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Abstract

IMPORTANCE: Fluoropyrimidines are a fundamental component of many chemotherapy 

regimens. Cardiotoxic adverse events (AEs) such as angina, ischemia, arrhythmias and 

cardiomyopathy associated with 5-fluorouracil (5FU) and capecitabine (cape) have been sparingly 

described in the literature, primarily through case reports. Data from the 1990s reveals an 

estimated incidence ranged from 0.5 to 19% with cardiovascular fatalities occurring in up to 28%. 

Current use of fluoropyrimidines (FPD) include multiple dosing regimens, oral or intravenous 

delivery, and administration with additional cardiotoxic therapies. As such, it is imperative to 

better define cardiotoxicity risk in the modern treatment era.

OBJECTIVE: To comprehensively evaluate the incidence, prevalence, and ascertainment of 

cardiovascular risk factors and disease within ECOG-ACRIN Cancer Research Group clinical 

trials incorporating 5FU and cape.

EVIDENCE REVIEW: Case report forms (CRFs) and clinical study reports (CSR) from the 

ECOG-ACRIN Cancer Research Group database of Phase II and III clinical trials incorporating 

5FU and capecitabine were evaluated. A total of 16 trials between 2002 and 2017 were identified, 

using bolus 5FU (1), continuous infusion 5FU (10) or capecitabine (5).
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FINDINGS: A prior history of cardiovascular disease was variably defined and was an exclusion 

criterion in 81% (13/16 studies). Baseline risk factors and history of cardiac disease were 

specifically collected in only 19% (3/16). All studies collected cardiovascular adverse events (AE) 

according to the Common Terminology Criteria for Adverse Events (CTCAE) version at time of 

study. Less than half (7/16; 44%) of study CRFs also specifically requested information on cardiac 

ischemia/infarction. In the twelve completed studies with CSRs, the following AEs were reported: 

dyspnea up to 16%, arrhythmias up to 6%, and angina /ischemia/elevated troponin up to 5%. Some 

trials only recorded cardiac AEs possibly associated with the novel drug being studied and not 

those attributed to the standard of care 5FU/cape arm, further decreasing the numeric incidence.

CONCLUSION AND RELEVANCE: Inconsistent clinical trial reporting of cardiac events 

preclude accurate and precise delineation of the epidemiology of FPD-related cardiovascular AEs 

related. Prospective knowledge of the definition and natural history will lead to development of 

risk factor stratification and pre-chemotherapy interventions to reduce or prevent cardiotoxicity. 

We propose that prospective collection of baseline cardiac data and prespecified cardiac endpoints 

is necessary to fully understand the incidence and cardiac risk of 5DP.

Introduction

The fluoropyrimidines, 5-fluorouracil (5FU) and the oral pro-drug capecitabine (cape), are 

fundamental components of many chemotherapy regimens, beginning in 1962 with the FDA 

approval of 5FU. Standard of care chemotherapy regimens for colorectal carcinoma (CRC) 

employ either agent (5FU/cape) as neoadjuvant treatment, adjuvant therapy, and for disease 

stabilization with incurable cancer. An estimated 154,000 patients are potentially exposed to 

5FU/cape annually. Fluoropyrimidines (FPDs) will continue to be widely prescribed, as 

currently there are no pharmacologic replacements on the horizon for CRC. In 2015, the 

combination of trifluridine and tipiracil, an oral thymidine-based nucleoside analog was 

approved as third or fourth line therapy (1). Serious adverse effects (AEs) associated with 

FDP can alter the prescribed treatment regimen (2,3). In particular, cardiovascular 

complications can obstruct the delivery of potentially curative or life-prolonging 

chemotherapy with significant morbidity as well as increased mortality for patients predicted 

to have long-term oncologic survival.

The mechanisms of FPD-associated cardiotoxicity are based mainly on older studies 

utilizing pre-clinical and cell models. These include coronary artery vasospasm potentially 

due to protein kinase C activation, vascular endothelial damage, increased myocardial 

oxygen consumption, and direct myocardial toxic effects (4–8). The described 

cardiovascular complications encompass a broad list including angina, arrhythmias, sudden 

death, hypotension/hypertension, and cardiomyopathy (8–11). Anecdotally, these conditions 

may occur with or without the presence of underlying cardiovascular disease. The published 

literature regarding cardiotoxicity is sparse despite multiple clinical reports and is mainly 

retrospective with a widely reported estimated incidence from systematic reviews ranging 

from 0.5% to 19% (8, 10).

A prospective study published in 1992 affords the best insight into the natural history of 

FPDs (11).. Cancer patients (N=367) scheduled to receive the first cycle of outpatient 
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continuous infusion (CI) 5FU were hospitalized and monitored per study parameters: 28 

(7.6%) patients experienced cardiotoxicity such as angina and hypotension. Death occurred 

in eight of these patients (28.6%) from sudden death or hypertension followed by 

hypotension with cardiogenic shock (11).. The cardiovascular related mortality rate for the 

entire cohort was 2.2% (8/367). In the group of 28 patients with cardiotoxicity, eight patients 

(28.6%) had an antecedent cardiovascular condition. Whether any of these eight patients 

experienced fatal cardiac toxicity was not reported. For those afflicted with 5FU 

cardiotoxicity, prevention of disability and death is an unmet clinical problem.

To gain detailed insight into the more recent incidence of cardiotoxicity with 5FU/cape, we 

evaluated summary reports from national clinical trials performed through The Eastern 

Cooperative Group Cancer Research Group - American College of Radiology Imaging 

Network (ECOG-ACRIN).

Methods

The ECOG-ACRIN Cancer Research Group database of completed and ongoing Phase II 

and III clinical trials was searched using the indexed Cancer Chemotherapy National Service 

Center (NSC) number for 5FU (NSC 19893) and cape (NSC 712807) to identify all ECOG-

ACRIN trials using 5FU/cape in at least one study arm. For all trials, the study protocol and 

case report forms (CRFs) were reviewed and the following information extracted: study 

population, treatment regimens, cardiovascular (CV) exclusion criteria, CV disease or CV 

risk factors collected at baseline, and assessment methods of CV events during the trial. For 

trials which had closed to accrual, the ECOG-ACRIN clinical study report (CSR) (which 

reports final study results including AE reporting), if available, was also reviewed and rates 

of CV events extracted.

Results

Sixteen trials employing 5FU and/or cape initiated from 2002–2016 were identified. (Table 

1). No ECOG-ACRIN trials of trifluridine and tipiracil were conducted during this time 

frame.. Accrual in 13 (81%) of the trials had closed. Ten (63%) trials included 5FU, five 

(31%) utilized cape, and one (6%) included both. Of the 11 trials with 5FU in at least one 

arm, one used bolus dosing only, five contained bolus followed by continuous infusion, and 

four employed continuous infusion only. Capecitabine dosing ranged from 750mg/m2 twice 

daily to 1000mg/m2 twice daily. Ten (62%) were Phase II and six (38%) were Phase III 

trials. The malignancies studied were 13 gastrointestinal (81%), two breast (12%), and one 

head and neck (7%).

Prior CV disease was an exclusion criterion in most trials (13/16); however, the definition of 

CV disease varied substantially across trials. Potential participants with recent prior unstable 

angina (UA) or myocardial infarction (MI) were excluded in 11 studies, with exclusion 

intervals ranging from three to 12 months prior to enrollment. Other frequent exclusion 

criteria for conditions such as stroke, peripheral vascular disease, and heart failure were 

inconsistently defined. Only three trials specifically recorded baseline cardiovascular history 

or risk factors on the CRFs. Cardiac AEs were defined according to the Common 
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Terminology Criteria for Adverse Events (CTCAE) according to the version available during 

the study period (versions 2–4). In nine trials (56%) the AE CRFs specifically asked 

investigators to report at least one CV AE, while in other trials no CV AEs were explicitly 

requested and thus were reported according to the CTCAE as “other” on the AE CRF. Of the 

9 trials that requested CV AEs, the specific AEs included cardiac ischemia/infarction (6/9), 

acute coronary syndrome (1/9), chest pain NOS (1/9), dyspnea (5/9), CNS cerebrovascular 

ischemia (4/9) and cardiac arrhythmias (2/9).

Of the 13 trials closed to accrual, final CSRs were available for 10 (77%) (Table 2). For 

many trials, only adverse events deemed possibly, probably or related to the study drug, 

which was rarely 5FU/cape, were included in the AE summaries. Incidence of chest pain, 

cardiac-troponin or cardiac-ischemia ranged from 0–5%, arrhythmias ranged from 0–6% and 

dyspnea as high as 16%.

Discussion

From this review of the ECOG-ACRIN Cancer Research Group database of 

fluoropyrimidine trials, we ascertained that cardiotoxicity has been inconsistently reported, 

impeding enumeration of the incidence. In these trials there were specified objectives for 

assessment of toxicity, but not explicitly for cardiotoxicity. As a result of this review we 

have identified several considerations to incorporate into trial design to increase the 

cardiotoxicity knowledge base.

One concern in clinical trials design is the exclusion of patients with previously diagnosed 

cardiovascular disease. Consequently, adverse events from clinical research will likely 

underestimate the incidence in the general population. In addition, we found that baseline 

cardiac disease or cardiac risk factors were infrequently documented on these CRFs, even 

though risk factors such as obesity, hypertension, hyperlipidemia, smoking and diabetes may 

impact the development of ensuing cardiovascular disease, including silent ischemia. To 

investigate the efficacy of new agents, later-phase clinical studies avoid the effects of co-

morbidities and organ dysfunction on anti-cancer drug development. Whether to begin 

including patients with multiple medical conditions, as seen in the community setting, in 

clinical trials is under discussion. The current NCI director prioritizes revision of the NCI’s 

National Clinical Trials Network, noting “unnecessary exclusions” and “poor accrual of 

underrepresented populations” in trials generate results applicable only to homogenous 

groups of patients [12] Modifications in inclusion criteria to include common medical 

conditions will extend clinical trial eligibility for the broader cancer population with 

improved generalizability of results [13]. The assessment of FPD cardiotoxicity in real-

world patients could be performed by designing pragmatic trials [14] in the community 

setting, including conducting studies in the National Cancer Institute’s Community 

Oncology Research Program [15]. The impact of comorbid conditions or their risk factors 

on cardiovascular health in cancer patients is critical to understand cardiotoxicity risk.

Additional data usually not reported is required to classify cardiotoxicity. Details such as 

procedures to diagnose the cardiovascular events, cardiovascular outcomes, and 

chemotherapy doses received are required to inform the natural history. Given the fluid onset 

Upshaw et al. Page 4

Clin Colorectal Cancer. Author manuscript; available in PMC 2020 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



of cardiovascular AEs, the call for toxicity grading long term during therapy, as opposed to 

recording specific points, will broaden the definitions and incidence of all drug-related 

toxicity. Additionally, post-therapy surveillance is essential to characterize the ensuing 

morbidity from chronic cardiac disease related to FPD treatment. The CTCAE are 

universally accepted for AE reporting in clinical studies, albeit with known limitations. The 

time span of these reviewed trials evaluated clinical research across several CTCAE versions 

with varying terminology [16]. Specific and consistent data element terms should be 

captured at baseline, throughout treatment, and with surveillance. The ECOG-ACRIN 

Cardiotoxicity Working Group has developed a wide-ranging list of cardiovascular data 

elements, including the capture of risk factors, preexisting cardiovascular disease and 

cardiovascular outcomes (Table 3) [17]. Across FPD clinical trials, prospective collection of 

standardized cardiotoxicity endpoints will lead to clarification of the specific cardiac events 

associated with FPDs and will allow formalization of definitions.

Furthermore, the current estimates of FPD cardiotoxicity incidence will be likely influenced 

by the evolution of dosing and delivery of 5FU, from intravenous bolus to five-day 

continuous infusions to 48-hour infusions [18]. Our retrospective review encompassed a 

variety of fluoropyrimidine doses and schedules, some of which are no longer clinically 

applicable. There is suggestion that the dose and schedule may impact the risk of FPD 

cardiotoxicity [4, 6, 18]. The contribution of concomitantly prescribed anti-cancer 

treatments, such as vascular targeted agents, to FDR cardiotoxicity risk is unknown. Future 

combination treatments with 5FU/cape should be assessed for additive or synergistic 

cardiotoxic effects, which may heighten patient risk for cardiotoxicity during anti-cancer 

treatment. Of note, there were no ECOG-ACRIN trials of the FDA approved combination of 

trifluridine and tipiracil or other oral FDPs such as UFT or S1, which are not currently FDA 

approved, thus the reporting and cardiotoxicity of FDP agents other than 5FU and cape were 

not including in the current review. In the pivotal phase III trial of tifluridine and tipiracil 

that included800 participants with refractory metastatic colorectal cancer, < 1 % of patients 

were reported to have developed cardiac ischemia in both the tifluridine/tipiracil and placebo 

groups [19]. Potential cardiotoxicity with tifluridine and tipiracil and other oral FDPs 

warrants further study.

Our overall goal of defining cardiotoxicity is to ensure the safety of CRC patients receiving 

therapy. Currently data to inform risk-to-benefit discussions with patients, preventive 

strategies, and clinical practice guidelines for patients receiving fluoropyrimidines are 

lacking. Reporting of best clinical practices, such as the recently published single institution 

strategies to re-challenge patients who have incurred FPD cardiotoxicity, will aid with 

informing guidelines [20].

The past variable reporting of cardiac events precludes accurate and precise delineation of 

the epidemiology of 5FU/cape-related cardiovascular AEs. Uncertainty remains regarding 

the incidence and extent of FPD cardiotoxicity in the current treatment era. The influence of 

patient-related factors obtained from mutation analysis [21] and phenotyping, as well as the 

addition of concomitant cancer treatments to 5FU/cape are unknown. Given the mortality 

and unknown acute and chronic morbidity of cardiotoxicity there is a critical need for robust 

collection of CV risk factors and disease from baseline to post-chemotherapy, trial designs 
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with specific cardiotoxic primary or secondary objectives, and careful consideration/

evaluation regarding study exclusion criteria in late phase studies. Prospective knowledge 

gained regarding the extent and severity of FPD cardiotoxicity will lead to the development 

of diagnostic criteria, risk factor stratification, and peri-chemotherapy interventions to 

reduce or prevent cardiotoxicity.

We propose that prospective collection of baseline cardiac data and prespecified cardiac 

endpoints is necessary to fully understand the incidence and cardiac risk of 

fluoropyrimidines.
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