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Abstract

Background: This study compared efficacy and safety of TA4415V, a trastuzumab biosimilar, with reference trastu-
zumab in patients with human epidermal growth factor receptor 2—-positive (HER2-positive) early-stage breast cancer
treated in the neoadjuvant setting in Iran.

Methods: Patients were randomly assigned to receive neoadjuvant TA4415V or reference trastuzumab concur-
rently with docetaxel (TH phase) for 4 cycles after treatment with 4 cycles of doxorubicin and cyclophosphamide (AC
phase). Chemotherapy was followed by surgery. The primary endpoint was the comparison of pathologic complete
response (pCR) rate in the per-protocol population. Secondary endpoints included comparisons of overall response
rate (ORR), breast-conserving surgery (BCS), safety, and immunogenicity.

Results: Ninety-two participants were analyzed in the per-protocol population (TA4415V, n=48; reference tras-
tuzumab, n=44). The pCR rates were 37.50% and 34.09% with TA4415V and reference drug, respectively. The 95%

Cl of the estimated treatment outcome difference (— 0-03 [95% Cl — 0.23 to 0.16]) was within the non-inferiority
margin. No statistically significant difference was observed between the groups for other efficacy variables in the ITT
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population: ORR (89.13% vs. 83.33%; p=0.72) and BCS (20.37% vs. 12.96%; p=0.42) in the TA4415V and reference drug
group, respectively.

At least one grade 3 or 4 adverse events occurred in 27 (50%) patients in the TA4415V group versus 29 (53.70%) in the
reference trastuzumab group (p =0.70). The decrease in left ventricular ejection fraction (LVEF), as an adverse event of
special interest (AESI) for trastuzumab, was compared between treatment groups in TH phase. Results demonstrated
an LVEF decrease in 7 (12.96%) and 9 (16.67%) patients in TA4415V and reference trastuzumab groups, respectively
(p=0.59). Anti-drug antibodies (ADA) were not detected in any samples of groups.

Conclusions: Non-inferiority for efficacy was demonstrated between TA4415V and Herceptin based on the ratio of
pCR rates in HER2-positive early breast cancer patients. In addition, ORR and BCS, as secondary endpoints, were not

significantly different. Safety profile and immunogenicity were also comparable between the two groups.
Keywords: Breast Cancer, Trastuzumab, biosimilar, Non-inferiority, Randomized clinical trial

Background

Breast cancer is the most common malignancy world-
wide and the leading cause of death due to cancer among
women [1]. According to Institute for Health Metrics and
Evaluation (IHME), there are more than 138,000 breast
cancer cases in Iran [2].

Breast cancer is usually cured with a multidiscipli-
nary approach involving surgery, radiation, and medical
oncology, with systemic chemotherapy being an essential
part of treatment [1, 3]. Human epidermal growth fac-
tor receptor 2 (HER2) protein overexpression is present
in approximately 20% of breast cancer cases, resulting in
a more aggressive natural subtype of the disease, poor
prognosis [4], higher relapse, and higher mortality rates
[5]. Patients with HER2-positive tumors benefit from
adding anti-HER2 drugs to a cytotoxic chemotherapy
backbone [6].

Neoadjuvant chemotherapy often results in tumor
shrinkage, earlier treatment of subclinical distant micro-
metastases [7], and the facilitation of surgery. It may also
increase rates of pathologic complete response (pCR) and
favorable survival outcomes [8].

Trastuzumab is a humanized monoclonal antibody
that binds to domain IV of the extracellular domain of
the HER2 protein. This drug was the first Food and Drug
Administration (FDA)-approved targeted therapy admin-
istered to treat HER2-positive breast cancer [9].

Trastuzumab combination with chemotherapy results
in improvement of treatment response, progression-free
survival (PFS), and overall survival (OS) in HER2-positive
metastatic and early-stage breast cancer [10-12]. This
addition also improved survival in HER2-positive meta-
static gastric cancer patients compared to chemotherapy
alone [13].

The European Medicines Agency (EMA) defines bio-
similar as a biological medicine that is highly similar to
another already approved biological medicine, known
as reference medicine, with no clinically meaningful
differences in terms of safety, purity, and efficacy [14].

Nowadays, biosimilars are vital components in treating
serious diseases, including cancer, autoimmune diseases,
and diabetes. Regarding poor facilities and limited access
to reference medicines in developing countries [15],
including Iran, it is imperative to provide citizens with
low-cost biosimilar drugs [16].

TA4415V (AryoGen Pharmed, Iran) is a proposed tras-
tuzumab biosimilar with structural and physicochemi-
cal characteristics similar to those of the trastuzumab
reference product (Herceptin, Genentech, USA). Aryo-
Gen Pharmed is a high-tech company manufacturing
biosimilar drugs in Iran [17, 18], which has achieved EU
GMP certificate [17]. In addition, considering the price
of Herceptin 440 mg and TA4415V 440 mg, it will reduce
approximately 31% of trastuzumab costs for patients.
At the time of the study, there was no obligation for
performing preclinical studies for biosimilars accord-
ing to Iran medicine agency. Preclinical assessments are
required whenever a new drug formulation is developed.

The present study is a phase III clinical trial aimed to
compare the efficacy, safety, and immunogenicity of
TA4415V (registered as AryoTrust in Iran) with the ref-
erence drug (Herceptin, Genentech, USA) in HER2-posi-
tive early-stage breast cancer patients.

Methods
Study design
A phase III, randomized, two-armed, parallel, double-
blind, active-controlled, non-inferiority clinical trial
was conducted to compare the efficacy and safety of
TA4415V with reference trastuzumab in HER2-positive
breast cancer patients. The patients, research investi-
gator, and data analyzer were blinded to the treatment
assignments. Random assignment to treatment condi-
tions was conducted by block randomization (block size
of four) to either TA4415V or the reference product in a
neoadjuvant setting.

This study was conducted according to the ethical
principles of the declaration of Helsinki, Good Clinical
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Practice (GCP), local, ethical, and legal requirements.
Both the study and clinical protocols were reviewed and
approved by the ethics committee of Tehran University of
medical sciences (IR TUMS.REC.1395.2730) and Isfahan
University of Medical Sciences (IR.MUILREC.1395.4.041).
The study has been registered in Iran Registry of Clini-
cal Trials (IRCT201606226135N7) and Clinicaltrials.gov
(NCT03425656).

Intervention

Each patient was to receive 4 cycles of doxorubicin plus
cyclophosphamide (AC), followed by 4 cycles of doc-
etaxel plus trastuzumab (TH) as neoadjuvant treatment
before undergoing surgery. In the AC phase, all patients
received the same intravenous chemotherapy regimen
(consisting of doxorubicin 60 mg/m? plus cyclophospha-
mide 600mg/m?) every 2 weeks. In the TH phase, each
patient received docetaxel 100 mg/m? and 8 mg/kg tras-
tuzumab as a loading dose, followed by maintenance
doses of 6 mg/kg administered every 3 weeks. Whether
the patients should receive trastuzumab in the adjuvant
setting after surgery or not, was based on the physician’s
decision.

Participants

Inclusion criteria

Eligible patients were women aged 18-70years with
a pathological diagnosis of breast adenocarcinoma.
Patients were required to have newly diagnosed stage III
or inoperable stage II with HER2-positive tumors (Immu-
nohistochemical (IHC) 3+ intensity, or positive results of
the HER2 gene on fluorescence or chromogenic in situ
hybridizations (FISH or CISH)). Additional eligibility
criteria were as follows: documented estrogen receptor
(ER) and progesterone receptor (PR) status (positive or
negative) and an Eastern Cooperative Oncology Group
(ECOQ) performance status of 0 or 1. Patients also had to
be willing and able to sign informed consent.

Exclusion criteria

Exclusion criteria included clinical or radiologic evi-
dence of metastatic breast cancer, history of any other
malignancy including previous breast cancer, second
non-breast malignant disease, and a history of previous
chemotherapy. Other exclusion criteria were left ven-
tricular ejection fraction (LVEF) <55% (confirmed by an
echocardiogram within 3 months before registration),
any prior myocardial infarction, history of documented
congestive heart failure (CHF), history of arrhythmia or
cardiac valvular disease requiring medications or that
were otherwise clinically significant, current use of medi-
cations for angina pectoris, current uncontrolled hyper-
tension (diastolic>100mmHg or systolic>200 mmHg),
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severe conduction abnormality (having a pacemaker or
diagnosed by the electrocardiogram), and any other sig-
nificant cardiovascular disease. Further exclusion criteria
were hematologic abnormalities, liver and renal dysfunc-
tions at baseline, pregnancy, lactation, and women of
childbearing potential who were unwilling to use ade-
quate contraception.

Outcomes

The primary objective of the present study was to assess
the non-inferiority of TA4415V in comparison to refer-
ence trastuzumab in terms of pCR. pCR was defined as
“the absence of residual invasive cancer on hematoxy-
lin and eosin evaluation of the complete resected breast
specimen and all sampled regional lymph nodes fol-
lowing completion of neoadjuvant systemic therapy”
[19] which is ypTO0/is ypNO. Additionally, breast patho-
logic complete response (bpCR), which is defined as the
absence of invasive neoplastic cells at the microscopic
examination of the primary breast tumor at surgery
(ypT0/is), was assessed in both treatment groups [20].
Surgery procedures were performed similarly in all cent-
ers; moreover, the methodology and references used for
pCR assessments were the same among all pathologists.
Only one surgeon and one pathologist from each center
were involved in the study.

Secondary outcomes were related to comparisons of
the overall response rate (ORR) and BCS in the two arms.
ORR is defined as clinical complete response (cCR) or
clinical partial response (cPR) as assessed based on the
Response Evaluation Criteria in Solid Tumours version
1.1 (RECIST 1.1) [21]. Tumor assessments were con-
ducted during the screening visit—after the AC phase,
at the end of the neoadjuvant period (after TH phase)
by sonography, magnetic resonance imaging (MRI), or
mammography. ORR was measured at the end of the
TH phase (before surgery) according to a blinded central
review. BCS applicability was assessed in surgery visit,
and the proportion of patients who underwent BCS was
calculated.

Safety was assessed as another secondary outcome
throughout the trial and the safety population was
defined as all patients who received at least one dose of
the treatment. Safety endpoints included the incidence
and severity of adverse events (AEs), laboratory meas-
ures, and vital sign measurements. AEs were ranked
according to the Common Terminology Criteria for
Adverse Events (CTCAE), version 5.0 [22]. Treatment
adverse events were summarized by study periods: AEs
in AC, ACTH and TH phase. Causality assessment was
performed according to WHO causality assessment scale.

For immunogenicity assessment, samples were col-
lected before the first, second, and fourth trastuzumab
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administrations and 3 weeks after the surgery visit.
The enzyme-linked immunosorbent assay (ELISA)
method was conducted for anti-drug antibody (ADA)
measurement.

Statistical analysis

The study’s hypothesis was that TA4415V was non-infe-
rior to reference trastuzumab. The non-inferiority margin
was considered 25% of the pCR rate difference in refer-
ence trastuzumab compared to TA4415V. A total sample
size of 108 (54 patients in each arm) with a 10% dropout
rate was calculated based on the 60% pCR rate in the ref-
erence trastuzumab group and an expected 35% pCR rate
in the TA4415V group, thus providing 80% power and
the significance level of 5%. 60% pCR rate was defined
based on a similar study and investigators’ opinion [23].
The statistic test used is the one-sided Z test (unpooled).
The null hypothesis was that the upper limit of the rate
difference in patients with pCR in the reference trastu-
zumab and TA4415V proceed 25%.

The intention-to-treat (ITT) population was defined as
all patients randomly allocated to the study drug, regard-
less of whether a dose of the study drug was received. The
per-protocol (PP) population comprised all patients in
the ITT population except those who had a major proto-
col deviation.

The primary outcome was first evaluated in the PP pop-
ulation and then in the ITT population (with and without
imputation) as a sensitivity analysis. In the imputation for
pCR, patients with no available data were considered as
nonresponders.

A two-sided 95% confidence interval for the difference
between pCRs was calculated based on the proportion
test with no adjustment for covariates. For the second-
ary efficacy analysis, we analyzed the overall response
and BCS rate using descriptive statistics, which were then
compared between groups using either a chi-square test
or Fisher exact test.

The safety set was defined as all patients who received
at least one dose of the study drug. AEs were categorized
by study period as follows: AEs in the AC phase (defined
as AEs that occurred and were resolved while the patient
was treated with Doxorubicin and Cyclophosphamide),
AEs in the TH phase (AEs that occurred from cycle 5 and
onward while the patient received Docetaxel and Trastu-
zumab), and AEs in the ACTH phase (AEs that occurred
while the patient was treated with AC but continued into
TH phase).

For all statistical analyses, p <0.05 was considered sta-
tistically significant. Also, statistical analysis was per-
formed using STATA software (version 14, StataCorp LP,
USA) and Rstudio software (RStudio Inc., USA).
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Results
Between July 2016 and August 2018, of the 153 patients
screened, we recruited 108 patients with a 1:1 allocation.
This trial was operated as a multi-center trial in 10 cities
in Iran. Patient disposition is demonstrated in Fig. 1.
Demographics and baseline characteristics were bal-
anced across treatment groups, with no meaningful dif-
ferences between the two arms (Table 1).

Efficacy

Primary outcome

The primary outcome (pCR) was analyzed according to
the ITT and PP population, and non-inferiority was con-
cluded through the PP population. The pCR rates in the
PP population were 37.50% (18 patients) in the AryoGen
trastuzumab group and 34.09% (15 patients) in the ref-
erence trastuzumab group (Table 2). Therefore, with a
mean difference of —0.03 (—0.23, 0.16) and a 95% con-
fidence interval for difference, TA4415V is considered to
be non-inferior to reference trastuzumab.

Sensitivity analyses in the ITT population were
planned, with and without imputation, to assess the
robustness of the main results. For analysis with impu-
tation, 11 patients with no pCR data were considered as
non-pCR. The results in the ITT population were similar
to those in the PP population (p =0.80). These data are
presented in Table 2.

The forest plot of pCR was plotted for both treatment
populations and is demonstrated in Fig. 2. According
to this figure, the upper limit of 95% CI of the pCR dif-
ference was lower than the prespecified non-inferiority
margin (0.25) in two population sets (ITT and PP).

Among patients with negative hormone receptor sta-
tus, 47.06% of 51 and 40.91% of 46 participants had pCR
in the TA4415V and reference trastuzumab groups,
respectively. In hormone receptor-positive patients,
32.35% showed a pCR in the TA4415V, compared with
29.17% in the reference trastuzumab group.

Secondary outcomes

bpCR DbpCR was analyzed as the secondary outcome in
ITT population. bpCR rate was 39.22% (20 patients) in
TA4415V and 45.65% (21 patients) in the reference tras-
tuzumab group. The difference between the two groups
was not statistically significant (P-value=0.52).

ORR ORR was 89.13% in the TA4415V arm with 15.22%
of participants showing CR and 73.91% showing PR. The
proportion of patients with ORR was 83.33% in the ref-
erence trastuzumab group (CR: 23.81%, PR: 59.52%). All
clinical responses in the treatment groups are presented
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N=153
PATIENTS SCREENED

Not eligible: 45 patients

Older than 70 years old: 5 patients
Consent withdrawn: 3 patients
ECOG>1: 8 patients

v

»| HER2 negative: 20 patients

Evidence of metastasis: 3 patients
History of prior chemotherapy: 2 patients
LVEF< 55%: 2 patients

Uncontrolled hypertension: 2 patients

N =108
PATIENTS
RANDOMISED

!

| TA4415V |
v

Allocated to intervention
(ITT population: N=54)

v

Withdrew:

Protocol violation (N=3)

No pCR assessment (N=2)

Not receiving at least one dose, and

concurrently no pCR assessment (N=1)

Fig. 1 Patient disposition

. .. _ Patients receiving
Patients receiving
L medication
medication
N=54
(N=54) (N=54)
Analyzed PP: (N =44)
Analyzed PP: (N =48) -

!

| Reference trastuzumab |

v

Allocated to intervention
(ITT population: N=54)

v

Withdrew:

Not receiving at least one dose, and no pCR
assessment (N=2)

Not receiving at least one dose, and no pCR
assessment and LVEF< 55% (N=1)
Pregnancy and abortion (N=1)

No pCR assessment (N=5)

Not receiving at least one dose (N=1)

in Table 3. There was no statistically significant difference
in the ORR rate among groups (p =0.72).

BCS Seven patients (12.96%) in the reference trastu-
zumab group and 11 patients (20.37%) in the TA4415V
group underwent BCS. The difference was not statisti-
cally significant among these groups (p=0.42).

Among 79 patients who had a mastectomy (TA4415V: 40,
reference trastuzumab: 39), 13 patients in the TA4415V
and 12 patients in the reference trastuzumab group
achieved pCR.

Safety
Adverse events
According to the analysis, 34.28%, 6.92%, and 58.81%
of AEs were observed in AC, ACTH, and TH phases,
respectively. Among these, 534 AEs occurred in the ref-
erence trastuzumab group, and 588 AEs were reported
in the TA4415V group. No deaths were reported dur-
ing the study, and the only serious adverse event was an
abortion due to the physician’s decision, but pregnancy
was not reported to the sponsor at the time. This event
occurred in the AC phase and before the administra-
tion of reference trastuzumab.

The severity levels of most events were mild or
moderate in both treatment groups. Incidence of
grade 3 and 4 AE was also reported, and there was no



Nodehi et al. BMC Pharmacology and Toxicology (2022) 23:57

Table 1 Baseline Characteristics of the participants in the
Intention-to-Treat Population

TA4415V (N =54) Reference
trastuzumab
(N =54)
Age (Years)

Median (range) 475 (28,63) 46 (26, 69)
Weight (Kg)

Median (range) 70 (46, 110) 70 (44, 100)
Tumor Size (mm)

Median (range) 33(22,44) 33(21,41)
IHC 2+, No. (%) 9(16.67) 11(20.37)
FISH+, No. (% of IHC 24) 3(33.33) 2(18.18)
CISH+, No. (% of IHC 2+) 6 (66.67) 9(81.82)
IHC 3+, No. (%) 45(83.33) 43 (79.63)
ER/PR

ER and/or PR positive 36 (66.67) 30 (55.56)

ER and PR negative 18 (33.33) 24 (44.44)

There is no imputation for missing values

IHC Immunohistochemistry, FISH Fluorescence in situ hybridization, CISH
Chromogenic in situ hybridization, ER Estrogen receptor, PR Progesterone
receptor

Table 2 pCR analyses in the PP and ITT populations

TA4415V Reference Difference (95%
(N =54) trastuzumab qa
(N=54)
Per-Protocol Population?
pCR 18 (37.50) 15 (34.09) —0.03 (—0.23,
0.16)
Intention-to-treat Population
pCRID 19 (37.25) 16 (34.78) —0.02 (=022,
0.17)
pCR® 19 (35.19) 16 (29.63) —0.05(—0.23,
(Imputed 0.12)
analysis)

Data are n (%), unless otherwise indicated

Difference = proportion (reference trastuzumab) — proportion (TA4415V)
?n =48 for TA4415V and n =44 for reference trastuzumab

b n=51 for TA4415V and 46 for reference trastuzumab

©n=>54 for TA4415V and 54 for reference trastuzumab

significant difference in severity among the two groups
(p=0.70).

AEs that occurred in the AC phase were considered
unlikely because trastuzumab, as the experimental drug,
was not administered in this phase. At least possibly
related AEs (possible or probable) were also reported
in the ACTH and TH phase. Two AEs led to drug dis-
continuation: one case of LVEF decrease occurred in the
AC phase, and one case of hepatitis occurred in the TH
phase (Table 4).
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The decrease in ejection fraction, as the AE of spe-
cial interest (AESI), was compared between treatment
groups in the TH phase. An LVEF decrease was reported
in seven patients (12.96%) and nine patients (16.67%) in
the TA4415V and reference trastuzumab groups, respec-
tively; no significant difference was observed between
these groups (p=0.59). Table 5 shows descriptive data for
LVEF values at baseline, visit 5 and visit 9 for TA4415V
(respectively 57.94 (56.91-59.03), 55.58 (56.72—58.43),
56.83 (55.40-58.26)) and Reference trastuzumab (respec-
tively 56.92 (55.42-58.41, 55 (55-60), 55.02 (52.98—
57.05)). Patients received TH regimen between visit 5
and visit 9.

Immunogenicity

Up to the end of the study, immunogenicity was nega-
tive in all obtained samples. Since there was no ADA
emergence, the relationship between immunogenicity,
treatment efficacy and safety could not be statistically
analyzed.

Discussion

The present study was a phase III, randomized, active-
controlled trial designed to evaluate the non-inferiority
of TA4415V (as a proposed biosimilar) versus the refer-
ence drug. Patients with early-stage and operable HER2-
positive breast cancer received neoadjuvant treatment
with trastuzumab as a part of their therapeutic regimen.
This population is more suitable than metastatic patients
for inclusion in studies intended to evaluate biosimilar-
ity, due to their homogeneity, low tumor burden, and
lower risk for disease progression and severe adverse
events (SAEs) [24]. Considering the administration of
trastuzumab in the neoadjuvant setting, the potential
shortened exposure to trastuzumab must be taken in to
account while interpreting the results. pCR was assessed
as the primary endpoint, as the FDA and the EMA guide-
lines approve the use of pCR as a surrogate endpoint for
the neoadjuvant treatment of high-risk, early-stage breast
cancer [19, 25].

The proportion of HER2-positive breast cancer patients
achieving pCR in the TA4415V group was statistically
similar to patients treated with the reference drug, and
the results confirmed non-inferiority. All secondary effi-
cacy analyses (ORR and BCS) were comparable between
groups, as well as their safety profiles.

The present study showed the therapeutic non-inferi-
ority of biosimilar TA4415V to reference trastuzumab in
patients with early-stage, operable, HER2-positive breast
cancer. The pCR rates are consistent with those reported
in previous randomized controlled trials on trastuzumab
therapy for HER2-positive breast cancer patients. Simi-
lar findings were reported in a GeparQuattro study, in
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Per Protocol —— E pCR Diff: -0.03, 95% CI:(-0.23 , 0.16)
Intention-to-Treat (Imputation) —e— E pCR Diff: -0.05, 95% CI:(-0.23, 0.12)
Intention-to-Treat —e— : pCR Diff: -0.02, 95% CI:(-0.22 , 0.17)
T T T ; T 1
-1.0 -05 0.0 05 1.0
Favors TA4415V Favors Reference Drug
- —_—
Fig. 2 Forest plot for pCR result of PP and ITT analysis

Table 3 Proportion of Clinical Response in the treatment groups

TA4415V Reference
trastuzumab
Complete Response (%) 1522 2381
Partial Response (%) 7391 59.52
Progressive Disease (%) 0.00 2.38
Stable Disease (%) 6.52 9.52
Unassessable (%) 4.35 4.76

Valid percent was reported
P-value=0.59
P-value for ORR (Overall response includes complete and partial response) =0.72

P-value computed using fisher exact Test

Table 4 Adverse events in ITT population

achieved a pCR rate of 39% [27]. In another study con-
ducted by Untch et al. receiving trastuzumab with
chemotherapy for the neoadjuvant treatment of HER2-
positive breast cancer patients resulted in 39% pCR [8].
In addition, the study of neoadjuvant PF-05280014, an
FDA-approved biosimilar trastuzumab, with docetaxel
and carboplatin by Lammers et al., for operable HER2-
positive breast cancer patients, showed 47.0% pCR [28].
In the LILIAC study, receiving ABP 980, as another tras-
tuzumab biosimilar, in patients with HER2-positive early
breast cancer, resulted in 48% pCR [29].

Clinical trials comparing the safety and efficacy of tras-
tuzumab biosimilars and evaluating pCR and ORR in
patients with early and metastatic breast cancer are ongo-

AC TH ACTH
TA4415V N (%) Reference TA4415V N (%) Reference
trastuzumab N (%) trastuzumab
N (%)

At least possibly related AE - 53(98.15) 49 (90.74) 24 (44.44) 28(51.85)
Serious AE 1(0.93) 0(0.00) 0(0.00) 0(0.00) 0(0.00)
Number of subjects reporting at least 32(29.63) 27 (50.00) 29 (53.70) 1(1.85) 1(1.85)

one grade 3 or 4 AE

AEs leading to drug discontinuation 1(0.93) 1(1.85) 0(0.00) 0 (0.00) 0(0.00)

which trastuzumab was added to neoadjuvant chemo-
therapy for patients with operable or locally advanced
HER2-positive breast cancer. This treatment resulted in
a 31.7% pCR rate, which was 16% higher than that in the
chemotherapy alone group [26]. Similarly, in a NOAH
study, patients receiving trastuzumab plus chemotherapy

ing [30]. In a study from pivot et al. ERBB2-positive early
breast cancer patients received HD201 (Trastuzumab
biosimilar) and Referent Trastuzumab in a neoadjuvant
setting for 8 cycles concurrently with chemotherapy, and
tpCR rates were 45% for HD201 and 48.7% for referent
trastuzumab [31]. In another study of Pivot et al., breast
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Visit and Statistic

TA4415V

Reference trastuzumab

Baseline
Mean (95% Cl)
Median (Range)
Visit 5

57.94 (56.91,59.03)
60 (55,60)

Change from Baseline

56.92 (55.42,58.41)
55 (55,60)

Change from Baseline

Mean (95% Cl) 55.58 (56.72,58.43) 0.30(—=0.92,1.52) 55.63 (54.10,57.16) 1.92 (—0.02,3.896)
Median (Range) 58.25 (55,60) 0(0,1) 55 (55,60) 0(—1.255)

Visit 9
Mean (95% Cl) 56.83 (55.40,58.26) 0.39(—0.89,1.67) 55.02 (52.98,57.05) 1.39(—0.54,5.22)
Median (Range) 57.5 (55,60) 0(—2525) 55(55,57.5) 0(—1,5)

cancer patients received neoadjuvant trastuzumab for 8
cycles concurrently with chemotherapy, and a pCR rate
of 35.8% was reported in the trastuzumab biosimilar
group, which is close to the pCR rate in our study [32].
This rate was reported to be higher (46.8% in the biosimi-
lar group and 50.4% in the reference group) in a study by
Stebbing et al. Patients in this trial received trastuzumab
in combination with chemotherapy for 8 cycles, fol-
lowed by surgery. The results demonstrate that pCR rates
are higher in hormone receptor-negative patients. In
the present study, patients were not stratified according
to hormone receptor status, and the difference in pCR
rates with other studies may be a result of high number
of ER/PR positive patients. Breast pCR was also assessed
in this trial, and the results were similar to those of the
present study, with a bpCR rate of 51.6% [33]. The most
similar result to the present study was the 39.7% pCR rate
reported in the trastuzumab group [32].

A limitation of our study is that random assignment
was not stratified by hormone receptor status, even
though this factor could influence treatment response.
The prespecified margin was defined based on an arti-
cle along with the investigators’ opinion [23]. Moreover,
based on the study protocol, this trial was performed in
the neoadjuvant setting only. Therefore, the potential
adjuvant treatment, post-surgery follow-ups and survival
outcomes were not assessed. The follow-up duration for
safety assessment was also short.

Another limitation of the study was that 60% pCR rate
was defined based on the clinical judgment along with
the results of a study on that time [23]. Considering the
different potential definitions of response in our trial and
physician’s routine practice, it seems that the prespecified
threshold was overestimated. As the pCR rate in the con-
trol arm was lower than the assumption of 60% which is
consistent with some other studies previously explained.
We considered a 25% non-inferiority margin based on
the assumption of 60% pCR rate. However, considering

the forest plot regarding the pCR rate results in the study
(Fig. 2), non-inferiority is still achievable by considering
16% margin in the per protocol population and 17% mar-
gin in the ITT population without imputation. Non-infe-
riority was concluded based on the calculated confidence
interval although larger sample size causes a narrower
confidence interval.

Pre-surgery ORR was evaluated as a secondary end-
point in this study. Different trials reported varying ORR
values, ranging from 87% [27, 33] to 96% [32]. In the
study of Lammers et al. operable HER2-positive patients
receiving neoadjuvant PF-05280014, showed 88.1% ORR
[28]. The closest ORR to our study among all trials was
reported by Lammers et al.; specifically, the ORR rate was
88.1% before surgery [28].

Trastuzumab administration in patients with HER2-
positive disease does not necessarily increase lumpec-
tomy. In the clinical setting, several factors influence
the choice of surgery type after neoadjuvant therapy.
For tumors larger than 5cm, ER-negative, multicentric
or multifocal, conservative surgery is less likely. How-
ever, the two most important factors influencing surgery
choice are the surgeon’s recommendation at diagnosis
and the patient’s personal preference. Despite achiev-
ing a pCR, surgeons might still apply a more aggressive
approach and recommend a mastectomy. In addition,
patients tend to stay with the original pre-chemother-
apy mastectomy recommendation, even if the treatment
response is excellent [34—36]. The closest rate of lumpec-
tomy to the present study was 20.3%, which was associ-
ated with another trastuzumab biosimilar comparable to
reference trastuzumab (22.6%) [33].

The safety profiles of TA4415V and the reference
drug during the neoadjuvant period were not statisti-
cally different, in line with other trials [27-30]. No
unexpected adverse events occurred in the treatment
groups, and no deaths were reported throughout the
study. The only serious adverse event was one abortion,
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which occurred in the AC phase, and, therefore, was
not related to the drugs used in the study. There were
also two AEs that led to drug discontinuation, one case
of LVEF decrease, and one case of hepatitis. The rate
of cardiovascular events, as an adverse event of special
interest (AESI) for trastuzumab, was 10% in the refer-
ence trastuzumab group in Stebbing et al’s study, which
is similar to the present study [33].

Immunogenicity was negative in both treatment
groups, indicating the low immunogenic potential of
both drugs. This result is consistent with previous stud-
ies that used the intravenous administration of trastu-
zumab (0-3.4%) [28, 29, 33, 37].

Conclusion

TA4415V (biosimilar trastuzumab) was non-inferior in
efficacy and comparable in safety to Herceptin in the
treatment of HER2-positive breast cancer.
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