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Abstract: The utilization of trastuzumab biosimilar medications is of particular interest in
HERZ2-positive breast cancer as these drugs have the potential for cost savings and increased
utilization/access to HER2 targeted therapy in both early stage and metastatic HER2-positive
breast cancers. Five trastuzumab biosimilars: MYL-14010 (Ogivri), CT-Pé (Herzuma), SB3
(Ontruzant), PF-05280014 (Trazimera), and ABP980 (Kanjinti), have now been approved by the
US Food and Drug Administration (FDA] for use in HER2-positive breast cancers. This review
provides an overview of these agents with special consideration of the development and
approval process, including available clinical data results for these trastuzumab biosimilars.
Adoption in the clinic will depend on the degree of comfort with the overall evidence.
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Introduction

Over the past 10years, biological medications
have become increasingly common in the treat-
ment of cancers and immunological diseases.
With regard to breast cancer specifically, trastu-
zumab was approved by the US Food and Drug
Administration (FDA) for use in HER2-
overexpressing breast cancer, based on evidence
of improved overall survival (OS) in both early
stage and metastatic breast cancer.!> However,
this revolutionary addition to breast cancer ther-
apy comes at a high cost, with some estimates
reaching at least US$70,000 for 1 year of therapy
in the US.3* Often, financial factors, including
reimbursement, out-of-pocket costs, and admin-
istrative factors are barriers to patient access for
this recommended treatment.

In recent years, the development of biosimilar
medications for trastuzumab, and other similar
biological medications has provided an opportu-
nity for expanded patient utilization of these
treatments at a potentially lower cost than the
original drug. With increased usage of biosimilar
medications, some estimates predict potential

cost savings of approximately US$54 billion over
10 years, largely based on data observed with
biosimilar immunomodulatory medications.>
However, estimates of cost savings are largely
dependent on regulatory and utilization factors
that have yet to be fully predicted.

Biosimilar medications are engineered medica-
tions that provide similar pharmacokinetic and
pharmacodynamic properties to the original bio-
logical medication. Specifically, a biosimilar is
defined as a biological medication that is highly
similar to a reference product, with only minor dif-
ferences in clinically inactive components, and has
no clinically meaningful differences between the
two medications with regard to safety, purity, and
potency.® These medications typically undergo an
abbreviated approval process that is based on the
overall evidence supporting the proposed medica-
tion as a biosimilar product (Figure 1). Analytical
assessment of the structural and functional charac-
teristics of the potential biosimilar are required in
extensive detail. Evaluations include the amino
acid sequence of the molecule, structural confor-
mation, and target binding factors and nonclinical
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Figure 1. Biosimilar development and approval schematic leading to "totality of evidence'.

evaluation of activity, clinical assessment of phar-
macokinetic and pharmacodynamic properties,
and evidence of comparable clinical efficacy and
safety with the original product.®” Based on the
combination of this evidence, supporting struc-
tural and functional similarity and equivalent phar-
macologic properties and efficacy, biosimilar
medications, including those for the reference tras-
tuzumab, have been approved for use in multiple
indications.

Trastuzumab is a monoclonal antibody that tar-
gets HER2 on the surface of breast cancer cells
and inhibits dimer dependent HER2 signaling
and induction of antibody-dependent cellular
toxicity, among other potential mechanisms of
action. Since its initial approval in 1998 for the
treatments of metastatic breast cancer, trastu-
zumab has been studied in multiple settings for
the treatment of HER2-overexpressing breast
cancers. In 2005 interim analysis of combined
results for NSABP B31 and NCCTG N9831
were published. Both of the included studies
compared the efficacy of typical doxorubicin/
cyclophosphamide therapy followed by paclitaxel
given with or without trastuzumab in early stage
breast cancer. Results of this study noted median
follow-up of 2years with disease free survival
(DFS) hazard ratio (HR) 0.48 (CI 95% 0.39—
0.59) and OS HR 0.67 (CI 95% 0.48-0.93).8
Subsequent analysis noted a long-term DFS (HR
0.60) and OS (HR 0.63) advantage when adju-
vant chemotherapy was given in combination

with trastuzumab.® These trials, combined with
others, confirmed trastuzumab as standard of
care in combination with chemotherapy followed
by trastuzumab alone to complete 1 year of ther-
apy. In the metastatic setting, trastuzumab was
shown to produce a large increase in objective
response rate, time to progression, and OS when
given in combination with chemotherapy, either
doxorubicin and cyclophosphamide or paclitaxel.
The response rate in the group treated with
chemotherapy plus trastuzumab was 50% versus a
response rate of 32% in those treated with chem-
otherapy alone. The median time to progression
was 7.4months with chemotherapy plus trastu-
zumab compared with 4.6 months with chemo-
therapy alone. Similarly, OS was increased to
25.1 months with the addition of chemotherapy
versus 20.3 months with chemotherapy alone.10

We review the five trastuzumab biosimilar medi-
cations currently approved for the US market
with consideration of data leading to overall evi-
dence supporting similarity to trastuzumab.
Additional trastuzumab biosimilars are in devel-
opment in both Europe and the US, however,
these have not yet gained approval for utilization.
Of note, the clinical comparison of biosimilar
trastuzumab with the originator product was
based on demonstrating statistical equivalence in
well-established endpoints derived from meta-
analyses of prior clinical trials. Such endpoints
included overall response rate (ORR) and progres-
sion free survival (PFS) in advanced HER2-positive
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breast cancer and pathological complete response
(pCR) rate in the neoadjuvant setting for primary
HER2-positive breast cancer. Safety was assessed
by measuring adverse events (AE) and immuno-
genicity was evaluated during and after the trial.

Methods

In December 2017 the US FDA approved trastu-
zumab-dkst (MYL-14010), brand name Ogivri,
for use in HER2-overexpressing breast cancer, in
both the adjuvant and metastatic setting and
HER2-overexpressing metastatic gastric or gas-
troesophageal junction (GE]) adenocarcinoma
making it the first trastuzumab biosimilar to gain
approval in the US. Approval was, in part, based
on the pharmacokinetic bioequivalence between
MYL-14010 and trastuzumab, which was estab-
lished based on similar peak serum concentra-
tion, max concentration, half-life, safety, and
immunogenicity.!! In addition, HERITAGE was
a double-blind, randomized clinical trial that
evaluated equivalence of ORR (defined as within
a range of 0.81-1.24) for MYL-14010 compared
with trastuzumab when given once every 3 weeks
in combination with either paclitaxel or docetaxel
for at least 8 cycles as first-line therapy for meta-
static breast cancer. The 24 week ORR was
69.6% (CI 90% 64.57-74.56) for MYL-14010
versus 64% (CI 90% 58.81-69.26) in the trastu-
zumab group (rate ratio 1.09), similarly PFS was
at identical in the two groups at 11.1 months.12:13
Similar rates of serious AEs were seen in the bio-
similar group and trastuzumab group, leading the
authors to conclude that safety was equivalent.12.13
Serious AEs were seen in 38.1% of patients who
received MYL-14010 compared with 36.2% of
patients who received trastuzumab with the most
frequent AE in both groups being neutropenia.l3

Trastuzumab-pkrb ~ (CT-P6), brand name
Herzuma, was approved by the US FDA 1 year
later, in December 2018, for the treatment of
HER2-overexpressing breast cancers in the adju-
vant and metastatic setting. Cellular data in both
HER2-positive breast cancer and gastric cancer
models indicated similar mechanism of action for
CT-P6 and trastuzumab.!4 A phase I, single dose,
randomized, double-blind, parallel-group study
compared CT-P6 with the reference trastuzumab
(6mg/kg over 90min) with regards to area under
the concentration time curve (AUC)and maxi-
mum serum concentration.!> This study demon-
strated pharmacokinetic equivalence (predefined
as a 90% CI of 80-125) of CT-P6 with reference

trastuzumab and a similar safety profile in the
healthy trial population.!> A randomized, double-
blind, active controlled, phase III trial to evaluate
equivalence (with a predefined equivalence margin
of —=0.15-0.15) of early stage HER2-positive breast
cancers compared neoadjuvant CT-P6 with tras-
tuzumab, each in 8 cycles lasting 3weeks for
24weeks (8 mg/kg on day 1 of cycle 1 and 6 mg/kg
on day 1 of cycles 2-8) in conjunction with neoad-
juvant docetaxel 75 mg/m? on day 1 of cycles 14,
and fluorouracil 500 mg/m?, epirubicin 74 mg/m?2,
and cyclophosphamide 500 mg/m?2 (FEC) on day 1
of cycles 5-8. This was followed by surgery
3—-6weeks after the last neoadjuvant drug dose and
then adjuvant therapy for up to 1year. The results
of this study indicated equivalence of CT-P6 with
regards to pCR of 46.8% (CI 95% 40.4-53.2)
compared with 50.4% (CI 95% 44.1-56.7) for ref-
erence trastuzumab. There was also equivalence of
AEs, including febrile neutropenia (1% ver-
sus<1%) and grade 3 or worse treatment related
AEs (6% versus 8%).1617 Secondary endpoints of
this study included pharmacokinetic and pharma-
codynamic comparison of CT-P6 and trastu-
zumab, that were similar in this patient
population.!®17 Subsequently, the 2-year follow-
up data was presented at the 2018 San Antonio
Breast Symposium revealing the 2-year DFS in the
CT-P6 group of 86% (CI 95% 80-90) compared
with 90% (CI 95% 85-93) in the trastuzumab
group.!® OS at 2years was 97% (CI 95% 93-98) in
the CT-P6 group and 98% (CI 95% 96-99) in the
trastuzumab group further supporting the similar-
ity of CT-P6 to the reference trastuzumab.!8

Trastuzumab-dttb (SB3), brand name Ontruzant,
became the third US FDA approved trastuzumab
biosimilar in January of 2019 with indications for
HER2-overexpressing breast cancer and meta-
static gastric or GEJ adenocarcinoma. In 2016 a
phase I pharmacokinetic study compared SB3 with
trastuzumab in healthy subjects. This study estab-
lished pharmacokinetic equivalence between SB3
and trastuzumab with regard to AUC, maximum
concentration, immunogenicity, and adverse
reactions.!® This led to a phase III double-blind
randomized clinical trial comparing safety, immu-
nogenicity, and efficacy in patients receiving SB3
versus trastuzumab after neoadjuvant and adjuvant
therapy for early stage breast cancer.2%2! Patients
were randomized to receive neoadjuvant SB3 or
trastuzumab for 8 cycles every 3 weeks in combina-
tion with 4 cycles of docetaxel followed by 4 cycles
of FEC with the primary endpoint of equivalence
of pCR (using the definition of no invasive cancer
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in the breast). Post-surgery, patients continued
either SB3 or trastuzumab for 10 additional cycles.
The analysis of 800 randomized patients who
completed the neoadjuvant therapy and went on to
definitive surgery revealed pCR rates of 51.7%
with SB3 and 42.0% with trastuzumab, adjusted
risk ratio (RR) 1.259 (CI 95% 1.085-1.460)
within the equivalence margins (defined as 0.785—
1.546).2° The ORR were 96.3% and 91.2% for
SB3 and trastuzumab, respectively. The safety
profile was similar between arms, with infusion
related reactions in 8.2% and 10.0%, left ventricu-
lar systolic dysfunction in 0.9% and 0.7% and con-
gestive heart failure in 0.5% and 0% for SB3 and
trastuzumab respectively.2® Subsequent phase III
data added further support for similarity based on
secondary endpoints of event free survival 30 days
post adjuvant therapy of 92.2% for SB3 and 91.6%
for trastuzumab with 1year event free survival rates
of 93.7% for SB3 and 93.4% for trastuzumab,
indicating comparable survival rates between the
groups.2! This study revealed similar incidence of
treatment related AEs of 97.5% for SB3 and
96.1% for trastuzumab.?! With regards to immu-
nogenicity, the incidence of antidrug antibodies
(ADAs) was low, three patients in each group and
there was, therefore, no significant difference
noted.?!

Soon after the approval of Ontruzant, a fourth
trastuzumab biosimilar, trastuzumab-qyyp (PF-
05280014), was approved by the US FDA in
March 2019 under the brand name Trazimera.
Approved indications include HER2-
overexpressing breast cancer in both adjuvant and
metastatic setting and metastatic gastric or GEJ
adenocarcinoma. As with other trastuzumab bio-
similars, preclinical trials established the biosimi-
larity of PF-05280014 with the reference
trastuzumab with regards to maximum concentra-
tion, AUC, half-life, and immunogenicity in ani-
mal models.?? REFLECTIONS B327-01 was a
phase I, double-blinded trial that compared the
pharmacokinetics of PF-05280014 with trastu-
zumab in healthy volunteers in order to assess bio-
equivalence, defined as 80.00-125.00%. AUC
and maximum concentration were similar between
comparison groups. PF-05280014 had C,,,, ratio
91.49% (CI 90% 85.32-98.09), EU-sourced tras-
tuzumab C_, ratio 106% (CI90% 99.20-114.30),
and US-sourced trastuzumab C_,, ratio 97.41%
(CI 90% 90.71-104.62) respectively. Similar
results were noted for both AUC ., and
AUC %, with 90% CI between the predefined
equivalence margins, thus establishing the

bioequivalence of PF-05280014.23 Similarly, the
study noted similar rates of AEs among groups,
71.4% for PF-05280014 and 68.6%/65.7% for
trastuzumab-EU/US-sourced.??> Following this,
REFLECTIONS B327-02, a randomized, dou-
ble-blinded, parallel-group study was conducted
to compare safety, efficacy, and immunogenicity of
PF-05280014 with that of trastuzumab. Patients
with HER2-positive, metastatic breast cancer were
randomized to receive weekly PF-05280014 or
trastuzumab (first dose 4mg/kg over 90 minutes
with subsequent doses of 2mg/kg over 30-90mg
depending on tolerability) in combination with
paclitaxel 80 mg/m? on days 1, 8, and 15 of each 28
day cycle for at least 6 cycles after which time
PF-05280014 or trastuzumab could be changed to
6 mg/kg every 3weeks at the prescribers discretion.
The ORR for PF-05280014 was 62.5% compared
with 66.5% for trastuzumab with a RR of ORR of
0.94 (CI 95% 0.842-1.049), that was within the
predefined equivalence margin of 0.8-1.25.2¢ In
addition, there were no notable differences
between PFS survival (median 12.16 months for
PF-05280014 wersus 12.06 months for trastu-
zumab) or 1-year OS (89.31% for PF-05280014
versus 87.36% for trastuzumab).?* Safety and
immunogenicity outcomes assessed in this trial
noted similarity between the groups with only one
previously negative patient in each group develop-
ing ADAs and neutralizing antibodies following
exposure.24

An additional trial, REFLECTIONS B327-04,
was a randomized, double-blind, noninferiority
trial to evaluate the efficacy, safety, immuno-
genicity, and pharmacokinetics of PF-05280014
compared with EU-sourced trastuzumab in the
setting of neoadjuvant treatment for operable,
HER2-positive, early stage breast cancer. Patients
were randomized to receive PF-05280014 or
trastuzumab-EU (8 mg/kg loading dose and
6 mg/kg thereafter) in combination with a stand-
ard regimen of docetaxel and carboplatin every
3weeks for 6 cycles.?> The primary endpoint of
Ciougn 1n cycle 5 was similar, 92.1% for
PF-05280014 and 93.3% for trastuzumab-EU,
that was above the noninferiority margin. The
pCR was 47% for PF-05280014 and 50.0% for
trastuzumab-EU. The objective response, which
was assessed by central radiologist review, was
also comparable at 88.1% for PF-05280014
and 82% for trastuzumab-EU. The AEs were
similar, 38.1% grade 3—4 AEs for PF-05280014
and 45.5% for trastuzumab-EU. Overall, this
trial found that PF-05280014 was noninferior to
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trastuzumab-EU when combined with standard
chemotherapy in the neoadjuvant setting for early
stage, operable, HER2-positive breast cancer.?>

Another trastuzumab biosimilar, ABP980, is
analytically similar to reference trastuzumab
with regard to structure, function, and pharma-
cokinetic profile.2¢ It was the fifth trastuzumab
biosimilar approved in June 2019 under the
name trastuzumab-anns, brand name Kanjinti.??
A phase III global equivalence trial comparing
ABP980 with trastuzumab in the neoadjuvant/
adjuvant setting was conducted with the pri-
mary endpoints being risk difference and RR of
pCR to neoadjuvant therapy.?® This study
included a switching design with three arms:
ABP980 in the neoadjuvant and adjuvant set-
ting, trastuzumab in the neoadjuvant and adju-
vant setting, or neoadjuvant trastuzumab
followed by adjuvant ABP980. The neoadjuvant
portion comprised 24weeks, consisting of
12 weeks of run-in anthracycline cyclophospha-
mide chemotherapy followed by 4 cycles of tras-
tuzumab or ABP980 with the drugs given every
3 weeks at 6 mg/kg after a loading dose of 8 mg/kg
in combination with paclitaxel, every 3 weeks X 4,
or weekly X 12. Of the 827 patients enrolled,
725 were randomized, and 696 were evaluated
for pCR after surgery. pCR was achieved in 48%
of patients receiving ABP980 and 41% of trastu-
zumab exposed patients had pCR for a risk dif-
ference of 7.3%.%8 The RR was 1.188 (CI 90%
1.033-1.366), which did not technically meet the
primary endpoint because the upper boundary of
the equivalence margin was actually slightly
higher than the predefined value of 13% (1.318)
for ABP980 versus trastuzumab. While establish-
ing equivalence was inconclusive based on the
statistical possibility of superiority for ABP980,
the lower boundary of the CI was within this
margin indicating noninferiority of ABP980 wer-
sus trastuzumab. The AE rate was similar between
arms. In the neoadjuvant portion, < 1% of
patients had serious AEs attributed to study
drugs. There was no difference in AEs in the
adjuvant phase between patients who continued
trastuzumab and patients who switched to
ABP980. Grade 3 AEs occurred in 9% of con-
tinuing ABP980, 6% in continuing trastuzumab,
and in 8% of patients who switched from trastu-
zumab to ABP980. Left ventricular ejection frac-
tion decline occurred in 1.8-3.5% of patients
across the treatment groups and were similar in
the trastuzumab and switching groups. Clinical
cardiac events, all grade 1-2, developed in 2% of

the ABP980 patients and <1% of trastuzumab
patients. All patients received all doses of the
investigated products. Antibodies to trastuzumab
developed in two patient and in two patients in
the ABP980 group, no neutralizing antibodies
were detected. Long-term follow-up of these
patients, including late cardiac evaluation and
invasive DFS, was not described.?8

Discussion

Trastuzumab is a monoclonal antibody that binds
to HER?2 to inhibit cellular proliferation and acti-
vate antibody-dependent cell mediated toxicity
thereby exerting antitumor activity. This mecha-
nism of action is preserved across trastuzumab’s
indications for HER2-overexpressing early stage
breast cancer, HER2-overexpressing metastatic
breast cancer, and HER2-overexpressing meta-
static gastric or GEJ adenocarcinoma, in all cases,
HER?2 remains the target.

The approval of biosimilars is based on the totality
of evidence demonstrating similarity to the refer-
ence medication, clinical data is only typically
available for one indication of the reference pro-
duction. Therefore, biosimilars are often approved
for multiple indications, that are held by the refer-
ence product, without available clinical evidence
for all indications. This is probably the most unfa-
miliar concept in the approval process for biosimi-
lars. This unique aspect of approval does create a
significant barrier to the utilization of biosimilars
because of the misconceptions of the level of evi-
dence. However, given the evidence required to
establish a product as a biosimilar, the scientific
evidence to support such extrapolation is typically
available.

In order to establish a product as a biosimilar of
trastuzumab, it must undergo analytical testing to
establish structural and functional similarity. For
each of the approved trastuzumab biosimilars,
these analytical factors have been found to be the
same or highly similar to the reference trastu-
zumab. Structural similarity requires that preclini-
cal data demonstrates that the biosimilar structure
is virtually identical to the original product with
regard to amino acid sequence, final protein prod-
uct including the three-dimensional structural
confirmation, and Fc binding regions. Once estab-
lished as being structurally similar to trastuzumab,
biosimilars are then subjected to HER2-binding
assays, inhibition of proliferation assays, and anti-
body-dependent cellular cytotoxicity assays in
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order to establish functional similarity to trastu-
zumab prior to any clinical testing.

The rigorous establishment of similarity allows for
utilization of clinical trials designed with short-
term primary endpoints, including OR as seen in
the HERITAGE study and pCR as seen in studies
for CT-P6, and secondary end points such as PFS
and DFS that can be measured at long-term fol-
low-up.!%16 The clinical trials discussed have all
provided similar outcomes for the respective bio-
similars tested against trastuzumab.

In combination, the analytical establishment of
these biosimilars as structurally and functional sim-
ilar to trastuzumab and the clinically proven equiv-
alent efficacy allows for the extrapolation that these
biosimilars will also perform in an equivalent man-
ner in other settings when HER?2 is the target. For
this reason, MYL-14010, SB3, PF-05280014, and
ABP-980 gained approval for all of the indications
originally proven for trastuzumab. Only CT-P6
(Herzuma) is not approved for use in metastatic
gastric cancer because this indication was not
sought in the amended FDA approval application.

The FDA has recently provided guidance on the
extrapolation of biosimilars to indications not for-
merly studied. In the context of biosimilars,
extrapolation is not based on the assumption that
the data from one study or population is sufficient
to support approval for multiple, nonstudied,
indications.?® However, in keeping with the
abbreviated approval process supported by the
overall evidence, extrapolation is based on all of
the available data on the biosimilar, previous
findings of safety and efficacy for other approved
indications of the reference product, and the
knowledge of various scientific factors for each
indication. The scientific factors that are studied
during establishment of biosimilarity include
mechanism of action, pharmacokinetics, pharma-
codynamics, and immunogenicity and allow for
the FDA to extrapolate safety and efficacy of a
biosimilar to indications or populations not for-
merly studied. Safety and efficacy have been
established for trastuzumab in neoadjuvant, adju-
vant and metastatic breast cancer, and metastatic
gastric and GEJ tumors. Based on the FDA’s
guidelines for extrapolation, additional indica-
tions not based on clinical trials were approved
for the discussed trastuzumab biosimilars.

Clinically, it can be a challenge to approve the
use of an oncological medication without

well-established efficacy that is based on clinical
trials. The traditional model would have clinical
trial evidence to support each individual indica-
tion. However, reviewing the experiences with pre-
viously marketed biosimilar medications, it is
reassuring that extrapolated indications have later
been supported by trial data.3? For example, INN-
filgrastim (Zarzio, Kundl, Austria) was approved in
Europe for all indications of the reference filgrastim
based on analytic data in combination with a study
of patients with breast cancer who had chemother-
apy-induced neutropenia. Following release in the
European market, additional studies have demon-
strated safety and efficacy in extrapolated indica-
tions including stem cell mobilization.31:32 It is
possible that similar comparison studies will be
conducted, to confirm the efficacy of trastuzumab
biosimilars for the extrapolated indications.

Interchangeability, switching from the reference
trastuzumab to a biosimilar or vice versa, is a sepa-
rate issue. In the US, establishing a product as a
biosimilar to the reference product does not mean
it is interchangeable. Following FDA guidelines,
to establish interchangeability a biological product
must be a biosimilar of the reference product, it is
expected to have the same clinical results as the
reference product in any given patient and, if the
product is administered over time, the risk of
safety or diminished efficacy of alternating or
switching between the reference and biosimilar
products must not be greater than the risk of using
the reference product without switching.?® Of
note, in the US, interchangeable products can be
substituted for the reference product without pre-
scriber involvement, although this is regulated at
the state level. Normally, establishing a biological
product as interchangeable requires scientific evi-
dence based on a ‘switching study’ where the
pharmacokinetic, pharmacodynamics, and immu-
nogenicity are compared between the reference
product and a group that switches between the
reference product and the proposed biosimilar.
Currently, to the best of our knowledge, none of
the US-approved trastuzumab biosimilars are
labeled as interchangeable.

Despite approval of five trastuzumab biosimilars
by the US FDA, market launch and availability
has been halted due to remaining patents on
Herceptin, the trastuzumab originator drug mar-
keted by Genentech, South San Francisco, CA,
USA. The trastuzumab patent is set to expire
mid-2019 making it very likely that trastuzumab
biosimilars will be launched shortly after this in
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Table 1. Comparison of the five approved trastuzumab biosimilars.

Agent Brand name  Approval Indication Trial population  Trial results

MYL-14010 Ogivri December 2017  Adjuvant early stage and Metastatic MYL-1410 versus
metastatic breast cancer, breast cancer trastuzumab: Noninferior
metastatic gastricor GEJ ~ (n=500) ORR: 69.6% versus 64% (HR
adenocarcinoma 1.09; Cl 95% 0.95-1.24)12.13

CT-P6 Herzuma December 2018  Adjuvant early stage and Early stage CT-Pé versus trastuzumab:
metastatic breast cancer breast cancer noninferior pCR 46.8% versus

(n=549) 50.4% (risk ratio 0.92]17.18

SB3 Ontruzant January 2019 Adjuvant early stage and Early stage SB3 versus trastuzumab:
metastatic breast cancer, breast cancer Equivalent in breast pCR
metastatic gastric or GEJ  (n=800) 51.7% versus 42.0% (adjusted
adenocarcinoma ratio 1.259)20

PF- Trazimera March 2019 Adjuvant early stage and Metastatic PF-05280014 versus

05280014 metastatic breast cancer,  breast cancer trastuzumab: Equivalent in
metastatic gastric or GEJ  (n=707) breast ORR 62.5% versus
adenocarcinoma 66.5% (RR for ORR 0.94)2

ABP980 Kanjinti June 2019 Adjuvant early stage and Early stage ABP980 versus trastuzumab:
metastatic breast cancer, breast cancer pCR 48% versus 41% (risk
metastatic gastric or GEJ (n=725) ratio 1.188)2

adenocarcinoma

GEJ, gastroesophageal junction; HR, hazard ratio; ORR, Overall Response Rate; pCR, pathological complete response; RR, risk ratio.

the US. Sales of trastuzumab biosimilars are
expected to lead to cost savings overall.

Herceptin has previously been the only available
trastuzumab on the market with a cost of approxi-
mately US$70,000 for 1 year of treatment, the
standard treatment duration for early stage HER2
breast cancers. For many patients, high copays,
or out-of-pocket expenses, make this standard of
care treatment cost prohibitive. While biosimilars
are expensive to develop and market, the addition
of alternatives to branded trastuzumab will intro-
duce market competition and a projected cost
savings of 20-30%.33:3¢ This cost savings appears
modest in comparison with the 80-90% cost sav-
ings of typical generic medications. The develop-
ment costs of a biosimilar are markedly different
than those involved in bringing a generic small
molecule drug to market. Of note, in many mar-
kets, the utilization of branded trastuzumab has
been historically limited due to cost. Therefore, a
competitive market combined with modest cost
savings is expected to allow for greater access to
HER2 monoclonal antibodies in the US and
globally. Ultimately, the economic impact and
access expansion will depend on the market price
of biosimilars, provider utilization, and insurance
acceptance. We remain optimistic about overall

cost effectiveness allowing for improved patient
access and savings over time.

While the utilization of trastuzumab has revolu-
tionized the treatment of HER2-positive breast
cancers over the years, some limitations remain.
For instance, HER2-targeted antibodies do not
cross the blood brain barrier and tumor resistance
to trastuzumab is well described. In addition, they
traditionally lack efficacy as a monotherapy and
are instead given in combination with chemother-
apy which limits utilization in certain patient
populations. Trastuzumab biosimilars will have
similar limitations. Studies investigating both
bispecific and trifunctional antibodies are ongoing
in attempts to overcome resistance.?> In addition,
future alterations in the Fc binding regions may
allow for expanded utilization of trastuzumab.
These investigations allow for future areas of
investigation for trastuzumab biosimilars.

Conclusion

There are five currently approved trastuzumab
biosimilar medications available in the US for use
in both HER2-overexpressing adjuvant breast
cancer and metastatic breast cancer treatment
(Table 1). The development and testing of these
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medications included rigorous analytical testing
of the structure and binding function in order to
establish them as biosimilars of trastuzumab. In
gaining approval this data, along with clinical
data, demonstrating similar efficacy and safety
compared with trastuzumab was reviewed. These
characteristics of biosimilars allow for more rapid
approval and the potential for significant cost sav-
ings and expanded patient access to targeted ther-
apy for breast cancer.
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