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ABSTRACT: Patients with cancer experience significant emotional, physical, and inflammatory stress, which can lead to 
Takotsubo cardiomyopathy (TCM), a reversible but acute type of ventricular failure. Understanding how TCM manifests in 
oncology is essential, as it frequently resembles acute coronary syndrome and overlaps with chemotherapy-related toxicity. In this 
systematic review of case reports, series, and registry data, we found that both malignancy itself and anti‑neoplastic therapies are 
credible precipitants of TCM. Across more than 40 published cases, patients typically presented with chest pain, ST‑segment 
changes, modest troponin elevation, and unobstructed coronaries. Imaging revealed transient apical ballooning and recovery of 
ejection fraction within weeks of drug withdrawal. Severe complications such as ventricular arrhythmias, thrombus formation, 
and embolic stroke were occasionally reported, and rechallenge with fluoropyrimidines carried a risk of recurrence. Overall, this 
review synthesized case‑level evidence to clarify the presentation and mechanisms of TCM in oncology patients, with three 
main findings: (1) diagnostic features and clinical outcomes, (2) anti-neoplastic drugs most consistently associated with TCM, 
and (3) management strategies, including risks noted with rechallenge. These findings suggest that oncologists and cardiologists 
should maintain a low threshold for suspecting TCM in cancer patients presenting with ACS-like features, particularly during 
early cycles of fluoropyrimidines, HER2-targeted agents, and immune checkpoint inhibitors. Future research should prioritize 
prospective registries and mechanistic studies to guide evidence-based cardioprotective strategies in this vulnerable population.

KEYWORDS: Translational Medical Sciences, Disease Detection and Diagnosis, Cardio-oncology, Takotsubo Cardiomyopathy, 
Anti-neoplastic Agents. 

�   Introduction
Cardio‑oncology faces a persistent challenge in distinguish-

ing chemotherapy‑induced cardiotoxicity from other cardiac 
events in patients undergoing systemic anti‑neoplastic thera-
pies. Many of these patients already carry cardiovascular risk 
factors or preexisting disease, while simultaneously experienc-
ing substantial physical and emotional stress during diagnosis 
and treatment.1 Misattributing cardiac injury can have serious 
consequences: failing to recognize drug‑related toxicity risks 
progressive, potentially irreversible damage, whereas wrongly 
discontinuing an effective anti‑cancer agent for a non‑drug 
cardiac event may compromise oncologic outcomes and sur-
vival.1,2 This clinical uncertainty highlights a pressing research 
gap in understanding stress‑related cardiomyopathies within 
oncology. 

Takotsubo cardiomyopathy (TCM) exemplifies this gap. It 
is a reversible, stress‑related left‑ventricular dysfunction that 
mimics Acute Coronary Syndrome (ACS) with chest pain, ECG 
changes, and modest troponin elevation but no obstructive 
coronary disease on angiography.1,2 The prototypical imaging 
pattern is transient apical ballooning with basal hyperkinesis.3 
Although uncommon in the general population, registry and 
pooled analyses indicate that cancer is disproportionately rep-
resented among TCM cohorts, with prevalence estimates of 
10–17% in modern series.4 Importantly, oncology‑associat-
ed TCM appears more often linked to physical stressors and 

carries worse short‑term outcomes than emotionally triggered 
cases.2,4 

Case reports and small series further support this associa-
tion, implicating several anti‑neoplastic agents as temporal 
triggers of TCM. Fluoropyrimidines such as 5‑fluorouracil and 
capecitabine are the most consistently reported, but targeted 
therapies, including trastuzumab and bevacizumab, have also 
been reported.1,5,6 These observations suggest that both cancer 
itself and its treatments act as precipitating factors.

Despite many reports, important uncertainties remain. Many 
reports lack complete diagnostic workups (for example, cardiac 
MRI or biopsy to exclude myocarditis), so attributing a single 
chemotherapeutic drug as the cause is therefore uncertain.2,6 
Researchers caution that the psychological stresses of cancer 
care itself could induce TCM-like syndromes, so we must be 
careful before labeling an agent as definitively causative.2 Taken 
together, the literature supports an association between cancer 
care and TCM, but also reveals inconsistent diagnostic com-
pleteness and variations in the reporting of timing, severity, and 
outcomes.1,2 

To address these gaps, this study compiles over 40 pub-
lished case reports into a structured spreadsheet, creating an 
international case‑level registry analysis. The review offers a 
unified viewpoint on Takotsubo cardiomyopathy in oncology 
by methodically extracting clinical presentation, diagnostic 
results, treatment approaches, and outcomes. The purpose of 
this synthesis is to shed light on diagnostic trends, identify the 
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drug classes most frequently involved, and guide useful man-
agement choices in cardio-oncology. 

�   Methods
This study examined the prevalence and features of Ta-

kotsubo cardiomyopathy (TCM) in cancer patients, with an 
emphasis on cases associated with anti-neoplastic treatments. 
The objective was to compile disparate case-level material 
into an organized study that could shed light on manage-
ment tactics, implicated agents, and diagnostic characteristics. 
This work was conducted as a literature review rather than an 
in‑field clinical study. The dataset was built from published 
case reports, case series, registry analysis, and previous reviews. 
Keyword combinations like “Takotsubo Cardiomyopathy,” 
“TCM,” “TTS,” “Stress-Cardiomyopathy,” “apical ballooning,” 
“cancer,” “chemotherapy,” “antineoplastic,” and agent-specif-
ic terms like “5-fluorouracil,” “capecitabine,” “trastuzumab,” 
“bevacizumab,” and “immune checkpoint inhibitor” were used 
to collect data from PubMed/MEDLINE and ClinicalTrials.
gov. Titles and abstracts were screened, full texts reviewed, 
and reference lists hand‑searched to capture additional cases. 
Over 40 published case reports and series were extracted into 
a standardized spreadsheet documenting patient demograph-
ics, cancer type, drug exposure and timing, diagnostic findings, 
management, and outcomes, allowing comparison across cases 
and identification of recurring patterns. All information was 
derived from peer-reviewed sources, and no laboratory or clin-
ical experimentation was performed; accordingly, no ethical 
approval or human or animal subject considerations were re-
quired.

Overview of Takotsubo Cardiomyopathy :
Takotsubo Cardiomyopathy (TCM), first characterized in 

Japan in the early 1990s, is a transient syndrome of left ventric-
ular systolic dysfunction that commonly presents like an Acute 
Coronary Syndrome (ACS) with chest pain, ischemic electro-
cardiographic (ECG) changes, and modest troponin rise, yet 
without Obstructive Coronary Disease on angiography.1,3 The 
term “takotsubo” refers to the Japanese octopus trap-like shape 
formed by akinetic apical segments on ventriculography, while 
the basal segments remain hyperkinetic.3 Clinically, patients 
may present with chest pain, dyspnea, syncope, or hemody-
namic compromise; complications can include heart failure, 
arrhythmia, left ventricular thrombus, embolic events, cardio-
genic shock, and, very rarely, death.1,5  

Epidemiology and Clinical Patterns :
TCM is uncommon in the general population but is well 

documented across large registries and cohort studies. Modern 
registries show that over 90% of the typical patient is an old-
er woman, predominantly in the postmenopausal age group, 
and many cases follow an identifiable emotional or physical 
stressor.5,7,8 As said before, TCM accounts for approximately 
1–3% of patients presenting with a clinical picture sugges-
tive of ACS.1,7 Emotional or physical stressors are identified 
in about two-thirds of cases, though up to one-third have no 
apparent precipitant.8 The InterTAK registry highlighted that 

neurologic disease and psychiatric disorders are more prevalent 
in patients with TCM compared with other Acute Coronary 
Syndromes, suggesting a role for neurohumoral and stress-me-
diated pathways.8

Pathophysiology:
The pathophysiology of TCM is multifactorial, with 

sympathetic nervous system activation at its core. Early de-
scriptions (1990s) by Dote and colleagues reported patients 
with multivessel coronary vasospasm producing reversible 
myocardial dysfunction, suggesting that epicardial spasm 
may explain a subset of cases.3 However, the pivotal study by 
Wittstein et al. demonstrated markedly elevated plasma cat-
echolamine levels in patients with TCM, several-fold higher 
than in patients with ST-elevation MI, supporting a central 
catecholamine-mediated injury.9 At the myocardial level, ex-
cess catecholamines produce intracellular calcium overload, 
cAMP-mediated metabolic stress, and maladaptive β-adren-
ergic signaling, including a proposed β2-adrenergic switch 
to Gi coupling, changes that can provoke reversible myocyte 
stunning and regional wall-motion abnormalities characteris-
tic of TCM.1,8,9 Coronary microvascular dysfunction has been 
shown by multimodality imaging and physiological studies, 
and likely causes transient tissue hypoperfusion even when 
epicardial arteries are angiographically normal.8,10 Early re-
ports of simultaneous multivessel epicardial spasm indicate 
that coronary vasospasm explains a minority of cases in which 
spasm is demonstrable or provoked. The strong predominance 
of the postmenopausal age group of women and older patients 
points to sex- and age-related modifiers of susceptibility, such 
as loss of estrogenic cardioprotection and altered adrenergic or 
endothelial responsiveness.4,8 Genetic and molecular predispo-
sitions have been proposed but remain incompletely defined 
and definitely need further investigation.4,8 Figure 1 illus-
trates the prevailing model, in which an acute trigger induces 
a catecholamine surge that injures a susceptible myocardium 
through direct myocyte effects, microvascular dysfunction, and 
occasionally, epicardial spasm, producing the transient regional 
systolic failure seen in TCM.1,3,8,9,10 
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Figure 1: Diagram illustrating the pathophysiology of Takotsubo 
Cardiomyopathy. A catecholamine surge triggered by acute emotion or 
physical stimuli acts on β1- and β2-adrenergic receptors, producing direct 
myocardial injury, intracellular calcium overload, cAMP-mediated stress, 
and regional wall-motion abnormalities. These processes produce the 
characteristic left-ventricular contraction pattern, with apical akinesis or 
dyskinesis and basal hyperkinesis, which defines the typical presentation of 
TCM. Image reproduced from: Díaz-Navarro, R. Takotsubo Syndrome: The 
Broken-Heart Syndrome. British Journal of Cardiology 2021. https://doi.
org/10.5837/bjc.2021.011. 
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Diagnostic Considerations:
Clinically, TCM must be distinguished from Acute Myo-

cardial Infarction. Angiography remains essential to exclude 
obstructive coronary disease.8 Multimodality imaging, in-
cluding ECG and cardiac magnetic resonance, refines the 
diagnosis by characterizing ventricular morphology, ruling out 
myocarditis, and detecting complications such as thrombus. 
The Mayo Clinic criteria remain widely used for case defini-
tion and research purposes.11 Common diagnostic findings are 
summarized below in Figures 2 and 3. 

Mayo Clinic Diagnostic Criteria for Takotsubo Cardiomy-
opathy:11 

1. Transient hypokinesis, akinesis, or dyskinesis of left 
ventricular mid-segments with/without apical involvement, 
regional wall motion abnormality extending beyond a single 
vascular territory, and a stressful trigger are often, but not al-
ways, present; 

2. Absence of angiographic evidence of obstructive coronary 
disease or plaque rupture; 

3. New ECG abnormalities consisting of ST elevation and/
or T wave inversion with modest elevation in cardiac troponins; 

4. Absence of pheochromocytoma and myocarditis 
Electrocardiographic changes in TCM typically follow a 

dynamic pattern, evolving from initial ST-segment elevation 
to T-wave inversion and QT prolongation over days to weeks. 
Figure 2 illustrates these characteristic ECG alterations and 
their differential value relative to true myocardial infarction.

Imaging is central to confirming the diagnosis of TCM, with 
coronary angiography used to exclude obstructive coronary 
disease and left ventriculography documenting the hallmark 
apical ballooning pattern. Figure 3 presents representative an-
giographic and ventriculographic findings from a typical TCM 
case, with arrows indicating the absence of obstructive lesions 
and panels demonstrating systolic apical ballooning with basal 
hyperkinesis.

TTS And Cancer :
Cancer, a complex and long-term condition, can heighten 

the risk of Takotsubo Cardiomyopathy (TCM) due to the in-
tense emotional and physical stress it causes. Emotional strain 
from diagnosis, chronic inflammation seen in many malig-
nancies, and the physical toll of the disease or surgery are all 
recognized contributors to TCM.1 Some studies also suggest 
that paraneoplastic mediators may interfere with cardiac ad-
renoreceptors, potentially leading to contractile dysfunction.14 
Cancer-related pain crises can also contribute to TCM devel-
opment. The prevalence of malignancy in patients diagnosed 
with TTS is substantial, ranging from 4% to 29% across various 
studies, with some registries reporting rates as high as 15.8%. 
This indicates a notable overrepresentation of cancer patients 
within TCM cohorts when compared to the general popula-
tion.14 These overlapping factors such as emotional distress, 
inflammation, treatment-related stressors, and paraneoplastic 
signaling are visually illustrated in Figure 4 (Figure 4).
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Figure 2: Electrocardiographic (ECG) alterations are commonly observed 
in Takotsubo cardiomyopathy (TCM). These changes often mimic acute 
coronary syndromes, with ST‑segment elevation in precordial leads being the 
most frequent finding. At the same time, ST depression, bundle branch block, 
and transient Q waves occur less often. T‑wave inversion and QT prolongation 
are characteristic of the recovery phase, evolving over days to weeks, and may 
predispose patients to arrhythmias. To differentiate TCM from myocardial 
infarction and provide appropriate treatment, it is crucial to recognize this 
dynamic pattern of ECG anomalies. Image reproduced from: Pillitteri, M.; 
Brogi, E.; Piagnani, C.; Bozzetti, G.; Forfori, F. Perioperative Management of 
Takotsubo Cardiomyopathy: An Overview. Journal of Anesthesia, Analgesia 
and Critical Care 2024, 4 (1). https://doi.org/10.1186/s44158-024-00178-y.

Figure 3: Typical TCM imaging. Coronary angiography in Panels A–C 
reveals no obstructive coronary artery disease (angiographic views are 
indicated by arrows). Panels D–E: left Ventriculography showing relative basal 
hyperkinesis and systolic apical ballooning. Image reproduced from: Citro, 
R.; Okura, H.; Ghadri, J. R.; Izumi, C.; Meimoun, P.; Izumo, M.; Dawson, 
D.; Kaji, S.; Eitel, I.; Kagiyama, N.; Kobayashi, Y.; Templin, C.; Delgado, V.; 
Nakatani, S.; Popescu, B. A.; Bertrand, P.; Donal, E.; Dweck, M.; Galderisi, 
M.; Haugaa, K. H. Multimodality Imaging in Takotsubo Syndrome: A 
Joint Consensus Document of the European Association of Cardiovascular 
Imaging (EACVI) and the Japanese Society of Echocardiography ( JSE). 
European Heart Journal - Cardiovascular Imaging 2020, 21 (11), 1184–1207. 
https://doi.org/10.1093/ehjci/jeaa149. 

Figure 4: Through several interrelated processes, cancer may increase 
susceptibility to Takotsubo cardiomyopathy. While the disease itself and 
associated surgical treatments cause severe physical strain, the diagnosis and 
progression of cancer can cause substantial mental distress. Cardiovascular 
function can also be changed by the paraneoplastic mediators linked to cancer 
and the chronic inflammatory environment. Finally, various cancer treatments, 
including chemotherapy, targeted therapies, and radiation, may act as direct 
physiological triggers for the onset of TTS. Image reproduced from: Desai, A.; 
Noor, A.; Joshi, S.; Kim, A. S. Takotsubo Cardiomyopathy in Cancer Patients. 
Cardio-Oncology 2019, 5 (1). https://doi.org/10.1186/s40959-019-0042-9. 
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5-fluorouracil (5-FU):
5‑Fluorouracil is a fluoropyrimidine analog that inhibits thy-

midylate synthase, disrupting DNA synthesis and inducing 
apoptosis in malignant cells.1,22 It is administered by bolus or 
continuous infusion for solid tumors, most prominently col-
orectal, gastric, esophageal, and pancreatic cancers, and serves 
as a backbone in combination regimens such as FOLFOX and 
FOLFIRI with leucovorin modulation.23,24 Cardiotoxicity is 
well described, with overall cardiovascular event rates reported 
between 1.5% and 18% in clinical series, and spans vasospastic 
angina, arrhythmias, myocardial infarction, heart failure, and 
stress cardiomyopathy.5,25-27 Various case studies of cancer ther-
apy-induced TCM are summarized in Table 1 (Table 1). 

Multiple case reports have supported the association be-
tween 5‑FU and Takotsubo cardiomyopathy. Kobayashi et al. 

Anti-Cancer Therapy-Induced Cardiotoxicity: 
The cardiotoxicity of various chemotherapeutic agents is a 

well-established concern in cardio-oncology.16 Cancer ther-
apies can elicit a broad spectrum of adverse cardiac effects, 
including left ventricular dysfunction, myocardial ischemia, 
arrhythmias, hypertension, accelerated atherosclerosis, venous 
thromboembolism, myocarditis, and QT prolongation.17-20 
These complications restrict the use of certain chemotherapy 
drugs and represent a major cause of morbidity and mortality 
in cancer patients and survivors.18,21 A structured international 
registry-level analysis of over 40 published case reports is sum-
marized in Table 1, detailing cancer types, implicated therapies, 
timing of TCM onset, and diagnostic features (Table 1). 
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Table 1: An Expanded International Case Registry analysis table: Takotsubo 
Cardiomyopathy Associated with Cancer Drugs, which compiles over 40 case 
reports and studies.
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acizumab enhances the efficacy of cytotoxic chemotherapy 
through decreased interstitial pressure and improved drug 
delivery to tumor tissue.18,39 Clinically, it is approved in com-
bination regimens for metastatic colorectal cancer, non‑small 
cell lung cancer, renal cell carcinoma, and several gynecologic 
malignancies.54 

The cardiovascular safety profile of bevacizumab has been 
a consistent concern in cardio‑oncology. Hypertension is the 
most common adverse effect, but arterial thromboembolism, 
myocardial ischemia, heart failure, and arrhythmias have also 
been reported.21,40 Mechanistic studies suggest that VEGF 
inhibition disrupts endothelial nitric oxide signaling, reduces 
vascular repair capacity, and promotes microvascular dysfunc-
tion, all of which may predispose to myocardial injury and 
stress cardiomyopathy.39 Inflammatory cytokine release and 
impaired coronary microcirculation have also been proposed 
as contributors to reversible left ventricular dysfunction in this 
setting.18 

In sum, the evidence indicates that bevacizumab can act as 
a rare but plausible trigger for TCM in susceptible oncolo-
gy patients. Proposed mechanisms include VEGF-related 
endothelial dysfunction, microvascular ischemia, and inflam-
matory signaling, all of which align with known pathways of 
stress cardiomyopathy. Although reported cases remain lim-
ited, clinicians should be alert to ACS-like presentations in 
patients receiving bevacizumab, especially those with existing 
cardiovascular risk factors. Prompt recognition, angiographic 
exclusion of obstructive disease, and supportive care are crit-
ical, as systolic function typically recovers once the drug is 
discontinued.39-41 

Capecitabine: 
Capecitabine is an oral fluoropyrimidine prodrug that con-

verts enzymatically to 5-fluorouracil (5-FU), with the final 
step catalyzed by thymidine phosphorylase, an enzyme con-
centrated in tumor tissue. This tumor-targeted activation 
was intended to improve tolerability compared to intrave-
nous 5-FU while preserving antitumor activity.23 Since its 
approval, capecitabine has been widely used in the treatment 
of colorectal, gastric, pancreatic, and breast cancers, either as 
monotherapy or in combination regimens such as CAPOX 
and XELOX.25 

However, clinical experience has demonstrated that capecit-
abine’s cardiovascular toxicity profile is very similar to that of 
5FU. Retrospective analyses report cardiotoxicity rates of ap-
proximately 3–9%, with manifestations ranging from angina 
and arrhythmias to myocardial infarction, cardiogenic shock, 
and sudden cardiac death.17,18,42 Symptoms typically develop 
within the first 72 hours of therapy and resolve after discon-
tinuation, although severe complications have been described. 

The most widely accepted mechanism is coronary vaso-
spasm, supported by angiographic and clinical observations, 
but additional explanations include direct endothelial 
injury, prothrombotic effects, and immune‑mediated myocar-
dial inflammation.42,43 Experimental studies also suggest that 
fluoropyrimidines can impair microvascular function and mi-

described a 62‑year‑old woman receiving first‑cycle 5‑FU 
for rectal adenocarcinoma who developed chest pain with 
ST‑segment elevation; angiography revealed no obstructive 
coronary disease, and imaging demonstrated apical ballooning, 
consistent with TCM.28 Basselin et al. reported a 60‑year‑old 
woman on first‑cycle FOLFOX who presented with diffuse 
ST elevation and modest troponin rise, with ventriculography 
confirming apical dyskinesis;29 the Naranjo adverse drug reac-
tion scale indicated a probable relationship between 5-FU and 
TCM with a score of 8.1,29 Grunwald et al. described TCM 
after the sixth cycle of 5‑FU plus leucovorin in rectal ade-
nocarcinoma, showing that susceptibility can persist beyond 
initial exposure.30 Ozturk et al. detailed an FOLFOX‑treat-
ed patient who presented with an ACS‑like picture and was 
ultimately diagnosed with TCM, underscoring the need for 
angiography and multimodality imaging to exclude obstruc-
tive CAD and myocarditis.6 

Across reported cases, onset is most often during or immedi-
ately after continuous infusion, frequently in the first cycle, and 
the clinical pattern includes chest pain, ST‑segment elevation 
or T‑wave inversion, modest troponin elevation, unobstructed 
coronaries, and transient reduction in left ventricular ejection 
fraction with recovery within weeks after cessation.5,31,32 Se-
vere complications have been described, including ventricular 
fibrillation and shock, although most patients recover with 
supportive care and guideline‑based TCM management.1 
Mechanistically, 5‑FU may provoke epicardial vasospasm in 
a subset of patients, supported by experimental and clinical 
observations, while others demonstrate microvascular dysfunc-
tion and catecholamine surges aligned with canonical TCM 
pathways.6,9 Broader toxicology series and pharmacovigilance 
reviews reinforce the plausibility of direct and indirect cardio-
toxic mechanisms with fluoropyrimidines.32-34

Rechallenge after 5‑FU–associated TCM is controversial. 
Abdelrahman et al. reported successful capecitabine rechal-
lenge following 5-FU-induced TCM; however, other reviews 
describe high rates of recurrent cardiotoxicity and deaths with 
re-exposure to fluoropyrimidines, arguing for caution and in-
dividualized, multidisciplinary decision-making.34-37 When 
oncologic necessity is compelling, consideration of alternative 
regimens, inpatient monitoring, and preventive strategies for 
vasospasm may be appropriate, with strict adherence to TCM 
imaging and supportive therapy standards.10,38 

Taken together, the evidence places 5‑FU among the most 
consistent chemotherapeutic triggers of TCM. The syndrome 
typically arises during early infusion, presents with ACS‑like 
features in the absence of obstructive coronary disease, and 
resolves with drug cessation and supportive care. Because re-
currence with rechallenge is not rare, decisions to re‑expose 
should weigh oncologic benefit against cardiotoxic risk in a 
multidisciplinary framework.1,5 

Bevacizumab:
Bevacizumab is a recombinant humanized monoclonal 

antibody that targets vascular endothelial growth factor A 
(VEGF‑A), thereby inhibiting angiogenesis and reducing 
tumor vascularization. By blocking VEGF signaling, bev-
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tochondrial energetics, creating a substrate for stress‑induced 
cardiomyopathy.32

To date, seven cases of capecitabine‑induced Takotsubo 
cardiomyopathy have been reported (Table 1). Molteni et al. 
described a 39‑year‑old woman with advanced breast cancer 
who developed acute chest pain and transient left ventricular 
dysfunction during capecitabine therapy, with full recovery 
after discontinuation of the drug.44 Y‑Hassan et al. reported 
a woman with advanced gastric cancer who presented with 
ST‑segment elevation and classic wall‑motion abnormali-
ties, again resolving completely.45 Endo et al. detailed a case 
complicated by both cardiomyopathy and multifocal cerebral 
leukoencephalopathy during capecitabine therapy.46 Qasem et 
al. described a metastatic breast cancer patient who developed 
TCM during the first cycle of treatment, with unobstructed 
coronaries and normalization of function within weeks.36 Ab-
delrahman et al. documented a rechallenge scenario in which 
capecitabine was successfully reintroduced after prior 5‑FU‑in-
duced TCM under close monitoring.47 Bhardwaj et al. reported 
a 47‑year‑old woman with metastatic breast cancer who de-
veloped chest pain, ST‑elevation, and apical ballooning during 
her first cycle, with full recovery.35 Abdelmaseih et al. presented 
a colorectal cancer patient with ACS‑like features who was ul-
timately diagnosed with TCM and recovered after cessation.37 
Across these reports, patients ranged from middle‑aged to el-
derly, had no prior coronary artery disease, typically developed 
symptoms during the first cycle, and all regained left ventricu-
lar function within 1–4 weeks. 

Across these reports, consistent features emerge: patients 
were between 47 and 81 years of age, without prior coronary 
artery disease, and most developed symptoms during the first 
cycle of therapy. Presentations included chest pain, ECG 
changes with modest troponin elevation, and unobstructed 
coronaries on angiography. All patients demonstrated transient 
left ventricular systolic dysfunction with recovery of ejection 
fraction within 1–4 weeks after cessation of therapy. 

Taken together, these findings indicate that capecitabine, 
like 5‑FU, can act as a rare but credible trigger of Takotsu-
bo cardiomyopathy. Clinicians should maintain vigilance for 
ACS‑like presentations in patients receiving capecitabine, par-
ticularly during early cycles, and weigh the risks of rechallenge 
against oncologic necessity in a multidisciplinary framework. 

Trastuzumab:
Trastuzumab is a recombinant humanized monoclonal anti-

body targeting the extracellular domain of the HER2 receptor, 
a member of the epidermal growth factor receptor family. By 
blocking HER2 signaling, trastuzumab inhibits tumor cell 
proliferation and survival, and it has become a cornerstone 
of therapy for HER2‑positive breast and gastric cancers.17 Its 
introduction dramatically improved outcomes in these ma-
lignancies, but it also established a new paradigm of targeted 
therapy–related cardiotoxicity. 

The most recognized cardiac complication of trastuzumab 
is left ventricular systolic dysfunction and heart failure, often 
reversible with drug discontinuation and standard therapy.38 
Unlike anthracyclines, trastuzumab does not cause cumulative 

dose‑dependent myocyte necrosis; instead, it interferes with 
HER2‑mediated survival pathways in cardiomyocytes, impair-
ing stress adaptation and repair.39 This mechanism provides a 
biologic rationale for reversible dysfunction, but it also suggests 
susceptibility to stress‑induced syndromes such as Takotsubo 
cardiomyopathy (TCM). 

Several published cases have directly linked trastuzumab 
with TCM. Khanji et al. described a patient who developed 
acute chest pain and ST‑segment elevation after trastuzumab 
infusion, with unobstructed coronaries and apical ballooning 
consistent with TCM.48 Burgy et al. reported a woman who had 
postoperative TCM and was later re‑treated with trastuzumab 
without recurrence, highlighting the complexity of re‑exposure 
decisions.49 Lees et al. presented a case of TCM during an-
ti‑HER2 therapy for metastatic breast cancer, again with full 
recovery of ventricular function. Matsumoto et al. reported a 
case of TCM triggered by an infusion reaction to trastuzumab, 
pointing to the impact of acute stress responses.50 Patruno et al. 
described TCM during dual HER2 blockade with pertuzumab 
and trastuzumab, raising concern about increased risk.51 Patel et 
al. most recently described a complex case of trastuzumab-in-
duced TCM with left ventricular thrombus and embolic stroke, 
showing that although recovery is common, major problems 
can happen.52 

The majority of patients across these reports were female and 
had HER2-positive breast cancer, which usually manifested 
during or soon after trastuzumab infusion. Chest discomfort, 
ST-segment elevation, mild troponin increase, unobstructed 
coronaries, and temporary apical ballooning were among the 
clinical characteristics. After trastuzumab was stopped, left 
ventricular function recovered in almost all cases within a few 
weeks, although there have been a few documented unusual 
side effects, including thrombus formation. 

Overall, the data suggest that trastuzumab may be a rare 
cause of Takotsubo cardiomyopathy, even though it is mainly 
linked to reversible LV dysfunction. The suggested mechanism 
combines acute stress reactions during infusion with im-
pairment of HER2-mediated cardioprotective signaling. 
Rechallenge decisions should be made on an individual basis 
within a multidisciplinary cardio-oncology framework, and 
clinicians should remain vigilant for ACS-like symptoms in 
patients receiving trastuzumab, especially early in therapy. 

Tyrosine Kinase Inhibitors (TKIs): 
Tyrosine kinase inhibitors (TKIs) are small‑molecule agents 

that target intracellular signaling pathways essential for tu-
mor growth and angiogenesis. By inhibiting receptors such as 
VEGFR, PDGFR, EGFR, and RET, TKIs have become cen-
tral to the treatment of renal cell carcinoma, thyroid cancer, and 
non‑small cell lung cancer. Their cardiovascular safety profile, 
however, has raised concern, with hypertension, QT prolonga-
tion, heart failure, and ischemic events well documented.39,40 
More recently, several TKIs have been implicated in TTS, sug-
gesting that endothelial dysfunction, microvascular ischemia, 
and acute hypertensive stress may converge with canonical cat-
echolamine‑mediated pathways to trigger this syndrome. 
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Sunitinib was the first TKI linked to TCM, with Numico et 
al. describing a renal cancer patient who developed acute chest 
pain and ST‑segment elevation during therapy; angiography 
revealed unobstructed coronaries, and ventricular function 
normalized after drug withdrawal.53 Axitinib has also been im-
plicated, with Ovadia et al. reporting a patient who developed 
apical ballooning and transient systolic dysfunction consistent 
with TCM, again resolving after cessation.54 Lenvatinib has 
been associated with multiple cases: Chae et al. described a 
thyroid cancer patient who developed both posterior revers-
ible encephalopathy syndrome and TCM while on lenvatinib,55 
while Fashafsha et al. reported another thyroid cancer case in 
which lenvatinib triggered TCM, with recovery after discon-
tinuation.56 Afatinib has similarly been implicated, with Ramos 
et al. presenting a non‑small cell lung cancer patient who devel-
oped TCM during therapy, characterized by apical ballooning 
and normalization of function within weeks.57 Beyond VEGF 
and EGFR inhibitors, Giza et al. reported a mid‑cavitary vari-
ant of TCM in a patient receiving the Bruton’s tyrosine kinase 
inhibitor ibrutinib, expanding the spectrum of chemother-
apy‑associated TCM beyond the typical apical form.58 Most 
recently, Tanaka et al. described two additional cases of TCM 
during EGFR‑TKI therapy for non‑small cell lung cancer 
with EGFR mutations, underscoring that this may represent 
a broader class effect.59 

Across these reports, patients typically presented with chest 
pain, ST‑segment elevation, modest troponin rise, and unob-
structed coronaries, with echocardiography or ventriculography 
confirming transient wall‑motion abnormalities. Most cases 
occurred early in therapy, often within the first cycles, and all 
demonstrated recovery of left ventricular function within 1–4 
weeks after cessation. 

Taken together, these findings indicate that TKIs, though 
mechanistically distinct from fluoropyrimidines and mono-
clonal antibodies, can act as rare but credible triggers of 
Takotsubo cardiomyopathy. The proposed mechanisms include 
VEGF‑mediated endothelial dysfunction, acute hypertensive 
stress, and microvascular ischemia, which align with canonical 
catecholamine‑driven pathways. Clinicians should maintain 
vigilance for ACS‑like presentations in patients receiving TKIs, 
particularly during early cycles, and weigh oncologic benefit 
against cardiotoxic risk in a multidisciplinary framework. 

Immune Checkpoint Inhibitors (ICIs):
Immune Checkpoint Inhibitors (ICIs) Immune checkpoint 

inhibitors (ICIs) such as ipilimumab, nivolumab, pembroli-
zumab, and atezolizumab have revolutionized the treatment of 
melanoma, lung cancer, and other solid tumors by unleashing 
antitumor immunity through blockade of CTLA‑4 or PD‑1/
PD‑L1 pathways. While their most recognized cardiovascu-
lar toxicities include myocarditis, pericarditis, and arrhythmias, 
a growing body of evidence implicates ICIs in TCM. The 
proposed mechanisms include immune‑mediated myocardial 
inflammation, cytokine surge, and catecholamine excess trig-
gered by systemic immune activation, which converge with 
canonical stress‑cardiomyopathy pathways.60,61 

The first published case was by Geisler et al., who described 
a melanoma patient treated with ipilimumab who developed 
acute chest pain and apical ballooning consistent with TCM, 
with full recovery after discontinuation.62 Tan et al. reported 
a 62‑year‑old man with hepatocellular carcinoma who de-
veloped concomitant myopericarditis and TCM three weeks 
after nivolumab, presenting with ST‑segment elevation and 
ventricular arrhythmias; coronary angiography was normal, 
and ventricular function normalized with supportive care.63 
Yamada et al. described a cancer patient receiving combination 
therapy, including an ICI, who developed ACS‑like symp-
toms and was ultimately diagnosed with TCM, underscoring 
the diagnostic challenge in polytherapy settings.64 Serzan et 
al. presented a series of ICI‑associated TCM cases, including 
patients treated with nivolumab and pembrolizumab, all of 
whom demonstrated transient LV dysfunction with recovery 
after drug withdrawal.65 More recently, systematic reviews by 
Kyriakoulis et al. and Trontzas et al. synthesized all published 
cases to date, confirming that TCM has been reported across 
multiple ICIs, including ipilimumab, nivolumab, pembroli-
zumab, atezolizumab, avelumab, and durvalumab.60 

Across these reports, patients typically presented with chest 
pain, ST‑segment elevation or T‑wave inversion, modest 
troponin rise, and unobstructed coronaries, with echocardiog-
raphy or ventriculography confirming transient wall‑motion 
abnormalities. Most cases occurred within the first few cycles 
of therapy, and all demonstrated recovery of left ventricular 
function within weeks after cessation. In sum, these findings 
indicate that ICIs, while primarily associated with myocardi-
tis, can also act as rare triggers of Takotsubo cardiomyopathy. 
The overlap of immune‑mediated inflammation and catechol-
amine‑driven stress responses likely explains this association. 
Clinicians should maintain vigilance for ACS‑like presenta-
tions in patients receiving ICIs, particularly early in therapy, 
and decisions regarding rechallenge should be individualized 
within a multidisciplinary cardio‑oncology framework. 

Polychemotherapy Regimens: 
Takotsubo cardiomyopathy has also been described in the 

context of multi‑agent chemotherapy, where attribution to 
a single drug is not possible. Malley et al. reported a patient 
who developed acute chest pain and transient apical balloon-
ing after combination chemotherapy, with full recovery following 
supportive care.66 Similarly, Coen et al. described TCM in 
a patient treated with a polychemotherapy regimen for anal 
canal carcinoma, and their accompanying review emphasized 
that heterogeneous regimens, not only fluoropyrimidines, can 
precipitate the syndrome.67 These cases highlight the cumula-
tive cardiotoxic stress that may arise from multi‑drug exposure.

Other Oncologic Triggers:
Beyond systemic therapy, oncologic interventions them-

selves have been implicated in TCM. Vieira et al. reported 
a case of ventricular fibrillation arrest and subsequent TCM 
during brachytherapy for endocervical adenocarcinoma, with 
unobstructed coronaries on angiography.14 Moldovan et al. 
described life‑threatening TCM following cytoreductive sur-
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gery with hyperthermic intraperitoneal chemotherapy (HIPEC) 
for recurrent colon cancer, underscoring perioperative stress as 
a potent trigger.68 These reports illustrate that procedural and 
surgical stressors in oncology can act as direct precipitants of 
stress cardiomyopathy. 

Miscellaneous Single‑Agent Reports: 
Several isolated case reports expand the spectrum of agents 

associated with TCM. Özbay et al. described TCM occurring 
shortly after administration of “non‑cardiotoxic” chemother-
apy with vinorelbine and gemcitabine, reinforcing that stress 
cardiomyopathy can follow agents without classic cardio-
toxic profiles.69 Additional scattered reports have implicated 
oxaliplatin and cyclophosphamide in ACS‑like presentations 
ultimately diagnosed as TCM, though these remain rare and 
anecdotal.27,42 Collectively, these cases suggest that while cer-
tain drug classes carry stronger mechanistic links, virtually any 
oncologic therapy may act as a trigger in susceptible patients.

Mechanistic Pathways of Takotsubo Cardiomyopathy in On-
cology (Pathophysiology): 

Catecholamine Surge and Sympathetic Overdrive:
Microvascular dysfunction is another central mechanism. 

Imaging and invasive studies have shown impaired coronary 
flow reserve and abnormal microvascular reactivity in TCM 
patients despite angiographically normal epicardial arteries.70 
Endothelial dysfunction and impaired nitric oxide signaling 
contribute to transient ischemia at the tissue level, which aligns 
with the reversible nature of the syndrome. This mechanism is 
particularly relevant in oncology, as VEGF inhibitors and fluo-
ropyrimidines are known to impair microvascular function and 
may exacerbate susceptibility to stress cardiomyopathy.1 

Epicardial Coronary Spasm:
Although less common, epicardial coronary spasm has 

been documented in a subset of patients. Early Japanese re-
ports described multivessel spasm during angiography in 
TCM, suggesting that vasospasm can mimic or precipi-
tate the syndrome.3,7 This mechanism is especially relevant 
in fluoropyrimidine‑associated cases, where vasospasm is a 
well‑recognized cardiotoxic effect. 

Inflammatory and Immune Pathways: 
Inflammatory activation also appears to play a role. Cardi-

ac magnetic resonance often demonstrates myocardial edema 
without necrosis, consistent with cytokine‑mediated injury.8 
Immune checkpoint inhibitors provide a clinical link, as sev-
eral cases of TCM have occurred in parallel with myocarditis 
or systemic immune activation, suggesting overlapping in-
flammatory and catecholamine‑driven pathways.60 Singh et al. 
emphasized that neurohormonal stress and immune dysregu-
lation likely act in concert, producing a vulnerable substrate for 
transient dysfunction.71 

Sex and Age Predisposition in Takotsubo Cardiomyopathy: 
Epidemiologic studies consistently demonstrate that Takot-

subo cardiomyopathy occurs predominantly in women, with 

over 90% of cases reported in postmenopausal patients.7 The 
InterTAK registry confirmed this striking demographic pat-
tern, noting that the typical patient is a woman in her sixth 
or seventh decade of life, often presenting after an identifi-
able emotional or physical stressor.8 Several mechanisms have 
been proposed to explain this predisposition. Loss of estrogen 
after menopause is thought to reduce cardioprotective signal-
ing, impair endothelial function, and increase susceptibility to 
catecholamine-mediated injury.72 Experimental and clinical 
data also suggest that postmenopausal women exhibit altered 
β‑adrenergic receptor responsiveness and greater coronary 
microvascular dysfunction, both of which may amplify the 
myocardial effects of acute stress.9,71 

In the oncology setting, this demographic vulnerability is 
particularly relevant. Cancer therapies that provoke sympa-
thetic activation, endothelial stress, or inflammatory signaling 
may act on an already susceptible substrate, explaining why 
many reported cases of chemotherapy‑associated TCM in-
volve middle‑aged or older women. Recognizing this pattern is 
clinically important, as it should heighten suspicion for TCM 
in postmenopausal women presenting with ACS‑like symp-
toms during cancer treatment.7,8 

Oncologic Context: 
Cancer itself may heighten susceptibility to TCM through 

chronic stress, systemic inflammation, and paraneoplastic 
mediators. Desai et al. highlighted that malignancy is over-
represented in TCM cohorts, with prevalence estimates of 
10–17% in modern registries.1 Paraneoplastic cytokines and 
altered adrenergic receptor signaling may further sensitize the 
myocardium to stress. When combined with cardiotoxic ther-
apies, these factors create a “two‑hit” model in which both the 
underlying cancer and its treatment converge on the same cat-
echolamine‑microvascular axis.70,71

Standard/Conventional Treatments and Prognosis: 
The management of Takotsubo cardiomyopathy remains 

largely supportive, guided by principles of acute heart failure 
care and tailored to the hemodynamic profile of each pa-
tient. Initial evaluation requires exclusion of acute coronary 
syndromes through urgent angiography and multimodality im-
aging, with echocardiography and cardiac magnetic resonance 
playing central roles in confirming the diagnosis and identify-
ing complications such as thrombus or myocarditis.8,10 Once 
obstructive coronary disease is ruled out, therapy is directed 
toward stabilizing ventricular function. Patients with reduced 
ejection fraction are typically treated with beta‑blockers, ACE 
inhibitors or ARBs, and diuretics as needed, with continuation 
until recovery of systolic function, which usually occurs within 
weeks.8,72,75 

Complications require specific management strategies. In 
cases of left ventricular outflow tract obstruction, inotropes 
should be avoided, as catecholamine stimulation can wors-
en obstruction; instead, cautious beta‑blockade and volume 
expansion are recommended.72,73,75 When the left ventric-
ular thrombus is present, or the ejection fraction is severely 
depressed, anticoagulation is indicated until resolution is doc-
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umented.8 Arrhythmias and QT prolongation are managed 
with telemetry, electrolyte optimization, and avoidance of 
QT‑prolonging drugs.8 In patients with cardiogenic shock, va-
sopressors may be required, but catecholamine agents should 
be minimized; mechanical circulatory support such as ECMO 
or percutaneous ventricular assist devices can be considered in 
refractory cases, while intra‑aortic balloon pump use is contro-
versial in the presence of outflow obstruction.8,72,75 

Prognosis is generally favorable, with most patients achiev-
ing full recovery of ventricular function within four to eight 
weeks, as confirmed in large registry studies.7 Nevertheless, 
recurrence is possible, and long‑term follow‑up with echocar-
diography is advised. Perioperative and anesthetic management 
also requires vigilance, as acute stressors can precipitate re-
currence; careful hemodynamic monitoring and avoidance of 
excessive sympathetic stimulation are recommended in surgi-
cal settings.13 Taken together, conventional therapy for TCM 
emphasizes supportive care, complication‑specific strategies, 
and close follow‑up, with outcomes that are typically excellent 
when the condition is promptly recognized and managed.

Ongoing Clinical Studies on The Mechanism of Novel Thera-
peutic Interventions in TCM: 

Several ongoing and completed clinical studies provide con-
text for Takotsubo cardiomyopathy (TCM) in oncology. The 
PSYCHONIC study (NCT03437642) explores psychosomatic 
determinants of stress cardiomyopathy, profiling psychological 
stressors and autonomic markers relevant to cancer patients.70 
The TTAC registry (NCT01944826) systematically cap-
tures the timing of cancer diagnosis and treatment relative to 
TCM onset, lending epidemiologic weight to the observed 
overrepresentation of malignancy in TCM cohorts.74 The 
MAESTRO trial (NCT05793008) prospectively distinguish-
es primary versus secondary TCM, a classification particularly 
applicable to oncology, where therapy-related triggers domi-
nate.76 Complementing these, the Psychosocial Support study 
(NCT05977049) evaluates behavioral interventions to reduce 
anxiety in TTS survivors, offering a framework for support-
ive care that could be adapted to cancer populations.77 Finally, 
the EACVI-INFLAME study (NCT07077304) standardiz-
es multimodality imaging across inflammatory cardiovascular 
diseases, including TCM, directly addressing diagnostic rigor 
and complication tracking.78 Together, these trials underscore 
the multifactorial nature of cancer-associated TCM and high-
light the need for integrated psychosocial, epidemiologic, and 
imaging approaches to improve recognition and management 
(Table 2).

�   Results and Discussion 
Takotsubo cardiomyopathy (TCM) has progressed from a 

rare syndrome first described in Japan to a recognized clin-
ical entity with distinct epidemiology, pathophysiology, and 
outcomes. Large registries such as InterTAK established their 
demographic profile, predominantly postmenopausal women, 
and highlighted the role of acute stressors and neurohumoral 
activation in its pathogenesis.7,8 Mechanistic studies confirmed 
catecholamine excess, microvascular dysfunction, and, in select 
cases, epicardial spasm as central drivers of transient myocar-
dial stunning.9,70,73 These insights provided the foundation for 
exploring how cancer and its therapies intersect with TCM, 
given the profound physical, emotional, and inflammatory 
stressors inherent to oncology care.1,4 

This review demonstrates that malignancy is not only 
overrepresented in TCM cohorts but also shapes the clinical 
phenotype. Cancer patients more often present with second-
ary TCM triggered by illness or therapy, and their short‑term 
outcomes appear worse than those of emotionally triggered 
cases.1,16 Case reports consistently implicate fluoropyrimidines, 
particularly 5‑fluorouracil and capecitabine, as reproducible 
pharmacologic triggers, with mechanistic plausibility support-
ed by vasospasm, microvascular dysfunction, and catecholamine 
surges.6,29,30 Targeted therapies such as trastuzumab and bev-
acizumab, as well as tyrosine kinase inhibitors and immune 
checkpoint inhibitors, have also been linked to TCM, under-
scoring the convergence of endothelial injury, adrenergic stress, 
and immune activation on a vulnerable myocardium.41,48,60,65 
These drug‑specific observations align with the broader mech-
anistic framework of TCM and reinforce the need for vigilance 
in oncology practice.

A major clinical dilemma is whether to discontinue or re-
challenge cancer therapy after a TCM episode. While case 
reports and pharmacovigilance data support drug‑induced 
TCM, many lack complete diagnostic workups, raising the 

Table 2: Summary of selected clinical trials investigating Takotsubo 
cardiomyopathy. 
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possibility that some events reflect stress cardiomyopathy from 
the cancer itself or its psychosocial burden.1,6 Prematurely 
discontinuing an effective anti‑cancer agent can compromise 
oncologic outcomes, particularly when the drug is central to 
curative regimens.2 Conversely, rechallenge carries a real risk of 
recurrence, as documented with fluoropyrimidines and other 
agents.37,47 This underscores the need for individualized, mul-
tidisciplinary decision‑making that balances oncologic benefit 
against cardiotoxic risk, ideally supported by prospective data 
rather than isolated case reports. 

The clinical studies summarized in Table 2 extend these 
observations by moving beyond anecdotal reports toward 
structured investigation. The TTAC registry (NCT01944826) 
and PSYCHONIC study (NCT03437642) explicitly address 
the cancer–TCM intersection, capturing epidemiology and 
psychosocial determinants. MAESTRO (NCT05793008) 
advances phenotypic classification by distinguishing primary 
from secondary TCM, a distinction highly relevant to oncology 
patients. The psychosocial support trial (NCT05977049) op-
erationalizes the brain–heart axis by testing whether structured 
interventions can mitigate recurrence and improve quality of 
life. Finally, EACVI‑INFLAME (NCT07077304) empha-
sizes diagnostic rigor through standardized multimodality 
imaging, addressing the persistent challenge of differentiating 
TCM from ACS or myocarditis. Together, these studies illus-
trate how the field is transitioning from descriptive case reports 
to prospective, mechanistic, and interventional research. 

Despite these advances, important limitations remain. Much 
of the evidence linking chemotherapy and targeted therapies 
to TCM derives from case reports and small series, many of 
which lack complete diagnostic workups such as cardiac MRI 
or biopsy.1,6 Registries provide valuable epidemiologic insights 
but are often limited by referral bias and incomplete oncologic 
data. Clinical trials remain few, and several have unknown or 
inactive status, underscoring the need for sustained prospective 
enrollment. 

Looking forward, future research should prioritize three di-
rections. First, prospective registries that integrate oncology 
and cardiology data are needed to clarify the true incidence, 
timing, and outcomes of cancer‑associated TCM. Second, 
mechanistic studies should explore how specific therapies—
fluoropyrimidines, HER2‑targeted agents, VEGF inhibitors, 
and immune checkpoint inhibitors—interact with adrener-
gic, endothelial, and immune pathways to precipitate TCM. 
Third, interventional trials are required to test preventive 
and therapeutic strategies, including pharmacologic prophy-
laxis, structured psychosocial support, and cardio‑oncology 
monitoring frameworks. By combining mechanistic insight 
with prospective clinical data, the field can move toward ev-
idence‑based strategies that balance oncologic efficacy with 
cardiovascular safety. 

�   Conclusion 
Takotsubo cardiomyopathy represents a unique intersec-

tion of oncology and cardiology, where the physiological 
and psychological stresses of cancer, combined with the car-

diotoxic potential of modern therapies, create a heightened 
vulnerability to this reversible yet serious syndrome. Although 
most patients recover ventricular function, the occurrence of 
TCM in the setting of malignancy is associated with worse 
short‑term outcomes and, critically, the potential interruption 
of life‑saving cancer therapy. This review underscores that 
distinguishing true drug‑induced TCM from other reversible 
cardiotoxicities remains a central challenge, as premature dis-
continuation of effective regimens can compromise oncologic 
survival, while rechallenge carries a risk of recurrence. Moving 
forward, careful case‑by‑case evaluation, integration of multi-
modality imaging, and prospective research into mechanisms 
and preventive strategies are essential to ensure that patients 
receive both optimal cancer treatment and vigilant cardiovas-
cular protection.
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