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Abstract 

Background Antineoplastic monoclonal antibodies (mAbs), such as trastuzumab, bevacizumab, and pertuzumab 
have been the mainstay of therapy in cancer patients. Despite proven efficacy of the monoclonal antibodies, cardio‑
vascular‑induced adverse events such as heart failure, hypertension, ischemic heart disease, arrhythmias, thromboem‑
bolic events, and hemorrhage remain a major complication. The European society of cardiology address that concern 
with antineoplastic monoclonal antibodies issuing a guideline to manage and monitor chemotherapy‑induced 
cardiotoxicity. There is limited evidence of the real‑world prevalence of cardiovascular (CV) events induced by mono‑
clonal antibodies among patients with cancer in Saudi Arabia.

Objective To evaluate the prevalence of cardiovascular adverse events among patients with cancer treated 
with monoclonal antibodies in Saudi Arabia.

Methods This is a retrospective study conducted in a tertiary care hospital, Riyadh, Saudi Arabia. Data were obtained 
from an electronic medical record of patients with cancer treated with one of the selected monoclonal antibodies, 
who met the inclusion criteria between January 2005 until June 2015 and have been followed up for at least one 
year. Patients were stratified into groups according to monoclonal antibodies treatment: trastuzumab, bevacizumab, 
pertuzumab, and combined mAbs.

Results A total of 1067 patient were included in the study, within the pre‑determined study period. The prevalence 
of cardiovascular disease among patients with cancer treated with monoclonal antibodies was 16.3%. The prevalence 
of heart failure was relatively higher in the trastuzumab group (46/626 patients, 7.3%). Among 418 patients treated 
with bevacizumab, hypertension was the most frequent adverse event, reported in 38 patients (9.1%), followed 
by thromboembolism reported in 27 patients (6.5%). Treatment discontinuation owing to cardiovascular adverse 
events was reported in 42/1,067 patients (3.9%).

Conclusion and relevance Prevalence of antineoplastic monoclonal antibody induced cardiovascular adverse 
events among patients with cancer is substantially high in Saudi Arabia. There is an urgent need to streamline 
the practice for identifying high risk patients and flexible referral system for cardio‑oncology care.
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Introduction
Treatment with antineoplastic monoclonal antibod-
ies (mAbs), which are anticancer agents, is associated 
with increased survival in patients with cancer [1]. Anti-
neoplastic mAbs used in cancer therapy include trastu-
zumab, bevacizumab, and pertuzumab. Although these 
agents have beneficial effect on progression-free survival 
and overall survival when combined with other chemo-
therapy, they are still toxic at certain conditions [2–4]. 
Therefore, the United States Food and Drug Adminis-
tration (FDA) has issued warnings regarding the risk of 
cardiomyopathies with mAb treatment, including heart 
failure, left ventricular dysfunction, in addition to hyper-
tension, and hemorrhage [5–7].

The efficacy of bevacizumab as an adjuvant therapy in 
patients with metastatic colorectal cancer has been well 
established. Bevacizumab treatment is associated with 
improvements in progression-free and overall survival 
[8]. An evidence review has also proven the efficacy of 
trastuzumab treatment in women with human epidermal 
growth factor receptor 2-positive metastatic breast can-
cer, extending the progression-free and overall survival 
[9]. Moreover, pertuzumab has been proven to be a safe 
and effective drug for treating patients with solid tumors 
[10].

Despite the proven efficacy of antineoplastic mAbs in 
treating cancer, cardiovascular (CV) events associated 
with mAb treatment may be serious and can affect the 
patient’s quality of life and overall survival [4]. Previous 
studies have shown that the prevalence of bevacizumab-
related CV events is 1.7–4% for heart failure [11–13], up 
to 36% for hypertension [14, 15], 3.8–10.9% for throm-
boembolism [16, 17], 1% for ischemic heart disease [18], 
and 5.8% for all hemorrhage events [19]. Whereas, the 
reported prevalence of trastuzumab-induced cardiac 
event was 11.3% out of 4,017 patients in a pooled analysis 
study [20], 1.2% for arrhythmia [21], 4% for hypertension, 
and 2% epistaxis [6]. The incidence of pertuzumab-
induced cardiotoxicity has been reported to range from 
3.4–6.5% for heart failure [12, 22] and 29% for hyperten-
sion [23].

Due to the emerging evidence on the development of 
CV events associated with antineoplastic mAb treatment, 
the European society of cardiology issued a guideline that 
addresses the CV events associated with chemotherapy 
and provides a guideline to manage and monitor chem-
otherapy-induced cardiotoxicity [24]. Therefore, there 
is a need to determine the real-world prevalence of CV 

events in patients using mAbs, particularly in relation 
to our patients and healthcare system in Saudi Arabia. 
Since a high prevalence of CV risk factors has already 
been reported among the Saudi population and poor 
overall control of these risk factors [25], this study was 
conducted to evaluate the prevalence of CV events asso-
ciated with mAb treatment among patients in our gov-
ernmental healthcare system and management of these 
adverse events in the practice.

Materials and methods
Study design
This retrospective study was conducted in a tertiary care 
setting, at King Faisal Specialist Hospital & Research 
Center, Riyadh, Saudi Arabia, with 300-bed oncology 
center. All patients who were treated with selected anti-
neoplastic mAbs, including trastuzumab (Herzuma: IV 
Injection in vial: 440 mg), bevacizumab (Avastin®: Injec-
tion, solution: 25 mg/mL), and pertuzumab (Perjeta® 
Solution, injection: 420 mg/14 mL). In case of develop-
ing cardiovascular event for patients on combination of 
mAbs (two or more), the adverse event will be designated 
for the culprit combination under the results section. 
Patients using one or more of the selected mAb from 
January 2005 to June 2015 were included, to allow time 
for the five-year overall survival assessment. The inclu-
sion criteria were as follows: age ≥ 18  years, diagnosis 
of cancer, and treatment with any of the three selected 
mAbs. Furthermore, patients must have been followed 
up for at least one year. Exclusion criteria included pedi-
atric patients aged < 18 years, diagnosed with cancer and 
not treated with any of the three selected antineoplas-
tic mAbs, and those who did not complete at least one-
year follow-up duration. This study was conducted in 
compliance with the requirements of the Institutional 
Review Board/Human Subjects Research Committee and 
approved by our Institutional Research Advisory Council 
(RAC number 2191175).

Data collection
All the data were collected from the electronic health 
records of the organization. The retrieved data included 
patient characteristics, medical history, and chemother-
apy protocol. In addition to data on the development of 
CV events or worsening of a CV disease (CVD), data 
on the management of CV events, mAb dose adjust-
ments based on CVD, hospital admission related to CVD, 
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emergency department visits related to CVD, referral to 
cardiology clinic, and overall survival were collected. The 
data were collected manually utilizing a standard data 
collection form with clear definitions of all parameters 
and then entered in secure electronic software tool, RED-
Cap™ software, version 6.3.0 – 2017, Vanderbilt Univer-
sity (Nashville, TN, USA).

Outcomes
The primary outcome was the prevalence of CV events, 
particularly heart failure, hypertension, ischemic heart 
disease, arrhythmias, thromboembolism, and hemor-
rhage, associated with the use of antineoplastic mAbs 
within one year of therapy initiation. For patients who 
developed more than one CV event, each event was con-
sidered one encounter.

In this study, heart failure was reported as it was docu-
mented in the records of the patients, which was coded 
as heart failure with preserved ejection fraction, heart 
failure with reduced ejection fraction, congestive heart 
failure, decompensated heart failure, left ventricular 
dysfunction, or when the documented ejection fraction 
was < 40% [26]. Hypertension was defined according to 
the physician documentation or based on a newly pre-
scribed antihypertensive agent. Ischemic heart disease 
was defined according to the physician documentation 
as either coronary artery disease, coronary heart disease, 
stable angina, non-ST segment elevation acute coronary 
syndrome, or ST-segment elevation acute coronary syn-
drome. Arrhythmia was defined according to the physi-
cian documentation of arrhythmia in patient records as 
sinus tachycardia, bradyarrhythmia, tachyarrhythmias, 
ventricular arrhythmia or supraventricular arrhythmia, 
QT prolongation, torsade de point, atrial fibrillation, 
and conduction defect. Thromboembolism was defined 
according to the physician documentation of thrombo-
embolism in patient records as arterial thromboembo-
lism, venous thromboembolism, coronary artery disease, 
cerebral artery ischemia, stroke, arterial embolism deep 
vein thrombosis, and pulmonary embolism. Hemorrhage 
was defined according to the physician documentation 
of bleeding in patient records: documentation of major 
bleeding, either mentioned as a decrease in hemoglobin 
level of at least 2 g/dl, requiring transfusion of at least 
two units, requiring surgical correction, or requiring 
intravenous vasoactive agents; minor bleeding that was 
mentioned as epistaxis, gastrointestinal bleeding, and 
vaginal bleeding [27]. This included worsening of heart 
failure, hypertension, ischemic heart disease, or arrhyth-
mia based on increased dose or additional medication.

Secondary outcomes included use of medication to 
manage mAb-induced CV events; mAb dose adjust-
ments, or discontinuation due to CV events; CV 

event-related hospital admissions; CV event-related 
emergency department visits; number of patients 
referred to the cardiovascular clinic; and overall survival. 
A probability scaling was used to assess the temporal 
event-agent relationship [28].

Statistical analysis
Chi-squared tests of association were performed on cat-
egorical data. Survival analysis was performed on over-
all survival data for different treatments. Comparisons of 
means were performed using Welch’s t-test. The critical 
probability for statistical significance was 0.05. Statisti-
cal analyses were performed using jamovi (jamovi project 
(2022), Version 2.3 [Computer Software], Sydney, Aus-
tralia; retrieved from https:// www. jamovi. org, August 2, 
2023).

Results
Out of the 1,237 screened patients, 1,067 satisfied the 
selection criteria and were included in this study (Fig. 1). 
Most of the patients were treated with trastuzumab 
(n = 626, 58.7%), followed by bevacizumab (418, 39.2%), 
and the rest were treated with combined pertuzumab 
and trastuzumab (23, 2.1%). The majority of the patients 
were women (78.7%), with a mean age of 41 ± 11.7 years 
(Table 1). Baseline blood pressure, ejection fraction, and 
related laboratory results are summarized in Table  2. 
The most common indication for trastuzumab and per-
tuzumab treatments was breast cancer, whereas bevaci-
zumab was mostly used for treating colorectal cancer.

Collectively, the prevalence of CV events in patients 
receiving trastuzumab, bevacizumab, and pertuzumab 
was 16.3%. Heart failure was relatively more common 
among patients treated with trastuzumab (7.3%), fol-
lowed by pertuzumab combined with trastuzumab (4.3%) 
and bevacizumab (0.7%), p < 0.0001. Hypertension was 
more frequently reported in patients treated with com-
bined pertuzumab and trastuzumab (26.1%) than in 
those treated with bevacizumab (9.1%) or trastuzumab 
(2.6%), p < 0.001. Thromboembolism or hemorrhage was 
more frequently reported in patients treated with beva-
cizumab (10.8%) than in those treated with trastuzumab 
(1.9%) or combined pertuzumab and trastuzumab (4.3%), 
p < 0.0001, (Table 3). The probability of the temporal rela-
tionship between these CV events and the use of these 
three mAbs is summarized in Table 4.

Regardless of the treatment of the underlying cancer and 
its prognosis, the five-year survival associated with bevaci-
zumab treatment and trastuzumab treatment were 22.1% 
and 64.4%, respectively; the overall survival is illustrated 
by a Kaplan–Meier plot. However, the median survival of 
patients receiving bevacizumab was 17 months (Fig. 2).

https://www.jamovi.org


Page 4 of 11Al‑Jazairi et al. Cardio-Oncology            (2023) 9:35 

Antineoplastic mAb treatment was discontinued owing 
to development of CV events by trastuzumab in 42.2% of 
the cases and by bevacizumab in 14.8% of cases. None for 
those treated by combined pertuzumab and trastuzumab 
(these proportions were statistically significant, p < 0.001. 
Combined pertuzumab and trastuzumab treatment was 
not discontinued based on any CV event. Antineoplas-
tic mAb treatment dose was adjusted in 9 of 174 patients 
(5.1%) who developed CV events. Angiotensin-convert-
ing enzyme inhibitors (ACE-Is) were the most commonly 
used agents for treating heart failure and hypertension 
induced by antineoplastic mAbs. The management of the 
different CV events varied depending on the event pre-
sented (Table 5A–F).

Patients receiving bevacizumab had more emergency 
visits due to CV event over one year (mean = 0.753, 
range 0 – 9) than those receiving trastuzumab 
(mean = 0.197, range 0 – 2), p < 0.001. The proportion 

of those making emergency visits who received beva-
cizumab was 34 of 81 (42%), while for those who 
received trastuzumab it was 10 of 71 (14%). The differ-
ence between these proportions was statistically signifi-
cant, p < 0.001. No emergency department visits were 
made for patients receiving combined pertuzumab and 
trastuzumab.

Conversely, among patients who developed CV 
events the number of visits to the cardiology clinic 
over one year was higher for patients receiving trastu-
zumab (mean = 3.191), with a mean duration of therapy 
of 16 months than those who received bevacizumab 
(mean = 0.414) with a mean duration of therapy of 11.8 
months. The difference in the mean number of visits 
between the two treatments was statistically signifi-
cant, p < 0.001. The proportion of those making cardiol-
ogy clinic visits who received trastuzumab was 41 of 47 
(87%), while for those who received bevacizumab it was 

Fig. 1 Screening of patients with cancer according to exclusion and inclusion criteria
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Table 1 Baseline characteristics of the patients with cancer who received antineoplastic mAbs (N = 1,067)

mAb monoclonal antibody

Characteristics Patients on antineoplastic mAbs (n = 1067)

Monoclonal Antibody Total
N = 1067

Trastuzumab
n = 626

Bevacizumab
n = 418

Pertuzumab 
combined with 
trastuzumab
n = 23

p-value

Age at mAb initiation in years, Mean ± SD 49 ± 11.77 46.4 ± 10.7 53.2 ± 12.1 42.1 ± 9.9  < 0.001

Female, n (%) 840 (78.7%) 617 (98.6%) 200 (48%) 23 (100%)  < 0.001

Body mass index (kg/m2), Mean ± SD 29 ± 6.24 30.6 ± 6.1 26.7 ± 5.7 28.8 ± 5  < 0.001

Comorbidities, n (%)
Diabetes mellitus 237 (22.2%) 122 (19.4%) 113 (27%) 2 (8.7%) 0.004

Dyslipidemia 68 (6.4%) 42 (6.7%) 26 (6.2%) 0 (0%) 0.427

Anemia 14 (1.3%) 5 (0.8%) 8 (1.9%) 0 (0%) 0.240

Hyperthyroidism 7 (0.7%) 4 (0.63%) 3 (0.7%) 0 (0%) 0.914

Hypothyroidism 66 (6.2%) 43 (6.9%) 20 (4.8%) 3 (13%) 0.151

Hypertension 241 (22.6%) 114 (18.2%) 124 (29.7%) 3 (13%)  < 0.001

Heart failure 4 (0.4%) 3 (0.48%) 1 (0.24%) 0 (0%) 0.789

Ischemic heart disease 15 (1.4%) 8 (1.3%) 7 (1.7%) 0 (0%) 0.734

Arrhythmia 10 (0.9%) 7 (1.1%) 3 (0.7%) 0 (0%) 0.721

mAb indication and duration of therapy
Breast cancer, n (%) 647 (60.6%) 608 (97.1%) 16 (3.8%) 23 (100%)  < .001

Gastric cancer, n (%) 16 (2.6%) 16 (2.6%) 0 0 0.003

Endometrial cancer, n (%) 2 (0.3%) 2 (0.3%) 0 0 0.494

Colorectal cancer, n (%) 359 (85.9%) 0 359 (85.9%) 0  < 0.001

Ovarian cancer, n (%) 11 (2.6%) 0 11 (2.6%) 0  < .001

Glioblastoma, n (%) 8 (1.9%) 0 8 (1.9%) 0 0.002

Other, n (%) 7 (1.7%) 0 7 (1.7%) 0 0.004

Duration of therapy (months), mean 14.4 16 11.8 12.8  < 0.001

mAb concomitant medication
Docetaxel, n (%) 474 (44.4%) 455 (72.7%) 6 (1.4) 13 (56.5%)  < 0.001

Cyclophosphamide, n (%) 68 (6.3%) 67 (10.7%) 1 (0.2%) 0  < 0.001

Carboplatin, n (%) 45 (4.2%) 38 (6%) 7 (1.7%) 0 0.001

Paclitaxel, n (%) 52 (4.8%) 35 (5.6%) 13 (3.1%) 4 (17.4%) 0.004

Cisplatin, n (%) 20 (1.87%) 18 (2.9%) 2 (0.5%) 0 0.016

Capecitabine, n (%) 90 (8.43%) 12 (2%) 78 (18.6%) 0  < 0.001

Vinorelbine, n (%) 6 (1%) 6 (1%) 0 0 0.119

Fluorouracil, n (%) 50 (4.6%) 6 (1%) 44 (10.5%) 0  < 0.001

Doxorubicin, n (%) 9 (0.84%) 3 (0.5%) 5 (1.2%) 1 (4.3%) 0.082

Oxaliplatin, n (%) 247 (23%) 3 (0.5%) 244 (58.4%) 0  < 0.001

Lapatinib, n (%) 2 (0.3%) 2 (0.3%) 0 0 0.494

Gemcitabine, n (%) 3 (0.28%) 1 (0.2%) 2 (0.5%) 0 0.614

Epirubicin, n (%) 1 (0.2%) 1 (0.2%) 0 0 0.703

Irinotecan, n (%) 134 (32%) 0 134 (32%) 0  < 0.001

Leucovorin, n (%) 39 (9.3%) 0 39 (9.3%) 0  < 0.001

Pemetrexed, n (%) 2 (0.5%) 0 2 (0.5%) 0 0.211

Topotecan, n (%) 2 (0.5%) 0 2 (0.5%) 0 0.211

None, n (%) 134 (12.5%) 93 (14.9%) 41 (9.8%) 0 0.010
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only 8 of 32 (25%). The difference in these proportions 
was also statistically significant, p < 0.001. Only one 
patient who received combined pertuzumab and trastu-
zumab visited the cardiology clinic.

Hospital admissions owing to CV events were 
reported more frequently for patients receiving bevaci-
zumab (37 patients, 45.7%) than for patients receiving 
trastuzumab (16, 22.5%), with no hospital admission 
reported for patients receiving pertuzumab combined 
with trastuzumab, p = 0.002, (Table 6).

Discussion
Cardiovascular adverse events represent a major con-
cern in the use of targeted therapies for patients with 
cancer. The association of these drugs with such events 
affects the quality of life and overall survival of patients 
[29, 30]. As the number of patients treated with biologi-
cal drugs is continuously increasing, the incidence of 
cardiotoxicity is also increasing [31, 32]. In this study, 
the overall CV events associated with antineoplastic 
mAb treatment were reported once in every six patients 
(16.3%). This highlights the importance of building 
infrastructure to improve the screening, diagnostic, 
and management burdens of these events, preferably by 
establishing or expanding cardio-oncology clinics [33]. 
The FDA approved the use of a serial cardiac evaluation 
that should be implemented every 3 months throughout 
trastuzumab treatment [34]. In contrast, The European 
Society for Medical Oncology has issued a guideline 
stating that left ventricular ejection fraction assessment 
should be performed at least every 3 months during tras-
tuzumab treatment [35].

Heart failure was the most common CV event among 
patients treated with trastuzumab, with an incidence rate 
of 7.3%. Notably, this finding is consistent with the pre-
viously reported incidence rate of 7.4% [36]. There are 
infrequent reports of heart failure incidence in patients 
receiving bevacizumab of approximately 4% and as high 
as 14% when used in a combination therapy [37].

Docetaxel was frequently used as a concomitant thera-
peutic regimen; however, it was associated with low car-
diotoxicity risk [38]. The management of heart failure 
should include an overall CV risk assessment and indi-
vidual clinical evaluation. In our study, most patients 
were treated with ACE-Is and beta-blockers, which have 
been reported to show good results [34].

Hypertension was reported more frequently with 
bevacizumab treatment (9%, 38 patients), which still 
falls within the reported incidence range of 4–35% [39]. 

Table 2 Baseline blood pressure, ejection fraction, and related 
laboratory results (N = 1,067)

ALT alanine transaminase, AST aspartate aminotransferase, GFR glomerular 
filtration rate, INR international normalized ratio

Mean Median Standard 
deviation

Systolic Blood pressure (mmHg) 127 125 13.82

Diastolic Blood pressure (mmHg) 77 78 9.39

Ejection fraction (%) 54 55 4.169

B‑type natriuretic peptide level (pg/mL) 139 0 0

Troponin T (ng/mL) 1.5 43 0

Creatine kinase (U/L) 69.07 160 0

Calcium level (mmol/L) 2.28 2.25 0.138

Magnesium level (mmol/L) 0.8 0.84 8.92

Potassium level (mmol/L) 4.14 4.2 0.452

Sodium level (mmol/L) 139.76 140 3.72

Albumin (g/L) 39.85 39 5.89

Hemoglobin (g/L) 119.05 117 17.22

Hematocrit (L/L) 0.36 0.361 0.045

Serum creatinine (μmol/L) 62.38 60 16.64

GFR (mL/min/1.73 m2) 50.25 60 0.816

AST (U/L) 28.1 20 27.36

ALT (U/L) 26.42 17.05 26.23

Total Bilirubin (μmol/L) 7.02 6 4.87

INR 1.12 1 0.102

Prothrombin time (s) 30.40 34.35 4.76

Table 3 Prevalence of CV events among patients with cancer treated with the three antineoplastic monoclonal antibodies (N = 1,067)

CV cardiovascular

CV Event Total
(N = 1067)

Trastuzumab
(n = 626)

Bevacizumab
(n = 418)

Pertuzumab combined with 
trastuzumab
(n = 23)

p-value

Overall CV events, n (%) 174 (16.3%) 77 (12.3%) 89 (21.2%) 8 (34.7%)  < 0.001

Heart failure, n (%) 50 (4.7%) 46 (7.3%) 3 (0.7%) 1 (4.3%)  < 0.001

Hypertension, n (%) 60 (5.6%) 16 (2.6%) 38 (9.1%) 6 (26.1%)  < 0.001

Ischemic heart disease, n (%) 2 (0.19%) 1 (0.15%) 1 (0.24%) 0 0.940

Arrhythmias, n (%) 4 (0.37%) 2 (0.31%) 2 (0.47%) 0 0.880

Thromboembolism, n (%) 32 (3%) 4 (0.6%) 27 (6.5%) 1 (4.3%)  < 0.001

Hemorrhage, n (%) 26 (2.4%) 8 (1.3%) 18 (4.3%) 0 0.006
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Table 4 ADR probability scale for suspected ADRs associated with antineoplastic monoclonal antibodies [28]

ADR adverse drug reaction
a  Naranjo scale score from 0 or lower
b  Naranjo scale scores from 1 to 4
c  Naranjo scale score from 5 to 8
d  Naranjo scale score ≥ 9

Total Number % Doubtfula

ADRs
Possibleb

ADRs
Probablec

ADRs
Definited

ADRs

Heart failure 50 4.7% 0 25 25 0

Hypertension 60 5.6% 1 46 13 0

Ischemic heart disease 2 0.19% 0 2 0 0

Arrhythmia 4 0.37% 0 3 1 0

Thromboembolic event 32 3.0% 1 22 8 1

Hemorrhage 26 2.4% 1 20 5 0

Fig. 2 Overall survival of patients receiving trastuzumab and bevacizumab
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Table 5 Management of cardiovascular adverse event associated with monoclonal antibody

ACE angiotensin‑converting enzyme, ARB angiotensin receptor‑blocker, ASA aspirin, CCB calcium channel blocker, FFB fresh frozen plasma, HF heart failure, HTN 
hypertension, IHD ischemic heart disease, LMWH low‑molecular‑weight heparin, UFH unfractionated heparin

A. HF management (n = 49)
Count Total %

Was HF treated? Yes 33 49 67.3%

ACE inhibitors Yes 24 33 72.7%

ARBs Yes 1 33 3%

Beta‑blockers Yes 20 33 60.6%

Diuretics Yes 7 33 21.2%

Digoxin Yes 2 33 6.1%

Other treatments Hold trastuzumab 2 33 6.1%

B. HTN management (n = 34)
Count Total %

Was HTN treated? Yes 34 34 100%

ACE inhibitor Yes 18 34 52.9%

ARBs Yes 1 34 2.9%

Diuretics Yes 3 34 8.8%

CCBs Yes 11 34 32.4%

Beta‑blockers Yes 9 34 26.5%

Other treatments Spironolactone 1 34 2.9%

C. IHD management (n = 2)
Count Total %

Was IHD treated? Yes 2 2 100%

ASA Yes 1 2 50%

ACE inhibitors Yes 2 2 100%

Beta‑blockers Yes 2 2 100%

Heparin Yes 1 2 50%

Other treatments Clopidogrel and Simvastatin 1 2 50%

D. Arrhythmia management (n = 3)
Count Total %

Was arrhythmia treated? Yes 2 3 66.7%

Class II (beta‑blockers) Yes 2 2 100%

Class III (K channel‑blockers) Yes 1 2 50%

Class IV (Ca channel‑blockers) Yes 1 2 50%

Other treatments Enoxaparin 1 2 50%

E. Thromboembolism management (n = 32)
Count Total %

Was thromboembolic event treated? Yes 29 32 90.6%

Warfarin Yes 2 29 6.9%

LMWH Yes 27 29 93.1%

UFH Yes 3 29 10.3%

Other treatments Hold bevacizumab 2 29 6.9%

F. Hemorrhage management (n = 25)
Count Total %

Was hemorrhage treated? Yes 10 25 40%

FFP Yes 1 10 10%

Platelet concentrates Yes 1 10 10%

Surgery Yes 1 10 10%

Other treatments Yes 7 10 70%
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For bevacizumab-induced hypertension, clinical tri-
als do not recommend any specific antihypertensive 
treatment and the treatment is provided based on the 
physician’s discretion [40]. Certain studies recommend 
the use of aggressive treatment with ACE-Is or dihy-
dropyridine calcium channel-blockers (CCBs) [41, 42]. 
In this study, most patients were found to be treated 
with ACE-Is or CCB for bevacizumab-induced hyper-
tension. Hypertension was reported in combined per-
tuzumab and trastuzumab group by (26%, 6 patients) 
which was also presented in a previous study by 20 
patients (5.5%) [43].

Thromboembolism was reported mainly in the beva-
cizumab group with an incidence rate of 6.5%. In a sys-
tematic review of 22 randomized controlled trials that 
included 13,185 patients treated with bevacizumab, 
the incidence rate was reported as 9.9% compared with 
7.5% in the control group [44]. In this study, thrombo-
embolic events were mostly managed using low-molec-
ular-weight heparin, although data on the efficacy of 
new oral anticoagulants are emerging.

Bleeding is another important complication of beva-
cizumab therapy. Low-grade hemorrhage was the most 
common type of bleeding adverse event [45]. Among 
patients treated with bevacizumab; the reported overall 
incidence of hemorrhage was 4.3% in the present study 
compared to 5.8% in previous randomized controlled 
trial. Low-grade hemorrhage does not require any spe-
cific treatment [19]. In the present study, the majority 
of these cases were of low-grade severity, while 40% 
of patients who experienced hemorrhage required an 
intervention; 10% of cases were managed using fresh 
frozen plasma, 10% were managed using platelet con-
centrates, and 10% needed surgical intervention.

In a meta-analysis of 15 studies that included 8,124 
patients to assess the risk of arrhythmia in patients with 
breast cancer treated with trastuzumab, the incidence 
of arrhythmia has been found to be 1.2% [21]. The rate 
reported in this meta-analysis is higher than that found 
in this study (0.31%).

Ischemic heart disease was observed in only two patients: 
one in the bevacizumab group and another in the trastu-
zumab group. However, bevacizumab has been associated 
with an increased risk of developing cardiac ischemia [46]. 
It is mainly managed using ACE-Is and beta-blockers.

Interestingly, patients receiving trastuzumab had a 
longer survival rate than that of those receiving bevaci-
zumab, which is most likely related to the prognosis of 
the different types of cancers that the patients had, rather 
than the medication itself. As stated by the National 
Cancer Institute, the five-year relative survival rates for 
colorectal cancer and breast cancer from 2011 to 2017 
were 64.7% and 90.3%, respectively [47, 48]. Both rates 
are higher than the rate reported in our study. A study 
demonstrated that adding bevacizumab to the treatment 
regimen for patients with metastatic colorectal cancer 
increases the median overall survival from 15.6 months 
to 20.3 months which is relatively higher than what 
was found in this study [49]. In contrast, other studies 
reported that bevacizumab treatment for ovarian cancer 
has no significant advantage in improving the overall sur-
vival of 16.6 months [50]. Despite bevacizumab is known 
to have more CV events, this did not associate with more 
cardio-oncology visits. This can be explained by the fact 
that cardio-oncology clinics are a newly established ser-
vice and some of the prescribers of bevacizumab feel 
comfortable managing its CV adverse events.

This is the first and possibly the largest study to present 
real-world data on the prevalence of CV adverse events 
induced by antineoplastic mAbs in Saudi Arabia. How-
ever, this study had certain limitations. The retrospective 
design had shortcomings, including poor documentation, 
and loss of follow-up.

Quantifying and characterizing the prevalence and 
seriousness of CV adverse events associated with the 
use of antineoplastic mAbs is paramount. It has a sig-
nificant impact on the healthcare system and requires 
meticulous CV screening, resilient referral systems, diag-
nosis, management, and monitoring. This monitoring 
can be implemented via a specialized cardio-oncology 

Table 6 Admissions and referral for patients who developed cardiovascular events in response to the antineoplastic monoclonal 
antibodies

Drug Hospital admission Emergency department visits Cardiology 
clinic 
referral

Bevacizumab (n = 81 patients) 37 (45.7%) 61 (75.3%) 8 (9.8%)

Trastuzumab (n = 71 patients) 16 (22.5%) 14 (19.7%) 41 (57.7%)

Pertuzumab combined with trastuzumab (n = 6 
patients)

0 0 1 (16.7%)

Total (n = 158 patients) 53 (33.5%) 75 (47.4%) 50 (31.6%)
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multidisciplinary service. The benefits of establishing 
a cardio-oncology clinic include the early detection of 
cancer therapy-related CV toxicity, facilitation of diag-
nosis, assessment of patient risk for CV complications at 
baseline before the initiation of cancer treatment, man-
agement of CV events, and long-term follow-up to help 
patients with CVD. Better communication between cardi-
ologists and oncologists improves decision making, lead-
ing to better treatment and enhanced patient care [51].

Conclusion and relevance
The use of antineoplastic mAbs was shown to substan-
tially improve survival in patients with cancer. However, 
it also increases the risk of serious CV events. The preva-
lence of CV events in this study was considerably high. 
Therefore, practitioners should closely monitor these 
side effects at baseline and on a regular basis. Establish-
ing specialized multidisciplinary services, such as cardio-
oncology services, may help improve patient monitoring 
and management of CV events. Moreover, this study 
addresses this serious concern and encourages more 
research in the field.

Abbreviation
mAbs  Monoclonal antibodies
CVD  Cardiovascular disease
CV  Cardiovascular
FDA  U.S. Food and Drug Administration

Acknowledgements
The authors would like to acknowledge Prof. Edward B. DeVol for his contribu‑
tion to the data analysis.

Authors’ contributions
All authors of this manuscript contributed to the development of the study 
itself and the manuscript. Authors contributed range from generation of the 
idea to study conduction, data collection, manuscript writing, and review. 
Study conception and design: Aljazairi A, Bahammam N, Aljuaid D, Almutairi 
L, Alshahrani S, and Korayem G; data collection: Bahammam N, Aljuaid D, 
Almutairi L, and Alshahrani S; analysis and interpretation of results: Aljazairi A, 
Bahammam N, Aljuaid D, Almutairi L, Alshahrani S, Cahusac P, and Korayem G; 
draft manuscript preparation: Aljazairi A, Bahammam N, Aljuaid D, Almutairi 
L, Alshahrani S, Albuhairan N and Korayem G. All authors reviewed the results 
and approved the final version of the manuscript.

Funding
No financial support of any form was received in connection to this study.

Availability of data and materials
The data that support the findings of this study are available from the cor‑
responding author upon reasonable request.

Declarations

Ethics approval
The study was approved by KFSHRC Research Ethics Committee (RAC 
approval number 2191175).

Competing interests
The authors declare no conflicts of interest.

Author details
1 Division of Clinical Trials Transformation Initiative, King Faisal Specialist 
Hospital & Research Centre, PO Box 3354, Riyadh 11211, Kingdom of Saudi 
Arabia. 2 College of Pharmacy and Medicine, Alfaisal University, P.O. Box 50927, 
Riyadh 11533, Kingdom of Saudi Arabia. 3 College of Pharmacy, Princess Nou‑
rah Bint Abdulrahman University, P.O. Box 101283, 11655 Riyadh, Saudi Arabia. 
4 King Faisal Specialist Hospital & Research Centre, PO Box 3354, Riyadh 11211, 
Kingdom of Saudi Arabia. 5 Department of Pharmacy Practice, College 
of Pharmacy, Princess Nourah Bint Abdulrahman University, P.O. Box 84428, 
11671 Riyadh, Saudi Arabia. 

Received: 3 May 2023   Accepted: 4 August 2023

References
 1. Monsuez J‑J, Charniot J‑C, Vignat N, Artigou J‑Y. Cardiac side‑effects of 

cancer chemotherapy. Int J Cardiol. 2010;144(1):3–15. Available from: 
https:// linki nghub. elsev ier. com/ retri eve/ pii/ S0167 52731 00017 86.

 2. Garcia J, Hurwitz HI, Sandler AB, Miles D, Coleman RL, Deurloo R, 
et al. Bevacizumab (Avastin&#xae;) in cancer treatment: a review of 
15&#xa0;years of clinical experience and future outlook. Cancer Treat Rev. 
2020;86. https:// doi. org/ 10. 1016/j. ctrv. 2020. 102017.

 3. Lin NU, Murthy RK, Abramson V, Anders C, Bachelot T, Bedard PL, et al. 
Tucatinib vs placebo, both in combination with trastuzumab and capecit‑
abine, for previously treated ERBB2 (HER2)‑positive metastatic breast 
cancer in patients with brain metastases: updated exploratory analysis of 
the HER2CLIMB randomized clinical trial. JAMA Oncol. 2023;9(2):197–205. 
https:// doi. org/ 10. 1001/ jamao ncol. 2022. 5610.

 4. Santoni M, Guerra F, Conti A, Lucarelli A, Rinaldi S, Belvederesi L, et al. Inci‑
dence and risk of cardiotoxicity in cancer patients treated with targeted 
therapies. Cancer Treat Rev. 2017;59:123–31. Available from: https:// linki 
nghub. elsev ier. com/ retri eve/ pii/ S0305 73721 73012 02.

 5. FDA. Avastin/Bevacizumab. Label Amend. 2009;(May):1–22. Available 
from: https:// www. acces sdata. fda. gov/ drugs atfda_ docs/ label/ 2009/ 
12508 5s016 9lbl. pdf.

 6. FDA. HERCEPTIN/Trastuzumab. Food drugs Adm. 2010;1–33. Available 
from: https:// www. acces sdata. fda. gov/ drugs atfda_ docs/ label/ 2010/ 
10379 2s525 6lbl. pdf.

 7. FDA. PERJETATM/Pertuzumab. Label Amend. 2012;1–14. Available from: 
https:// www. acces sdata. fda. gov/ drugs atfda_ docs/ label/ 2012/ 12540 9lbl. 
pdf.

 8. Cai J, Ma H, Huang F, Zhu D, Bi J, Ke Y, et al. Correlation of bevacizumab‑
induced hypertension and outcomes of metastatic colorectal cancer 
patients treated with bevacizumab: a systematic review and meta‑analy‑
sis. World J Surg Oncol. 2013;11(1):306.

 9. Balduzzi S, Mantarro S, Guarneri V, Tagliabue L, Pistotti V, Moja L, et al. 
Trastuzumab‑containing regimens for metastatic breast cancer. Cochrane 
database Syst Rev. 2014;2014(6):CD006242.

 10. Zhu C, Ling W, Zhang J, Gao H, Shen K, Ma X. Safety and efficacy evalua‑
tion of pertuzumab in patients with solid tumors. Medicine (Baltimore). 
2017;96(20):e6870. https:// doi. org/ 10. 1097/ MD. 00000 00000 006870.

 11. Choueiri TK, Mayer EL, Je Y, Rosenberg JE, Nguyen PL, Azzi GR, et al. 
Congestive heart failure risk in patients with breast cancer treated with 
bevacizumab. J Clin Oncol. 2011;29(6):632–8.

 12. Page RL, O’Bryant CL, Cheng D, Dow TJ, Ky B, Stein CM, et al. Drugs that 
may cause or exacerbate heart failure. Circulation. 2016;134(6):e32–69. 
Available from: https://www.ahajournals.org/doi/https:// doi. org/ 10. 1161/ 
CIR. 00000 00000 000426.

 13. Girardi F, Franceschi E, Brandes AA. Cardiovascular safety of VEGF‑tar‑
geting therapies: current evidence and handling strategies. Oncologist. 
2010;15(7):683–94.

 14. Li M, Kroetz DL. Bevacizumab‑induced hypertension: clinical presen‑
tation and molecular understanding. Pharmacol Ther. 2017/09/04. 
2018;182:152–60. Available from: https:// pubmed. ncbi. nlm. nih. gov/ 
28882 537.

 15. Zhu X, Wu S, Dahut WL, Parikh CR. Risks of proteinuria and hypertension 
with bevacizumab, an antibody against vascular endothelial growth factor: 
systematic review and meta‑analysis. Am J kidney Dis Off J Natl Kidney 
Found. 2007;49(2):186–93.

https://linkinghub.elsevier.com/retrieve/pii/S0167527310001786
https://doi.org/10.1016/j.ctrv.2020.102017
https://doi.org/10.1001/jamaoncol.2022.5610
https://linkinghub.elsevier.com/retrieve/pii/S0305737217301202
https://linkinghub.elsevier.com/retrieve/pii/S0305737217301202
https://www.accessdata.fda.gov/drugsatfda_docs/label/2009/125085s0169lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2009/125085s0169lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2010/103792s5256lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2010/103792s5256lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2012/125409lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2012/125409lbl.pdf
https://doi.org/10.1097/MD.0000000000006870
https://doi.org/10.1161/CIR.0000000000000426
https://doi.org/10.1161/CIR.0000000000000426
https://pubmed.ncbi.nlm.nih.gov/28882537
https://pubmed.ncbi.nlm.nih.gov/28882537


Page 11 of 11Al‑Jazairi et al. Cardio-Oncology            (2023) 9:35  

 16. Scappaticci FA, Skillings JR, Holden SN, Gerber H‑P, Miller K, Kabbinavar F, 
et al. Arterial thromboembolic events in patients with metastatic carci‑
noma treated with chemotherapy and bevacizumab. J Natl Cancer Inst. 
2007;99(16):1232–9.

 17. Hurwitz HI, Saltz LB, Van Cutsem E, Cassidy J, Wiedemann J, Sirzén F, et al. 
Venous thromboembolic events with chemotherapy plus bevacizumab: 
a pooled analysis of patients in randomized phase II and III studies. J Clin 
Oncol Off J Am Soc Clin Oncol. 2011;29(13):1757–64.

 18. Chen X‑L, Lei Y‑H, Liu C‑F, Yang Q‑F, Zuo P‑Y, Liu C‑Y, et al. Angiogenesis inhibitor 
bevacizumab increases the risk of ischemic heart disease associated with chem‑
otherapy: a meta‑analysis. Quintas LEM, editor. PLoS One. 2013;8(6):e66721. 
Available from: https:// dx. plos. org/ 10. 1371/ journ al. pone. 00667 21.

 19. Zhu X, Tian X, Yu C, Hong J, Fang J, Chen H. Increased risk of hemorrhage in 
metastatic colorectal cancer patients treated with bevacizumab. Medicine 
(Baltimore). 2016;95(34):e4232. Available from: http:// journ als. lww. com/ 
00005 792‑ 20160 8230‑ 00020.

 20. de Azambuja E, Ponde N, Procter M, Rastogi P, Cecchini RS, Lambertini M, 
et al. A pooled analysis of the cardiac events in the trastuzumab adjuvant 
trials. Breast Cancer Res Treat. 2020;179(1):161–71.

 21. Yuan M, Tse G, Zhang Z, Han X, Wu WKK, Li G, et al. The incidence of atrial 
fibrillation with trastuzumab treatment: a systematic review and meta‑
analysis. Cardiovasc Ther. 2018;36(6):e12475. Available from: https:// onlin 
elibr ary. wiley. com/ doi/ abs/ 10. 1111/ 1755‑ 5922. 12475.

 22. Lenihan D, Suter T, Brammer M, Neate C, Ross G, Baselga J. Pooled analysis of 
cardiac safety in patients with cancer treated with pertuzumab. Ann Oncol 
Off J Eur Soc Med Oncol. 2012;23(3):791–800.

 23. Andersson M, López‑Vega JM, Petit T, Zamagni C, Easton V, Kamber J, et al. 
Efficacy and safety of pertuzumab and trastuzumab administered in a 
single infusion bag, followed by vinorelbine: VELVET cohort 2 final results. 
Oncologist. 2017;22(10):1160–8. Available from: https:// onlin elibr ary. wiley. 
com/ doi/ abs/ 10. 1634/ theon colog ist. 2017‑ 0079.

 24. Lyon AR, López‑Fernández T, Couch LS, Asteggiano R, Aznar MC, Bergler‑
Klein J, et al. 2022 ESC Guidelines on cardio‑oncology developed in col‑
laboration with the European Hematology Association (EHA), the European 
Society for Therapeutic Radiology and Oncology (ESTRO) and the Interna‑
tional Cardio‑Oncology Society (IC‑OS). Eur Heart J. 2022;43(41):4229–361.

 25. Ahmed AM, Hersi A, Mashhoud W, Arafah MR, Abreu PC, Al Rowaily MA, 
et al. Cardiovascular risk factors burden in Saudi Arabia: the Africa Middle 
East Cardiovascular Epidemiological (ACE) study. J Saudi Hear Assoc. 
2017;29(4):235–43. Available from: https:// www. scien cedir ect. com/ scien ce/ 
artic le/ pii/ S1016 73151 73001 67.

 26. Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE, Drazner MH, et al. 2013 
ACCF/AHA guideline for the management of heart failure: executive sum‑
mary. Circulation. 2013;128(16):1810–52. Available from: https:// www. ahajo 
urnals. org/ doi/ 10. 1161/ CIR. 0b013 e3182 9e8807.

 27. Moss JD, Cifu AS. Management of anticoagulation in patients with atrial 
fibrillation. JAMA ‑ J Am Med Assoc. 2015;314(3):291–2.

 28. Naranjo CA, Busto U, Sellers EM, Sandor P, Ruiz I, Roberts EA, et al. A method 
for estimating the probability of adverse drug reactions. Clin Pharmacol 
Ther. 1981;30(2):239–45.

 29. Berardi R, Caramanti M, Savini A, Chiorrini S, Pierantoni C, Onofri A, et al. 
State of the art for cardiotoxicity due to chemotherapy and to targeted 
therapies: a literature review. Crit Rev Oncol Hematol. 2013;88(1):75–86. 
Available from: https:// www. scien cedir ect. com/ scien ce/ artic le/ pii/ S1040 
84281 30005 04.

 30. Roberta F, R. DN, E. NC, Silvia K, D. RS, Anna P, et al. Cardiovascular Disease 
Risk Among Cancer Survivors. J Am Coll Cardiol. 2022;80(1):22–32. https:// 
doi. org/ 10. 1016/j. jacc. 2022. 04. 042.

 31. Herbst RS, Bajorin DF, Bleiberg H, Blum D, Hao D, Johnson BE, et al. Clinical 
Cancer Advances 2005: major research advances in cancer treatment, 
prevention, and screening–a report from the American Society of Clinical 
Oncology. J Clin Oncol Off J Am Soc Clin Oncol. 2006;24(1):190–205.

 32. Hong RA, Iimura T, Sumida KN, Eager RM. Cardio‑oncology/onco‑cardiology. 
Clin Cardiol. 2010;33(12):733–7.

 33. Sarju G, S. HS. Cardio‑Oncology for GenNext. J Am Coll Cardiol. 
2018;71(25):2977–81. https:// doi. org/ 10. 1016/j. jacc. 2018. 05. 008.

 34. Broberg AM, Geisler J, Tuohinen S, Skytta T, Hrafnkelsdóttir ÞJ, Nielsen KM, 
et al. Prevention, detection, and management of heart failure in patients 
treated for breast cancer. Curr Heart Fail Rep. 2020;17(6):397–408. https:// 
doi. org/ 10. 1007/ s11897‑ 020‑ 00486‑8.

 35. Curigliano G, Lenihan D, Fradley M, Ganatra S, Barac A, Blaes A, et al. Man‑
agement of cardiac disease in cancer patients throughout oncological treat‑
ment: ESMO consensus recommendations. Ann Oncol Off J Eur Soc Med 
Oncol. 2020;31(2):171–90.

 36. Kim EK, Cho J, Kim J‑Y, Chang S‑A, Park S‑J, Choi JO, et al. Early decline in left 
ventricular ejection fraction can predict trastuzumab‑related cardiotoxicity 
in patients with breast cancer: a study using 13 years of registry data. Cancer 
Res Treat. 2018/09/04. 2019;51(2):727–36. Available from: https:// pubmed. 
ncbi. nlm. nih. gov/ 30177 584.

 37. Ngo D, Williams T, Horder S, Kritharides L, Vardy J, Mandaliya H, et al. Factors 
associated with adverse cardiovascular events in cancer patients treated 
with bevacizumab. J Clin Med. 2020;9(8):2664.

 38. Chan S, Friedrichs K, Noel D, Pintér T, Van Belle S, Vorobiof D, et al. Prospec‑
tive randomized trial of docetaxel versus doxorubicin in patients with 
metastatic breast cancer. J Clin Oncol. 1999;17(8):2341–54.

 39. Economopoulou P, Kentepozidis N, Kotsakis A, Kapiris I. Cancer therapy 
and cardiovascular risk: focus on bevacizumab. Cancer Manag Res. 
2015;7(June):133. Available from: http:// www. dovep ress. com/ cancer‑ thera 
py‑ and‑ cardi ovasc ular‑ risk‑ focus‑ on‑ bevac izumab‑ peer‑ revie wed‑ artic 
le‑ CMAR.

 40. Syrigos KN, Karapanagiotou E, Boura P, Manegold C, Harrington K. 
Bevacizumab‑Induced Hypertension.BioDrugs. 2011;25(3):159–69. Available 
from: http:// link. sprin ger. com/ 10. 2165/ 11590 180‑ 00000 0000‑ 00000.

 41. Touyz RM, Herrmann SMS, Herrmann J. Vascular toxicities with VEGF inhibi‑
tor therapies–focus on hypertension and arterial thrombotic events. J Am 
Soc Hypertens. 2018;12(6):409–25. https:// doi. org/ 10. 1016/j. jash. 2018. 03. 
008.

 42. Caletti S, Paini A, Coschignano MA, De Ciuceis C, Nardin M, Zulli R, et al. Man‑
agement of VEGF‑targeted therapy‑induced hypertension. Curr Hypertens 
Rep. 2018;20(8):68. Available from: http://link.springer.com/https:// doi. org/ 
10. 1007/ s11906‑ 018‑ 0871‑1.

 43. Perez EA, Barrios C, Eiermann W, Toi M, Im Y‑H, Conte P, et al. Trastuzumab 
emtansine with or without pertuzumab versus trastuzumab with taxane 
for human epidermal growth factor receptor 2–positive advanced breast 
cancer: Final results from MARIANNE. Cancer. 2019;125(22):3974–84. Avail‑
able from: https:// acsjo urnals. onlin elibr ary. wiley. com/ doi/ abs/ 10. 1002/ cncr. 
32392.

 44. Alahmari AK, Almalki ZS, Alahmari AK, Guo JJ. Thromboembolic events 
associated with bevacizumab plus chemotherapy for patients with colorec‑
tal cancer: A meta‑analysis of randomized controlled trials. Am Heal Drug 
Benefits. 2016;9(4):221–31.

 45. Brandes AA, Bartolotti M, Tosoni A, Poggi R, Franceschi E. Practical man‑
agement of bevacizumab‑related toxicities in glioblastoma. Oncologist. 
2015;20(2):166–75.

 46. Totzeck M, Mincu RI, Rassaf T. Cardiovascular adverse events in patients 
with cancer treated with Bevacizumab: a meta‑analysis of more than 20 
000 patients. J Am Heart Assoc. 2017;6(8):e006278. https:// doi. org/ 10. 1161/ 
JAHA. 117. 006278.

 47. SEER Training Modules. Cancer Stat Facts: Colorectal Cancer. National Cancer 
Institute. [cited 2021 Apr 22]. Available from: https:// seer. cancer. gov/ statf 
acts/ html/ color ect. html.

 48. SEER Training Modules. Cancer stat facts: female breast cancer. National 
Cancer Institute. [cited 2021 Apr 22]. Available from: https:// seer. cancer. gov/ 
statf acts/ html/ breast. html.

 49. Hurwitz H, Fehrenbacher L, Novotny W, Cartwright T, Hainsworth J, Heim 
W, et al. Bevacizumab plus Irinotecan, Fluorouracil, and Leucovorin for 
Metastatic Colorectal Cancer. N Engl J Med. 2004;350(23):2335–42. Available 
from: http:// www. nejm. org/ doi/ abs/ 10. 1056/ NEJMo a0326 91.

 50. Pujade‑Lauraine E, Hilpert F, Weber B, Reuss A, Poveda A, Kristensen G, et al. 
Bevacizumab combined with chemotherapy for platinum‑resistant recur‑
rent ovarian cancer: The AURELIA open‑label randomized phase III trial. J 
Clin Oncol. 2014;32(13):1302–8.

 51. Barros‑Gomes S, Herrmann J, Mulvagh SL, Lerman A, Lin G, Villarraga 
HR. Rationale for setting up a cardio‑oncology unit: our experience 
at Mayo Clinic. Cardio‑Oncology. 2016;2(1):5. https:// doi. org/ 10. 1186/ 
s40959‑ 016‑ 0014‑2.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://dx.plos.org/10.1371/journal.pone.0066721
http://journals.lww.com/00005792-201608230-00020
http://journals.lww.com/00005792-201608230-00020
https://onlinelibrary.wiley.com/doi/abs/10.1111/1755-5922.12475
https://onlinelibrary.wiley.com/doi/abs/10.1111/1755-5922.12475
https://onlinelibrary.wiley.com/doi/abs/10.1634/theoncologist.2017-0079
https://onlinelibrary.wiley.com/doi/abs/10.1634/theoncologist.2017-0079
https://www.sciencedirect.com/science/article/pii/S1016731517300167
https://www.sciencedirect.com/science/article/pii/S1016731517300167
https://www.ahajournals.org/doi/10.1161/CIR.0b013e31829e8807
https://www.ahajournals.org/doi/10.1161/CIR.0b013e31829e8807
https://www.sciencedirect.com/science/article/pii/S1040842813000504
https://www.sciencedirect.com/science/article/pii/S1040842813000504
https://doi.org/10.1016/j.jacc.2022.04.042
https://doi.org/10.1016/j.jacc.2022.04.042
https://doi.org/10.1016/j.jacc.2018.05.008
https://doi.org/10.1007/s11897-020-00486-8
https://doi.org/10.1007/s11897-020-00486-8
https://pubmed.ncbi.nlm.nih.gov/30177584
https://pubmed.ncbi.nlm.nih.gov/30177584
http://www.dovepress.com/cancer-therapy-and-cardiovascular-risk-focus-on-bevacizumab-peer-reviewed-article-CMAR
http://www.dovepress.com/cancer-therapy-and-cardiovascular-risk-focus-on-bevacizumab-peer-reviewed-article-CMAR
http://www.dovepress.com/cancer-therapy-and-cardiovascular-risk-focus-on-bevacizumab-peer-reviewed-article-CMAR
http://link.springer.com/10.2165/11590180-000000000-00000
https://doi.org/10.1016/j.jash.2018.03.008
https://doi.org/10.1016/j.jash.2018.03.008
https://doi.org/10.1007/s11906-018-0871-1
https://doi.org/10.1007/s11906-018-0871-1
https://acsjournals.onlinelibrary.wiley.com/doi/abs/10.1002/cncr.32392
https://acsjournals.onlinelibrary.wiley.com/doi/abs/10.1002/cncr.32392
https://doi.org/10.1161/JAHA.117.006278
https://doi.org/10.1161/JAHA.117.006278
https://seer.cancer.gov/statfacts/html/colorect.html
https://seer.cancer.gov/statfacts/html/colorect.html
https://seer.cancer.gov/statfacts/html/breast.html
https://seer.cancer.gov/statfacts/html/breast.html
http://www.nejm.org/doi/abs/10.1056/NEJMoa032691
https://doi.org/10.1186/s40959-016-0014-2
https://doi.org/10.1186/s40959-016-0014-2

	Cardiovascular adverse events of antineoplastic monoclonal antibodies among cancer patients: real-world evidence from a tertiary healthcare system
	Abstract 
	Background 
	Objective 
	Methods 
	Results 
	Conclusion and relevance 

	Introduction
	Materials and methods
	Study design
	Data collection
	Outcomes
	Statistical analysis

	Results
	Discussion
	Conclusion and relevance
	Acknowledgements
	References


