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Abstract 

Background  Chemotherapy-related cardiotoxicity is a significant concern because it is a major cause of morbidity. 
This study aimed to provide in-depth information on the symptoms of chemotherapy-related cardiotoxicity (CRCT) 
by exploring literature that concurrently reports the types and symptoms of CRCT in patients with breast cancer.

Methods  A scoping review was performed according to an a priori protocol using the Joanna Briggs Institute’s 
guidelines. The participants were patients with breast cancer. The concept was the literature of specifically reported 
symptoms directly matched with CRCT and the literature, in English, from 2010, and the context was open. The search 
strategy included four keywords: “breast cancer,” “chemotherapy,” “cardiotoxicity,” and “symptoms.” All types of research 
designs were included; however, studies involving patients with other cancer types, animal subjects, and symptoms 
not directly related to CRCT were excluded. Data were extracted and presented including tables and figures.

Results  A total of 29 articles were included in the study, consisting of 23 case reports, 4 retrospective studies, 
and 2 prospective studies. There were no restrictions on the participants’ sex; however, all of them were women, 
except for one case report. The most used chemotherapy regimens were trastuzumab, capecitabine, and doxorubicin 
or epirubicin. The primary CRCT identified were myocardial dysfunction and heart failure, followed by coronary artery 
disease, pulmonary hypertension, and other conditions. Major tests used to diagnose CRCT include echocardiog‑
raphy, electrocardiography, serum cardiac enzymes, coronary angiography, computed tomography, and magnetic 
resonance imaging. In all case reports, CRCT was diagnosed through an incidental checkup according to the patient’s 
symptom presentation; however, only 10 of these studies showed a baseline checkup before chemotherapy. The 
five most common CRCT symptoms were dyspnea, chest pain, peripheral edema, fatigue, and palpitations, which 
were assessed by patient-reported symptom presentation rather than using a symptom assessment tool. Dyspnea 
with trastuzumab treatment and chest pain with capecitabine treatment were particularly characteristic. The time 
for first symptom onset after chemotherapy ranged from 1 hour to 300 days, with anthracycline-based regimens 
requiring 3–55 days, trastuzumab requiring 60–300 days, and capecitabine requiring 1–7 days.

Conclusions  This scoping review allowed data mapping according to the study design and chemotherapy regimens. 
Cardiac assessments for CRCT diagnosis were performed according to the patient’s symptoms. There were approxi‑
mately five types of typical CRCT symptoms, and the timing of symptom occurrence varied. Therefore, developing 
and applying a CRCT-specific and user-friendly symptom assessment tool are expected to help healthcare providers 
and patients manage CRCT symptoms effectively.
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Background
Breast cancer is currently the most common cancer 
worldwide. Its incidence and mortality rates in East 
Asia in 2020 accounted for 24% and 20% of the global 
rates, respectively, and these rates are expected to con-
tinue increasing until 2040 [1]. In the USA, since the 
mid-2000s, the incidence rate of breast cancer has been 
increasing by 0.5% annually, while the mortality rate has 
been decreasing by 1% per year from 2011 to 2020 [2]. 
Despite the improved long-term survival rate in patients 
with breast cancer due to the development of chemother-
apy, the literature has highlighted that cardiotoxicity, a 
cardiac problem caused by chemotherapy, could be a sig-
nificant cause of death among these patients [3]. Chemo-
therapy-related cardiotoxicity (CRCT) can interfere with 
cancer treatment and progress to congestive heart failure 
during or after chemotherapy [4], potentially lowering 
the survival rate and quality of life of patients with cancer 
[5].

The term cardiotoxicity was first used in the 1970s to 
describe cardiac complications resulting from chemo-
therapy regimens, such as anthracyclines and 5-fluo-
rouracil. The early definition of cardiotoxicity centered 
around heart failure, but the current definition is broad 
and still imprecise [6]. The 2022 guidelines on cardio-
oncology from the European Society of Cardiology (ESC) 
define cardiotoxicity as including cardiac dysfunction, 
myocarditis, vascular toxicity, arterial hypertension, and 
cardiac arrhythmias. Some of these definitions reflect 
the symptoms. For example, cardiac dysfunction, which 
accounts for 48% of cardiotoxicity in patients with can-
cer, is divided into asymptomatic and symptomatic 
cardiac dysfunction. Asymptomatic cardiac dysfunc-
tion is defined based on left ventricular ejection frac-
tion (LVEF), myocardial global longitudinal strain, and 
cardiac biomarkers. Symptomatic cardiac dysfunction 
indicates heart failure and presents with ankle swelling, 
breathlessness, and fatigue [7]. The ESC guidelines for 
heart failure present more than 20 types of symptoms [8]; 
however, to the best of our knowledge, few studies have 
been conducted to determine which heart failure symp-
toms and their characteristics are associated with CRCT 
in patients with breast cancer. Similarly, there is a lack of 
information related to vascular toxicity such as myocar-
dial infarction [7].

Professional societies in cardiology and oncology have 
proposed guidelines for the prevention and management 
of cardiotoxicity in patients with cancer. According to the 

American Society of Clinical Oncology and the ESC, it 
is recommended to identify high-risk patients, compre-
hensively evaluate clinical signs and symptoms associ-
ated with CRCT, and conduct cardiac evaluations before, 
during, and after chemotherapy [7, 9, 10]. In addition, 
guidelines for patients with cancer, including those for 
breast cancer survivorship care, emphasize that patients 
should be aware of the potential risk of CRCT and report 
symptoms, such as fatigue or shortness of breath to their 
healthcare providers [7, 11, 12]. Although these guide-
lines encompass cardiac monitoring as well as symptom 
observation, many studies have focused solely on objec-
tive diagnostic tests, such as echocardiography, cardiac 
magnetic resonance, and cardiac biomarkers [13–22], 
which means that there is little interest in CRCT symp-
toms in patients under breast cancer care.

This lack of interest in CRCT symptoms may be related 
to the absence of a specific symptom assessment tool for 
CRCT. Symptom monitoring of CRCT in patients with 
breast cancer was conducted through patient interviews 
and reported using the appropriate terminology [23]. In 
terms of interviews, patients with cancer experienced the 
burden of expressing symptoms between cardiovascular 
problems and cancer treatment. Qualitative research on 
patients with cancer indicates that these patients experi-
ence a daily battle to distinguish the symptoms they expe-
rience during chemotherapy [24]. To reduce the burden 
of identifying CRCT symptoms, it is crucial to educate 
patients with breast cancer undergoing chemotherapy 
about these symptoms. To report cardiotoxicity, health-
care providers in oncology can use a dictionary of terms 
called the Common Terminology Criteria for Adverse 
Events (CTCAE) for reporting adverse events in patients 
with cancer [25]. Patients can also use Patient-Reported 
Outcome (PRO), which allows unfiltered reporting of 
symptoms directly to the clinical database [26]. PRO con-
sists of 78 symptomatic adverse events out of approxi-
mately 1,000 types of CTCAE [27]. Basch et al. suggested 
that PRO could enable healthcare providers to identify 
patient symptoms before they worsen, thereby improving 
the overall survival rate of patients with metastatic can-
cer [28]. This finding implies that symptoms can provide 
valuable clues for enhancing the timeliness and accuracy 
of clinical assessments of CRCT [29]. Therefore, it is nec-
essary to explore the scope of research focusing on CRCT 
symptoms for prevention and early detection of CRCT in 
patients with breast cancer. The detailed research ques-
tions are as follows:
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1)	 What are the general characteristics of the studies 
related to CRCT in patients with breast cancer?

2)	 What diagnostic tools and monitoring practices are 
used to detect CRCT?

3)	 What are the characteristics and progression of 
symptoms associated with CRCT?

Methods
A scoping review is a research method for synthesiz-
ing evidence that involves mapping the scope of evi-
dence on a particular topic [30]. It aims to clarify key 
concepts and definitions, identify key characteristics of 
factors related to a concept, and highlight gaps or areas 
for further research [30]. This study used a scoping 
review methodology based on the Joanna Briggs Insti-
tute (JBI) framework. The JBI methodology, refined 
from the framework initially developed by Arksey and 
O’Malley [31], involves developing a research question, 
establishing detailed inclusion and exclusion criteria, 
and selecting and analyzing literature accordingly [32]. 
In contrast to systematic reviews, scoping reviews can 
encompass a variety of study designs and are particu-
larly suitable when the topic has not been extensively 
studied [33]; hence, the decision was made to conduct 
a scoping review.

Development of a scoping review protocol
To conduct this review, an a priori scoping review pro-
tocol was developed to enhance transparency and 
increase the usefulness and reliability of the results. The 
protocol included the title, objective, review questions, 
introduction, eligibility criteria, participants, concept, 
context, types of evidence source, methods, search strat-
egy, source of evidence selection, data extraction, data 
analysis and presentation, and deviation from the proto-
col [34] (Supplementary File 1).

Eligibility criteria
A participant-concept-context (PCC) framework was 
constructed based on the following research criteria. The 
participants were patients with breast cancer. The con-
cept was that studies that specifically reported symptoms 
directly matched to CRCT in patients with breast cancer 
and the literature, published in English since 2010, in line 
with the year the CRCT guidelines were announced by 
the Cardio-Oncology Society. The context was open. We 
included all types of research designs. The exclusion cri-
teria were studies that included patients with other types 
of cancer, involved animal subjects, and reported symp-
toms not directly related to CRCT.

Search strategy
The keywords consisted of “breast cancer,” “chemother-
apy,” “cardiotoxicity,” and “symptoms.” The keywords for 
“cardiotoxicity” were constructed according to the clini-
cal cardiotoxicity report and ESC guidelines [7, 35]. The 
keywords for “symptoms” included 40 specific symptoms 
of arrhythmia, heart failure, and cardiac problems [36, 
37] (Supplementary Table 1). We used PubMed, Embase, 
and CINAHL.

Source of evidence selection
Duplicate studies were removed using EndNote 21. The 
titles and abstracts were then reviewed according to the 
inclusion criteria, the primary literature was selected, 
and the final literature was selected through a full-text 
review. Any disagreements were resolved through discus-
sions between the investigators.

Data extraction
The data from the literature included the general char-
acteristics of the study, as well as information on the 
patients, chemotherapy, cardiotoxicity, and symptoms. 
The general characteristics of the study included author, 
publication year, country of origin, study design; patient 
information including sample size, sex, age, cancer type, 
and cancer stage; chemotherapy information includ-
ing chemotherapy regimen; cardiotoxicity information 
including type of cardiotoxicity, diagnostic tests, and 
times of assessment; and symptom information including 
type of symptom, characteristics of symptom worsening 
or improvement, onset time, progression time, and time 
to symptom improvement. Information on whether to 
receive chemotherapy after the diagnosis of cardiotoxic-
ity was explored.

Data analysis and presentation
The contents of the included studies were divided into 
three categories: (1) general characteristics, which 
encompassed study designs, patients, and medications; 
(2) type of CRCT and cardiac assessment for CRCT; and 
(3) characteristics and progression of the symptoms asso-
ciated with CRCT. CRCT symptom-related data are pre-
sented in tables and figures.

Results
In total, 487 studies were identified through database 
searches, and 116 duplicates were subsequently removed. 
After reviewing the titles and abstracts, we excluded 197 
studies in which participants had cancers other than 
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breast cancer, no symptoms, or symptom-related expres-
sions. Of the remaining 174 studies, 146 were excluded 
after full-text review. Among the excluded studies, 79 
were mainly clinical trials that the symptoms were not 
directly related to CRCT, 62 did not report specific 
symptoms, four were in the wrong population, and one 
was unavailable for full-text review. An additional study 
was included after a review of references, bringing the 
final count to 29 studies included in the analysis (Fig. 1).

General characteristics of studies including designs, sex 
and age, chemotherapy regimen, and CRCT criteria
Table 1 presents the general characteristics of the stud-
ies included in this review. The majority of these studies 
were published in the USA (n=14), with Japan (n=3), 
and Romania (n=2) following. The study designs pri-
marily consisted of case reports (n=23), retrospective 
studies (n=4), and prospective studies (n=2).

All case reports involved female patients, except for 
one involving a male patient. Five quantitative stud-
ies did not specify or limit the sex of the participants, 
and one retrospective study included only female 
patients. In terms of cancer stage, the majority of 
studies involved patients with advanced breast can-
cer (n=13), while a smaller number involved patients 
with early-stage breast cancer (n=4). Twelve stud-
ies did not specify the cancer stage. Approximately 20 
types of chemotherapy regimens are currently in use. 

Trastuzumab, which is a human epidermal growth fac-
tor receptor 2 (HER2) blocker, was mentioned in the 
majority of studies (n=8), followed by capecitabine (an 
antimetabolite) (n=7), and doxorubicin or epirubicin 
(anthracycline-based chemotherapy) (n=6). Current 
chemotherapy and previous treatment methods were 
described together, with the exception of eight stud-
ies. Six quantitative studies defined the CRCT crite-
ria, five of which were based on decreased LVEF and 
one of which was based on significant cardiac symp-
toms and/or electrocardiogram changes. Twenty-three 
case reports described the cardiovascular diagnosis as 
CRCT.

Diagnostic tools and monitoring practice for CRCT​
Table 2 displays the types of CRCT, diagnostic tools, and 
times of cardiac assessment according to chemotherapy 
regimens. The most prevalent CRCT were myocardial 
dysfunction and heart failure, identified in 12 case stud-
ies, respectively. This was followed by coronary artery 
disease, represented in 8 case studies, pulmonary hyper-
tension in 2 case studies, and a single case study of peri-
aortitis. The most used test for diagnosing CRCT was 
echocardiography (n=22), followed by EKG (n=20), vari-
ous types of cardiac enzymes (n=16), coronary angiog-
raphy (CAG, n=12), computed tomography (n=6), and 
magnetic resonance imaging (MRI, n=4). Regarding the 
CRCT symptom assessment tools, the CTCAE was used 

Fig. 1  Preferred reporting items for systematic reviews flowchart
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Table 2  Chemotherapy-related cardiotoxicities, diagnostic tools, and times of cardiac assessment according to chemotherapy 
regimens (n=29)

First author, year Administered 
chemotherapy

Type or criteria of 
chemotherapy-
related 
cardiotoxicity

Diagnostic tool Times of cardiac assessment

Regular checkup Incidental checkup 
by symptom 
presentationBefore 

treatment
During 
treatment

After treatment

▪ Anthracycline-based regimen

  Maria, 2020 Doxorubicin 
and cyclophospha‑
mide

NSTEMI, acute coro‑
nary syndrome

Echo, EKG, TMT, 
cardiac enzyme (CK, 
CK-MB, TnT), CAG​

√ √

  Javed, 2022 Doxorubicin 
and cyclophospha‑
mide

Pulmonary arterial 
hypertension

Echo, CAG​ √ √

  Russell, 2010 [39] Doxorubicin, 
cyclophosphamide, 
and paclitaxel 
with or without 
trastuzumab

Symptomatic heart 
failure

MUGA/Echo, chest 
X-ray, physical exam 
record, NYHA class, 
NCI-CTC 2.0

√ √ √

  Chang, 2016 Epirubicin Heart failure (by 
impaired RVLS-FW, 
LVGLS, LVEF)

Echo, cardiac 
enzyme (BNP), 
dyspnea assess‑
ment scale

√ √

  Inoue, 2017 Epirubicin 
and cyclophospha‑
mide

Periaortitis CT √

  Conte, 2022 Epirubicin 
and cyclophospha‑
mide

Heart failure (LVEF 
15%)

Echo, EKG, CMR √ √

▪ Human epidermal growth factor receptor 2 blockers

  Szmit, 2010 Trastuzumab Acute heart failure 
with LV thrombus

Echo, EKG, MRI, 
chest X-ray, cardiac 
enzyme (NT-
proBNP)

√ √

  Aldiab, 2010 [38] Trastuzumab Heart failure (EF 
drops by 10% 
of the original 
value or below the 
normal value)

MUGA or Echo, 
NYHA class

√ √

  Masson, 2013 Trastuzumab 10% decrease 
of LVEF or/and 
lower than 50%

Radionuclide ven‑
triculography, heart 
failure symptoms

√ √

  Beceanu, 2015 Trastuzumab Heart failure (car‑
diomyopathy)

Echo √ √ √

  Masson, 2020 Trastuzumab Acute heart failure 
with LBBB

Echo, EKG, cardiac 
enzyme (troponin), 
CT, MRI, CAG​

√ √ √

  Bendahou, 2022 Trastuzumab Heart failure: 
107(13.4%) 
(decrease 
in LVEF over 10% 
at the lower limit 
of normal of 50%)

Echo,
NYHA class

√ √ √

  Ushiyama, 2023 Trastuzumab, 
tamoxifen

Acute myocarditis, 
cardiac arrest

EKG, cardiac 
enzyme (CK, CK-MB, 
TnT, proBNP), CAG, 
myocardial biopsy

√ √

  Kwon, 2016 Trastuzumab 
emtansine

Pulmonary arterial 
hypertension

Echo, CT, ventilation 
perfusion scan, PFT, 
CAG, right-sided 
catheterization

√
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NSTEMI Non-ST segment elevation myocardial infarction, Echo Echocardiography, EKG Electrocardiogram, CK Creatine kinase, CK-MB Creatine kinase-myocardial 
band, TnT Troponin T, TMT Treadmill test, CAG​ Coronary angiography, MUGA​ Multigated acquisition scan, NYHA New York Heart Association, NCI-CTC​ National Cancer 
Institute-Common toxicity criteria, RVLS-FW Right ventricular longitudinal strain_free wall, LVGLS Left ventricular global longitudinal strain, LVEF Left ventricular 
ejection fraction, BNP Brain natriuretic peptide, CT Computed tomography, CMR Cardiac magnetic resonance imaging, MRI : Magnetic Resonance Imaging, PFT 
Pulmonary function test, STEMI ST elevated myocardial infarction, TnI Troponin I

Table 2  (continued)

First author, year Administered 
chemotherapy

Type or criteria of 
chemotherapy-
related 
cardiotoxicity

Diagnostic tool Times of cardiac assessment

Regular checkup Incidental checkup 
by symptom 
presentationBefore 

treatment
During 
treatment

After treatment

▪ Antimetabolites

  Güvenç, 2012 Capecitabine STEMI, Acute coro‑
nary syndrome

CAG, EKG, cardiac 
enzyme

√

  Saeed, 2018 Capecitabine Coronary vasos‑
pasm

EKG, cardiac 
enzyme (CK, 
CK-MB), Echo, MRI

√

  Powers, 2020 Capecitabine Coronary vasos‑
pasm, Takotsubo 
cardiomyopathy

EKG, cardiac 
enzyme(troponin), 
Echo, CAG​

√

  Mazek, 2021 Capecitabine Coronary vasos‑
pasm

EKG, cardiac 
enzyme (troponin), 
CAG​

√

  Muco, 2022 Capecitabine Coronary vasos‑
pasm (ventricular 
fibrillation)

CT, Echo, EKG, car‑
diac enzyme, CAG​

√

  Henry, 2016 Capecitabine 
and lapatinib

Coronary vasos‑
pasm

CT, Echo, EKG, 
cardiac enzyme 
(troponin)

√

  Polk, 2016 [40] Capecitabine 
with or without 
trastuzumab

Symptoms of likely 
cardiac origin, EKG 
change

NCI CTC v3.0, EKG, 
cardiologist’s review

√ √

▪ Taxol-based regimen

  Johnson, 2017 Taxol, tamoxifen, 
carboplatin

Acute coronary 
syndrome

CAG, EKG, Echo, car‑
diac enzyme (TnI)

√

  Hartopo, 2020 Taxane Heart failure EKG, Echo √ √
  Bhattacharya, 
2021

Docetaxel, cyclo‑
phosphamide

Takostubo cardio‑
myopathy

EKG, Echo, CAG, left 
heart catheteriza‑
tion

√

▪ Abemaciclib based regimen

  Oyakawa, 2021 Abemciclib,
fulvestrant

Heart failure
(myocardial dys‑
function)

EKG, Echo, cardiac 
enzyme (BNP, TnI), 
chest X-ray, MRI

√ √

  Ahmad, 2023 Abemaciclib, 
letrozole

Heart failure (LVEF 
43%)

EKG, Echo, CMR, 
chest X-ray

√

▪ Others

  Santiago, 2013 Ixabepilone EKG change, R/O 
acute heart failure 
with cardiogenic 
shock

CT, EKG, cardiac 
enzyme (TnI, BNP)

√ √

  Guta, 2016 Cyclophosphamide Heart failure (A-fib) Echo, EKG, cardiac 
enzyme(proBNP)

√

  Angelini, 2023 Vinorelbine, cispl‑
atin, trastuzumab, 
pertuzumab, 
paclitaxel, and romi‑
plostim

Coronary vasos‑
pasm, Takotsubo 
cardiomyopathy

EKG, Echo, cardiac 
enzyme (high-
sensitivity troponin, 
BNP), CAG​

√
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in two studies, the New York Heart Association classifi-
cation for heart failure in two studies, the dyspnea assess-
ment scale in one study, and symptoms of cardiac origin, 
which consisted of chest pain, dyspnea, and palpitations 
in one study.

Regarding the times of cardiac evaluation, two studies 
performed regular cardiac checkups including before, 
during, and after chemotherapy. There were 10 case stud-
ies and six quantitative studies describing cardiac func-
tion testing before chemotherapy, of which seven studies 
performed regular cardiac screening tests and two stud-
ies mentioned cardiac screening even after the comple-
tion of chemotherapy. The frequency of regular checkups 
varied from every 3 months to every two to four cycles. 
In all case reports (n=23), CRCT were diagnosed 
through incidental checkups based on patients’ symptom 
presentation, and in most cases, several tests were per-
formed subsequentially for CRCT diagnosis. In one case 
study, cardiac evaluation was conducted 3 days after the 
patient’s initial symptom presentation, when the symp-
toms became more severe.

Characteristics and progression of symptoms associated 
with CRCT​
Table 3 shows the descriptive scope of the CRCT-related 
symptoms according to the chemotherapy regimens used 
in the included studies. The mapping factors included 
initial symptoms, symptom onset or severity, symptom 
progression, medical management, and CRCT results. 
One of the most frequent symptoms associated with 
CRCT was dyspnea, which was discussed in 19 stud-
ies and described as difficulty in breathing, shortness of 
breath, or New York Heart Association (NYHA) class II 
or III. When dyspnea appeared as the initial symptom of 
CRCT, the symptom progression was worsening in eight 
case studies and persistent in two cases. Chest pain was 
described in 12 studies as a symptom characterized by a 
squeezing, tingling, burning, tightened, or atypical feel-
ing that was relieved by rest and exacerbated by exer-
tion. Other symptoms included peripheral edema (n=6), 
fatigue (n=5), and palpitation (n=2). The symptoms were 
assessed by patient-reported symptom presentation 
rather than using a symptom assessment tool.

The symptoms could be categorized based on the type 
of chemotherapy regimens used. In the case studies 
involving anthracycline-based regimen and HER2 block-
ers, dyspnea was the most frequently observed symptom 
(n=7), followed by peripheral edema (n=2), and chest 
pain or discomfort (n=2). In case studies where antime-
tabolites were used, specifically capecitabine, chest pain 
was a common and prominent symptom. This chest pain 
typically manifested between 1 and 7 days after drug 

administration and persisted until treatment. Nota-
bly, four out of seven patients reported this symptom 
on the first day of chemotherapy, according to the case 
reports. The time for first symptom onset after chemo-
therapy ranged from 1 hour to 300 days, with anthracy-
cline-based regimens requiring 3–55 days, trastuzumab 
requiring 60–300 days, and capecitabine requiring 1–7 
days. Figure  2 shows the progression of symptoms in 
case studies, detailing the time of symptom onset, the 
date of symptom reporting, and the date of treatment 
completion following the use of chemotherapy. The 
studies that did not specify any of the dates of symp-
tom onset, reporting, and completion of treatment were 
excluded from the figure.

Figure 3 shows symptoms according to the main types 
of chemotherapy regimens reported in case studies. 
Dyspnea with trastuzumab and chest pain with capecit-
abine are particularly characteristic. A retrospective 
study included in this scoping review reported that chest 
pain was the most common symptom associated with 
capecitabine, followed by dyspnea and palpitation [40]. 
Furthermore, peripheral edema was primarily observed 
with anthracycline, alkylating, and HER2 blockers, while 
fatigue was noted with various anticancer drugs, irre-
spective of the type of chemotherapy regimen.

Ongoing chemotherapy was discontinued after CRCT 
was detected in 20 case studies. When patients pre-
sented symptoms indicative of CRCT, the majority were 
promptly hospitalized for further evaluation, medica-
tion, or interventional treatment. The majority of stud-
ies indicated the initiation of cardiac medication (n=21), 
with three case studies involving coronary intervention 
and two involving treatment with wearable devices. Most 
management procedures were conducted in a general 
ward or an intensive care unit.

In most case studies, symptoms improved follow-
ing cardiac treatment, with either complete or partial 
recovery of LVEF observed in 19 instances. However, 
a few studies reported a poor prognosis, including two 
instances of death. LVEF recovered in most patients 
within 6 months when treated with an anthracycline-
based regimen and HER2 blockers (Fig. 2). A retrospec-
tive study reported that the rates of complete or partial 
recovery of CRCT following treatment with doxorubicin-
based chemotherapy and trastuzumab were 42.9% and 
86.1%, respectively [39]. Another retrospective study 
noted that the recovery time of CRCT when treated with 
HER2 blockers increased in correlation with the severity 
of the NYHA class, ranging from 8 to 80 weeks [38]. In 
the case of the antimetabolite capecitabine, all patients 
recovered within a day to a week, except one patient who 
did not recover.
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Fig. 2  Symptom progression by chemotherapy regimens in case studies (n=7). Note.  The yellow star symbol means the date of symptom 
onset.   The blue triangle symbol means the date of diagnosis of CRCT. The green circle   symbol means the date of treatment 
finished.   The red line represents the period from symptom onset to diagnosis of CRCT.   The green line represents the period 
from symptom onset to the finished treatment of the symptom

Fig. 3  Proportion of symptoms according to major chemotherapy regimens in the studies (n=15). Note.  In the case studies using 
an Anthracycline-based regimen (n= 4), dyspnea, chest pain, peripheral edema, and fatigue were reported in 2 cases, 1 case, 1 case, and 1 case, 
respectively.  In the case studies using human epidermal growth factor receptor 2 blockers (n=5), dyspnea, chest pain, peripheral edema, 
and fatigue were reported in 5 cases, 2 case, 1 case, and 1 case, respectively.  In the case studies using antimetabolites (n=6), dyspnea, chest pain, 
peripheral edema, and fatigue were reported in 0 case, 6 cases, 0 case, and 1 case, respectively. Duplicates are present in studies
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Discussion
This scoping review was conducted to explore the scope 
of studies focusing on CRCT symptoms, including the 
general characteristics of the studies, diagnostic tools, 
monitoring practices related to detecting CRCT, and 
the characteristics and progression of symptoms asso-
ciated with CRCT. The primary findings of this review 
were as follows: (1) common symptoms related to CRCT 
and differences in symptoms according to the chemo-
therapy regimens used were identified; (2) the symptoms 
reported by the patient served as clues to suspect a spe-
cific type of CRCT; and (3) regular monitoring practices 
for CRCT prevention and detection were insufficient.

First, the current study identified common symptoms 
such as dyspnea, chest pain, peripheral edema, fatigue, 
and palpitation associated with CRCT, as well as vari-
ations in symptoms depending on the chemotherapy 
regimen used in patients with breast cancer. Among 
these symptoms, dyspnea, edema, and chest pain were 
frequently observed in patients receiving anthracy-
cline-based and/or HER2 blocker drugs. These symp-
toms, which are associated with heart failure, appeared 
later compared to those observed with capecitabine, as 
depicted in Fig. 2. This may be due to the known impact 
of anthracycline-based and/or HER2 blocker regimens 
on cardiomyocytes and other cells, leading to myocar-
dial damage [42]. Therefore, the symptoms are related to 
heart failure, potentially resulting from the impairment 
of ventricular filling or ejection in patients undergoing 
treatment with these regimens [43].

In a similar vein, Attin et  al. (2022) documented the 
occurrence of symptoms such as lower extremity edema, 
chest pain, difficulty breathing, and fatigue before the 
diagnosis of CRCT in women undergoing breast cancer 
treatment. They conducted a retrospective and longitu-
dinal investigation of the symptoms, signs, and cardiac 
tests of 15 patients who experienced CRCT, using their 
electronic medical records. In their study, cardiotoxic-
ity was defined by an echocardiogram or MRI showing 
a decrease in LVEF of 5 to 10%, with a specialist’s con-
firmation note. They compared the number of symptom 
occurrences during the first half of the year with those 
during the second half of the year prior to the diagnosis 
of cardiotoxicity. Specifically, the frequency of lower-
extremity edema significantly increased from three 
occurrences in the first half of the year to 17 occurrences 
in the second half of the year. The frequency of symptoms 
for dyspnea and chest pain also increased from 10 and 8 
times, respectively, to 16 and 14 times in the second half 
of the year. While there was limited information on the 
doses or timing of chemotherapy, 87% of the patients 
received the same chemotherapy regimens, namely 
anthracyclines and/or HER2 blockers [44]. This suggests 

that the increase in symptom occurrence over time may 
be related to the accumulation of anthracycline and the 
duration of anti-HER2 therapy [45].

Salyer et  al. (2019) conducted a study on the preva-
lent symptoms of heart failure and their clustering. They 
identified three symptom clusters: sickness behavior, 
gastrointestinal disturbance, and discomfort of illness. 
Notably, dyspnea, edema, and pain were grouped into the 
discomfort of illness cluster, which aligns with the symp-
toms we observed in patients treated with anthracyclines 
and/or HER2 blockers [46]. Therefore, it is crucial for 
patients undergoing treatment with anthracyclines and/
or HER2 blockers to be vigilant for symptoms such as 
dyspnea, edema, or chest pain, as these are indicative of 
heart failure.

Chest pain caused by vasospasm was a predominant 
symptom in patients taking antimetabolite regimens such 
as oral capecitabine, and it manifested as the following 
types of cardiotoxicities: vasospasm-related arrhythmia, 
myocardial disease, and ischemia [47]. Vasospasm can 
be triggered by endothelial dysfunction, hypersensi-
tive vascular smooth muscle, reactive oxidative stress, 
or chemotherapy regimens [48, 49]. According to previ-
ous studies, in patients using antimetabolite drugs such 
as 5-fluorouracil or capecitabine, chest pain was usually 
reported to occur from several hours to 72 hours after 
the first administration [47, 50–53]. To detect chemo-
therapy-related coronary vasospasm in the early stage, 
it is recommended to carefully monitor typical or atypi-
cal symptoms of chest pain and EKG monitoring during 
drug infusion [54]. Muco et  al. (2022) reported severe 
outcomes resulting from delayed management of vasos-
pastic angina symptoms. The patient’s cardiac evaluation 
was performed 3 days after the onset of symptoms, and 
unfortunately, she did not recover from brain damage 
caused by coronary vasospastic sequelae. The authors 
stressed the importance of medical teams recognizing 
the symptoms of CRCT through vigilant monitoring and 
patient education [55].

As seen in the symptoms of CRCT caused by heart 
failure and vasospasm, careful observation of symptoms 
and conducting appropriate tests are crucial to prevent 
cardiotoxicity and minimize damage. These character-
istics of CRCT and the associated symptoms related to 
chemotherapy regimens can provide crucial educational 
content for healthcare providers and patients preparing 
for chemotherapy. In addition, CRCT and symptom pro-
gression according to chemotherapy regimens could be 
used to formulate research questions for future system-
atic reviews.

Second, the preventive management of CRCT neces-
sitates adherence to recommended guidelines. The 
2022 ESC guidelines on cardio-oncology have updated 
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the classification of CRCT and the monitoring pro-
tocols based on the chemotherapy regimens used [7]. 
The CRCT identified in the current study aligns with 
the drug toxicity outlined in the 2022 ESC guidelines. 
These guidelines advocate for regular cardiac monitor-
ing before, during, and after chemotherapy to prevent 
and manage CRCT induced by anthracycline and HER2 
blockers [7, 12]. In this scoping review, two of 23 records 
described cardiac monitoring before, during, and after 
chemotherapy. An Australian multicenter study revealed 
that 59% of patients were referred to a cardiologist before 
CRCT occurred, but only 15% of patients diagnosed 
with CRCT had consulted a cardiologist before chemo-
therapy [41]. Given the declining mortality rates among 
cancer patients, managing CRCT requires a collaborative 
approach between oncology and cardiology to minimize 
mortality and morbidity in patients with breast can-
cer undergoing chemotherapy [7]. Therefore, it remains 
crucial to emphasize adherence to cardiac monitoring 
guidelines and foster cooperation between oncology and 
cardiology.

Additionally, symptom assessment is important for 
the early detection of patients with CRCT. The studies 
included in the current scoping review assessed whether 
patients’ symptoms could detect CRCT using interviews 
with patients, the New York Heart Association classifica-
tion, a dyspnea assessment scale, and CTCAE tools. The 
United States National Cancer Institute recommends 
that healthcare providers use CTCAE and patients with 
cancer use PRO to report adverse events, including 
symptoms. CTCAE is a broad and comprehensive termi-
nology that encompasses adverse events related to cancer 
treatment, has been used since the 1980s [25], and is not 
specialized in cardiotoxicity. Additionally, a discrepancy 
between CTCAE and PRO discovered that healthcare 
providers often underestimate both the incidence and 
duration of symptoms compared to the patients [56–58]. 
Specifically, healthcare providers tend to report symp-
tom severity as lower than that reported by patients. For 
instance, there are notable discrepancies between health-
care providers and patients when reporting severe or very 
severe symptoms of fatigue, dyspnea, and limb edema in 
patients with early-stage breast cancer undergoing chem-
otherapy. The reported rates were 8% and 22% for fatigue, 
0% and 4% for dyspnea, and 0% and 5% for limb edema, 
from healthcare providers and patients, respectively. 
Therefore, it is necessary to develop a user-friendly ques-
tionnaire to assess the various symptoms of CRCT.

Finally, we found that once CRCT was confirmed, car-
diac treatment was promptly initiated and chemotherapy 
was frequently halted until CRCT resolution. A Delphi 

study on the use of anthracycline and trastuzumab pro-
posed altering the treatment schedule or discontinuing 
treatment until there was an improvement in LVEF [59]. 
However, the professional societies did not provide defin-
itive recommendations regarding continuing or ceasing 
ongoing chemotherapy. Instead, they suggested that the 
decision to continue or discontinue ongoing chemother-
apy should be made based on the patient’s potential risks 
and benefits [60]. For example, Polk et al. (2016) reported 
that out of 22 patients with CRCT resulting from capecit-
abine, six continued medications with or without cardiac 
treatment; some of these patients experienced the same 
symptoms, while others did not exhibit significant symp-
toms [40]. Further research is required to explore the 
continuation or discontinuation of chemotherapy when 
CRCT is confirmed.

This study has some limitations. First, although we 
did not restrict the patients’ sex when reviewing the lit-
erature, most patients, except for one, were female. This 
may be related to the lower incidence of breast cancer 
in men. Second, although this scoping review mapped 
CRCT symptoms according to chemotherapy regimens, 
including anthracycline-based drugs, HER2 blockers, and 
antimetabolites, it did not cover cardiotoxicity related to 
other types of chemotherapy regimens. Thus, exploring 
the symptoms by focusing on expanded chemotherapy 
regimens and cardiovascular toxic diseases will assist in 
overcoming this limitation. Third, of the 29 studies, 23 
were case reports with some grey literature, which may 
be justified by the nature of scoping reviews that allow 
for inclusion irrespective of the data source [61] and the 
study type. Experimental or observational clinical studies 
use objective criteria, such as diagnostic tests to generate 
primary evidence. However, case reports have led to new 
medical discoveries regarding the prevention and treat-
ment of diseases [62]. Given the nature of case reports, 
specific symptoms that could provide clues for evaluat-
ing CRCT in patients with breast cancer are most often 
found in these reports. We incorporated grey literature 
to gather more comprehensive information on CRCT-
related symptoms. However, to mitigate the potential 
issue of unverified quality in grey literature, we initially 
organized 16 studies from peer-reviewed literature and 
subsequently incorporated the grey literature into our 
findings. This approach helped to clarify the results of the 
peer-reviewed literature, particularly the types of chemo-
therapy regimens [63]. Finally, regarding the literature 
selection criteria, we examined articles written in English 
and published since 2010, the year the cardio-oncology 
guidelines were announced, thereby excluding articles 
published before 2010.
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Conclusion
This scoping review allowed data mapping according 
to the study design and chemotherapy regimens. The 
key messages included a type of CRCT, cardiac assess-
ment, and in-depth information regarding the CRCT 
symptoms. There were approximately five typical CRCT 
symptoms, including dyspnea, chest pain, peripheral 
edema, fatigue, and palpitations, and the timing of symp-
tom occurrence varied. The symptoms were assessed by 
patient-reported symptom presentation rather than using 
a symptom assessment tool. Therefore, developing and 
applying a CRCT-specific and user-friendly symptom 
assessment tool are expected to help healthcare providers 
and patients manage CRCT symptoms effectively.
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