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Abstract

Purpose Cardiac dysfunction risk associated with intravenous trastuzumab (H IV) treatment may differ in real-world practice
versus randomized trials. We investigated cardiac events in patients with HER2-positive early breast cancer (EBC) treated
with H IV as adjuvant therapy in routine practice.

Methods The observational study of cardiac events in patients with HER2-positive EBC treated with Herceptin (OHERA;
NCTO01152606) enrolled patients with stage I-IIIb disease eligible for H IV in the adjuvant setting per the European Sum-
mary of Product Characteristics (SmPC). Primary outcomes were symptomatic congestive heart failure incidence (CHF;
New York Heart Association class II-1V) and cardiac death. Patient visits/assessments were per local practice.

Results 3733 Patients received > 1 H IV dose per local practice; 88.9% received H IV for > 300 days (median follow-up:
~ 5 years). Prior to disease recurrence (if any), symptomatic CHF occurred in 106 patients (2.8%); 6 (0.2%) cardiac deaths
occurred (5 in patients with cardiac disease history). Median time to symptomatic CHF onset was 5.7 months (95% CI 5.3—
6.5); 77/106 (72.6%) patients with symptomatic CHF achieved resolution. CHF incidence was higher in patients > 65 years,
and those with pre-existing cardiac conditions, hypertension, or left ventricular ejection fraction <55% at baseline.
Conclusions OHERA is the largest prospective observational study to investigate the cardiac safety of H IV as adjuvant EBC
therapy in a real-world setting. Symptomatic CHF and cardiac event incidences were consistent with randomized trials in
this setting and baseline risk factors identified in the H IV European SmPC.

Keywords Trastuzumab - Cardiac adverse events - HER2-positive early breast cancer - HER2-targeted therapies - Real-
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CHF Congestive heart failure
CI Confidence interval

DFS Disease-free survival

EBC Early breast cancer

ECHO Echocardiogram

HIV Intravenous trastuzumab

H SC Subcutaneous trastuzumab

LVEF Left ventricular ejection fraction

MUGA Multiple-gated acquisition

NCI-CTCAE National Cancer Institute-Common Termi-
nology Criteria for Adverse Events

NSABP National Surgical Adjuvant Breast and
Bowel Project

NYHA New York Heart Association

PTX Paclitaxel

SmPC Summary of Product Characteristics

Introduction

As of September 2018, > 2.7 million patients with breast
cancer had received intravenous or subcutaneous trastu-
zumab (Herceptin®, F. Hoffmann-La Roche Ltd., Basel,
Switzerland; intravenous trastuzumab (H IV) and subcuta-
neous trastuzumab (H SC), respectively) in clinical trial or
real-world settings (Roche internal data).

The phase 3 HERceptin Adjuvant [HERA; Breast Inter-
national Group (BIG) 01-01], National Surgical Adjuvant
Breast and Bowel Project (NSABP)-B31/N9831, and Breast
Cancer International Research Group (BCIRG)-006 stud-
ies demonstrated the clinical benefits of 1 year of H IV as
adjuvant therapy for the treatment of patients with HER2-
positive early breast cancer (EBC) [1-3]. H IV was approved
for the treatment of HER2-positive EBC in the adjuvant set-
ting in Europe, and many other countries worldwide, on the
basis of significant improvements in disease-free survival
(DFS) after 1 year, per the primary analysis of the HERA
study (unadjusted hazard ratio for DFS 0.54 [95% confidence
interval (CI) 0.44-0.67]; P <0.0001) [1, 4]. Subsequent
analyses of HERA, based on median follow-up periods of
up to 11 years, reinforced the DFS benefits associated with
1 year of H IV treatment [1, 5-7] and overall survival was
shown to be prolonged in patients who received H IV, com-
pared with control arms, in long-term analyses from each of
the three H IV adjuvant EBC studies [3, 5, 7, 8].

Anti-HER?2 treatment is associated with increased risk of
cardiac dysfunction, and particularly congestive heart fail-
ure (CHF) [1, 3, 4]. Risk of cardiac failure in H I'V-treated
patients is relevant in real-world clinical practice and may
differ from the risk observed in a randomized, controlled
clinical trial setting with strict entry criteria and follow-up
procedures. Despite the increased risk of cardiac dysfunc-
tion associated with H IV in patients with breast cancer, the
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incidence of symptomatic CHF and significant decreases in
left ventricular ejection fraction (LVEF) were low (1.7 and
7.1%, respectively) in the HERA study at 1-year median
follow-up, and remained low during subsequent longer-
term follow-up analyses (1.9 and 9.8%, respectively after a
median follow-up of 3.6 years) [1, 9]. Moreover, long-term
analyses of adjuvant EBC trials have suggested the majority
of cardiac events are reversible [10, 11].

The present observational study of cardiac events in
patients with HER2-positive EBC treated with Hercep-
tin (OHERA; NCTO01152606) was conducted as a post-
authorization commitment following European Union (EU)
approval of H IV in the adjuvant EBC setting. OHERA is a
non-interventional, single-cohort safety study designed to
investigate the incidence of cardiac events in a real-world
population of patients with HER2-positive EBC being
treated with H IV in the adjuvant setting as per the EU
Summary of Product Characteristics (SmPC) [4], in routine
clinical practice.

Here we report the final analysis of the OHERA study.
The primary objective of the OHERA study was to observe,
in the routine clinical practice setting, the incidence of symp-
tomatic CHF and cardiac death in patients with HER2-pos-
itive EBC who received H IV per the approved EU SmPC.
Secondary objectives were to explore potential risk factors
for symptomatic CHF and cardiac death, to observe the time
to onset and resolution of symptomatic CHF and other sig-
nificant cardiac conditions, and to record the incidence of
asymptomatic left ventricular dysfunction.

Methods
Study design

Patients with HER2-positive EBC (stage I-I1Ib) being con-
sidered for treatment with H IV in the adjuvant setting per
the EU SmPC were enrolled, treated, and monitored accord-
ing to local practice [4]. No additional procedures/patient
visits outside routine clinical practice were performed dur-
ing the study. The study was conducted in accordance with
the Declaration of Helsinki and the laws and regulations of
each country in which the study was performed. The study
protocol was approved by the Independent Ethics Committee
or Institutional Review Board for each site prior to starting
the study. Eligible patients were required to provide written
informed consent prior to enrollment.

Patients
Due to the non-interventional nature of the study, no spe-

cific inclusion or exclusion criteria beyond the indication
and contraindications in the H IV EU SmPC were applied
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when enrolling patients [4]. Patients with HER2-positive
EBC whose tumors had either HER2 overexpression or
HER? gene amplification as determined by an accurate and
validated assay were considered to be eligible for enrollment
and treatment with H IV per the EU SmPC [4]. Patients with
contraindications to H IV per the EU SmPC, i.e., those with
known hypersensitivity to H IV, murine proteins, or any of
the excipients, and patients with severe dyspnea at rest due
to complications of advanced malignancy, or requiring sup-
plementary oxygen therapy [4], were not eligible for this
study.

Consenting patients were enrolled into the study sequen-
tially without any pre-selection process, and irrespective of
whether they subsequently received H IV following physi-
cian assessment of the benefit:risk balance.

Treatment with H IV was administered per local practice
and in accordance with the EU SmPC. At study initiation
in 2007, the approved treatment regimen in the EU SmPC
for H IV as adjuvant therapy for HER2-positive EBC was
monotherapy following surgery, chemotherapy, and/or radio-
therapy based on the phase 3 HERA study results; subse-
quently in 2011, during the course of the OHERA study,
approved treatment regimens in the EU SmPC were updated
to include concurrent use of H IV with chemotherapy in the
adjuvant treatment of patients with HER2-positive EBC as
part of a treatment regimen consisting of doxorubicin and
cyclophosphamide followed by H IV plus paclitaxel (PTX)
or docetaxel, or H IV plus docetaxel plus carboplatin [4].

Outcomes

The primary safety outcomes were incidence of sympto-
matic CHF [New York Heart Association (NYHA) class
II-IV] and incidence of cardiac death. Secondary outcomes
included time to onset and time to recovery of symptomatic
CHF and other cardiac conditions, and incidence of asymp-
tomatic left ventricular dysfunction (evaluated as the inci-
dence of significant LVEF drop; defined as at least one drop
in LVEF of > 10 percentage points from baseline to <50%).
Exploratory analyses of potential risk factors associated with
incidence of symptomatic CHF were also conducted.

Assessments

Cardiac assessments were to be performed per local prac-
tice and/or in accordance with guidance contained in the
approved H IV EU SmPC, which recommends LVEF assess-
ments be performed at the time of treatment initiation (base-
line), every 3 months during treatment, and at 6, 12, and
24 months after treatment discontinuation (exact schedules
varied according to local practice). The frequency of LVEF
assessments could be increased if clinically indicated, e.g.,
in cases of LVEF drop or presence of symptoms of cardiac

dysfunction. Cardiac function and LVEF were monitored
by echocardiogram (ECHO), multiple-gated acquisition
(MUGA) scan, magnetic resonance imaging, or other meth-
ods per local practice. Data were collected on baseline
demographics, breast cancer disease characteristics, medi-
cal history and pre-existing conditions ongoing at baseline
(focusing on cardiac-related conditions and potential risk
factors for cardiac events such as hypertension, diabetes
mellitus, obesity, smoking habits, ischemic heart disease,
or arrhythmias), previous anticancer therapy (and concur-
rent treatments if still ongoing at the time of starting H
IV), hormonal therapy, radiotherapy treatment, and disease
recurrence.

Patient data were to be collected for up to 5 years after the
first H IV administration, or until death, loss to follow-up or
withdrawal of consent, whichever occurred first.

Statistical analysis

As this study was not hypothesis testing, no formal sample
size calculation was performed and all analyses are descrip-
tive. However, a target enrollment of approximately 3800
patients treated with H IV was agreed with the European
health authorities and considered sufficient to detect a 1%
increase in CHF based on the background incidence of
up to 4%, as reported in previous adjuvant EBC trials [2].
With the target enrollment of 3800 patients, the width of
the Pearson—Clopper 95% CI remained reasonably small
when assuming incidence rates ranging from 2% (95% CI
1.58-2.50) to 5% (95% CI 4.33-5.74).

The final analysis was conducted in the safety population,
defined as all enrolled patients with EBC (stage I-IIIb) who
received at least one dose of H IV in the adjuvant setting.

Demographic and baseline characteristic data were sum-
marized for all patients in the safety population. CHF and
cardiac death were summarized as incidence with two-sided
Pearson—Clopper 95% CI. Only cardiac events and LVEF
assessments prior to disease recurrence were included in the
analyses. Time to event onset and resolution were analyzed
using Kaplan—Meier methodology.

Results

In total, 3938 patients were enrolled between August 2007
and November 2010 at 199 sites across Austria, Belgium,
Germany, Hungary, Italy, Poland, Spain, Sweden, and the
UK. Of these, 3733 (95%) individuals had stage I-IIIb breast
cancer and received at least one dose of study treatment,
and therefore comprised the safety population (Fig. 1).
The median age of patients in the safety population was
55.0 years (range 21-86 years; Table 1) and >99% of
patients were women. The majority of patients (> 80%) had
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Patients enrolled
(N =3938)
\ ,| Did not receive H IV treatment
v (n=61)

Patients receiving at least
one dose of H IV treatment
(n=3877)

T | Patients with stage llic/IV BC
i g (n=144)

Patients included in
safety population?
(n=3733)

Fig.1 Patient disposition. BC breast cancer, EBC early breast can-
cer, H IV intravenous trastuzumab. *Patients with stage I-IIIb EBC at
study entry

stage I or II breast cancer, 62.6% were estrogen receptor-
positive, and 90.2% had received prior anthracycline-based
chemotherapy before starting H IV treatment (Table 1). Con-
current medications are provided in Supplementary Table 1.
The median LVEF at baseline was 64.0 (range 36-90) and
356 (9.5%) patients had a family history of CHF. Overall,
1574 (42.2%) patients had > 1 pre-existing cardiovascular
medical condition representing a risk for symptomatic CHF
including hypertension (28.3%), thyroid gland disorder
(10.4%), dyslipidemia (7.5%), and diabetes mellitus (4.7%)
(Table 1); 1143 patients (30.6%) were current or ex-smokers.

Overall, 799 (21%) patients withdrew from the study pre-
maturely. Reasons for premature withdrawal included death
(n=263), loss to follow-up (n=373), withdrawal of consent
(n=55), or admin/other reasons (n=108).

The median duration of follow-up was approximately
5.0 years (1829 days, interquartile range 1793—-1867 days).

H IV treatment characteristics

The median duration of H IV adjuvant EBC treatment
in the safety population was 11.8 months, and 88.9%
(n=3318) of patients were treated for > 300 days. A small
number of patients (78 [2.1%]) had a total treatment dura-
tion of > 420 days, most likely due to treatment delays or
interruptions.

Patients who experienced symptomatic CHF during the
study had shorter median treatment duration and reduced
treatment exposure as compared with those who did not
have CHF during the study (median treatment duration 6.4
vs. 11.8 months; median cumulative dose 4117 vs 7080 mg,
respectively).

Incidence of symptomatic CHF and cardiac death
Symptomatic CHF (NYHA class II-IV) was reported in 106
(2.8%) patients, 91.5% (97/106) of whom received at least

one treatment for CHF. Resolution of symptomatic CHF
was achieved in 72.6% (77/106) of these individuals (as per
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the treating physician’s assessment) (Table 2). The most
common treatments prescribed for the treatment of CHF
included B-adrenoreceptor-blocking agents, angiotensin-
converting enzyme inhibitors, and diuretics.

The median time to onset of symptomatic CHF was
5.7 months (95% CI 5.3-6.5; Fig. 2) and the median time
from onset to resolution was 9.9 months (95% CI 8.3-13.6).

Severe CHF (NYHA class III or IV) occurred in 38
(1.0%) patients and cardiac death occurred in 6 (0.2%)
(Table 2). Five of the six patients who experienced cardiac
death had a previous history of cardiovascular disease. The
median time to cardiac death was 4.3 years (range 0.2-4.8).

In total, 264 patients died during the full study period
(including deaths that occurred after disease recurrence).
Of the deaths reported, 205 were related to metastases or
disease progression, 14 were attributed to other cancers
(cervical, ovarian, bladder, pancreatic, gastrointestinal, leu-
kemia, glioblastoma, renal cancer, and neoplasm), and 11
were cardiac deaths.

Incidence and resolution of significant LVEF drop

A significant drop in LVEF was observed in 251/3291
patients (7.6%), among whom resolution was documented
in 169 (67.3%) (Table 2). The median time to onset of sig-
nificant LVEF drop was 6.6 months (95% CI 5.8-7.2); and
the median time from onset to resolution of LVEF drop was
8.8 months (95% CI 5.7-13.6).

The median LVEF was approximately 60% at baseline
in patients who experienced symptomatic CHF. In these
patients, LVEF generally decreased during the first 3 months
after initiation of H IV, was lowest during Months 4-9,
before stabilizing above 50% during Months 13-18 (Sup-
plementary Fig. 1).

Additional cardiac adverse events

In total, 652 (17.5%) patients experienced cardiac adverse
events (AEs) prior to disease recurrence that were not clas-
sified as symptomatic CHF (individual events summarized
in Table 3). When considering only the highest-grade AE
experienced by an individual patient, most non-CHF cardiac
AEs were Grade 1 (7.5%, 280 patients) or Grade 2 (7.1%,
264 patients). The overall incidence of Grade 3 or higher
non-CHF cardiac events was low; incidence of Grade 3, 4,
and 5 events was 2.4% (90 patients); 0.3% (11 patients), and
0.2% (6 patients), respectively.

Baseline risk factors associated with increased
incidence of CHF

The incidence of CHF was higher in patients with the follow-
ing baseline characteristics: pre-existing cardiac conditions,
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Table 1 Baseline characteristics

. Characteristics All patients (N=3733)
(safety population)
Median age (range), years 55.0 (21-86)
BMI > 25 kg/m?, n (%) 1940 (52.0)
Current or ex-smoker, n (%) 1143 (30.6)

Disease characteristics, n (%)
Tumor status

Stage 1 1257 (33.7)
Stage 11 1836 (49.2)
Stage Illa 521 (14.0)
Stage I1Ib 115 (3.1)
Unknown 4(0.1)
Positive lymph node status 1666 (44.6)
Estrogen receptor status
Positive 2336 (62.6)
Negative 1392 (37.3)
Undetermined 5(0.1)
Prior baseline treatments for breast cancer, n (%)*
Anthracyclines 3369 (90.2)
Taxanes 1260 (33.8)
Radiotherapy 1337 (35.8)
Left-side radiotherapy 861 (23.1)
Hormonal therapy® 55(1.5)
Cardiac status at study entry
Median LVEF at baseline, % (range) 64.0 (36-90)°
Diagnosis of active cardiac failure at baseline, n (%)
NYHA class I 37 (1.0)
NYHA class II 11 (0.3)
NYHA class II/TV 0
History of cardiac failure, n (%) 49 (1.3)
Family history of CHF, n (%) 356 (9.5)
Pre-existing medical conditions representing a risk of CHF, 1 (%)*
Hypertension 1057 (28.3)
Thyroid gland disorder 388 (10.4)
Dyslipidemia 279 (7.5)
Diabetes mellitus 177 (4.7)

BMI body mass index, CHF congestive heart failure, LVEF left ventricular ejection fraction, NYHA New
York Heart Association

Treatments given concurrently with H IV are not included here
®Including antiestrogens, aromatase inhibitors, gonadotrophin and analogs, and sex hormones
“Based on 3425 patients in the safety population with a numerical baseline LVEF value available

dPre-existing medical conditions representing a risk of CHF reported in > 4% of the safety population

use of cardiovascular medications, hypertension, LVEF<55%,  population was consistent with the incidence observed in
body mass index (BMI)>25 kg/m?, age> 65 years, family ~ the HERA study, in which patients were required to have an
history of CHF or history of cardiac failure at study entry, = LVEF>55% [1, 6, 9].

and history of CHF or diagnosis of CHF active at study entry

(Fig. 3). The incidence of CHF was not higher in patients

who had received prior anthracycline therapy at baseline or in

those who had received prior left-side radiotherapy. Although

the incidence of CHF in OHERA was increased in patients

with LVEF <55%, the incidence of severe CHF in the overall
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Table 2 Cardiac safety:
incidence and resolution of

Outcome

All patients (N=3733)

CHF, and significant LVEF
drops

Incidence of symptomatic CHF, n (%) (95% CI)

Patients with CHF who achieved resolution, n/N (%)

Incidence of severe CHF (NYHA class III/IV), n (%)

Incidence of cardiac death, n (%) (95% CI)

Incidence of significant LVEF drop, n (%)*

Patients with significant LVEF drop who achieved resolution, n/N (%)°

106 (2.8) (2.3-3.4)
77/106 (72.6)

38 (1.0)

6 (0.2) (0.1-0.4)
251 (7.6)

169/251 (67.3)

CHF congestive heart failure, CI confidence interval, LVEF left ventricular ejection fraction, NYHA New

York Heart Association

“Evaluated in patients treated with H IV who had one numerical baseline LVEF value, and at least one
numerical post-baseline LVEF value (N=3291)

PResolution of LVEF defined as at least one LVEF value > 50% after a significant LVEF drop

1.0 1

0.9 1

0.8

0.7 1

0.6 1

0.5

Event (n)

0.4 1

0.3

0.2 1

0.14

0.0 1

HIV

First trial medication

0 90 180 270 360 450 540 630 720 810 900 990 1080 1170 1260 1350 1440 1530 1620 1710 1800

No. of patients left

HIV 106 83 49 26 18 15 15 14

Time (days)
1 8 7 5 5 4 4 3 2 2 2 0

Fig.2 Kaplan—Meier curves for the time to onset of the first symptomatic CHF (in patients with CHF event). CHF congestive heart failure, H IV

intravenous trastuzumab

Discussion

The incidence rates of symptomatic CHF and cardiac death
in the real-world population in the OHERA study were low
and consistent with cardiac results from the HERA phase 3
randomized clinical trial (Supplementary Table 2) [1, 6, 7,
9]. Incidence of severe CHF in OHERA was also compara-
ble with reports from the HERA study (1.0 vs. 0.5-0.8% [1],
respectively) [1, 6, 9] and slightly lower than the incidence
reported in most other adjuvant EBC trials (Supplementary
Table 2) [3, 8, 12, 13]. The majority of patients treated per
routine clinical practice in OHERA had an overall H IV
treatment duration of approximately 1 year, consistent with
the recommended treatment duration for EBC patients as
described in the current H IV EU SmPC [4].
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For most patients who experienced symptomatic CHF
or significant LVEF drop in OHERA, the events began
during treatment and resolved during the study period,
suggesting that the cardiotoxicity associated with trastu-
zumab may be reversible, and that standard cardiac med-
ications may lead to resolution of these cardiac events.
This is consistent with data from HERA, which showed
that the majority of patients recovered from non-fatal
cardiac events including confirmed LVEF drop (recovery
rate 83.3%), symptomatic CHF (recovery rate 78.1%), and
severe CHF (recovery rate 69.2%) [9]. This is also con-
sistent with the cardiac safety analyses of the other H IV
adjuvant EBC trials, in which the majority of patients with
cardiac events were recorded as having improved cardiac
function during long-term follow-up analyses [3, 10, 11,
13, 14].
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Table 3 Incidence and severity of cardiac events not classified as symptomatic CHF
Cardiac events not classified as sympto- Any grade NCI-CTCAE NCI-CTCAE NCI-CTCAE NCI-CTCAE NCI-
matic CHF, n (%) Grade 1 Grade 2 Grade 3 Grade 4 CTCAE
Grade 5
Acute myocardial infarction 15 (0.4) 0 3(<0.1) 6(0.2) 5(0.1) 1(<0.1)
Severe arrhythmia 103 (2.8) 49 (1.3) 38 (1.0) 15(0.4) 1(<0.1) 0
Hypertension® 129 (3.5) 40 (1.1) 68 (1.8) 19 (0.5) 0 0
Angina (stable or unstable) 16 (0.4) 6(0.2) 7(0.2) 3(<0.1) 0 0
Ischemic heart disease 22 (0.6) 12 (0.3) 6(0.2) 3(<0.1) 0 1(<0.1)
Valvular dysfunction 148 (4.0) 115 (3.1) 22 (0.6) 5(0.1) 5(0.1) 1(<0.1)
Peripheral ischemic disease 2(<0.1) 1(<0.1) 0 1(<0.1) 0 0
Cerebrovascular ischemia/hemorrhage 7(0.2) 1(<0.1) 3(<0.1) 2(<0.1) 1(<0.1) 0
Sudden death 1(<0.1) 0 0 0 0 1(<0.1)
Other® 347 (9.3) 129 (3.5) 166 (4.4) 48 (1.3) 2 (<0.1) 2 (<0.1)

Data are number of events (%); denominator for percentage calculations is the safety population (N=3733). Includes only the highest-grade

adverse event per patient per event

CHF congestive heart failure, NCI-CTCAE National Cancer Institute-Common Terminology Criteria for Adverse Events

2AE grade missing for two patients

Other cardiac events were described by open text

Patients with Incidence of CHF,

CHF event, n
All patients —-—I 106
Age <65 years (n =2931) — - 56
> 65 years (n =802) | = 50
P I
Pre;‘e_XIstlngd_t_ Yes (n=1574) ! —a—— 70
cardiac condition _ |
No (n =2159) —a 36
History of cardiac failure v (, _ 304) ! - 16
or family history of CHF "\ _3asq) o 90
1
H_ypertension or Yes (n =1057) 1 - e 49
high blood pressure No (n = 2676) _._: 57
CV medication Yes (n=971) : - = 46
at baseline No (n =2760) —a 59
I
Baseline LVEF < 55% (n = 365) ! 25
> 55% (n = 3060) — 74
Current or ex-smoker  yeq (n_1143) _._:_ 30
No (n =2387) — e 72
1
Obese or overweight Yes (n =1940) L 65
(BMI > 25 kg/m?) No (n = 1723) ! 41
— -
Left-side baseline Yes (n = 861) ! 3
t = -
radiotherapy No (n = 2872) g 83
I
Baseline anthracyclines v (, - 3403) ! 94
= —
No (n = 330) ' = 12
) I
<3vs.z3riskfactors  _ 5 g factors (n = 1468) S I 18
> 3risk factors (n = 2265) [ E— 88
r T T T T T T T 1
0 1 2 3 5 6 7 8 9 10

Fig. 3 Incidence of CHF according to potential risk factors present
at baseline. BMI body mass index, CHF congestive heart failure, C/
confidence interval, CV cardiovascular, LVEF left ventricular ejection

CHF incidence (%)

% (95% Cl)
2.8 (2.3-3.4)

1.9 (1.4-2.5)
6.2 (4.7-8.1)

4.4 (3.5-5.6)
1.7 (1.2-2.3)

41 (2.3-6.5)
2.7 (2.2-3.3)

4.6(3.4-6.1)
2.1 (1.6-2.8)

47 (3.5-6.3)
2.1(1.6-2.7)

6.8 (4.5-9.9)
2.4 (1.9-3.0)

2.6 (1.8-3.7)
3.0 (2.4-3.8)

3.4 (2.6-4.3)
2.4(1.7-3.2)

2.7 (1.7-4.0)
2.9 (2.3-3.6)

2.8 (2.2-3.4)
3.6 (1.9-6.3)

1.2(0.7-1.9)
3.9 (3.1-4.8)

fraction. Vertical dotted line represents the incidence of CHF in the
overall study population
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Importantly, patients were enrolled in OHERA accord-
ing to the approved H IV EU SmPC and local practice,
and approximately 10% of the patients in OHERA had an
LVEF <55% at baseline; whereas, the HERA study enrolled
only women with a baseline LVEF of >55% after complet-
ing chemotherapy or radiotherapy. Nevertheless, cardiac
events in OHERA were consistent with that observed in
the HERA study. Differences observed in the incidence
of significant LVEF drops in OHERA (7.6%) compared to
HERA (from 3.6% confirmed to 9.8% unconfirmed) [9],
and as reported in other H IV EBC studies (Supplementary
Table 2) are likely influenced by different study definitions
for ‘significant’ LVEF drops and different follow-up periods.

Previous observational studies have reported rates of
H IV-related cardiotoxicity (including both asymptomatic
and symptomatic cardiac events) ranging from 15 to 27%
[15-17]. Additionally, retrospective studies conducted
in Israel and the US have reported cardiotoxicity/cardiac
event rates ranging from 21 to 29% [18-20]. A recent pop-
ulation-based cohort study, including 4082 H IV-treated
patients with breast cancer and a median age between 52
and 58 years [21], depending on the chemotherapy part-
ner received reported higher cumulative incidence rates
of cardiotoxicity following trastuzumab therapy than have
been reported in previous clinical trials. These differences
reflect variation in the definition of endpoints, duration of
follow-up, and the characteristics of patients included in
these analyses, all of which make cross-study comparisons
challenging both between real-world studies and with rand-
omized controlled trials. Real-world analyses conducted in
restricted geographic regions are also likely to be influenced
by regional differences in clinical practice, such as the use
of radiotherapy and anthracyclines (although it should be
noted that over 90% of patients in OHERA had received
prior anthracycline therapy) [16, 20]. The prevalence of rec-
ognized risk factors for cardiotoxicity in different study pop-
ulations is also important. For example, the increased rates
of cardiac events reported in two large retrospective studies
in the US may at least partially relate to those studies focus-
ing on elderly patients (mean age 76 years [19] and median
age 71 years in the overall population [including patients
not treated with H IV]) [18], vs. median age 55 years in
OHERA, a demographic group commonly underrepresented
in clinical trials and also recognized as at increased risk for
cardiotoxicity [4, 18, 19]. In addition, most cardiac events
are reported to be reversible in observational studies and
long-term follow-up analyses of the H IV adjuvant EBC tri-
als [6, 11, 15-17].

The incidence of CHF in OHERA was low overall, but
higher in selected subgroups including patients with recog-
nized cardiac conditions at baseline, older patients (<65 vs.
> 65 years), and patients with lower baseline LVEF (<55%
vs. > 55%). These observations are consistent with the
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results of NSABP-31, which showed that the relative risk of
CHF increases significantly with age and with impairment in
LVEEF either at baseline or at the end of chemotherapy (dox-
orubicin plus cyclophosphamide) [13]. In particular, data
from NSABP-31 showed that the risk of CHF increased sig-
nificantly in patients aged 50-59 and > 60 years relative to
those aged < 50 years, and in patient subgroups with a base-
line LVEF of 50-54% versus those with an LVEF of 55-64
and >65% [13]. Thus, relatively small differences in age
or baseline LVEF may be associated with increases in the
risk of CHF and may explain differences in CHF incidence
between studies. Interestingly, the incidence of CHF was not
higher in patients who had received left-side radiotherapy
at baseline in OHERA, compared with those who did not.

The potential impact of treatment regimens comprising
H IV plus anthracyclines on cardiotoxicity rates was dem-
onstrated in a Chinese observational study, which reported
that patients with EBC who received H IV plus anthracy-
clines, had a higher rate of cardiotoxicity than that observed
in patients who received H IV without anthracyclines
[16]. This association of cardiotoxicity between H IV and
patients who received baseline anthracyclines was not seen
in OHERA, and may have been due to clinical factors that
allowed patients to receive baseline anthracyclines.

In summary, our data support previous reports that the
majority of cardiac events are asymptomatic or mild and that
the rates of severe or refractory CHF in patients treated with
H IV are low in real-world populations [16, 17, 22].

This study has potential limitations, in addition to those
intrinsic to its observational, non-interventional nature.
Since patients were selected for treatment with H IV in
accordance with the EU SmPC, this may have resulted in
the selection of patients with different baseline character-
istics compared with those in previous trastuzumab rand-
omized clinical trials in EBC. Subjective assessment of the
risk of cardiotoxicity associated with H IV by the patient or
physician may have led to inadvertent selection of patients
according to prognosis (channeling bias) [23]. Due to the
non-interventional nature of the study, there was increased
potential for patients to miss an LVEF assessment. Reso-
lution of symptomatic CHF was defined by the treating
physician and the exact definition of resolution could have
differed between physicians. Importantly, recruitment of
patients in OHERA was guided by indications in the EU
SmPC at the time the study was initiated. Thus, although this
study provides strong data on cardiac risks in a patient popu-
lation treated with H IV as adjuvant EBC therapy in routine
clinical practice, the study population differs from those in
previous randomized controlled trials and observational
studies, limiting the direct comparability of our results.

In conclusion, OHERA is the largest prospective obser-
vational study (> 3700 treated patients) to date to investi-
gate the cardiac safety of H IV as adjuvant EBC therapy
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in a real-world patient population. The study’s final results
are consistent with cardiac safety data reported in previous
clinical trials that evaluated H IV treatment in the adjuvant
setting for HER2-positive EBC [1, 2, 5-7, 9], such as the
HERA study [1], and are consistent with the baseline risk
factors for CHF as reported in the EU H IV SmPC [4].
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