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ABSTRACT
Background: Cardiovascular toxicity has become a challenging issue during cancer therapy.
Nonetheless, there is a lack of consensual guidelines for their management. We aimed to
determine the current practices of oncologists regarding cardiovascular toxicity related to
anthracyclines, trastuzumab and angiogenic inhibitors and to gather their opinions on the
development of cardio-oncology programs.
Methods: A cross-sectional declarative study was submitted to French oncologists in the
form of an individual, structured questionnaire.
Results: A total of 303 oncologists responded to the survey. Ninety-nine percent of
oncologists prescribed cardiotoxic therapies, including anthracyclines (83%), trastuzumab
(51%) and other angiogenic inhibitors (64%). The method adopted for managing
cardiovascular toxicity was based on guidelines from expert oncology societies for only 35%
of oncologists. None was aware of recommendations from expert cardiology societies.
Prescription of pre-, peri- and post-therapy cardiovascular assessment was inconsistent and
significantly less frequent for all classes of angiogenic inhibitors than for anthracyclines and
trastuzumab (P<0.0001). Relative to pre-therapy assessment, post-therapy assessment was
prescribed significantly less often for all cancer therapies (P<0.0001). Attitudes regarding the
onset of left ventricular dysfunction were much more inconsistent when angiogenic
inhibitors were involved. Additionally, the management of hypertension and QT
prolongation was also inconsistent. Finally, 88% of oncologists supported projects of cardiooncology programs development.
Conclusions: Practices of oncologists are disparate in the field of cardiovascular toxicity. This
finding underlines the complexity of managing many different situations and the need for
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distribution of formal guidelines from oncology and cardiology expert societies. The
development of personalized cardio-oncology programs seems essential.
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Abbreviations
ASCO = American Society of Clinical Oncology
ASE/EACVI = American Society of Echocardiography/European Association of Cardio-Vascular
Imaging
ESMO = European Society of Medical Oncology
VSP = Vascular endothelium growth factor pathway
TTE = transthoracic echocardiography
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INTRODUCTION
Cancer and cardiovascular diseases are the two leading causes of death in the United States
and Europe, where they are responsible for almost 50% of overall mortality [1].
Cancer therapies are being rapidly developed and have improved the prognosis of many
patients [2]. Nevertheless, the improvements in survival due to new cancer therapies bring a
cost because these treatments can have deleterious effects on the cardiovascular system [3].
These include myocardial dysfunction, systemic hypertension, QT prolongation, arrhythmias,
myocardial ischemia, pulmonary hypertension, thrombo-embolic events, accelerated
atherosclerosis, pericardial and valvular heart diseases [4]. This toxicity can be observed very
early or many years after the use of “old” classes of cytotoxic chemotherapy drugs or the
most recent targeted therapies [3,5-7]. Furthermore, as a consequence of the aging
population, cancer and cardiovascular diseases frequently co-exist, sometimes in an
unknown manner [8,9]. Thus, cardiovascular toxicity management has become challenging
because it could significantly influence global survival [10]. International guidelines on
cardiovascular monitoring during and after cancer treatment lack consensus and are not
based on substantial evidence, in particular for the novel targeted cancer therapies [11-16].
Additionally, the current practices regarding management of cardiovascular toxicity remain
unknown.
Accordingly, we designed a national survey of French oncologists. The purpose of the study
was to (1) analyze their professional practices in the field of prevention, screening, and
treatment of cancer-therapy-related cardiovascular toxicity and (2) solicit their opinions on
cardio-oncology programs that have recently emerged to manage cardiovascular diseases
related to cancer treatments [10,17-19].
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METHODS
Study Design and Sample
Between August 2015 and August 2016, we conducted a cross-sectional declarative survey in
the form of an individual, structured questionnaire that was submitted to the 918 French
medical oncologists working in teaching and non-teaching hospitals, cancer centres and
private healthcare facilities in France (data from the French National Medical Council). The
oncologists were invited to participate via regional oncology networks. The oncologists were
first contacted by phone or e-mail to agree on a date for an interview, either in person or by
phone, during which the answers to the survey questions were collected. They also had the
opportunity to complete the questionnaire via an online version that was created for this
purpose. For both paper- and web-based formats, we used an established method for
questionnaire distribution to maximize response rates that involved a preliminary notice, an
invitation letter with a questionnaire and up to 2 reminders, and another copy of the survey
for non-responders. We merged all study data into a secure central database for analysis.

Survey Instrument
The questionnaire was composed of items written by four oncologists and four cardiologists
specializing in cardio-oncology. The survey was arranged into three distinct sections,
covering successively the following topics (Supplementary-file1):
Section (i): The profile of the oncologist and the organization of cardiovascular monitoring
and management within their healthcare facility. This profile included specialization of the
practitioner, fields of competence, place of work, professional experience and prescription
of drugs with potential cardiovascular toxicity. It also discussed the physical presence within
the structure of a cardiologist, a cardiology department, a cardiology care unit or a cardio-
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oncology unit, and the access within the structure of performing transthoracic
echocardiography (TTE) studies. Our survey was focused on the most commonly used drugs
with potential cardiovascular toxicity including anthracyclines, trastuzumab, vascular
endothelium growth factor pathway (VSP) monoclonal antibodies and other angiogenic
inhibitors.
Section (ii): The practice of the oncologist in the field of cardiovascular toxicity. Questions
covered awareness of the existence of guidelines from expert societies and, in particular, the
recommendations of the European Society of Medical Oncology (ESMO) [13] and the
consensus of experts from the American Society of Echocardiography/European Association
of Cardiovascular Imaging (ASE/EACVI) [14]. It also covered awareness of cardiovascular
toxicity regarding the drugs prescribed, knowledge of screening methods and definitions of
toxicity. Furthermore, it requested the cardiologist to estimate the number of patients who
have presented with proven cardiovascular toxicity in association with a cancer therapy, the
number of patients rejected from optimal cancer treatment because of a previous
cardiovascular disease or risk factors and types of cardiovascular toxicity leading to
interruption of cancer therapy. Finally, it covered modalities for pre-, peri- and post-therapy
cardiovascular assessment, approaches to left ventricular dysfunction and prolongation of
the QTc interval or hypertension.
Section (iii): Personal opinions regarding cardio-oncology programs; whether cardiooncology is of any value, openness to the opinion of a specialized cardiologist, the level of
cardio-oncology expertise of the cardiologists with whom he or she works and whether
there are obstacles to the creation or development of cardio-oncology programs.
Information indicating that participation was voluntary and ensuring confidentiality was
provided. Responding to the survey implied that the oncologists had given their consent to
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participate in the study.

Statistical Analysis
Categorical variables are described as counts and percentages with their 95% confidence
intervals. The answers to the questions were expressed using a 5- or 6-category Likert scale.
To facilitate presentation, certain responses were grouped together to form three
categories. χ2 tests were used to compare the different groups. Statistical significance was
defined as P<0.05. All tests were 2-sided. Analyses were conducted using SPSS Statistics
Software, version 20.0 (IBM Inc., New York, USA).

RESULTS
Oncologists Profiles and Cardiovascular Management Organizations
Of the 918 oncologists working in France, 303 responded to the survey. All regions of France
were represented (Supplementary-file2). The profiles of oncologists and the organizations
of cardiovascular management are summarized in Table 1. Three hundred and one
oncologists (99%) had prescribed potentially cardiotoxic cancer therapies, including
anthracyclines (83%), trastuzumab (51%), VSP antibodies (63%) and other angiogenic
inhibitors (66%). Eighty-three percent of the oncologists worked with cardiologists in the
same healthcare facility. To assess left ventricular function, 283 oncologists (93%) had used
TTE, 156 (51%) had used isotopic ventriculography, and 75 (25%) had used cardiac MRI.
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Global Practices in the Field of Cardiovascular Toxicity
The method adopted by oncologists for managing the cardiovascular toxicity of cancer
therapies was based essentially (52%) on data obtained from the clinical trials conducted for
each drug. Only 105 oncologists (35%) declared that they used the guidelines of expert
societies of oncology. None was aware of recommendations published by expert societies of
cardiology in this field.
All the oncologists were aware that anthracyclines and trastuzumab could cause left
ventricular dysfunction and heart failure. However, this toxicity was known to only 55% of
oncologists for the VSP antibodies and 68% for the other angiogenic inhibitors. For these two
types of angiogenic inhibitors, the main types of cardiovascular toxicity cited were
hypertension (cited by 90% and 74% of the oncologists, respectively) and venous
thromboembolic events (83% and 51% of the oncologists, respectively).
One hundred and fifteen oncologists (38%) were unaware of the existence of early screening
methods for left ventricular dysfunction. Using biomarkers such as troponin for this purpose
or assessing global longitudinal strain in TTE were known methodologies to only 30% and
32% of oncologists, respectively. Seventy-five oncologists (25%) were familiar with the use of
cardiac MRI for this purpose. The upper limit of the QTc interval was unknown by 128
oncologists (42%), and 180 (60%) of them stated that they knew how to calculate it.
Two hundred and seventy-nine oncologists (92%) reported that they had been confronted at
least once by proven cardiovascular toxicity associated with cancer therapy. Estimates of the
annual incidence of the onset of this type of toxicity were 5% to 20% for 17% of the
oncologists, and less than 5% for 75% of them. The most commonly cited forms of
cardiovascular toxicity responsible for terminating a cancer therapy were left ventricular
dysfunction with or without heart failure (84%), venous thromboembolic events (56%),
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coronary artery disease (35%), hypertension (37%) and QTc interval prolongation (18%).
Most of the respondents (93%) had previously rejected a patient from a cancer therapy
judged to be optimal because of a history of cardiovascular disease or risk factors.

Cardiovascular Assessment
The monitoring strategies according to the type of anti-cancer drug used are detailed in
Table 2. A pre-therapy cardiovascular assessment (including cardiologic consultation and/or
TTE) was prescribed systematically before use of anthracyclines and trastuzumab for 96%
and 99% of oncologists, respectively. This pre-therapy assessment was significantly less
frequent (P<0.0001) for VSP antibodies (43%) and other antiangiogenic drugs (70%) (Figure
1A). A per-therapy cardiovascular assessment was prescribed systematically for trastuzumab
by 95% of oncologists and significantly less often (P<0.0001) for anthracyclines (54%), VSP
antibodies (28%) and the other angiogenic inhibitors (42%) (Figure 1B). When using
anthracyclines, troponin serum level assessment was used by only 7% of oncologists.
The post-therapy cardiovascular assessment (at the end of the treatment and thereafter)
was prescribed systematically more often for anthracyclines (49%) and trastuzumab (59%)
than for VSP antibodies (14%) and the other angiogenic inhibitors (28%) (P< .0001) (Figure
1C). Relative to pre-therapy cardiovascular assessment, post-therapy assessment was
prescribed significantly less often for all therapies, including anthracyclines (96% versus 49%,
P<0.0001), trastuzumab (99% versus 59%, P< .0001), VSP antibodies (43% versus 14%,
P<0.0001), and the other angiogenic inhibitors (70% versus 28%, P<0.0001).
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Management of Left Ventricular Dysfunction
The approach to the onset of left ventricular dysfunction (a decrease in LVEF) in relation to
the type of cancer therapy used is described in Figure 2. For anthracyclines, management
was inconsistent for asymptomatic patients with an LVEF between 40 and 50% and relatively
consistent in all other cases (Figure 2A).
For trastuzumab, the management was inconsistent for all cases unless for asymptomatic
patients with an LVEF between 40% and 50% (Figure 2B).
For VSP antibodies and other angiogenic inhibitors, management was inconsistent in all
cases of left ventricular dysfunction (Figure 2C and Figure 2D).

Management of Hypertension and QT Prolongation
In case of hypertension under all angiogenic inhibitors, excluding cases of hypertensive
emergency, 82% of oncologists performed systematic screening for proteinuria, and 44%
chose to introduce an antihypertensive treatment themselves. Additionally, only 27% of
oncologists maintained the cancer therapy, while 40% opted for a temporary interruption
while waiting for a cardiology consultation. One third of the oncologists stated that they
were unfamiliar with the approach to this situation.
When confronted with a >500 msec QTc interval prolongation or >60 msec progression, 45%
of oncologists declared that they did not know how to manage the situation. In all the cases,
the opinion of a cardiologist was requested.

Cardio-Oncology Programs
Sixty-four percent of oncologists believed that with regard to the cardiovascular toxicity of
cancer therapies, the level of knowledge of the cardiologists with whom they worked could
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be improved, and 26% believed that this knowledge was insufficient. Most of the oncologists
(88%) supported the idea that the presence within their healthcare facilities of a cardiooncology unit or using a cardiologist specialized in this field could improve their
management of the cardiovascular adverse events. The primary obstacle to the creation or
extension of cardio-oncology programs within their establishments was of a financial nature
for 61% of oncologists. Limitations in terms of insufficient infrastructure were mentioned in
22% of cases, while 27% of the oncologists feared that the interest provoked by the creation
of this program would be insufficient, particularly for the cardiologists with whom they work.
Finally, 22% of the oncologists believed that no real obstacle existed.

DISCUSSION
This study is the first to analyze the current practices of oncologists in the challenging field of
cancer-treatment-related cardiovascular toxicity. In the context of lack of consensual
guidelines [11-16], this survey showed that the assessment and management of the
cardiovascular status of cancer patients is often inconsistent between oncologists before,
during and after cancer therapy administration. While the great majority of respondents
prescribed potentially cardiotoxic drugs, their attitude was particularly disparate toward the
use of angiogenic inhibitors in comparison with "older" chemotherapy drugs such as
anthracyclines. Finally, their opinion was favorable regarding the development of cardiooncology programs.
Regarding the cardiac monitoring in relation to prescribed treatments, we observed that the
management was relatively consistent when anthracyclines or trastuzumab were used,
whereas it was notably inconsistent with the use of angiogenic inhibitors. This result can be
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explained by a better overall knowledge of the incidence and the mechanisms of adverse
cardiac side effects that may occur during the use of anthracyclines or trastuzumab. In fact,
the results of numerous clinical trials have led to the standardization of monitoring during
use of these treatments [2,13,20]. Instead, the different responses collected for monitoring
under angiogenic inhibitors can be explained by much more disparate data regarding the
incidence of life-threatening cardiac adverse effects such as heart failure [7,21]. Recently,
the guidelines from the American Society of Clinical Oncology (ASCO) estimated that there is
insufficient evidence to recommend a specific cardiac monitoring for patients treated by
these drugs [16] whereas the European Society of Cardiology considers reasonable to
perform TTE every 6 months until stability in LVEF values is achieved [15].
Although global longitudinal strain measurement and biomarkers such as serum troponin
have shown promise as potential early biomarkers of cardiac dysfunction [22,23], the
respondents seemed unfamiliar with these tools. Their advantages have been reported in
many recent recommendations but without strong level of evidence [22-25].
Regarding the approach to left ventricular dysfunction, we found differences between
anthracyclines and trastuzumab on the one hand and angiogenic inhibitors on the other
hand. The disparity of the approaches when using angiogenic inhibitors can be explained by
the same arguments as those cited above for patient monitoring. Nevertheless, different
responses to the approach to left ventricular dysfunction were also observed when using
anthracyclines and trastuzumab, particularly in difficult cases where the patient is
asymptomatic with LVEF between 40% and 50%. In this case, the ESMO recommends holding
anthracyclines but continuing trastuzumab [13]. In the survey, only 38% of oncologists using
anthracyclines and 21% using trastuzumab adopted this recommended approach. However,
guidelines oversimplify what is always a complex decision. Decisions regarding continuing,
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holding, or discontinuing cancer therapy should be made based on a risk-benefit balance
weighing how significant the cancer treatment is to the patient (benefit) versus the totality
of the risks. For example, one would be willing to tolerate mild cardiac toxicity in a patient
with cancer therapy effective for a metastatic tumor, whereas one would be likely to
tolerate much less toxicity for an adjuvant oncology treatment with relatively modest
benefit. Thus, the ASCO guidelines recently stated that no recommendations could be made
regarding continuation or discontinuation of cancer therapy in individuals with evidence of
cardiac dysfunction. The disparate responses in difficult cases illustrate the need for close
collaboration between oncologists and cardiologists to ensure the most appropriate
treatment decisions for each patient.
Systemic hypertension represents the most common cardiovascular complication associated
with angiogenic inhibitors [26]. This outcome can be linked to glomerular disease and renal
thrombotic microangiopathy, thus justifying proteinuria screening and follow-up of the
glomerular filtration rate. In our survey, this complication was well known to most of the
respondents. Thus, the systematic search for proteinuria was routine in the vast majority of
cases. However, regarding the continuation or cessation of angiogenic inhibitors, most
oncologists (73%) did not have a prepared response or interrupted treatment pending
cardiology consultation. Indeed, as reported by The Cardiovascular Toxicities Panel of the
National Cancer Institute, there is no single algorithm to follow in managing hypertension
induced by angiogenic inhibitors and treatment needs to be individualized for each patient.
Again, this is an expert opinion based on consensus rather than on clinical outcome data
[27].
Most of the respondents supported the idea that a cardio-oncology unit or the presence of a
specialized cardio-oncologist in their healthcare facilities could improve their management
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of adverse cardiovascular events related to cancer therapies. Similar opinion was recently
reported among cardiologists [28]. Actually, in response to the challenging management of
cardiovascular toxicity, the development of the cardio-oncology sub-specialty might be
considered a helpful solution. Through a multidisciplinary approach, this specialty aims to
provide optimal care for patients with cardiovascular diseases or relevant risk factors from
the time of cancer diagnosis and throughout their lives, even after the completion of
treatment. The oncologists’ opinions toward the development of cardio-oncology programs
seemed to be favorable, particularly because most of them believed that access to
cardiologists was not always possible and that their level of knowledge in cardiovascular
adverse events could be improved. Over the past few years, medical centers in the United
States, Canada, and Europe have developed cardio-oncology programs [3,19,29]. This
development has allowed for better coordination in the management of patients because of
easier access to comprehensive cardiovascular assessment by specialized cardiologists and
better assessment of the therapeutic benefit-to-risk ratio of cancer treatments by closer
communication between cardiologists and oncologists. This partnership has been supported
by action from different professional scientific societies [15,30].
The results of our survey should be regarded in light of potential study limitations. We could
not compare the profiles of respondents versus those of non-respondents. Moreover, this
was a declarative survey, and the nature of the topics explored may have led to response
bias, including a difference between declared practice and actual practice, and
underreporting of negative opinions on the development of cardio-oncology programs. To
minimize this potential bias, we provided full assurances of confidentiality. Furthermore,
proposed answers sometimes were not appropriated in all clinical situations encountered in
practice. For example, the answers would have been different according to the oncological
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or the cardiologic profiles of patients. Finally, this survey was performed in a single European
country and may not reflect the practices elsewhere.
This study presents an overview of oncologists’ practices regarding the challenging field of
cancer treatment-related cardiovascular toxicity. It shows major disparities in the
approaches underlining the complexity of management of many different situations and the
need for distribution of consensual guidelines involving both oncology and cardiology expert
societies. Finally, the management of cancer patients might be improved by a
multidisciplinary approach and equal access to innovative and personalized cardio-oncology
programs.
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TABLES
Table 1. Profile of the Doctors and Organization of Cardiology Management (N=303)
Characteristics of the doctor
Place of work
Public university teaching hospitals
Public non-teaching hospitals
Cancer centers
Private clinics
Private Healthcare establishments of Collective Interest
Fields of competence
Breast health and gynecology
Hematology
Gastroenterology
Pneumology
Urology
Ear-Nose-Throat
Dermatology
Neurology
Sarcomas
Specializations
Medical oncology
Onco-hematology
Radiotherapy
Organ oncology
Other specializations
Length of practice
<10 years
10 to 20 years
>20 years
Anti-cancer therapies prescribed
Anthracyclines
Trastuzumab
VSP antibodies
Other angiogenic inhibitors
Other targeted therapies
Hormone therapy
Immunotherapy/check point inhibitors
Radiotherapy
Collaboration with cardiology
Cardiologists working in the same healthcare facility
Cardiology department in the same healthcare facility
External cardiologists coming in to work in the healthcare facility
Cardiologists with an ultrasound machine at their disposition at the
consultation

No. (%) of
oncologists (%)
146 (48)
37 (12)
95 (32)
22 (7)
3 (1)
122 (40)
88 (29)
76 (25)
68 (22)
67 (22)
45 (15)
37 (12)
21 (7)
18 (6)
121 (40)
7 (24)
30 (10)
55 (18)
23 (8)
119 (40)
93 (32)
81 (28)
250 (83)
154 (51)
188 (63)
198 (66)
139 (46)
117 (39)
114 (38)
102 (34)
250 (83)
183 (60)
67 (22)
227 (75)
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The totals may reach a figure of less than 303 because of the lack of response to certain items. VSP, vascular
endothelium growth factor signal pathway.
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Table 2. Cardiology Monitoring Strategy for Cancer treatments as Evaluated by the Question: “Do you prescribe cardiologic assessment
when using any of these compounds?”
Never
Patients at risk
Always
No. (%) of oncologists [95% CI]
No. (%) of oncologists [95% CI]
No. (%) of oncologists [95% CI]
Pre-therapy monitoring
Anthracyclines
Trastuzumab
VSP antibodies
Other angiogenic inhibitors
Monitoring during therapy
Anthracyclines
Trastuzumab
VSP antibodies
Other angiogenic inhibitors
Post-therapy monitoring
Anthracyclines
Trastuzumab
VSP antibodies
Other anti-angiogenics

1 (1) [0-2.2]
0 (0)
15 (9) [4.7-13.3]
1 (1) [0-2.4]

8 (3) [0.9-5.1]
1 (1) [0-2.6]
83 (48) [40.5-55.5]
30 (29) [22.5-35.5]

241 (96) [93.6-98.4]
152 (99) [97.4-100]
74 (43) [35.6-50.4]
73 (70) [63.4-76.6]

9 (4) [1.6-6.4]
2 (1) [0-2.6]
26 (15) [9.6-20.4]
5 (5) [1.9-8.1]

105 (42) [35.9-48.1]
6 (4) [0.9-7.1]
98 (57) [49.6-64.4]
55 (53) [45.9-60.1]

136 (54) [47.8-60.2]
145 (95) [91.6-98.4]
48 (28) [21.3-34.7]
44 (42) [34.9-49.1]

37 (15) [10.6-19.4]
24 (16) [10.2-21.8]
50 (29) [22.2-35.8]
15 (14) [9-19]

90 (36) [30-42]
38 (25) [18.2-31.8]
98 (57) [49.6-64.4]
60 (58) [50.9-65.1]

123 (49) [42.8-55.2]
91 (59) [51.3-66.7]
24 (14) [8.8-19.2]
29 (28) [21.6-34.4]

The totals may reach a figure of less than 303 because of the lack of response to certain items. CI 95%, 95% confidence interval; VSP, vascular endothelium growth factor
signal pathway.
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FIGURES LEGENDS

Figure 1. Pre- (A), Per- (B), and Post-Therapy (C) Cardiovascular Assessment According to
the Prescribed Cancer Treatments
Results are expressed as percentage and 95% confidence interval. VSP, vascular endothelium
growth factor signal pathway.

Figure 2. Approach to the Onset of Left Ventricular Dysfunction in Relation to its Severity
and the Type of Cancer Therapy Used
Results are expressed as percentage and 95% confidence interval. HF, heart failure; LVEF,
left ventricular ejection fraction; VSP, vascular endothelium growth factor signal pathway.
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