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he development of biologic therapies has

led to some of the most significant advances

in the treatment of cancer, but these drugs
are also very expensive. As patents for the biolog-
ics begin to expire, the development of biosimilars
has the potential to dramatically cut therapy costs
thereby making the therapies more readily accessible
to patients. Here, we discuss biosimilar development
and the challenges that need to be overcome to cre-
ate a robust market.

Biosimilar, not generic

Biologic therapies are derived from living organ-
isms and include the targeted monoclonal antibod-
ies (mAbs) and cell-based therapies that have revo-
lutionized the treatment of certain cancer types. Yet,
their greater complexity makes them more difficult
to manufacture, store, and administer, making them
a costly therapeutic option that ultimately drives up
health care costs. According to a 2011 drug expendi-
ture analysis, biologic therapies accounted for more
than half of the total expenditure on anticancer
drugs in the US health care system."?

Generally, when drug patents expire, other com-
panies can develop their own identical generic ver-
sions to increase competition in the marketplace and
drive down costs. However, the paradigm for generic
development cannot be applied to biologic therapies
because the way in which they are manufactured
makes it impossible to generate an identical copy.

Instead, the Biologics Price Competition and
Innovation Act, a provision of the Patient Protection
and Affordable Care Act, has allowed for submis-
sion of an application for “licensure of a biologic
product based on its similarity to a licensed biologic
product”.?

These “biosimilars” have been positioned as
game-changers in oncology, with the potential to
reduce costs and improve access to biologic ther-
apies. With the patents on several blockbuster
cancer biologics already expired or due to expire
by 2020, an increasing number of biosimilars are
being developed.*

Totality of evidence

Biosimilars require more rigorous testing than gener-
ics, but they don’t require the same type of scientific
data that the original biologic products, termed “ret-
erence products,” did. Therefore, they are governed
by legislation unique to them and approved by dif-
ferent regulatory pathways. The US Food and Drug
Administration (FDA) has established a unique
shortened regulatory pathway for their approval,
known as the 351(k) pathway. So whereas the path-
way for reference products is geared toward dem-
onstrating patient benefit, biosimilars are required
instead to show equivalence to the reference product.’®

Biosimilars are produced through reverse engineer-
ing the reference product. Then, through a stepwise
process, to generate what the FDA calls a “totality
of evidence,” biosimilar manufacturers must demon-
strate structural and functional similarities (through
comparative quality studies) and comparable phar-
macokinetics and pharmacodynamics (through com-
parative nonclinical and clinical studies) to the refer-
ence product. Final approval is based on 1 or more
comparative clinical studies performed in the most
sensitive patient population(s) (Figure 1).°

The primary endpoint of biosimilar clinical trials
is chosen to detect clinically relevant differences and
may not be the same as that used in pivotal trials of
the reference product. Endpoints such as progres-
sion-free survival (PFS) and overall survival (OS)
may not be feasible or sensitive enough to demon-
strate biosimilarity.

Clinical trials of biosimilars should also be car-
ried out in the most sensitive patient population, so
that any potential differences can be attributed to
the drug and not the patient population itself. If the
reference product is approved across several different
indications and there is sufficient scientific evidence
to allow it, including the demonstration that the
mechanism of action of the drug is the same across
all indications, the FDA can extend the approval of
the biosimilar to all of these indications without the
need for individual clinical trials through a process
known as extrapolation.
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FIGURE 1 ‘Totality of evidence.’ Development of biosimilars is a step-wise process that begins with analytical and nonclinical compari-
sons of the structural and functional characteristics of the proposed biosimilar to the already FDA-approved ‘reference product’. Final ap-
proval is based on one or more comparative clinical studies performed in the most sensitive patient population(s). A decision by the FDA
on whether or not to grant regulatory approval is based upon the ‘totality of evidence’ from this stepwise process, in addition to consid-
erations relating o the manufacturing process.® Reproduced under a Creative Commons Attribution License.

Biosimilar manufacturers must also provide evidence of
the composition of their formulation and of quality control
in their manufacturing processes, to ensure that biosimi-
larity can be maintained from batch to batch. As with the
reference product, even small changes in the manufacturing
process can have serious ramifications for clinical efficacy

and safety.”*

A flurry of approvals
The first biosimilar approvals in oncology in the United
States came in the supportive care niche (Table 1).
Filgrastim-sndz (Zarxio), approved in March 2015, is a
biosimilar of the granulocyte-macrophage colony stimulat-
ing factor (G-CSF) analog filgrastim (Neupogen). Owing
to its mechanism of action in stimulating the production of
neutrophils in the bone marrow, filgrastim is used to help
reduce the risk or severity of neutropenia in patients under-
going myelosuppressive chemotherapy regimens.

Filgrastim-sndz was approved for use across all 5 indi-
cations for which the reference product is approved, based
on the totality of evidence, which included results from the
key phase 3 PIONEER study.” Market entry was initially
delayed by lawsuits filed by Amgen, the maker of the refer-
ence product, but the biosimilar was subsequently cleared
by the US Court of Appeals for the Federal Circuit. The
wholesale acquisition cost (WAC) for a 300pg syringe is
$324.30 for filgrastim and $275.66 figrastim-sndz, repre-
senting a 15% reduction on the reference product.’

In 2018, the FDA approved a second filgrastim biosimi-
lar, filgrastim-aafi (Nivestym),' in addition to 2 biosimi-
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lars of the pegylated form of filgrastim, pegfilgrastim-jmdb
(Fulphila)? and pegfilgrastim-cbqv (Udenyca)®® — these
forms of filgrastim have been modified by the addition of
polyethylene glycol polymer chains that help to increase
circulation time.

Approval for the 2 pegfilgrastm biosimilars was origi-
nally delayed by complete response letters (CRLs) from the
FDA. For pegfilgrastim-jmdb, the CRL was reported to
be related to a pending update of the Biologic’s License
Application (BLA) to include information regarding facil-
ity requalification activities that had been taken after the
addition of plant modifications. The CRL for pegfilgras-
tim-cbqv requested that the company provide additional
manufacturing information and reanalyze a subset of sam-
ples with a revised immunogenicity assay.

Once the CRL concerns were addressed, regulatory
approval was awarded and Mylan recently confirmed that
pegfilgrastim-jmdb has been launched in the US market-
place at a WAC that reflects a 33% discount over the refer-
ence product.™

Approval data for filgrastim-aafi and pegfilgrastim-cbqv
have not yet been published, however the respective manu-
facturers reported that approval was based on totality of
evidence demonstrating a high degree of similarity to the
reference products. Filgrastim-aafi was approved for all of
the indications of the reference product and launched in
the US on October 1, 2018 at a 30% discounted WAC."

Epoetin alfa-epbx (Retacrit), a biosimilar of epoetin alfa,
was also approved in 2018. It is a recombinant analog of
erythropoietin (EPO), which stimulates the production of
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TABLE 1 Biosimilars approved by the US food and Drug Administration as of November 4, 2018

Drug

Filgrastim-sndz (Zarxio)

Fligrastim-aafi (Nivestym)

Pegfilgrastim-jmdb (Fulphila)

Pegfilgrastim-cbqv (Udenycal)

Epoetin alfa-epbx (Refacrit)

Trastuzumab-dkst (Ogivri)

Bevacizumab-awwb (Mvasi)

Manufacturer Reference product/MOA
Sandoz Filgrastim (Neupogen)/
GM-CSF
Pfizer Filgrastim (Neupogen)/
GM-CSF
Mylan Pegfilgrastim (Neulasta)/
GM-CSF
Coherus Pegfilgrastim (Neulasta)/
GM-CSF
Pfizer Epoetin alfa (Epogen,
Procrit)/ESA
Mylan/Biocon Trastuzumab (Herceptin)/

HER2-targeting mAb

Bevacizumab (Avastin)/
VEGF-targeting mAb

Amgen/Allergan

Approved indications

Supportive care to reduce the risk or severity of FN
in patients with cancer receiving myelosuppressive
chemotherapy

Supportive care to reduce the risk or severity of FN in
patients with cancer receiving myelosuppressive anticancer
treatment or undergoing bone marrow transplantation and
in patients with AML receiving induction or consolidation
chemotherapy

Supportive care to reduce the risk or severity of FN in
patients with cancer receiving myelosuppressive chemo-
therapy or undergoing bone marrow transplantation and
in patients with AML receiving induction or consolidation
chemotherapy

Supportive care to reduce the risk or severity of FN
in patients with cancer receiving myelosuppressive
chemotherapy

Supportive care to reduce the risk of anemia in patients
with cancer receiving myelosuppressive chemotherapy,
when there is a minimum of 2 additional months of chemo-
therapy planned

Treatment of patients with HER2-positive breast cancer and
metastatic gastric or GEJ adenocarcinoma

Treatment of metastatic colorectal cancer in combination
with 5-FU-based chemotherapy in first- or second-line sef-
tings or with fluoropyrimidine-irinotecan- or fluoropyrim-
idine-oxaliplatin-based chemotherapy in firstline setting;

of unresectable, locally advanced, recurrent or metastatic
nonsquamous NSCLC in combination with carboplatin and
paclitaxel in firstline setting; of progressive GBM; of meta-
static RCC in combination with IFN-alpha; of persistent,
recurrent or metastatic cervical cancer in combination with
paclitaxel and topotecan

5-FU, 5fluorouracil; AML, acute myeloid leukemia; BMT, bone marrow transplant; ESA, erythropoiesis stimulating agent; FN, febrile neutropenia; GBM, glioblastoma; GEJ, gas-
troesophageal junction; GM-CSF, granulocyte-macrophage colony stimulating factor; HER2, human epidermal growth factor receptor 2; IFN-alpha, interferon alpha; NSCLC, non-
small-cell lung cancer; RCC, renal cell carcinoma; VEGF, vascular endothelial growth factor

blood cells and has proved useful for the treatment of ane-
mia, including in cancer patients receiving myelosuppressive
chemotherapy. Approval of the biosimilar followed earlier
receipt of a CRL from the FDA citing concerns relating to
the manufacturing facility, which the company addressed.
Pfizer has said that it expects to launch the biosimilar this
year (2018), but a WAC has not been disclosed.

The FDA also recently approved the first biosimilars for
the treatment of cancer. Trastuzumab-dkst (Ogivri) and
bevacizumab-awwb (Mvasi) were approved in the second
half of 2017 for the same indications as their respective
reference products, which are mAbs directed at the human
epidermal growth factor receptor 2 (HER2) and vascular
endothelial growth factor, respectively.'”'®

Approval data for bevacizumab-awwb included a com-
parative clinical trial in patients with advanced/metastatic
non-small-cell lung cancer (NSCLC), which was consid-
ered the most sensitive patient population. The BLA for
trastuzumab-dkst included data from the phase 3 compar-
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ative HERiTAge clinical trial, in which the biosimilar was
compared with the reference product, both in combination
with docetaxel or paclitaxel, in patients with previously
untreated HER2-positive metastatic breast cancer. Neither
biosimilar has been launched on the US market yet because
the patents for their reference products do not expire until

2019, so it is not clear what the price discount will be for
these drugs (Table 2).71922

Biosimilars in development

While numerous other biosimilars of filgrastim and peg-
filgrastim are in development, the major focus has been on
the development of more biosimilars to treat cancer (Table
3). BLAs have been submitted for 4 biosimilars of trastu-
zumab and 1 bevacizumab biosimilar. Approval for several
of the trastuzumab biosimilars has been delayed by CRLs
from the FDA, mostly regarding issues with the manufac-
turing process or facility. Several other trastuzumab and
bevacizumab biosimilars are in late-stage clinical trials.
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TABLE 2 Phase 3 comparative frial data for biosimilar therapies and their corresponding reference products

Drug

Filgrastim-sndz (Zarxio)

Pegfilgrastim-jmdb (Fulphila)

Epoetin alfa-epbx (Retacrit)

Trastuzumab-dkst (Ogivri)

Bevacizumab-awwb (Mvasi)

Trial design

vs US-approved Neupogen in 218 patients with breast cancer
treated with myelosuppressive chemotherapy

SC injection 5 pg/kg body weight a day from day 2 of each
cycle until ANC recovered to 10 x 10° cells/L or for a max of
14 days

vs EU-approved Neulasta in 194 chemotherapy and radiation-
naive patients with newly diagnosed breast cancer treated with
myelosuppressive chemotherapy

Pooled analysis of 2 trials in patients with CKD

vs EU-approved Herceptin in 458 patients with previously
untreated HER2-positive MBC

Loading dose of 8 mg/kg body weight and maintenance dose
of 6 mg/kg every 3 weeks for a minimum of 8 cycles, continu-
ing until progression

Patients who had stable disease or better could continue treat-
ment with trastuzumab (biosimilar or reference product) until
disease progression

vs EU-approved Avastin in 642 patients with advanced/ meta-
static NSCLC

IV infusion 15 mg/kg every 3 weeks in combination with 6
AUC carboplatin and 200 mg/m? paclitaxel for 6 cycles

Key data

Mean DSN: 1.17 d (biosimilar) vs 1.20 d
(reference product)
AEs: 20.6% vs 19.6%°

Mean DSN: 1.2 d (biosimilar) vs 1.2 d (refer-
ence product)

95% Cl of least squares means differences
within -1 day, +1 day range'?

No clinically meaningful difference in efficacy
Similar AE profile?®

ORR: 70% (biosimilar) vs 67% (reference
product) ; ratio, 1.09

Wk 48 PFS: 44.3% vs 44.7%. Wk 48 OS:
89.1% vs 85.1%

Serious AEs: 39.3% vs 37% (most frequently
neutropenia for both)?'

ORR: 39% (biosimilar) vs 41.7% (reference
product); ratio, 0.93

mPFS: 6.6 months vs 7 months

No meaningful differences in AEs or serious
AEs

Grade 3/4 AEs: 42% vs 44%%22

DSN, duration of severe neutropenia; AE, adverse event; ANC, absolute neutrophil count; AUC, area under the curve; Cl, confidence interval; CKD, chronic kidney disease; EU, Eu-
ropean Union; HER2, human epidermal growth factor receptor 2; IV, intravenous; MBC, metastatic breast cancer; ORR, overall response rate; OS, overall survival; PFS, progression-

free survival; SC, subcutaneous

The results of several phase 3 comparative clinical trials
were recently published or reported at annual conferences.
Pfizer’s PF-05280014 was compared with the European
Union (EU)-approved trastuzumab, both in combina-
tion with paclitaxel, in patients with previously untreated
HER2-positive metastatic breast cancer. Data reported
at the European Society for Medical Oncology congress
in 2017 demonstrated equivalence between the reference
product and biosimilar in overall response rate (ORR).%

Another recently published trial compared this biosimi-
lar to EU-trastuzumab, both in combination with carbo-
platin and docetaxel, as neoadjuvant treatment for patients
with resectable HER2-positive breast cancer. Among 226
patients randomized to receive 8 mg/kg in cycle 1 and 6 mg/
kg thereafter of the biosimilar or reference product, every 3
weeks for 6 cycles, the pathologic complete response (pCR)
rates were 47% and 50%, respectively.?*

The results of a phase 3 study comparing Samsung
Bioepis/MercK’s joint offering SB3 were recently published.
A total of 875 patients were randomized 1:1 to receive SB3
or reference trastuzumab in combination with chemother-
apy (4 cycles docetaxel followed by 4 cycles 5-fluorouracil/
epirubicin/cyclophosphamide) prior to surgery, followed by
10 cycles of adjuvant SB3 or trastuzumab reference. Rates
of event-free survival (EFS) were comparable between the
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2 groups at 12 months (93.7% vs 96.1%, respectively).®

Amgen’'s ABP980 was evaluated in the phase 3 LILAC
trial, which measured the effect of the biosimilar on pCR
in women with HER2-positive early breast cancer com-
pared with reference trastuzumab. After 4 cycles of run-
in anthracycline-based chemotherapy, ABP980 or refer-
ence trastuzumab were administered in combination with
paclitaxel. This was followed by surgery and then ABP980
or reference trastuzumab in the adjuvant setting for up to
1 year, with the option to continue on the same drug as
the neoadjuvant setting or to switch to the other. Among
696 assessable patients, the pCR rates were 48% and 42%,
respectively.?®

Most advanced in clinical testing among the upcom-
ing bevacizumab biosimilars is Pfizer’s PF-06439535, for
which the results of a phase 3 comparative trial were pre-
sented at the 2018 annual meeting of the American Society
for Clinical Oncology. PF-06439535 was compared with
the EU-approved bevacizumab, both in combination
with paclitaxel and carboplatin, as first-line therapy for
patients with advanced non-squamous NSCLC. Among
719 patients, the primary endpoint of ORR was 45.3% and
44.6%, respectively.”

Biosimilars of a third blockbuster cancer drug, the
CD20-targeting mAb rituximab (Rituxan) are also in
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TABLE 3 Biosimilars in development as of November 4, 2018

Drug (manufacturer)
PF-05280014 (Pfizer)

SB3 (Samsung Bioepis/Merck)
ABP980 (Amgen)
CT-P6/Herzumab (Celltrion)

HLX-02
(Shanghai Henlius Biotech)

AryoTrust (AryoGen)

HD201 (Prestige Biopharmay)
CT-P10/Truxima (Celltrion/Teva)
PF-05280586 (Pfizer)

ABP798 (Amgen/Allegan)
SAITO191 (Archigen Biotech)
PF-06439535 (Pfizer)

CT-P16 (Celltrion)

BEVZ92 (mAbxience)

Bl 695502 (Boehringer Ingelheim)
SB8 (Samsung Bioepis)

Grastofil (Apotex)
Adellofilgrastim (Adello Biologics)
MYL-1401H

Lapelga (Apotex)

LA-EP2006 (Sandoz)

Reference product
Trastuzumab (Herceptin)
Trastuzumab (Herceptin)
Trastuzumab (Herceptin)
Trastuzumab (Herceptin)

Trastuzumab (Herceptin)

Trastuzumab (Herceptin)
Trastuzumab (Herceptin)
Rituximab (Rituxan)
Rituximab (Rituxan)
Rituximab (Rituxan)
Rituximab (Rituxan)
Bevacizumab (Avastin)
Bevacizumab (Avastin)
Bevacizumab (Avastin)
Bevacizumab (Avastin)
Bevacizumab (Avastin)
Filgrastim (Neupogen)
Filgrastim (Neupogen)
Pegfilgrastim (Neulasta)
Pegfilgrastim (Neulasta)
Pegfilgrastim (Neulasta)

New Therapies

Stage of development
FDA approval pending; delayed by CRL (April 2018)
FDA approval pending
FDA approval pending; delayed by CRL (June 2018)
FDA approval pending; delayed by CRL (June 2018)
Phase 3 comparative trial ongoing (NCT03084237)

Phase 3 comparative trial ongoing (NCT03425656)

Phase 3 comparative trial ongoing (TROIKE; NCT03013504)*
FDA approval pending

FDA approval pending

Phase 3 comparative trial ongoing (NCT02747043)

Phase 3 comparative trial ongoing (RAMO-2; NCT02809053)
FDA approval pending

Phase 3 comparative trial ongoing (NCT03676192)

Phase 1 trial completed, phase 3 comparative trial not yet launched
Phase 3 comparative frial ongoing (NCT02272413)*

Phase 3 comparative trial ongoing (NCT02754882)

FDA approval pending

FDA approval pending

FDA approval pending

FDA approval pending

FDA approval pending

FDA, United States Food and Drug Administration; CRL, complete response letter

development and FDA approval is pending for 2. The pat-
ent for Rituxan expired in 2016, so these drugs could hit
the market as soon as they are approved.

In a race to the finish for the first US-approved ritux-
imab biosimilar, Celltrion-Teva’s CT-P10 (Truxima) seems
most likely to come first; the Oncologic Drugs Advisory
Committee voted unanimously in October 2018 to recom-
mend its approval. Phase 3 comparative data were recently
published; patients with newly diagnosed advanced-stage
follicular lymphoma were randomized to receive intrave-
nous infusions of 375 mg/m? CT-P10 or reference ritux-
imab, both in combination with cyclophosphamide, vin-
cristine, and prednisone, on day 1 of 8 21-day cycles. The
ORRs were identical (92.6%) for both drugs, pharmaco-
kinetics data also suggested bioequivalence, and the inci-
dence of AEs was also comparable (83% vs 80%).%8

Biosimilars of the epidermal growth factor receptor
(EGFR)-targeting mAb cetuximab are also listed in the
pipeline for several biosimilar developers, but there is no
indication of their developmental status as yet and no clini-
cal trials are ongoing in the US.

Volume 16/Number 6

Sorrento is developing STI-001, a cetuximab biosimi-
lar, and reported that a phase 3 trial had been completed.
Instead of a comparison with the reference product, how-
ever, the trial compared STI-001 in combination with iri-
notecan with irinotecan alone. They reported significantly
higher ORR, PFS, and OS with the biosimilar compared
with irinotecan alone, and a significant increase over his-
torical data with the reference product, as well as fewer
side effects and immunogenicity, which they attribute to
its manufacture in a different cell line. However, no data
has been published and no trials are ongoing in the United
States, so the status of its development remains unclear.?’

Challenges to a robust market
It is an exciting time for biosimilars, with many approv-
als and drugs being brought to market in the US in the
past several years and more poised to follow suit as patents
expire. Yet many challenges remain around the growth of a
robust biosimilars market.

Several surveys conducted in recent years have demon-
strated suboptimal knowledge of all aspects of biosimi-
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lars and highlighted the need for evidence-based educa-
tion across specialties.’*®*! In response, the FDA recently
announced that it was launching an educational campaign
to further understanding of biosimilars, including naming
conventions (Figure 2).3** Numerous other medical pro-
fessional societies have produced or are in the process of
producing biosimilar guidelines.

Educational outreach by the FDA forms part of their
4-step plan to aid biosimilar development, which also aims
to improve the efficiency of biosimilar development and
approval, to provide regulatory clarity for manufacturers, to
facilitate public understanding and acceptance, and to sup-
port a competitive marketplace.

Among the most critical educational gaps is confusion
over the issue of interchangeability. Once approved by the
FDA, generic drugs are considered interchangeable with
the brand name drug and can be substituted at the phar-
macy level without referring to the prescribing physician.
This is not the case for biosimilars; owing to their more
complex nature, biosimilars require a separate designation
for interchangeability and none of those approved so far
have been given this designation by the FDA.

There has been some confusion about what will be
required to demonstrate interchangeability, and the FDA
recently produced draft guidance, saying that essentially it
should be proven that switching out the reference product
for a biosimilar does not increase risk in terms of dimin-
ished efficacy or safety. Several companies are beginning to
incorporate a switching component into their clinical trials
of biosimilars.

Continued postmarketing and real-world studies will
also be particularly important for biosimilars to increase
confidence in prescribing them by demonstrating their
continued efficacy and safety in the long-term. Several real-
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Shared core name + distinct suffix

Filgrastim- sndz
Filgrastim- aafi

Pegfilgrastim- jmdb
Pegfilgrastim- cbqv

FIGURE 2 FDA nonproprietary naming conventions. An area
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