
Vol.:(0123456789)1 3

Breast Cancer Research and Treatment (2019) 176:17–25 
https://doi.org/10.1007/s10549-019-05227-7

REVIEW

Randomised clinical endpoint studies for trastuzumab biosimilars: 
a systematic review

Michael Coory1   · Kate Thornton1

Received: 13 February 2019 / Accepted: 8 April 2019 / Published online: 12 April 2019 
© Springer Science+Business Media, LLC, part of Springer Nature 2019

Abstract
Purpose  Uptake of biosimilars depends on clinicians and patients having confidence in the evidential basis of marketing 
approval. The aim of this systematic review was to assess the evidential role of randomised clinical endpoint studies in the 
marketing approval of trastuzumab biosimilars.
Methods  We searched PubMed for any published reports of randomised studies associated with the five trastuzumab bio-
similars approved by the EMA, as on 31 January 2019. We also searched ClinicalTrials.gov for any ongoing studies for other 
trastuzumab biosimilars.
Results  We identified eight published papers or abstracts for seven randomised clinical endpoint studies for five trastuzumab 
biosimilars approved by the EMA: four studies in the neoadjuvant setting and three in the first-line metastatic setting. Another 
six unpublished or ongoing studies for other trastuzumab biosimilars were identified via ClinicalTrials.gov. According to 
GRADE, and considered in isolation, the randomised studies would be categorised as low-quality evidence because of the 
use of surrogate endpoints and the small sample size. However, according to GRADE, the totality-of-evidence for each of the 
five approved trastuzumab biosimilars would be categorised as high quality in that further data would be unlikely to change 
the conclusion that each biosimilar was not different from Herceptin in any clinically important way.
Conclusion  The pivotal data for each marketing approval was not the randomised clinical endpoint study, but the in vitro 
analytic characterisation. Regulatory confidence in in vitro analytic characterisation stems from years of experience with 
manufacturing changes for originator biological medicines. This emphasis on in vitro data, as the most sensitive way to 
detect clinically important differences, will be a new way of thinking for many oncologists.
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Introduction

In 2015, trastuzumab was added to the World Health Organi-
zation’s list of essential medicines [1]. Unfortunately, despite 
its extraordinary clinical achievements, trastuzumab is still 
not routinely available in many middle- and low-income 
countries [2]. Similar to small-molecule generics in the 
1970s and 1980s, it is hoped that biosimilars will make 
essential biological medicines, like trastuzumab, more 
affordable and accessible [2, 3]. In high-income countries, 
where access to trastuzumab is already good, it is hoped 
that biosimilars will help to make room in constrained 

third-party-payer budgets for innovative new cancer 
medicines.

In various high-income countries, the originator trastu-
zumab medicine, intravenous Herceptin, started coming off 
patent in 2014 and will be off patent in almost all coun-
tries, including the United States, by the end of 2019 [4, 
5]. Between December 2017 and January 2019, the Euro-
pean Medicines Agency (EMA) approved five trastuzumab 
biosimilars (Table 1) [6–10]. These approvals provide an 
opportunity to assess the role of randomised clinical end-
point studies, across five development programs against the 
same reference medicine (the intravenous formulation of 
Herceptin).

For smaller biosimilars, with an established pharmacody-
namic endpoint, recent regulatory guidelines state that a ran-
domised clinical study, against the reference (i.e. originator) 
biological medicine, might not be necessary. For example, 
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for insulin biosimilars, standard clinical endpoints (e.g. 
HbA1c) are not considered as sensitive, for detecting clini-
cally important differences, as pharmacodynamic endpoints 
(blood glucose levels) from insulin clamp studies [11]. Simi-
lar comments apply to pegylated and non-pegylated versions 
of filgrastim [12].

For large monoclonal antibodies, such as trastuzumab, 
randomised clinical endpoint studies remain the norm [13]. 
We were interested in their evidential role, given that the 
regulatory guidance of smaller biosimilars (e.g. insulin, 
filgrastim) has de-emphasised the role of clinical endpoint 
studies in identifying clinically important differences.

To help clarify this regulatory reasoning, the term some-
times used is “step-wise, totality-of evidence approach”. 
Another term—“reverse pyramid”—is used to highlight that 
the reasoning for a biosimilar is the reverse of that for a new 
medicine. For a biosimilar, most of the evidence for market-
ing approval comes from the in vitro analytic characterisa-
tion. In contrast, for a new medicine, the pivotal evidence for 
marketing approval comes from the clinical endpoint studies.

An associated and important regulatory concept for bio-
similars is bridging. In vitro analytic characterisation, along 
with evidence of pharmacokinetic equivalence, is often suf-
ficient to allow bridging to all the efficacy and safety studies 
that were completed for the reference medicine. There is no 
need to independently establish the efficacy and safety of the 

biosimilar or to repeat all the Phase-3 regulatory studies for 
the reference medicine: the regulatory reasoning relies on 
bridging to the clinical evidence developed for the reference 
medicine [14, 15].

This systematic review only considers the evidence 
needed for marketing approval. We did not consider the 
evidence needed to allow switching between a biosimilar 
and the reference medicine, without reference to the treating 
doctor; that is, non-medical switching, as is allowed with 
small-molecule generics. In Australia, Canada and many 
European Union countries, decisions about whether to allow 
non-medical switching are the responsibility of third-party 
payers, not the regulator. In the US, the FDA has two-tiers 
of evidence: (1) that required for marketing approval. (2) 
that required for switching [15, 16]. This present paper only 
considers the first tier of evidence: that required for market-
ing approval.

Also, we did not compare decisions across agencies in 
high-income countries; nor ascertain which biosimilars had 
been submitted to which agencies. More specifically, we 
did not compare the timing of market access in the United 
States and the European Union because of the different dates 
of patent expiry. Our interest was in the evidential basis of 
the marketing approval, not the legal aspects of market 
access; although both are important. In particular, our aim 
with this systematic review is to consider the evidential role 

Table 1   Randomised clinical endpoint studies for the five trastuzumab biosimilars approved by the EMA as of January 2019

Biosimilar Neoadjuvant First-line metastatic

ABP 980
Kanjinti [24]

CT-P6
Herzuma [23]

SB3
Ontruzant [20, 
21]

PF-05280014
Trazimera [18]

CT-P6 [17] MYL-1401O
Ogivri [22]

PF-05280014
Trazimera [19]

Study number NCT
01901146

NCT
02162667

NCT
02149524

NCT
02187744

NCT
01084876

NCT
02472964

NCT
01989676

Company
Country

Actavis/
Amgen, US/
Netherlands

Celltrion
South Korea

Samsung
South Korea

Pfizer
US

Celltrion
South Korea

Mylan
India

Pfizer
US

Recruitment 
period

2013–2015 2014–2016 2014–2015 2014–2016 2010–2012 2012–2015 2014–2016

Trastuzumab 
regimen

Q3W, 4 cycles Q3W, 8 cycles Q3W, 8 cycles Q3W, 6 cycles Q3W Q3W Q1W

Associated 
chemotherapy

Paclitaxel
Epirubicin
Cyclo-phospha-

mide

Docetaxel
5FU
Epirubicin
Cyclo-phospha-

mide

Docetaxel
5FU
Epirubicin
Cyclo-phospha-

mide

Docetaxel
Carboplatin

Paclitaxel Paclitaxel or 
docetaxel

Paclitaxel

Primary end-
point

t.pCR t.pCR b.pCR PK(Cminss) ORR
6 months

ORR
6 months

ORR
6 months

Acceptance 
interval (RD)

± 13%
90% CI

± 15%
95% CI

± 13%
95% CI

Not specified ± 15%
95% CI

± 15%
95% CI

± 13%
95% CI

Primary analysis 
population

Per protocol Per protocol Per protocol Per protocol Intention to treat Intention to treat Intention to treat

Women ran-
domised

725 549 875 226 475 458 707
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of randomised clinical endpoint studies in the marketing 
approval of trastuzumab biosimilars.

Methods

We searched PubMed, using the term “trastuzumab biosimi-
lar” in the title or abstract fields. No date range or language 
was specified. We excluded studies where the only endpoints 
were pharmacokinetic endpoints (e.g. area-under-the-curve, 
peak/trough levels at steady state), but included studies 
where the primary endpoint/s were pharmacokinetic and 
where there was a secondary clinical endpoint; for example, 
pathological complete response (pCR), objective response 
rate (ORR). We also cross checked the references of com-
mentaries and editorials. The identified published articles, 
in peer-reviewed journals, were used in conjunction with 
information contained in the publicly available European 
Public Assessment Reports (EPARs).

To assess the role of any unpublished or ongoing ran-
domised clinical endpoint studies, we also searched Clini-
calTrials.gov. The search terms used were intervention = 
“trastuzumab”; study-type = “intervention”; study-phase = 
“Phase3”.

All searches were current as on 31 January 2019.

Results

PubMed search

This search identified 31 articles; of which 24 were ineligi-
ble. Reasons for ineligibility were in vitro analytic charac-
terisation (7); only pharmacokinetic endpoints (6), and com-
mentaries or editorials (11). The remaining eight published 
articles were reports of seven studies that met the eligibility 
criteria (Table 1) [17–24].

Two of the articles were abstracts. One was for a 
2010–2012 study, in the first-line metastatic setting, for 
CT-P6 (eventually marketed as Herzuma) [17]. It was not 
included in the registration dossier for the 2018 EMA 
approval of Herzuma, due to subsequent (relatively minor) 
changes in the manufacturing process [17, 25, 26]. The 
results from the randomised study for Trazimera in the first-
line metastatic setting were also only available as an abstract 
[19], but that study was included in the registration dossier 
and complete results were available in the EPAR [9].

The inclusion and exclusion criteria were similar across 
the neoadjuvant studies; and as a result, the baseline char-
acteristics were similar. For example, the average age was 
about 54 years; 80–90% were ECOG = 0; about 60% to 75% 
were ER+/PR+; about one-quarter were stage IIIa. For the 
two metastatic studies, average age was also 54 years; about 
one-half were ECOG = 0; two-thirds were less than 2 years 
from initial diagnosis; three-quarters had visceral metasta-
ses; 40% were ER+/PR+ .

All seven studies were predominantly conducted in mid-
dle- and low-income countries (e.g. China, India, South-
East Asia, Central/South America, South Africa, Eastern 
Europe), which have different health systems and different 
approaches to the treatment of early breast cancer than high-
income countries. For example, in the Ogivri study (meta-
static setting), only 10% of women had previous (neoad-
juvant or adjuvant) treatment with trastuzumab. This low 
percentage of (neo)adjuvant use of trastuzumab is not sur-
prising, given that one of the main aims of biosimilar devel-
opment is to improve access in low- and middle-income 
countries. Also, for high-risk women, pertuzumab was not 
a possible addition to the regimen.

All of the randomised clinical studies for trastuzumab 
biosimilars showed non-inferiority, according to the pre-
specified non-inferiority margin on the pre-specified primary 
endpoint; pathological complete response (Table 2) or objec-
tive response rate (Table 3). However, at the other end of 
the acceptance interval, two of the biosimilars, Kanjinti and 

Table 2   Total pathological complete response (t.pCR), neoadjuvant studies, per protocol populations

The pre-specified primary analysis populations were the per protocol populations. Analyses on the intention-to-treat populations were concord-
ant (see text in the “Discussion” section)

Kanjinti Herzuma Ontruzant Trazimera

Biosimilar Herceptin Biosimilar Herceptin Biosimilar Herceptin Biosimilar Herceptin

N 358 338 248 256 382 380 100 86
n 172 137 116 129 175 136 47 43
t.pCR (%) 48 41 47 50 46 36 47 50
RD
(95% CI)

7.3%
(0.0%, 14.6%)

− 3.6%
(− 12.4%, 5.2%)

11.1%
(4.4%, 17.7%)

− 3.0%
(− 17.4%, 11.4%)

RR
(95% CI)

1.19
(1.00, 1.40)

0.93
(0.78, 1.11)

1.32
(1.11, 1.57)

0.92
(− 0.69, 1.23)
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Ontruzant, did not show non-superiority (see “Discussion” 
section).

There were no new or unexpected safety findings from 
any of the studies. Besides the neoadjuvant study for Tra-
zimera [pharmacokinetic primary endpoint: area-under-
curve (AUC)], all the other neoadjuvant studies have 
reported on safety in the subsequent adjuvant setting. 
Infusion-related reactions (IRR) were about 8–10% for 
adjuvant treatment, with similar incidence in the biosimilar 
and Herceptin groups. Similar percentages were reported 
for IRRs in the biosimilar studies in the first-line metastatic 
setting. There were a handful of women (< 1%) who devel-
oped antidrug antibodies (ADAs); percentages were similar 
across the biosimilar and Herceptin groups and not all the 
ADAs were neutralising. The average LVEF for the women 
recruited to the studies was 66% (women with heart dis-
ease were excluded). Across all the studies, between 1 and 
4% of women had a decrease in LVEF of more than 10%, 
such that their LVEF was less than 50%. Decreases in LVEF 
seemed similar in the biosimilar and Herceptin groups; with 
the caveat that the studies were not powered to detect dif-
ferences in that endpoint. In the LILAC study for Kanjinti, 
half the women, who received Herceptin in the neoadjuvant 
period, were switched to Kanjinti in the adjuvant period (171 
of 338 women). This switching did not lead to any detectable 
safety signals.

ClinicalTrials.gov search

This search resulted in 139 hits. Of these, 133 were studies 
where the intervention was focussed on the various formula-
tions of the reference medicine (i.e. intravenous or subcu-
taneous trastuzumab, intravenous trastuzumab emtansine). 
The remaining six studies were randomised clinical endpoint 
studies for intravenous trastuzumab biosimilars (Table 4).

The results for HERtiCAD (BCD-022) were available 
from ClinicalTrials.gov (but have not been published in 
a journal indexed by PubMed). The setting was first-line 
metastatic breast cancer; 225 women were randomised. 

The co-primary endpoints were area-under-the-curve: 
AUC (pharmacokinetic) and objective response rate: ORR 
(clinical) at 18 weeks. For ORR the results were HERti-
CAD (56/113: 50%); Herceptin (48/100: 48%). This sug-
gests equivalence (risk difference = 1.6%; 95% CI − 11.9%, 
15.0%) although an acceptance interval (equivalence 
margin) was not pre-specified. HERtiCAD has marketing 
approval in Russia and other Eastern European countries. It 
has not been submitted for evaluation to a regulatory agency 
in a high-income country or region.

The other five studies identified on ClinicalTrials.gov 
(summarised in Table 4) are yet to post results or have not 
started recruiting. However, some of these trastuzumab 
biosimilars have already been approved for marketing in 
middle-income and low-income countries: AryoTrust (Iran); 
HLX02 (China) [27].

We did not identify any trastuzumab biosimilars for which 
the EMA had refused approval, once the manufacturing site 
had been cleared. Marketing approval has been refused for 
some other types of biosimilars (e.g. for interferon alpha-2a, 
insulin) [28, 29].

Discussion

We identified eight published papers or abstracts in PubMed, 
reporting on seven studies, for the five approved biosimilars: 
four studies in the neoadjuvant setting and three in the first-
line metastatic setting. Taken on their own, the randomised 
clinical studies were not designed to provide convincing 
or definitive evidence of equivalent efficacy. The primary 
endpoints were surrogates (pCR or ORR) and the sample 
size was relatively small (100 to 500 in each arm). Also, 
the studies were not powered for safety endpoints; although, 
reassuringly, no cardiac, immunogenicity, or other safety 
signals were identified. The six additional studies, identified 
via ClinicalTrials.gov, were of similar design to the seven 
studies for the five approved biosimilars; and are intended 
to have the same role: supportive, not definitive nor pivotal.

Table 3   Overall response rate 
(ORR), first-line metastatic 
studies, intention-to-treat 
populations

The pre-specified primary analysis populations were the intention-to-treat populations. Analyses on the per 
protocol populations were concordant (see text in the “Discussion” section)

Ogivri Trazimera CT-P6

Biosimilar Herceptin Biosimilar Herceptin Biosimilar Herceptin

N 230 228 352 355 244 231
n 160 146 220 236 139 143
ORR (%) 69.6 64.0 62.5 66.5 57.0 61.9
RR
(95% CI)

1.09
(0.95, 1.24)

0.94
(0.84, 1.05)

0.92
(0.79, 1.07)

RD
(95% CI)

5.5%
(− 3.1, 14.0)

− 4.0
(− 11.0, 3.1)

− 5.0%
(− 14%, 4%)
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Setting

For two biosimilars (Herzuma, Trazimera), studies were 
conducted in both the neoadjuvant and first-line metastatic 
settings; and the efficacy of each biosimilar was equivalent 
to Herceptin in both settings. Based on these results, Rugo 
and co-workers concluded that both the neoadjuvant and 
first-line metastatic settings are appropriate for assessing 
efficacy [25].

Some commentators have stated a preference for the using 
the neoadjuvant setting for biosimilar trastuzumab develop-
ment [26]. The reasoning is that women having neoadjuvant 
treatment are a more homogeneous population, given they 
have localised disease and are treatment naive. In contrast, 
women in the first-line metastatic setting might have vary-
ing tumour burden and metastatic sites; and varying prior 
treatments. Interestingly, for the two biosimilars studied in 
the first-line metastatic setting, for which baseline data were 
reported (Ogivri and Trazimera), only 10% of women had 
prior treatment with trastuzumab in the neoadjuvant or adju-
vant setting. This reflects the lack of access to trastuzumab in 
the middle- and low-income countries, where these studies 
are conducted; and may mean that the women recruited to 
these studies are more homogeneous than originally thought.

Another theoretical concern with the metastatic setting is 
that these women might be more immune-suppressed than 
women with early breast cancer; so that the metastatic set-
ting might have less sensitivity for detecting differences in 

immunogenicity [30, 31]. There was no evidence of this in 
the studies we identified, with the caveat that the studies 
were powered for a surrogate efficacy endpoint (ORR), not 
immunogenicity. It may be that first-line metastatic breast 
cancer is an appropriate setting, but that post-first-line 
(beyond progression) might not be an appropriate setting 
for assessing differences in immunogenicity.

Breast versus total pathological complete response 
(pCR) for the neoadjuvant studies

Pathological complete response (pCR) is broadly defined as 
the absence of histological evidence of tumour at the time of 
surgery. Three of the four studies in the neoadjuvant setting 
pre-specified total pCR (t.pCR)—absence of invasive cancer 
in both the breast and the axillary lymph nodes—as the pri-
mary endpoint. The other study (for Ontruzant) pre-specified 
breast pCR (b.pCR) as the primary endpoint; although it also 
reported t.pCR. In all cases, the definition was agnostic to 
the presence of ductal carcinoma in situ (DCIS).

Stebbing and co-workers have concluded that, based on 
the published meta-analyses, absence of invasive cancer 
in the breast and axillary lymph nodes—t.pCR, (ypT0/is 
ypN0)—is a stronger prognostic marker of overall survival 
(OS) than b.pCR [32]. DCIS had no effect on the ability 
of pCR to predict OS [33]. Briefly put, the available data 
seem to support the preference for t.pCR over b.pCR in ran-
domised neoadjuvant studies for trastuzumab biosimilars.

Table 4   Additional randomised clinical endpoint studies identified via ClinicalTrials.gov, as at January 2019

Biosimilar Neoadjuvant First-line metastatic

AryoGen HD201 EG12014 TX05 Biocad
BCD-022

HLX02

Study number NCT
03425656

NCT
03013504

NCT
03433313

NCT
03556358

NCT
01764022

NCT
03084237

Company
Country

AryoGen Pharmed
Iran

Prestige Biopharm
S.Korea

EirGenix
Taiwan

Tanvex BioPharma
USA

Biocad
Russia

Shanghai Henlius 
Biotech

China
Recruitment Complete Complete Not started Continuing Complete Continuing
Results Not posted Not posted Not posted Not posted Posted Not posted
Start
Recruitment

2016 2016 2018 2018 2012 2017

Trastuzumab regi-
men

Four cycles Q3W Eight cycles Q3W Q3W
Cycles not posted

Four cycles Q3W Q3W Q3W

Associated chemo-
therapy

Doxorubicin
cyclo-phosphamide

Epirubicin
cyclo-phosphamide
docetaxel

Epirubicin
cyclo-phosphamide

Epirubicin
cyclo-phosphamide
paclitaxel

Paclitaxel Docetaxel

Primary endpoint t.pCR t.pCR t.pCR t.pCR ORR
PK: AUC​

ORR

Primary analysis 
population

Per protocol Per protocol Per protocol Per protocol intention to treat Intention to treat

Women (to be) 
randomised

108 500 800 800 225 600
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Per protocol (PP) versus intention to treat (ITT)

For an equivalence (and non-inferiority) study, it is impor-
tant to be clear about who was included in the analysis [34]. 
Traditionally, PP analyses have been preferred because they 
were thought to be more likely to detect differences. How-
ever, a systematic review of non-inferiority studies reported 
that ITT analyses did not lead to more conclusions of 
equivalence (or non-inferiority) than PP [35]. One potential 
problem with PP analyses is that the benefits of randomisa-
tion might be lost. Statistical and regulatory guidelines on 
equivalence and non-inferiority trials recommend that both 
ITT and PP analyses are reported [36].

For each of the four studies in the neoadjuvant setting, 
the pre-specified primary analysis was in the PP population. 
This was variously defined as those women who remained 
in the study at the time of surgery (the Kanjinti study) or 
those who had all pre-specified cycles of trastuzumab in 
the neoadjuvant setting and who remained in the study at 
the time of surgery (the other 3 neoadjuvant studies: Her-
zuma, Ontruzant and Trazimera). For all four studies, the 
ITT results were concordant with the PP results.

For each of the three studies in the metastatic setting, 
the pre-specified analysis was in the ITT population. No 
explicit reason was given, but the definition of a PP popu-
lation can be somewhat arbitrary in the metastatic setting. 
Possible criteria, which could be used to define a PP popu-
lation include no major protocol violations (e.g. that would 
preclude radiological tumour assessment), at least one post-
baseline tumour assessment and at least two complete cycles 
of treatment (excluding patients who have already died or 
progressed). In any case, for Ogivri and Trazimera, the 
results of the ITT and PP analyses were concordant. In both 
cases, the PP population was defined as those women who 
had no major protocol violations. For CT-P6 (later marketed 
as Herzuma), only an abstract was available and only the ITT 
results were reported.

Equivalence margins

Five of the six randomised clinical studies associated with 
EMA approvals, used a synthesis of results, from various 
Herceptin studies, to justify the choice of equivalence mar-
gin. For the sixth study, the neoadjuvant study of Trazimera, 
the primary endpoint was area-under-the-curve (AUC); 
pathological complete response (pCR) was a secondary end-
point and was not associated with an equivalence margin or 
sample size calculation (Table 1).

As per general regulatory guidelines for non-inferiority 
and equivalence studies [37], a percentage of the Herceptin 
treatment effect (over chemotherapy alone) was pre-speci-
fied, which, variously, gave an interval for pCR on the arith-
metic/absolute scale (risk difference) of ∓12.5% to ∓15%, 

depending on the trastuzumab biosimilar. The equivalence 
margins for the ORR in the metastatic setting were also 
based on retaining a percentage of the Herceptin treatment 
effect over placebo (Table 1).

Whether the pre-specified margins were appropriate is a 
matter of clinical judgement [37]. The HannaH study, which 
compared subcutaneous to intravenous Herceptin in the neo-
adjuvant setting, used a similar equivalence margin for pCR 
of ∓12.5% (95% CI). Similar to the trastuzumab biosimilars, 
a stepwise totality-of-evidence approach was used to justify 
marketing approval of this different route of administration 
(subcutaneous versus intravenous) of Herceptin [38].

Non‑inferiority and non‑superiority

One striking feature of the t.pCR (and b.pCR) results for the 
four neoadjuvant studies was their consistency in the bio-
similar arm across the studies (t.pCR: 46% to 48%; Table 2). 
This was despite differences in the intervention; that is, num-
ber of cycles of trastuzumab (4 to 8) and the chemotherapy 
backbone (taxane ∓ anthracycline) (Table 1).

In contrast, t.pCR (and b.pCR) varied considerably in the 
Herceptin arm of the neoadjuvant studies: Ontruzant 36%; 
Kanjinti 41%; Herzuma 50%; Trazimera 50%. This meant 
that, although the non-inferiority margin was met, non-supe-
riority was not met for Ontruzant and Kanjinti.

This raises the question of whether non-superiority is a 
reason for not allowing marketing approval of a biosimi-
lar. Based on the EMA’s publicly available EPARs, in both 
cases, the manufacturers put forward the explanation that 
shifts in antibody-dependent cellular cytotoxicity (ADCC) 
in some of the Herceptin lots had affected the efficacy of 
Herceptin [39]. For Kanjinti, an additional explanation was 
given: a lack of standardisation for the assessment of pCR 
(a post hoc, central re-assessment of pCR just met the pre-
specified non-superiority limit).

These explanations were accepted by the EMA, suggest-
ing that the Agency was not particularly concerned about 
non-superiority, especially in the absence of any safety sig-
nals. It is unknown whether regulators would have allowed 
a post hoc justification if non-inferiority had not been met.

Extrapolation to all indications for Herceptin

EMA and FDA guidelines for extrapolation discuss: mech-
anism of action; pharmacokinetics and distribution; dose; 
route-of-administration; immunogenicity; toxicity [15, 40].

The mechanism of action of trastuzumab is the same in 
all the indications (i.e. to inhibit the proliferation of human 
tumour cells that overexpress HER2). The target receptor 
involved in the mechanism of action (i.e. HER2) is the same 
across all indications. Studies on the reference medicine 
(Herceptin) show that the pharmacokinetics is similar for 
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all indications. The dosage is the same for all the indications 
and it is administered by the same route (IV) in all indica-
tions. (Currently, no biosimilars have been developed for 
the subcutaneous formulation of trastuzumab, which is still 
under patent.) Data for Herceptin show that trastuzumab has 
low immunogenicity across all indications. The extensive 
safety information for Herceptin does not indicate that there 
are any significant differences in expected toxicities for dif-
ferent indications.

Consequently, all five of the trastuzumab biosimilars, 
with marketing approval in the EU, had all the indications 
for Herceptin approved: neoadjuvant, adjuvant and meta-
static breast cancer; metastatic gastric cancer.

GRADE categories

The Grading of Recommendations Assessment, Develop-
ment and Evaluation (GRADE) working group has devel-
oped a common and transparent approach to grading quality 
(or certainty) of evidence and strength of recommendations 
[41]. According to GRADE, the totality-of-evidence for each 
of the five trastuzumab biosimilars would be categorised as 
high quality: Further data would be unlikely to change the 
conclusion that each biosimilar is highly similar to Hercep-
tin, such that there are no clinically meaningful differences.

This confidence is based on the pivotal in vitro analytic 
characterisation, the scientific foundations of which have 
been built on the extensive regulatory experience with 
manufacturing changes for reference biological medicines. 
For example, Vezer et al. [42] reported that the intravenous 
formulation of Herceptin, has had 25 moderate- or high-risk 
manufacturing changes since it was first approved. Regu-
latory approval of these subsequent changes was based on 
rigorous in vitro analytic characterisation, which followed 
the same evidential reasoning as that used for trastuzumab 
biosimilars. Randomised clinical studies were not carried 
out for the manufacturing changes for Herceptin.

In contrast, according to GRADE [41], the randomised 
clinical studies, for each of the trastuzumab biosimilars, if 
taken in isolation, would be categorised as “low-quality” 
evidence. More specifically, because they were randomised 
studies, they would start as “high-quality”. They would be 
downgraded one category to “medium-quality”, because of 
indirectness: the primary endpoint was a surrogate. They 
would be downgraded a further category to “low-quality” 
because of imprecision: the sample size was relatively small. 
The design (i.e. choice of endpoint and sample size) only 
makes sense in light of the stepwise, totality-of-evident 
approach.

Use of established patient-relevant efficacy endpoints, 
such as disease-free survival, progression-free survival and 
overall survival would have required a larger sample size 
(in the thousands) and longer follow-up. For example, the 

PERSEPHONE study, which compared 6 months versus 
12 months of adjuvant Herceptin, randomised more than 
4000 women and followed them up for more than 4 years 
(primary endpoint: disease-free survival) [43].

Conclusion

Randomised clinical endpoint studies for trastuzumab bio-
similars have been published in major medical journals. 
Oncologists will be very familiar with evaluating these types 
of studies. However, unlike the development program for 
new medicines or new indications, these randomised studies 
were the not the pivotal evidence for marketing approval. 
Instead, the pivotal evidence was the in vitro analytic char-
acterisation, the details of which can be found in regula-
tory evaluations (e.g. European Public Assessment Reports: 
EPARs); rather than in medical journals. In spite of its unfa-
miliarity, the regulatory reasoning for biosimilars, which 
places the main emphasis on in vitro analytic characterisa-
tion, is not new. It has been successfully used for manufac-
turing changes for reference biological medicines for many 
years [44]. The approach is also used in other regulatory 
contexts; for example, it was used for marketing approval of 
the subcutaneous formulation of Herceptin [38]. Clinicians 
and patients can have confidence in the regulatory approach.
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