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ABSTRACT
This 2020 installment of the annual ‘Antibodies to Watch’ series documents the antibody therapeu-
tics approved in 2019 and in regulatory review in the United States or European Union, as well as
those in late-stage clinical studies, as of November 2019*. At this time, a total of 5 novel antibody
therapeutics (romosozumab, risankizumab, polatuzumab vedotin, brolucizumab, and crizanlizumab)
had been granted a first approval in either the US or EU, and marketing applications for 13 novel
antibody therapeutics (eptinezumab, teprotumumab, enfortumab vedotin, isatuximab, [fam-]trastu-
zumab deruxtecan, inebilizumab, leronlimab, sacituzumab govitecan, satralizumab, narsoplimab,
tafasitamab, REGNEB3 and naxituximab) were undergoing review in these regions, which represent
the major markets for antibody therapeutics. Also as of November 2019, 79 novel antibodies were
undergoing evaluation in late-stage clinical studies. Of the 79 antibodies, 39 were undergoing
evaluation in late-stage studies for non-cancer indications, with 2 of these (ublituximab, pamrevlu-
mab) also in late-stage studies for cancer indications. Companies developing 7 (tanezumab, aduca-
numab, evinacumab, etrolizumab, sutimlimab, anifrolumab, and teplizumab) of the 39 drugs have
indicated that they may submit a marketing application in either the US or EU in 2020. Of the 79
antibodies in late-stage studies, 40 were undergoing evaluation as treatments for cancer, and
potentially 9 of these (belantamab mafodotin, oportuzumab monatox, margetuximab, dostarlimab,
spartalizumab, 131I-omburtamab, loncastuximab tesirine, balstilimab, and zalifrelimab) may enter
regulatory review in late 2019 or in 2020. Overall, the biopharmaceutical industry’s clinical pipeline
of antibody therapeutics is robust, and should provide a continuous supply of innovative products
for patients in the future. *Note on key updates through December 18, 2019: 1) the US Food and
Drug Administration granted accelerated approval to enfortumab vedotin-ejfv (Padcev) on
December 18, 2019, bringing the total number of novel antibody therapeutics granted a first
approval in either the US or EU during 2019 to 6; 2) the European Commission approved
romosozumab on December 9, 2019; 3) the European Medicines Agency issued a positive opinion
for brolucizumab; 4) Sesen Bio initiated a rolling biologics license application (BLA) on December 6,
2019; 5) GlaxoSmithKline submitted a BLA for belantamab mafodotin; and 6) the status of the Phase
3 study (NCT04128696) of GSK3359609, a humanized IgG4 anti-ICOS antibody, in patients with head
and neck squamous cell carcinoma was updated to recruiting from not yet recruiting.
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Introduction

The development of prophylactic and therapeutic agents for
infections or disease is a slow, costly process that requires
substantial knowledge and expertise in a wide variety of areas,
including relevant biological pathways, creation and charac-
terization of drug molecules, manufacturing, clinical studies,
and regulatory affairs. It is critical, however, that this knowl-
edge and expertise expands and improves over time, incor-
porating new techniques and approaches as they become
available, as new challenges are presented.

Over the past decade, the ‘Antibodies to Watch’ article series
has documented the results of the global biopharmaceutical
industry’s efforts to bring innovative antibody therapeutics to
patients in need.1–12 Each annual paper has reported the number
of unique antibodies in late-stage clinical studies, in regulatory
review and approved for marketing as of November or early
December of the year in which it was written. In particular, we

have focused on first transitions of novel monoclonal antibodies
(mAbs), (e.g., first approval in either the United States (US) or
European Union (EU)) as a measure of innovation and success.
This approach is stringent, as it necessarily excludes any subse-
quent development from the quantitative assessment. For exam-
ple, if a product is first approved in the US, any subsequent
approval in the EU or supplemental approval is not included in
the product totals. By this measure, the number of antibody
therapeutic products approved in 2019, as of November, (5 pro-
ducts) is the lowest since 2013, when only 2 products were
approved. However, when looking at all US or EU first approvals,
the data shows the biopharmaceutical industry has in fact made
substantial advances in developing antibody therapeutics during
2010–19, nearly tripling the number of antibody therapeutics on
the market (Figure 1).

Looking toward the future, our data suggest that the
relatively low number of 2019 first approvals was anoma-
lous, and likely due to a transient decrease in the rate of
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application submissions during late 2018 and early 2019.
Overall, our projections suggest that the number of first
approvals granted in the 2020s may exceed that of the
2010s. Based on the number of antibody therapeutics cur-
rently in regulatory review in either the US or EU, we
anticipate that at least 13 products will be granted first
approvals in 2020. The scale of approvals later in the decade
depends entirely on the clinical pipeline of these products.
We report here that the late-stage clinical pipeline is robust,
and we anticipate that more antibody therapeutics will be in
late-stage studies in 2020 than any year we previously docu-
mented (Figure 2). Remarkably, compared to 2010, the
number of antibody therapeutics currently in late-stage stu-
dies has more than tripled (to 79). The early-stage commer-
cial clinical pipeline is also robust, with at least 550 novel
antibody therapeutics at Phase 1, 1/2 or Phase 2 as their
most advanced stage of clinical studies (data not shown).

In keeping with our previous reports, ‘Antibodies to watch
in 2020ʹ includes updates on recent and anticipated events
relevant to antibody therapeutics in clinical development.
Data for antibody therapeutics that were first approved in
either the US or EU during 2019, as well as several products
first approved in Russia or India, are provided. Antibody
therapeutics undergoing regulatory review by the Food and
Drug Administration (FDA) or the European Medicines
Agency (EMA) as of November 2019 are also discussed.
Finally, we provide brief summaries of antibody therapeutics
in late-stage clinical study that may progress to regulatory
review in late 2019 or 2020, based on public disclosures by
the sponsoring companies. Due to the substantial amount of
data available for these antibody therapeutics, we have focused
on the indications of late-stage clinical studies and include
references for recent information only.

Antibody therapeutics granted a first approval in the
US or EU in 2019

As of November 2019, a total of 5 novel antibody therapeutics
(romosozumab, risankizumab, polatuzumab vedotin, brolucizu-
mab, crizanlizumab) had been granted a first approval in either
the US or EU (Table 1). On a per year basis, this is the lowest
number of approvals since 2013, when only 2 antibody therapeu-
tics were approved in these two regions. In particular, it is sub-
stantially lower than the number of first US or EU approvals
granted in 2018 (13 products; 12 first approved in the US, and 1
first approved (caplacizumab) in the EU).1 All 5 products first
approved in 2019 (as of November) were granted approvals by
FDA; risankizumab was also approved in the EU. Documents
relating to FDA review and approval of these products can be
found by searching drugs@fda using the international nonpro-
prietary name of the mAb. As of November 2019, FDA had
approved a total of 6 mAb therapeutics, namely the 5 noted
above as well as caplacizumab-yhdp (Cablivi),13 which was
approved by FDA on February 6, 2019 after being granted a first
approval in the EU on August 31, 2018.14

Romosozumab (Amgen, Inc., UCB, Amgen Astellas
Biopharma K.K.)

Romosozumab (AMG785, EVENITY™) is an IgG2 humanized
monoclonal antibody that binds and inhibits sclerostin, which is
secreted by osteocytes, leading to transient stimulation of bone
formation and inhibition of bone resorption. Romosozumabwas
first approved in Japan on January 8, 2019 for the treatment of
osteoporosis in patients at high risk of fracture.15 Amgen and
UCB are co-developing EVENITY worldwide, with develop-
ment in Japan being led by Amgen Astellas BioPharma K.K.,
a joint venture between Amgen and Astellas Pharma Inc.

On April 9, 2019, the FDA approved romosozumab-aqqg for
treatment of osteoporosis in postmenopausal women at high risk
for fracture, defined as a history of osteoporotic fracture, or multi-
ple risk factors for fracture; or patients who have failed or are
intolerant to other available osteoporosis therapy. The safety and
efficacy of Evenity were demonstrated in two Phase 3 studies,
FRAME (NCT01575834) and ARCH (NCT01631214).16 In the
FRAME study, 1 year of treatment with Evenity (210 mg) lowered

Figure 1. Cumulative number of antibody therapeutics first approved in the US
or EU, 1986–2019.
*Data available as of November 28, 2019. Biosimilar antibody and Fc fusion
protein products were excluded. A table of US- and EU-approved antibody
therapeutics is available at https://www.antibodysociety.org/resources/
approved-antibodies/.

Figure 2. Antibody therapeutics in late-stage clinical studies.
2020 values based on data publicly available as of December 5, 2019; other data
from ‘Antibodies to watch’ articles published in mAbs starting in 2010. “Late-
stage” clinical studies include pivotal or registrational Phase 2, Phase 2/3 or
Phase 3 studies. Biosimilar antibody and Fc fusion protein products were
excluded. A table of antibodies in late-stage studies sponsored by commercial
firms is maintained by The Antibody Society.
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the risk of a new vertebral fracture by 73% compared to placebo.
This benefit wasmaintained over the second year of the trial when
Evenity was followed by 1 year of denosumab compared to
placebo followed by denosumab. In the ARCH study, 1 year of
treatment with Evenity followed by 1 year of alendronate reduced
the risk of a new vertebral fracture by 50% compared to two years
of alendronate alone. More than 11,000 women with postmeno-
pausal osteoporosis participated in the 2 studies.

Showing a difference of opinion with FDA, the EMA’s
Committee for Medicinal Products for Human Use (CHMP)
recommended the refusal of the marketing authorization for
Evenity in the EU because their evaluation indicated that the
benefits of Evenity did not outweigh the risk of serious effects
on the heart or circulatory system. EMA issued its opinion on
June 27, 2019, but the applicant, UCB Pharma S.A., requested
a reexamination of the opinion. On October 18, 2019, UCB
and Amgen announced that, after reexamination, CHMP
adopted a positive opinion recommending marketing author-
ization for EVENITY® for the treatment of severe osteoporosis
in postmenopausal women at high risk of fracture and with
no history of myocardial infarction or stroke.17 The European
Commission’s decision, which will be based on CHMP’s
recommendation, is expected by the end of 2019.

Risankizumab (Boehringer Ingelheim, AbbVie)

Risankizumab (risankizumab-rzaa, SKYRIZI™) is a humanized
IgG1 monoclonal antibody that inhibits interleukin (IL)-23,
a cytokine involved in inflammatory processes, by binding to its
p19 subunit. Risankizumab was first approved in Japan on
March 26, 2019 for the treatment of plaque psoriasis, generalized
pustular psoriasis, erythrodermic psoriasis and psoriatic arthritis
in adult patients who have an inadequate response to conven-
tional therapies. By the end of April 2019, the product had been
granted approvals in Canada, the US and the EU. On April 23,
2019, FDA approved SKYRIZI™ for the treatment of moderate-to-
severe plaque psoriasis in adults who are candidates for systemic
therapy or phototherapy.18 SKYRIZI is part of a collaboration
between Boehringer Ingelheim and AbbVie, with AbbVie leading
development and commercialization of SKYRIZI globally.

The product’s approval is supported by data from 4 rando-
mized, placebo and/or active-controlled (ustekinumab or adali-
mumab) pivotal studies, IMMvent (NCT02694523), IMMhance
(NCT02672852), ultIMMA-1 (NCT02684370), and ultIMMa-2
(NCT02684357), that evaluated the safety and efficacy of

risankizumab in more than 2,000 patients with moderate-to-
severe chronic plaque psoriasis. The co-primary endpoints of
the studies were Psoriasis Area and Severity Index and static
Physician Global Assessment (sPGA) score of clear or almost
clear (sPGA 0/1) at 16 weeks versus placebo. In these 4 studies,
all co-primary and ranked secondary outcomemeasures were met
and no new safety signals were observed. Risankizumab showed
superior efficacy to placebo, ustekinumab, or adalimumab in the
treatment of moderate-to-severe plaque psoriasis in the
IMMvent,19 IMMhance,20 UltIMMa-1 and UltIMMa-221 studies.

Polatuzumab vedotin (Genentech, Inc.)

On June 10, 2019, FDA granted accelerated approval to Polivy
(polatuzumab vedotin-piiq), in combination with the che-
motherapy bendamustine and a rituximab product (BR), to
treat adult patients with diffuse large B-cell lymphoma
(DLBCL) that has progressed or returned after at least 2
prior therapies.22 Polivy is composed of a humanized anti-
CD79b IgG1 antibody conjugated to the antimitotic agent
monomethyl auristatin E (MMAE). The antibody’s target is
highly expressed on B cells of patients with lymphoma. The
biologics license application (BLA) for Polivy was granted
FDA’s Breakthrough Therapy and priority review designa-
tions. Polivy was designated an Orphan Drug for the
approved indication.

The drug also has EMA’s Priority Medicines (PRIME)
designation, and EU Orphan Drug designations for DLBCL.
On November 14, 2019, EMA’s CHMP adopted a positive
opinion, and recommended granting a conditional marketing
authorization for Polivy (polatuzumab vedotin) for the treat-
ment of relapsed/refractory diffuse large B-cell lymphoma,
a rare type of cancer of the white blood cells. The European
Commission’s decision, which will be based on CHMP’s
recommendation, will normally be issued 67 days from adop-
tion of the opinion.

The drug’s efficacy was evaluated in a study of 80 patients
with relapsed or refractory DLBCL who were randomized to
receive Polivy with BR or BR alone. Efficacy was based on
complete response rate and duration of response (DOR),
defined as the time the disease stays in remission. At the
end of treatment, the complete response rate was 40% with
Polivy plus BR compared to 18% with BR alone. Of the 25
patients who achieved a partial or complete response to Polivy

Table 1. Antibody therapeutics granted first approvals in the European Union or the United States during 2019*.

International non-
proprietary name

Brand
name Target; Format Indication first approved

Date of first EU
approval

Date of first US
approval

Romosozumab Evenity Sclerostin; Humanized IgG2 Osteoporosis in postmenopausal women at
increased risk of fracture

EC decision
pending

4/9/2019

Risankizumab Skyrizi IL-23 p19; Humanized IgG1 Plaque psoriasis 4/26/2019 4/23/2019
Polatuzumab vedotin Polivy CD79b; Humanized IgG1

ADC
Diffuse large B-cell lymphoma EC decision

pending
6/10/2019

Brolucizumab BEOVU VEGF; Humanized scFv Neovascular age-related macular degeneration In review 10/7/2019
Crizanlizumab Adakveo CD62 (aka P-selectin);

Humanized IgG2
Sickle cell disease In review 11/15/2019

*Data available as of November 28, 2019.
Table notes: Romosozumab first approved in Japan on January 8, 2019; risankizumab was first approved in Japan on March 26, 2019.
International nonproprietary names for products approved in the US are: brolucizumab-dbll, crizanlizumab-tmca, polatuzumab vedotin-pllq, risankizumab-rzaa,
romosozumab-aqqg.
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plus BR, 16 (64%) had a DOR of at least 6 months and 12
(48%) had a DOR of at least 12 months.22

Brolucizumab (Novartis)

On October 7, 2019, FDA approved brolucizumab-dbll
(BEOVU®) for the treatment of neovascular age-related macu-
lar degeneration (nAMD).23 Brolucizumab is a humanized
antibody single-chain variable fragment (scFv) that binds to
the 3 major isoforms of human vascular endothelial growth
factor (VEGF), thereby interfering with their interaction with
receptors VEGFR-1 and VEGFR-2 and suppressing endothe-
lial cell proliferation, neovascularization and vascular perme-
ability. BEOVU is administered by intravitreal injection, and
the recommended dose is 6 mg monthly for the first 3 doses,
followed by 1 dose of 6 mg every 8–12 weeks. A marketing
application for brolucizumab is undergoing review by EMA.

FDA’s approval was supported by data from two Phase 3
studies, HAWK (NCT02307682) and HARRIER
(NCT02434328),24 comparing the efficacy and safety of intravi-
treal injections of brolucizumab versus aflibercept in nAMD.
Brolucizumab met the primary efficacy endpoint of non-inferior-
ity to aflibercept (EYLEA®) in mean change in best-corrected
visual acuity (BCVA) at Week 48 in both trials, with a mean
change in BCVA of 6.6 letters for brolucizumab 6 mg versus 6.8
letters for aflibercept in the HAWK trial and 6.9 letters versus 7.6
letters, respectively, in the HARRIER study. Additionally, atWeek
48, brolucizumab was superior to aflibercept in secondary end-
points considered key parameters of the disease, such as central
subfield retinal thickness and retinal fluid (intraretinal fluid or
subretinal fluid). Results at 96 weeks reaffirmed the superiority
of brolucizumab 6 mg in reduction of retinal fluid, and patients
who received this dose continued to demonstrate reductions in
central subfield thickness.25

Crizanlizumab (Novartis)

FDA approved crizanlizumab (Adakveo, crizanlizumab-tmca) on
November 15, 2019 as a treatment to reduce the frequency of
vaso-occlusive crisis (VOC), which occurs when blood circulation
is obstructed by sickled red blood cells, for patients that are
16 years and older.26 Also known as SEG101, crizanlizumab is
a humanized antibody directed against P-selectin, which contri-
butes to the pathogenesis of sickle cell disease, including vaso-
occlusive events and hemolytic anemia. Crizanlizumab was
granted Orphan Drug designation in the US and EU for the
treatment of VOC in patients with sickle cell disease, as well as
FDA’s Breakthrough Therapy designation for prevention of
VOCs in patients of all genotypes with sickle cell disease.
A marketing application for crizanlizumab is undergoing review
by EMA.

FDA’s approval was based on Phase 2 results from the
SUSTAIN study (NCT01895361), which demonstrated that cri-
zanlizumab provided significant benefit over placebo, such as: 1)
the percentage of crizanlizumab-treated patients (5 mg/kg) who
did not experience any vaso-occlusive crisis (VOC) was higher
compared to those treated with placebo (36% vs 17%, P = .010); 2)
45% reduction in the median annual rate of VOCs leading to
health care visits in patients with or without hydroxyurea therapy

compared to placebo (1.63 vs 2.98, P = .010); 3) 42% reduction in
median annual rate of days hospitalized versus placebo (4.00 vs
6.87 P = .45), and 4) a 3-fold longer median time to first VOC vs
placebo (4.07 vs 1.38 months, P < .001).27,28

Antibody therapeutics approved outside the US or
EU in 2019

Most antibody therapeutics developed by major biopharma-
ceutical firms are first approved in either the US or EU.
However, smaller firms may seek first approvals elsewhere,
especially if the firm’s headquarters is located in a region
other than the US or EU. In 2019, 1 antibody therapeutic
was granted a first approval in Russia (netakimab) and 1
(Rabimab) was granted a first approval in India.

Netakimab (BIOCAD)

On May 7, 2019, BIOCAD announced the registration of
netakimab (Efleira®, BCD-085) in Russia for the treatment of
moderate-to-severe plaque psoriasis.29 Netakimab is
a humanized IgG1 in which the VH domain is replaced by
a llama VHH domain possessing a long complementarity-
determining region (CDR-H3).30 The mAb targets IL-17,
a pro-inflammatory cytokine that plays a critical role in the
pathogenesis of psoriasis. The registration is the first for an
innovative mAb developed in Russia. BIOCAD has indicated
that they will seek approval for netakimab in the EU.

The efficacy and safety of Efleira® in psoriasis patients was
confirmed in the Phase 3 BCD-085-7/PLANETA study
(NCT03390101), which was conducted in 22 study sites in
Russia and 2 study sites in the Republic of Belarus. After
12 weeks of the treatment, 83.3% of patients who received
netakimab once a month after induction for the first 3 weeks
achieved a 75% improvement in Psoriasis Area and Severity
Index. The total duration of therapy and follow-up in this
study is 3 years. BIOCAD, which is based in Moscow, is also
evaluating netakimab in Phase 3 studies of patients with
psoriatic arthritis (NCT03598751) and ankylosing spondylitis
(NCT03447704).

Rabimab (Zydus Cadila)

On September 3, 2019, Zydus announced that it received
marketing authorization for TwinrabTM (RabiMabs) from
the Drug Controller General of India.31 The product, which
is composed of an equipotent mixture of 2 murine monoclo-
nal antibodies that bind to 2 different epitopes on the
G protein expressed on the surface of rabies virus, is indicated
in combination with rabies vaccine for rabies post-exposure
prophylaxis. Antibodies M777-16-3 (IgG1) and 62-71-3
(IgG2b) bind to site II and site III, respectively, on the
G protein of rabies virus envelope.32 The FDA granted
Orphan

Drug designation to this candidate in May 2019.
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Antibody therapeutics undergoing first regulatory
review in the US or EU

According to the information publicly available as of
November 2019, marketing applications (BLA or Marketing
Authorization Application (MAA)) for a total of 13 novel anti-
body therapeutics are undergoing review in either the US or EU
(Table 2). The applications are the first submitted for: eptinezu-
mab, teprotumumab, enfortumab vedotin, isatuximab, [fam-]
trastuzumab deruxtecan, inebilizumab, leronlimab, sacituzumab
govitecan, satralizumab, narsoplimab, tafasitamab, REGNEB3
and naxitamab. A brief summary of each antibody and the clinical
studies relevant to the marketing applications are below. The
summaries are listed in the chronological order in which the
approvals may occur, as predicted by the Prescription Drug
User Fee Act (PDUFA) date or date of application submission.

Eptinezumab (Alder BioPharmaceuticals, Inc.)

Like the marketed mAbs fremanezumab and galcanezumab,
eptinezumab targets calcitonin gene-related peptide and has
been developed for patients with migraine. FDA has accepted
eptinezumab’s BLA, which has a PDUFA target action date of
February 21, 2020.33 The BLA is 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. Data from the 2 studies presented at the
American Headache Society’s 61st Annual Scientific Meeting
in Philadelphia, PA (July 11–14, 2019) show 18.1% of episodic
migraine patients treated with 100 mg of eptinezumab experi-
enced no migraine days for at least half of the study period (≥
6 months), compared with 12.6% of placebo-treated patients,
and 14.0% of chronic migraine patients treated with 100 mg
of eptinezumab experienced no migraine days for at least half
of the study period (≥ 3 months), compared with 4.9% of
placebo-treated patients.33 Alder BioPharmaceuticals, Inc.
anticipates a commercial launch by early 2020. The company
initiated a Phase 3 clinical trial (NCT04152083) evaluating
eptinezumab as a treatment for acute migraine in patients
who are candidates for prevention therapy in November 2019.

Teprotumumab (Horizon Pharma Plc)

Teprotumumab (HZN-001), a human mAb targeting insulin
growth factor 1 receptor, was developed as a treatment for active
thyroid eye disease (TED) leading to proptosis (eye bulging),
strabismus and diplopia and blindness in some cases.
Teprotumumab was granted Fast Track, Breakthrough Therapy
and Orphan Drug designations for Graves’ orbitopathy by the
FDA.34 Based on positive data from both Phase 2
(NCT01868997)35 and Phase 3 (NCT03298867) studies, Horizon
Pharma submitted a BLA to the FDA for teprotumumab as
a treatment for TED. The BLA was granted priority review, and
FDA’s PDUFA target action date is March 8, 2020.36 FDA will
hold a public advisory committee meeting of the Dermatologic
and Ophthalmic Drugs Advisory Committee on December 13,
2019 to discuss the BLA for teprotumumab.

The efficacy, tolerability, and safety of teprotumumab
were studied in the randomized, placebo-controlled,
OPTIC Phase 3 study (NCT03298867). 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. Data
from the OPTIC study showed that 82.9% of patients
receiving teprotumumab were proptosis responders com-
pared to 9.5% of patients receiving placebo at Week 24
(p < .001). All secondary endpoints were also met, includ-
ing: 1) overall responder rate at Week 24 defined by
the percent of patients with ≥2 point reduction in Clinical
Activity Score (CAS) and ≥2 mm reduction in proptosis
from baseline, provided there is no corresponding dete-
rioration (≥2-point/mm increase) in CAS or proptosis in
the fellow eye; 2) percent of patients with a CAS value of 0
or 1 at Week 24 in the study eye; 3) percent of patients
with a change from baseline of at least one grade in diplo-
pia; 4) mean change in proptosis measurement from base-
line to Week 24 in the study eye; and 5) mean change in
Graves’ Ophthalmopathy Quality of Life from baseline to
Week 24.34

Enfortumab vedotin (Seattle Genetics, Inc., Astellas
Pharma Inc.)

Enfortumab vedotin (ASG22ME) is an antibody-drug conju-
gate (ADC) composed of an antibody targeting Nectin-4,
which is a target highly expressed in urothelial cancer, con-
jugated to monomethyl auristatin E (MMAE). Enfortumab
vedotin was granted FDA’s Breakthrough Therapy designa-
tion for locally advanced or metastatic urothelial cancer in
March 2018. Seattle Genetics and Astellas Pharma Inc. have
submitted a BLA for enfortumab vedotin as monotherapy
treatment for patients with locally advanced or metastatic
urothelial cancer who have received a programmed cell
death-1 (PD-1)/ligand (PD-L1) inhibitor and who have
received a platinum-containing chemotherapy in the neoad-
juvant/adjuvant, locally advanced or metastatic setting.37 The
BLA was granted a priority review and has a target action date
of March 15, 2020.

In March 2019, Seattle Genetics and Astellas Pharma Inc.
announced positive results from the pivotal, open-label,
multi-center single-arm, 2 cohort Phase 2 EV-201 study
(NCT03219333), which evaluated the efficacy and safety of
enfortumab vedotin in patients previously treated with
immune checkpoint therapy (ICP) and platinum chemother-
apy (cohort 1) and in patients treated with ICP and no prior
chemotherapy (cohort 2). Top-line results from cohort 1
demonstrated that the confirmed objective response rate
(ORR) was 42% (95% CI: 33.6%–51.6%), with 9% complete
response.38 Enfortumab vedotin is also undergoing evaluation
in the Phase 3 confirmatory EV-301 trial (NCT03474107) in
the same indication to support global US registration. This
study has a primary completion date, i.e., the date that the
final participant was examined or received an intervention for
the purposes of final collection of data for the primary out-
come, in September 2021.
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Isatuximab (Sanofi)

Developed by Sanofi, isatuximab (SAR650984) is a chimeric
IgG1 antibody directed against CD38 expressed on malignant
plasma cells. The antibody acts through a combination of
mechanisms, which may depend on the expression level of
the target.39 EMA has accepted for review the MAA for
isatuximab for the treatment of relapsed/refractory multiple
myeloma (RRMM).40 FDA has accepted a BLA for isatuximab
as a treatment for patients with RRMM; the target action date
for the FDA’s decision is April 30, 2020.41 Both FDA and
EMA granted isatuximab Orphan Drug designation for
RRMM.

The BLA is supported by data from the Phase 3 ICARIA-
MM study (NCT02990338) demonstrating a statistically sig-
nificant improvement in progression-free survival (PFS) (HR
0.596, 95% CI 0.44–0.81, p = .001); the median PFS was longer
in patients treated with isatuximab in combination with
pomalidomide/dexamethasone (11.53 months, 95% CI: 8.936
to 13.897) compared to those treated with pomalidomide/
dexamethasone alone (6.47 months, 95% CI: 4.468 to 8.279).40

[fam-] Trastuzumab deruxtecan (AstraZeneca, Daiichi
Sankyo Company, Limited)

[fam-] Trastuzumab deruxtecan (DS-8201a) is an ADC com-
posed of an anti-human epidermal growth factor receptor 2
(HER2) humanized antibody fused to a potent topoisomerase
I inhibitor evaluated as a treatment of cancer, including
HER2-positive metastatic breast cancer. In October 2019,
AstraZeneca and Daiichi Sankyo announced that the FDA
accepted a BLA for trastuzumab deruxtecan for HER2-
positive metastatic breast cancer and granted the application
priority review. The companies have indicated that FDA’s
first action date is set for the second quarter of 2020,42

which suggests an approval is possible as early as
April 2020. The FDA previously granted this ADC
Breakthrough Therapy and Fast Track Designations for
HER2-positive patients in the advanced or refractory breast
cancer setting.43 In September 2019, Daiichi Sankyo
announced the submission of a New Drug Application
(NDA) to Japan’s Ministry of Health, Labor and Welfare
(MHLW) based on results of the pivotal Phase 2 DESTINY-
Breast 01 study (NCT03248492).44

The safety and efficacy of trastuzumab deruxtecan is being
evaluated in the 2-part pivotal Phase 2 DESTINY-Breast 01 trial
in patients with HER2-positive unresectable and/or metastatic
breast cancer previously treated with trastuzumab emtansine
(KADCYLA®). The aim of the first part of the studywas to identify
the recommended dose of trastuzumab deruxtecan, which is
5.4 mg/kg.43 The second part enrolled patients into 2 cohorts: 1)
patients resistant or refractory to trastuzumab emtansine (part
2a); and 2) patients who discontinued treatment with trastuzumab
emtansine for reasons other than resistant or refractory disease
(part 2b). ORR was the primary endpoint of the study. Secondary
objectives included duration of response, disease control rate,
clinical benefit rate, PFS and OS. In May 2019, AstraZeneca and
Daiichi Sankyo Company announced the DESTINY-Breast01
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trial met its primary endpoint and the response rate confirmed
clinical activity observed in a Phase 1 trial (NCT02564900).43

The Phase 1 study included patients with HER2-positive
metastatic breast cancer previously treated with trastuzumab
emtansine received trastuzumab deruxtecan at
a recommended expansion dose of 5.4 or 6.4 mg/kg in the
dose escalation or dose expansion parts of the Phase 1 trial. In
these patients, a confirmed ORR of 59.5% (95% CI: 49.7, 68.7)
and a disease control rate of 93.7% (95% CI: 87.4, 97.4) were
observed with trastuzumab deruxtecan. The median duration
of response was 20.7 months (0.0 to 21.8), median PFS was
22.1 months (0.8 to 27.9), and median overall survival (OS)
had not yet been reached.45

Trastuzumab deruxtecan is also being evaluated as
a treatment for other types of cancers, including gastric cancer
(Phase 2 NCT04014075 study) and non-small cell lung cancer
(Phase 2 NCT03505710 study). The drug has received
MHLW’s SAKIGAKE designation for the treatment of HER2-
positive advanced gastric or gastro-esophageal junction
cancer.45

Inebilizumab (Viela Bio)

Inebilizumab (MEDI-551) is a humanized anti-CD19 mono-
clonal antibody developed by Viela Bio for the treatment of
neuromyelitis optica spectrum disorder (NMOSD). Most
patients with this rare disorder have autoantibodies to aqua-
proin-4 (AQP4), which lead to recurrent attacks of optic
neuritis or myelitis. By targeting CD19, inebilizumab depletes
CD19 + B cells and plasmablasts responsible for the produc-
tion of autoantibodies directed against AQP4. In August 2019,
Viela Bio announced that the FDA accepted for review a BLA
for inebilizumab for NMOSD.46 Inebilizumab was granted
FDA’s Breakthrough Therapy designation for the treatment
of NMOSD, as well as Orphan Drug designation by the FDA
and the EMA.

The BLA includes safety and efficacy results from the
Phase 2/3 N-MOmentum trial (NCT02200770). This study
enrolled 230 patients with and without the AQP4-IgG anti-
body 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. Results demon-
strated that inebilizumab reduced the risk of developing an
NMOSD attack by 77% compared to placebo in AQP4-IgG
seropositive patients after 28 weeks of treatment.46 Of 174
patients who received inebilizumab, 12% had an attack versus
39% of 56 patients who received placebo (hazard ratio 0 · 272
[95% CI 0 · 150–0 · 496]; p < 0 · 0001). Inebilizumab demon-
strated a favorable safety and tolerability profile, with an
adverse event rate similar to placebo.47

Leronlimab (CytoDyn Inc.)

Leronlimab (PRO140) is a humanized IgG4 antibody directed
against CC chemokine receptor 5 (CCR5), which is involved
in many pathophysiological processes, such as HIV-1 entry
into CD4 + T cells, promotion of tumor invasion and

metastases, pathogenesis of nonalcoholic steatohepatitis
(NASH) and development of acute graft-versus-host disease
(GvHD). Leronlimab was granted FDA’s Fast Track designa-
tion, which allows CytoDyn Inc. to submit individual sections
of the BLA for review, i.e., a ‘rolling’ review. On March 19,
2019, the company announced the submission of the first of 3
sections (non-clinical data) of the BLA for leronlimab in
combination with highly active antiretroviral therapy for the
treatment of HIV+ patients.48 The company expects to submit
the remaining sections of the BLA by the end of 2019.49

Leronlimab is also being evaluated as monotherapy in HIV.
In a dose-escalation study, 229, 201, and 134 patients with
HIV received 350 mg, 525 mg, or 700 mg of leronlimab once
a week, respectively. The rate of viral load suppression post-
10 weeks of monotherapy was 68%, 94%, and 85% with
350 mg, 525 mg, and 700 mg, respectively, and ~ 150 patients
exhibited sustained viral suppression at ~ 1 year of
monotherapy.50

In addition to HIV, CytoDyn is evaluating the safety and
efficacy of leronlimab in Phase 1/2 or Phase 2 clinical trials of
patients with metastatic colorectal cancer (mCRC), NASH,
metastatic triple-negative breast cancer (TNBC) and acute
GvHD. Leronlimab has been granted Fast Track designation
for use in combination with carboplatin for the treatment of
CCR5+ metastatic TNBC patients, and FDA granted Orphan
Drug designation to leronlimab for the prevention of
GvHD.50

Sacituzumab govitecan (Immunomedics, Inc.)

Sacituzumab govitecan is an ADC comprising SN38 (active
metabolite of the topoisomerase I inhibitor irinotecan) con-
jugated to an anti-Trop 2 antibody.51 Trop-2 is highly
expressed on most epithelial cancers, including TNBC.
Immunomedics, Inc. is seeking an accelerated approval
based on Phase 1/2 data of sacituzumab govitecan in TNBC.
FDA granted sacituzumab govitecan Breakthrough Therapy
and Fast Track designations for this indication. In July 2018,
the FDA accepted the BLA for sacituzumab govitecan as
a treatment for patients with metastatic TNBC who have
received at least 2 prior therapies and granted it priority
review. In January 2019, the FDA issued a complete response
letter detailing issues related to approvability, which were
exclusively focused on Chemistry, Manufacturing and
Control matters.52 In December 2019, Immunomedics
announced the BLA had been resubmitted.53 In April 2019,
Immunomedics announced an exclusive license agreement
with Everest Medicines to develop, register, and commercia-
lize sacituzumab govitecan in Greater China, South Korea and
certain Southeast Asian countries.54

The safety and efficacy of sacituzumab govitecan are being
evaluated in the Phase 3 ASCENT (NCT02574455) and
TROPICS-02 (NCT03901339) studies in metastatic TNBC
and hormone receptor-positive/HER2-negative metastatic
breast cancer, respectively. Top-line data from the ASCENT
study is expected to be available in mid-2020.53 Sacituzumab
govitecan is also being assessed in early-stage clinical studies
of patients with solid tumors, including urothelial carcinoma,
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epithelial cancers, glioblastoma, and non-small cell and small
cell lung cancers.

Satralizumab (Chugai Pharmaceutical Co., Ltd)

Satralizumab, a humanized antibody that binds IL-6 receptor
in a pH-dependent manner, is undergoing review by EMA.55

The marketing application is being reviewed under EMA’s
accelerated assessment program. The drug is expected to
suppress relapse of NMOSD, which is a rare, lifelong, and
debilitating autoimmune disease characterized by inflamma-
tory lesions in the optic nerves and spinal cord. NMOSD
patients frequently experience relapsing disease that leads to
accumulating neurological damage and disability.
Satralizumab was granted Orphan Drug designations by
FDA, EMA and Japan’s MHLW. FDA also granted satralizu-
mab Breakthrough Therapy Designation for the treatment of
NMOSD.56

In two Phase 3 studies in NMOSD patients, the primary
endpoint was achieved with satralizumab either as an add-on
therapy to baseline treatment (SAkuraSky study,
NCT02028884) or as monotherapy (SAkuraStar study,
NCT02073279). In the SAkuraSky study, the risk of relapse
was lower in patients who received satralizumab added to
immunosuppressant treatment compared to those who
received placebo.57 The largest effect was observed among
AQP4-IgG–seropositive patients (n = 55); relapse occurred
in 11% of patients who received satralizumab group versus
43% of those in the placebo group (hazard ratio, 0.21; 95% CI,
0.06 to 0.75). In the SAkuraStar study, NMOSD patients were
subcutaneously administered satralizumab (120 mg) or pla-
cebo at Week 0, 2, and 4, and subsequent treatment was
continued at 4-week intervals. As reported by Chugai in
September 2019,58 the SAkuraStar study showed that satrali-
zumab significantly reduced the risk of relapse by 55%
(hazard ratio = 0.45 [95% confidence interval: 0.23–0.89],
p = .0184 [stratified log-rank test]) in the overall population,
representative of NMOSD patients (including AQP4-IgG ser-
opositive and seronegative patients). Satralizumab showed
a favorable safety profile during the study.

Narsoplimab (Omeros Corporation)

Narsoplimab (OMS721) is a human IgG4 antibody targeting
mannan-binding lectin-associated serine protease-2 (MASP-
2), a pro-inflammatory protein critical to activation of the
lectin complement pathway of the immune system. MASP-2
is associated with complement-mediated diseases, such as
thrombotic microangiopathies (TMAs), which includes hema-
topoietic stem cell transplant (HSCT)-related TMA and aty-
pical hemolytic uremic syndrome (aHUS). Narsoplimab is
designed to prevent complement-mediated inflammation
and endothelial damage associated with these diseases while
not interfering with functions of the other pathways of innate
immunity.59 FDA granted narsoplimab Breakthrough
Therapy and Orphan Drug designations for HSCT-TMA.
Omeros initiated submission of a rolling BLA for narsoplimab
for treatment of HSCT-TMA in October 2019.60 Omeros is
also preparing an MAA requesting approval for this same

indication in the EU, where narsoplimab has Orphan Drug
designation.

Narsoplimab is being evaluated in a Phase 2, uncontrolled,
3-stage, dose-escalation cohort study (NCT02222545) in
patients with 3 forms of TMA: aHUS, thrombotic thrombo-
cytopenia (TTP), and HSCT-associated TMA. In the study’s
first stage, narsoplimab was administered to escalating dose
(low, medium and high) cohorts of 3 patients per cohort to
identify the optimal dosing regimen. In the second stage, the
dose selected in the first stage is administered to expanded
cohorts of 40 subjects per cohort with distinct etiologies
(aHUS alone in one cohort and TTP or HSCT-TMA in the
other cohort). Patients completing the second stage may be
eligible for continued treatment in the third stage if the
investigator believes the subject is at risk for relapse of
TMA, narsoplimab treatment was tolerated, and the patient
has no conditions that increase the risk of narsoplimab treat-
ment. Preliminary results indicated that narsoplimab signifi-
cantly improved 100-day survival compared to a historical
control (53% vs 10%) in high-risk HSCT-TMA patients.61

Narsoplimab is also being evaluated in Phase 3 clinical
programs for the treatment of aHUS and immunoglobulin
A (IgA) nephropathy. FDA has granted narsoplimab Fast
Track designation for aHUS and Breakthrough Therapy des-
ignation for IgA nephropathy, and FDA and EMA have
granted narsoplimab Orphan Drug designations for IgA
nephropathy.59

Tafasitamab (Morphosys AG)

Also known as MOR208, tafasitamab is an Fc-engineered
IgG1 antibody targeting CD19, which is expressed in B cell
malignancies such as DLBCL and chronic lymphocytic leuke-
mia (CLL). The development of tafasitamab has focused on
the treatment of patients with relapsed of refractory DLBCL.
Fc engineering enhances binding of tafasitamab’s Fc domain
to activating Fcγ-receptors, which has been shown to enhance
cytotoxicity, relative to a native non-engineered anti-CD19
antibody, in vitro.62

Tafasitamab was granted FDA’s Breakthrough Therapy
and Fast Track designations, and has been designated an
Orphan Drug by both FDA and EMA for the treatment of
relapsed/refractory DLBCL. As of October 2019, MorphoSys
had initiated a rolling BLA submission that included pivotal
clinical study data, and expected the submission to be com-
plete by the end of 2019. MorphoSys has also confirmed their
intention to submit an MAA based on the pivotal Phase
2 L-MIND to EMA.63–65

The pivotal, single-arm Phase 2 L-MIND trial
(NCT02399085) is evaluating tafasitamab in combination
with lenalidomine for the treatment of relapsed/refractory
DLBCL. In this study, patients were administered 12 mg/kg
tafasitamab as an intravenous Infusion (IV), weekly (Cycle
1–3) to bi-weekly (Cycle 4 onwards), 4 weeks cycles, until
disease progression or unacceptable toxicity or discontinua-
tion due to any other reason. In May 2019, MorphoSys
announced that the primary endpoint of L-MIND, ORR,
had been met. The ORR was 60% (48/80 patients) and the
complete response rate was 43% (34/80 patients).65 In
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October 2019, MorphoSys announced results from an analysis
that compared the effectiveness of lenalidomide monotherapy
(retrospective observational matched control) with the effi-
cacy outcomes of the tafasitamab/lenalidomide combination,
as investigated in the L-MIND trial. The analysis indicated
clinical superiority of the combination of tafasitamab and
lenalidomide compared to lenalidomide alone.64

Tafasitamab is also being evaluated in the randomized,
2-arm Phase 2/3 B-MIND trial (NCT02763319) in combina-
tion with bendamustine versus rituximab + bendamustine for
patients with relapsed/refractory DLBCL who are not eligible
for high-dose chemotherapy and autologous stem-cell trans-
plantation. In this study, 330 patients received IV tafasitamab
at 12 mg/kg + bendamustine or rituximab at 375 mg/m2

+ bendamustine. The primary endpoint is PFS. The secondary
outcome measures include ORR, duration of response, OS,
disease control rate, time to progression, time to next treat-
ment, number of patients with adverse events, quality of life,
and number of patients developing anti-drug antibodies. The
estimated primary completion date of the study is
March 2020.

REGNEB3 (Regeneron)

REGNEB3 is a mixture of 3 human IgG1 mAbs (REGN3470,
REGN3471, and REGN3479) that bind separate epitopes on
the Ebola virus glycoprotein (GP). The mAbs were derived
from transgenic VelocImmune mice immunized with DNA
constructs encoding the GP antigen or recombinant purified
GP (Makona strain).66 REGNEB3 was granted Breakthrough
Therapy designation by FDA, and Regeneron has initiated
submission of a rolling BLA.67 REGN-EB3 was also granted
Orphan Drug designation from both the FDA and EMA.

REGNEB3 was included in the Phase 2/3 Pamoja Tulinde
Maisha (PALM, NCT03719586) study, which was a 4-arm
trial evaluating investigational therapies for Ebola virus infec-
tion initiated in November 2018 in the Democratic Republic
of the Congo. The study initially included 3 test drugs: 1)
mAb114, a single monoclonal antibody developed by the
National Institute of Allergy and Infectious Diseases; 2)
remdesivir (GS-5734), an antiviral drug developed by Gilead
Sciences, Inc.; and 3) ZMapp, an antibody mixture developed
by Mapp Biopharmaceutical, Inc. ZMapp was included as the
standard of care (i.e., control arm) of the study. The trial
protocol was amended to include REGNEB3 after the World
Health Organization recommended its addition as a fourth
treatment arm. In August 2019, the PALM study was termi-
nated early, after preliminary results indicated that patients
receiving REGN-EB3 or mAb114 had a greater chance of
survival compared to those in the other 2 study arms. At
28 days, death occurred in 33.5% of patients in the REGN-
EB3 group compared with 51.3% in the ZMapp subgroup
(P = .002), and 35.1% of patients in the MAb114 group
compared with 49.7% in the ZMapp group (P = .007).68

Naxitamab (Y-mAbs Therapeutics, Inc.)

Naxitamab (hu3F8) is a humanized IgG1 antibody targeting
disialoganglioside GD2, which is expressed in many tumors,

such as neuroblastomas, melanoma, bone and soft-tissue sar-
comas and small cell lung cancer. Naxitamab was granted
Orphan Drug designations in the EU and US for neuroblas-
toma, as well as Rare Pediatric Drug and Breakthrough
Therapy designations by the FDA. On November 29, 2019,
Y-mabs Therapeutics, Inc. announced that it initiated
a rolling BLA submission for naxitamab for the treatment of
patients with relapsed/refractory high-risk neuroblastoma.69

The BLA submission is based on data from the Phase 1/2
Study 12–230 (NCT01757626) and pivotal Phase 2 Study 201
(NCT03363373).

Data from patients with primary refractory high-risk
neuroblastoma enrolled in the Phase 1 Study 12–230 were
presented at the International Society of Pediatric Oncology
Annual Congress held October 23–26, 2019, in Lyon,
France.70 Patients with relapsed/refractory high-risk neuro-
blastoma received combination therapy of naxitamab with
granulocyte-macrophage colony stimulating factor (GM-
CSF) in this study. A 50% 2-year PFS and 78% ORR were
observed in 28 patients refractory to intensive induction
therapy. Patients with relapsed neuroblastoma resistant to
salvage therapy (30 evaluable patients of 35 total) had
a 36% rate of 2-year PFS and an ORR of 37%.

The Phase 2 Study 201 is designed to evaluate naxitamab
as a treatment for high-risk neuroblastoma patients with
primary refractory disease or incomplete response to sal-
vage treatment in bone and/or bone marrow. In this study,
patients receive GM-CSF for 5 days administered at 250 µg/
m2/day in advance of the start of naxitamab administration.
GM-CSF is thereafter administered at 500 µg/m2 per day on
Days 1 to 5. As standard treatment, naxitamab is adminis-
tered at 3 mg/kg/day on Days 1, 3, and 5, totaling 9 mg/kg
per cycle. Treatment cycles are repeated every 4 weeks
(±1 week) until complete response or partial response fol-
lowed by 5 additional cycles every 4 weeks (±1 week).
Subsequent cycles are repeated every 8 weeks (±2 weeks)
through 101 weeks from first infusion at the discretion of
the investigator. Estimated enrollment is 37 patients, and
the primary outcome measure is ORR during naxitamab
treatment. The estimated primary completion date of the
study is December 2020. In July 2019, Y-mAbs
Therapeutics, Inc. reported preliminary data showing that
11 evaluable patients had an ORR of 73%, including 55%
complete responses.71

Antibodies to watch in 2020: non-cancer indications

According to the information publicly available as of
November 2019, 39 antibody therapeutics are undergoing
evaluation in late-stage studies for non-cancer indications,
with 2 of these (ublituximab, pamrevlumab) also in late-
stage studies for cancer indications (Table 3). Companies
developing 7 of these novel antibody therapeutics have indi-
cated that they may submit a BLA or MAA in 2020. The
summaries below are listed in the chronological order in
which the applications may be submitted: tanezumab, aduca-
numab, evinacumab, etrolizumab, sutimlimab, anifrolumab,
and teplizumab.
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Tanezumab (Pfizer, Eli Lilly and Company)

Tanezumab is a humanized IgG2 antibody that selectively
targets nerve growth factor. It has a novel mechanism com-
pared to opioids and other analgesics, including nonsteroidal
anti-inflammatory drugs (NSAIDs), and, in studies to date,
tanezumab has not demonstrated a risk of addiction, misuse
or dependence. FDA granted Fast Track designation for tane-
zumab for the treatment of osteoarthritis (OA) pain and
chronic lower back pain.72 Eli Lilly and Pfizer plan to pursue
a BLA submission for tanezumab in patients with moderate-to
-severe OA by the first quarter of 2020, which may be fol-
lowed by regulatory filings in the EU and Japan.73

The safety and efficacy of tanezumab have been evaluated in
numerous late-stage clinical studies, at least 17 of which included
OA patients. Results have recently been reported for the Phase 3
NCT02528188 and NCT02697773 studies of patients with OA of
the hips or knees. In the active-controlled NCT02528188 study,
patients received tanezumab 2.5 mg or 5 mg every 8 weeks for
56 weeks. The active comparator was orally administered
NSAIDs twice daily for 56 weeks. The tanezumab 5 mg treat-
ment arm met 2 of 3 co-primary efficacy endpoints (changes
from baseline to Week 16 in the Western Ontario and
McMasters Universities Osteoarthritis Index (WOMAC) Pain
subscale, the WOMAC Physical Function subscale, and the
Patient’s Global Assessment (PGA) of OA), demonstrating
a statistically significant improvement in pain and physical func-
tion compared to NSAIDs at the 16-week analysis.72 The
NCT02697773 study assessed the efficacy and safety of
a subcutaneous tanezumab titration dosing regimen in patients
with moderate-to-severe OA of the hip or knee.74 Patients were
administered either 2.5 mg tanezumab at Day 1 and Week 8
(n = 231); 2.5 mg tanezumab at Day 1 and 5 mg at Week 8; or
placebo at Day 1 and Week 8. From baseline to 16 weeks, mean
WOMAC Pain scores decreased from 7.1 to 3.6 in the tanezu-
mab 2.5 mg group; 7.3 to 3.6 in the tanezumab 2.5/5 mg group;
and 7.3 to 4.4 in the placebo group. Mean WOMAC Physical
Function scores decreased from 7.2 to 3.7 in the tanezumab
2.5-mg group, 7.4 to 3.6 in the tanezumab 2.5/5-mg group, and
7.4 to 4.5 in the placebo group. Mean PGA-OA scores decreased
from 3.4 to 2.4 in the 2.5-mg group, 3.5 to 2.4 in the 2.5/5-mg
group, and 3.5 to 2.7 with placebo. The study results indicated
that treatment with tanezumab, compared with placebo, resulted
in statistically significant improvements in scores assessing pain
and physical function, and in PGA-OA. Tanezumab-treated
patients hadmore joint safety events and total joint replacements
in these studies.

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

Aducanumab (BIIB037) is a human anti-amyloid beta (Aβ)
IgG1 mAb studied for the treatment of early Alzheimer’s
disease. Aducanumab binds a linear epitope formed by
amino acids 3–7 of the Aβ peptide and discriminates between
monomers and oligomeric or fibrillar aggregates based on
weak monovalent affinity, fast binding kinetics and strong
avidity for epitope-rich aggregates.75 In August 2016 aduca-
numab was accepted into EMA’s PRIME program. In
September 2016 the FDA granted aducanumab Fast Track

designation, and in April 2017 aducanumab was accepted
into MHLW’s Sakigake Designation System. Aducanumab
was evaluated in two Phase 3 studies of patients with early
Alzheimer’s disease, EMERGE (NCT02484547) and ENGAGE
(NCT02477800). Based on discussions with the FDA, Biogen
Inc. and Eisai, Co., Ltd. plan to file a BLA in early 2020.76

The placebo-controlled Phase 3 EMERGE and ENGAGE
studies were designed to evaluate the efficacy and safety of 2
dosing regimens of aducanumab. These studies were discon-
tinued on March 21, 2019 because a pre-specified futility
analysis based on data available as of December 26, 2018,
from 1,748 patients who had the opportunity to complete
the 18-month study period, predicted that both studies were
unlikely to meet their primary endpoint. However, later ana-
lysis of data from a total of 3,285 patients, 2,066 of whom had
the opportunity to complete the full 18 months of treatment,
indicated a different outcome.76

Using the new analysis, the EMERGE study met its primary
endpoint, change from baseline in Clinical Dementia Rating–Sum
of Boxes (CDR-SB) score atWeek 78. Patients administered high-
dose aducanumab showed a significant reduction of clinical
decline from baseline in CDR-SB scores at 78 weeks (23% versus
placebo, P = .01). These patients also showed a consistent reduc-
tion of clinical decline as measured by: the Mini-Mental State
Examination (15% versus placebo, P = .06), the AD Assessment
Scale-Cognitive Subscale 13 Items (27% versus placebo, P = .01),
and the AD Cooperative Study-Activities of Daily Living
Inventory Mild Cognitive Impairment Version (40% versus pla-
cebo, P = .001). Amyloid plaque burden was reduced with low-
and high-dose aducanumab compared to placebo at 26 and
78 weeks (P < .001). Additional details on the analysis of the larger
dataset from the EMERGE and ENGAGE studies will be pre-
sented at the Clinical Trials on Alzheimer’s Disease meeting in
December 2019.76

Evinacumab (Regeneron Pharmaceuticals, Inc.)

Evinacumab is a human IgG4 antibody that specifically binds
to angiopoietin-like protein 3 (ANGPTL3), which inhibits
lipoprotein lipase and endothelial lipase and may play
a central role in lipoprotein metabolism.77 Evinacumab is
currently being studied in patients with homozygous familial
hypercholesterolemia (HoFH) (Phase 3 NCT03399786 and
NCT03409744 studies), refractory hypercholesterolemia
(Phase 2 NCT03175367 study) and severe hypertriglyceride-
mia (Phase 2 NCT03452228 study). FDA granted
Breakthrough Therapy designation for evinacumab for the
treatment of hypercholesterolemia in patients with HoFH.
Regeneron has indicated that clinical study data will be sub-
mitted to regulatory authorities in 2020.

The placebo-controlled Phase 3 NCT03399786 study
assessed the effects of evinacumab on low-density lipoprotein
(LDL) cholesterol and other lipid parameters in patients with
HoFH. Patients received evinacumab 15 mg/kg IV adminis-
tered every 4 weeks. Results from the evinacumab group at
Week 24 showed a 49% reduction in LDL cholesterol from
baseline compared to placebo (47% reduction for evinacumab
compared to a 2% increase for placebo, p < .0001), which was
the primary study endpoint. A 132 mg/dL absolute change in
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LDL cholesterol from baseline was observed compared to
placebo (135 mg/dL reduction for evinacumab compared to
a 3 mg/dL reduction for placebo, p < .0001). Of patients who
received evinacumab, 47% achieved LDL cholesterol levels less
than 100 mg/dL compared to 23% of those who received
placebo. Additionally, patients treated with evinacumab had
reduced apolipoprotein B, non-HDL cholesterol and total
cholesterol compared to those who were administered pla-
cebo. LDL cholesterol reductions were observed from the first
assessment at Week 2, and were maintained throughout the
24-week double-blind treatment period.77

Etrolizumab (Roche)

Etrolizumab is a humanized anti-integrin IgG1 antibody designed
to selectively control disease in patients with moderate-to-severe
inflammatory bowel disease (IBD), such as ulcerative colitis (UC)
or Crohn’s disease. Etrolizumab selectively binds the β7 subunit of
α4β7 and αEβ7 integrins, which are found on cells that play a key
role in inflammation in IBD. The antibody works by preventing
inflammatory cells from entering and being retained in the gut.
Recently published data suggests that internalization of the etro-
lizumab-antigen complex may play an important role in the
mechanism of action.78

There are currently 6 ongoing Phase 3 clinical trials eval-
uating the safety and efficacy of etrolizumab in UC patients,79

and 3 of these studies (HICKORY (NCT02100696), LAUREL
(NCT02165215) and GARDENIA (NCT02136069)) have pri-
mary completion dates in April 2020. Roche anticipates reg-
ulatory submissions for etrolizumab for UC in 2020.79

The HICKORY study is evaluating the efficacy and safety
of etrolizumab during induction and maintenance of remis-
sion compared with placebo in the treatment of patients with
moderately to severely active UC who have been previously
exposed to tumor necrosis factor (TNF) inhibitors. This study
includes open-label and blinded cohorts. Patients who receive
etrolizumab will receive 105 mg administered by subcuta-
neous injection once every 4 weeks. The primary endpoint
for the induction phase is the percentage of patients with
remission at Week 14, as determined by the Mayo Clinic
Score (MCS), and the primary endpoint for the maintenance
phase is the percentage of patients with remission at Week 66
among those who had achieved a clinical response at Week
14, as determined by the MCS. Recruitment in the HICKORY
study was completed in the first quarter of 2019. First data
from the HICKORY study were presented at the European
Crohn’s and Colitis Organization meeting in 2017.80

The LAUREL study is evaluating the efficacy and safety of
etrolizumab in maintenance of remission in patients with
moderately to severely active UC who are naïve to TNF
inhibitors and refractory to or intolerant of prior immuno-
suppressant and/or corticosteroid treatment. In the open-label
induction phase of this study, all participants will receive
treatment with open-label etrolizumab 105 mg administered
by subcutaneous injection once every 4 weeks up to Week 10.
Then, participants who achieved a clinical response at Week
10 during the induction phase will receive either etrolizumab
105 mg by subcutaneous injection once every 4 weeks from

Week 12 up to Week 62 or placebo. The primary endpoint is
the percentage of patients in remission at Week 62 among
randomized patients with a clinical response at Week 10, as
determined by the MCS. Recruitment in the LAUREL study
was completed in the first quarter of 2019.

The GARDENIA study is comparing the efficacy and safety
of etrolizumab to infliximab in patients with moderate-to-severe
UC who are naïve to TNF inhibitors. In this 2-arm study,
patients are administered: 1) 105 mg etrolizumab by subcuta-
neous injection once every 4 weeks until Week 52 and IV
placebo; or 2) 5 mg/kg of infliximab administered by IV infu-
sion at Weeks 0, 2, and 6 and then every 8 weeks until Week 46
and subcutaneous placebo. The primary endpoint is the percen-
tage of patients in sustained remission as determined by the
MCS at Weeks 10, 30 and 54. Recruitment in the GARDENIA
study was completed in the second quarter of 2019.

Sutimlimab (Sanofi)

Sutimlimab (formerly BIVV009), a humanized IgG4 antibody,
binds to C1s, a serine protease within the C1-complex in the
classical complement pathway of the immune system, and
thereby inhibits the central mechanism of hemolysis in cold
agglutinin disease (CAD), a rare autoimmune hemolytic ane-
mia that is difficult to treat. The antibody is designed to
selectively inhibit disease processes in the classical comple-
ment pathway, but not interfere with functions of the alter-
native and lectin complement pathways of the immune
system. Sutimlimab was granted Breakthrough Therapy des-
ignation by the FDA for treatment of hemolysis in patients
with primary CAD,81 and Orphan Drug designations by FDA
for treatment of CAD and bullous pemphigoid and by EMA
for autoimmune hemolytic anemia including CAD. Sanofi
may submit regulatory application(s) for sutimlimab for
CAD in 2020.82

Two Phase 3 trials, Cardinal (NCT03347396) and Cadenza
(NCT03347422), are evaluating the effects of sutimlimab
treatment in CAD patients. The Cardinal study is assessing
the efficacy and safety of sutimlimab in patients with primary
CAD who have a recent history of blood transfusion. Patients
receive sutimlimab by IV infusion. Those who complete Part
A per protocol through the end of treatment visit (Day 182)
will participate in Part B, and continue to receive sutimlimab
up to 1 year after last patient out in Part A. The estimated
enrollment is 20 patients. The primary outcome measures are
the percentage of patients with response up to Week 26 (Part
A) and the number of patients with treatment-emergent
adverse events and serious adverse events up to ~ 1 year
(Part B). On November 21, 2019, Sanofi announced that
sutimlimab met the primary endpoint of the CARDINAL
study.83

The Cadenza study is assessing the efficacy and safety of
sutimlimab in patients with primary CAD without a recent
history of blood transfusion. In Part A, participants will be
randomized 1:1 to receive an IV infusion of sutimlimab or
placebo. In Part B, all patients will undergo blinded cross-over
loading doses to allow all patients to receive sutimlimab while
maintaining Part A blinding. The primary outcome measures
are the same as the Cardinal study. The estimated enrollment
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for the Cadenza study is 40 patients, and the primary comple-
tion date is October 2020.

Anifrolumab (AstraZeneca)

Anifrolumab (MEDI-546) is an anti-type I interferon (IFN)
alpha receptor 1 (IFNAR1) human IgG1 antibody engineered
with a triple mutation (L234F/L235E/P331S) in the heavy
chain to reduce binding to Fc receptors, and thereby reduce
potential Fc-mediated effector functions. By binding a subunit
of IFNAR1, the antibody blocks the action of IFN-α, IFN-β
and IFN-ω. Anifrolumab is being evaluated in Phase 3 clinical
studies as a treatment for moderate-to-severe systemic lupus
erythematosus (SLE). The FDA has granted anifrolumab Fast
Track designation for SLE. AstraZeneca may submit regula-
tory application(s) for anifrolumab for SLE in the second half
of 2020.84

The safety and efficacy of anifrolumab are being evaluated
in two Phase 3 “Treatment of Uncontrolled Lupus via the
Interferon IFN Pathway” (TULIP) studies, TULIP 1
(NCT02446912) and TULIP 2 (NCT02446899). The TULIP
program also includes a Phase 3 long-term extension trial in
SLE (TULIP SLE LTE (NCT02794285)) and a Phase 2 trial in
lupus nephritis. The TULIP 2 study met its primary endpoint,
the number of participants who achieve the British Isles
Lupus Assessment Group Based Composite Lupus
Assessment (BICLA) response at Week 52.85 In the TULIP 2
study, patients were administered anifrolumab 300 mg or
placebo via IV infusion every 4 weeks for a total of 13
doses, and patients in both arms received standard of care.
Patients who received anifrolumab achieved a statistically sig-
nificant and clinically meaningful reduction in disease activity
versus placebo. At Week 52, 47.8% of patients who received
anifrolumab responded compared with 31.5% of patients on
placebo, as measured by the BICLA composite measure.86 The
positive BICLA response in TULIP 2 was consistent with
a positive pre-specified analysis of the TULIP 1 trial, which
evaluated 2 dose levels of anifrolumab vs placebo and did not
meet its primary endpoint of SLE Responder Index of ≥4.

Teplizumab (Provention Bio, Inc.)

Teplizumab (PRV-031) is a humanized, Fc receptor non-
binding, anti-CD3 IgG1 antibody being developed by
Provention Bio, Inc. for the interception and prevention of
type 1 diabetes (T1D). FDA granted teplizumab Breakthrough
Therapy designation for the prevention or delay of clinical T1D,
and EMA has granted teplizumab PRIME designation for the
prevention or delay of clinical T1D in individuals at risk of
developing the disease.87 Provention Bio expects to meet with
FDA in the fourth quarter of 2019 to discuss an expedited
development plan that would allow a BLA submission in the
fourth quarter of 2020 for teplizumab for the prevention or delay
of clinical T1D in individuals at risk for developing the disease.88

FDA has agreed that results from the Phase 2 “At-Risk”
study (NCT01030861), with supportive data from prior teplizu-
mab studies in early onset T1D, may be sufficient for a BLA
submission. Teplizumab has been evaluated in multiple clinical
studies, with more than 800 patients receiving the drug. The

“At-Risk” study, which was conducted by Type 1 Diabetes
TrialNet (www.trialnet.org), included relatives of patients with
type 1 diabetes who did not have diabetes, but were at high risk
for development of clinical disease. A single 14-day course of
teplizumab significantly delayed the onset and diagnosis of
clinical T1D, as compared to placebo, with median times to
the diagnosis of type 1 diabetes of 48.4 months in the teplizu-
mab group and 24.4 months in the placebo group.89 Provention
Bio is currently evaluating teplizumab in the Phase 3 PROTECT
study (NCT03875729) to determine whether teplizumab slows
the loss of β cells and preserves β cell function in children and
adolescents 8–17 years 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.

Antibodies to watch in 2020: cancer indications

According to the information publicly available as of
November 2019, 40 antibody therapeutics are undergoing
evaluation in late-stage studies for cancer (Table 4). As pre-
viously noted and listed in Tables 3, 2 additional antibodies
(ublituximab, pamrevlumab) in late-stage studies for non-
cancer indications are also being evaluated in late-stage stu-
dies as treatments for cancer. Companies developing 9 of
these novel antibody therapeutics have indicated that they
may submit a BLA or MAA in late 2019 or in 2020. The
summaries below are listed in the chronological order in
which the applications may be submitted: belantamab mafo-
dotin, oportuzumab monatox, margetuximab, dostarlimab,
spartalizumab, 131I-omburtamab, loncastuximab tesirine, bal-
stilimab, and zalifrelimab.

Belantamab mafodotin (GlaxoSmithKline Plc)

Also known as GSK2857916, belantamab mafodotin is an
anti-B cell maturation antigen IgG1 antibody linked to
a cytotoxic agent, monomethyl auristatin F. This ADC is in
Phase 2 clinical development for patients with relapsed/refrac-
tory multiple myeloma. Belantamab mafodotin was granted
Breakthrough Therapy designation and PRIME designation
from FDA and EMA, respectively, as well as Orphan Drug
designations from both agencies. GlaxoSmithKline is on track
to submit a BLA for belantamab mafodotin by the end of
2019.90 If a BLA is submitted by December 2019 and receives
a priority review, then a first action by FDA would be
expected by the end of June 2020.

In August 2019, GlaxoSmithKline announced positive
results from the pivotal DREAMM-2 study (NCT03525678)
evaluating the efficacy and safety of 2 doses of belantamab
mafodotin in patients with multiple myeloma who had 3 or
more prior lines of treatment, are refractory to a proteasome
inhibitor and an immunomodulatory agent and have failed an
anti-CD38 antibody. In this Phase 2 trial, patients were ran-
domized to receive 2.5 or 3.4 mg/kg belantamab mafodotin
intravenously every 3 weeks. The primary endpoint was ORR,
and key secondary outcome measures were clinical benefit
rate, duration of response, time to response, PFS, time to
progression, and OS. The 2-arm study met is primary
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objective, demonstrating a clinically meaningful ORR in
patients with relapsed/refractory multiple myeloma.
DREAMM-2 study results will be the basis for regulatory
submissions for belantamab mafodotin for the treatment of
relapsed/refractory multiple myeloma.

Belantamab mafodotin is also being studied in combination
with pembrolizumab (Phase 2 DREAMM-4 study,
NCT03848845), with pomalidomide and dexamethasone (Phase
1/2 NCT03715478 study) and with lenalidomide + dexametha-
sone or with bortezomib + dexamethasone (Phase 2
NCT03544281 study) in patients with multiple myeloma. The
Phase 3 DREAMM-3 study (GSK ID# 207495), an open-label,
randomized study to evaluate the efficacy and safety of belanta-
mab mafodotin compared to pomalidomide plus low-dose dex-
amethasone in relapsed/refractory multiple myeloma patients is
planned.

Oportuzumab monatox (Sesen Bio)

Oportuzumab monatox (Vicinium, VB4-845) is a recombinant
fusion protein composed of a humanized scFv targeting epithe-
lial cell adhesion molecule (EpCAM) fused to Pseudomonas
exotoxin A. The drug targets EpCAM on the surface of tumor
cells and is internalized, leading to the cleavage of the payload
exotoxin, which induces apoptosis. Viciniumwas granted FDA’s
Fast Track designation for the treatment of bacillus Calmette-
Guérin (BCG)-unresponsive non-muscle invasive bladder can-
cer (NMIBC). In November 2019, Sesen Bio announced that the
company was on track for anticipated initiation of BLA submis-
sion for Vicinium, under an accelerated approval pathway with
rolling review, in December 2019.91

Vicinium is currently being evaluated in the single-arm
Phase 3 VISTA study (NCT02449239) for the treatment of
patients with high-grade NMIBC in situ and high-grade papil-
lary disease previously treated with BCG.92 The trial enrolled
a total of 133 patients across 3 cohorts. Cohort 1 includes
carcinoma in situ (CIS) patients with or without papillary
disease whose cancer was determined to be refractory or
recurred within 6 months of their last course of adequate
BCG. Cohort 2 includes CIS patients with or without papillary
disease whose cancer was determined to be refractory or
recurred after 6 months, but less than 12 months, after their
last course of adequate BCG. Cohort 3 includes patients with
papillary disease without CIS whose cancer was determined to
be refractory or recurred within 6 months of their last course
of adequate BCG. The primary endpoint is the complete
response rate and duration of response in patients with CIS
with or without papillary disease (Cohort 1). Secondary effi-
cacy endpoints include time to disease recurrence for patients
in Cohort 3, time to cystectomy, PFS, event-free survival, and
OS for patients across all cohorts.

In August 2019, Sesen Bio announced updated prelimin-
ary results for the VISTA trial.91 The complete response rates
at 3, 6, 9 and 12 months in Cohort 1 (82 evaluable patients)
were 39%, 26%, 20% and 17%, respectively. For Cohort 2 (7
evaluable patients), the complete response rates at 3, 6, 9 and
12 months were 57%, 57%, 43% and 14%, respectively.
Pooled data for all CIS patients (n = 93) showed that,
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. Regarding sec-
ondary endpoints, the median time to disease recurrence for
patients in Cohort 3 (n = 40) is 402 days. After 2.5 years,
across all 133 patients treated with Vicinium, >75% of
patients are estimated to remain cystectomy-free.
Moreover, 90% of all 133 patients treated with Vicinium
are estimated to remain progression-free for 2 years or
greater, 96% of all 133 patients treated with Vicinium are
estimated to have an overall survival of 2 years or greater,
and 29% of treated patients are estimated to remain event-
free at 12 months. The drug was well-tolerated in the VISTA
trial, with 95% of adverse events being grade 1 (mild, with
mild or no symptoms; no interventions required) or 2 (mod-
erate; minimal intervention indicated; some limitation of
activities).91

Margetuximab (Macrogenics, Inc.)

Margetuximab (MGAH22) is a chimeric anti-HER2 IgG1
antibody. Margetuximab and trastuzumab bind the same epi-
tope of HER2 with similar affinities, but 5 amino acid sub-
stitutions (L235V, F243L, R292P, Y300L, and P396L)
engineered into the margetuximab Fc domain yield increased
binding to both isoforms of the stimulatory CD16A
(FcγRIIIA) and reduced binding to the inhibitory CD32B
(FcγRIIB).93 The FDA granted Fast Track designation for
margetuximab as a treatment of patients with metastatic or
locally advanced HER2-positive breast cancer who have pre-
viously been treated with anti-HER2-targeted therapy.
MacroGenics anticipates submitting a BLA for margetuximab
to the FDA in the fourth quarter of 2019, based on results of
the Phase 3 SOPHIA study (NCT02492711).94

The SOPHIA study is evaluating margetuximab in combina-
tion with a chemotherapy agent (capecitabine or eribulin or
gemcitabine or vinorelbine) as a potential treatment for HER2-
positive metastatic breast cancer. In this study, patients were
randomized to receive either margetuximab 15 mg/kg every
21 days plus chemotherapy or trastuzumab 8 mg/kg loading
dose then 6 mg/kg every 21 days plus chemotherapy. The pri-
mary outcome measures are PFS by independent radiological
review, OS and infusion rate sub-study Grade 3 plus safety. Key
secondary endpoints include PFS assessed by study investigators
and ORR. The trial met the first sequential primary endpoint of
prolongation of PFS in patients treated with the combination of
margetuximab plus chemotherapy compared to trastuzumab
plus chemotherapy. As reported at the American Society of
Clinical Oncology annual meeting in June 2019,95 margetuxi-
mabprolongedPFS over trastuzumab (median 5.8 vs 4.9months,
hazard ratio [HR], 0.76; 95% CI, 0.59–0.98; P = .033). Treatment
effects were more pronounced in patients with CD16A geno-
types containing a 158F allele (median PFS 6.9 vs 5.1 months,
HR, 0.68; 95% CI, 0.52–0.90; P = .005). In 524 patients with
baseline measurable disease (margetuximab, n = 262; trastuzu-
mab, n = 262), ORR was higher with margetuximab (22%; 95%
CI, 17.3–27.7%) vs trastuzumab (16%; 95% CI 11.8–21.0%).
Safety profiles were comparable in 529 pts who received study
therapy. Grade ≥3 AEs and serious AEs occurred in 138 (52%)
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and 39 (15%) vs 128 (48%) and 46 (17%) patients administered
margetuximab vs trastuzumab, respectively.

Margetuximab is also being evaluated as a treatment for
gastric or gastroesophageal junction cancer. Sponsored by
MacroGenics and Zai Lab, the Phase 2/3 MAHOGANY
(NCT04082364) trial will examine the effects of margetuximab
in combination with checkpoint inhibitor molecules, including
MGA012 (anti-PD-1 mAb) and MGD013 (bispecific PD-1
x LAG-3 DART® molecule) in patients with HER2-positive gas-
tric or gastroesophageal junction cancer. A single-arm cohort
(Cohort A, 40 to 100 patients) will evaluate the safety and
efficacy of margetuximab plus MGA012. In a 4-arm cohort
(Cohort B Part 1, 50 patients per arm), patients will be rando-
mized to margetuximab plus chemotherapy plus MGA012, mar-
getuximab plus chemotherapy plus MGD013, margetuximab
plus chemotherapy, or trastuzumab plus chemotherapy.
A checkpoint inhibitor (CPI) (MGA012 or MGD013) will be
selected from Cohort B Part 1 and evaluated in a randomized
2-arm cohort (Cohort B Part 2, 250 patients per arm) of marge-
tuximab plus chemotherapy plus MGA012 or MGD013, or
trastuzumab plus chemotherapy. Initiated in September 2019,
the estimated primary completion date of the study is May 2024.

Dostarlimab (GlaxoSmithKline/Tesaro, AnaptysBio)

Dostarlimab (TSR-042) is a humanized IgG4 antibody that
binds with high affinity to the PD-1 receptor and effectively
blocks its interaction with the ligands PD-L1 and PD-L2.
Dostarlimab is being developed by Tesaro (a division of
GlaxoSmithKline) for the treatment of solid tumors, including
endometrial cancer that could be classified as microsatellite
stable (MSS/75%) or microsatellite instability-high (MSI-H/
25%). GlaxoSmithKline anticipates potential regulatory sub-
missions for dostarlimab in endometrial cancer in the second
half of 2019 based on results of the GARNET clinical study
(NCT02715284).96

Described by GlaxoSmithKline as Phase 1/2,97 the
GARNET study evaluated the safety and efficacy of dostar-
limab as a monotherapy for patients with advanced solid
tumors, including women with recurrent or advanced endo-
metrial cancer who progressed on or after a platinum-based
regimen. Patients were administered dostarlimab 500 mg
once every 3 weeks for 4 doses, followed by 1000 mg once
every 6 weeks until disease progression. Data from 125
patients, including 41 MSI-H (33%), and 79 MSS (63%)
patients, as well as 5 with an unknown MSI-status (4%),
were analyzed. Preliminary results showed that the overall
response rate in the full population, MSI-H population, and
MSS population were 30%, 49%, and 20%, respectively,
while the disease control rate in these populations were
53%, 63% and 47%, respectively. In general, adverse events
were Grade 1 or 2, with only 13.6% of patients experiencing
Grade 3 or higher adverse events.97

The Phase 3 RUBY study (NCT03981796) is evaluating the
efficacy and safety of dostarlimab plus carboplatin-paclitaxel
versus placebo plus carboplatin-paclitaxel in patients with
recurrent or primary advanced endometrial cancer. An esti-
mated 470 patients will enroll. Initiated in July 2019, the

estimated primary completion date of the RUBY study is
November 2021.

Tesaro is also evaluating dostarlimab as a treatment for
ovarian cancer in the Phase 3 FIRST study (NCT03602859).
This study will compare platinum-based therapy with dostar-
limab and niraparib versus standard of care platinum-based
therapy as first-line treatment of Stage III or IV non-
mucinous epithelial ovarian cancer. The primary outcome
measure is PFS. An estimated 912 patients are expected to
enroll. Initiated in October 2018, the estimated primary com-
pletion date is November 2021.

Spartalizumab (Novartis)

Previously called PDR001, spartalizumab is a humanized IgG4
anti-PD1 antibody being tested as a treatment for various
types of cancers, including melanoma. Novartis anticipates
submission of marketing applications for spartalizumab in
combination with dabrafenib and trametinib in metastatic
melanoma in 2020.98

Spartalizumab is being evaluated in the 3-part Phase 3
COMBI-i trial (NCT02967692) in combination with dabrafe-
nib (a BRAF inhibitor) and trametinib (a MEK inhibitor)
versus matching placebo in combination with dabrafenib
and trametinib in previously untreated patients with BRAF
V600–mutant unresectable or metastatic melanoma. As
reported at the American Society of Clinical Oncology on
June 3, 2019,99 based on pooled efficacy and safety data
from Part 1 (run-in cohort, n = 9) and Part 2 (biomarker
cohort, n = 27), the spartalizumab-containing combination
showed durable ORR (75%) with complete response in 33%
of patients. With > 15 months of follow-up, median PFS was
not reached. The safety profile was manageable and reflected
the individual toxicities of the individual drugs. In Part 3 of
the study, ~ 500 patients with previously untreated unresect-
able and metastatic BRAF V600 mutated melanoma will be
enrolled to compare the efficacy of spartalizumab in combi-
nation with dabrafenib and trametinib versus placebo plus
dabrafenib and trametinib.

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

131I-Omburtamab (formerly known as 8H9 or burtomab),
composed of a murine IgG1 antibody targeting the B7-H3
antigen and iodine-131, is being developed for the treatment
of pediatric patients with central nervous system/leptomenin-
geal metastases (CNS/LM), a rare and usually fatal complica-
tion of neuroblastoma. 131I-Omburtamab was granted
a Breakthrough Therapy designation by the FDA in this
indication. Y-mabs Therapeutics expects to start submission
of a rolling BLA in early 2020 that would include pooled data
from the Phase 1 Study 03–133 (NCT00089245) and Phase 2/
3 Study-101 (NCT03275402), which included patients with
CNS/LM from neuroblastoma.71,100

Study 03–133 investigated the maximally tolerated dose
(MTD) of intrathecal 131I-omburtamab. To determine the
MTD, patients entered 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. Data from 93 patients included in the study
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showed a median OS of 47 months (including an estimated
5-year OS of ~ 43%), as compared to a historical median OS
of ~ 6 months.100

The Phase 2/3 Study-101 is assessing the safety and efficacy
of 131I-omburtamab as a monotherapy for children (up to
18 years) with CNS/LM from neuroblastoma. The estimated
enrollment is 32 patients, who will be administered one treat-
ment cycle of 131I-omburtamab consisting of 2 doses (2 mCi
at Week 1 and 50 mCi at Week 2). At Week 6, the patients are
evaluated for safety, and, if eligible, receive a second cycle of
131I-omburtamab. The primary endpoints are OS rate at
3 years after the first treatment dose of 131I-omburtamab.
The estimated primary completion of Study-101 is
December 2019.

Loncastuximab tesirine (ADC Therapeutics SA)

The ADC loncastuximab tesirine (ADCT-402), composed of
a humanized IgG1 antibody targeting CD19 conjugated to
a pyrrolobenzodiazepine (PBD)-dimer toxin, is in development as
a treatment for B cell hematological malignancies. Once bound to
CD19-positive cells, loncastuximab tesirine is internalized into the
cell, where PBD is released and promotes cell death.
Loncastuximab tesirine has been granted FDA’s Orphan Drug
designation for the treatment of DLBCL and mantle cell lym-
phoma. ADC Therapeutics anticipates reporting response rate
data from a pivotal Phase 2 trial (NCT03589469) in the second
quarter of 2020, and submission of a BLA in the second half of 2020
if the trial is successful.101

Loncastuximab tesirine is currently under investigation in amulti-
center, open-label, single-arm pivotal Phase 2 trial (NCT03589469) in
patients with relapsed or refractoryDLBCL. In this study, the patients
receive IV loncastuximab tesirine on Day 1 of each cycle (every
3 weeks) at a dose of 150 μg/kg for 2 cycles and then 75 μg/kg for
subsequent cycles for up to 1 year or until disease progression or
unacceptable toxicity. The primary endpoint is ORR; secondary out-
comemeasures include duration of response, complete response rate,
relapse-free survival, PFS, OS and pharmacokinetic parameters. As of
August 2019, interimdata showed that theORR in the first 96patients
treated with loncastuximab tesirine was 41.7%.101

Balstilimab, zalifrelimab (Agenus Inc.)

Agenus Inc. is currently focused on developing balstilimab
(AGEN2034) and zalifrelimab (AGEN1884) as treatments
for second-line cervical cancer. Balstilimab is a human IgG4 anti-
PD-1 antibody and zalifrelimab is a human IgG1 anti-cytotoxic
T lymphocyte antigen-4 antibody. Both antigens serve as check-
points of the immune system. Both antibodies are derived from
a proprietary mammalian display technology, Retrocyte
Display™.102 Balstilimab is being evaluated as monotherapy in
a Phase 1/2 study (NCT03104699) and in combination with zali-
frelimab in Phase 1/2 (NCT03495882) and Phase 2
(NCT03894215) studies. Phase 1/2 study results could potentially
support BLA submissions as early as 2020 under FDA’s accelerated
approval pathway, according to projections by Agenus.103

Initiated in April 2017, the Phase 1/2 NCT03104699 study
is an open-label, 3 + 3 dose-escalation trial in patients with
metastatic or locally advanced solid tumors, with

a consecutive Phase 2 expansion to evaluate efficacy in sub-
jects with recurrent, unresectable, or metastatic (advanced)
cervical cancer that has progressed after a platinum doublet.
Estimate enrollment is 75 patients, and the primary comple-
tion date of the study is September 2019.

Initiated in December 2017, the open-label, multi-arm
Phase 1/2 NCT03495882 study is investigating the safety,
tolerability, pharmacokinetics, and biological and clinical
activity of balstilimab in combination with zalifrelimab in
patients with locally advanced, recurrent and/or metastatic
solid tumors including cervical cancer. Part 1 of the study
uses a standard 3 + 3 dose escalation as follows: 1) balstilimab
1 mg/kg administered every 2 weeks (q2w) in combination
with zalifrelimab 1 mg/kg administered every 6 weeks; and 2)
balstilimab 3 mg/kg administered every 2 weeks in combina-
tion with zalifrelimab 1 mg/kg administered every 6 weeks. In
Phase 2, the study will expand in advanced cervical cancer.
The study’s estimate enrollment is 60 patients, and the pri-
mary completion date is March 2022.

Notable set-backs

In addition to the advances documented here, several notable
set-backs occurred in 2019. In particular, the development
program for rovalpituzumab tesirine was terminated and
Lartruvo® was withdrawn from the market.

Rovalpituzumab tesirine (AbbVie Inc.)

Rovalpituzumab tesirine is an ADC composed of a humanized
IgG1 antibody targeting delta-like ligand (DLL3) conjugated to
the cytotoxic pyrrolobenzodiazepine dimer D6.5 via a protease-
cleavable linker. DLL3 is over-expressed in small cell lung cancer
cells, and clinical development of this ADC was focused on small
cell lung cancer. Study results, however, showed modest clinical
activity. In the Phase 2 TRINITY study (NCT02674568), the ORR
was 12.4%, 14.3%, and 13.2% in all, DLL3-high, and DLL3-positive
patients, respectively; DLL3-positive and DLL3-high were defined
as ≥25% and ≥75% of tumor cells positive for DLL3, respectively.
Median OS was 5.6 months in all patients.104 On August 29, 2019
AbbVie announced that the Phase 3MERU study (NCT03033511),
which was evaluating rovalpituzumab tesirine as a first-line main-
tenance therapy for advanced small cell lung cancer, demonstrated
no survival benefit at a preplanned interim analysis for patients
receiving the drug as compared with placebo. The MERU trial is
being closed, and the research and development program for
rovalpituzumab tesirine has been terminated.105

Olaratumab (Eli Lilly and Company)

Olaratumab (Lartruvo®) is an anti-platelet-derived growth
factor receptor alpha (PDGFR-α) antibody that specifically
binds PDGFR-α and prevents receptor activation. FDA
granted Lartruvo® accelerated approval on October 19, 2016,
following the release of results from a Phase 1b/2 study in
advanced or metastatic soft tissue sarcoma that showed an
11.8-month improvement with olaratumab over placebo for
advanced soft tissue sarcoma patients (HR 0.46, 95% CI 0.-
30–0.71, P = .0003), and a 16.1-month improvement in the
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leiomyosarcoma subgroup. FDA may grant accelerated
approval for drugs for serious conditions that fill an unmet
medical need based on whether the drug has an effect on
a surrogate or an intermediate clinical endpoint, but subse-
quent confirmatory trials must verify clinical benefit. During
2017 to 2018, Lartruvo® was granted accelerated, conditional,
and full approvals in more than 40 countries.

The confirmatory Phase 3 ANNOUNCE clinical study
(NCT02451943), which was a randomized, double-blind, placebo-
controlled trial of doxorubicin plus olaratumab versus doxorubicin
plus placebo in patients with advanced or metastatic soft tissue
sarcoma, was started in September 2015. On April 25, 2019, Eli Lilly
and Company announced that the company is withdrawing
Lartruvo® (olaratumab) from the market for the treatment of
advanced soft tissue sarcoma because the ANNOUNCE clinical trial
failed to confirm the drug’s clinical benefit.106 Data from the study
was presented at the American Society of Clinical Oncology meeting
held in June 2019. Overall, median OS was 20.4 months for patients
who received the drug and 19.7 months for patients who participated
in the control arm of the study (HR 1.05, 95% CI [0.84, 1.30];
p = .6945). In subset of patients with leiomyosarcoma, median OS
was 21.6 months in the investigational versus 21.9 months in the
control arm (HR 0.95, 95% CI [0.69, 1.31]; p = .7618).

Outlook for the future

Despite the occasional set-back, our data suggest that the
commercial clinical pipeline will yield a substantial number
of new antibody therapeutic products during the 2020s.
Interestingly, the current data suggests a nascent trend toward
use of pivotal/registrational Phase 2 studies, which may
decrease the clinical study period for some products, thereby
accelerating the rate of approvals.

In the short-term, based on the number of antibody therapeu-
tics already undergoing regulatory review as of December 2019,
first approvals in 2020 may set a new record. We anticipate that
marketing applications for more than 15 antibody therapeutics
currently in late-stage studies will be submitted by the end of
2020, and thus a continuous flow of new products should reach
patients in 2021. We do not, however, expect the number of anti-
body therapeutics in late-stage studies to substantially decrease
because we are currently tracking at least 15 antibodies in early-
stage studies thatmay transition to late-stage studies soon.We look
forward to documenting progress made with these and other
‘Antibodies to Watch’ in the next installment of this article series.

Abbreviations

AD Alzheimer disease
ADC antibody-drug conjugate
AE adverse events
aHUS atypical hemolytic uremic syndrome
ANGPTL3 angiopoietin-like protein 3
AQP4 aquaporin-4
Aβ amyloid beta
BCG bacillus Calmette-Guérin
BCVA Best-corrected visual acuity
BICLA the British Isles Lupus Assessment Group Based Composite

Lupus Assessment
BLA biologics license application

BR Bendamustine + rituximab
CAD cold agglutinin disease
CAS Clinical Activity Score
CCR5 CC chemokine receptor 5
CDR complementarity-determining region
CDR-SB Clinical Dementia Rating–Sum of Boxes
Chl classical Hodgkin lymphoma
CHMP Committee for Medicinal Products for Human Use
CIS carcinoma in situ
CLBP chronic lower back pain
CLL chronic lymphocytic leukemia
CNS central nervous system
CPI checkpoint inhibitor
CR complete response
CTLA-4 cytotoxic T lymphocyte antigen-4
DLBCL diffuse large B-cell lymphoma
DLL3 delta-like ligand 3
DOR duration of response
EC European Commission
EMA European Medicines Agency
EpCAM epithelial cell adhesion molecule
EU European Union
FDA US Food and Drug Administration
GM-CSF granulocyte-macrophage colony stimulating factor
GP glycoprotein
GvHD graft-versus-host disease
HDL high density lipoprotein
HER2 human epidermal receptor 2
HoFH homozygous familial hypercholesterolemia
HSCT hematopoietic stem cell transplant
IBD inflammatory bowel disease
ICP immune checkpoint therapy
IFN interferon
IFNAR1 interferon alpha receptor 1
IgA immunoglobulin A
IGF-1R insulin growth factor 1 receptor
IV intravenous
LDL low-density lipoprotein
LM leptomeningeal metastases
MAA marketing authorization application
mAb monoclonal antibody
MASP-2 mannan-binding lectin-associated serine protease-2
MBC metastatic breast cancer
mCRC metastatic colorectal cancer
MCS Mayo Clinic Score
MHLW Ministry of Health, Labor and Welfare
MM multiple myeloma
MMAE monomethyl auristatin E
MSI microsatellite instability
MSS microsatellite stable
MTD maximally tolerated dose
nAMD neovascular age-related macular degeneration
NASH nonalcoholic steatohepatitis
NDA new drug application
NKTL natural killer cell/T-cell lymphoma
NMIBC non-muscle invasive bladder cancer
NMOSD neuromyelitis optica spectrum disorder
NSAIDs nonsteroidal anti-inflammatory drugs
NSCLC non-small cell lung cancer
OA osteoarthritis
ORR objective response rate
OS overall survival
PBD pyrrolobenzodiazepine
PD-1 programmed cell death 1 protein
PDGFR-a platelet-derived growth factor receptor alpha
PD-L1 programmed death ligand 1
PDUFA Prescription Drug User Fee Act
PFS progression-free survival
PGA Patient’s Global Assessment
PRIME Priority Medicines
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rr-cHL relapsed or refractory cHL
RRMM relapsed/refractory multiple myeloma
rr-NKTL relapsed or refractory extranodal NKTL
SC subcutaneous
scFv single-chain variable fragment
SCLC small cell lung cancer
SLE systemic lupus erythematosus
sPGA static Physician Global Assessment
STS soft-tissue sarcoma
T1D type 1 diabetes
TBNC triple-negative breast cancer
TED thyroid eye disease
TMAs thrombotic microangiopathies
TNF tumor necrosis factor
TTP thrombotic thrombocytopenia
UC ulcerative colitis
US United States
VEGF human vascular endothelial growth factor
VH heavy chain variable domain
VHH variable heavy homodimers
VOC vaso-occlusive crisis
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