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Summary

Purpose: Early-stage, HER2-positive breast cancer is in-
creasingly treated with neoadjuvant chemotherapy (NAC). 
After the positive results of the Neosphere trial, the standard 
of care has been the combination of chemotherapy with two 
anti-HER2 agents, trastuzumab and pertuzumab. Many 
oncologists use the sequence of four cycles of anthracycline-
containing regimen followed by four cycles of taxane with 
the two monoclonals. We report here the cardiac safety of 
four cycles of epirubicin with cyclophosphamide followed by 
four cycles of docetaxel with trastuzumab and pertuzumab, 
given at the neoadjuvant setting in early, HER2-positive 
breast cancer. 

Methods: We retrospectively collected data from the medi-
cal records of patients treated at our clinic between 2014 
and 2020. 

Results: It total, 55 patients treated with the same regimen 

were identified. There were 20 estrogen receptor (ER)-negative 
and 35 ER-positive patients. Complete pathologic response 
was observed in 64.8% of the patients. After a median cardiac 
follow-up of 2.61 years, and a total of 283 echocardiograms, 
there was only one recorded asymptomatic Left Ventricular 
Ejection Fraction (LVEF) fall > 25% and no symptomatic left 
ventricular systolic dysfunction. LVEF consistently dropped 
during treatment, but the drop was not significant enough 
to necessitate treatment interruption, and improved during 
follow-up

Conclusion: Our data confirm the effectiveness and cardiac 
safety of the aforementioned neoadjuvant regimen.

Key words: breast cancer, neoadjuvant chemotherapy, hu-
man epidermal growth factor receptor-3, cardiac safety, tras-
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Introduction

 Chemotherapy in early-stage breast cancer can 
be administered either before (neoadjuvant) or after 
(adjuvant) surgery. It has been documented that 
the survival benefits are equal in both cases [1]. 
However, neoadjuvant chemotherapy (NAC) of-
fers several advantages to the adjuvant approach, 
including but not limited to the improvement of 
surgical outcomes, the acquisition of prognostic 
information based on the response to treatment, 

and the possibility to modify systemic treatment in 
case of residual disease. One of the most important 
prognostic factors of disease-free survival (DFS) 
and overall survival (OS) has been established to 
be pathologic complete response (pCR) after NAC, 
with a greater benefit in specific tumor subtypes, 
particularly HER2-positive and triple-negative tu-
mors [2,3]. The indications for NAC are therefore 
based on the extent and biology of the tumor.
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 For HER2-positive disease, the standard of 
care is NAC (usually containing the sequential 
administration of an anthracycline and a taxane) 
plus anti-HER2 based treatment. In the neoadju-
vant setting, the NOAH trial established the su-
periority of trastuzumab plus chemotherapy in 
comparison to chemotherapy [4,5]. Subsequently, 
the NeoSphere [6] and Tryphaena [7] trials estab-
lished the superiority of dual anti-HER2 blockade 
(trastuzumab+pertuzumab) in comparison to tras-
tuzumab alone. 
 A potential concern with these regimens is car-
diotoxicity. The cardiotoxicity of anthracyclines is 
well documented. The reported incidence of drug-
associated left ventricular dysfunction is 3-5% for 
doxorubicin and 0.9-11.4% for epirubicin [8]. It is 
dose-dependent, and potentially irreversible [8], 
therefore all chemotherapy regimens conform 
to a maximum cumulative lifetime dose for each 
anthracycline. Anti-HER2 based treatment is also 
cardiotoxic. The cardiotoxicity of trastuzumab was 
first noted in the large-scale randomized trial that 
led to its approval in the metastatic setting, which 
identified a 27% incidence of cardiac dysfunction 
in patients receiving concomitant trastuzumab, 
anthracycline and cyclophosphamide, as opposed 
to 8% in patients not receiving trastuzumab [9]. 
With an increased emphasis on cardiac safety and 
monitoring, the four large adjuvant trials of tras-
tuzumab (NSABP B-31, NCCTG N9831, HERA, 
and BCIRG-006) showed less than 4% difference in 
severe congestive heart failure and cardiac death 
between the trastuzumab and non-trastuzumab pa-
tients, but noted a higher incidence of less severe 
cardiac events in those receiving trastuzumab [10], a 
trend consistent across the neoadjuvant studies too.
 The cardiotoxicity of trastuzumab is thought 
to be reversible, unlike the cardiotoxicity of an-
thracyclines which until recently was considered 
irreversible. In the HERA trial, most patients with 
cardiac dysfunction recovered in fewer than 6 
months [11], and at 8-years of median follow-up, 
81.2% of patients with confirmed left ventricular 
ejection fraction (LVEF) decrease had reached re-
covery [12]. Similarly, in the 7-year follow-up of the 
NSABP B-31 trial, the majority of patients who ex-
perienced cardiac dysfunction recovered their LVEF 
in the normal range [13]. This led to the classifica-
tion of “Type 2” cardiotoxicity with trastuzumab in 
contrast to “Type 1” or irreversible cardiotoxicity 
with anthracyclines. Recent evidence suggests that 
anthracycline cardiotoxicity could also recover in 
some cases, and so the classification has fallen out 
of favor given a perceived oversimplification of the 
underlying pathophysiology and natural history of 
cardiotoxicity.

 The addition of pertuzumab does not seem to 
be associated with an increased risk of cardiac dys-
function compared to the trastuzumab plus chemo-
therapy combination. In the NeoSphere trial [6], no 
significant change was detected when pertuzumab 
was added to trastuzumab. Only 6 out of 417 pa-
tients in the study had a LVEF decline to less than 
50%, and all but one recovered. In the Tryphaena 
study [7], 24 out of 225 patients experienced signif-
icant LVEF declines, and all but one recovered. This 
data is consistent across multiple patient groups, 
including the metastatic setting, as evidenced in 
the CLEOPATRA study [14].
 The neoadjuvant chemotherapy with anti-
HER2 agents pertuzumab and trastuzumab has 
been established as the standard of care in the ma-
jority of patients with HER2-positive early breast 
cancer. Cardiotoxicity remains a concern and long-
term data is scarce, particularly regarding its re-
versibility. Valuable information can be obtained 
in this area from real world data of patients being 
followed up for an extended time period after the 
completion of anti-HER2 treatment.
 We report the outcomes (both to cardiac toxic-
ity and tumor responses) for 55 consecutive HER2-
positive breast cancer patients that received the 
same regimen (as per standard of care), consisting 
of four cycles of epirubicin and cyclophosphamide 
followed by four cycles of docetaxel, trastuzumab 
and pertuzumab. 

Methods 

 We retrospectively collected data from the medical 
records of patients treated at our clinic between 2014 
and 2020. The analysis included all patients with histo-
logically confirmed diagnosis of breast cancer and HER2 
positivity as defined by ASCO/CAP guidelines [15], who 
were treated with NAC with four cycles of Epirubicin
90 mg/m2 and Cyclophosphamide 600 mg/m2 followed 
by four cycles of docetaxel 90mg/m2, pertuzumab and 
trastuzumab. The pre-treatment core-needle biopsy also 
included immunohistochemical determination of estro-
gen and progesterone receptors, as well as Ki-67. Fol-
lowing the completion of NAC, all patients underwent 
operation. They subsequently received adjuvant radio-
therapy where indicated, adjuvant hormonal treatment 
in case of hormone receptor positivity, and adjuvant 
anti-HER2 treatment. Adjuvant anti-HER2 treatment 
included trastuzumab with or without pertuzumab un-
til the completion of 1 year, or trastuzumab emtansine 
(TDM-1) for 1 year in case of residual disease following 
its 2019 approval based on the results of the KATHER-
INE trial [16]. 
 The primary endpoint of this study was the de-
termination of the cardiac safety of the regimen used. 
Pathologic responses are presented as well. Complete 
pathological response (pCR) was defined (as per FDA 
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guidelines [17]) as no evidence of residual invasive 
disease in the breast or axillary lymph nodes. For the 
determination of cardiac safety, patients were subjected 
to serial cardiac monitoring via transthoracic ECHO and 
measurement of the LVEF, using various methods in-
cluding the Simpson’s biplane method considered to be 
the gold standard for 2D heart assessment, at the follow-
ing time periods: 1) Before anthracycline chemotherapy, 
2) Before taxane chemotherapy (plus pertuzumab and 
trastuzumab), 3) During cycles 6-10 of anti-HER2 treat-
ment, 4) During cycles 11-14 of anti-HER2 treatment , 
5) During cycles 15-18 of anti-HER2 treatment, 6) Year 
two follow-up, 7) Year three follow-up.
 To avoid bias, the echocardiographic measure-
ments of each individual were performed by the same 
cardiologist with offline measurements in every differ-
ent period. All data were collected from June to Septem-
ber, 2020 (database lock). According to the methodo-
logical features of an observational non-interventional 

study, all analyses were descriptive, and the results 
presented should be interpreted as such. All statistical 
analyses were performed using GraphPad Prism 8.0.1 
software.

Results

 A total of 55 patients were included in the anal-
ysis. Twenty were estrogen receptor (ER)-negative 
and 35 were ER-positive. The age of the patients 
ranged between 31 and 74 years (median age at 
diagnosis 50 years). All patients had pre-treatment 
core-needle biopsy with immunohistochemical de-
termination of at least ER and PR, HER2 and Ki67. 
We included all patients for whom we had full his-
tology reports from the final surgery on the day of 
the database lock. 
 Four patients were receiving treatment for 
type 2 diabetes at the time of diagnosis, 13 were 
on anti-hypertensive medication and 14 on antilipi-
demics. There were 33 never-smokers, 10 that had 
discontinued smoking more than one year before 
diagnosis and 12 current smokers. Median body 
mass index [BMI, calculated as BMI= Body weight 
(Kgs) / Height (m)2] was 26.45 (17.75-52.08). 
 The surgical processes have already been 
described elsewhere [18]. From the cohort of 55 
patients, 54 were available for response. Table 1 
and Figure 1 summarize the response data and 
the population subgroups. Complete pathologic 
response (pCR) was observed in 64.8% of patients. 

Factors n pCR (%) x2 OR p?

Histology

IDC 54 35/53 (66.0%)

ILC 1 0/1 (0%)

Hormonal receptors

Positive 35 17/34 (50%)

Negative 20 18/20 (90%) p=0.003

Grade

Grade 1-2 15 11/15 (73.3%)

Grade 3 40 26/39 (66.7%) p=0.637

Ki67 (%)

<40 27 13/27 (48.1)

40-100 27 20/26 (76.9) p=0.031

Unknown 1 1 (100)

Genetic profile

Unchecked 32 17/31 (54.8%)

Checked 23 18/23 (78.3%) p=0.075

• Wild-type (%) 18 14/18 (77.8)

• Any pathogenic mutation (%) 5 4/5 (80) p=0.915

Total (%) 55 35/54 (64.8%)

Table 1. Complete pathological response (pCR) according to histology, hormonal receptors, Ki67 and genetic profile

Figure 1. Pathologic complete response rate according to 
tumor subtype.
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The rate of pCR was higher in ER-negative (90%) 
than in ER-positive patients (50%), a difference 
which was statistically significant (p=0.003). 
The rate of pCR was also higher in patients with 
Ki67>40% (76.9%) than patients with Ki67<40% 
(48.1%) (p=0.031). From the 19 patients that had 
residual disease, 10 received post-neoadjuvant 
treatment with TDM-1.
 Cardiac safety results are presented in Figure 
2. A total of 283 echocardiograms were performed, 
with a median cardiological follow-up of 2.61 years. 
LVEF consistently dropped during treatment, but 
the drop was not significant enough to necessitate 
treatment interruption, and consistently improved 
during follow-up. There was only one recorded 
asymptomatic LVEF fall > 25% (from 70% to 50%) 
in a patient with coexisting hyperlipidemia and 
hypertension, and one patient needed to have a 
coronary angiogram during follow-up, which was 
normal. LVEF drop and recovery did not differ be-
tween obese and non-obese patients, smokers and 
non-smokers or patients with hyperlipidemia, dia-
betes or hypertension. 

Discussion

 This study was designed to assess the cardiac 
safety and efficacy of NAC in patients treated with 
four cycles of anthracycline and cyclophosphamide 
followed by four cycles of docetaxel, pertuzumab 
and trastuzumab. It is important to note that these 

patients were not preselected or part of a clinical 
trial, but patients being treated in the clinic on an 
everyday basis. 
 The regimen was well tolerated with no record-
ed cases of severe cardiac dysfunction, and con-
sistent but small asymptomatic declines in LVEF 
which progressively recovered after completion of 
treatment. There was only one recorded significant 
decrease of LVEF >10% to 50% out of 54 patients 
(1.8%). This pattern of LVEF declined during treat-
ment which then recovered to pre-treatment values 
is also observed in the major randomized clinical 
trials in different patient populations. In the neo-
adjuvant setting, the Tryphaena study [7] showed 
a mean LVEF drop below baseline during the treat-
ment period, but no more than 7% from baseline; 
24 out of 225 patients (10.6%) had a significant 
LVEF decrease below 50%, and all but one of them 
recovered their LVEF to >50% during follow-up. 
The Tryphaena study had 3 cohorts, only one of 
which (cohort B with 75 enrolled patients) includ-
ed three cycles of epirubicin (in combination with 
5-fluorouracil and cyclophosphamide, FEC) with-
out targeted treatment, followed by three cycles of 
docetaxel, trastuzumab and pertuzumab. Cohort B 
is therefore closer to our schedule of treatment. Of 
the 75 patients randomized to cohort B, there were 
15 cardiac adverse events (12 drops in LVEF 10%, 
2 of which were symptomatic) [19].
 On the other hand, the pivotal phase II Ne-
oSphere trial [6] randomized patients between 4 

Figure 2. Left ventricular ejection fraction (LVEF) percentage changes over time. No statistically significant changes 
from baseline were observed. 
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arms in the neoadjuvant setting, with either four 
cycles of docetaxel with pertuzumab, four cycles 
of docetaxel with trastuzumab, four cycles of doc-
etaxel, trastuzumab and pertuzumab, and a chemo-
free arm with four cycles of trastuzumab and pertu-
zumab. In the adjuvant setting all patients received 
anthracyclines with the same anti-HER treatment 
they had received in the neoadjuvant setting. In 
total, mean LVEF dropped no more than 4-5% from 
baseline; 6 out of 417 patients (1.4%) had a LVEF 
decrease to less than 50%, and all but one recov-
ered. From the 107 patients that received both 
monoclonals and chemotherapy (group B), 9 cases 
of LVEF drop were reported (8%) with one case of 
grade 3 dysfunction (1%) [20].
 More similar to our study is cohort B of the 
BERENICE phase II study [21], where patients re-
ceived prior to surgery 4 cycles of FEC followed by 
4 cycles of docetaxel, pertuzumab and trastuzumab. 
This was followed by pertuzumab and trastuzumab 
in the adjuvant setting. Of the total 198 patients 
in Cohort B, they reported 4 patients with at least 
one LVEF decline and no NYHA class III/IV heart 
failure events.
 Comparable results were seen in the metastatic 
setting in the Cleopatra trial [14], with significant 
LVEF decrease below 50% in 6.1% of patients, 
87.5% of whom recovered, and in the adjuvant set-
ting in the Aphinity trial [22] with a total of 18 
primary cardiac events (0.7%) and 65 secondary 
cardiac events (2.7%) after 6 years of follow-up. 
This data confirms the cardiac safety of this regi-
men, as well as the reversibility of any potential 
cardiotoxicity.
 In our cohort, pCR was observed in 64.8% of 
patients. The rates of pCR were high across all sub-
groups. The greater benefit was seen in two groups: 
1) hormonal receptor (HR)-negative tumors, and 
2) tumors with higher levels of Ki67. In patients 
with HR-negative tumors, our results are consist-
ent with results from the major randomized clinical 
trials. In the subgroup analysis of the NOAH trial 

[5], the 5-year overall survival (OS) for HR-negative 
patients was 78% in the trastuzumab plus chemo-
therapy group versus 60% in the chemotherapy 
only group (HR=0.51), whereas for HR-positive 
patients the OS was 65% versus 67% respectively 
(HR=1.05). In the NeoSphere trial [6], the use of 
neoadjuvant pertuzumab, trastuzumab and doc-
etaxel was associated with a pCR rate of 63.2% in 
HR-negative patients, but only 26% in HR-positive 
ones. In the Tryphena study [7] cohort B had a pCR 
rate of 54.7% and in BERENICE [21] 60.7%.
 In our cohort, patients with higher levels of 
Ki67 were also more likely to achieve pCR (76.9% 
in Ki67>40% versus 48.1% in Ki67<40%, p=0.031). 
This could suggest a potential use of Ki67 as a pre-
dictive biomarker for patients more likely to benefit 
from NAC. However, the utility of Ki67 as a marker 
has not yet been fully elucidated in clinical practice 
[23,24]. To our knowledge, the randomized NAC 
trials did not report a subgroup analysis stratified 
by Ki67 to use for comparison.

Conclusion

 In a retrospective study assessing real-world 
data, neoadjuvant chemotherapy for HER2-positive 
patients using epirubicin, docetaxel and the com-
bination of trastuzumab and pertuzumab proved 
to be an effective and safe regimen, resulting in 
consistently high rates of pCR. The cardiotoxicity 
of the regimen was minimal and reversible where 
present, a pattern consistent through an extended 
follow-up period.
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