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ABSTRACT

Over 50 investigational monoclonal antibody (mAb) therapeutics are currently undergoing evaluation in
late-stage clinical studies, which is expected to drive a trend toward first marketing approvals of at least 6
9 mAbs per year in the near-term. In the United States (US), a total of 6 and 9 mAbs were granted first
approvals during 2014 and 2015, respectively; all these products are also approved in the European Union
(EV). As of December 1, 2016, 6 mAbs (atezolizumab, olaratumab, reslizumab, ixekizumab, bezlotoxumab,
oblitoxaximab) had been granted first approvals during 2016 in either the EU or US. Brodalumab, was
granted a first approval in Japan in July 2016. Regulatory actions on marketing applications for
brodalumab in the EU and US are not expected until 2017. In 2017, first EU or US approvals may also be
granted for at least nine mAbs (ocrelizumab, avelumab, Xilonix, inotuzumab ozogamicin, dupilumab,
sirukumab, sarilumab, guselkumab, romosozumab) that are not yet approved in any country. Based on
announcements of company plans for regulatory submissions and the estimated completion dates for
late-stage clinical studies, and assuming the study results are positive, marketing applications for at least 6
antibody therapeutics (benralizumab, tildrakizumab, emicizumab, galcanezumab, ibalizumab, PRO-140)
that are now being evaluated in late-stage clinical studies may be submitted during December 2016" or
2017. Other ‘antibodies to watch’ in 2017 include 20 mAbs are undergoing evaluation in pivotal studies
that have estimated primary completion dates in late 2016 or during 2017. Of these, 5 mAbs are for cancer
(durvalumab, JNJ-56022473, ublituximab, anetumab ravtansine, glembatumumab vedotin) and 15 mAbs
are for non-cancer indications (caplacizumab, lanadelumab, roledumab, tralokinumab, risankizumab,
SA237, emapalumab, suptavumab, erenumab, eptinezumab, fremanezumab, fasinumab, tanezumab,
lampalizumab, brolucizumab). Positive results from these studies may enable submission of marketing
applications in 2017 or 2018, or provide justification for additional studies. *See note added in proof for
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PASI, Psoriasis Area and Severity Index; RA, rheumatoid arthritis; SC, subcutaneous

Introduction

Since 2010, the ‘Antibodies to watch’ article series'® has docu-
mented key events in the commercial development of monoclo-
nal antibody (mAb) therapeutics, with a focus on initiation of
first pivotal clinical studies, submission of the first marketing
applications to the European Medicines Agency (EMA) or the
US Food and Drug Administration (FDA), and first marketing
approvals. This report on ‘Antibodies to watch in 2017 includes
details of 52 mAbs currently in late-stage studies for cancer
(20 mAbs) or non-cancer (32 mAbs) indications, 9 mAbs with
first marketing applications under review, and 7 antibodies that
were granted first marketing approvals in 2016. Due to the sub-
stantial amount of literature on these antibody therapeutics,
only recent clinical study results are cited.

First approvals granted during 2016

As of December 1, 2016, 7 monoclonal antibody (mAb) therapeu-
tics had been granted their first marketing approvals in 2016. Of

these, 6 were granted first approvals in either the European Union
(EU) or United States (US) (Table 1), and 1 (brodalumab) was
granted its first approval in Japan. The approvals included 2 mAbs
for cancer (atezolizumab, olaratumab), 3 mAbs for immune-medi-
ated disorders (reslizumab, ixekizumab, brodalumab) and 2 mAbs
for infectious diseases (bezlotoxumab, oblitoxaximab).
Atezolizumab (Tecentriq®) was approved in the US for
treatment of patients with locally advanced or metastatic uro-
thelial carcinoma in March 2016. The mAb received break-
through therapy designation, priority review status and
accelerated approval for this indication. Atezolizumab, which
targets programmed cell death ligand 1 (PD-L1), was subse-
quently approved by the FDA for non-small cell lung cancer in
October 2016. As of November 2016, atezolizumab was not
approved in the EU, but a marketing authorization application
was undergoing evaluation by the EMA. The mAb’s target, PD-
L1, interacts with programmed death receptor 1 (PD-1), which
negatively regulates T-cell receptor signaling and inhibits
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Table 1. Therapeutic monoclonal antibodies first approved in the European Union or the United States during 2016."

International First EU First US
non-proprietary name Brand name Target; Format Indication first approved approval year approval year
Atezolizumab Tencentriq PD-L1; Humanized IgG1 Bladder cancer In review 2016
Olaratumab Lartruvo PDGFRe; Human IgG1 Soft tissue sarcoma 2016 2016
Reslizumab Cingaero, Cinqair IL-5; Humanized 1gG4 Asthma 2016 2016
Ixekizumab Taltz IL-17a; Humanized 1gG4 Psoriasis 2016 2016
Bezlotoxumab Zinplava Clostridium difficile enterotoxin B; Prevention of Clostridium difficile In review 2016
Human IgG1 infection recurrence
Obiltoxaximab Anthim Protective antigen of B. anthracis Prevention of inhalational anthrax NA 2016

exotoxin; Chimeric IgG1

“Data as of December 1, 2016; a comprehensive table of approved antibody therapeutics and those in regulatory review in the EU or US is maintained on The Antibody

Society’s website (www.antibodysociety.org).

Abbreviations: CD, cluster of differentiation; EC, European Commission; IL, interleukin; NA, not approved or in review in the EU; PDGFR, platelet-derived growth

factor receptor; PD-L1, programmed death ligand 1.

anti-tumor T-cell function. While atezolizumab is the first anti-
PD-L1 antibody to be approved, two anti-PD-1 antibodies,
nivolumab and pembrolizumab were granted approvals in
2014. Nivolumab is approved for Hodgkin lymphoma, meta-
static melanoma, metastatic renal cell carcinoma, and squa-
mous non-small cell lung cancer and recurrent or metastatic
squamous cell carcinoma of the head and neck; pembrolizumab
is approved for non-small cell lung cancer, metastatic mela-
noma, and recurrent head and neck squamous cell carcinoma
(HNSCC). Atezolizumab is currently undergoing evaluation in
Phase 3 studies of patients with other types of cancer, including
breast cancer, renal cell carcinoma, bladder cancer, and small-
cell lung cancer.

Olaratumab (Lartruvo®), a human IgG1 that targets plate-
let-derived growth factor receptor o (PDGFRa) was granted a
first approved by FDA in October 2016 for soft tissue sarcoma.
The mAb received Fast Track, breakthrough therapy and
orphan drug designations, priority review status and acceler-
ated approval in the US for this indication. In November 2016,
the European Commission granted a conditional marketing
authorization for olaratumab in combination with doxorubicin
for the treatment of adult patients with advanced soft tissue sar-
coma who are not amenable to curative treatment with surgery
or radiotherapy and who have not been previously treated with
doxorubicin. In the EU, a conditional marketing authorization
can be granted to a medicinal product that fulfils an unmet
medical need when the benefit to public health of immediate
availability outweighs the risk inherent in the fact that addi-
tional data are still required. Olaratumab has an EU orphan
drug designation for soft tissue sarcoma. The safety and efficacy
of olaratumab was evaluated in an open-label, randomized,
active-controlled study of 133 patients with soft tissue sarcoma.
The median overall survival and progression-free survival for
patients who received olaratumab with doxorubicin were 26.5
and 8.2 months, respectively, compared with 14.7 and
4.4 months, respectively, for patients taking doxorubicin
only."” Results from the ongoing Phase 3 ANNOUNCE study
(NCT02451943) comparing the olaratumab/doxorubicin com-
bination with doxorubicin alone in patients with advanced or
metastatic soft tissue sarcoma may be used to support a contin-
ued authorization.

Reslizumab (Cinqair®, Cingaero®), an anti-interleukin (IL)-
5 humanized mAb produced in mouse myeloma cells (NS0),
was granted marketing approvals by FDA and the European

Commission in March and August 2016, respectively. In the
US, the product is indicated for add-on maintenance treatment
of patients with severe asthma aged 18 y and older, and with an
eosinophilic phenotype. In the EU, reslizumab is indicated as
add-on therapy in adult patients with severe eosinophilic
asthma inadequately controlled despite high-dose inhaled corti-
costeroids plus another medicinal product for maintenance
treatment. The recommended dose is 3 mg/kg once every four
weeks given by intravenous (IV) infusion over 20-50 minutes.

Ixekizumab (Taltz®), an anti-IL-17A humanized mAb pro-
duced in Chinese hamster ovary (CHO) cells, was granted mar-
keting approvals by FDA and the European Commission in
March and May 2016, respectively. In the US and EU, ixekizu-
mab is indicated for the treatment of adults with moderate-to-
severe plaque psoriasis who are candidates for systemic ther-
apy; the prescribing information in the US indicates that adults
with moderate-to-severe plaque psoriasis who are candidates
for phototherapy may also receive the product. The recom-
mended dose is 160 mg by subcutaneous (SC) injection (two
80 mg injections) at Week 0, followed by 80 mg (one injection)
at Weeks 2, 4, 6, 8, 10, and 12, then maintenance dosing of
80 mg (one injection) every 4 weeks.

Brodalumab (LUMICEF®) is a human anti-IL-17 receptor A
mAb that inhibits biological activity of IL-17A, IL-17F and
other IL-17s. The product was granted a first marketing
approval from the Ministry of Health, Labor and Welfare in
Japan on July 4, 2016 for the treatment of psoriasis vulgaris,
psoriatic arthritis, pustular psoriasis, and psoriatic erythro-
derma. In adults, the recommended dose is 210 mg SC admin-
istered at Weeks 0, 1, and 2, followed by 210 mg every 2 weeks.
A biologics license application (BLA) for brodalumab is under-
going review by FDA. In July 2016, the FDA’s Dermatologic
and Ophthalmic Drugs Advisory Committee voted 18 to 0 to
recommend approval of brodalumab injection, 210 mg, for
adult patients with moderate-to-severe plaque psoriasis. FDA’s
action date for the application, November 16, 2017, was delayed
by 3 months, and the action date is now February 16, 2017. A
marketing authorization application for brodalumab in psoria-
sis is undergoing evaluation by EMA.

Bezlotoxumab (ZINPLAVA™), a human IgG1 mAD target-
ing Clostridium difficile toxin B, was granted an approved by
FDA in October 2016 for reduction of Clostridium difficile
infection (CDI) recurrence in adults who are receiving antibac-
terial drug treatment of CDI and are at a high risk for CDI
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recurrence. The recommended dose is a single dose of 10 mg/kg
administered as an IV infusion over 60 minutes. A marketing
authorization application for bezlotoxumab is undergoing eval-
uation by EMA.

Obiltoxaximab (ANTHIM®) is a chimeric IgGl targeting the
protective antigen of Bacillus anthracis exotoxin. The product
was approved by FDA in March 2016. Obiltoxaximab is indi-
cated in adult and pediatric patients for treatment of inhala-
tional anthrax due to Bacillus anthracis in combination with
appropriate antibacterial drugs, and for prophylaxis of inhala-
tional anthrax when alternative therapies are not available or
appropriate. A dose-dependent increase in survival after treat-
ment with oblitoxaximab was observed in New Zealand White
rabbits and cynomolgus macaques challenged with spores of the
Ames strain of Bacillus anthracis administered by inhalation.
The recommended dosage for adult patients is 16 mg/kg; for
pediatric patients, the recommended dose ranges from 16-
32 mg/kg depending on the weight of the patient. The safety
and pharmacokinetics (PK) of the product were studied in adult
healthy volunteers; no studies included patients with inhalation
anthrax. There were no studies of safety or PK of oblitoxaximab
in the pediatric population; a population PK approach was used
to predict a dose that would provide pediatric patients with
exposure comparable to the observed exposure in adults.

Regulatory actions: Projections for 2017

As of December 1, 2016, marketing applications for ten anti-
body therapeutics (Table 2) are being evaluated by either FDA
or EMA for possible first approvals in the US or EU, respec-
tively. Of these 10 mAbs, nine (ocrelizumab, avelumab, Xilonix,
inotuzumab ozogamicin, dupilumab, sirukumab, sarilumab,
guselkumab, romosozumab) are not yet approved in any
country.

Ocrelizumab (OCREVUS) is a humanized IgG1 mAb target-
ing CD20. Marketing applications for ocrelizumab for the treat-
ment of relapsing multiple sclerosis and primary progressive
multiple sclerosis (MS) are being reviewed by EMA and FDA.
Ocrelizumab was granted FDA’s Breakthrough Therapy desig-
nation, and its application received priority review. FDA’s
action date for the application is March 28, 2017. The
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marketing applications are based on positive results from three
Phase 3 studies, OPERA 1 (NCT01247324), OPERA 1II
(NCT01412333), and ORATORIO (NCT01194570). Identical
in their study design, OPERA I and OPERA II evaluated the
efficacy and safety of 600 mg ocrelizumab IV administered
every six months compared with 44 ug interferon B-la
(Rebif®) SC administered 3 times per week in 1,656 people
with relapsing forms of MS. Compared with Rebif®, ocrelizu-
mab showed superior efficacy in reducing annualized relapse
rates and disability progression sustained for at least three and
for at least six months.'" The ORATORIO study evaluated the
efficacy and safety of 600 mg ocrelizumab administered by IV
infusion every six months compared with placebo in 732 people
with primary progressive MS. Compared to patients who
received placebo, patients who received ocrelizumab in this
study showed significant reductions in disability progression
sustained for at least three and for at least six months, as well
as in other measures of progressive disease.""

Avelumab, an anti-PD-L1 human IgG1 mADb, is undergoing
review by EMA and FDA as a treatment for metastatic Merkel
cell carcinoma. The marketing applications are based on data
from the Phase 2 JAVELIN Merkel 200 study (NCT02155647),
which demonstrated meaningful tumor responses in patients
with metastatic disease that progressed after prior chemother-
apy.'> Avelumab received an orphan drug designation from
EMA. Avelumab was granted Breakthrough Therapy, Fast
Track and orphan drug designations by FDA for Merkel cell
carcinoma; the BLA was granted a priority review. Avelumab is
also undergoing evaluation in Phase 3 studies of patients with
other types of cancers, including non-small cell lung, renal cell,
ovarian, gastric and urothelial cancers.

Xilonix™ is a human mAb targeting IL-la undergoing
review by EMA as a treatment for metastatic colorectal cancer.
An opinion by CHMP on the marketing authorization applica-
tion for Xilonix™ is anticipated in 2016; if the opinion is favor-
able, a decision by the pc would likely occur in 2017. The
application includes data from a Phase 3 study that showed a
76% relative improvement in response rate in patients treated
with Xilonix™ compared with placebo (33% vs. 19%, respec-
tively; p = 0.0045)."* Xilonix™ was granted Fast Track desig-
nation for cancer anorexia-cachexia syndrome by FDA.

Table 2. Therapeutic monoclonal antibodies in review” in the European Union or the United States.

International Proposed

non-proprietary name brand name Target; Format Indication Status in EU Status in US
Ocrelizumab OCREVUS CD20; Humanized IgG1 Multiple sclerosis In review In review
Avelumab (Pending) PD-L1; Human IgG1 Merkel cell carcinoma In review In review
(Pending) Xilonix IL-1 o; Human 19G1 Advanced colorectal cancer In review NA
Inotuzumab ozogamicin (Pending) CD22; Humanized IgG4; ADC Hematological malignancy In review NA
Dupilumab Dupixent IL-4R o; Human IgG4 Atopic dermatitis In review In review
Sirukumab (Pending) IL-6; Human IgG1 Rheumatoid arthritis In review In review
Sarilumab (Pending) IL-6R; Human IgG1 Rheumatoid arthritis In review In review
Brodalumab# LUMICEF IL-17R; Human IgG2 Psoriasis In review In review
Guselkumab (Pending) IL-23 p19; Human IgG1 Plaque psoriasis In review In review
Romosozumab (Pending) Sclerostin; Humanized 1gG2 Osteoporosis in postmenopausal NA In review

women at increased risk of fracture

“Data as of December 1, 2016; #Brodalumab was approved in Japan on July 4, 2016; a comprehensive table of approved antibody therapeutics and those in regulatory
review in the EU or US is maintained on The Antibody Society’s website (www.antibodysociety.org).
Abbreviations: ADC, antibody-drug conjugate; CD, cluster of differentiation; IL, interleukin; NA, not in review in the EU, information on review status in US not available;

PD-L1, programmed death ligand 1.
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Inotuzumab ozogamicin is a humanized IgG4 anti-CD22
antibody-drug conjugate (ADC). The molecule comprises
calicheamicin, which binds DNA in the minor grove and causes
strand breaks, conjugated to inotuzumab via a cleavable linker.
A marketing authorization application for acute lymphocytic
leukemia (ALL) is being reviewed by EMA. The ADC has
orphan drug designation in the EU for this indication. Results
of the Phase 3 INO-VATE ALL study (NCT01564784) evaluat-
ing the safety and efficacy of inotuzumab ozogamicin compared
with investigator-choice chemotherapy in 326 adult patients
with relapsed or refractory CD22-positive ALL showed
improvement over chemotherapy on a number of measures,
including complete hematologic remission and progression-
free survival.'* Inotuzumab ozogamicin was granted
Breakthrough Therapy and orphan drug designations by FDA
for ALL.

Dupilumab (Dupixent®), an anti-IL-4Ra IgG4 mAb, is
undergoing review by EMA and FDA for atopic dermatitis.
The mAD has Breakthrough Therapy designation for this indi-
cation, and the BLA was granted a priority review. FDA’s action
date for the application is March 29, 2017. In the Phase 3 SOLO
1 (NCT02277743) and SOLO 2 (NCT02277769) studies, which
had identical design and included a total of 1379 patients, dupi-
lumab improved the signs and symptoms of atopic dermatitis
compared with placebo."”

Sirukumab is a human anti-IL-6 mAb being evaluated by
EMA, FDA and the Ministry of Health, Labor and Welfare in
Japan for the treatment of adult patients with moderately to
severely active rheumatoid arthritis (RA). Data from the Phase
3 SIRROUND program, which included five studies (SIR-
ROUND-D, SIRROUND-T, SIRROUND-H, SIRROUND-M
and SIRROUND-LTE), served as the basis for submission of the
marketing applications. In SIRROUND-H (NCT02019472),
patients administered 50 mg sirukumab every 4 weeks and
patients administered 100 mg sirukumab every 2 weeks experi-
enced significant mean changes from baseline in their Disease
Activity Score (DAS28) at week 24 (—2.58 and —2.96, respec-
tively), compared with a mean change of —2.19 in patients
administered 40 mg adalimumab every 2 weeks (P = 0.013 and
P < 0.001, respectively). In SIRROUND-T (NCT01606761),
patients refractory or intolerant to one or more anti-tumor
necrosis factor treatments receiving sirukumab demonstrated
significant improvement in signs and symptoms of active RA
compared with patients who received placebo.'®

Sarilumab, a human IgGl targeting IL-6R, is undergoing
review by EMA, FDA and the Ministry of Health, Labor and
Welfare in Japan for the treatment of adult patients with
moderately to severely active RA. The BLA submitted to FDA
has undergone a first review. On October 28, 2016, Sanofi and
Regeneron Pharmaceuticals announced that FDA had issued a
Complete Response Letter regarding the BLA. FDA identified
deficiencies during a routine good manufacturing practice
inspection of the Sanofi Le Trait facility where sarilumab is
filled and finished. If the deficiencies are suitably addressed, the
application may undergo a second review. The marketing
applications for sarilumab are based on results from seven
Phase 3 trials in the SARILRA clinical development program,
including SARIL-RA-MOBILITY, SARIL-RA-TARGET and
SARIL-RA-MONARCH. These studies incorporate data from

more than 3,300 adults with moderately to severely active RA.
The SARIL-RA-MONARCH study (NCT02332590) enrolled
369 adults with active RA who were inadequate responders to,
intolerant of, or inappropriate candidates for methotrexate.
Patients received either SC sarilumab monotherapy (200 mg
every 2 weeks) or adalimumab monotherapy (40 mg every
2 weeks); patients who did not respond adequately to
adalimumab could increase to weekly dosing. The primary
endpoint was change from baseline in DAS28-ESR at 24 weeks,
which was —3.28 for sarilumab compared with —2.20 for
adalimumab, p < 0.0001.'”'®

Guselkumab (CNTO 1959), an IgGl mAb that targets the
IL-23 p19 subunit, is undergoing review by FDA and EMA as a
treatment for plaque psoriasis. The safety and efficacy of gusel-
kumab in psoriasis patients was evaluated in three Phase 3
studies, VOYAGEI and 2 (NCT02207231 and NCT02207244)
and NAVIGATE (NCT02203032). The VOYAGEI and 2 stud-
ies assessed the effects of 100 mg SC doses of guselkumab vs
Humira® (adalimumab) or placebo in patients with moderate
to severe plaque psoriasis. Results of the VOYAGE] study were
presented at the 25th European Academy of Dermatology and
Venereology Congress held in September 2016."" At week 16,
significantly higher proportions of patients receiving guselku-
mab achieved an Investigator’s Global Assessment score of
cleared or minimal disease and at least a 90 percent improve-
ment in the Psoriasis Area Severity Index (85.1% and 73.3%,
respectively) compared with those taking Humira® (65.9% and
49.7%, respectively). The values for these endpoints were also
significantly higher in patients who received guselkumab vs
placebo. Findings from VOYAGE2 and the NAVIGATE study,
which evaluated the efficacy and safety of guselkumab for the
treatment of subjects with moderate to severe plaque-type pso-
riasis and an inadequate response to ustekinumab, have not yet
been released.

Romosozumab is a humanized IgG2 mAb targeting sclero-
stin. A BLA for romosozumab for treatment of osteoporosis in
postmenopausal women at increased risk of fracture is under-
going review by FDA. The application received a standard
review, and FDA’s action date is July 19, 2017. The BLA
includes data from the placebo-controlled Phase 3 FRAME
study (NCT01575834) in which ~7,200 patients received either
210 mg romosozumab SC administered monthly or placebo SC
monthly for the 12-month double-blind study period. Patients
then entered the open-label phase in which all patients received
60 mg denosumab SC every six months for 12 months. In the
FRAME study, romosozumab significantly reduced the inci-
dence of new vertebral fractures in postmenopausal women
with osteoporosis through 12 and 24 months.”” The safety and
efficacy of romosozumab is also being evaluated in clinical
studies of men with osteoporosis.

Antibodies that may enter regulatory review in late
2016 or 2017

Based on announcements of company plans for regulatory sub-
missions and the estimated completion dates for Phase 2/3 or 3
studies, and assuming the study results are positive, marketing
applications for at least 6 antibody therapeutics (benralizumab,
tildrakizumab, emicizumab, galcanezumab, ibalizumab,



PRO-140) that are now being evaluated in late-stage clinical
studies may be submitted during December 2016 or 2017.

Benralizumab (MEDI-563) is a glycoengineered anti-IL-5
receptor « IgG1 that induces rapid and nearly complete deple-
tion of eosinophils. The mAbD is derived from Kyowa Hakko
Kirin’s POTELLIGENT® FUTS8-knockout Chinese hamster
ovary cells, which yield afucosylated antibodies.”' Benralizu-
mab has been evaluated as a treatment for asthma in 5 Phase 3
studies that are completed, and it is being evaluated in 4 addi-
tional Phase 3 studies of asthma patients that are on-going as
of November 1, 2016. The results of two Phase 3 studies,
SIROCCO and CALIMA were recently published.”*** The
Phase 3 SIROCCO study (NCT01928771) evaluated the safety
and efficacy of benralizumab added to high-dose inhaled corti-
costeroid plus a long-acting 82 agonist in patients (12-75 y of
age) with severe uncontrolled asthma with eosinophilia.”?
Patients were administered 30 mg benralizumab either every
4 weeks (400 patients) or every 8 weeks (398 patients; first three
doses every 4 weeks) or placebo every 4 weeks (407 patients) for
48 weeks as add on to their standard treatment. Asthma symp-
toms were improved when benralizumab was given every
8 weeks, but not every 4 weeks, compared with placebo. Both
benralizumab dose regimens reduced the annual asthma
exacerbation rate over 48 weeks (rate ratio 0-55, 95% CI 0-42—
0-71; p < 0-0001 for 4 week and 0-49, 0-37-0-64; p < 0-0001
for 8 week schedule, respectively) compared with placebo.”

The Phase 3 CALIMA study (NCT01914757) evaluated the
efficacy and safety of benralizumab in asthmatic adults and ado-
lescents inadequately controlled on inhaled corticosteroid plus
long-acting 82 agonist.”> During the study period of 56 weeks,
patients received 30 mg benralizumab either every 4 weeks (425
patients) or every 8 weeks (441 patients), or placebo (440
patients). Annual exacerbation rates were significantly lower for
patients who received benralizumab on either the 4 week (rate
0-60 [95% CI 0-48-0-74], rate ratio 0-64 [95% CI 0-49-0-85], p =
0-0018, n = 241) or 8 week schedule (rate 0-66 [95% CI 0-54—
0-82], rate ratio 0-72 [95% CI 0-54-0-95], p = 0-0188, n = 239)
compared with placebo (rate 0-93 [95% CI 0-77-1-12], n =
248).> AstraZeneca has indicated that it plans to submit a mar-
keting application for benralizumab before the end of 2016.

Tildrakizumab (MK-3222), an IgGl mAb targeting IL-23
p19 subunit, is undergoing evaluation in Phase 3 studies as a
treatment for psoriasis. Results of a Phase 2b study
(NCTO01225731) of tildrakizumab in patients with chronic pla-
que psoriasis were recently reported.”* This study was con-
ducted in 355 adults who were randomized to receive SC doses
of tildrakizumab (5, 25, 100, 200 mg) or placebo at weeks 0 and
4 and every 12 weeks thereafter until week 52. Administration
of the study drug was discontinued at week 52 and the partici-
pants were followed through week 72. At week 16, a 75% skin
clearance (Psoriasis Area and Severity Index (PASI) 75) was
achieved by 33:3% (n = 14), 64-4% (n = 58), 66:3% (n = 59),
74-4% (n = 64) and 4-4% (n = 2) of patients in the 5-, 25-,
100- and 200-mg tildrakizumab and placebo groups, respec-
tively (P < 0-001 for each tildrakizumab dose vs. placebo). The
PASI 75 response was generally maintained through week 52,
and only 4% (8/222) patients who achieved PASI 75 response
at week 52 relapsed during the period drug administration was
discontinued.**
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Tildrakizumab was evaluated in two Phase 3 studies in
which the mAb was administered SC to psoriasis patients at a
doses of 100 or 200 mg at week 0 and week 4, and then every
12 weeks until study end or participant discontinuation. The
Phase 3 study NCT01729754 was a 52-week active comparator
(50 mg etanercept) and placebo-controlled, parallel design
study to evaluate the efficacy and safety/tolerability of SC tildra-
kizumab, followed by an optional long-term safety extension
study, in patients with moderate-to-severe chronic plaque pso-
riasis. Eligible participants could enroll in the extension study
with an additional treatment period of up to 192 week, followed
by a 20 weeks follow-up period. Enrollment was 1090 patients.
The Phase 3 study NCT01722331 was a 64-week study with a
similar design, but it did not include an active comparator arm.
Enrollment was 772 patients. The primary endpoints of the
studies were met.” In the studies, an average of 63% of patients
who were administered 100 mg tildrakizumab achieved a PASI
75 by week 12, and 77% achieved a PASI 75 after 28 weeks. An
average of 57% and 66% of patients had a Physician’s Global
Assessment score of clear or minimal with the 100 mg dose at
weeks 12 and 28, respectively. An average of 64% and 78% of
patients who were administered 200 mg tildrakizumab achieved
PASI 75 at weeks 12 and 28, respectively, with 59% and 69% of
the patients showing a PGA score of clear or minimal at those
timeframes.>

Emicizumab (ACE910, RG6013, RO5534262) is an asym-
metric bispecific IgG4 mAb that binds both Factor IXa and
Factor X, thereby replacing the function of Factor VIIL>** The
mAb is manufactured using Chugai’s proprietary Asymmetric
Re-engineering Technology-Immunoglobulin, which incorpo-
rates three bispecific antibody engineering approaches: 1) intro-
duction of a common light chain to reduce the number of
combinations of light and heavy chains; 2) introduction of dif-
ferences in the charges of two heavy chains to facilitate purifica-
tion of the target bispecific molecule; and 3) use of electrostatic
steering of the two heavy chains to facilitate expression of the
target bispecific molecule.”®

Emicizumab is undergoing evaluation as a treatment for
hemophilia A. The current standard of care for hemophilia A is
prophylactic and episodic intravenous infusions of Factor VIII,
which has a short half-life (8-12 hours). Prophylactic emicizu-
mab administered by SC injection once a week is being evalu-
ated in a Phase 3 study (NCT02622321) of hemophilia A
patients with inhibitors who were previously treated with epi-
sodic or prophylactic bypassing agents. Patients will receive
emicizumab or placebo at doses of 3 mg/kg/week for 4 weeks
followed by 1.5 mg/kg/week up to the end of the study. An esti-
mated 118 patients will be enrolled, and the primary comple-
tion date of the study is February 2017. The US FDA granted
breakthrough therapy designation, which is intended to expe-
dite the development and review of drugs for serious or life-
threatening conditions, to emicizumab for the prophylactic
treatment of people who are 12 y or older with hemophilia A
with Factor VIII inhibitors. Positive results from the
NCT02622321 study may enable the submission of a marketing
application in 2017.

Galcanezumab (LY2951742), an IgG4 mAb targeting calci-
tonin gene-related peptide, is undergoing evaluation in studies
of patients with headache or migraine. In a placebo-controlled
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Phase 2 study (NCT01625988), adult patients with four to 14
migraine headache days per month were administered 150 mg
galcanezumab as a SC injection once every 2 weeks for
12 weeks.”® For galcanezumab vs placebo administration, the
average change from baseline to week 12 in the number of
migraine headache days was —4.2 (62.5% decrease) vs —3.0
(42.3% decrease), respectively.

Galcanezumab is undergoing evaluation in 5 Phase 3 studies
with primary completion dates in 2017. The REGAIN study
(NCT02614261) is a randomized, double-blind, placebo-con-
trolled study of galcanezumab in patients with chronic
migraine. The mAb is given by SC injection once a month for
3 months, and the primary outcome measure is the mean
change from baseline in the number of monthly migraine head-
ache days. The estimated enrollment for the study is 825
patients; the primary completion date is February 2017.

In the EVOLVE-1 (NCT02614183) and EVOLVE-2
(NCT02614196) studies, galcanezumab will be evaluated for
prevention of episodic migraine. In both studies, galcanezumab
is given by SC injection once a month for 6 months, and results
will be compared with patients who received placebo. The pri-
mary outcome measures is the mean change from baseline in
the number of monthly migraine headache days, and the esti-
mated enrollment is 825 patients for each of the two studies.
The primary completion dates are February 2017 and June
2017 for EVOLVE-1 and EVOLVE-2, respectively.

In the Phase 3 NCT02438826 randomized, double-blind,
placebo-controlled study of galcanezumab in patients with
chronic cluster headache, the mAb is administered by SC injec-
tion every 30 d for 12 weeks, then every 30 d for 12 months
during a long-term open label extension of the study. The pri-
mary outcome measure is mean change from baseline in weekly
cluster headache attack frequency. The estimated enrollment is
162 patients, and the primary completion date is May 2017.
Galcanezumab is also undergoing evaluation in the Phase 3
NCT02614287 open-label study to evaluate the longer term
safety of the drug in patients with episodic or chronic migraine
with or without aura. In this study, galcanezumab is given by
SC injection once a month for up to 12 months, and the pri-
mary outcome measure is percentage of participants who dis-
continue. The estimated enrollment is 250 patients, and the
primary completion date is September 2017. Eli Lilly, sponsor
of the galcanezumab studies, has noted that marketing applica-
tions for galcanezumab in episodic and chronic cluster head-
ache or migraine may occur in 2017.%°

Ibalizumab, an anti-CD4 IgG4 mAb, is undergoing evalua-
tion as a treatment for human immunodeficiency virus (HIV)-
1 infection. The mAb binds to the second extracellular domain
of CD4, thereby blocking the virus but maintaining normal
immunological functions of CD44 immune cells. The FDA has
granted ibalizumab Fast Track, Breakthrough Therapy, and
orphan drug designations. Ibalizumab plus an optimized back-
ground regimen (OBR) is being evaluated in the Phase 3 TMB-
301 study (NCT02475629) of treatment-experienced patients
infected with multi-drug resistant HIV-1. The OBR of antire-
troviral medications was selected on the basis of treatment his-
tory and the results of screening viral resistance and tropism
testing. The study comprises three periods: 1) a control period
(Days 0-6) during which patients are monitored on current

failing therapy (or no therapy, if the patient has failed and dis-
continued treatment within the 8 weeks preceding screening);
2) an essential monotherapy period (Days 7-13) during which
patients continue on current failing therapy and receive one
intravenous (IV) 2000 mg dose (loading dose) of ibalizumab on
Day 7; and 3) a maintenance period (Day 14-Week 25) during
which the OBR, which must include at least one agent to which
the patient’s virus is susceptible, is initiated; beginning at Day
21, 800 mg of ibalizumab are administered every 2 weeks
through Week 23. The primary efficacy endpoint is the propor-
tion of patients achieving a > 0.5 logl0 decrease in HIV-1
RNA seven days after initiating ibalizumab therapy, day 14 of
the study. A total of 40 patients have been enrolled in the study.
Results reported in October 2016 indicate that patients experi-
enced a significant decrease in viral load after receiving the
loading dose of ibalizumab in addition to their failing antiretro-
viral therapies (or no therapy). The average decrease in viral
load was 1.1 logl0, with 83% (33/40) and 60% of patients
achieving a > 0.5 logl0 and > 1.0 logl0 decrease, respec-
tively.”! Theratechnologies Inc. and its partner, TaiMed Biolog-
ics, Inc., have indicated that the Phase 3 study is the last pivotal
clinical study necessary for the completion of a BLA, although
patients who completed treatment in the TMB-301 study are
offered participation in the TMB-311 expanded access study
(NCT02707861).

PRO140 is a humanized IgG4x mAb targeting the chemo-
kine receptor CCR5, which is expressed on macrophages, den-
dritic cells and memory T cells, as well as other cell types.
During HIV infection, CCR5 acts as a co-receptor for entry of
the virus. PRO140 specifically inhibits CCR5-tropic (R5) type 1
HIV. The Phase 2b/3 two-part study (NCT02483078), will eval-
uate the efficacy, safety, and tolerability of PRO-140 in con-
junction with existing antiretroviral therapy (ART) (failing
regimen). In this study, PRO140 (350 mg) is administered
weekly SC with existing ART for one week. After one week, all
subjects enter the 24-week single-arm, open-label treatment
period. During this period, all patients receive PRO140 SC
injection and OBR. Responses of patients who receive PRO-
140 and OBR will be compared with those of patients who
received placebo and OBR. The primary outcome measure is
the proportion of patients with > 0.5 log10 reduction in HIV-1
RNA viral load from baseline at the end of the 1-week double-
blind treatment period. Secondary outcome measures include
percentage of participants achieving HIV-1 RNA < 400 copies/
mL and < 50 copies/mL, mean change from baseline in HIV-1
RNA levels (logl0 copies/mL), and mean change from baseline
in CD4 cell count at week 25 for all patients and within each
stratum. The estimated enrollment is 30 patients, and the esti-
mated primary completion date is August 2017. PRO-140
received FDA’s Fast Track designation; CytoDyn has indicated
that a rolling BLA submission is expected in 2017.%

Antibodies in Phase 3 studies with completion dates
in late 2016 or during 2017: Cancer indications

A total of 20 investigational mAbs for cancer indications are
currently in late-stage clinical studies (Table 3). Of these, 5
mAbs (durvalumab, JNJ-56022473, ublituximab, anetumab
ravtansine, glembatumumab vedotin) are undergoing



Table 3. Monoclonal antibodies in late-stage clinical studies for cancer indications.
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Primary sponsoring

Most advanced Pivotal Phase 2, Phase

company INN or code name Molecular format Target(s) phase 2/3 or 3 indications
Actinium Pharmaceuticals 1-131-BC8, lomab-B Murine 1gG1, radio- CD45 Phase 3 Ablation of bone marrow prior to
labeled haematopoietic cell
transplantation in AML
patients
Janssen JNJ-56022473, CSL362 Humanized mAb IL-3Rr (CD123) Phase 2/3 Acute myeloid leukemia
Seattle Genetics Vadastuximab talirine IgG1 ADC D33 Phase 3 Acute myeloid leukemia
TG Therapeutics Ublituximab Chimeric IgG1 D20 Phase 3 Chronic lymphocytic leukemia
AstraZeneca/ Medlmmune ~ Moxetumomab pasudotox Murine 1gG1 dsFv CD22 Phase 3 Hairy cell leukemia
LLC immunotoxin
Xencor XMAB-5574, MOR208 Humanized IgG1 CD19 Phase 2/3 Diffuse large B-cell lymphoma
Viventia Bio Oportuzumab monatox Humanized scFv EpCAM Phase 3 Bladder cancer
immunotoxin
MacroGenics Margetuximab Chimeric IgG1 HER2 Phase 3 Breast cancer
Merrimack MM-302 scFv-targeted liposome HER2 Phase 2/3 Breast cancer
Pharmaceuticals containing
doxorubicin
Immunomedics, Inc. Sacituzumab govitecan IgG1 ADC TROP-2 Phase 3 Triple-neg. breast cancer
(epithelial
glyco-
protein-1)
Celldex Therapeutics Glembatumumab vedotin Human IgG2 ADC Glyco-protein Pivotal Phase 2 Triple-neg. breast cancer
NMB
Gilead Sciences Andecaliximab Humanized IgG4 MMP9 Phase 3 Gastric cancer or
gastroesophageal junction
adenocarcinoma
AbbVie Depatuxizumab mafodotin 19G1 ADC EGFR Phase 2/3 Glioblastoma
AstraZeneca/ Medlmmune  Durvalumab Human IgG1 PD-L1 (CD274) Phase 3 Non-small cell lung, head and
LLC neck, bladder, triple-neg.
breast, urothelial cancers
AstraZeneca/ Medlmmune  Tremelimumab Human IgG2 CTLA4 Phase 3 Non-small cell lung, head and
LLC neck, urothelial cancer
Recombio SL Racotumomab Murine 1gG1 GM3 Phase 3 Non-small cell lung cancer
Bayer Anetumab ravtansine Human IgG1 ADC Mesothelin Pivotal Phase 2 Mesothelioma
ImmunoGen Mirvetuximab soravtansine 19G1 ADC Folate receptor Phase 3 Ovarian cancer
1
Philogen SpA L19IL2 + L19TNF scFv conjugates Fibronectin Phase 3 Melanoma
extra-
domain B
Tracon Carotuximab Chimeric IgG1 Endoglin Phase 3 Angiosarcoma

Note: Data updated as of December 1, 2016.

Abbreviations: ADC, antibody-drug conjugate; CD, cluster of differentiation; CTLA, cytotoxic T-lymphocyte-associated protein 4; dsFv, disulfide-stabilized variable frag-
ment; EGFR, epidermal growth factor receptor; EpCAM, epithelial cell adhesion molecule; IL, interleukin; MMP, matrix metallopeptidase; PD, programmed death; PD-L1,

programmed death ligand 1; scFv, single-chain variable fragment.

evaluation in pivotal Phase 2, Phase 2/3 or Phase 3 studies that
have estimated primary completion dates in late 2016 or during
2017. Positive results from these studies may enable submission
of marketing applications in 2017 or 2018, or provide justifica-
tion for additional studies.

Durvalumab (MEDI-4736) is an IgGl mAb engineered to
prevent antibody-dependent  cell-mediated  cytotoxicity
(ADCC).” Tts target, PD-L1, binds PD-1 and CD80 (which
also binds CTLA-4 and CD28), and thereby suppresses the acti-
vation of T cells. By blocking the interaction of PD-L1 with PD-
1 and CD80, durvalumab may help to overcome the immuno-
suppressive effects of PD-L1 signaling in anti-tumor T cells.
Three Phase 3 studies (ARCTIC, MYSTIC, PACIFIC) evaluat-
ing the effects of durvalumab with or without other agents in
patients with non-small cell lung cancer (NSCLC) have esti-
mated primary completion dates in late 2016 or during 2017.

The open label, randomized ARCTIC study (NCT02352948)
will evaluate durvalumab administered as monotherapy or in
combination with anti-CTLA-4 tremelimumab (CP-675,206)
versus standard of care in patients with locally advanced or
metastatic NSCLC (Stage IIIb-IV) who have received at least

two prior systemic treatment regimens, including one plati-
num-based chemotherapy regimen, and do not have known
epidermal growth factor receptor (EGFR)-activating mutations
or anaplastic lymphoma kinase (ALK) rearrangements.”
Patients with PD-L1-positive tumors will receive durvalumab
monotherapy (10 mg/kg IV every 2 weeks for up to 12 months)
and those with PD-L1-negative tumors will receive the combi-
nation of durvalumab plus tremelimumab (durvalumab 20 mg/
kg IV every 4 weeks plus tremelimumab 1 mg/kg IV every
4 weeks for up to 12 weeks then durvalumab alone 10 mg/kg
IV every 2 weeks for 34 weeks) or either agent as monotherapy
(durvalumab monotherapy as above; tremelimumab monother-
apy 10 mg/kg IV every 4 weeks for 24 weeks then every
12 weeks for 24 weeks). The primary outcome measures are
overall survival and progression-free survival. The estimated
enrollment is 730 and the estimated primary completion date is
November 2016.

The Phase 3 MYSTIC study (NCT02453282) is evaluating
the efficacy and safety of durvalumab plus tremelimumab com-
bination therapy and durvalumab monotherapy vs. platinum-
based standard of care chemotherapy in the first-line treatment



174 J. M. REICHERT

of patients with EGFR and ALK wild-type locally advanced or
metastatic NSCLC. The primary outcome measures are overall
survival and progression-free survival. The estimated enroll-
ment is 1092 and the primary completion date is January 2017.
The Phase 3 PACIFIC study (NCT02125461) is evaluating dur-
valumab as sequential therapy in patients with locally
advanced, unresectable NSCLC (Stage III) who have not pro-
gressed following definitive, platinum-based, concurrent che-
moradiation therapy. The primary outcome measures are
overall survival and progression-free survival. The estimated
enrollment is 702 and the estimated primary completion date is
May 2017.

Durvalumab is also being evaluated in Phase 3 studies of
other cancers, including triple-negative breast cancer, HNSCC
and bladder cancer. The mAb received FDA’s Fast Track desig-
nation for the treatment of patients with PD-L1-positive meta-
static HNSCC and Breakthrough Therapy designation for the
treatment of patients with PD-L1-positive inoperable or meta-
static urothelial bladder cancer whose tumor has progressed
during or after one standard platinum-based regimen. In early
November 2016, FDA placed a partial clinical hold on the
enrollment of new patients with HNSCC in clinical trials of
durvalumab as monotherapy and in combination with tremeli-
mumab. This action followed AstraZeneca decision to pause
enrollment while adverse events related to bleeding in the
Phase 3 KESTREL (NCT02551159) and EAGLE
(NCT02369874) studies were investigated. The hold was lifted
in late November 2016, and enrollment in the studies is
expected to proceed.

JNJ-56022473, previously known as CSL362, is an Fc-engi-
neered mAb targeting the IL-3 receptor «-chain (CD123),
which is highly expressed on acute leukemia cells The Fc modi-
fication increases the affinity for FcyRIIla (CD16), thereby
enhancing ADCC.* JNJ-56022473 has been shown to induce
ADCC against CD123+ acute myeloid leukemia (AML) blasts
and leukemic stem cells in vitro and reduce leukemic cell
growth in murine xenograft models of human AML.>® The
mAb’s mechanisms of action’®’ may also be relevant in
systemic lupus erythematosus.”® Engineered with Xencor’s
XmAb® technology, the mAb was licensed to Janssen by CSL
Limited in 2013. Current clinical development is focused on
the evaluation of JNJ-56022473 as an AML treatment.

The safety and efficacy of JNJ-56022473 are being evaluated
in a 2-part Phase 2/3 study (NCT02472145) of decitabine plus
JNJ-56022473 vs. decitabine alone in patients with AML who
are not candidates for intensive chemotherapy. Part A of the
study will assess the safety of INJ-56022473 monotherapy and
PK/pharmacodynamics profile of the mAb, and confirm the
recommended Phase 2 dose (9 mg/kg JNJ-56022473) in partici-
pants for whom experimental therapy is appropriate. The com-
plete response rate and overall survival in participants with
AML who are not eligible for intense induction chemotherapy
and who are randomly assigned to receive decitabine plus
JNJ-56022473 or decitabine alone will be assessed in Part B.
The estimated enrollment for this study is 406 patients, and the
primary completion date is March 2017.

Ublituximab (LFB-R603, TGT-1101) is a chimeric anti-
CD20 IgGl mADb produced in YB2/0 cells. This cell line yields
antibodies with low fucose content, and therefore enhanced

ADCC.*' TG Therapeutics gained worldwide rights to develop
and commercialize ublituximab for all indications, except for
France and Belgium, from LFB Biotechnologies, and TG Thera-
peutics subsequently licensed rights for development in South
Korea and Southeast Asia to Ildong Pharmaceutical Co. Ltd.
Ublituximab is currently being evaluated in two Phase 3 stud-
ies, GENUINE and UNITY-CLL, of patients with chronic lym-
phocytic leukemia (CLL). The Phase 3 GENUINE study
(NCT02301156) is evaluating the addition of ublituximab to
ibrutinib compared with ibrutinib alone in previously treated
CLL patients with high-risk cytogenetic features. Ublituximab
will be administered by IV infusion on Days 1, 8 and 15
followed by maintenance infusions. The primary outcome
measures for the study are the overall response rate and
progression-free survival. Estimated enrollment is 330 and the
estimated primary completion date is October 2017. If the data
are positive, TG Therapeutics plans to use the overall response
rate data from the trial as the basis for submission of a BLA for
accelerated approval for ublituximab, with the progression-free
survival assessment intended to support a filing for full
approval.

The UNITY-CLL study (NCT02612311) is a randomized
Phase 3 study evaluating ublituximab in combination with
TGR-1202, an investigational PI3K$ inhibitor, for patients with
front line and previously treated CLL. Patients will be random-
ized into four treatment arms: 1) ublituximab + TGR-1202; 2)
ublituximab alone; 3) TGR-1202 alone, and 4) an active control
arm of obinutuzumab + chlorambucil. The primary outcome
measure is progression free survival. An early interim analysis
will assess contribution of each single agent in the ublituximab
+ TGR-1202 combination regimen, which, if successful, will
allow early termination of both single agent arms. A second
interim analysis will be conducted following full enrollment
into the study. If positive, TG Therapeutics plans to use the
data in a submission for accelerated approval. Assuming early
termination of the ublituximab and TGR-1202 single agent
arms, the study will enroll ~450 patients. The estimated pri-
mary completion date of the UNITY-CLL study is September
2018.

Anetumab ravtansine (BAY 94-9343) is a human anti-mes-
othelin IgGl mAb conjugated to the maytansinoid tubulin
inhibitor DM4 via a cleavable N-succinimidyl 3-(2-pyridyldi-
thio)butyrate (SPDB) linker. The safety and efficacy of anetu-
mab ravtansine is being evaluated in a pivotal Phase 2 study
(NCT02610140) in patients with advanced or metastatic pleural
mesothelioma overexpressing mesothelin after progression on
platinum/pemetrexed-based chemotherapy. This study is
designed to support registration of the ADC. Patients will
receive anetumab ravtansine 6.5 mg/kg administered as IV
infusion over 1 h every 3 weeks until disease progression or
treatment withdrawal for any reason or vinorelbine 30 mg/m®
administered as an IV infusion over 6 to 10 min every week
until disease progression or treatment withdrawal for any rea-
son. The primary outcome measures is progression free survival
in a time frame of ~22 months. The estimated enrollment is
210 patients, and the estimated primary completion date is
November 2017. Anetumab ravtansine was granted orphan
drug designation for malignant pleural mesothelioma in the
EU and US.



Glembatumumab vedotin (CDX-011, CR011-vcMMAE) is
an anti-glycoprotein NMB (gpNMB) human IgG2 conjugated
to monomethyl auristatin E (MMAE) via an enzyme-cleavable
linker. gpNMB is overexpressed by multiple tumor types, and
this overexpression is associated with shorter metastasis-free
survival and reduced overall survival. The ADC is being evalu-
ated in the pivotal Phase 2 METRIC study (NCT01997333) of
patients with gpNMB over-expressing triple negative breast
cancer. The METRIC study is designed to enable Celldex to
apply for registration with positive results for objective
response rate or duration of progression-free survival. The
study’s primary outcome measure is progression-free survival,
which is evaluated every 6 — 9 weeks following treatment initia-
tion. The estimated enrollment is 300 patients, and the esti-
mated primary completion date is December 2016.
Glembatumumab vedotin was granted Fast Track designation
for metastatic breast cancer by FDA.

Antibodies in Phase 3 studies with completion dates
in 2017: Non-cancer indications

A total of 32 investigational mAbs for non-cancer indications
are currently in late-stage studies (Table 4). Of these, 15 mAbs
(caplacizumab, lanadelumab, roledumab, tralokinumab, risan-
kizumab, SA237, emapalumab, suptavumab, erenumab, eptine-
zumab, fremanezumab, fasinumab, tanezumab, lampalizumab,
brolucizumab) are undergoing evaluation in Phase 2/3 or Phase
3 studies that have estimated primary completion dates in late
2016 or during 2017. Positive results from these studies may
enable submission of marketing applications in 2017 or 2018,
or provide justification for additional studies.

Caplacizumab (ALX-0081) is a humanized single-variable-
domain immunoglobulin (Nanobody) that targets von Wille-
brand factor, and thereby inhibits the interaction between von
Willebrand factor multimers and platelets. In a Phase 2 study
(NCTO01151423) of 75 patients with acquired thrombotic
thrombocytopenic purpura who received SC caplacizumab
(10 mg daily) or placebo during plasma exchange and for 30 d
afterward, the time to a response was significantly reduced with
caplacizumab compared with placebo (39% reduction in
median time, P = 0.005).” The double-blind, placebo-con-
trolled, randomized Phase 3  HERCULES study
(NCT02553317) study will evaluate the efficacy and safety of
caplacizumab treatment in more rapidly curtailing ongoing
microvascular thrombosis when administered in addition to
standard of care treatment in subjects with an acute episode of
acquired thrombotic thrombocytopenic purpura. Patients will
receive an initial IV dose of either caplacizumab or placebo fol-
lowed by daily SC injections for a maximum period of
6 months. The primary outcome measure is the time to platelet
count response. The estimated enrollment is 92 patients, and
the estimated primary completion date of the study is October
2017. A Phase 3 follow-up study (NCT02878603) for patients
who completed the HERCULES study is planned.

Lanadelumab (DX-2930) is a human IgG1 mAb that targets
plasma kallikrein, an enzyme that cleaves high molecular
weight kininogen to generate the pro-inflammatory peptide
bradykinin, which is a potent vasodilator. The serpin C1-inhib-
itor regulates plasma kallikrein activity, but individuals
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deficient in Cl-inhibitor exhibit excessive bradykinin genera-
tion that can lead to potentially fatal angioedema. In a Phase 1
study (NCT01923207), a single administration of up to 3.0 mg/
kg lanadelumab in healthy volunteers was well tolerated and
without dose-limiting toxicity.** The safety and efficacy of lana-
delumab in preventing acute angioedema attacks in patients
with Type I and Type II hereditary angioedema is being evalu-
ated in a Phase 3 randomized, double-blind, placebo-controlled
study (NCT02586805). The study has 4 arms in which patients
will be SC administered 300 mg lanadelumab every 2 weeks or
every 4 weeks, or 150 mg lanadelumab every 4 weeks, or pla-
cebo. The primary outcome measure is the number of angioe-
dema attacks per week observed in each lanadelumab
treatment arm vs. placebo arm. Estimated enrollment is 108
patients, and the estimated primary completion date is Decem-
ber 2016. The Phase 3 HELP study extension (NCT02741596),
an open-label study to evaluate the long-term safety and effi-
cacy of lanadelumab for prevention against acute attacks of
hereditary angioedema, is enrolling patients by invitation. The
HELP study has an estimated enrollment of 150 and an esti-
mated primary completion date of December 2017. Lanadelu-
mab has EU and US orphan drug designations, as well as
Breakthrough therapy and Fast Track designations for heredi-
tary angioedema.

Roledumab (LFB-R593) is a human IgG1 anti-rhesus (Rh)D
mAb derived from YB2/0 cells, which yields antibodies with
low fucose content, and therefore enhanced ADCC.*' The abil-
ity of the mAb to eliminate RhD-positive red blood cells
(RBC:s) is being evaluated in clinical studies. During pregnancy,
the difference in RhD status between an RhD-negative mother
and an RhD-positive fetus can lead to proliferation of RhD-
reactive B cells in the mother. In a subsequent pregnancy with
an RhD-positive fetus, these B cells may then produce anti-
RhD antibodies that cross the placenta and cause hemolytic dis-
ease of the fetus or newborn, which is potentially fatal. Roledu-
mab thus is designed to bind any RhD-positive RBCs entering
the maternal circulation and eliminate them before they can
stimulate proliferation of RhD-reactive B cells. In a Phase 1
study, roledumab was safe and well tolerated in doses up to
3000 pg administered IV and at 300 g administered intra-
muscularly (IM) to healthy RhD-negative volunteers and the
terminal elimination half-life was 18-22 d.*' Roledumab was
evaluated in a Phase 2 study (NCT00952575) that compared
the efficacy (in terms of clearance of RhD-positive RBCs) and
safety of the mAb vs a polyclonal anti-RhD immunoglobulin in
78 healthy RhD-negative volunteers. In this study, the RhD-
positive RBCs were exogenously-administered to the volun-
teers. The aim of the on-going open label Phase 2/3 study
(NCT02287896) is to assess the PK profile, safety and the effi-
cacy to prevent RhD alloimmunization of 300 pg roledumab
administered IM / IV in RhD-negative pregnant women carry-
ing an RhD-positive fetus. Immunogenicity will also be
assessed. The estimated enrollment is 60 women, and the esti-
mated primary completion date is October 2017.

Tralokinumab is an anti-IL-13 IgG4 mAb in development for
immune-mediated disorders, including asthma. In the lung, IL13
regulates eosinophilic inflammation, mucus secretion, and airway
hyperresponsiveness. In a Phase 2b study (NCT01402986),
patients with severe uncontrolled asthma were assigned to one of
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Table 4. Monoclonal antibodies in late-stage clinical studies for non-cancer indications.

INN or

Primary sponsoring company code name

Molecular format

Ablynx Caplacizumab
Chugai/ Roche Emicizumab
LFB Group Roledumab
Shire Lanadelumab
Prothena Therapeutics Ltd. NEODOO01
Omeros Corporation OoMS721
Alexion Pharmaceuticals Inc. ~ ALXN1210

AstraZeneca/ Medimmune LLC Tralokinumab
AstraZeneca/ Medimmune LLC Benralizumab
Adienne Pharma & Biotech Begelomab
Boehringer Ingelheim Risankizumab
Pharmaceuticals, AbbVie

Merck Sharp & Dohme Corp  Tildrakizumab
AstraZeneca/ Medimmune LLC Anifrolumab
Genentech Etrolizumab
AstraZeneca/Medimmune LLC Inebilizumab
Chugai Pharmaceuticals/ SA237

Roche
Novimmune SA Emapalumab
Kyowa Hakko Kirin Burosumab
TaiMed Biologics Inc. Ibalizumab
CytoDyn PRO-140, PA14
Regeneron Suptavumab
Biogen Aducanumab
Genentech Crenezumab
Hoffmann-La Roche Gantenerumab

Eli Lilly & Company Galcanezumab

Alder Biopharmaceuticals Eptinezumab

Teva Fremanezumab
Amgen Erenumab
Regeneron Pharmaceuticals ~ Fasinumab
Pfizer; Eli Lilly & Company Tanezumab

Genentech Lampalizumab

Novartis Pharmaceuticals Corp. Brolucizumab

Humanized nanobody von Willebrand factor

Humanized IgG4,
bispecific
Human IgG1
Human IgG1
Humanized IgG1
Human mAb
Humanized mAb
Human lgG4
Humanized IgG1
Murine 1gG2b

Humanized IgG1

Humanized IgG1
Human IgG1
Humanized IgG1

Humanized IgG1
Humanized IgG2

Human IgG1
Human IgG1
Humanized IgG4
Humanized lgG4
Human IgG1
Human IgG1
Humanized IgG4
Human IgG1
Humanized IgG4

Humanized IgG1
Humanized IgG2

Human lgG2
Human IgG4

Humanized IgG2

Humanized IgG1 Fab  Factor D

Humanized scFv

Most
Target(s) advanced phase Phase 2/3 or 3 indications
Phase 3 Acquired thrombotic thrombocytopenic purpura

Factor IXa, Factor X Phase 3 Hemophilia A

Rhesus D Phase 2/3  Rh disease

Plasma kallikrein Phase 3 Hereditary angioedema attacks

Amyloid Phase 3 Primary systemic Amyloidosis

MASP-2 Phase 3 Atypical hemolytic uremic syndrome

(&) Phase 3 Paroxysmal nocturnal hemoglobinuria

IL-13 Phase 3 Asthma

IL-5 receptor Phase 3 Asthma; chronic obstructive pulmonary disease

Dipeptidyl-peptidase 4 Phase 3 Graft-vs-host disease

(CD26)

IL-23 p19 Phase 3 Psoriasis

IL-23 p19 subunit Phase 3 Psoriasis

IFN «, B, w receptor 1 Phase 3 Systemic lupus erythematosus

a4-B7/ aE-B7 integrin Phase 3 UG; Crohn’s disease

receptor

D19 Phase 2/3  Neuromyelitis optica and neuromyelitis optica
spectrum disorders

IL-6R Phase 3 Neuromyelitis optica and neuromyelitis optica
spectrum disorders

IFN y Phase 2/3  Primary Hemophagocytic Lymphohistiocytosis

FGF23 Phase 3 X-linked Hypophosphatemia

CD4 Phase 3 HIV infection

CCR5 Phase 2/3  HIV infection

RSV F protein Phase 3 RSV infection prevention

Amyloid g8 Phase 3 Alzheimer disease

Amyloid Phase 3 Alzheimer disease

Amyloid g8 Phase 3 Alzheimer disease

CGRP Phase 3 Chronic or episodic cluster headache, prevention of
chronic or episodic migraine

CGRP Phase 3 Episodic migraines

CGRP Phase 3 Preventive treatment of migraine (episodic or
chronic)

CGRP receptor Phase 3 Migraine

Nerve growth factor Phase 3 Pain due to osteoarthritis of knee or hip, low back
pain

Nerve growth factor Phase 3 Pain due to osteoarthritis of knee or hip, low back
pain, cancer pain due to bone metastasis

Phase 3 Geographic atrophy associated with dry age-related

macular degeneration

VEGF-A Phase 3 Neovascular age-related macular degeneration

Note: Data updated as of December 1, 2016.

Abbreviations: CCR, chemokine receptor; CD, cluster of differentiation; CGRP, calcitonin gene-related peptide; Fab, antigen-binding fragment; FGF, fibroblast growth
factor; HIV, human immunodeficiency virus; IFN, interferon; IL, interleukin; MASP, mannose-binding protein-associated serine protease; RSV, respiratory syncytial virus;
scFv, single-chain variable fragment; VEGF, vascular endothelial growth factor.

two dosing regimen groups (every 2 weeks, or every 2 weeks for
12 weeks then every 4 weeks), then were randomized to receive
tralokinumab 300 mg or placebo for 1 y. Asthma exacerbation
rates were not significantly reduced in either group, but forced
expiratory volume in 1 s showed improvement with tralokinumab
given every 2 weeks, and post-hoc subgroup analyses suggested a
possible treatment effect. Periostin and DPP-4 were identified as
predictors of an enhanced response to tralokinumab.*
Tralokinumab is currently being evaluated in four Phase 3
studies of adults and adolescents (12 to 75 years) with asthma,
STRATOS 1 and 2 (NCT02161757 and NCT02194699), TRO-
POS (NCT02281357), and the Phase 3 NCT02902809 study.
All four studies have primary completion dates in 2017. STRA-
TOS 1 and 2 are designed to provide confirmatory evidence of
the efficacy and safety of tralokinumab in patients with uncon-
trolled asthma, and to confirm that periostin and DPP-4 are
predictors of an enhanced response to tralokinumab.*’

STRATOSI is a 52-week, randomized, double-blind, parallel
group, placebo-controlled, Phase 3 study to evaluate the effi-
cacy and safety of tralokinumab in adults and adolescents with
asthma inadequately controlled on inhaled corticosteroid plus
long-acting B2-agonist. Patients will receive 300 mg tralokinu-
mab administered SC every 2 weeks or placebo. The primary
outcome measure of the study is asthma exacerbation rate
reduction. The estimated enrollment is 1140, and the estimated
primary completion date is February 2017. STRATOS2 has a
similar design. It is a randomized, double-blind, parallel group,
placebo-controlled study designed to evaluate efficacy and
safety of tralokinumab patients with uncontrolled asthma on
inhaled corticosteroid plus long-acting $2-agonist and having a
history of asthma exacerbations. Approximately 770 patients
will receive 300 mg tralokinumab or placebo, administered via
SC injection over a 52-week treatment period. The estimated
primary completion date of the study is May 2017.



The placebo-controlled Phase 3 TROPOS study will evaluate
the efficacy and safety of a fixed 300 mg dose of tralokinumab
administered SC every 2 weeks in reducing oral corticosteroid
use in adults and adolescents with oral corticosteroid-depen-
dent asthma. The treatment period is 40 weeks. The primary
outcome measure is percent change from baseline in the daily,
average, oral corticosteroid dose at week 40 post randomization
while not losing asthma control. The estimated enrollment is
120, and the estimated primary completion date is July 2017.
The 52-week open label Phase 3 NCT02902809 study will eval-
uate the safety of tralokinumab in Japanese adults and adoles-
cents with asthma inadequately controlled on inhaled
corticosteroid plus long-acting S2-agonist. Approximately 26
Japanese subjects will be recruited to receive fixed 300 mg SC
doses of tralokinumab every 2 weeks during the treatment
period. The estimated primary completion date of this study is
December 2017.

Risankizumab (ABBV066, BI 655066) is an IgGl mAb that
targets the IL-23 p19 subunit. The mADb is being developed by
Boehringer Ingelheim and AbbVie as a potential treatment for
immunological disorders, including Crohn’s disease, psoriasis
and psoriatic arthritis, with AbbVie leading future development
and commercialization. Risankizumab is undergoing evaluation
as a treatment for psoriasis in four Phase 3 studies with
primary completion dates in late 2016 or during 2017. Two of
these studies, UltIMMa-1 and —2 (NCT02684370 and
NCT02684357, respectively) are evaluating risankizumab vs.
ustekinumab and placebo comparators in patients with moder-
ate to severe plaque type psoriasis. The primary outcome
measures are achievement of > = 90% reduction from baseline
score (PASI 90) at week 16 and achievement of a static
Physician Global Assessment (sPGA) score of clear or almost
clear at week 16. Estimated enrollment for each study is 500
patients, and the estimated primary completion dates are
December 2017 for UltIMMa-1 and November 2017 for
UltIMMa-2. FDA has granted an orphan drug designation to
risankizumab for the investigational treatment of Crohn’s
disease in pediatric patients.

SA237 is a humanized IgG2 mAb that targets the anti-IL-6
receptor, thereby blocking it from binding the pro-inflamma-
tory cytokine IL-6. Derived from Chugai’s proprietary anti-
body-recycling technology,”®** the mAb is designed to have
pH-dependent binding to IL-6R, allowing it to release bound
IL-6R in cells and then recycle via the FcRn-mediated antibody
recycling pathway. SA237 is undergoing evaluation in two
Phase 3 studies of neuromyelitis optica (NMO) and NMO spec-
trum disorder. SA237 was granted an orphan designation in the
EU for the treatment of NMO spectrum disorders, and it
received orphan drug designation in the US for treatment of
NMO and NMO spectrum disorder.

The randomized, double-blind, placebo-controlled Phase 3
study NCT02028884 will evaluate the efficacy and safety of
SA237 added to baseline treatment in patients with NMO and
NMO spectrum disorder. The primary outcome measure is the
time to first relapse up to ~30 months from the entry of the
first patient into the study. The estimated enrollment is 70 and
the estimated primary completion date is August 2016. The
randomized, double-blind, placebo-controlled Phase 3 study
NCT02073279 will evaluate the efficacy and safety of SA237 as
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monotherapy in patients with NMO and NMO spectrum disor-
der. The primary outcome measure is the time to first relapse
up to ~27 months from the entry of the first patient into the
study. The estimated enrollment is 90 and the estimated pri-
mary completion date is October 2017.

Emapalumab (NI-0501), which targets interferon gamma, is
being developed as a potential treatment for primary hemopha-
gocytic lymphohistiocytosis (PHL). This life-threatening condi-
tion is characterized by the overwhelming activation of normal
T lymphocytes and macrophages. Emapalumab was granted a
PRIority MEdicines (PRIME) designation by EMA. The
PRIME scheme focuses on medicines that may offer a major
therapeutic advantage over existing treatments, or benefit
patients without treatment options. In this voluntary scheme,
EMA offers early, proactive and enhanced support to develop-
ers to optimize the generation of robust data on a medicine’s
benefits and risks, and enable accelerated assessment of medi-
cine applications. Early clinical data that shows a medicine has
the potential to benefit patients with unmet medical needs
must be provided for it to be accepted for PRIME access. Ema-
palumab also has FDA’s Breakthrough Therapy Designation, as
well as orphan drug designations in the EU and US.

An open-label, single arm Phase 2/3 study (NCT01818492)
to explore the safety, tolerability, PK and efficacy of multiple IV
administrations of emapalumab in children (up to 18 y old)
with PHL is currently recruiting patients. The starting dose was
1 mg/kg, and the initial interval between doses was 3 d. Subse-
quent dose/ interval adjustments were made based on real-time
PK monitoring and clinical assessments. Preliminary results
have shown emapalumab is well tolerated and has the potential
to improve or resolve relevant clinical and laboratory abnor-
malities of the disease.* The primary outcome measure is the
overall response rate. The study has an estimated enrollment of
32 patients, and the estimated primary completion date is
December 2016. The long-term safety profile of patients who
previously received at least one dose of emapalumab is being
assessed in study NCT02069899, which has an estimated pri-
mary completion date of December 2017.

Suptavumab (REGN2222) targets the F protein of respira-
tory syncytial virus (RSV). In a Phase 1 study, suptavumab was
generally well tolerated in healthy adults, and the meaN-termi-
nal half-life was 32.04-8.79 and 34.4411.9 d following IM
administration of 3 and 10 mg/kg, respectively.*® The random-
ized, double-blind, placebo-controlled Phase 3 NCT02325791
study will evaluate the efficacy, safety, PK, and immunogenicity
of REGN2222 in infants born no more than 35 weeks gesta-
tional age, who are no more than 6 months of age at the time of
enrollment in their respective geographic location. Part A of
the study is an open-label, evaluation of the PK of IM adminis-
tered suptavumab in preterm infants for whom palivizumab is
not recommended to enable the selection of dosing regimens
for Part B. Part B of the study is randomized, double-blind, and
placebo-controlled, designed to evaluate efficacy, safety, serum
concentration and immunogenicity of IM administration of
suptavumab in preterm infants for whom palivizumab is not
recommended. The total duration of Part B will be up to 265 d
(includes a 28-day screening period, 57-day treatment period
and 180-day follow-up period). For Part A, the primary out-
come measure is the serum concentration of REGN2222 from
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day 1 through day 150, and for Part B the primary outcome
measure is the proportion of participants with a medically
attended RSV infection (hospitalization or outpatient lower
respiratory tract infection). The estimated enrollment is 1538,
and the estimated primary completion date is September 2017.

Erenumab (AMG 334) is an IgG2 mAbD that targets the
receptor for calcitonin gene-related peptide, a 37-amino acid
peptide involved in the development of sensitized primary and
secondary nociceptive neurons. The mAb is being co-developed
by Amgen and Novartis. Top-line results of the Phase 3 ARISE
study (NCT02483585) were announced in September 2016.%
In the ARISE study, 577 patients who experienced between 4-
14 migraine days each month, with mean of eight migraine
days per month at baseline, received either placebo or 70 mg
AMG 334 SC once monthly. Patients who received erenumab
experienced a statistically significant 2.9-day reduction from
baseline in monthly migraine days, as compared with a 1.8-day
reduction for those who received the placebo. Top-line results
for the Phase 3 STRIVE study (NCT02456740) of erenumab
administration to patients with episodic migraine were
reported in November 2016.** In this study, 955 patients
received once-monthly SC placebo or erenumab (70 mg or
140 mg) for 6 months. The primary endpoint of the study, sta-
tistically significant reductions from baseline in monthly
migraine days in patients with episodic migraine, was met. At
baseline, patients experienced an average of 8.3 migraine days
per month. Patients in the erenumab 70 mg and 140 mg treat-
ment arms experienced reductions of 3.2 and 3.7 d from base-
line in monthly migraine days, respectively, compared with a
1.8-day reduction in the placebo arm. Amgen has indicated
that an application submission is anticipated in 2017.

Eptinezumab (ALD403), an IgG1 mAb that targets the calci-
tonin gene-related peptide, is in development for migraine.
Results of the Phase 2 study NCT02275117 were presented at
the 5th European Headache and Migraine Trust International
Congress in September 2016.* A total of 616 adult (18-55 y
old) patients with a diagnosis of migraine, and > 15 headache
days per month of which > 8 d were assessed as migraine days
with at least 5 migraine attacks, were randomized and received
either a single infusion of eptinezumab 300 mg, 100 mg, 30 mg,
10 mg or placebo by a one hour IV infusion. The drug was well
tolerated. For the 300 mg and 100 mg doses, the primary end-
point was met, with a significant number of patients achieving
a > 75% reduction in their migraine days (weeks 1-12) vs. pla-
cebo. The 300 mg, 100 mg, and 30 mg eptinezumab doses dem-
onstrated a significant difference from placebo for mean
change from baseline in migraine days per month (weeks 1-
12), and the 300 mg, 100 mg, 30 mg, and 10 mg eptinezumab
doses significantly reduced the number of severe migraines
reported by patients relative to placebo (weeks 1-12).*

The ongoing double-blind, randomized, placebo-controlled,
Phase 3 PROMISE 1 study (NCT02559895) is evaluating the
efficacy and safety of eptinezumab IV administered once every
12 weeks in ~800 patients with frequent episodic migraines.
The primary outcome measure is the responder rate at
12 weeks. Alder BioPharmaceuticals, Inc. expects top-line
PROMISE 1 data readout in the first half of 2017. A second piv-
otal study to evaluate the safety and efficacy of eptinezumab in
patients with chronic migraine, PROMISE 2, began in

November 2016. The study will enroll ~1,050 patients random-
ized to either one of two dose levels of eptinezumab or placebo
administered IV once every 12 weeks. The PROMISE 2 study
primary endpoint will be the mean reduction in migraine days
from baseline over weeks 1 to 12. The company’s planned tim-
ing for the submission of BLA to the FDA is the second half of
2018.

Fremanezumab (TEV-48125), an IgG2 mADb that targets cal-
citonin gene-related peptide, is in development for chronic
migraine or episodic migraine. In a placebo-controlled Phase
2b study (NCT02021773) of two dose levels of fremanezumab,
patients with chronic migraine demonstrated a significant
improvement within 1 week of therapy initiation.”® Patients
administered fremanezumab received either 900 mg as 4 active
injections of 225 mg/1.5 mL once monthly, or an initial loading
dose of 675 mg (3 active injections of 225 mg and one placebo
injection), followed by maintenance doses of 225 mg (one
active and 3 placebo injections) for the second and third
monthly treatments. Patients receiving placebo received 4 pla-
cebo injections monthly. For headache hours, the 675/225-mg
dose separated from placebo on day 7 and the 900-mg dose
separated from placebo after 3 d of therapy (p = 0.048 and p =
0.033, respectively).”

Fremanezumab is being evaluated in two Phase 3 studies
with estimated primary completion dates in 2017.
NCT02621931 is a randomized, double-blind, placebo-con-
trolled, parallel-group study comparing the efficacy and safety
of 2 dose regimens of SC administration of fremanezumab vs.
placebo for the preventive treatment of chronic migraine.
Primary outcome measures are the mean change from base-
line in the monthly average number of headache days and the
percentage of participants with adverse events in a time frame
of 12 weeks. The estimated enrollment is 1020 patients, and
the estimated primary completion date is September 2017.
The similarly designed Phase 3 NCT02629861 study is evalu-
ating the effects of fremanezumab vs. placebo for the preven-
tive treatment episodic migraine. The estimated enrollment is
786 patients, and the estimated primary completion date is
September 2017. The long-term safety, tolerability, and effi-
cacy of SC administration of fremanezumab in adult patients
with chronic migraine or episodic migraine is being evaluated
in a Phase 3 study (NCT02638103) with an estimated primary
completion date of September 2018. A Phase 3 study
(NCT02945046) of fremanezumab for the prevention of
episodic cluster headache is not yet recruiting patients as of
early November 2016.

Fasinumab (REGN475), an IgG4 mAb targeting nerve
growth factor, is being evaluated in Phase 3 studies as a treat-
ment for moderate-to-severe osteoarthritis pain of the hip or
knee, and chronic low back pain. Regeneron Pharmaceuticals,
Inc. and Teva Pharmaceutical Industries Ltd. have a global
agreement to develop and commercialize fasinumab. The pri-
mary endpoint, statistically significant improvement in pain
relief, was met in a placebo-controlled Phase 2/3 study
(NCT02447276) evaluating fasinumab in patients with moder-
ate-to-severe osteoarthritis pain of the hip or knee who have a
history of inadequate pain relief or intolerance to current anal-
gesic therapies.”’ A total of 421 patients were randomized to
one of five treatment groups who received fasinumab 1 mg,



3 mg, 6 mg, 9 mg, or placebo, all delivered SC every 4 weeks
through week 12, with the primary efficacy measured at week
16. All four treatment groups showed a statistically significant
improvement in pain relief. The long-term safety and the effi-
cacy of fasinumab in ~10,000 patients with pain due to osteo-
arthritis of the knee or hip will be evaluated in the Phase 3
NCT02683239 study, which has an estimated primary comple-
tion date of February 2018. Fasinumab is also being evaluated
for the treatment of adults with chronic low back pain in the
Phase 3 NCT02620020 study, which has an estimated primary
completion date of February 2017.

Tanezumab (PF-04383119), an IgG2 mAbD targeting nerve
growth factor, is being evaluated in Phase 3 studies as a treat-
ment for chronic low back pain, moderate-to-severe osteoar-
thritis pain of the hip or knee, and pain due to cancer
metastasis. As of early November 2016, patients were being
recruited for a total of seven Phase 3 studies, including three
with estimated primary endpoints in 2017. The placebo-con-
trolled Phase 3 NCT02528253 study will investigate the efficacy
and safety of 5 mg and 10 mg doses of tanezumab administered
by SC injection seven times at 8 week intervals (total of
56 weeks) for the treatment of chronic low back pain. The pri-
mary outcome measure is the change from baseline to week 16
in the daily average low back pain intensity score as measured
by an 11 point numeric rating scale for tanezumab vs placebo.
The estimated enrollment is 1800, and the estimated primary
completion date of the study is May 2017.

The Phase 3 NCT02697773 study will evaluate the efficacy
of SC administration of tanezumab in patients with osteoarthri-
tis of the hip or knee. In this study, treatment started at a lower
dose (2.5 mg) and increased to a higher dose (5 mg) at Week 8
is compared with giving 2 doses of tanezumab 2.5 mg or 2 doses
of placebo. The estimated enrollment is 690, and the estimated
primary completion date of the study is July 2017. The Phase 3
NCT02709486 study will evaluate the efficacy of 5 mg and
2.5 mg doses of tanezumab administered SC every 8 weeks vs.
placebo at Week 24 in subjects with osteoarthritis of the knee
or hip. The primary outcome measures are the Western
Ontario and McMaster Universities Arthritis Index (WOMAC)
pain subscale, the WOMAC Physical Function subscale, and
the Patient’s Global Assessment of Osteoarthritis at Week 24.
The estimated enrollment is 810, and the estimated primary
completion date of the study is November 2017.

Lampalizumab is an antibody antigen-binding fragment
(Fab) that targets Factor D, a member of the trypsin family of
peptidases and a component of the alternative complement
pathway. The Fab is designed to inhibit complement activation
and chronic inflammation in tissues. The primary efficacy end-
point of slowing the progression of geographic atrophy lesions
in patients with advanced dry age-related macular degeneration
was met in the Phase 2 MAHALO study. Lampalizumab
showed a 20.4 percent reduction rate in the area of geographic
atrophy at 18 months in patients with this type of macular
degeneration in this study.”” The sham injection-controlled
Phase 3 NCT02247531 study will evaluate the efficacy and
safety of lampalizumab administered by intravitreal (IVT)
injections in patients 50 Years and older with geographic atro-
phy secondary to age-related macular degeneration. Patients
will receive 10-mg dose of lampalizumab administered IVT
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every 4 or 6 weeks, or a sham injection. The primary outcome
measure is the change in geographic atrophy area, as assessed
by retinal imaging, from baseline to Week 48. The estimated
enrollment is 936 patients, and the estimated primary comple-
tion date of the study is November 2017.

Brolucizumab (RTH258), an antibody single-chain vari-
able fragment that targets vascular endothelial growth factor
(VEGF)-A, is being developed as a treatment for neovascular
age-related macular degeneration. Two Phase 3 studies of
patients with this disorder are active, but not recruiting
patients, and both studies have estimated primary completion
dates in 2017. The 2-year, 3-arm Phase 3 NCT02307682
study is comparing brolucizumab ophthalmic solution for
IVT injection at two dosage levels to aflibercept solution for
IVT injection (2 mg/50 uL) in patients with untreated active
choroidal neovascularization secondary to age-related macu-
lar degeneration in the study eye. The primary outcome mea-
sure is the change in best corrected visual acuity from
baseline at Week 48. The estimated enrollment is 1600
patients, and the estimated primary completion date of the
study is May 2017. The 2-year, 2-arm Phase 3 NCT02434328
study is comparing the efficacy and safety of brolucizumab
solution for IVT injection administered as a 6 mg/50 uL
dose vs. aflibercept administered as a 2 mg/50 ul dose in
patients with neovascular age-related macular degeneration.
The primary outcome measure is the change in best cor-
rected visual acuity from baseline at Week 48.The estimated
enrollment is 1200 patients, and the estimated primary com-
pletion date of the study is June 2017.

Future outlook

The ‘Antibodies to watch’ article series' has documented the
recent 100% increase (from 26 mAbs in early 2010 to 52 mAbs
in early 2017) in the number of mAbs in Phase 3 clinical stud-
ies. With over 230 mAbs currently in Phase 2 clinical studies,
the commercial mAb therapeutics pipeline should continue to
support a steady flow of mAbs from Phase 2 into Phase 3, as
those in Phase 3 advance to regulatory review and to the mar-
ket. Bispecific mAbs are a promising format to watch in the
future. While there is only 1 bispecific mAb currently in Phase
3 studies, 12 are undergoing evaluation in Phase 2 studies and
an additional 3 are in Phase 1/2 studies.”

It must be noted, however, that drug development entails
risk, and late-stage clinical studies can be terminated due to
issues associated with safety, efficacy or quality, or for busi-
ness reasons such as portfolio management or market
changes. For example, in November 2016, Eli Lilly and
Company announced that solanezumab did not meet the
primary endpoint in the EXPEDITION3 clinical trial of
patients with mild dementia due to Alzheimer disease, and
regulatory submissions for solanezumab for this indication
would not be pursued.”* Also in November 2016, Pfizer Inc.
announced discontinuation of the global clinical develop-
ment program for bococizumab, which was in Phase 3 stud-
ies of patients with high cholesterol, as a consequence of the
evolving treatment and market landscape for lipid-lowering
agents.”” Despite the challenges, numerous mAbs will
undoubtedly enter first pivotal studies or transition from
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late-stage development into regulatory review and then on
to the market in 2017, and these events will be documented
in the next installment of the ‘Antibodies to watch’ article
series.

Note added in proof

On December 9, 2016, AstraZeneca and MedImmune announced that the
FDA had accepted a BLA for durvalumab for the treatment of patients
with locally advanced or metastatic urothelial carcinoma whose disease
has progressed during or after one standard platinum-based regimen. The
BLA was granted priority review status and has an action date during the
second quarter of 2017. With the addition of durvalumab, Table 2 should
thus include a total of 11 mAbs in review in the EU or US as of the end of
2016.
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