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AIMS
Trastuzumab is a humanized monoclonal antibody that binds the human epidermal growth factor receptor 2 (HER2) oncoprotein
and is an effective therapy for HER2-overexpressing breast cancer. MYL-1401O is a trastuzumab biosimilar. Here, we report results
from a phase 1 study that investigated bioequivalence among MYL-1401O, reference EU-trastuzumab and US-trastuzumab.

METHODS
This single-centre, randomized, double-blind, three-arm, parallel-group, phase 1 study was conducted in healthy adult male
volunteers. Subjects were randomized 1:1:1 to receive a single 8 mg kg�1 dose of MYL-1401O, EU-trastuzumab or US-
trastuzumab as a 90-min intravenous infusion. The primary objective was to assess PK similarity among all three products. Primary
endpoints assessed were peak serum concentration (Cmax), area under the serum concentration–time curve from time of dosing
to time of last quantifiable concentration and from time of dosing to infinity. Secondary endpoints included time of Cmax,
elimination rate constant, half-life, safety and immunogenicity.

RESULTS
Of 132 subjects enrolled (44/treatment), 120 (MYL-1401O, n = 42; EU-trastuzumab, n = 41; US-trastuzumab, n = 37) were in-
cluded in the PK analysis. The 90% confidence intervals of the ratios of geometric means for the primary endpoints were bounded
within the predefined bioequivalence criterion of 80–125%. Secondary endpoints time of Cmax, elimination rate constant and
half-life were similar among groups. All treatment-emergent adverse events were mild or moderate, similar across groups and no
serious adverse events were reported. No treatment-related antidrug antibodies were detected.

CONCLUSIONS
MYL-1401Owas well tolerated and demonstrated PK and safety profiles similar to EU-trastuzumab and US-trastuzumab in healthy
volunteers (ClinicalTrials.gov, NCT02594761).
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WHAT IS ALREADY KNOWN ABOUT THIS SUBJECT
• The monoclonal antibody trastuzumab is an effective therapy for HER2-overexpressing breast cancer
• Biosimilars of existing therapies can decrease costs and improve patient access
• MYL-1401O is a trastuzumab biosimilar and this manuscript presents data from a phase 1 pharmacokinetic trial evaluat-
ing its bioequivalence with reference trastuzumab

WHAT THIS STUDY ADDS
• In this population of healthy male subjects, MYL-1401O demonstrated pharmacokinetic bioequivalence to reference
trastuzumab; additionally, safety and tolerability results were consistent with previous trastuzumab studies

• These data, in combination with data from the phase 3 HERITAGE study, support the biosimilarity between MYL-1401O
and trastuzumab

Introduction
Monoclonal antibodies (mAbs) have been successfully
established as monotherapy, or combination therapies, in
the first- and second-line setting, and as palliative therapy
for solid tumours and haematological malignancies [1–3].
These antibodies can target the host immune response or
modify specific intracellular pathways, reducing tumour pro-
liferation itself, increasing the efficacy of radiation or chemo-
therapies, or both [1].

Approximately 15–20% of invasive breast cancers overex-
press the oncoprotein human epidermal growth factor recep-
tor 2 (HER2), which is normally present in limited amounts
on the outer surface of the cell membrane in various tissues
[4, 5]. HER2 is unique in that it can form ligand-independent
homodimers and overexpression of HER2 can lead to its acti-
vation [6, 7]. Trastuzumab is a humanized immunoglobulin
G1 (IgG1) mAb directed against HER2; blocking receptor ac-
tivity leads to selective inhibition of the downstream HER2
pathway [1], which arrests the cell cycle in G1 and induces
antibody-dependent cellular toxicity [8]. Trastuzumab has
been evaluated in female patients with metastatic breast can-
cer; in a phase 3 trial, compared with chemotherapy alone,
chemotherapy in combination with trastuzumab improved
survival and response in HER2-positive metastatic breast
and gastric cancers [9–12]. Trastuzumab is approved for the
treatment of HER2-overexpressing breast cancer andmetasta-
tic gastric or gastroesophageal junction adenocarcinoma [10].

Despite significant therapeutic improvement, biologic
therapies such as mAbs are costly, limiting access across the
globe [13, 14]. Biosimilars, developed as copies of existing bi-
ologics, have been available in European markets for roughly
a decade. The European Medicines Agency (EMA) approved
the first mAb infliximab biosimilars in 2013, Remsima
(Celltrion, Incheon, Republic of Korea) and Inflectra (Pfizer,
New York, NY, USA) [15]. In 2016, the US Food and Drug
Administration (FDA) approved its first two mAb biosimilars:
Inflectra, an infliximab biosimilar, and Amjevita (Amgen,
Thousand Oaks, CA, USA), an adalimumab biosimilar [16].
Both agencies have continued to approve biosimilars, and as
patents expire on existing biologics and new regulations are
implemented, biosimilars will become more readily available
worldwide [13, 17, 18]. Biosimilars are not characterized in
the same way as traditional small molecules because of the
molecular complexity and multifaceted production process
of biologics; therefore, the FDA and the EMA have established
guidance for the development and approval of biosimilars.
The FDA defines biosimilarity to mean “the biological

product is highly similar to the reference product notwith-
standing minor differences in clinically inactive compo-
nents,” with “no clinically meaningful differences between
the biological product and the reference product in terms of
the safety, purity, and potency of the product” [19]. As most
biologics are often used in combination with chemotherapy
and have a variety of indications, demonstrating bioequiva-
lence with mAbs is complicated [20].

MYL-1401O is the first FDA-approved biosimilar for the
treatment of breast or stomach cancer and the second FDA-
approved biosimilar for the treatment of cancer [21]. It
encodes an IgG1 mAb that is 100% identical in amino acid
sequence to the heavy chain and light chain of the
trastuzumab sequence. Physicochemical analyses and previ-
ous studies, including the phase 3 HERITAGE study, have
demonstrated the similarity of MYL-1401O to European-
sourced trastuzumab (EU-trastuzumab) and US-sourced
trastuzumab (US-trastuzumab) [9, 12, 22–24]. This manu-
script presents data from a phase 1 pharmacokinetic (PK) trial
evaluating the bioequivalence of MYL-1401O with both EU-
trastuzumab and US-trastuzumab, and of EU-trastuzumab
with US-trastuzumab.

Methods

Study design
This phase 1, single-centre, randomized, double-blind, three-
arm, parallel-group, 10-week study was performed between 8
August 2013 and 27 February 2014, in healthy male adults
(NCT02594761). The study was conducted using a parallel-
group design because a crossover design was deemed
impractical owing to the long treatment periods and washout
interval, which can last as long as 7 months [10]. Drugs used
in this study were MYL-1401O (Biocon Ltd, Bangalore, India,
for Mylan Inc, Canonsburg, PA), reference EU-trastuzumab
(Herceptin, Roche Diagnostics GmbH, Mannheim,
Germany) and reference US-trastuzumab (Herceptin,
Genentech, Inc, South San Francisco, CA).

Subjects were randomized on a 1:1:1 basis per protocol to
receive MYL-1401O, EU-trastuzumab or US-trastuzumab
(Fig. 1). Subjects received a single 8mg kg�1 intravenous infu-
sion per body weight of test or study drug reconstituted and
diluted in 250ml of saline over 90min. The dose of 8 mg kg�1

was chosen because it is the clinically approved loading dose
of trastuzumab for the every-3-weeks regimen (i.e. initial dose
of 8 mg kg�1 followed by 6 mg kg�1 every 3 weeks); this is in

PK of trastuzumab biosimilar MYL-1401O

Br J Clin Pharmacol (2018) 84 2336–2343 2337



agreement with authorities for assessment of PK, safety and
immunogenicity in healthy human volunteers [10]. Subjects
were excluded if they had a history of any significant disease,
used any medication 7 days before start of study or partici-
pated in a clinical trial within 30 days of start of study.
Healthy male subjects aged 18–55 years who weighed
>50 kg with body mass index 18–30 kg m–2 inclusive, had
no known cardiac history (nonhypertensive, left ventricular
ejection fraction >50%), understood study procedures,
agreed to participate and were willing to give informed con-
sent were eligible.

The study was approved by Alpha Institutional Review
Board (San Clemente, CA) and conducted in accordance with
the guidelines set forth by the EMA, the International Coun-
cil for Harmonization of Guidelines for Good Clinical Prac-
tice (E6) and the US Code of Federal Regulations Guidelines
for Good Clinical Practice (21 CFR Parts 50 and 56) regarding
the treatment of human subjects in a study. All subjects who
agreed to participate in the study were required to provide
the investigators with properly documented and fully exe-
cuted informed consent before initiation of any study-
specific activities.

PK endpoints. Blood samples (3.5 ml each) were collected
immediately before dose administration (0 h); at 45 and
90 min after the start of infusion; postdose at 3, 6, 9, 24 and
48 h relative to the start of infusion; and on days 5, 8, 11,
15, 22, 29, 43, 57 and 71. Serum samples were assayed for
trastuzumab concentration using a validated enzyme-linked
immunosorbent assay (ELISA) method (described below).
Three similarity assessments were performed: (i)
MYL-1401O and EU-trastuzumab; (ii) MYL-1401O and
US-trastuzumab; and (iii) EU-trastuzumab and US-
trastuzumab. The primary PK endpoints were peak serum
concentration of trastuzumab (Cmax), area under the serum
concentration–time curve from the time of dosing to the
time of last quantifiable concentration (AUC0-last) and AUC
from the time of dosing to infinity (AUC0-∞). Secondary
endpoints included time of Cmax (tmax), elimination rate
constant (λz) and half-life (t½).

ELISA. A validated sandwich ELISA format was used with a
monoclonal anti-idiotype antibody against trastuzumab.
Calibration standards and quality controls were prepared in
neat pooled human serum. The concentration of MYL-
1401O, EU-trastuzumab or US-trastuzumab in samples was

back-calculated from the calibration curve. The lower limit
of quantitation of the validated assay was 75 ng ml�1 in
neat serum. Analytical studies were performed at Covance
Laboratories (Harrogate, UK).

Safety and tolerability. Safety and tolerability assessments
included adverse event (AE) collection, vital signs, cardiac
monitoring, clinical laboratory assessments [including C-
reactive protein (CRP) and immunoglobulins], local
tolerability assessments (according to the phlebitis scale),
physical examination and immunogenicity. Any clinically
significant observations outside the range of normal were
recorded as AEs. A treatment-emergent AE (TEAE) was
defined as any new AE or worsening of an existing
condition after treatment administration up to and
including the end-of-study visit (day 71).

Blood and urine samples were collected at screening and
study exit for clinical laboratory evaluations of haematology,
urinalysis, clinical chemistry and serology. Cardiac parame-
ters were measured by 12-lead electrocardiogram (ECG) and
echocardiography using left ventricular ejection fraction. A
12-lead ECG was obtained and evaluated at screening,
predose (baseline), and at 90 min (before end of infusion)
and 3 h postdose (relative to the start of infusion), and on
day 71 (or at early termination). Twelve-lead ECGs were col-
lected in the supine position after the subject had been qui-
etly resting for 10 min. Echocardiography was measured at
screening, day 15 and day 71 (or at early termination).

Measurements of CRP, a marker of acute inflammatory re-
sponse, were evaluated at screening and at days 1 (predose
and 3 h postdose), 2, 3, 8 and 71 (or at early termination).

Immunogenicity testing. Measurements of IgA, IgG and IgM
were evaluated at days 1, 8 and 71 (or at early termination).
Immunogenicity samples were taken at predose (day 1) and
at the last PK sample time point (day 71 or early
termination) and measured with a bridging immunoassay
format using the Meso Scale Discovery
electrochemiluminescence (ECL) detection technology
(Rockville, MD, USA). Samples were analysed as
recommended in a multitiered fashion [25–27]. Sample ECL
signals that were greater than the cut-off (established during
validation at a 5% false-positive rate) were identified as
positive in this screening assay and then tested in a
confirmatory test where the percentage inhibition of ECL
signal in the presence of excess drug was determined and

Figure 1
Study design. Healthy males were randomized to receive a 90-min infusion of 8 mg kg�1 of MYL-1401O, EU-trastuzumab or US-trastuzumab.
Blood samples were collected as shown
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compared with a confirmatory cut-off (0.1% false-positive
rate). Confirmed positive samples were then evaluated in
the titration tier where samples were serially diluted using
1.5-fold dilution steps until the ECL signal dropped below
the screening assay cut-off. The last dilution (including the
minimum required dilution) that yielded an ECL signal
above the cut-off was the reported titre. Results were also
reported as the log10 of the dilution. The assays for antidrug
antibody (ADA) detection were fully validated before use in
the evaluation of study samples. During validation,
the assays were demonstrated to detect 50 ng ml–1 of ADA
(as the surrogate positive control) in the presence of
100 μg ml–1 of trastuzumab. During study sample analysis,
the drug tolerance limit was not exceeded for any of the
immunogenicity samples. Analytical studies were performed
at Covance Laboratories.

Statistical analysis
Single-dose PK parameters for trastuzumab were calculated
using noncompartmental techniques. Statistical analyses
were performed on PK parameters using the general linear
models procedure (PROC GLM) of SAS software (SAS
Institute, Cary, NC, USA). The postdosing drug concentration
values were used for the calculation. The Cmax and tmax
were determined from the observed serum concentration-
time profile over the sampling time interval. The λz was
determined by linear regression of the terminal linear
phase of the log serum concentration–time profile. The
AUC0-last was the sum of the linear trapezoidal estimation
of the areas from the time of dosing to the time of the last
quantifiable concentration. The AUC0-∞ was calculated as
AUC0-∞ = AUC0-last + LQC / λz where LQC is the last quan-
tifiable concentration; t½ was calculated as t½ = 0.693 / λz.
The hypothesis of nonequivalent bioavailability between
any two study drugs was to be rejected if each 90%
confidence interval (CI) for two one-sided tests (α = 0.05) for
Cmax, AUC0-last and AUC0-∞ was in the 80–125% range for
the natural log-transformed data. Single-dose PK parameters
(natural log-transformed parameter CI) for trastuzumab were
analysed using analysis of variance (ANOVA).

Determination of sample size
On the basis of a previous crossover PK study, a sample size of
132 subjects (44 per treatment group) was deemed sufficient
to provide at least 82% power overall, assuming intersubject
variability ≤25%, a true geometric mean ratio (GMR) between
0.92 and 1.08 and ≥ 90% of subjects completing the study.

The power calculation was for a 90% CI (for two one-sided
α = 0.05 tests) of the GMR in the range of 80–125%.

Results

Subject demographics
A total of 132 subjects (44 per treatment group) were enrolled
per protocol in the study. The mean age was 32.9 years and
the mean body mass index was 25.5 kg m�2. Baseline charac-
teristics were generally similar across all treatment groups
(Table 1). Of the subjects enrolled, 121 completed the clinical
portion of the study (MYL-1401O, n = 42; EU-trastuzumab,
n = 41; US-trastuzumab, n = 38) and 11 withdrew consent
and discontinued (MYL-1401O, n = 2; EU-trastuzumab,
n = 3; US-trastuzumab, n = 6; Supplemental Figure). No
subjects withdrew because of TEAEs and all subjects who
withdrew consent did so for personal reasons, including
work-schedule conflicts and family emergencies. One subject
in the US-trastuzumab group did not receive the correct
amount of dose in infusion because of a dose preparation er-
ror and was discontinued from bioanalytical analysis by the
sponsor. Thus, 120 subjects were included in the PK analysis.

PK analysis
The trastuzumab serum concentration–time profile was
similar across all three treatment groups (Fig. 2). The mean
(coefficient of variation [%CV]) for Cmax in the MYL-
1401O, EU-trastuzumab and US-trastuzumab groups was
207.1 μg ml�1 (12.44), 199.4 μg ml�1 (13.69) and
205.8 μg ml�1 (15.67), respectively (Table 2). The mean
(%CV) for AUC0-last in the MYL-1401O, EU-trastuzumab and
US-trastuzumab groups was 49 704 μg h ml�1 (16.64),
51 642 μg h ml�1 (19.82) and 51 887 μg h ml�1 (14.44), re-
spectively (Table 2). The mean (%CV) for AUC0-∞ in the
MYL-1401O, EU-trastuzumab and US-trastuzumab groups
was 49 899 μg h ml�1 (16.93), 51 902 μg h ml�1 (20.01) and
52 259 μg h ml�1 (14.36), respectively (Table 2). Results from
ANOVA comparing the primary endpoints of Cmax, AUC0-last

and AUC0-∞ across all three treatment groups showed that the
90% CIs of the ratios of geometric means ranged between
89.16% and 109.41% and were within the predefined bio-
equivalence interval of 80–125%. Mean (%CV) for the sec-
ondary PK endpoints of tmax (2.880 h [54.83], 3.028 h
[118.2] and 2.625 h [53.37]), λz (0.0046 h�1 [22.80],
0.0044 h�1 [27.14] and 0.0042 h�1 [23.45]), and t½ (160.0 h
[28.39], 173.8 h [32.92] and 176.4 h [29.85]) was also similar

Table 1
Baseline characteristics

Parameter, mean (SD) MYL-1401O (n = 44) EU-trastuzumab (n = 44) US-trastuzumab (n = 44)

Age, y 31.9 (9.5) 33.0 (10.0) 33.9 (9.9)

Weight, kg 82.0 (10.9) 79.2 (11.1) 79.2 (12.2)

Height, cm 177.8 (7.8) 176.6 (8.4) 177.2 (7.3)

BMI, kg m�2 25.9 (2.8) 25.3 (2.7) 25.1 (2.6)

BMI, body mass index; SD, standard deviation

PK of trastuzumab biosimilar MYL-1401O
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across the MYL-1401O, EU-trastuzumab and US-trastuzumab
groups, respectively (Table 2). The ANOVA for secondary PK
endpoints under the null hypothesis of no difference resulted

in P values of 0.7614 for tmax, 0.2497 for λz and 0.3139 for t½,
demonstrating that there was no statistically significant dif-
ference among groups for these parameters.

Safety and tolerability
Of the 132 subjects who received study medication, 83
experienced a total of 227 TEAEs (MYL-1401O, 31 subjects
with 91 TEAEs; EU-trastuzumab, 28 subjects with 80 TEAEs;
US-trastuzumab, 24 subjects with 56 TEAEs). All TEAEs were
mild or moderate in severity, and no serious AEs were re-
ported. No subjects withdrew because of TEAEs. The most fre-
quently reported AE in all groups was headache (MYL-1401O,
27.3%; EU-trastuzumab, 29.5%; US-trastuzumab, 22.7%;
Table 3). Back pain and influenza-like illness were more
frequent in the MYL-1401O group compared with the
reference groups (MYL-1401O, 15.9% and 11.4%;
EU-trastuzumab, 4.5% and 4.5%; US-trastuzumab, 2.3% and
0, respectively; Table 3). Chills were more frequent in the
EU-trastuzumab group (25.0%) compared with the MYL-
1401O group (4.5%) and the US-trastuzumab group (4.5%).
The most frequent treatment-related TEAEs (≥5% of subjects)
in the MYL-1401O group were headache (20.5%), influenza-
like illness (11.4%), back pain (11.4%), fatigue (6.8%) and
nausea (6.8%).

An increase in CRP (usually within the normal range) was
observed in all subjects within the first 24 h after administra-
tion, which returned to each subject’s baseline by day 8. No
differences were found in cardiac parameters among treat-
ment groups, measured either by ECG or echocardiography.
There were no clinically significant changes in vital signs ob-
served during the study. Infusions were well tolerated and lo-
cal reactions observed were minimal. Three instances of
erythema were noted at the infusion site (two of these sub-
jects received MYL-1401O, one received US-trastuzumab)
and there were two reports of pain (both subjects received
EU-trastuzumab) with erythema or oedema (grade 2 on the
phlebitis scale) 90 min postdose, which were resolved within
3 h postdose.

Figure 2
Mean (± standard error) serum concentrations of MYL-1401O,
EU-trastuzumab and US-trastuzumab over the course of the study.
(A) Linear scale. (B) Semi-log scale. SE, standard error

Table 2
Summary of pharmacokinetic parameters in serum (PK analysis set)

MYL-1401O/
EU-trastuzumab

MYL-1401O
/US-trastuzumab

Parameter,
mean (%CV)

MYL-1401O
(n = 42)

EU-trastuzumab
(n = 41)

US-trastuzumab
(n = 37)

LS mean
ratio 90% CIa

LS mean
ratio 90% CIa

Cmax, μg ml�1 207.1 (12.44) 199.4 (13.69) 205.8 (15.67) 1.04 98.80–109.41 1.01 95.81–106.39

AUC0-last, μg h ml�1 49 704 (16.64) 51 642 (19.82) 51 887 (14.44) 0.97 90.90–102.91 0.95 89.54–101.71

AUC0-∞, μg h ml�1 49 899 (16.93) 51 902 (20.01) 52 259 (14.36) 0.97 90.76–102.84 0.95 89.16–101.36

tmax, h 2.880 (54.83) 3.028 (118.2) 2.625 (53.37) — — — —

λz, h�1 0.0046 (22.80) 0.0044 (27.14) 0.0042 (23.45) — — — —

t½, h 160.0 (28.39) 173.8 (32.92) 176.4 (29.85) — — — —

AUC0-∞, area under the serum concentration-time curve from the time of dosing to infinity; AUC0-t, area under the serum concentration-time curve
from the time of dosing to the time of last quantifiable concentration; CI, confidence interval; Cmax, peak serum concentration; %CV, coefficient of
variation; LS, least squares; PK, pharmacokinetic; t½, half-life; tmax, time of Cmax; λz, elimination rate constant
aNatural log-transformed parameter was used
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Immunogenicity
The number of subjects with antidrug antibodies (ADA) was
comparable among treatment groups (Table 4). Of 252 sam-
ples analysed from 126 subjects, six were confirmed positive
against MYL-1401O (n = 3; two samples at predose, one at
day 71), EU-trastuzumab (n = 1; one sample at predose) and
US-trastuzumab (n = 2; one sample at predose, one at day
71). Of the four subjects who were ADA positive at predose,
two remained ADA positive at day 71. The change in titre ob-
served for these two subjects was within the precision bound-
aries of the assay; the change in titre was not significant from
baseline, indicating that there were no treatment-induced or
treatment-boosted ADA-positive subjects in the study. Serum
IgA, IgG and IgM evaluations indicated no evidence of immu-
nogenicity, and analysis of covariance (ANCOVA) indicated a
similar response among the three treatment groups (data not
shown).

Discussion
Bioequivalence was demonstrated in this single-dose, phase 1
study of MYL-1401O, EU-trastuzumab and US-trastuzumab
administered as an 8-mg kg�1 intravenous infusion. When
comparing the primary endpoints across all three treatment
groups, ANOVA results showed that the 90% CIs of the ratios

of geometric means for these PK parameters ranged between
89.96% and 109.82% and were all within the predefined bio-
equivalence interval of 80–125% for the natural log-
transformed data for each of the comparisons. Secondary PK
endpoints of tmax, λz and t½ were also similar across all
treatment groups. MYL-1401O, EU-trastuzumab and
US-trastuzumab had similar safety profiles: there was no evi-
dence of immunogenicity, no serious AEs were reported, all
TEAEs were mild or moderate in severity, and local reactions
were infrequent and mild, indicating that all three products
were well tolerated in this population of healthy volunteers.

The PK parameters reported in this study were comparable
with those previously reported for other trastuzumab
biosimilars and the marketed trastuzumab product when ad-
ministered as a single intravenous dose of 6 mg kg�1 [8, 28,
29]. A previous trial compared a trastuzumab biosimilar,
FTMB (Synthon Biopharmaceuticals, Nijmegen, The
Netherlands), to reference trastuzumab in healthy males
and reported a half-life of ~6.0 days for FTMB and ~6.8 days
for reference trastuzumab [10]. An open-label, two-part,
phase 1/1b study (NCT00800436) using EU-trastuzumab re-
ported half-lives of ~10.6 days in healthy males and
~10.2 days in female patients with HER2-positive early breast
cancer [29]. The phase 1 REFLECTIONS trial randomized
healthymale subjects to PF-05280014 (the Pfizer trastuzumab
biosimilar), EU-trastuzumab or US-trastuzumab and found

Table 3
Summary of most frequently reported treatment-emergent adverse events (≥5% of subjects) by treatment

Adverse event (preferred term), n (%) MYL-1401O (n = 44) EU-trastuzumab (n = 44) US-trastuzumab (n = 44)

Headache 12 (27.3) 13 (29.5) 10 (22.7)

Back pain 7 (15.9) 2 (4.5) 1 (2.3)

Influenza-like illness 5 (11.4) 2 (4.5) 0

Upper respiratory tract infection 4 (9.1) 4 (9.1) 2 (4.5)

Nausea 4 (9.1) 2 (4.5) 4 (9.1)

Pain in extremity 3 (6.8) 2 (4.5) 1 (2.3)

Dizziness 3 (6.8) 3 (6.8) 3 (6.8)

Fatigue 3 (6.8) 1 (2.3) 2 (4.5)

Chills 2 (4.5) 11 (25.0) 2 (4.5)

Dry lips 1 (2.3) 3 (6.8) 0

Vomiting 0 3 (6.8) 1 (2.3)

Table 4
Summary of antidrug antibodies (ADA) samples by treatment

Visit Result MYL-1401O (n = 43) EU-trastuzumab (n = 43) US-trastuzumab (n = 40)

Day 1 (before dosing), n (%) ADA negative 41 (95.3) 42 (97.7) 39 (97.5)

ADA positive 2 (4.7) 1 (2.3) 1 (2.5)

Day 71 (last PK sample), n (%) ADA negative 42 (97.7) 42 (100) 39 (97.5)

ADA positive 1 (2.3) 0 1 (2.5)

PK, pharmacokinetic

PK of trastuzumab biosimilar MYL-1401O

Br J Clin Pharmacol (2018) 84 2336–2343 2341



the half-life of these compounds to be ~8.9, ~9.2 and
~8.8 days, respectively [8]. Compared with those trials, this
study reports shorter half-lives for MYL-1401O (~6.7 days),
EU-trastuzumab (~7.2 days) and US-trastuzumab (~7.4 days)
when administered as an 8-mg kg�1 intravenous infusion.
The reason for the comparatively shorter half-lives is not
known; however, in single-dose studies of MYL-1401O, we
noted higher clearances when drug concentrations tapered
to very low levels where receptor binding desaturates. Al-
though still within normal range, we did note increases
in CRP in the current study, and CRP has been shown to
correlate positively with mAb clearance [30]. Values for
Cmax, AUC0-last and AUC0-∞ for MYL-1401O were higher
in this study compared with those for FTMB and PF-
05280014; the values for reference EU-trastuzumab and
US-trastuzumab in this trial were also higher compared
with those for reference trastuzumab in the other trials.
The values reported among MYL-1401O and reference
trastuzumab within this study, and within the FTMB bio-
equivalence study, the phase 1/1b study and the REFLEC-
TIONS trial, are all similar [8, 10, 29].

MYL-1401O, EU-trastuzumab and US-trastuzumab were
well tolerated, with no serious AEs reported in any treatment
group. Cardiac safety, CRP, ECG and echocardiography were
performed throughout the study and all measures were found
to be within normal ranges, with no differences observed
among treatment groups. In innovator clinical trials,
trastuzumab demonstrated a low risk (1.4%–15%) of causing
subclinical or clinical cardiac failure, which was reversible in
approximately 50% of affected patients [10]. The highest
incidence of cardiomyopathy occurs when trastuzumab is
administered with an anthracycline, and guidelines for use
of trastuzumab indicate that cardiac function should be tested
every 3 months during and upon completion of trastuzumab,
and every 6 months for at least 2 years after completion of
trastuzumab as a component of adjuvant therapy [10]. As
the present investigation was a single-dose study, a decline
in cardiac function was not necessarily expected nor seen.

Overall, the most frequently reported AE in this trial was
headache, reported by an average of 26.5% of subjects; this
is consistent with 28.6% of subjects who experienced head-
ache in the phase 1 REFLECTIONS trial of another
trastuzumab biosimilar and the safety profile of reference
trastuzumab [8, 10]. The second most frequently reported
AE was back pain, reported in the range of 2.3–15.9% of sub-
jects across treatment groups; AEs of back pain were observed
in 22% of patients in a trial of US-trastuzumab for the treat-
ment of metastatic breast cancer [10]. While higher rates of
back pain and influenza-like symptoms occurred in the
MYL-1401O group relative to the reference compound
groups, the number of subjects exposed to each treatment
was small (n = 44) and, accordingly, the number of subjects
experiencing these TEAEs was small. The present study was
not designed or powered to compare differences in reported
TEAEs; in contrast, the phase 3 trial comparing MYL-1401O
with EU-trastuzumab and US-trastuzumab was designed to
assess differences in these safety profiles [12]. In the phase 3
study, neither back pain nor influenza-like symptoms were re-
ported in >5% of patients (n = 493), suggesting that these
TEAEs are not expected to affect a substantial proportion of
patients [12]. Acute or delayed anaphylactic reactions did

not develop in subjects who were ADA positive, indicating
that there was no product-specific immunogenicity. Overall,
safety and tolerability of MYL-1401O and reference
trastuzumab observed in this study were consistent with re-
sults from previous studies of trastuzumab [8, 10, 23, 28,
29]; all AEs were mild or moderate with no serious AEs ob-
served, indicating that these products were well tolerated.

Conclusions
This study demonstrated that MYL-1401O, a trastuzumab
biosimilar, is bioequivalent to both EU-trastuzumab and US-
trastuzumab when administered as a single-dose 8 mg kg–1

intravenous infusion over 90 min in healthy male subjects.
Results from ANOVA showed that the 90% CIs of the ratios
of geometric means for primary PK parameters were within
the predefined bioequivalence interval of 80–125%.
Additionally, EU-trastuzumab and US-trastuzumab were
demonstrated to be bioequivalent to each other. Overall,
MYL-1401O, EU-trastuzumab and US-trastuzumab were well
tolerated, and no significant safety issues emerged.
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Figure S1 Subject flow chart. aSubject was discontinued by
sponsor from bioanalytical analysis because he did not re-
ceive the correct amount of dose in infusion because of a dose
preparation error
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