Al
le

rg
an

Br
az

ik
um

ab
H

um
an

 Ig
G

2
IL

-2
3

Ph
as

e 
3

Cr
oh

n’
s 

di
se

as
e 

(N
CT

03
96

18
15

, N
CT

03
75

92
88

)
El

i L
ill

y 
&

 C
o.

M
iri

ki
zu

m
ab

H
um

an
iz

ed
 Ig

G
4

IL
-2

3p
19

Ph
as

e 
3

U
lc

er
at

iv
e 

co
lit

is
 (N

CT
03

51
99

45
, N

CT
03

51
80

86
, 

N
CT

03
52

40
92

, N
CT

04
46

90
62

 (p
en

di
ng

)):
 P

so
ria

si
s 

(N
CT

03
48

20
11

, N
CT

03
53

51
94

, N
CT

03
55

62
02

); 
Cr

oh
n’

s 
di

se
as

e 
(N

CT
03

92
61

30
, N

CT
04

23
25

53
)

M
ar

uh
o 

Co
. L

td
.

N
em

ol
iz

um
ab

H
um

an
iz

ed
 Ig

G
2

IL
-3

1 
R 

al
ph

a
Ph

as
e 

3
At

op
ic

 d
er

m
at

iti
s 

(J
ap

ic
CT

I-1
73

74
0,

 N
CT

03
98

59
43

, 
N

CT
03

98
92

06
, N

CT
03

98
93

49
); 

Pr
ur

ig
o 

no
du

la
ris

 
(N

CT
04

20
46

16
, N

CT
04

50
16

66
, N

CT
04

50
16

79
)

Bo
eh

rin
ge

r 
In

ge
lh

ei
m

Sp
es

ol
im

ab
 (B

I6
55

13
0)

H
um

an
iz

ed
 Ig

G
1

IL
-3

6 
R

Ph
as

e 
3

U
lc

er
at

iv
e 

co
lit

is
 (N

CT
03

48
26

35
); 

pu
st

ul
ar

 p
so

ria
si

s 
(N

CT
03

88
62

46
)

Vi
ta

er
is

, I
nc

.
Cl

az
ak

iz
um

ab
H

um
an

iz
ed

 Ig
G

1
IL

-6
Ph

as
e 

3
Pr

ev
en

tio
n 

of
 k

id
ne

y 
tr

an
sp

la
nt

 re
je

ct
io

n 
(N

CT
03

74
49

10
)

Ta
ke

da
O

nt
am

al
im

ab
 (S

H
P6

47
)

H
um

an
 Ig

G
2

M
uc

os
al

 a
dd

re
ss

in
 c

el
l a

dh
es

io
n 

m
ol

ec
ul

e
Ph

as
e 

3
U

lc
er

at
iv

e 
co

lit
is

 (N
CT

03
29

07
81

, N
CT

03
25

93
34

); 
Cr

oh
n’

s 
di

se
as

e 
(N

CT
03

62
70

91
, N

CT
03

28
30

85
)

(C
on

tin
ue

d)

MABS e1860476-17



Ta
bl

e 
4.

 (C
on

tin
ue

d)
.

Pr
im

ar
y 

sp
on

so
rin

g 
co

m
pa

ny
IN

N
 o

r 
co

de
 n

am
e

M
ol

ec
ul

ar
 fo

rm
at

Ta
rg

et
(s

)
M

os
t a

dv
an

ce
d 

ph
as

e
Pi

vo
ta

l P
ha

se
 2

, P
ha

se
 2

/3
 o

r 
3 

in
di

ca
tio

ns

Re
ge

ne
ro

n 
Ph

ar
m

ac
eu

tic
al

s,
 In

c.
Fa

si
nu

m
ab

H
um

an
 Ig

G
4

N
er

ve
 g

ro
w

th
 fa

ct
or

Ph
as

e 
3

Pa
in

 d
ue

 t
o 

os
te

oa
rt

hr
iti

s 
of

 k
ne

e 
or

 h
ip

 (N
CT

03
16

10
93

, 
N

CT
03

24
50

08
, N

CT
02

44
72

76
, N

CT
03

30
43

79
, 

N
CT

02
68

32
39

) a
nd

 L
ow

 b
ac

k 
pa

in
 (N

CT
03

28
56

46
, 

N
CT

02
62

00
20

)
In

no
ve

nt
 B

io
lo

gi
cs

 (S
uz

ho
u)

 C
o.

 L
td

.
Ta

fo
le

ci
m

ab
 (I

BI
30

6)
H

um
an

 Ig
G

2
PC

SK
9

Ph
as

e 
3

H
et

er
oz

yg
ou

s 
fa

m
ili

al
 h

yp
er

ch
ol

es
te

ro
le

m
ia

 
(N

CT
04

17
96

69
); 

H
om

oz
yg

ou
s 

Fa
m

ili
al

 
H

yp
er

ch
ol

es
te

ro
le

m
ia

 (N
CT

04
03

17
42

) N
on

-f
am

ili
al

 
H

yp
er

ch
ol

es
te

ro
le

m
ia

 (N
CT

04
28

92
85

)
Sy

ne
rm

or
e 

Bi
ol

og
ic

s 
(S

uz
ho

u)
 C

o.
, 

Lt
d.

SY
N

02
3

H
um

an
iz

ed
 Ig

G
1 

m
ix

tu
re

 (2
 

m
Ab

s)
Ra

bi
es

 v
iru

s
Ph

as
e 

3

As
tr

aZ
en

ec
a

N
irs

ev
im

ab
 (M

ED
I8

89
7)

H
um

an
 Ig

G
1

RS
V

Ph
as

e 
3

Re
sp

ira
to

ry
 s

yn
cy

tia
l v

iru
s 

in
fe

ct
io

ns
 (N

CT
03

97
93

13
, 

N
CT

03
95

94
88

)
Ar

id
is

 P
ha

rm
ac

eu
tic

al
s,

 In
c.

To
sa

to
xu

m
ab

 (A
R-

30
1)

H
um

an
 Ig

G
1

S.
 a

ur
eu

s 
al

ph
a-

to
xi

n
Ph

as
e 

3
S.

 a
ur

eu
s 

ve
nt

ila
to

r-
as

so
ci

at
ed

 p
ne

um
on

ia
 

(N
CT

03
81

69
56

)
Al

la
ko

s,
 In

c
Li

re
nt

el
im

ab
 (A

K0
02

)
H

um
an

iz
ed

 Ig
G

1
Si

gl
ec

-8
Ph

as
e 

3
Eo

si
no

ph
ili

c 
ga

st
rit

is
 a

nd
/o

r 
eo

si
no

ph
ili

c 
du

od
en

iti
s 

(N
CT

04
32

26
04

); 
Eo

si
no

ph
ili

c 
Es

op
ha

gi
tis

 
(N

CT
04

32
27

08
)

Al
ec

to
r, 

In
c.

AL
00

1
H

um
an

 Ig
G

1
So

rt
ili

n
Ph

as
e 

3
Fr

on
to

te
m

po
ra

l d
em

en
tia

 d
ue

 t
o 

he
te

ro
zy

go
us

 
m

ut
at

io
ns

 in
 t

he
 p

ro
gr

an
ul

in
 g

en
e 

(N
CT

04
37

41
36

)
As

tr
aZ

en
ec

a
Te

ze
pe

lu
m

ab
H

um
an

 Ig
G

2
Th

ym
ic

 s
tr

om
al

 ly
m

ph
o-

po
ie

tin
Ph

as
e 

3
Se

ve
re

 u
nc

on
tr

ol
le

d 
as

th
m

a 
(N

CT
04

04
83

43
, 

N
CT

03
34

72
79

, N
CT

03
96

89
78

, N
CT

03
92

71
57

, 
N

CT
03

70
60

79
, N

CT
03

40
60

78
)

Ph
as

eB
io

 P
ha

rm
ac

eu
tic

al
s 

In
c.

Be
nt

ra
ci

m
ab

 (P
B2

45
2)

H
um

an
 F

ab
Ti

ca
gr

el
or

Ph
as

e 
3

Re
ve

rs
al

 o
f t

he
 a

nt
ip

la
te

le
t 

eff
ec

ts
 o

f t
ic

ag
re

lo
r 

(N
CT

04
28

64
38

)
Pfi

ze
r

M
ar

st
ac

im
ab

 (P
F-

06
74

10
86

)
H

um
an

 Ig
G

1
Ti

ss
ue

 fa
ct

or
 p

at
hw

ay
 in

hi
bi

to
r

Ph
as

e 
3

H
em

op
hi

lia
 A

 o
r 

B 
(N

CT
03

93
87

92
)

Ta
is

ho
 P

ha
rm

ac
eu

tic
al

 C
o.

, L
td

.
O

zo
ra

liz
um

ab
H

um
an

iz
ed

 b
is

pe
ci

fic
 

na
no

bo
dy

TN
F,

 a
lb

um
in

Ph
as

e 
3

Rh
eu

m
at

oi
d 

ar
th

rit
is

 (J
ap

ic
CT

I-1
84

03
1)

Ko
di

ak
 S

ci
en

ce
s 

In
c

KS
I-3

01
An

tib
od

y-
bi

op
ol

ym
er

 
co

nj
ug

at
e

VE
G

F
Ph

as
e 

3
N

eo
va

sc
ul

ar
 (w

et
) a

ge
-r

el
at

ed
 m

ac
ul

ar
 d

eg
en

er
at

io
n 

(N
CT

04
04

92
66

); 
D

ia
be

tic
 m

ac
ul

ar
 d

eg
en

er
at

io
n 

((N
CT

04
61

11
52

, N
CT

04
60

39
37

) a
nd

 m
ac

ul
ar

 e
de

m
a 

du
e 

to
 r

et
in

al
 v

ei
n 

oc
cl

us
io

n 
(N

CT
04

59
24

19
)

H
off

m
an

n-
La

 R
oc

he
Fa

ric
im

ab
Bi

sp
ec

ifi
c 

Cr
os

sM
ab

VE
G

F-
A,

 A
ng

2
Ph

as
e 

3
D

ia
be

tic
 m

ac
ul

ar
 e

de
m

a 
(N

CT
03

62
25

93
, N

CT
03

62
25

80
, 

N
CT

04
43

28
31

); 
W

et
 m

ac
ul

ar
 d

eg
en

er
at

io
n 

(N
CT

03
82

32
87

, N
CT

03
82

33
00

)

*D
at

a 
av

ai
la

bl
e 

as
 o

f N
ov

em
be

r 
1,

 2
02

0.
 

#L
is

te
d 

as
 P

ha
se

 3
 in

 c
om

pa
ny

 p
ip

el
in

e.
 

Ta
bl

e 
no

te
s:

 C
om

pa
ni

es
 m

ay
 n

ot
 p

ur
su

e 
ev

er
y 

in
di

ca
tio

n 
fo

r 
w

hi
ch

 a
 la

te
-s

ta
ge

 s
tu

dy
 is

 d
on

e.
 P

am
re

vl
um

ab
 is

 in
cl

ud
ed

 h
er

e 
be

ca
us

e 
m

os
t 

la
te

-s
ta

ge
 s

tu
di

es
 a

re
 fo

r n
on

-c
an

ce
r 

in
di

ca
tio

ns
. ‘

Pe
nd

in
g’

 c
at

eg
or

y 
in

cl
ud

es
 s

tu
di

es
 li

st
ed

 o
n 

cl
in

ic
al

tr
ia

ls
.g

ov
 t

ha
t 

ar
e 

no
t 

ye
t 

re
cr

ui
tin

g 
as

 o
f N

ov
em

be
r 

1,
 2

02
0.

e1860476-18 H. KAPLON AND J. M. REICHERT



asthma. The primary outcome measure of the study is the 
annualized asthma exacerbation rate from baseline to Week 
52. As announced in November 2020, this primary endpoint 
was met in the overall patient population, as well as in the 
subgroup of patients with baseline eosinophil counts less than 
300 cells per microliter. SOURCE is a randomized, double- 
blind, placebo-controlled study to evaluate the effects of teze-
pelumab in reducing oral corticosteroid use in adults with oral 
corticosteroid (OCS)-dependent asthma. The primary out-
come measure is the categorized percent reduction from base-
line in the daily OCS dose while not losing asthma control at 
Week 48. Patients receive tezepelumab or placebo via SC injec-
tion in both studies.

Faricimab (F. Hoffmann-La Roche Ltd.)

Faricimab (RO6867461, RG7716) is a domain-exchanged bis-
pecific antibody (CrossMab) targeting vascular endothelial 
growth factor-A (VEGF-A) and angiopoietin-2 (Ang-2). The 
antibody retains the format of a canonical human IgG1, but it 
is composed of two different heavy chains and two different 
light chains and has been Fc engineered to eliminate binding 
interactions with all Fcγ receptors, as well as FcRn.89 

Hoffmann-La Roche plans to submit marketing application(s) 
for faricimab for diabetic macular edema (DME) and wet age- 
related macular degeneration (wAMD) in 2021. In the DME 
indication, faricimab is undergoing evaluation in two Phase 3 
studies (YOSEMITE, RHINE) with primary completion dates 
in September 2020, while in the wAMD indication the anti-
body is being evaluated in 2 Phase 3 studies (TENAYA, 
LUCERNE) with primary completion dates in August 2021.

The randomized, double-masked, active comparator- 
controlled YOSEMITE (NCT03622580) and RHINE studies 
(NCT03622593) are comparing the effects of faricimab to 
those of aflibercept (Eylea®) in DME patients. The primary 
outcome measure is the average change from baseline in best- 
corrected visual acuity (BCVA) at 1 y. The YOSEMITE study 
has enrolled 940 patients and is not recruiting patients as of 
August 2020. The estimated enrollment of the RHINE study is 
1070, and the study is enrolling patients by invitation as of 
August 2020.

TENAYA (NCT03823287) and LUCERNE (NCT03823300) 
are also randomized, double-masked, and active comparator- 
controlled studies of the effects of faricimab and aflibercept in 
wAMD patients. The primary outcome measure of both studies 
is the average change from baseline in BCVA at Week 48, and 
each study will enroll 640 patients. As of August 2020, the 
TENAYA study was active but not recruiting patients, and 
the LUCERNE study was enrolling patients by invitation.

Ligelizumab (Novartis Pharmaceuticals Corporation)

Ligelizumab (QGE031) is a humanized IgG1k antibody that 
binds IgE with high affinity (KD 17.8 pM). A recent study has 
shown that ligelizumab binds an epitope that only partially 
overlaps with that of the marketed anti-IgE antibody omalizu-
mab (Xolair®), which has lower affinity to the target (KD 2659 
pM). As a consequence of their molecular differences, the two 
antibodies have distinct inhibition profiles.90 In the US, 

Novartis Pharmaceuticals Corporation and Genentech work 
together to develop and co-promote Xolair; Novartis licensed 
ligelizumab from Tanox, which, as of 2007, was a subsidiary of 
Genentech. Novartis is planning to file regulatory submissions 
for ligelizumab for chronic spontaneous urticaria (CSU), 
which is an inflammatory condition also called hives, in 
the second half of 2021.

The safety and efficacy of ligelizumab in the treatment of 
CSU in adolescents and adults inadequately controlled with 
H1-antihistamines are being evaluated in two randomized, 
double-blind, active- and placebo-controlled Phase 3 studies, 
NCT03580369 and NCT03580356. Each study has 4 arms (2 
dose levels of ligelizumab; 300 mg omalizumab; or placebo, 
with dosing once every 4 weeks), and each study has an esti-
mated enrollment of 1050 patients. For both studies, the pri-
mary outcome measure is the absolute change from baseline in 
the Urticaria Activity Score 7 at Week 12. The estimated 
primary completion dates are January 28, 2021, and April 9, 
2021, for NCT03580369 and NCT03580356, respectively.

Garetosmab (Regeneron Pharmaceuticals, Inc.)

Garetosmab (REGN2477) is a human IgG4k antibody that 
inhibits activin A, a member of the transforming growth fac-
tor-β family of growth and differentiation factors. This anti-
body is in development by Regeneron for fibrodysplasia 
ossificans progressiva (FOP), an ultra-rare genetic disorder 
characterized by the progressive replacement of soft tissue, 
such as muscles, tendons, and ligaments, by bone, a process 
known as heterotopic ossification (HO). The FDA granted Fast 
Track designation for garetosmab for the prevention of HO in 
patients with FOP, and garetosmab has been granted Orphan 
Drug designation in the US and EU for this indication. 
Regeneron plans regulatory submission(s) for garetosmab for 
FOP in 2021.

Regulatory submissions will include data from a Phase 1 
study (NCT02870400) and the Phase 2 LUMINA-1 study 
(NCT03188666). The Phase 1 study was randomized, double- 
blind, and placebo-controlled, and assessed the safety, toler-
ability, pharmacokinetics, and pharmacodynamic effects of 
single ascending doses of IV and SC administered garetosmab 
in healthy women not of childbearing potential. Of 40 treated 
study participants, 24 received IV garetosmab (0.3 mg/kg, 
n = 6; 1 mg/kg, n = 6; 3 mg/kg, n = 6; 10 mg/kg, n = 6), 6 
received SC garetosmab, and 10 received placebo (IV, n = 8; 
SC, n = 2). Study results indicated that the 10 mg/kg dose was 
well tolerated, and the target-mediated pathway was saturated 
by this dose in Week 12. Based on these results, the 10 mg/kg 
dose was chosen for the LUMINA-1 study.91

The randomized, placebo-controlled LUMINA-1 study 
assessed the safety, tolerability, pharmacokinetics, and effects 
on heterotopic bone formation of garetosmab in 44 adults 
(18–60 y of age) with FOP. Positron emission tomography 
(PET) imaging and computerized tomography (CT) scans 
were used to investigate the effect of garetosmab on change 
in HO in patients with FOP. The study included three periods: 
(1) a randomized, double-blind placebo-controlled treatment 
period (6 months); (2) an open-label treatment period during 
which placebo-treated patients cross over to garetosmab 

MABS e1860476-19
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treatment (6 months); and (3) an open-label follow-up treat-
ment. The primary analysis was recorded at Week 28. At this 
time, total lesion activity as measured by PET bone scans 
decreased 25% in the garetosmab arm compared to placebo 
(p = .07), with the number of new lesions decreasing by nearly 
90%. The relative decrease in bone lesion volume as measured 
by CT showed similar results. Flare-ups reported by patients 
were reduced by 50% (nominal p = .03).92

A Phase 3 study (NCT04577820) to evaluate the efficacy and 
safety of garetosmab in Japanese adult patients with FOP is due 
to start in November 2020. This study has an estimated pri-
mary completion date of August 28, 2021.

Fasinumab (Regeneron Pharmaceuticals, Inc.)

Fasinumab (REGN475) is a human IgG1k antibody targeting 
NGF. In 2016, Regeneron entered into a worldwide develop-
ment agreement with Teva Pharmaceutical Industries Ltd. to 
develop and commercialize fasinumab, excluding rights in 
Japan, Korea and nine other Asian countries, which were 
granted to Mitsubishi Tanabe Pharma Corporation in 2015. 
Regeneron anticipates regulatory submission(s) for fasinumab 
in OA pain in 2021.

Regeneron and Teva recently announced that two Phase 3 
trials, FACT OA1 (NCT03161093) and FACT OA2 
(NCT03304379), achieved the co-primary endpoints for fasi-
numab 1 mg monthly.93 FACT OA1 is a randomized, double- 
blind, multi-dose, placebo- and naproxen-controlled study to 
evaluate the efficacy and safety of two dose regimens of SC 
administered fasinumab in 3307 participants with pain due to 
OA of the knee or hip. FACT OA2 is a randomized, double- 
blind, multi-dose, placebo and non-steroidal anti- 
inflammatory drug (NSAID)-controlled (ZORVOLEX (diclo-
fenac) and CELEBREX (celecoxib)) study to evaluate the effi-
cacy and safety of fasinumab in 1650 patients with pain due to 
OA of the knee or hip.

In these studies, fasinumab demonstrated significant 
improvements in pain and physical function vs. placebo 
at Week 16 and Week 24, respectively. Fasinumab 1 mg 
monthly also showed nominally significant benefits in 
physical function in both trials and pain in FACT OA2, 
when compared to the maximum FDA-approved prescrip-
tion doses of NSAIDs for OA. The alternate drug treat-
ment arm of FACT OA1, fasinumab 1 mg every 2 months 
showed numerical benefit over placebo, but did not reach 
statistical significance. In the safety analysis, an increase in 
arthropathies was reported with fasinumab. These studies 
are active but not recruiting patients. Longer-term safety 
and efficacy data are expected to be reported in early 2021.

Antibodies to watch in 2021: Cancer indications

Based on the information publicly available as of 
November 2020, 44 antibody therapeutics are in late-stage 
clinical studies for cancer indications (Table 5). Of these, 
BLA or MAA submissions for at least 13 may be submitted 
by the end of 2021. In particular, application submissions for 
I-131 omburtamab, trastuzumab duocarmazine, tisotumab 

vedotin, amivantamab and ublituximab are anticipated by the 
end of 2020, and applications may be submitted in 2021 for 
sabatolimab, zalifrelimab, cusatuzumab, AK104, cosibelimab, 
mirvetuximab soravtansine, apamistamab-I-131, and KN046.

I-131 Omburtamab (Y-mAbs Therapeutics, Inc.)

I-131 Omburtamab comprises the anti-B7H3 murine antibody 
8H9 labeled with the radioisotope iodine 131. B7H3 is an 
immune checkpoint molecule expressed on various types of 
cancer cells. The antibody was created by Memorial Sloan 
Kettering Cancer Center and licensed to Y-mAbs Therapeutics, 
Inc. In June 2017, FDA granted Breakthrough Therapy designa-
tion to omburtamab, known as burtomab at that time, for treat-
ment of pediatric patients with relapsed or refractory 
neuroblastoma with central nervous system (CNS) or leptome-
ningeal metastasis (LM). Omburtamab was also granted Orphan 
Drug and Rare Pediatric Disease designations from the FDA for 
the treatment of CNS/LM from neuroblastoma. Y-mAbs 
Therapeutics completed submission of a rolling BLA for I-131 
omburtamab for the treatment of pediatric patients with CNS/ 
LM from neuroblastoma in August 2020, but FDA refused to file 
the BLA due to deficiencies in the Chemistry, Manufacturing 
and Control (CMC) and Clinical modules. The company expects 
to resubmit the BLA by the end of 2020.94

The safety and efficacy of omburtamab were evaluated in the 
Phase 1 study 03–133 (NCT00089245) and the pivotal Phase 2/ 
3 study 101 (NCT03275402). In the Phase 1 study, a dose 
escalation scheme was used to find the maximally tolerated 
dose of intrathecal 131I omburtamab, with patients entering in 
cohorts of 3 at each dose level from 10 mCi to 60 mCi and 
a cohort of 6 at each dose level from 70 mCi to 100 mCi. As 
reported in October 2019, 107 evaluable patients with CNS/ 
leptomeningeal metastases from neuroblastoma received up to 
two doses of I-131 omburtamab, and study results showed that 
patients had a median survival of 50.8 months, with the final 
median survival not yet being reached.95

The Phase 2/3 study 101 is evaluating the effects of I-131 
omburtamab in children up to 18 y with a neuroblastoma 
diagnosis and CNS/LM. Patients will receive up to two cycles 
of intracerebroventricular 131I-omburtamab, with one treat-
ment cycle consisting of 2 131I-omburtamab doses, 2 mCi at 
Week 1 and 50 mCi at Week 2. The primary outcome measure 
is the OS rate at 3 y after the first treatment dose of 131I- 
omburtamab. Interim results for 17 patients enrolled in the 101 
study were presented at the International Society of Pediatric 
Oncology Virtual Annual Congress held in October 2020. The 
12-month OS was 87%, with a median follow-up of 26 weeks. 
The OS in a historic control group was 30%, as previously 
disclosed by the company.50 The 101 study’s estimated primary 
completion date is December 2020.

[vic]Trastuzumab duocarmazine (Byondis BV)

[vic]Trastuzumab duocarmazine (SYD985) is an ADC com-
posed of trastuzumab, a humanized anti-HER2 IgG1k anti-
body, conjugated to the cleavable linker-drug valine-citrulline- 
seco-duocarmycin-hydroxybenzamide-azaindole. The uncon-
jugated antibody trastuzumab (Herceptin®) was first approved 

e1860476-22 H. KAPLON AND J. M. REICHERT



in 1998 for metastatic HER2-positive breast cancer in patients 
who have received one or more chemotherapy regimens for 
their metastatic disease. Two ADCs comprising trastuzumab 
conjugated to different cytotoxic drugs, ado-trastuzumab 
emtansine (Kadcyla®) and fam-trastuzumab deruxtecan 
(Enhertu®), were first approved in the US for HER2-positive 
breast cancer in 2013 and 2019, respectively.

Byondis BV (formerly Synthon Biopharmaceuticals BV) is 
developing [vic]trastuzumab duocarmazine for metastatic 
breast cancer. In 2018, FDA granted Fast Track designation 
for [vic-]trastuzumab duocarmazine for patients diagnosed 
with HER2-positive metastatic breast cancer that has pro-
gressed during or after at least two HER2-targeting treatment 
regimens for locally advanced or metastatic disease, or pro-
gressed during or after Kadcyla® treatment. Byondis BV plans 
to submit a BLA for their ADC for HER2-positive breast cancer 
by the end of 2020.96

[vic]Trastuzumab duocarmazine is currently being investi-
gated in the randomized, active-controlled TULIP Phase 3 
study (NCT03262935) comparing the efficacy and safety of 
[vic-]trastuzumab duocarmazine to physician’s choice in 
patients with HER2-positive unresectable locally advanced or 
metastatic breast cancer. The active-control drugs are combi-
nations of lapatinib, capecitabine, trastuzumab, vinorelbine, 
and eribulin. The study’s primary endpoint is PFS up to 2 y 
from the baseline, while OS and the objective response rate are 
secondary outcome measures. The estimated primary comple-
tion date of the TULIP study is July 2021, but Byondis expects 
results in the second half of 2020.96

Tisotumab vedotin (Genmab A/S, Seattle Genetics, Inc)

Tisotumab vedotin (HuMax-TF-ADC) is an ADC composed of 
a human anti-tissue factor IgG1k antibody conjugated to MMAE 
via a protease-cleavable linker. In August 2017, Genmab A/S and 
Seattle Genetics, Inc. announced that Seattle Genetics, Inc. had 
exercised its option to co-develop tisotumab vedotin. The com-
panies may submit a BLA for an accelerated approval of tisotu-
mab vedotin for cervical cancer by the end of 2020.

Regulatory submissions will include data from the pivotal 
single-arm Phase 2 innovaTV 204 study (NCT03438396) evalu-
ating tisotumab vedotin as monotherapy in patients with pre-
viously treated recurrent and/or metastatic cervical cancer, 
which were reported at the ESMO Virtual Congress held in 
September 2020.97 Patients received tisotumab vedotin 2.0 mg/ 
kg via IV every 3 weeks until progression or toxicity. The 
primary endpoint was confirmed objective response rate as 
assessed by independent central review in 101 patients treated 
with tisotumab vedotin. The objective response rate was 24% 
[95% CI: 15.9%-33.3%], including 7 patients (7%) with 
a complete response and 17 patients (17%) with a partial 
response. Secondary endpoints included DOR, time to response, 
PFS, and OS. The median DOR was 8.3 months (95% CI: 4.2, not 
reached) after a median follow-up of 10 months. The median 
time to response was 1.4 months (range, 1.1–5.1), while the 
median PFS and OS were 4.2 months (95% CI: 3.0, 4.4) and 
12.1 months (95% CI: 9.6, 13.9), respectively.

Amivantamab (Janssen Research & Development, LLC)

Amivantamab (JNJ-61186372) is a human, low-fucose IgG1- 
based bispecific antibody targeting EGFR and mesenchymal 
epithelial transition factor (MET) that was created using 
Genmab’s DuoBody technology. Amivantamab has been 
shown to function through multiple mechanisms of action in 
preclinical models of NSCLC with EGFR exon 20 insertion 
driver mutations, which cause tumor cells to be insensitive to 
EGFR tyrosine kinase inhibitors.98 FDA granted Breakthrough 
Therapy designation to amivantamab for the treatment of 
patients with metastatic NSCLC with (EGFR) Exon 20 inser-
tion mutations, whose disease has progressed on or after pla-
tinum-based chemotherapy. A BLA or MAA for amivantamab 
for NSCLC is included in Janssen’s new molecular entity filings 
planned during 2020.

Data from the CHRYSALIS Phase 1 study (NCT02609776) 
supported the Breakthrough Therapy designation. 
CHRYSALIS is a first-in-human, open-label, dose-escalation 
study evaluating the safety, pharmacokinetics, and efficacy of 
amivantamab as a monotherapy and in combination with 
lazertinib, an EGFR tyrosine kinase inhibitor, in adult patients 
with advanced NSCLC. The study has an estimated enrollment 
of 460 patients and is still enrolling patients as of 
November 2020. Part 1 of the study includes amivantamab 
monotherapy and combination dose escalations, while Part 2 
includes amivantamab monotherapy and combination dose 
expansions. The study will determine the recommended 
Phase 2 doses for amivantamab monotherapy, the amivanta-
mab/lazertinib combination, and amivantamab in combina-
tion with standard-of-care carboplatin and pemetrexed in 21- 
d treatment cycles for participants with advanced NSCLC. 
Primary outcome measures include ORR, DOR, and percen-
tage of participants with clinical benefit.

Preliminary results from the CHRYSALIS study were pre-
sented at the 2020 American Society of Clinical Oncology 
(ASCO) Virtual meeting. The analysis included 50 enrolled 
patients with EGFR exon 20 insertion-mutated NSCLC who 
received the recommended Phase 2 dose of 1050 mg (1400 mg, 
patients ≥80 kg) amivantamab. The analysis showed an ORR of 
36% (95% CI, 21–53) among the 39 response-evaluable 
patients, with a median follow-up of 4 months and 41% (95% 
CI, 24–61) in the 29 evaluable patients previously treated with 
platinum-based chemotherapy. The median DOR among 14 
responders was 10 months. The median PFS was 8.3 months 
(95% CI, 3.0–14.8) for all response-evaluable patients and 
8.6 months (95% CI, 3.7–14.8) for patients previously treated 
with platinum-based chemotherapy. The clinical benefit rate 
was 67% (95% CI, 50–81) for response-evaluable patients and 
72% (95% CI, 53–87) for patients previously treated with 
platinum-based chemotherapy.99

Janssen is also investigating the efficacy and safety of ami-
vantamab in combination with lazertinib versus osimertinib in 
locally advanced or metastatic NSCLC patients with EGFR 
mutations (Exon 19 deletions or Exon 21 L858R substitution) 
in the Phase 3 MARIPOSA study (NCT04487080), as well as 
amivantamab in combination with carboplatin-pemetrexed 
chemotherapy compared to carboplatin-pemetrexed in 
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metastatic NSCLC with EGFR exon 20 insertions in the Phase 3 
PAPILLON trial (NCT04538664).

Ublituximab (TG Therapeutics, Inc.)

Ublituximab (TG-1101) is a chimeric IgG1k antibody that 
targets a unique epitope on CD20, which is found on B cells 
and known to be involved in the pathogenesis of hematological 
malignancies such as chronic lymphocytic leukemia (CLL) and 
non-Hodgkin’s lymphoma (NHL), as well as multiple sclerosis 
(MS). Initially developed by LFB Group but licensed to TG 
Therapeutics in 2012, ublituximab contains low fucose content 
in its Fc region, which enhances its ADCC and ADCP activity. 
FDA has granted Fast Track designation to the combination of 
ublituximab and umbralisib, which is an oral, once-daily, dual 
inhibitor of PI3K-delta and CK1-epsilon, for the treatment of 
adult patients with CLL. TG Therapeutics plans to submit 
a BLA to the FDA for ublituximab in combination therapy 
with umbralisib, for CLL in 2020 or in early 2021.100

The safety and efficacy of ublituximab in combination with 
umbralisib (TGR-1202) compared to obinutuzumab 
(GAZYVA®) plus chlorambucil in patients with previously 
untreated and relapsed or refractory CLL are being evaluated 
in Phase 3 UNITY-CLL study (NCT02612311). The primary 
endpoint is PFS and the secondary outcome is the ORR. In 
May 2020, TG therapeutics announced that, at a prespecified 
interim analysis, the trial met its primary endpoint of improved 
PFS (p < .0001) and will be stopped early.101

The 3-arm Phase 2/3 UNITY-NHL study 
(NCT02793583) is evaluating the effects of the combination 
of ublituximab plus umbralisib with or without bendamus-
tine vs. umbralisib alone in patients with previously treated 
non-Hodgkin’s lymphoma, including diffuse large B-cell 
lymphoma, follicular, mantle cell lymphoma and marginal 
zone lymphoma. The primary and secondary endpoints are 
ORR and PFS, respectively. The estimated primary comple-
tion date is May 2021. Results from the UNITY-CLL Phase 
3 trial evaluating the combination of umbralisib and ubli-
tuximab in patients with treatment naïve and relapsed/ 
refractory chronic lymphocytic leukemia will be presented 
at the virtual 62nd American Society of Hematology annual 
meeting to be held in early December 2020.

Ublituximab in combination with ibrutinib vs. ibrutinib 
alone was evaluated in the open-label, multicenter, randomized 
Phase 3 GENUINE study (NCT02301156) in previously treated 
CLL patients with high-risk cytogenetic features, including 
deletion 17p, deletion 11q and/or TP53. Participants were 
randomized to receive either ublituximab 900 mg IV at Days 
1, 8, and 15 followed by maintenance infusions plus ibrutinib at 
420 mg oral daily dose or ibrutinib at fixed oral daily dose. The 
primary outcome measures were ORR and PFS. Results from 
the GENUINE Phase 3 were presented at the ASCO annual 
meeting in May 2020. Patients in the ublituximab plus ibruti-
nib study arm showed an improved ORR (93%) compared to 
those in the ibrutinib monotherapy arm (78%). At a median 
follow-up of 41.9 months, median PFS was not reached in the 
ublituximab plus ibrutinib arm and was 35.9 months in the 
ibrutinib monotherapy arm (HR 0.46).102,103

TG therapeutics is also evaluating ublituximab compared to 
teriflunomide as a treatment for relapsing MS in the Phase 3 
ULTIMATE-1 (NCT03277261) and ULTIMATE-2 
(NCT03277248) studies. For both studies, the primary out-
come measure is annualized relapse rate and the estimated 
primary completion date is March 31, 2021. TG therapeutics 
expects to report topline results from these studies later in 2020 
or early 2021.

Sabatolimab (Novartis Pharmaceuticals Corporation)

Sabatolimab (MBG453) is a humanized IgG4k antibody directed 
against T-cell immunoglobulin and mucin-domain domain- 
containing molecule-3 (TIM-3) developed by Novartis for the 
treatment of myelodysplastic syndrome (MDS) and acute myeloid 
leukemia (AML). TIM-3 is expressed on malignant leukemia stem 
cells (LSC) and blast cells but not on normal hematopoietic stem 
cells, and it is expressed by multiple types of T cells, as well as 
macrophages and dendritic cells. In this context, the use of saba-
tolimab has a dual effect: (1) blockade of TIM-3 on immune cells 
may restore immune function, leading to enhanced effector T-cell 
responses, and (2) direct targeting of LSC.104 Novartis anticipates 
submission of marketing applications for sabatolimab for high- 
risk MDS in 2021.

The efficacy and safety of sabatolimab in combination with 
hypomethylating agents (azacitidine or decitabine) are currently 
being studied in a randomized, double-blind, placebo-controlled 
Phase 2 STIMULUS MDS-1 study (NCT03946670) of adult 
patients with high or very high-risk MDS not eligible for HSCT 
or intensive chemotherapy. The primary endpoints are the com-
plete remission rate and PFS. Secondary endpoints include OS, 
leukemia-free survival, response rate, and duration of complete 
remission. The estimated primary completion date is 
February 2021.

The randomized, double-blind, placebo-controlled Phase 3 
STIMULUS-MDS2 study (NCT04266301) initiated in 
June 2020 will also evaluate the clinical effects of sabatolimab 
in combination with azacitidine in adult subjects with inter-
mediate, high or very high-risk MDS or chronic myelomono-
cytic leukemia-2 who have an indication for treatment with 
azacitidine in first-line setting and are not eligible for intensive 
chemotherapy or HSCT. Patients will be randomized to one of 
two study arms: (1) sabatolimab 800 mg + azacitidine 75 mg/ 
m2; or (2) azacitidine 75 mg/m2 + placebo. The primary 
objective of this study is to compare OS in the two study 
arms, where OS is the time from randomization until death 
due to any cause.

Zalifrelimab (Agenus Inc.)

Zalifrelimab (AGEN1884) is a human anti-CTLA-4 IgG1k 
antibody discovered via collaborative efforts between Ludwig 
Cancer Research and 4-Antibody, which was acquired by 
Agenus Inc. in 2014. Zalifrelimab is undergoing evaluation in 
combination with anti-PD-1 balstilimab in several clinical stu-
dies of patients with cervical cancer. FDA recently granted 
Agenus Fast Track designation for this combination of anti-
body therapeutics for the treatment of patients with relapsed or 
refractory metastatic cervical cancer.
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Agenus has reported positive results from a Phase 2 study 
(NCT03894215) evaluating the efficacy and safety of balstili-
mab in combination with zalifrelimab, as well as balstilimab as 
monotherapy, in patients with advanced metastatic cervical 
cancer. As described above in the discussion of balstilimab, 
data from this study supported a BLA submission for balstili-
mab as monotherapy for cervical cancer. Agenus plans to have 
a completed data packet supporting BLA submission of zali-
frelimab in combination with balstilimab by the end of 2020.105

Cusatuzumab(Janssen Research & Development, LLC)

Cusatuzumab (JNJ-74494550, ARGX-110) is an afucosylated, 
humanized IgG1 lambda antibody that binds CD70, resulting 
in inhibition of CD70/CD27 signaling involved in the prolif-
eration of malignant cells and Treg recruitment or activation 
within the tumor microenvironment.106 Cusatuzumab was 
generated using the SIMPLE antibody™ platform developed 
by ArgenX, which uses the active immunization of outbred 
llamas with a target antigen to deliver antibodies with variable 
regions that have 96–99% human sequence homology. These 
variable regions are then combined with human constant 
domains to generate human therapeutic antibodies. 
Cusatuzumab has also been modified using POTELLIGENT 
technology to enhance Fc-mediated cytotoxic mechanisms, 
such as ADCC, ADCP, and complement-dependent cytotoxi-
city, resulting in killing of CD70+ malignant cells, for the 
treatment of AML and MDS.

In December 2018, Argenx announced the closing of the exclu-
sive, global correlation and license agreement for cusatuzumab with 
Cilag GmbH International, an affiliate of the Janssen 
Pharmaceutical Companies of Johnson & Johnson.107 Janssen’s 
July 2020 pipeline update indicated that they plan to submit 
a marketing application for cusatuzumab in AML during 
2020–2023.108

Cusatuzumab is currently being evaluated in patients with hema-
tological malignancies in the Phase 2 CULMINATE trial 
(NCT04023526) in combination with azacitidine (Vidaza®, 
Celgene) in patients with newly diagnosed AML and high-risk 
MDS who are unsuitable for chemotherapy. Participants will receive 
azacitidine 75 mg/m2 SC or IV on Day 1 through Day 7 and 
cusatuzumab 10 mg/kg IV on Day 3 and Day 17 of each 28-d 
cycle in Part 1. Part 1 findings will be reviewed by a data review 
committee, and when a dose of cusatuzumab is selected, randomi-
zation will stop and participants will be enrolled into an expansion 
cohort (Part 2) to evaluate efficacy. The primary endpoint is the 
percentage of participants with complete response. The estimated 
primary completion date for CULMINATE is December 29, 2020. 
The study has enrolled 103 patients, and is active but not recruiting. 
If the study is considered pivotal and study results are positive, 
Janssen may have an opportunity to submit a BLA for cusatuzumab 
for AML in 2021.

AK104 (Akeso Biopharma)

AK104 is a humanized tetravalent IgG1 bispecific antibody 
targeting PD-1 and CTLA-4 developed by Akeso Biopharma. 
The antibody was engineered to preferentially bind tumor- 
infiltrating lymphocytes over lymphocytes within peripheral 

tissue. FDA granted AK104 Fast Track designation as mono-
therapy for the treatment of patients with recurrent or meta-
static squamous cervical cancer who have disease progression 
on or after platinum-based chemotherapy. Akeso Biopharma 
may submit marketing applications in China and the US as 
early as the second half of 2021 for AK104 in this 
indication.109,110

AK104 is under investigation in a pivotal, multicenter, 
open-label, single-arm Phase 2 study (NCT04380805) to eval-
uate the efficacy, safety, tolerability, pharmacokinetic proper-
ties and immunogenicity of AK104 monotherapy in adults 
with previously treated recurrent or metastatic cervical carci-
noma. In total, 40 participants will receive AK104 IV mono-
therapy at a dose of 6 mg/kg on Day 1 and Day 15 of each 28-d 
treatment cycle. The primary endpoint is the ORR assessed by 
an Independent Radiological Review Committee. Secondary 
outcome measures include the ORR assessed by the investiga-
tor, the disease control rate, the DOR, and PFS. The estimated 
primary completion date is August 2021.

Cosibelimab (Checkpoint Therapeutics, Inc.)

Cosibelimab (CK-301) is a human IgG1λ antibody directed 
against the immune checkpoint inhibitor PD-L1. Blocking 
the interaction of PD-L1 with the PD-1 and B7.1 receptors 
removes the suppressive effects of PD-L1 and restores cytotoxic 
CD8+ T cell anti-tumor immune responses. As of 
November 2020, 3 anti-PD-L1 (atezolizumab, durvalumab, 
avelumab) have been granted marketing approvals in the US 
and EU. Like avelumab, cosibelimab has a functional Fc and is 
capable of inducing ADCC mechanisms. The Fc regions of 
both atezolizumab and durvalumab were engineered to elim-
inate FcγR binding and effector functions.111 Checkpoint 
Therapeutics licensed the exclusive worldwide rights to anti- 
PD-L1 antibodies from Dana-Farber Cancer Institute in 
March 2015. The company has indicated that they intend to 
submit marketing approval application submissions for cosi-
belimab in mid-2021,112 if positive results are observed in 
a pivotal Phase 1 study that includes a registration-enabling 
cohort of patients with metastatic cutaneous squamous cell 
carcinoma (mCSCC).

The single-arm, open-label, multicenter, dose-escalation 
Phase 1 trial (NCT03212404) is evaluating the safety, tolerabil-
ity and efficacy of cosibelimab when administered IV as a single 
agent to subjects with selected recurrent or metastatic cancers, 
including lung neoplasms, NSCLC, small cell lung cancer, head 
and neck cancer, melanoma, Merkel cell carcinoma, renal cell 
carcinoma, urothelial carcinoma, endometrial cancer, NHL, 
Hodgkin lymphoma, and metastatic squamous cell carcinoma. 
Patients are treated with fixed doses (800 mg every 2 weeks; 
1200 mg every 3 weeks) and then followed for up to 6 months 
of visits with survival follow-up for select cohorts. Following 
the dose-escalation part of the study, additional evaluable sub-
jects may be included in order to further characterize safety 
and efficacy at selected doses or in specific patient sub-groups 
(dose expansion). The primary outcome measures include the 
confirmed objective response rate as per the RECIST Version 
1.1 for the dose-expansion part of the study only in an average 
of 6 months. Recruitment is ongoing, and Checkpoint 
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Therapeutics anticipates completing enrollment by the end of 
2020. The estimated primary completion date is July 2021.

Interim results from the Phase 1 study were presented at the 
2020 ESMO Virtual Congress. As of the interim analysis, 37 
mCSCC patients were enrolled and evaluable for efficacy by 
investigator assessment with at least one post-baseline tumor 
assessment or discontinued treatment prior. For these patients, 
the objective response rate was 51.4% (95% CI: 34.4, 68.1) per 
RECIST 1.1, complete response was observed in 13.5% of 
patients, and 37.8% of patients achieved a partial response (2 
pending confirmation at the next scan). The median DOR had 
not yet been reached, with 84.2% of responses ongoing. The 
longest response duration was 24 months (ongoing) at the time 
of analysis. Of the eligible responses, 91.7% had a duration of 
over 6 months.113

Mirvetuximab soravtansine (ImmunoGen, Inc.)

Mirvetuximab soravtansine (IMGN853) is an ADC composed 
of a humanized IgG1 antibody targeting folate receptor alpha 
(FRα), M9346A, conjugated to the maytansinoid drug DM4 via 
a cleavable disulfide linker. This ADC is owned and developed 
by ImmunoGen. The EMA and the FDA granted Orphan Drug 
designations to mirvetuximab soravtansine for patients with 
ovarian cancer in 2015. In June 2018, FDA also granted the 
ADC Fast track designation for the treatment of patients with 
medium to high FRα-positive platinum-resistant ovarian can-
cer who received at least one, but no more than three prior 
systemic treatment regimens, and for whom single-agent che-
motherapy is appropriate as the next line of therapy.114

In 2019, ImmunoGen announced that the Phase 3 FORWARD 
I study (NCT02631876) did not meet the primary endpoint in either 
the entire treatment population or the pre-specified high FRα 
expression population. Promising efficacy signals were observed, 
however, in the pre-specified subset of patients with high FRα 
expression. After consulting with FDA, ImmunoGen initiated two 
new Phase 3 studies, SORAYA (NCT04296890), designed to allow 
accelerated approval of mirvetuximab soravtansine, and MIRASOL 
(NCT04209855), designed to allow full approval of the ADC. 
ImmunoGen anticipates the submission of a BLA for accelerated 
approval of mirvetuximab soravtansine for ovarian cancer during 
the second half of 2021.114

SORAYA is a single-arm trial designed to evaluate the 
efficacy and safety of mirvetuximab soravtansine in patients 
with platinum-resistant high-grade serous epithelial ovarian 
cancer, primary peritoneal, or fallopian tube cancer, whose 
tumors express a high-level of FRα. Enrolled patients receive 
mirvetuximab soravtansine at 6 mg/kg adjusted ideal body 
weight administered on Day 1 of every 3-week cycle. To be 
enrolled, patients must have received at least one but no more 
than three prior systemic lines of anticancer therapy, including 
at least one line of therapy containing bevacizumab, and single- 
agent therapy must be appropriate as the next line of treatment. 
The primary endpoint of this study is ORR by investigator 
assessment, and the key secondary endpoint is DOR. The 
estimated enrollment is 110 patients, and the estimated pri-
mary completion date is July 2021.

MIRASOL is a randomized, open-label Phase 3 study in 
which an estimated 430 patients will be randomized to either 

mirvetuximab soravtansine (6 mg/kg adjusted ideal body 
weight every 3 weeks) or Investigator’s Choice chemotherapy 
(paclitaxel, PEGylated liposomal doxorubicin, or topotecan). 
To be eligible, patients need to be diagnosed with platinum- 
resistant ovarian cancer expressing high levels of FRα using the 
PS2+ scoring method and have been treated with up to three 
prior regimens. The primary endpoint of this study is PFS by 
investigator assessment, and the key secondary endpoints 
include ORR and OS. The estimated primary completion date 
is June 2022.

Apamistamab-I-131 (Actinium Pharmaceuticals, Inc.)

Apamistamab-I-131 (Iomab-B) is an anti-CD45 IgG1k anti-
body (BC8) linked to the radioisotope iodine-131 developed by 
Actinium Pharmaceuticals, Inc. for targeted conditioning prior 
to an allogeneic bone marrow transplant (BMT) for patients 
with active, relapsed or refractory AML, who are age 55 or 
older. The antibody targets a pan-leukocytic antigen expressed 
on leukemia, lymphoma cells and normal immune cells. 
Preclinical data demonstrated that injection of Iomab-B effec-
tively depletes greater than 90% of lymphocytes, including CD4 
+ and CD8+ effector T cells, CD19 + B cells, NK cells, as well as 
CD4+ Treg cells, and macrophages. Red blood cells, platelets, 
neutrophils, and bone marrow stem cells were preserved. 
Iomab-B binds preferentially in the lymph nodes, spleen, 
liver, and bone marrow, thereby avoiding the side effects of 
radiation on healthy tissues. Once attached to its target cells, 
radioactive energy from Iomab-B destroys cancer cells and 
ablates the bone marrow of patients. The FDA and EMA 
have granted Orphan Drug designations to Iomab-B as 
a conditioning treatment for patients with relapsed and refrac-
tory AML who will undergo HSCT. Actinium Pharmaceuticals 
plans to submit a BLA to the FDA in 2021 based on the results 
from the Phase 3 SIERRA clinical trial.

Iomab-B is currently being evaluated in the randomized, 
controlled, multi-center Phase 3 SIERRA trial (NCT02665065) 
to demonstrate the efficacy of Iomab-B prior to HSCT vs. 
conventional care in older patients with active, relapsed or 
refractory AML.115 The primary endpoint is the durable com-
plete remission at 6 months and the secondary endpoint is OS 
at 1 y. In November 2020, Actinium Pharmaceuticals released 
interim results of the ongoing study. Of patients receiving the 
therapeutic dose of Iomab-B, 100% underwent BMT and suc-
cessfully engrafted, whereas 17% of patients in the control arm 
underwent BMT. Of evaluable patients in the Iomab-B arm, the 
100-d non-relapse transplant-related mortality rate was 5% (vs. 
25% for the control arm). High doses of Iomab-B did not 
correlate with incidence of mucositis, febrile neutropenia, or 
sepsis. The estimated primary completion date of the SIERRA 
study is December 2021, but Actinium Pharmaceuticals plans 
to exercise an ad-hoc analysis that could generate topline data 
for the primary endpoint in late 2020 and early termination of 
the trial if positive.

KN046 (Alphamab Oncology)

KN046 is a humanized bispecific antibody that binds PD-L1 
and CTLA4. It was derived from Charge Repulsion Induced 
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Bispecific technology, which introduces point mutations to 
induce changes in charge and H-bond interactions, in addition 
to steric interactions, to favor heterodimerization over homo-
dimerization of the Fc. FDA has granted Orphan Drug desig-
nations to KN046 for the treatment of thymic epithelial tumors 
and for the treatment of biliary tract cancer. Jiangsu Alphamab 
Biopharmaceuticals Co., Ltd, a wholly owned subsidiary of 
Alphamab Oncology, is sponsoring a Phase 3 study 
(NCT04474119) of KN046 in NSCLC patients, and several 
Phase 2 studies of KN046 in patients with other cancers.

Alphamab Oncology has announced that the Phase 2 clin-
ical trial (NCT04469725) of KN046 to treat thymic carcinoma 
will support their plan to submit a New Drug Application for 
KN046 to China’s National Medical Products Administration 
and the US FDA in 2021.116 This single-arm, open-label, multi- 
center study will evaluate the efficacy, safety and tolerability of 
KN046 in thymic carcinoma patients who will be administered 
5 mg/kg of the drug, every 2 weeks. The primary outcome 
measure is OS, and the estimated primary completion date is 
August 2022.

Notable set-backs

In addition to the advances documented here, notable setbacks 
also occurred in 2020. In particular, the biology of COVID-19 
has proven to be highly complex, and the results of some 
clinical studies of three repurposed antibodies, anti-IL6R toci-
lizumab (Actemra®/RoActemra®) and sarilumab (Kevzara®), 
and anti-IL-1 beta canakinumab (ILARIS®), in COVID-19 
patients have been disappointing. All three of these antibodies 
are marketed for other indications. In addition, primary end-
points were not met in late-stage studies of investigational 
agents spartalizumab in melanoma patients and etolizumab 
in ulcerative colitis patients.

Tocilizumab, sarilumab, and canakinumab in COVID-19

Tocilizumab is included as an intervention in over 45 
clinical studies of patients with COVID-19 listed on clin-
icaltrials.gov. Although non-randomized studies have sug-
gested some benefit, to date the results of randomized 
clinical trials of tocilizumab have not consistently shown 
clear evidence of efficacy.117 In July 2020, Roche announced 
that the Phase 3 COVACTA study (NCT04320615) of toci-
lizumab did not meet its primary endpoint of improved 
clinical status in hospitalized adult patients with severe 
COVID-19 associated pneumonia or key secondary end-
points, including the difference in patient mortality at 
Week 4.118 In September 2020, however, Roche announced 
that the Phase 3 EMPACTA study (NCT04372186) in hos-
pitalized patients with COVID-19 pneumonia met its pri-
mary endpoint, which was the cumulative proportion of 
participants requiring mechanical ventilation by Day 28. 
In the EMPACTA study, patients who received tocilizumab 
plus standard of care were 44% less likely to progress to 
mechanical ventilation or death compared to patients who 
received placebo plus standard of care (log-rank 
p-value = 0.0348; HR [95% CI] = 0.56 [0.32, 0.97]).119 

Another Phase 3 study (REMDACTA; NCT04409262) is 

evaluating the efficacy and safety of remdesivir plus tocili-
zumab compared with remdesivir plus placebo in hospita-
lized patients with severe COVID-19 pneumonia. The 
REMDACTA study’s primary endpoint is the time from 
randomization to hospital discharge in a time-frame of up 
to 28 d, and the estimated primary completion date is 
December 1, 2020.

Although some positive signals have been observed in the 
studies of tocilizumab, study endpoints were not met in two 
Phase 3 studies of sarilumab, which targets the same antigen. In 
July 2020, Sanofi and Regeneron announced that the US Phase 
3 trial of sarilumab (400 mg) plus best supportive care in 
COVID-19 patients requiring mechanical ventilation did not 
meet its primary and key secondary endpoints compared to 
best supportive care alone. In September, Sanofi announced 
that the global Phase 3 trial investigating IV administered 
sarilumab (200 mg or 400 mg) in severely or critically ill 
patients hospitalized with COVID-19 did not meet its primary 
endpoint and key secondary endpoints when sarilumab was 
compared to placebo plus usual hospital care. Due to these 
results, Sanofi and Regeneron do not anticipate conducting 
further clinical studies for sarilumab in COVID-19.

In November 2020, Novartis announced that the US Phase 3 
placebo-controlled CAN-COVID trial (NCT04362813) evalu-
ating the efficacy and safety of canakinumab plus standard of 
care in hospitalized patients with COVID-19 pneumonia and 
cytokine release syndrome did not meet its primary endpoint 
of a greater chance of patient survival without the need for 
invasive mechanical ventilation, or its key secondary endpoint 
of reduced COVID-19 mortality, compared with standard of 
care only. The Phase 3 CanCovDia study (NCT04510493) of 
canakinumab in patients with COVID-19 and Type 2 diabetes, 
sponsored by the University Hospital, Basel, Switzerland, was 
still recruiting patients as of mid-November 2020.

Spartalizumab in advanced melanoma

Developed by Novartis, spartalizumab (PDR001) is a humanized 
IgG4 antibody that targets PD-1. The antibody has been or is being 
evaluated in over 50 clinical studies involving patients with various 
types of cancers. Novartis had planned to file for approval of sparta-
lizumab in combination with Tafinlar® (dabrafenib) and Mekinist® 
(trametinib) for the treatment of unresectable or metastatic BRAF 
V600 mutation-positive cutaneous melanoma if results of the Phase 3 
COMBI-i study (NCT02967692) were positive. On August 22, 2020, 
however, Novartis announced that the COMBI-i study did not meet 
its primary endpoint of investigator-assessed PFS.120 The company 
indicated that the development of spartalizumab will continue. As of 
November 2020, spartalizumab is undergoing evaluation in numer-
ous Phase 2 studies that are recruiting cancer patients.

Etrolizumab in ulcerative colitis

Developed by Roche, etrolizumab is a humanized IgG1 antibody that 
targets the β7 subunit common to the integrins α4-β7 and αE-β7. 
Etrolizumab was undergoing evaluation in four Phase 3 studies in 
patients with ulcerative colitis, HIBISCUS I (NCT02163759) and II 
(NCT02171429), HICKORY (NCT02100696) and LAUREL 
(NCT02165215). HIBISCUS I and II investigated the efficacy and 

MABS e1860476-27



safety of etrolizumab in induction of remission, HICKORY evaluated 
etrolizumab’s efficacy at induction and maintenance of remission, 
and LAUREL evaluated etrolizumab’s efficacy at the maintenance of 
remission. Results of the studies were inconsistent.121 The HIBISCUS 
I study met the primary endpoint, percentage of participants with 
induction of remission with etrolizumab compared with placebo at 
Week 10 as determined by the Mayo Clinic Score, while the 
HIBISCUS II study did not. HIBISCUS I and II included patients 
without prior anti-TNF treatment. In the HICKORY study, which 
included patients with prior anti-TNF treatment, etrolizumab met 
the primary endpoint at induction but not at maintenance. In the 
LAUREL study, which included patients without prior anti-TNF 
treatment, etrolizumab did not meet its primary endpoint.

Late-stage clinical studies of etrolizumab as an induction and 
maintenance treatment in patients with moderately to severely active 
Crohn’s disease with and without prior anti-TNF treatment are 
ongoing. As of a July 2020 update, Roche is considering etrolizumab 
for Crohn’s disease as a possible regulatory submission in 2022.

Outlook for the future

As 2020 draws to a close, it is clear that controlling SARS- 
CoV-2 will be the world’s highest priority in 2021, and 
there is reason to hope that this goal will be accomplished. 
In November 2020, Pfizer, with their partner BioNTech, 
and Moderna announced that their COVID-19 vaccines 
were ~95% effective, and the companies will request EUAs 
from regulatory agencies. Pfizer has indicated that they plan 
to make 1.3 billion doses available by the end of 2021, 
while Moderna remains on track to manufacture 
500 million to 1 billion doses in 2021. Other vaccines, 
including AZD1222, which was co-invented by the 
University of Oxford and its spin-out company, Vaccitech, 
will likely also be granted EUAs and distributed globally in 
2021. Bamlanivimab and the casirivimab and imdevimab 
cocktail will be available, and it is likely that at least some 
of the many other anti-SARS-CoV-2 targeted therapeutics 
in preclinical and clinical development as of 
November 2020 (antibodysociety.org/covid-19-biologics- 

tracker) will also be authorized for emergency use in the 
future. The potential utility of these antibody products 
would be substantially broadened if they receive EUAs for 
prophylactic use in, for example, people who would 
respond poorly to vaccines, such as the immunocompro-
mised and elderly, and those who are reluctant to undergo 
any vaccinations.

Looking beyond COVID-19, the number of approvals in 2021 is 
likely to reach double-digits, assuming companies remain on track 
with planned BLA submissions and regulatory agencies continue to 
meet deadlines, as they have done so well in 2020. The numbers of 
antibody therapeutics currently in early-stage clinical studies (i.e., 
Phase 1 or Phase 2) for indications other than COVID-19 are 
more than sufficient to replenish the Phase 3 pipeline, as molecules 
at that stage progress to regulatory review and approval (Figure 2) in 
2021. Estimates as of November 2020 indicate that nearly 300 anti-
body therapeutics have advanced to Phase 2 studies and over 450 
more are undergoing initial evaluations in Phase 1 studies. We look 
forward to documenting progress made with these and other 
‘Antibodies to Watch’ in the next installment of this article series.

Acknowledgments

The authors thank Vandna Prasad Rath and Andy Cook, Hanson Wade, 
for providing access to the Beacon Targeted Therapies database, and Rob 
Jones, Craic Computing LLC, for providing access to the Therapeutic 
Antibody Database.

ORCID

Janice M. Reichert http://orcid.org/0000-0003-0400-1951

Disclosure of Potential Conflicts of Interest

No potential conflicts of interest were disclosed.

Disclosure statement

HK is employed by a company that develops antibody therapeutics. JR is 
employed by The Antibody Society, a non-profit trade association funded 
by corporate sponsors that develop antibody therapeutics or provide 
services to companies that develop antibody therapeutics, and she is 
Editor-in-Chief of mAbs, a biomedical journal focused on topics relevant 
to antibody therapeutics development. Data in this publication were 
collected from publicly available sources.

Abbreviations

Aβ amyloid beta
ACE2 angiotensin-converting enzyme 2
AD atopic dermatitis
ADC antibody-drug conjugate
ADCC antibody-dependent cell-mediated cytotoxicity
ADCP antibody-dependent cellular phagocytosis
aGvHD acute graft-vs-host disease
aHUS atypical hemolytic uremic syndrome
AML acute myeloid leukemia
Ang-2 angiopoietin-2
ANGPTL3 angiopoietin-like protein 3
AQP4 aquaporin-4
ARDS acute respiratory distress syndrome

Figure 2. Global commercial clinical pipeline of monoclonal antibodies*. *Data 
publicly available as of November 15, 2020. Red bars, most advanced clinical 
study is in cancer. Blue bars, most advanced clinical study is in non-cancer 
indications. Approved or authorized mAb products, investigational mAbs in 
regulatory review, and all biosimilar antibodies and Fc fusion proteins were 
excluded. Phase 1/2 studies were included with Phase 2; pivotal or registrational 
Phase 2 and Phase 2/3 studies were included with Phase 3.
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ASCO American Society of Clinical Oncology
ATG anti-thymoglobulin
BCG bacillus Calmette-Guérin
BCMA B cell maturation antigen
BCVA best-corrected visual acuity
BICLA British Isles Lupus Assessment Group Based 

Composite Lupus Assessment
BILAG British Isles Lupus Assessment Group
BMT bone marrow transplant
BLA biologics license application
CHMP Committee for Medicinal Products for Human Use
CAD cold agglutinin disease
CI confidence interval
CIS carcinoma in situ
CLL chronic lymphocytic leukemia
CMC Chemistry, Manufacturing and Control
CNS central nervous system
COVID-19 coronavirus disease 2019
CRR complete response rate
CSU chronic spontaneous urticaria
CTLA-4 cytotoxic T lymphocyte antigen-4
DCR disease control rate
DLBCL diffuse large B-cell lymphoma
dMMR deficient mismatch repair
DME diabetic macular edema
DM4 N2ʹ-deacetyl-N2ʹ-(4-mercapto-4-methyl-1-oxopentyl) 

maytansine
DOR duration of response
EASI eczema area and severity index
EC European Commission
EGFR epidermal growth factor receptor
EMA European Medicines Agency
EpCAM epithelial cell adhesion molecule
ESMO European Society for Medical Oncology
EU European Union
EUAs Emergency use authorization
FAS full analysis set
FDA US Food and Drug Administration
Fc fraction constant
FOP fibrodysplasia ossificans progressive
FRα folate receptor alpha
GM-CSF granulocyte-macrophage colony stimulating factor
GvHD graft-versus-host disease
HER2 human epidermal growth factor receptor 2
Hgb hemoglobin
HIV human immunodeficiency virus
HO heterotopic ossification
HoFH homozygous familial hypercholesterolemia
HSCT hematopoietic stem cell transplant
HR hazard ratio
IFN interferon
IFNAR1 interferon alpha receptor 1
IgA immunoglobulin A
IgE immunoglobulin E
IGA Investigator’s Global Assessment
IGF-1R insulin growth factor 1 receptor
IL interleukin
IST immunosuppressive therapy
IV intravenous
LDL low-density lipoprotein
LM leptomeningeal metastases
LSC leukemia stem cells
MAA marketing authorization application
mAb monoclonal antibody
MASP-2 mannan-binding lectin-associated serine protease-2
mCSCC metastatic cutaneous squamous cell carcinoma
MDS myelodysplastic syndrome
MET mesenchymal epithelial transition factor

MHLW Ministry of Health, Labor and Welfare
MM multiple myeloma
MMA monomethyl auristatin
MMD monthly migraine days
MMR mismatch repair
MMRp MMR-proficient
MS multiple sclerosis
MSI microsatellite instability
NDA new drug application
NGF nerve growth factor
NHL non-Hodgkin’s lymphoma
NIH National Institutes of Health
NMIBC non-muscle invasive bladder cancer
NMOSD neuromyelitis optica spectrum disorder
NSAIDs nonsteroidal anti-inflammatory drugs
NSCLC non-small cell lung cancer
OA osteoarthritis
OCS oral corticosteroid
ORR overall response rate
OS overall survival
PASI Psoriasis Area and Severity Index
PBD pyrrolobenzodiazepine
PD-1 programmed cell death protein 1
PD-L1 programmed death ligand 1
PDUFA Prescription Drug User Fee Act
PFS progression free survival
PGA Patient’s Global Assessment
PP per-protocol
PRIME Priority Medicines
Q3w every 3 weeks
RA rheumatoid arthritis
RECIST Response Evaluation Criteria in Solid Tumors
REMS Risk Evaluation and Mitigation Strategy
SARS-CoV-2 severe acute respiratory syndrome coronavirus 2
SC subcutaneous
SCLC small cell lung cancer
SD stable disease
SLE systemic lupus erythematosus
SR steroid-refractory
T1D type 1 diabetes
TNBC triple-negative breast cancer
TIM-3 T-cell immunoglobulin and mucin-domain domain- 

containing molecule-3
TMAs thrombotic microangiopathies
TNF tumor necrosis factor
US United States
VEGF human vascular endothelial growth factor
wAMD wet age-related macular degeneration
WOMAC Western Ontario and McMaster Universities 

Osteoarthritis Index
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