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EBCTCG	Meta-analysis	2005-06
Breast	cancer	mortality

Peto R on behalf of the Early Breast Cancer Trialists’ Collaborative Group 
(EBCTCG). Presented at SABCS 2007, December 13, 2007. San Antonio, TX. 
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RELATIVE and ABSOLUTE RISK

without adj N = 100 DCD = 40
With adj N = 100 DCD = 30

relatif benefit = 25%
absolute benefit= 10%
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BACKGROUND
Treatment with an aromatase inhibitor for 5 years as up-front monotherapy or after 
tamoxifen therapy is the treatment of choice for hormone-receptor–positive early 
breast cancer in postmenopausal women. Extending treatment with an aromatase 
inhibitor to 10 years may further reduce the risk of breast-cancer recurrence.

METHODS
We conducted a double-blind, placebo-controlled trial to assess the effect of the ex-
tended use of letrozole for an additional 5 years. Our primary end point was disease-
free survival.

RESULTS
We enrolled 1918 women. After a median follow-up of 6.3 years, there were 165 events 
involving disease recurrence or the occurrence of contralateral breast cancer (67 with 
letrozole and 98 with placebo) and 200 deaths (100 in each group). The 5-year disease-
free survival rate was 95% (95% confidence interval [CI], 93 to 96) with letrozole and 
91% (95% CI; 89 to 93) with placebo (hazard ratio for disease recurrence or the oc-
currence of contralateral breast cancer, 0.66; P = 0.01 by a two-sided log-rank test 
stratified according to nodal status, prior adjuvant chemotherapy, the interval from 
the last dose of aromatase-inhibitor therapy, and the duration of treatment with 
tamoxifen). The rate of 5-year overall survival was 93% (95% CI, 92 to 95) with letro-
zole and 94% (95% CI, 92 to 95) with placebo (hazard ratio, 0.97; P = 0.83). The an-
nual incidence rate of contralateral breast cancer in the letrozole group was 0.21% 
(95% CI, 0.10 to 0.32), and the rate in the placebo group was 0.49% (95% CI, 0.32 to 
0.67) (hazard ratio, 0.42; P = 0.007). Bone-related toxic effects occurred more fre-
quently among patients receiving letrozole than among those receiving placebo, in-
cluding a higher incidence of bone pain, bone fractures, and new-onset osteoporosis. 
No significant differences between letrozole and placebo were observed in scores on 
most subscales measuring quality of life.

CONCLUSIONS
The extension of treatment with an adjuvant aromatase inhibitor to 10 years resulted 
in significantly higher rates of disease-free survival and a lower incidence of contra-
lateral breast cancer than those with placebo, but the rate of overall survival was not 
higher with the aromatase inhibitor than with placebo. (Funded by the Canadian Can-
cer Society and others; ClinicalTrials.gov numbers, NCT00003140 and NCT00754845.)
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DFS Outcomes Letrozole Placebo HR (95% CI) P Value

Overall 5-yr DFS, % 95 91 0.66 
(0.48-0.91) .01

Events, n (%) 67 (7.0) 98 (10.2)
New contralateral breast 
cancers, n (%) 13 (1.4) 31 (3.2) .007

Locoregional recurrences, n 19 30

Distant recurrences, n 42 53

Bone recurrences, n 28 37

Goss PE, et al. ASCO 2016. Abstract LBA1.



October 25th 2005

"Clearly, the results reported in this issue of the 
Journal are not evolutionary…

but revolutionary."

G Hortobagyi

Hortobagyi G. N Engl J Med 
2005;353:1734–6



DFS and OS benefits were demonstrated during long-
term follow-up in the four pivotal clinical trials of 
trastuzumab for 1 year

AC, doxorubicin and cyclophosphamide; Cb, carboplatin; CT, chemotherapy; DFS, disease-free survival; 
HR, hazard ratio; OS, overall survival; RT, radiotherapy; T, trastuzumab; Tax, taxane.
1. Piccart-Gebhart MJ, et al. N Engl J Med 2005; 353:1659–1672; 2. Smith I, et al. Lancet2007; 369:29–36;
3. Gianni L, et al. Lancet Oncol 2011; 12:236–244; 4. Goldhirsch A, et al. Lancet 2013; 382:1021–1028;
5. Romond EH, et al. N Engl J Med 2005; 353:1673–1684; 6. Perez EA, et al. J Clin Oncol 2011; 29:3366–3373;
7. Perez EA, J. Clin Oncol 2014 32: 3744 - 3752 ; 8. Slamon D, et al. N Engl J Med 2011; 365:1273–1283.

DFS OS

Study
Follow-up

(years) N HR p value HR p value

HERA1–4

CT±RT�T vs. CT±RT

1 3387 0.54 < 0.0001 0.76 0.26
2 3401 0.64 < 0.0001 0.66 0.0115
4 3401 0.76 < 0.0001 0.85 0.1087
8 3399 0.76 < 0.0001 0.76 0.0005

NCCTG N9831/
NSABP B-315–7

AC�Tax+T�T vs. AC�Tax

2 3351 0.48 < 0.0001 – –
4 4045 0.52 < 0.001 0.61 < 0.001

8.4 4046 0.60 < 0.0001 0.63 < 0.0001
BCIRG 0068

AC�Tax + T vs. AC�Tax 
5.4 3222

0.64 < 0.001 0.63 < 0.001
Tax+Cb�T vs. AC�Tax 0.75 0.04 0.77 0.04
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In	low	risk	cases:	Paclitaxel	+	Trastuzumab	
seemed	to	be	enough

• Phase	II	trial
• 406	patients,	
• T	<	3	cm
• Median	follow	up	4	years
• Occurrence	of	
only	2	metastatic	events
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Ratio of events over the time between arm A and B and its 95%CIRatio of events over the time between arm A and B and its 95%CI

Confidence interval 95%

1

Hypothesis

Null:
Difference between A and B

Alternative:
No different between A and B

HR 0,95 (95%CI: 0,9 – 1,05)

HR 1 (95%CI: 0.9 – 1,1)



HER2+ EBC
(N=549)

Initial dose of 8 mg/kg IV, then 6 mg/kg for remaining cycles.	**pCR	in	breast	and	axillary	lymph	nodes.	†From	the	date	of	last	patient	enrolment.	 DCIS,	ductal	carcinoma	 in	situ

Stebbing	J,	et	al.	Lancet	Oncol	2017;18:917–928;	Esteva	FJ,	et	al.	ESMO	2017;	Poster	152PD

Neoadjuvant Adjuvant
CT-P6 Q3W*
Trastuzumab RP Q3W*
Docetaxel 75 mg/m2 Q3W
FEC 500/75/500 mg/m2 Q3W
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Primary	endpoint
• tpCR**	after	neoadjuvant	 therapy	and	surgery	(up	to	30	weeks);	per-protocol	population
• Pre-defined	equivalence	margins:	95%	CI	for	RR	0.74–1.35;	95%	CI	for	RD	+/-15%
Secondary	endpoints

• Efficacy:	pCR	(breast	only),	 tpCR	(without	DCIS),	ORR,	breast	conservation	 rate,	DFS,	PFS,	OS
• Other:	PK,	PD,	biomarkers	and	safety

24	weeks Up	to	total	of	1	year	
(additional	10	cycles)

Up	to	3	years†

n=271

n=278
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CT-P6 compared with reference trastuzumab for 
HER2-positive breast cancer: a randomised, double-blind, 
active-controlled, phase 3 equivalence trial
Justin Stebbing, Yauheni Baranau, Valeriy Baryash, Alexey Manikhas, Vladimir Moiseyenko, Giorgi Dzagnidze, Edvard Zhavrid, Dmytro Boliukh, 
Daniil Stroyakovskii, Joanna Pikiel, Alexandru Eniu, Dmitry Komov, Gabriela Morar-Bolba, Rubi K Li, Andriy Rusyn, Sang Joon Lee, Sung Young Lee, 
Francisco J Esteva

Summary
Background CT-P6 is a proposed biosimilar to reference trastuzumab. In this study, we aimed to establish equivalence 
of CT-P6 to reference trastuzumab in neoadjuvant treatment of HER2-positive early-stage breast cancer.

Methods In this randomised, double-blind, active-controlled, phase 3 equivalence trial, we recruited women aged 
18 years or older with stage I–IIIa operable HER2-positive breast cancer from 112 centres in 23 countries. Inclusion 
criteria were an Eastern Cooperative Oncology Group performance status score of 0 or 1; a normal left ventricular 
ejection fraction of at least 55%; adequate bone marrow, hepatic, and renal function; at least one measureable lesion; 
and known oestrogen and progesterone receptor status. Exclusion criteria included bilateral breast cancer, previous 
breast cancer treatment, previous anthracycline treatment, and pregnancy or lactation. We randomly allocated 
patients 1:1 to receive neoadjuvant CT-P6 or reference trastuzumab intravenously (eight cycles, each lasting 3 weeks, 
for 24 weeks; 8 mg/kg on day 1 of cycle 1 and 6 mg/kg on day 1 of cycles 2–8) in conjunction with neoadjuvant 
docetaxel (75 mg/m² on day 1 of cycles 1–4) and FEC (fluorouracil [500 mg/m²], epirubicin [75 mg/m²], and 
cyclophosphamide [500 mg/m²]; day 1 of cycles 5–8) therapy. We stratified randomisation by clinical stage, receptor 
status, and country and used permuted blocks. We did surgery within 3–6 weeks of the final neoadjuvant study drug 
dose, followed by an adjuvant treatment period of up to 1 year. We monitored long-term safety and efficacy for 3 years 
after the last patient was enrolled. Participants and investigators were masked to treatment until study completion. 
The primary efficacy endpoint, analysed in the per-protocol population, was pathological complete response, assessed 
via specimens obtained during surgery, analysed by masked central review of local histopathology reports. The 
equivalence margin was –0·15 to 0·15. This trial is registered with ClinicalTrials.gov, number NCT02162667, and is 
ongoing, but no longer recruiting.

Findings Between Aug 7, 2014, and May 6, 2016, we randomly allocated 549 patients (271 [49%] to CT-P6 vs 278 [51%] 
to reference trastuzumab). A similar proportion of patients achieved pathological complete response with CT-P6 
(116 [46·8%; 95% CI 40·4–53·2] of 248 patients) and reference trastuzumab (129 [50·4%; 44·1–56·7] of 256 patients). 
The 95% CI of the estimated treatment outcome difference (–0·04% [95% CI –0·12 to 0·05]) was within the 
equivalence margin. 19 (7%) of 271 patients in the CT-P6 group reported serious treatment-emergent adverse events 
versus 22 (8%) of 278 in the reference trastuzumab group; frequent (occurring in more than one patient) serious 
adverse events were febrile neutropenia (four [1%] vs one [<1%]) and neutropenia (one [<1%] vs two [1%]). Grade 3 or 
worse treatment-related adverse events occurred in 17 (6%) of 271 patients in the CT-P6 group versus 23 (8%) of 278 
in the reference trastuzumab group; the most frequently reported adverse event was neutropenia in ten (4%) versus 
14 (5%). 

Interpretation CT-P6 showed equivalent efficacy to reference trastuzumab and adverse events were similar. Availability 
of trastuzumab biosimilars could increase access to this targeted therapy for HER2-positive early-stage cancer.

Funding Celltrion Inc.

Introduction
Approximately 25% of invasive breast cancers amplify the 
HER2 oncogene, resulting in constitutive activation of 
the type I transmembrane HER2 protein.1–3 Development 
of trastuzumab, a humanised monoclonal antibody that 
binds to the extracellular domain of HER2, was a 
major advance in treatment of HER2-overexpressing 
(HER2-positive) cancers. The first clinical trial4,5 of 
trastuzumab in the neoadjuvant setting was discontinued 

prematurely when addition of the antibody to chemo-
therapy doubled the proportion of patients achieving a 
pathological complete response (pCR) com pared with 
chemotherapy alone in patients with HER2-positive, 
early-stage, operable breast cancer. Sub sequent studies6,7 
have substantiated the efficacy of trastuzumab with 
respect to increasing pCR and shown that pCR is 
associated with favourable long-term survival outcomes.8 
European (European Society for Medical Oncology)9 and 
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CT-P6 vs trastuzumab reference product in eBC: 
primary endpoint tpCR in per protocol set

J. Stebbing et al. Lancet Oncol. 2017 (18) : 917-28

Primary endpoint CT-P6 + 

(n=271)

Herceptin
(n=278)

tpCR 46.8% 50.4%

Risk difference,  (95% CI)
Ratio (95%CI)

-3.62% (-12.38, 5.16)
0.93 (0.78-1.11)

0 +15-15 Favours Herceptin Favours 
CT-P6

Difference in tpCR (%)

-3.62



LABC,	 locally-advanced	breast	cancerPivot	X,	et	al.	JCO	2018

HER2+ 
EBC/LABC

(N=875)

Neoadjuvant Adjuvant
SB3 Q3W
Trastuzumab RP Q3W
Docetaxel 75 mg/m2 Q3W
FEC 500/75/500 mg/m2 Q3W
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n=437

n=438

Primary	endpoint
• pCR	(breast	only)	after	neoadjuvant	therapy	and	surgery;	per-protocol	population	
• Pre-defined	equivalence	margins:	90%	CI	for	RR	0.785–1.546;	95%	CI	for	RD	+/-13%
Secondary	endpoints

• Efficacy:	tpCR,	ORR,	EFS
• Other:	PK,	 immunogenicity	and	safety

24	weeks Up	to	total	of	1	year	(additional	10	cycles)
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Phase III, Randomized, Double-Blind Study Comparing the
Efficacy, Safety, and Immunogenicity of SB3 (Trastuzumab
Biosimilar) and Reference Trastuzumab in Patients Treated
With Neoadjuvant Therapy for Human Epidermal Growth
Factor Receptor 2–Positive Early Breast Cancer Q:1; 2; 3

Xavier Pivot, Igor Bondarenko, Zbigniew Nowecki, Mikhail Dvorkin, Ekaterina Trishkina, Jin-Hee Ahn, Yuriy
Vinnyk, Seock-Ah Im, Tomasz Sarosiek, Sanjoy Chatterjee, Marek Z. Wojtukiewicz, Vladimir Moiseyenko,
Yaroslav Shparyk, Maximino Bello III, Vladimir Semiglazov, Sujeong Song, and Jaeyun Lim

A B S T R A C T

Purpose
This Q:4phase III study compared SB3, a trastuzumab (TRZ) biosimilar, with reference TRZ in patients
with human epidermal growth factor receptor 2–positive early breast cancer in the neoadjuvant
setting (ClinicalTrials.gov identifier: NCT02149524).

Patients and Methods
Patients were randomly assigned to receive neoadjuvant SB3 or TRZ for eight cycles concurrently with
chemotherapy (four cycles of docetaxel followed by four cycles of fluorouracil, epirubicin, and cyclo-
phosphamide) followed by surgery, and then 10 cycles of adjuvant SB3 or TRZ. The primary objective
was comparison of breast pathologic complete response (bpCR) rate in the per-protocol set; equivalence
was declared if the 95% CI of the ratio was within 0.785 to 1.546 or the 95% CI of the difference was
within6 13%. Secondary end points included comparisons of total pathologic complete response rate,
overall response rate, event-free survival, overall survival, safety, pharmacokinetics, and immunogenicity.

Results
Eight hundred patients were included in the per-protocol set (SB3, n = 402; TRZ, n = 398). The bpCR
rates were 51.7% and 42.0% with SB3 and TRZ, respectively. The adjusted ratio of bpCR was 1.259
(95%CI, 1.085 to 1.460),whichwaswithin the predefined equivalencemargins. The adjusted difference
was 10.70% (95% CI, 4.13% to 17.26%), with the lower limit contained within and the upper limit
outside the equivalence margin. The total pathologic complete response rates were 45.8% and 35.8%
and the overall response rates were 96.3% and 91.2%with SB3 and TRZ, respectively. Overall, 96.6%
and 95.2%of patients experienced one ormore adverse event, 10.5%and 10.7%had a serious adverse
event, and 0.7% and 0.0% had antidrug antibodies (up to cycle 9) with SB3 and TRZ, respectively.

Conclusion
Equivalence for efficacy was demonstrated between SB3 and TRZ on the basis of the ratio of bpCR
rates. Safety and immunogenicity were comparable.

J Clin Oncol 35. © 2017 by American Society of Clinical Oncology

INTRODUCTION

The introduction of trastuzumab (TRZ; Herceptin;
Genentech, South San Francisco, CA) into the
therapeutic armamentarium for human epidermal
growth factor receptor 2 (HER2)–positive breast
cancer has dramatically changed the natural his-
tory of this disease.1-8 However, biotherapies are
expensive and not readily available in some
countries. As a result, economical biosimilars may

increase patient access to critical therapies in some
areas and save costs, thereby facilitating the
availability of resources for innovative biotherapies
in other countries.9

SB3 (Samsung Bioepis, Incheon, Republic of
Korea), a proposed TRZ biosimilar, has been ex-
tensively characterized and compared with refer-
ence TRZ.10 These investigations demonstrated
that SB3 and TRZhave highly similar structural and
physicochemical characteristics, similarly inhibiting
HER2-expressing human tumor cell proliferation

Author affiliations and support information
(if applicable) appear at the end of this
article.

Published at jco.org on XXXX, 2017.

Clinical trial information: NCT02149524,
2013-004172-35.

Corresponding author: Xavier Pivot, MD,
PhD, Centre Hospitalier Universitaire Jean
Minjoz, 1 Boulevard Fleming, 25030
Besançon Cedex 03, France; e-mail:
xavier.pivot@univ-fcomte.fr.

© 2017 by American Society of Clinical
Oncology

0732-183X/17/3599-1/$20.00

ASSOCIATED CONTENT

Appendix
DOI: https://doi.org/10.1200/JCO.
2017.74.0126

Data Supplement
DOI: https://doi.org/10.1200/JCO.
2017.74.0126

DOI: https://doi.org/10.1200/JCO.2017.
74.0126

© 2017 by American Society of Clinical Oncology 1

SB3 (Trastuzumab Biosimilar) Versus Reference Trastuzumab

DOI: 10.1200/JCO.2017.74.0126



SB3 vs trastuzumab reference product in eBC: 
primary endpoint tpCR in ITT set

Primary endpoint SB3
(n=402)

Herceptin
(n=398)

bpCR 51.7% 42%

Risk difference,  (95% CI)
Ratio (95%CI)

10.7% (4.13, 17.26)
1.259 (1.112-1.426)

0 +13-13 Favours Herceptin Favours 
SB3

Difference in bpCR (%)

10.7

X Pivot et al, JCO 2018



Non - InferiorityNon - Inferiority

Ratio of events over the time between arm A and B and its 95%CIRatio of events over the time between arm A and B and its 95%CI

Confidence interval 95%

1

Hypothesis

Null:
Difference between A and B

Alternative:
No superiority between A and B

HR 0,95 (95%CI: 0,9 – 1,05)

HR 1 (95%CI: 0.9 – 1,1)P = 0.04

P = 0.02



Short-HER: Disease Free Survival
0.

00
0.
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0.
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00

626 601 576 554 476 351 233 120 46B short
627 608 592 566 482 374 239 132 43A long

Number at risk

0 12 24 36 48 60 72 84 96
Months from randomization

A long B short
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Patients Events

HR
(6 months 
vs. 1 year) 95% CI p value

6 
months 1690 93 1.46 (1.06, 2.01) 0.03

1 year 1690 66

PHARE: Non-inferiority of 6 months vs. 1 year of 
trastuzumab was not demonstrated

Pivot X, et al. Lancet Oncol 2013;14:741–748.
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Trastuzumab 1 year
Trastuzumab 6 months

Patients Events

HR
(6 months 
vs. 1 year) 95% CI p value

6 months 1690 219 1.28* (1.05, 
1.56)

0.29

1 year 1690 175
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Months from randomisation

Trastuzumab 1 year
Trastuzumab 6 months
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HR (95% CI): 1.46 (1.06, 2.01)

Primary endpoint: DFS OS

HR (95% CI): 1.28 (1.05, 1.56)
(above the pre-specified non-inferiority CI of 1.15)



FEC
500/75/500 mg/m2

HER2-
positive

eBC 
(N = 596)

Safety, tumour response, 
immunogenicity pCR Safety, EFS, OS, 

immunogenicity

PK

Follow-up: 
5 years2

Trastuzumab IV

Trastuzumab SC

Su
rg

er
y

Trastuzumab SC
Fixed dose of 600 mg
(5 mL over 5 minutes)

Trastuzumab IV
8 mg/kg loading dose;
6 mg/kg maintenance dose

Docetaxel
75 mg/m2

R

1:1

1 year (18 cycles) trastuzumab

Primary endpoints
Non-inferiority of SC vs. IV based on co-primary endpoints:

• PK: observed trastuzumab Ctrough pre-dose Cycle 8 (pre-surgery)
• Efficacy: pCR in the breast

EFS, event-free survival; FEC, 5-fluorouracil, epirubicin and cyclophosphamide; OS, overall survival; R, randomisation; 

Ismael G, et al. Lancet Oncol 2012; 13:869–878;
www.clincialtrials.gov NCT00950300 (HannaH).

HannaH: A pivotal Phase III trial to demonstrate the non-
inferiority of trastuzumab SC vs. IV in terms of PK and 
efficacy1
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HannaH:	Non-inferiority	margins	for	
co-primary	endpoints

Ismael	G,	et	al. Lancet	Oncol	2012

Pharmacokinetic co-primary endpoint:
Observed Ctrough at pre-dose Cycle 8

Prespecified non-inferiority margin
for geometric mean ratio SC vs. IV: 0.8 

Efficacy co-primary endpoint:
pCR in the breast

Pre-specified non-inferiority margin
for pCR rate difference SC−IV: −12.5%

Ctrough,	serum	trough	concentration;	IV,	intravenous;	pCR,	pathological	complete	response;	 SC,	subcutaneous



*Non-inferiority	margin	for	the	ratio	between	groups	of	0.80;
†Non-inferiority	margin	for	the	difference	between	groups	of	-12.5%;
CI,	confidence	interval.
Ismael	G,	et	al.	Lancet	Oncol	2012;13:869–78

HannaH:	both	co-primary	endpoints	
were	met

PK Efficacy
Geometric mean ratio: 1.33*

(90% CI: 1.24, 1.44)
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Trastuzumab SC
(n=234)

Trastuzumab IV
(n=235)

51.8 µg/mL

69.0 µg/mL

100
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50

25

0

Difference in pCR rate: 4.7%†

(95% CI: –4.0, 13.4)
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Trastuzumab SC
(n=260)

Trastuzumab IV
(n=263)

45.4% 40.7%

100

75

50

25

0

Trastuzumab SC demonstrated a comparable efficacy and PK profile 
to the IV formulation


