
Case report 359

Gemcitabine and atrial fibrillation: a rare manifestation of
chemotherapy toxicity
Daris Ferrari, Claudia Carbone, Carla Codecà, Luca Fumagalli, Laura Gilardi,
Desiré Marussi, Tiziana Tartaro, Sabina Oldani, Francesca Zannier
and Paolo Foa

Gemcitabine is a purine analog with known activity in many

solid tumors, namely lung, breast, pancreatic, genitourinary

and head/neck cancers. Cardiac toxicity is a rare event and

only one report previously described atrial fibrillation (AF)

as a consequence of gemcitabine infusion. We report two

cases of women suffering from lung cancer who were

treated with gemcitabine. Both patients were admitted to

hospital for paroxysmal AF occurring 12–24 h after the

infusion of the drug. In the first case a sinus rhythm was

spontaneously repristinated when AF occurred for the first

time, while the second episode required an anti-arrhythmic

drug to interrupt the dysrhythmia. In the second case, the

patient had to be treated with digitalis glycoside to control

the ventricular response without attaining a sinus rhythm.

We could not recognize any other precipitating factor

beyond the infusion of gemcitabine as a cause for the

arrhythmia. Both cases were treated with gemcitabine

for lung cancer and we observed the appearance of AF

less than 24 h after drug administration. We assume

that 20,20-difluorodeoxyuridine, an active metabolite of

gemcitabine, could be responsible for the toxic effect. We

conclude that AF is an unusual, but potentially dangerous,

side-effect of gemcitabine infusion. The arrhythmia should

be suspected whenever patients complain of dyspnea and

palpitations beginning 12–24 h after treatment. In these

cases, the treatment of AF consists of anti-arrhythmic

drugs in order to repristinate a sinus rhythm or control

the heart rate. Anti-Cancer Drugs 17:359–361 �c 2006
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Introduction
Gemcitabine (20,20-difluorodeoxycytidine) is an anti-meta-

bolite frequently utilized in the treatment of many solid

tumors. Gemcitabine is a pyrimidine analog with a dual

mechanism of action. When it flows into the cell it is

activated by deoxycytidine kinase resulting in the formation

of intermediate compounds, such as gemcitabine dipho-

sphate and triphosphate [1,2]. The former is an inhibitor of

the enzyme ribonucleotide reductase, implicated in the

DNA repair process [1–3]. The latter is a possible substrate

for DNA polymerase that can be utilized by the enzyme,

leading to the arrest of nucleic acid synthesis [1–4].

The pharmacokinetics of gemcitabine depend on the rate

of drug infusion, and age and sex of the patient. Men and

younger patients eliminate the drug faster than women

and elderly patients [5]. Gemcitabine does not bind to

plasma proteins and is almost completely cleared from

the kidney as deaminated gemcitabine. Only 10% is

eliminated unmodified [1]. Gemcitabine is a well-

tolerated drug when used as a single agent.

The most common and limiting toxicity for the standard

dose (1200 mg/m2 administered i.v. over 30 min on days

1–8 every 21 days) is myelosuppression. Other relatively

uncommon side-effects are fever, pain, asthenia, abdom-

inal pain, dyspnea, vomiting, anorexia, deep vein throm-

bosis, anal pruritus and hemolytic–uremic syndrome.

Idiosyncratic reactions and hypertensive crises can

occur rarely when the drug is used in a daily schedule.

Patients presenting with dyspnea may have an acute

respiratory distress syndrome [6] without evidence of left

ventricular failure, whose onset usually begins at least 2

days after gemcitabine infusion [7]. Grade 3–4 cardiac

toxicity (ventricular tachiarrhythmias and reduction in

left ventricular ejection fraction) is reported in a small

fraction of patients [8].

Case history
We report two cases of women suffering from non-small

cell lung cancer (NSCLC) who developed paroxysmal

atrial fibrillation (AF) after the infusion of gemcitabine.

The first case was a 72-year-old woman who presented

with lung adenocarcinoma and metastatic spread in the

right mandibula in December 2004. She was in good

clinical condition without relevant comorbidity. The

patient was treated with 6 weekly cycles of Docetaxel
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30 mg/m2 i.v. Chemotherapy was well tolerated, but the

patient went on progressive disease in 6 months. She

then was treated with gemcitabine 1200 mg/m2 days 1–8

every 21 days. Eighteen hours after the first infusion the

patient referred increasing dyspnea and accelerated

cardiac rhythm that regressed spontaneously in about

2 h. On day 8 (first cycle) she was visited and evaluated

by a cardiologist who did not find any sign of cardiac

toxicity. The electrocardiogram (ECG) was normal.

Therapy was administered as scheduled and the patient

was discharged on the same day. Again, 18 h later she

complained of the same transitory symptoms of dyspnea

and chest discomfort. A cardiologic evaluation on the next

day was normal and the patient was judged suitable for

continuing therapy.

The second cycle was followed by a similar, but prolonged,

episode of palpitations and dyspnea that required urgent

control in the Emergency Department. Physical evaluation

demonstrated the presence of an altered cardiac rhythm.

Blood pressure was normal. The ECG was consistent with

paroxysmal AF with rapid ventricular response and the

patient needed treatment with a class III anti-arrhythmic

drug such as amiodarone 300 mg i.v. A sinus rhythm was

repristinated in 2 h. During this episode biochemical and

hematological values were normal, and no predisposing

factors for AF could be identified. Chemotherapy was

interrupted and the patient was treated with prophylactic

oral amiodarone 200 mg daily. She did not refer any other

cardiac problems. Two months later she developed a brain

metastasis treated with whole-brain radiotherapy. Three

months thereafter a stable sinus rhythm was maintained

with oral amiodarone.

The second case was a 73-year-old woman, clinically fit,

who was operated on for a colonic carcinoma (stage C2

according to Duke’s modified Astler–Coller staging

system) in January 2004, and treated with folinic acid

and 5-fluorouracil adjuvant chemotherapy according to

Machover’s protocol regimen [9]. In March 2005 she

presented with spinal cord metastasis at the D9 level that

required vertebroplasty. During her stay in hospital a

pulmonary mass was occasionally found on her chest X-

ray. Computed tomography (CT) demonstrated the

presence of a right hylar mass 4 cm in maximum diameter

and monolateral lymphadenopathy. Fibrobronchoscopy

confirmed the finding of a mass in the main right

bronchial and FNBA demonstrated a cellular pattern

suggestive of NSCLC. The patient was found to have

asymptomatic pulmonary thromboembolism without car-

diac failure or arrhythmia and was treated with low-

molecular-weight heparin (LMWH). In April 2005 a CT

scan could not demonstrate residual thrombi in the

pulmonary artery and the patient started monoche-

motherapy with gemcitabine 1200 mg/m2 days 1–8 every

21 days that was well tolerated for the first 2 cycles.

Twelve hours after the third cycle the patient was

admitted to hospital for dyspnea and palpitations. An

ECG showed the presence of AF with rapid ventricular

rhythm. The patient was in poor clinical condition; the

cardiologists suggested treatment with digitalis glycoside

that was started immediately. A stable sinus rhythm could

not be achieved. The patient was discharged 5 days later

in good hemodynamic control with compensated AF.

Chemotherapy was definitely stopped.

Discussion
AF is a frequent arrhythmia occurring mainly in elderly

people, associated with symptoms of dyspnea, palpita-

tions and chest discomfort. It is a benign disease, but may

be potentially fatal due to the risk of pulmonary or

systemic embolism and cardiac failure. Three subtypes of

AF are recognized: non-sustained, paroxysmal and

chronic. Paroxysmal AF represents 25% of cases and can

evolve to the chronic form in 12% of patients by 2 years

[10]. It is associated with dyspnea, palpitations and

cardiac failure. Both paroxysmal and chronic AF can be

complicated by thromboembolic disease and stroke (5-

fold increase for non-rheumatic AF) [7]. We report two

cases of gemcitabine cardiac toxicity only rarely described

previously. In the first case, AF resolved with anti-

arrythmic therapy and had a very good clinical outcome.

In the second case, the patient could be treated only with

digitalis glycoside, less effective than amiodarone as an

anti-arrhythmic drug, and AF persisted indefinitely 3

months after the episode. Both cases occurred less than

24 h from gemcitabine administration, and we suppose a

strict correlation between the drug infusion and the

arrhythmia. Gemcitabine metabolism leads to the forma-

tion of a deaminated compound [20,20-difluorodeoxyur-

idine (dFdU)] characterized by a half-life of approxi-

mately 18–24 h, i.e. longer than the gemcitabine half-life,

the latter being rapidly cleared from plasma [8]. The

causative role of dFdU in precipitating paroxysmal AF is

strongly supported by the kinetics of the compound, and

by the absence of other predisposing factors [4] such as

hypertensive crisis, acute thromboembolism, electrolytic

imbalance, salt and water retention, and impaired

neurologic and endocrine functions [10]. To our knowl-

edge only one study reported AF as a consequence of

gemcitabine administration. In that case, the temporal

relationship between the drug infusion and occurrence of

arrhythmia was similar to our cases. About 12–24 h is

supposed to be the risk interval for developing AF. Even

in the absence of known risk factors AF should be

immediately suspected in the case of breathlessness,

palpitations or chest discomfort. Our second patient had

asymptomatic pulmonary thromboembolism that resolved

with LWMH before starting chemotherapy, so we believe

that this should not be considered a risk factor for that

patient. The occurrence of AF was reported in two

more studies as a consequence of gemcitabine-based

chemotherapy. It is noteworthy that most of the patients
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in these studies were suffering from considerable cardiac

comorbidities [11,12].

Other chemotherapeutic agents (anthracyclines, taxanes,

5-fluorouracil) can determine cardiac toxicity and be

responsible for arrhythmias [13], but in these cases the

most frequently reported toxicities are cardiac failure or

ischemic cardiomyopathy [1].

It is not clear how chemotherapy can induce cardiac

damage. Cisplatin, etoposide [14] and 5-fluorouracil [15]

infusion can sometimes be related to the occurrence of

AF, whereas dexamethasone, administered to our patients

30 min before gemcitabine, is not associated with this

arrhythmia.

Chemotherapeutic agents can interfere with sinoatrial

conduction, but the pathogenetic mechanism has yet to

be determined. Either bradycardic or tachycardic activity,

mediated by vagal hyperstimulation or sympathetic

hypertone, not demonstrated in our patients, can lead

to supraventricular arrhythmias. Even a sudden change in

potassium or magnesium plasma concentration is fre-

quently implicated in the pathogenesis of AF, but both

our patients had normal electrolyte levels. We suppose

that gemcitabine and specifically its deaminated meta-

bolite dFdU could have a direct effect on the myocardial

cell and the conduction system, evoking an overstimula-

tion of the sinoatrial node [16] or a failure in the

mechanisms of supraventricular conduction, but further

studies are required to clarify this issue [1]. After

treatment with gemcitabine-based chemotherapy, the

occurrence of AF must be kept in mind every time the

patient refers chest discomfort, and an ECG must be

promptly performed in order to ascertain and eventually

treat the arrhythmia. Patients suffering from cardiac

comorbidities, such as ischemic heart disease or hyper-

tension, should be carefully monitored.
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