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Abstract

Background: Breast cancer is the most common cancer 
in women in the world and in Morocco. Anthracyclines 
and anti-HER2 therapy are major drugs in the therapeutic 
management of localized breast cancer. The most serious 
toxicity of these drugs is cardiotoxicity. Our work aims 
to assess the prevalence of this toxicity in the Moroccan 
population.

Patients and methods: We conducted a prospective 
longitudinal observational study between January 
2017 and June 2018. All our patients were followed 
in The Cardio-Oncology Unit, 1st unit of its kind in 
Morocco, created thanks to the collaboration between 
the Mohammed VI Cancer Treatment Center and The 
Cardiology Departement of Ibn Rochd University Hospital 
in Casablanca. Eligible patients (n=549) had Stage I-III 
localized breast cancer, verified histologically, and a 
pre-treatment adequate cardiac function with a LVEF 
≥ 50%, measured with echocardiography, and received 
systemic cardiotoxic treatment (anthracycines, anti-her2 
drugs). All patients received regular monitoring of cardiac 
function mainly by echocardiography. Cardiotoxicity was 
defined as a decrease in LVEF of 10 points and / or <50%.
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Results: A decrease in LVEF was observed in 8.4% of 
our patients, with 4% symptomatic heart failure. The 
baseline average LVEF in the cardiotoxicity group was 
63.5% (50-77) versus 60.5% (60-74) in the group 
without cardiotoxicity. 97.1% of these patients received 
anthracyclines, 98% received trastuzumab against 
97% and 65% in the group without cardiotoxicity 
respectively. Cardiotoxicity was reversible in 6.4% 
of patients, permanent discontinuation of cardiotoxic 
treatment was observed in 2.2%. A statistically significant 
relationship was found between cardiotoxicity and arterial 
hypertension (HTA) (p = 0.002), trastuzumab (p = 0.0001) 
and radiotherapy for left breast cancer (p = 0.023).

Conclusion: This is one of the first observational studies 
in Morocco with a large number of patients, which gives 
us an idea of   the cardiotoxicity of systemic treatments 
in Moroccan localized breast cancer patients. Our results 
join those of the literature, but are still worrying and invite 
us, oncologists and cardiologists, to be more vigilant with 
this toxicity, which influences the oncological and cardiac 
prognosis of our patients, especially cancer survivors.

Key words: Breast cancer, anthracyclines, trastuzumab, 
cardiotoxicity, left ventricular ejection fraction.

Introduction
Cancer and cardiovascular disease are the two leading 

morbidity and mortality causes in the world(1). Breast 
cancer is the most frequent cancer amongst women in 
the world and in Morocco(2,3). Cardiovascular diseases are 
the second morbidity and mortality cause in medium and 
long term amongst cancer survivors, and the first leading 
cause of death amongst breast cancer survivors(4).
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Thanks to screenings and the improvement of systemic 
treatments in localized breast cancer, overall and disease-
free survival amongst breast cancer patients increased 
tremendously, but at the price of side effects of varying 
gravity(5). One of the most severe ones is cardiotoxicity, 
which can happen at short, medium, or long term, thus 
altering the patients’ quality of life(6). Cardiotoxicity can 
seriously impact the patients’ health by its inherent effect 
on the heart, but also by limiting the treatments they can 
benefit from. (7)

The main systemic treatments with cardiac side effects 
used in localized breast cancer, and that have proven their 
efficiency and their positive impact on survival through 
great clinical trials, are anthracyclines and anti-HER2 
targeted therapy (trastuzumab, pertuzumab). Heart failure 
is the main cardiotoxicity caused by those agents, and is 
diagnosed most often by an echocardiogram, which shows 
a decrease in the left ventricular ejection fraction (LVEF). (8) 

Anthracycline-induced cardiotoxicity (Type 1 
cardiotoxicity) is not reversible, and is cumulative 
dose-related. Anthracyclines cause direct myocardial 
damage, related to free radical formation. This leads to 
cardiomyocytes death by necrosis or apoptosis, which 
leads to a left ventricular dysfunction.(9) At least 2.2% 
of breast cancer patients who received a median dose 
of 390 mg/m² of doxorubicine are diagnosed with heart 
failure. This anthracycline-induced toxicity is linked to a 
2-year mortality rate that goes up to 60 %.(10) 

Trastuzumab is a humanized monoclonal antibody, 
targeting the HER2 extracellular domain. Trastuzumab-
induced cardiotoxicity (Type 2 cardiotoxicity) is reversible, 
not dose related, and concerns from 7 to 34% of localized 
breast cancer patients, with 0 to 4% of Stage III-IV heart 
failure.(11) This cardiotoxicity’s mechanism hasn’t been 
completely elucidated so far, but we know that, unlike 
anthracyclines, trastuzumab causes a cytotoxicity by 
inhibiting signal transduction and DNA damage repair, 
caused by other cytotoxic treatments, but it rarely leads to 
cell death, which explains the reversibility. (12)

Pertuzumab is also a humanized monoclonal antibody 
that targets the HER2 extracellular domain, and its 
advantages have been largely demonstrated by many 
randomized clinical trials in localized breast cancer. (13) 
Pertuzumab-induced cardiotoxicity is similar to that of 
trastuzumab, but the association of both those drugs 
doesn’t increase the risk of cardiac side effects. (14)

With the number of cancer patients on the rise, and 
the need for a cardiology-specialized follow-up for 
cardiotoxic drugs, a Cardio-Oncology Unit, the first of its 
kind in Morocco, was created thanks to the collaboration 
between the Mohammed VI Cancer Treatment Center, 

and the Cardiology Department of the University Hospital 
Ibn Rochd of Casablanca. Through our observational 
prospective study, we will assess the prevalence of 
cardiotoxicity amongst localized breast cancer patients 
undergoing a cardiotoxic treatment.

The main objective of this study is to evaluate the 
incidence of anthracyclines and anti-Her2 drugs-related 
cardiotoxicity amongst Moroccans with localised breast 
cancer, by studying our patients characteristics, and 
related risk factors. 

Patients and methods
We conducted a prospective longitudinal 

observational study from January 2017 to June 2018. 
All our patients were followed in The Cardio-Oncology 
unit. We’ve included all the localized breast cancer 
patients undergoing cardiotoxic systemic treatment 
(Anthracyclines, trastuzumab, pertuzumab) during the 
study period. Eligible patients were those who had an 
LVEF of ≥ 50%. 

The patients’ cancer treatment followed International 
Guidelines and Recommendations, emitted by eminent 
organisations : NCCN (National Comprehensive Cancer 
Network), and ESMO (European Society for Medical 
Oncology). Anthracyclines and antiHER2 drugs have been 
administrated in a neoadjuvant and/or adjuvant situation. 
Adjuvant radiation on the breast or the chest wall, when 
needed, had been received after systemic adjuvant 
treatment. 

We’ve evaluated cardiovascular and cardiotoxicity 
risk factors by collecting the following information : Age, 
BMI (Body Mass Index), history of hypertension, diabetes, 
smoking habits, dislypidemia, personal or familial history 
of heart disease (heart failure, ischemic cardiopathy…). 

Evaluation and surveillance of cardiac tolerance of 
cardiotoxic treatments relied upon clinical examination, 
electrocardiograms (ECG), and LVEF assessment through 
echocardiography. Those were realized before, during and 
after treatment, and also on demand if a patient showcased 
any cardiovascular related symptom, according to 
current Guidelines : (At least 5 LVEF assessments during 
treatment with trastuzumab : At the start of the treatment 
M0, at the third month M3, M6, M9, and at the end of the 
treatment at M12. And one assessment before, and one 
after treatment, in the case of anthracyclines). 

Our patients had a 12 month (9-20 months) average 
follow-up time, which allowed us to detect mainly short 
term cardiotoxicity. 

The main cardiotoxicity is LV dysfunction, and is 
defined by a decrease of LVEF of 10 points and/or <50%, 
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with or without heart failure symptoms, as recommended 
by the ASCO (American Society of Clinical Oncology), (7) 
ESMO (1), ESC (European Society of Cardiology). (8)

We used an exploitation sheet for data collection. The 
21.0 Version of the SPSS software was used to analyse 
the data. The significance level was of 5%, which gives 
us a p < 0,05. 

Results
Out of the 973 cancer patients in the Cardio-Oncology 

Unit, 549 were localized breast cancer patients meeting 
the inclusion criteria over the span of our study. 

The average age was 50 years-old (19-85 yr), with 
mainly female patients (99.5%). 47% of the patients 
were Stage III breast cancer patients, 51% were Stage II, 
and 2% were Stage I. 42% had left breast cancer. 95% 
received anthracyclines, 64% received trastuzumab, 
1.8% received pertuzumab. 68% of the patients benefited 
from radiotherapy, with 33.7% on the left breast. 16% 
were treated for hypertension either by angiotensin-
converting-enzyme inhibitors (ACE inhibitors) (7 patients), 
beta blockers (BB) (4 patients), an association of both 
(3 patients), or calcium channel blockers (5 patients). 
(Table 1). 

We found a decrease in LVEF in 46 (8.4%) patients : 
40 with a decrease of ≥ 10 points, 21 patients with a 
decrease in LVEF < 50%, and 26 patients (3.6%) had a 
decrease in LVEF of ≥10 points and < 50% at the same 
time. 4% of the population had a symptomatic heart 
failure. Treatment with trastuzumab was interrupted for 
27 patients (5%). The treatment was definitely stopped 
for 12 patients (2.2%) either after 3 anthracycline cycles 
(1 patient) or after trastuzumab : 1 cycle (1 patient), 3-4 
cycles (5 patients), 6 cycles (1 patient), 11-12 cycles 
(4 patients). Cardiotoxicity was reversed in 34 patients 
(6.2%). (Table 2)

26 patients were on ACE inhibitors, 14 patients were 
on a beta blocker, 4 patients were on diuretics, 3 had 
statines, and 2 had angiotensin receptor blockers. 13 
patients took an association of ACE inhibitors and beta 
blockers.

The patients who received anthracyclines had a 
maximum of 4 cycles, meaning a 180-240 mg/m² 
doxorubicine cumulative dose, and a 300-400 mg/
m² epirubicine cumulative dose. They received their 
treatment every 3 weeks. 

When we studied the relation between known 
cardiotoxicity risk factors in our population (Table 3), 
we didn’t find any statistically significant relation with 
age, BMI ≥ 25kg/m2, diabetes and treatment with 

anthracyclines. However, we found a significant difference 
with cardiotoxicity and hypertension (p=0.002), treatment 
with trastuzumab (0.0001), and left breast cancer 
irradiation (p=0.023). 

Discussion
As far as we know, this is the first prospective study 

in Morocco that evaluates cardiotoxicity among a great 
number of Moroccan patients who have been treated for 
localized breast cancer.

Characteristics All patients (N=549)
N(%)

Mean age (yr.) 50 yr (19 – 85 yr)

Gender
 Female
 Male 

546 (99.5%)
3 (0.5%)

BMI
 Average
 BMI ≥ 25kg/m

27.5kg/m2
195 (35.5%)

Menopause 354 (65%)

Comorbidities
 Hypertension
 Diabetes
 Smoking
 Dyslipidemia
 Cardiopathy

88 (16%)
52 (9.5%)
1 (0.17%)
5 (0.9%)
5 (0.9%)

Side
 Right breast
 Left breast
 Bilateral

301 (55%)
231 (42%)
17 (3%)

Staging
 I
 II
 III

10 (2%)
279 (51%)
260 (47%)

Treatment strategy
 Neoadjuvant
 Adjuvant

63 (11.5%)
486 (88.5%)

Anthracyclines 522 (95%)

Number of cycles : 
 3 cycles
 4 cycles

381 (73%)
141 (27%)

Taxanes 549 (100%)

Trastuzumab 350 (64%)

Pertuzumab 10 (1.8%)

Radiotherapy 373 (68%)

Hormonotherapy 369 (67%)

Table 1. Patients’ characteristics and the treatment they 
received.
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This study provides us with oncologists’ and 
cardiologists’ real-life experience regarding anti-cancer 
treatment’s cardiotoxicity aside from clinical trials.

The incidence of cardiotoxicity varies greatly in 
important clinical trials that evaluate trastuzumab 
(sequentially with anthracyclines) as neoadjuvant or 
adjuvant therapy for localized breast cancer, because 
of multiple factors, namely the adopted definition of 
cardiotoxicity, and the selection of patients (excluded 
patients: Age >65, LVEF <55%, presence of heart disease 
or cardiovascular risk factors, or previously administered 
cardiotoxic treatment). (15)

The incidence of left ventricular dysfunction that 
we observed throughout these studies varies from 7% 
to 34%, with a symptomatic heart failure frequency 
comprised between 0% and 4%. (11) Aside from these 
clinical trials, observational studies that are similar to 
ours were conducted in many countries to evaluate real-
life cardiotoxicity. The incidence of cardiotoxicity was 

comprised between 8.3 % and 43.6%, with a symptomatic 
heart failure frequency that varies from 0 to 8.9%. (15) Among 
the aforementioned pieces of research, two Moroccan 
studies evaluate retrospectively, among a limited sample 
of people (between 53 and 100 patients), the cardiotoxicity 
of trastuzumab as adjuvant therapy administered to 
patients undergoing treatment for localized breast cancer. 
Cardiotoxicity was noticed among 20.7 to 38% of patients, 
3.8% of whom presented a symptomatic heart failure 
disease in the study conducted by Tanz et al. (16,17) 

As with randomized clinical trials, the definition of 
cardiotoxicity and the size of the sample of the population 
vary greatly among observational studies, which 
potentially contributes to the higher ratios of patients 
with cardiac dysfunction that is observed. Despite those 
population differences, we notice very similar results 
among clinical trials and observational studies, with 
a slightly higher symptomatic heart failure rate within 
observational studies. (15)

Cardiotoxicity characteristics Number of patients % patients with 
cardiotoxicity

% compared to general 
population

Decrease of LVEF ≤ 10 points 40 87% 7.3%

Decrease of LVEF < 50% 21 45.5% 3.8%

Decrease of LVEF ≥10 points and< 50% 26 56.5% 4.7%

Symptomatic heart failure 22 47% 4%

Permanent treatment discontinuation 12 26% 2.2%

Reversible cardiotoxicity 34 74% 6.2%

Table 2: LVEF decrease characteristics in the population that developed cardiotoxicity.

Risk factor General population %
(nb=549)

Population with 
cardiotoxicity %

(nb=46)

Population without 
cardiotoxicity %

(nb=503)

p value

Average baseline 
LVEF value

60.55 % 63.5 %(77-50%) 60.3% (74-60%)

Mean age (yr.) 50 51.8 49.75% 0.163

BMI ≥25kg/m2 35.5% 75% 67.6% 0.26

Hypertension 16% 32.7% 14.5% 0.002

Diabetes 9.5% 16% 8.9% 0.09

Dyslipidemia 0.9% 6% 2% 0.10

Cardiopathy 0.9% 0.4% 0.6% 0.16

Anthracyclines 95% 97.1% 98% 0.58

Trastuzumab 64% 98% 62.7% 0.0001

Left breast irradiation 33.7% 48% 32% 0.023

Table 3 : Risk factors in general population, with or without cardiotoxicity.
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In our series, we noticed the occurrence of a decrease 
of LVEF by 8.4% with 4% of symptomatic heart failure 
disease. These figures are lower than what was observed 
during the two Moroccan studies, namely regarding the 
global occurrence of the decrease of LVEF. Nevertheless, 
the incidence of symptomatic heart failure disease is 
nearly similar as the one that was noted in the study 
conducted by Tanz et al. (17)

We compared our results with the clinical trials’, and 
more specifically, with those that adopted a definition of 
cardiotoxicity that is similar to ours; we noticed that our 
figures are very similar to the figures that we observed in 
the B31 study, (18) higher than those of the HERA study (19) 
and much lower than those of the PACS-14 trial. (20)

Because of anthracyclines irreversible toxicity, 
more recent randomized clinical trials evaluated 
anthracyclines-free protocols in a neoadjuvant or 
adjuvant situation, in order to avoid this serious adverse 
effect for localized HER2+ breast cancer patients, while 
having the same positive effect on pCR and on survival. 
Among those studies, the most pertinent is the TRAIN-2 
trial. (21) In this trial, an LVEF decrease ≥10 points or a 
LVEF value below 50% were noted in 36% of the patients 
in the Anthracyclines – trastuzumab – pertuzumab group, 
and 8% of them had a LVEF decrease ≥10 points AND a 
LVEF value below 50%, versus 3% of the patients who 
didn’t receive anthracyclines (trastuzumab-pertuzumab-
carboplatine-paclitaxel). It’s also important to note that a 
third of the patients who had a decrease in LVEF were not 
back to normal levels at the end of the follow-up. 

In our population, the incidence of cardiotoxic treatment 
interruption (1 case of anthracycline interruption, 27 
cases of trastuzumab interruption) was of 5%, with 
2.2% of definitive discontinuation. There is a difference 
between this incidence and the ones noted in the science 
studies. In the clinical cases, cardiotoxicity incidence 
was between 4.2% and 17%, and in the observational 
studies, between 2 and 14.6%. (15) In the study of Tanz 
et al.,(17) trastuzumab interruption was more frequent 
(17%). Numbers closer to ours were noted in the HERA 
study (4.2%). (19) In the B-31,(18) PACS-14,(20) and N9831 
(22) trials, higher numbers were observed (15.6%, 15.8%, 
and 17% respectively).

Unfortunately, trastuzumab discontinuation, temporary 
or not, affects patients survival and increases cancer 
recurrence risk. (8,23) This showcases the importance of 
careful consideration before either starting cardiotoxic 
anticancer treatment, especially with high risk patients, 
or stopping these treatments, temporarily or definitely. 
These decisions should be taken in concertation between 
oncologists and cardiologists. (1) 

Classic cardiotoxicity risk factors described in the 
scientific literature are : Cardiovascular risk factors, 
namely older age (≥65ans), personal or familial history of 
cardiovascular disease, hypertension, diabetes, obesity, 
dyslipidemia, toxic habits like smoking, in addition to 
cancer treatment-related toxicity, notably the cumulative 
dose of anthracyclines, and if they received radiotherapy 
on the chest.

In a 2016 meta-analysis by Montarro et al.(24) including 
around 29000 patients, trastuzumab-related severe 
cardiotoxicity was observed in around 3% of the patients, 
with an incidence that could reach 19% in older patients, 
smokers, and patients with diabetes, hypertension, or 
cardiovascular disease.

However, patients’ sensitivity to anthracyclines 
varies considerably. Though numerous patients don’t 
develop long term complications to standard doses of 
anthracyclines, some patients can present a treatment-
related cardiotoxicity at the very first cycle. (8)

According to the ASCO 2016,(7) patients who are at risk 
of developing cardiotoxicity are those who have received : 
A high dose of anthracyclines (cumulative dose of over 400 
mg/m²), a radiotherapy dose ≥30Gy, anthracyclines and 
radiotherapy, anthracyclines or trastuzumab + at least two 
cardiovascular risk factors, or anthracyclines + trastuzumab. 

In our population, by analysing potential risk factors 
in the group that developed cardiac toxicity, we found a 
statistically significant relation between cardiotoxicity 
and hypertension, treatment with trastuzumab, and left 
breast irradiation. None of the patients in that group had a 
history of smoking. We noticed that their average baseline 
LVEF was paradoxically higher compared to the group 
who didn’t develop cardiac toxicity, which was also noted 
in the Aitelhaj et al. population.(16) We’ve also noted that 
almost all the patients with cardiac toxicity had received 
anthracyclines then trastuzumab (sequential therapy), but 
the anthracycline cumulative dose didn’t exceed 400 mg/
m². We can then conclude that that group was at risk of 
developing cardiac toxicity, aside from the aforementioned 
cardiovascular risk factors. 

In the B-31 (15)(18) and N9831 trials,(18,20) age over 50 
years, previous exposition to anthracycles, and baseline 
LVEF < 55%, were a risk factor for heart failure for 
patients treated with trastuzumab. In the HERA trial, (16,19) 
being overweight or obese were risk factors for cardiac 
toxicity, but age, hypertension, dyslipidemia and history 
of cardiac disease didn’t increase trastusumab-related 
cardiac toxicity.

Our results are close to those found in the scientific 
literature, but the cardiotoxicity incidence in our population 
may have been underestimated for several reasons: 
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- The importance of cardiac biomarkers (troponins, 
BNP, or ProBNP) in diagnosing cardiotoxicity is not 
established, but testing them is recommended by the 
ESMO (1) and ESC,(8) especially for patients treated with 
anthracyclines, to detect at risk patients for cardiotoxicity, 
and uncover infraclinical cardiac anomalies. In our 
population, we didn’t measure those biomarkers because 
the tests weren’t available in our center, which may have 
impacted our results. 

- Short follow-up time for the patients who didn’t 
develop cardiotoxicity during the time they received the 
cardiotoxic treatment, which means that we don’t have 
data related to the medium and short term cardiotoxicity. 

- Inter and intra-observer variability in 
echocardiograhical measurements of LVEF: Baseline 
echocardiograms weren’t done at the Cardio-Oncology 
Unit for all our patients, and control echocardiograms 
weren’t done by the same cardiologist at the Unit, which 
may have altered the results.

Despite these limitations, our study remains relevant due 
to the large number of patients, the regular follow-up with 
LVEF surveillance of all the patients undergoing cardiotoxic 
treatment, and that, thanks to the Cardio-Oncology Unit. 
However, more staff and more resources are needed to better 
select at risk patients, and for cardiac function monitoring 
according to academic associations’ recommendations. The 
collaboration between oncologists and cardiologists will 
improve decision making regarding treatment indication, 
notably anthracyclines-based treatment. 

Conclusion
Anthracyclines and Anti-HER2 drugs are major 

therapies in localized breast cancer treatment, but drug-
induced cardiotoxicity remains a significant concern 
that can impede their use. In the moroccan population, 
through the Cardio-Oncology unit, we were able to 
appraise that toxicity, the frequence of which was on par 
with what was described in the scientific literature, with 
4% of symptomatic heart failure, and 2.2% of permanent 
anticancer treatment interruption. We were able to find a 
statistically significant relation between cardiotoxicity and 
hypertension, trastuzumab, and left-breast or left chest 
wall irradiation. These results call for more caution before 
indicating these treatments, notably anthracyclines, 
for careful selection of high risk patients, and they also 
showcase the importance of rigorous cardiac function 
surveillance, to help reduce cardiac morbidity and 
mortality amongst breast cancer survivors. 
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