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Background: Trastuzumab increases the incidence of cardiac events (CEs) in patients with breast cancer (BC). Dual
blockade with pertuzumab (P) and trastuzumab (T) improves BC outcomes and is the standard of care for high-risk
human epidermal growth factor receptor 2 (HER2)-positive early BC patients. We analyzed the cardiac safety of P
and T in the phase III APHINITY trial.
Patients and methods: Left ventricular ejection fraction (LVEF) � 55% was required at study entry. LVEF assessment
was carried out every 3 months during treatment, every 6 months up to month 36, and yearly up to 10 years.
Primary CE was defined as heart failure class III/IV and a significant decrease in LVEF (defined as �10% from
baseline and to <50%), or cardiac death. Secondary CE was defined as a confirmed significant decrease in LVEF, or
CEs confirmed by the cardiac advisory board.
Results: The safety analysis population consisted of 4769 patients. With 74 months of median follow-up, CEs were
observed in 159 patients (3.3%): 83 (3.5%) in P þ T and 76 (3.2%) in T arms, respectively. Most CEs occurred during
anti-HER2 therapy (123; 77.4%) and were asymptomatic or mildly symptomatic decreases in LVEF (133; 83.6%).
There were two cardiac deaths in each arm (0.1%). Cardiac risk factors indicated were age > 65 years, body mass
index � 25 kg/m2, baseline LVEF between 55% and <60%, and use of an anthracycline-containing chemotherapy
regimen. Acute recovery from a CE based on subsequent LVEF values was observed in 127/155 patients (81.9%).
Conclusions: Dual blockade with P þ T does not increase the risk of CEs compared with T alone. The use of
anthracycline-based chemotherapy increases the risk of a CE; hence, non-anthracycline chemotherapy may be
considered, particularly in patients with cardiovascular risk factors.
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of all BC diagnoses, and anti-HER2 therapies are the current
standard of care both in the early and advanced settings.1,2

For patients with early-stage HER2-positive BC, the addition
of trastuzumab to chemotherapy dramatically improved
clinical outcomes, reducing the risks of both recurrence and
death.3 However, trastuzumab use is also associated with an
increased incidence of cardiac events (CEs) compared to
chemotherapy alone.4,5

Dual HER2 blockade with pertuzumab and trastuzumab
has been shown to further improve clinical outcomes,
compared to trastuzumab alone, in patients with early-
stage HER2-positive BC.6-8 APHINITY was a randomized,
double-blind, phase III study comparing the addition of
pertuzumab or placebo to adjuvant trastuzumab and
https://doi.org/10.1016/j.esmoop.2022.100772 1
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chemotherapy in patients with HER2-positive early BC. At
its primary analysis, with 4805 randomized patients and
45.4 months of median follow-up, the addition of pertu-
zumab to standard adjuvant therapy showed a statistically
significant benefit for the primary endpoint of invasive
disease-free survival (iDFS) compared to placebo [3-year
iDFS rate of 94.1% versus 93.2%, respectively; hazard ratio
(HR) 0.81, 95% confidence interval (CI) 0.66-1.00; P value ¼
0.045].9 The benefit was more pronounced in patients at
higher risk of relapse, namely those with node-positive
disease (3-year iDFS 92.0% versus 90.2%, respectively; HR
0.77, 95% CI 0.62-0.96; P value ¼ 0.02). After 74 months of
median follow-up, patients with node-positive disease of
any hormone receptor status (positive or negative), treated
with pertuzumab, continued to derive clinical benefit.6

Based on these findings, as well as on data coming from
neoadjuvant studies, dual HER2 blockade with pertuzumab
and trastuzumab now represents the standard-of-care
regimen for patients with high-risk, HER2-positive early
BC.7,8,10,11

We report here the cardiac safety profile of treatment
with pertuzumab and trastuzumab in the APHINITY trial,
after a median follow-up of 74 months.6
PATIENTS AND METHODS

Study design and patients

Details on the APHINITY (BIG4-11; ClinicalTrials.gov identi-
fier: NCT01358877) study design have been previously
published.9 Briefly, APHINITY was a randomized, double-
blind, phase III, placebo-controlled, multicenter trial. Be-
tween November 2011 and August 2013, 4805 patients
were recruited after providing informed consent, and ran-
domized to the pertuzumab arm (n ¼ 2400) or placebo arm
(n ¼ 2405). Eligible patients with an adequate excision of a
histologically confirmed invasive HER2-positive BC (defined
as per the American Society of Clinical Oncology-College
of American Pathologists guidelines12) were randomly
assigned to chemotherapy (anthracycline- or non-
anthracycline-based regimens) plus either 1 year of trastu-
zumab plus pertuzumab, or trastuzumab and placebo.
Eligibility criteria included a baseline left ventricular ejection
fraction (LVEF) of �55%, by echocardiography or MUltiple
Gated Acquisition (MUGA) scan, and absence of serious
cardiac illness, such as history of documented heart failure
(HF) or LVEF < 50%, high-risk uncontrolled arrhythmias,
angina pectoris requiring medication, clinically significant
valvular disease, evidence of transmural infarction on
electrocardiogram, or poorly controlled hypertension. Pa-
tients treated initially with anthracycline-based chemo-
therapy had an additional LVEF assessment before starting
anti-HER2 therapy.

From the 4805 patients randomized into the APHINITY
trial (intent-to-treat population), one patient was excluded
due to falsification of personal data, and 35 patients were
excluded from the safety analysis population as they
received no study medication, leaving 4769 patients.
2 https://doi.org/10.1016/j.esmoop.2022.100772
Definitions of all study endpoints and the consort dia-
gram are available in the previous publications of the
APHINITY study.6,9

Procedures

The full details of study procedures have previously been
published.9 Trastuzumab was administered intravenously
with a loading dose of 8 mg/kg of body weight, and then at
6 mg/kg once every 3 weeks for 1 year (corresponding to 18
cycles). Pertuzumab was administered intravenously with a
loading dose of 840 mg, and then 420 mg once every 3
weeks for 1 year. Investigators could choose between two
types of chemotherapy regimen: either sequential
anthracycline-taxane, or 3-weekly docetaxel plus carbopla-
tin (i.e. a non-anthracycline regimen). In both regimens,
anti-HER2 therapy was started concomitantly with the first
taxane administration. Adjuvant radiotherapy was admin-
istered according to local guidelines. Patients with hormone
receptor-positive disease received adjuvant endocrine
therapy as per local guidelines.

Cardiac safety

Cardiac monitoring. Cardiac monitoring included LVEF
assessment by echocardiography or MUGA scan, and was
carried out every 3 months during treatment, every 6
months up to month 36 of follow-up, and every year
thereafter up to 10 years. In case of decline in LVEF, an LVEF
assessment was repeated after 3 weeks. All CEs were
classified as primary or secondary event, and were reviewed
by a cardiac advisory board.7

Cardiac endpoints. Patients who received at least one dose
of study treatment were included in safety analyses. CEs
were defined per protocol as follows: (i) primary CEs, if HF
of New York Heart Association (NYHA) class III/IV with a
significant LVEF decline (defined as �10 percentage points
from baseline and to <50%), or cardiac death; (ii) secondary
CEs, if asymptomatic or mildly symptomatic (NYHA class II)
significant LVEF decline confirmed by a second LVEF
assessment within 3 weeks, or as confirmed by the cardiac
advisory board. Acute recovery from a CE was defined as at
least two consecutive LVEF assessments �50% carried out
after the date of the CE.

Statistical analysis of cardiac safety data. The present
analysis took place on the database for the second interim
analysis of overall survival (OS) (clinical cut-off date: 19 June
2019) with a median follow-up of 74 months.6 We investi-
gated the cardiac safety profile by safety analysis population
(2364 patients in the pertuzumab arm; 2405 patients in the
placebo arm).

Baseline demographics and cardiac-related patient char-
acteristics were summarized by treatment group. The inci-
dence of all CEs was investigated and descriptively
summarized by treatment group (pertuzumab versus pla-
cebo) and by treatment phase (before starting anti-HER2
treatment, during anti-HER2 treatment, and during follow-
up). Among patients who reached acute recovery, time to
Volume 8 - Issue 1 - 2023



Table 1. Demographics and baseline cardiac-related characteristics

Characteristics Pertuzumab D
trastuzumab,
N [ 2364, n (%)

Placebo D
trastuzumab,
N [ 2405, n (%)

Age (years)
<65 2062 (87.2) 2112 (87.8)
�65 302 (12.8) 293 (12.2)
Mean (range) 51.6 (22.0-86.0) 51.4 (18.0-85.0)

Smoking history
Ever smoked 666 (28.2) 723 (30.1)
Never smoked 1698 (71.8) 1682 (69.9)

Body mass index (kg/m2)
<25 1256 (53.1) 1266 (52.6)
�25 1099 (46.5) 1131 (47.0)
Unknown 9 (0.4) 8 (0.3)
Mean (range) 25.6 (13.6-57.4) 25.9 (15.7-63.6)

LVEF
55% to <60% 314 (13.3) 324 (13.5)
�60% 2047 (86.6) 2070 (86.1)
Not done or <55% 3 (0.1) 11 (0.5)
Mean (range) 65.2 (51.0-90.0) 65.3 (50.0-92.0)

Method of evaluation of LVEF
Echocardiogram 1907 (80.7) 1956 (81.3)
MUGA scan 456 (19.3) 445 (18.5)
Not done 1 (0.0) 4 (0.2)

Hypertension
No 1837 (77.7) 1872 (77.8)
Yes 527 (22.3) 533 (22.2)

Diabetes mellitus
No 2229 (94.3) 2268 (94.3)
Yes 135 (5.7) 137 (5.7)

Use of any cardioprotective
medications (ACEI/ARB or
beta-blocker)a

No 2010 (85.0) 2046 (85.1)
Yes 354 (15.0) 359 (14.9)

Left-sided radiotherapyb

No 1457 (61.6) 1534 (63.8)
Yes 907 (38.4) 871 (36.2)

Adjuvant chemotherapy regimenc

Anthracycline-containing regimen 1831 (77.5) 1893 (78.7)
Non-anthracycline-containing
regimen

533 (22.5) 512 (21.3)

Anthracycline cumulative dose
(mg/m2)
Doxorubicin
n 520 587
Median (range) 240 (50.0-270) 240 (40.0-300)

Epirubicin
n 1318 1310
Median (range) 300 (100.0-696) 300 (69.8-450)

ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers;
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acute recovery was calculated. LVEF measurements and
change in LVEF from baseline were summarized graphically
by treatment arm over time.

Risk factors for cardiac dysfunction (henceforth cardiac
risk factors), including safety analysis population arm,
baseline age, smoking history, body mass index (BMI), hy-
pertension, diabetes mellitus, LVEF, use of cardioprotective
medications, left-sided radiotherapy, and type of adjuvant
chemotherapy regimen (anthracycline-containing or not)
were investigated using univariate and multivariable ana-
lyses. With the exception of the safety analysis population
arm, the cardiac risk factors were not expected to differ
depending on whether a patient received pertuzumab or
placebo. Therefore, they were studied in the safety analysis
population by pooling together patients from both treat-
ment arms. For each cardiac risk factor, odds ratios (ORs)
with 95% profile-likelihood CIs were calculated.

The multivariable model considered four or five predictor
variables. These are the characteristics: age (<65 years
versus �65 years), BMI (<25 versus �25), LVEF (55% to
<60% versus �60%), adjuvant chemotherapy (anthracy-
cline-based regimen versus non-anthracycline-based
regimen) plus the additional characteristic being consid-
ered when applicable [e.g. hypertension (no versus yes)].
The multivariable analysis excluded patients with (i) BMI
unknown or (ii) LVEF not done or <55%.

RESULTS

Demographic and baseline cardiac-related characteristics

Demographic and baseline cardiac-related characteristics
were well balanced between treatment arms (Table 1).
Most patients were younger than 65 years (87.5%), had
never smoked (70.9%), had a baseline LVEF � 60% (86.3%),
did not have hypertension (77.8%) or diabetes mellitus
(94.3%), and were not exposed to left side radiotherapy
(62.7%), although many patients had a BMI � 25 kg/m2

(46.8%) and most were prescribed an anthracycline-
containing adjuvant chemotherapy regimen (78.1%). For
patients receiving anthracyclines, the median cumulative
dosage was the same in both arms (doxorubicin 240 mg/m2

and epirubicin 300 mg/m2).

LVEF, left ventricular ejection fraction; MUGA, MUltiple Gated Acquisition.
aMedications starting on or after the date of first administration of study treatment
are not considered.
bPatients with bilateral radiotherapy are counted as having left-sided radiotherapy.
cThe chemotherapy regimen that was planned at the time of randomization is
shown; the regimen that patients received may have differed.
Study treatment completion

Trastuzumab completion rate was 86.8% (2053/2364) in the
pertuzumab arm and 86.4% (2079/2405) in the placebo
arm. Similar rates were seen for pertuzumab/placebo
completion in the pertuzumab and placebo arms, respec-
tively (Table 2).
Incidence and timing of cardiac events

At a median follow-up of 74 months, 159 patients had a CE,
with 83 (3.5%) CEs in the pertuzumab arm and 76 (3.2%) in
the placebo arm (Table 3). Most CEs occurred during anti-
HER2 therapy [62 (2.6%) in the pertuzumab arm and 61
(2.5%) in the placebo arm], with a median time to first CE of
9.2 months (95% CI 2.3-61.3 months) and 7.4 months (95%
Volume 8 - Issue 1 - 2023
CI 0.4-53.7 months), respectively. There were 18 (0.8%)
primary CEs of HF class III/IV or cardiac death in the per-
tuzumab arm and 8 (0.3%) in the placebo arm. Most CEs
consisted of asymptomatic or mildly symptomatic (NYHA
class II) LVEF reductions with 65 (2.7%) in the pertuzumab
arm and 68 (2.8%) in the placebo arm. CEs were more
common in patients with anthracycline-based regimens
(3.7%) than non-anthracycline-based regimens (1.9%) in
both arms (Figure 1 and Supplementary Table S1, available
at https://doi.org/10.1016/j.esmoop.2022.100772).
https://doi.org/10.1016/j.esmoop.2022.100772 3



Table 2. Summary of treatment completion and discontinuation reasons

Status Pertuzumab D
trastuzumab N [ 2364
n (%)

Placebo D trastuzumab
N [ 2405 n (%)

Completed
trastuzumab

2053 (86.8) 2079 (86.4)

Discontinued
trastuzumab

311 (13.2) 326 (13.6)

Safety 175 (7.4) 164 (6.8)
Cardiac safety 78 (3.3) 85 (3.5)
Other safety 97 (4.1) 79 (3.3)

Recurrence of
disease

12 (0.5) 34 (1.4)

Other 124 (5.2) 128 (5.3)
Completed
pertuzumab/placebo

2051 (86.8) 2077 (86.4)

Discontinued
pertuzumab/placebo

313 (13.2) 328 (13.6)

Safety 175 (7.4) 165 (6.9)
Cardiac safety 79 (3.3) 85 (3.5)
Other safety 96 (4.1) 80 (3.3)

Recurrence of
disease

12 (0.5) 34 (1.4)

Other 126 (5.3) 129 (5.4)

Table 3. Incidence and timing of cardiac events

CEs, type and timing
(months)

All patients
N[ 4769 n (%)

Pertuzumab D
trastuzumab
N [ 2364 n (%)

Placebo D
trastuzumab
N [ 2405 n (%)

Any cardiac event 159 (3.3) 83 (3.5) 76 (3.2)
Did not start anti-
HER2 therapy

4 (0.1) 0 (0.0) 4 (0.2)

During anti-HER2
therapya

123 (2.6) 62 (2.6) 61 (2.5)

During follow-up
phase

32 (0.7) 21 (0.9) 11 (0.5)

Time to first
CEdmedian
(range)b

8.4 (0.4-61.3) 9.2 (2.3-61.3) 7.4 (0.4-53.7)

Cardiac deaths 4 (0.1) 2 (0.1) 2 (0.1)
Did not start anti-
HER2 therapy

0 (0.0) 0 (0.0) 0 (0.0)

During anti-HER2
therapya

0 (0.0) 0 (0.0) 0 (0.0)

During follow-up
phase

4 (0.1) 2 (0.1) 2 (0.1)

Time to cardiac
deathdmedian
(range)b

30.2 (14.9-53.7) 29.4 (14.9-43.9) 35.1 (16.4-53.7)

HF class III or IV 22 (0.5) 16 (0.7) 6 (0.2)
Did not start anti-
HER2 therapy

1 (0.0) 0 (0.0) 1 (0.0)

During anti-HER2
therapya

14 (0.3) 10 (0.4) 4 (0.2)

During follow-up
phase

7 (0.1) 6 (0.3) 1 (0.0)

Time to HF class III
or IVdmedian
(range)b

7.7 (0.4-61.3) 8.5 (4.8-61.3) 4.6 (0.4-15.8)

Asymptomatic or
mildly symptomatic
LVEF drop

133 (2.8) 65 (2.7) 68 (2.8)

Did not start anti-
HER2 therapy

3 (0.1) 0 (0.0) 3 (0.1)

During anti-HER2
therapya

109 (2.3) 52 (2.2) 57 (2.4)
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Changes on mean LVEF over time

At baseline, mean LVEF was similar between arms (65.2%
[standard deviation (SD) of 5.9] in the pertuzumab arm and
65.3% [SD of 6.1] in the placebo arm). Changes in LVEF over
time were similar between arms, with a tendency for
prompt recovery to baseline levels after week 52, when
anti-HER2 therapy had been completed (Supplementary
Figure S1, available at https://doi.org/10.1016/j.esmoop.
2022.100772).
During follow-up
phase

21 (0.4) 13 (0.5) 8 (0.3)

Time to
asymptomatic or
mildly symptomatic
LVEF dropdmedian
(range)b

8.4 (1.9-49.9) 9.2 (2.3-49.9) 7.5 (1.9-38.2)

Note: Primary (HF class III and IV) and secondary cardiac events (asymptomatic or
mildly symptomatic LVEF drop) were mutually exclusive, i.e. a patient with a primary
cardiac event could not be counted as having a secondary cardiac event.
CE, cardiac event; HER2, human epidermal growth factor receptor 2; HF, heart
failure; LVEF, left ventricular ejection fraction.
Cardiac risk factors

The cardiac risk factors indicated by the multivariable
analysis were age � 65 years (versus <65 years), BMI � 25
kg/m2 (versus <25 kg/m2), LVEF at study entry of 55%-59%
(versus �60%), and use of anthracycline-containing adju-
vant chemotherapy regimen (versus non-anthracycline-
containing) (Table 4).
a‘During anti-HER2 treatment’ includes up to 28 days after last administration of
anti-HER2 therapy.
bMedian based on patients who experienced the particular type of cardiac event.
Acute recovery from CEs

Considering any CE and excluding cardiac death, acute re-
covery was reached in 127 out of the 155 patients (81.9%)
who experienced a CE. Rates of reaching acute recovery
from any CE (excluding cardiac death) were 77.8% (63 of 81
patients) in the pertuzumab arm, and 86.5% (64 of 74 pa-
tients) in the placebo arm (Supplementary Figure S2,
available at https://doi.org/10.1016/j.esmoop.2022.
100772). Thirteen out of 22 patients (59%) reached acute
recovery from HF NYHA class III or IV, with a median time to
reach acute recovery of 26.0 weeks (95% CI 3.1-173.7
weeks) (Supplementary Table S2, available at https://doi.
org/10.1016/j.esmoop.2022.100772), and 114 out of 133
patients (86%) reached acute recovery from a secondary CE
(Supplementary Figure S3, available at https://doi.org/10.
4 https://doi.org/10.1016/j.esmoop.2022.100772
1016/j.esmoop.2022.100772), with a median time to
reach acute recovery of 23.4 weeks (95% CI 1.7-282.4
weeks) (Supplementary Table S2, available at https://doi.
org/10.1016/j.esmoop.2022.100772). Comparable acute
recovery rates and time to reach acute recovery were seen
between arms (Supplementary Table S2, available at
https://doi.org/10.1016/j.esmoop.2022.100772).
DISCUSSION

This exploratory analysis of the cardiac safety of pertuzu-
mab and trastuzumab in the APHINITY trial found that, after
74 months of median follow-up, dual blockade with
Volume 8 - Issue 1 - 2023
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Figure 1. Cumulative incidence plot of any cardiac event with invasive disease-free survival event as a competing risk. Anthra, anthracycline; HF, heart failure; LVEF,
left ventricular ejection fraction; Ptz, pertumuzab; Tra, trastuzumab. Timing of anti-HER2 therapy relative to randomization was different to the anthracycline cohort
compared to the non- anthracycline cohort. Primary (HF class III and IV) and secondary cardiac events (asymptomatic or mildly symptomatic LVEF drop) are mutually
exclusive. A patient with a primary cardiac event will not be counted as having a secondary cardiac event.
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pertuzumab and trastuzumab does not increase the risk of
CEs compared to placebo and trastuzumab. Treatment with
pertuzumab and trastuzumab was associated with a low
incidence of CEs (3.5%), with most occurring during anti-
HER2 therapy (77.4%), and consisting of secondary CEs
(83.6%), which were asymptomatic or mildly symptomatic
(NYHA class II) significant decline in LVEF. In the setting of a
large, randomized clinical trial with rigorous cardiac moni-
toring and specific algorithms for HER2-targeting drug
management, these results confirm the cardiac safety of
dual anti-HER2 blockade with pertuzumab and trastuzumab.

The results of our exploratory analysis are consistent with
previous findings from the NeoSphere,7 Tryphaena,13

Berenice,14 and Cleopatra15 trials, showing cardiac safety
of dual HER2 blockade with pertuzumab and trastuzumab.
On the contrary, our results are not consistent with those
from a recent meta-analysis of pertuzumab cardiotoxicity
including 8420 patients with HER2-positive cancer from
eight published randomized clinical trials.16 Alhussein et al.
reported an excess risk of HF (risk ratio 1.97) with the
addition of pertuzumab to trastuzumab-based therapy, but
no effect on asymptomatic/minimally symptomatic left
ventricular systolic dysfunction.16 It should be noticed,
however, that the aforementioned meta-analysis also
included one study other than BC (i.e. gastro-esophageal
cancer) and patients with disease stage I-IV, and that the
duration of pertuzumab varied across the studies.
Volume 8 - Issue 1 - 2023
Cardiac risk assessment and cardiac imaging before and
during anti-HER2 treatment remain essential. In APHINITY,
cardiac monitoring by echocardiography or MUGA scan was
carried out every 3 months during treatment, every 6
months up to month 36 of follow-up, and every year
thereafter up to year 10. This schedule is consistent with
the observed timing of first CE occurrence (median time of
9.2 and 7.4 months in the pertuzumab and placebo arms,
respectively) and with the less common occurrence of CEs
during the follow-up period [21 (0.9%) and 11 (0.5%) in the
pertuzumab and placebo arms, respectively].

Cardiac risk assessment and cardiac monitoring is recom-
mended for all patients before and during treatment. In our
exploratory analysis, besides the use of anthracyclines, age�
65 years old, BMI � 25, and LVEF at study entry of 55% to
<60% were risk factors for CEs. These results are consistent
with the known risk factors of cardiotoxicity associated with
trastuzumab and other HER2-targeted therapies, with
anthracycline use being an important risk factor.17,18

Notably, in our analysis, with a relatively young patient
population with few cardiovascular risk factors, CEs were
more common in patients with anthracycline-based regimens
(3.7%) than non-anthracycline-based regimens (1.9%) in both
arms. This suggests that a non-anthracycline regimen should
be preferentially considered in patients with cardiovascular
risks factors.The use of non-anthracycline chemotherapy has
been proven to have similar efficacy with a lower risk of
https://doi.org/10.1016/j.esmoop.2022.100772 5



Table 4. Cardiac risk factors indicated by multivariable analysis of baseline characteristics

Baseline characteristic N Cardiac event n (%) Univariate OR
(95% CI)a

Univariate
P valuea

Multivariable OR (95% CI)b Multivariable
P valueb

Safety analysis population arm
Pertuzumab 2364 83 (3.5) 1.12 (0.81-1.53) 0.500 1.14 (0.83-1.57) 0.423
Placebo 2405 76 (3.2) Reference Reference

Age (years)
<65 4174 118 (2.8) Reference Reference
�65 595 41 (6.9) 2.54 (1.75-3.64) <0.001 2.48 (1.68-3.57) <0.001

Smoking history
Ever smoked 1389 47 (3.4) 1.02 (0.72-1.44) 0.902 1.03 (0.72-1.46) 0.862
Never smoked 3380 112 (3.3) Reference Reference

BMI (kg/m2)
<25 2522 62 (2.5) Reference Reference
�25 2230 97 (4.3) 1.80 (1.31-2.51) <0.001 1.66 (1.19-2.32) 0.003

LVEF
55% to <60% 638 42 (6.6) 2.43 (1.67-3.47) <0.001 2.44 (1.68-3.50) <0.001
�60% 4117 116 (2.8) Reference Reference

Hypertension
No 3709 106 (2.9) Reference Reference
Yes 1060 53 (5.0) 1.79 (1.27-2.49) <0.001 1.34 (0.92-1.94) 0.125

Diabetes mellitus
No 4497 142 (3.2) Reference Reference
Yes 272 17 (6.3) 2.05 (1.18-3.34) 0.007 1.54 (0.87-2.59) 0.116

Cardioprotective medications
No 4056 127 (3.1) Reference Reference
Yes 713 32 (4.5) 1.45 (0.96-2.13) 0.064 1.07 (0.69-1.60) 0.768

Left-sided radiotherapy
No 2991 92 (3.1) Reference Reference
Yes 1778 67 (3.8) 1.23 (0.89-1.70) 0.198 1.17 (0.85-1.62) 0.331

Adjuvant chemotherapy regimen
Anthracycline-containing regimen 3724 139 (3.7) 1.99 (1.27-3.29) 0.005 2.25 (1.43-3.74) <0.001
Non-anthracycline-containing
regimen

1045 20 (1.9) Reference Reference

BMI, body mass index; CI, confidence interval; LVEF, left ventricular ejection fraction; OR, odds ratio.
aThe univariate analysis of BMI excludes patients with BMI unknown. The univariate analysis of LVEF excludes patients with LVEF not done or <55%. Profile-likelihood confidence
limits for the OR.
bThe multivariable analysis considers four or five predictor variables. These are the characteristics: (i) age; (ii) BMI; (iii) LVEF; (iv) adjuvant chemotherapy regimen; plus (v) the
additional characteristic being considered when applicable [e.g. hypertension (no versus yes)]. Profile-likelihood confidence limits for the OR.
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cardiotoxicity, and its use is now recommended as the
preferred option in the National Comprehensive Cancer
Network guidelines.8,19,20

The present study has several strengths, namely the large
population, the long follow-up, and the rigorous cardiac
monitoring in the context of a randomized clinical trial
conducted internationally. Of note, cardiac safety data in
APHINITY will again be assessed in the event-driven final OS
analysis (10-year follow-up). There are several limitations
that should be considered when interpreting these results
from an exploratory analysis. First, the population included
in clinical trials is generally highly selected, younger, and
healthier than real-world patients. Hence, it would be
important to assess the cardiotoxicity of this treatment
combination in real-world patients, who may experience
more CEs due to the coexistence of additional comorbidities
and/or cardiovascular risk factors/cardiac disease. Addi-
tionally, the rigorous cardiac monitoring carried out in the
context of a clinical trial might not always represent the
cardiac imaging patients receive in real-world settings.
Furthermore, cardiac safety was assessed by ECHO or
MUGA scan, and did not include the assessment of global
longitudinal strain (GLS) or cardiac biomarkers (e.g. high-
sensitivity cardiac troponin or brain natriuretic peptide)
6 https://doi.org/10.1016/j.esmoop.2022.100772
during anti-HER2 treatment. Although the impact of
measuring GLS and cardiac biomarkers on anti-HER2 treat-
ment management is not well defined, these measurements
may be useful in early detection of cardiotoxicity, particu-
larly in high-risk populations.21-23 There are mixed results
on the role of neurohormonal agents, such as angiotensin
receptor blockers and angiotensin-converting enzyme in-
hibitors during cancer therapy (anthracyclines/HER2 tar-
geted), to reduce CEs,24-26 and a meta-analysis of
neurohormonal strategies showed a modest benefit of
these agents (<5%) with substantial heterogeneity and
publication bias.27 We await the results of ongoing ran-
domized controlled trials to further define the role of these
agents in primary prevention strategies.
Conclusions

Our analysis has shown that dual blockade with pertuzumab
and trastuzumab did not increase the risk of CEs compared to
placebo and trastuzumab in patientswith HER2-positive early
BC. Our results were seen in a relatively young and healthy BC
population andmay not reflect the incidence of CEs with dual
HER2 blockade in older patients with cardiac risk factors or
disease. In particular, due to the higher incidence of CEs in
Volume 8 - Issue 1 - 2023
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patients receiving anthracyclines, non-anthracycline regi-
mens should be preferentially considered, particularly in
patients with cardiovascular risk factors. Of note, anthracy-
clines are no longer considered as one of the preferred
chemotherapy regimens for patients with HER2-positive BC,
based on recent international guidelines, where they are
reported only as ‘useful in certain circumstances’.20 Cardiac
assessment before and during anti-HER2 treatment remains
essential, particularly in high-risk patients.

In conclusion, the results of our study highlight the long-
term cardiac safety of dual HER2-targeted therapy in this
patient population. Cardiac safety will remain an important
component of patient care and research, especially as novel
HER2-directed therapies emerge.

FUNDING

The APHINITY trial (NCT01358877) was supported by F.
Hoffmann-La Roche Ltd/Genentech (protocol number: BIG
4-11/BO25126/TOC4939G).

APHINITY was designed by the Breast International Group
(BIG) in collaboration with the sponsor. Study conduct was
overseen by the joint study management team (composed
of representatives of the sponsor, BIG headquarters, and
independent data management and statistical centers) and
a cardiac advisory board under the auspices of BIG. The trial
involved the collaboration of 23 BIG groups, all of which
were represented in the Steering Committee of APHINITY,
which also included patient advocates, joint study man-
agement team members, and the cardiac advisory board.
The APHINITY Steering Committee had final responsibility
for the content of the paper.

The database was maintained at the Institut Jules Bordet
Clinical Trials Support Unit (Brussels, Belgium), and the
statistical analyses were carried out by Frontier Science
(Kincraig, UK).

The sponsor provided study drug, site monitoring, and
financial support.

Employees of the sponsor were involved in the writing of
the present report and the decision to submit for publica-
tion along with the academic authors.

All authors agreed and share the final responsibility for
the provided interpretation of the study results and for the
decision to submit for publication.

DISCLOSURE

EdA: Honoraria and/or advisory board from Roche/GNE,
Novartis, Seattle Genetics, Zodiac, Libbs, and Pierre Fabre.
Travel grants from Roche/GNE, and GSK/Novartis. Research
grant to his institution from Roche/GNE, AstraZeneca, GSK/
Novartis, and Servier. EA: Consultancy fees/honoraria: Eli Lilly,
Sandoz, and AstraZeneca. Support for attending medical
conferences from: Novartis, Roche, Eli Lilly, Genetic, Istituto
Gentili, and Daiichi Sankyo (all outside the submitted work).
MP: Her institution received funding from Roche in respect to
the APHINITY trial. DE: Employment: Roche. Stock and Other
Ownership Interests: Roche; Research Funding: Novartis. NP
is an employee of IQVIA Biotech. ML: Honoraria and/or
Volume 8 - Issue 1 - 2023
advisory board from Roche, Novartis, Lilly, Pfizer, AstraZe-
neca, Gilead, Seagen, MSD, Exact Sciences, Takeda, Ipsen,
Sandoz, Libbs, and Knight. CC: Her institution received
research funding from: AstraZeneca, Roche/Genentech,
Tesaro, Novartis, Pfizer, SERVIER, Biovica, GlaxoSmithKline,
and Sanofi/Aventis. Her institution receives royalties from
Agendia for MammaPrint. CA: Full-time employment, Medi-
cal Director for F. Hoffmann-La Roche Ltd, and own stock in F.
Hoffmann-La Roche Ltd. GJ: Honoraria and/or advisory board
Novartis, Roche, Amgen, Pfizer, Bristol-Myers Squibb, Lilly
AstraZeneca, Seagen, Daiichi Sankyo, and Abbvie. Research
grant to the institution Novartis, Roche, and Pfizer. JMW:
Honoraria and/or advisory board from Roche/GNE, Novartis,
and AstraZeneca. JB: Honoraria and/or advisory board from
AstraZeneca, Daiichi Sankyo, Eli Lilly, Genomic Health, Libbs,
MSD, Novartis, Pfizer, and Roche. SL: Grants, non-financial
support and other from Roche, during the conduct of the
study; grants and other from Abbvie, other from Amgen,
grants and other from AstraZeneca, other from Bayer, other
from BMS, grants and other from Celgene, other from Eir-
genix, other from GSK, grants, non-financial support and
other from Immunomedics/Gilead, other from Lilly, other
from Merck, grants, non-financial support and other from
Novartis, grants, non-financial support and other from Pfizer,
other from Pierre Fabre, other from Prime/Medscape, non-
financial support and other from Puma, other from Sam-
sung, non-financial support and other from Seagen, grants,
non-financial support and other from Daiichi Sankyo, outside
the submitted work; In addition, SL has a patent
EP14153692.0 pending, a patent EP21152186.9 pending, a
patent EP15702464.7 issued, a patent EP19808852.8
pending, and a patent Digital Ki67 Evaluator with royalties
paid. MP-G: Consultant honoraria: Oncolytics (Scientific
Board), AstraZeneca, Camel-IDS/Precirix, Gilead, Immuno-
medics, Lilly, Menarini, MSD, Novartis, Odonate, Pfizer,
Roche-Genentech, Seattle Genetics, Immutep, Seagen, NBE
Therapeutics, Frame Therapeutics; Research grants to my
Institute: AstraZeneca, Immunomedics, Lilly, Menarini, MSD,
Novartis, Pfizer, Radius, Roche-Genentech, Servier, and Syn-
thon. MSE: Consultant for Boehringer Ingelheim and Beyer.
Receives book royalties for Cancer and the Heart. SD: Hon-
oraria/advisory boards from Novartis and AstraZeneca;
research grant Novartis. CP: Honoraria and/or advisory board
from Amgen, Celgene, Incyte, Ipsen, and Novartis. All other
authors have declared no conflicts of interest.
DATA SHARING

Qualified researchers may request access to individual
patient-level data through the clinical study data request
platform at https://vivli.org/ 18 months after the publica-
tion of the last clinical study report (CSR). Before this date,
qualified researchers may request access to individual
patient-level data by submitting, within a call for proposals,
a research proposal to BIG. Further details on Roche’s
criteria for eligible studies are available here: https://vivli.
org/members/ourmembers/. For further details on
Roche’s Global Policy on the Sharing of Clinical Information
https://doi.org/10.1016/j.esmoop.2022.100772 7



ESMO Open E. de Azambuja et al.
and how to request access to related clinical study docu-
ments, see here: https://www.roche.com/research_and_
development/who_we_are_how_we_work/clinical_trials/
our_commitment_to_data_sharing.htm.
REFERENCES

1. Caparica R, Brandão M, Piccart M. Systemic treatment of patients with
early breast cancer: recent updates and state of the art1. The Breast.
2019;48:S7-S20.

2. Patel A, Unni N, Peng Y. The changing paradigm for the treatment of
HER2-positive breast cancer. Cancers (Basel). 2020;12:2081.

3. Moja L, Tagliabue L, Balduzzi S, et al. Trastuzumab containing regimens
for early breast cancer. Cochrane Database Syst Rev. 2012;2012:
CD006243.

4. de Azambuja E, Ponde N, Procter M, et al. A pooled analysis of the
cardiac events in the trastuzumab adjuvant trials. Breast Cancer Res
Treat. 2020;179:161-171.

5. Ewer MS, Lippman SM. Type II chemotherapy-related cardiac dysfunc-
tion: time to recognize a new entity. J Clin Oncol. 2005;23:2900-2902.

6. Piccart M, Procter M, Fumagalli D, et al. Adjuvant pertuzumab and
trastuzumab in early HER2-positive breast cancer in the APHINITY trial:
6 years’ follow-up. J Clin Oncol. 2021;39:1448-1457.

7. Gianni L, Pienkowski T, Im Y-H, et al. 5-year analysis of neoadjuvant
pertuzumab and trastuzumab in patients with locally advanced, in-
flammatory, or early-stage HER2-positive breast cancer (NeoSphere): a
multicentre, open-label, phase 2 randomised trial. Lancet Oncol.
2016;17:791-800.

8. van der Voort A, van Ramshorst MS, van Werkhoven ED, et al. Three-
year follow-up of neoadjuvant chemotherapy with or without
anthracyclines in the presence of dual ERBB2 blockade in patients with
ERBB2-positive breast cancer: a secondary analysis of the TRAIN-2
randomized, phase 3 trial. JAMA Oncol. 2021;7:978-984.

9. von Minckwitz G, Procter M, de Azambuja E, et al. Adjuvant pertu-
zumab and trastuzumab in early HER2-positive breast cancer. N Engl J
Med. 2017;377:122-131.

10. Cardoso F, Kyriakides S, Ohno S, et al. Early breast cancer: ESMO
Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann
Oncol. 2019;30:1194-1220.

11. Korde LA, Somerfield MR, Carey LA, et al. Neoadjuvant chemotherapy,
endocrine therapy, and targeted therapy for breast cancer: ASCO
guideline. J Clin Oncol. 2021;39:1485-1505.

12. Wolff AC, Hammond MEH, Hicks DG, et al. Recommendations for hu-
man epidermal growth factor receptor 2 testing in breast cancer:
American Society of Clinical Oncology/College of American Patholo-
gists clinical practice guideline update. Arch Pathol Lab Med. 2014;138:
241-256.

13. Schneeweiss A, Chia S, Hickish T, et al. Pertuzumab plus trastuzumab in
combination with standard neoadjuvant anthracycline-containing and
8 https://doi.org/10.1016/j.esmoop.2022.100772
anthracycline-free chemotherapy regimens in patients with HER2-
positive early breast cancer: a randomized phase II cardiac safety
study (TRYPHAENA). Ann Oncol. 2013;24:2278-2284.

14. Dang C, Ewer MS, Delaloge S, et al. BERENICE final analysis: cardiac
safety study of neoadjuvant pertuzumab, trastuzumab, and chemo-
therapy followed by adjuvant pertuzumab and trastuzumab in HER2-
positive early breast cancer. Cancers. 2022;14:2596.

15. Swain SM, Ewer MS, Cortés J, et al. Cardiac tolerability of pertuzumab
plus trastuzumab plus docetaxel in patients with HER2-positive met-
astatic breast cancer in CLEOPATRA: a randomized, double-blind, pla-
cebo-controlled phase III study. Oncologist. 2013;18:257-264.

16. Alhussein MM, Mokbel A, Cosman T, et al. Pertuzumab cardiotoxicity in
patients with HER2-positive cancer: a systematic review and meta-
analysis. CJC Open. 2021;3:1372-1382.

17. Sharma AV, Reddin G, Forrestal B, Barac A. Cardiovascular disease risk
in survivors of breast cancer. Curr Treat Options Cardiovasc Med.
2019;21:79.

18. Martel S, Maurer C, Lambertini M, Pondé N, De Azambuja E. Breast
cancer treatment-induced cardiotoxicity. Expert Opin Drug Saf.
2017;16:1021-1038.

19. Telli ML, Gradishar WJ. Updates in HER2-positive and triple-negative
breast cancers. J Natl Compr Cancer Netw. 2021;19:605-609.

20. Gradishar W, Moran M, Abraham J. NCCN Clinical Practice Guidelines in
Oncology: Breast Cancer. Accessed January, 2022. To view the most
recent version, visit NCCN.org.

21. Plana JC, Galderisi M, Barac A, et al. Expert consensus for multi-
modality imaging evaluation of adult patients during and after cancer
therapy: a report from the American Society of Echocardiography and
the European Association of Cardiovascular Imaging. J Am Soc Echo-
cardiogr. 2014;27:911-939.

22. Ky B, Putt M, Sawaya H, et al. Early increases in multiple biomarkers
predict subsequent cardiotoxicity in patients with breast cancer
treated with doxorubicin, taxanes, and trastuzumab. J Am Coll Cardiol.
2014;63:809-816.

23. Burrage MK, Ferreira VM. The use of cardiovascular magnetic reso-
nance as an early non-invasive biomarker for cardiotoxicity in cardio-
oncology. Cardiovasc Diagn Ther. 2020;10:610-624.

24. Curigliano G, Lenihan D, Fradley M, et al. Management of cardiac
disease in cancer patients throughout oncological treatment: ESMO
consensus recommendations. Ann Oncol. 2020;31:171-190.

25. Gulati G, Heck SL, Ree AH, et al. Prevention of cardiac dysfunction
during adjuvant breast cancer therapy (PRADA): a 2�2 factorial, ran-
domized, placebo-controlled, double-blind clinical trial of candesartan
and metoprolol. Eur Heart J. 2016;37:1671-1680.

26. Guglin M, Krischer J, Tamura R, et al. Randomized trial of lisinopril
versus carvedilol to prevent trastuzumab cardiotoxicity in patients with
breast cancer. J Am Coll Cardiol. 2019;73:2859-2868.

27. Vaduganathan M, Hirji SA, Qamar A, et al. Efficacy of neurohormonal
therapies in preventing cardiotoxicity in patients with cancer under-
going chemotherapy. JACC CardioOncol. 2019;1:54-65.
Volume 8 - Issue 1 - 2023


