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Cyclophosphamide cardiotoxicity

S. KUMAR, R. K. GUPTA, N. SAMAL

INTRODUCTION
Cyclophosphamide is a useful chemotherapeutic agent ac-
tive against a variety of human neoplasms.' Although antine-
oplastic drugs are targetted against rapidly dividing malig-
nant cells, they are also toxic to normal cells. Drug toxicity is
the principal deterrent to treatment with higher and poten-
tially more effective doses of cyclophosphamide. Conven-
tionally, cyclophosphamide is administered orally in a dose
of 1 to 3 mg/kg body weight with or without a loading dose.
Alternatively, it is given as a single intravenous dose of 10 to
15 mg/kg. Studies on experimental animals by Bruce et al?
and Skipper et al. 3 suggest that this may not be the optimal
dose schedule and that therapeutic advantage may be gained
from large intermittent doses. Recent studies in monkeys
given high doses of cyclophosphamide (180 to 240 mg/kg)
have demonstrated diffuse non-thrombocytopenic bleeding,
especially in the myocardium.'

In 1970, Storb et al.: investigated the haematological and
pathological effects of various high dose cyclophosphamide
regimens in rhesus monkeys. Those given doses of 240 mg/
kg over one to four days had a greater than 75% incidence of
cardiotoxicity. In 1971 Santos et al? reported the first human
fatality of cyclophosphamide cardiotoxicity, and Buckner et
al.6 reported cardiotoxicity in 5 patients who received a total
dose of 120 mg/kg and 240 mg/kg cyclophosphamide. One
patient, who received 240 mg/kg cyclophosphamide devel-
oped marked voltage loss on the ECG six days after the first
dose and subsequently died of myocardial failure. Such a
condition has also been reported in monkeys receiving com-
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parable doses.' Patients given 120 mg/kg had no serious
myocardial toxicity, although ECG changes and creatinine
phosphokinase elevation were occasionally noted. Santos et
alY established that cyclophosphamide (total dose 270 mg/
kg) was the cause of death in two patients awaiting bone
marrow transplants.

Studies in canines' have revealed that 500 mg/kg of
cyclophosphamide (in an approximately equivalent dose on
a surface area basis of 240 mg/kg in humans), administered
as a single intravenous infusion resulted in a marked fall in
the voltage of the QRS complex after 2 to 3 hours, and in
deaths from pulmonary oedema and intractable cardiac fail-
ure 60 to 90 minutes later. Light microscopy on the heart of
six of these dogs showed subendocardial or intramural haem-
orrhage in 2, minimal capillary congestion in 2 while the
remaining 2 were normal.

Mullin et al? described transient ECG changes in 4 of 18
patients which consisted of diminution of voltage, ST de-
pression, and T wave flattening or inversion. Some patients
had serum enzyme alterations compatible with myocardial
damage. However, there was no evidence of cardiac dys-
function symptomatically or on physical examination.

Buja et al. IO have described two patients who developed
fatal cardiac illness characterized clinically by congestive
cardiac failure of low output type and pericardial effusion.
The clinicopathological findings indicated that the primary
cause of myocardial damage was the high dose of cyclo-
phosphamide (180 mg/kg and 270 mg/kg) given as a part of
combination chemotherapy. In both patients, the morpho-
logical features common to the myocardial lesions indicated
severe acute injury. These were myonecrosis with multiple
contraction bands, haemorrhage, microthrombosis and fibrin
deposits in the interstitium and within the muscle cells. In
patients with extensive myocardial damage microthrombosis
was associated with severe damage and disruption of the
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muscular endothelium. The pericardial effusion may have
been the consequence of the direct cardiotoxic effects of
cyclophosphamide and fluid retention known to be associ-
ated with administration of high doses of the drug.v'

Buja et al." proposed that an individual variation in the
metabolism of the drug might be the key factor predisposing
to cyclophosphamide cardiotoxicity. Pharmacological stud-
ies have shown that patients given single intravenous doses
of 30 or 60 mg/kg of cyclophosphamide exhibited marked
variations in the rates of drug activation and in the peak
levels of alkylating activity in the serum. I I These findings
indicate that the heart-and other organs of some patients-
may be exposed to extremely high levels of active metabolites
of cyclophosphamide when large doses are administered for
several days.

On the basis of the morphological features, Buja et al,"
considered that cyclophosphamide induced cardiotoxicity
may be initiated by toxic endothelial damage, followed by
extravasation of blood containing high levels of antineoplas-
tic drug. This results in toxic damage to muscle cells and
precipitation of fibrin in the capillaries, interstitium and
damaged muscle cells. Microthrombosis would lead to fur-
ther ischaemic damage. This hypothesis was supported by
studies in humans and animals":" that have documented the
occurrence of severe haemorrhage, parenchymal necrosis,
and endothelial damage in other organs.

Slavin and Woodruff"? reported. the occurrence of exten-
sive haemorrhagic myocardial necrosis and vascular damage
in patients treated with 225 rug/kg, 237.5 rug/kg and 120 mg/
kg of cyclophosphamide. Appelbaum et al.20 observed an
acute lethal myopericarditis in 4 out of 18 patients receiving
high dose combination chemotherapy which included cyclo-
phosphamide 45 mg/kg/day for four days. In all cases the
myopericarditis occurred 5 to 9 days after chemotherapy was
initiated with the appearance of dyspnoea on minimal exer-
tion, orthostatic hypotension, fluid retention, tachycardia,
decreased voltage on ECG and pericardial effusion docu-
mented by echocardiography. The effusion was intially a
non-haemorrhagic, non-malignant exudate and in all cases
the myopericarditis progressed rapidly over 2 to 6 days to a
fatal low output state despite treatment. Necropsy, per-
formed in three cases, showed increased cardiac weight; a
thickened ventricular wall due to oedema; intramyocardial
extravasation of blood; fibrin or fibrin-platelet microthrombi
in the capillaries, and fibrin strands in the interstitium;
multi focal cardiac necrosis characterized by severe hyper-
contraction bands, myofibrillar damage and lysis. Mills et
al" and Gottdiener et al.22 have reported almost similar
findings. Electron microscopy revealed intramitochondrial
electron dense inclusions and fibrin strands within the cyto-
plasm of muscle cells. On the basis of light and electron
microscopic findings, Appelbaum et al." suggested that
large dose cyclophosphamide based chemotherapy induced
cardiac failure through direct endothelial damage. This damage
leads to capillary microthrombosis and increased permeabil-
ity of the' endothelium with leakage of erythrocytes and
plasma proteins into the myocardial interstitium. Similarly,
the exudation of large amounts of protein rich fluid into the
pericardial cavity appears to be responsible for the pericar-
dial effusion.
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Other studies have shown that cyclophosphamide induces
oedema and haemorrhage in the brain of suckling rats," the
lungs and heart of dogs" and monkeys," and the urinary
bladder of rats, dogs and men.'? Wenzel and Cosma" have
demonstrated that cyclophosphamide, whether activated or
not by liver microsomes was more toxic for myocytes than
for endothelial cells or fibroblasts. Mills et aUI stated:
'Cyclophosphamide cardiomyopathy is acute with death
occurring in the reported cases within 15 days of the initial
dose.'

Gottdiener et al.22 have shown that high dose cyclo-
phosphamide (180 mg/kg total dose) based combination
chemotherapy may be commonly associated with a rela-
tively acute depression of QRS amplitude and left ventricu-
lar systolic function even when pericardial effusion or clini-
cally overt myocardial failure are absent. In some cases the
myocardial failure may be refractory to inotropic support
and rapidly culminate in death. Decreased QRS amplitude
may reflect a number of factors including change in the
electrical axis. They observed several patients in whom QRS
amplitude decreased despite the absence of pericardial effu-
sion or decreased left ventricular funtion on the echocardi-
ogram. Interstitial oedema without myonecrosis may have
caused partial electrical insulation but did not impair the
contractile function.

In inbred female ACI rats, cyclophosphamide (3 intraperi-
toneal doses of 150 mg/kg) has been shown to produce a less
acute syndrome of cardiotoxicity characterized by myocyte
vacuolization and hypertrophy, vascular damage, interstitial
fibrosis, and cartilagenous metaplasia."

In 1990, one of US27 studied cardiotoxicity of cyclo-
phosphamide on Swiss albino rats and observed multiple
areas of interstitial haemorrhage, multiple focal areas of
minimal and mild myofibre necrosis and associated inflam-
matory reaction with mononuclear inflammatory cells and
occasional neutrophils. The blood vessels, particularly in the
subpericardial zone, were dilated with disruption of the
endothelium and extravasation of blood in some of them.
Perivascular infiltration was also observed. Pericarditis and
valvulitis were common. These findings support the theory
proposed by Buja et al." Interstitial haemorrhage and myofibre
necrosis may be the cause of congestive heart failure ob-
served by others.IO·20-22 The valvulitis" may be an important
factor contributing to congestive heart failure.

RISK FACTORS
No definite risk factor for the development of cyclophospha-
mide cardiotoxicity has been identified, but prior anthracy-
clin chemotherapy and radiation therapy may possibly be
predisposing factors.P-" Goldberg et al." and Mills et al?'
suggested that cyclophosphamide cardiotoxicity is dose re-
lated but does not appear to be the cumulative result of long
term drug administration. Goldberg et al." observed an
extremely low incidence of cyclophosphamide cardiotoxic-
ity in paediatric patients and suggested that calculating the
dose on the basis of body surface area would reduce the
incidence of cardiotoxicity. Andrade et aPI demonstrated an
enhancement of chronic Trypanosoma cruzi myocarditis in
dogs treated with low doses of cyclophosphamide.
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INCIDENCE
Unfortunately it is difficult to determine the true incidence
and contribution of cyclophosphamide to cardiotoxicity as
the literature primarily contains case reports and cyclo-
phosphamide was administered in various dosages and often
with other potentially cardiotoxic agents. However, if the
studies of Steinherz et al,28 and Gottdiener et al.22 are com-
bined, the incidence of symptomatic cardiomyopathy is 22%
(16n2) and that of fatal cardiotoxicity is 11% (Sn2).
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