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Cisplatin-based chemotherapy considerably improved
the outcome of patients with metastatic germ cell tu-
mors. Apart from Raynaud’'s phenomenon, a frequent
side effect, vascular toxicity associated with chemother-
apy for testicular cancer, has not been described pre-
clisely. Although major vascular complications such as
myocardial infarction, stroke and pulmonary embolism
seem to occur Infrequently, they raise concern with re-
gard to the safety of chemotherapy. Also, potential late
vascular toxicity has to be taken into account. Whereas a
cause and effect relationship is probable for some vas-
cular events following chemotherapy, some cases may
represent coincidence or may be disease related. Pre-
sently, the very low incidence of major vascular events
should not enter into therapeutic decisions.
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Introduction

The introduction of cisplatin by Einhorn and Dono-
hue considerably improved the clinical outcome of
patients with metastatic testicular cancer.! Agents
frequently used in cisplatin-based combination che-
motherapy protocols are etoposide, bleomycin, vin-
blastine and ifosfamide. Side effects of these drugs
include gastrointestinal toxicity, myelosuppression
and alopecia. Moreover, bleomycin has a dose-limit-
ing pulmonary toxicity, and the administration of
cisplatin is associated with nephro-, neuro- and
ototoxicity. These side effects are common and
more or less dose-dependent. Although they are
tolerable in the majority of patients treated with
standard protocols, treatment-related mortality is
around 5% in large clinical trials.?

Apart from the above-mentioned side effects, vas-
cular toxicity associated with chemotherapy for
germ cell tumors has been described by several
investigators. Whereas Raynaud’s phenomenon is
observed in a considerable proportion of pa-
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tients, major vascular events seem to occur infre-
quently. However, several reports about myocardial
infarction, stroke and pulmonary embolism raise
concern, as these complications are invaliding and
life threatening in young patients with a high chance
of being cured from malignancy. Single cases of
fatal small bowel necrosis® and rectal infarction?
have also been reported. This review summarizes
the data in the literature, and attempts to distinguish
between disease- and chemotherapy-related factors
leading to vascular complications. Moreover, atten-
tion is focused on potential long-term vascular toxi-
city.

Mechanisms of vascular toxicity

The occurrence of thromboembolic events in pa-
tients with malignant diseases is a well recognized
phenomenon which is due to complex alterations of
the clotting system and an impaired fibrinolysis.
Cytotoxic chemotherapy may enhance prothrombo-
tic hemostatic abnormalities. Another mechanism
leading to thromboembolic events may be endothe-
lial cell damage, as antineoplastic agents reach their
highest concentrations at the blood—endothelial in-
terface. In this context, vascular damage has been
discussed to be an important anti-tumor mechanism
of antineoplastic agents.*

Of the antineoplastic agents used in the treatment
of testicular cancer, bleomycin has been most fre-
quently incriminated to cause vascular damage, as it
can lead to Raynaud’s phenomenon alone® or in
combination with vinblastine and cisplatin.® A pre-
clinical experimental study showed multifocal vas-
culitis with venous occlusion in rhesus monkeys
after the administration of bleomycin;’ this study,
however, provided no data on potential long-term
vascular alterations. Furthermore, bleomycin has
been shown to stimulate collagen production in
cultural fibroblasts.® Light and electron microscopic
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studies demonstrated that bleomycin causes char-
acteristic endothelial changes in capillaries and
small arterioles with cumulative administration. En-
dothelial lesions ranged from vacuolization to de-
tachment and necrosis.’

Recently, morphological studies on blood vessels
in rats provided evidence that cisplatin, the most
active agent against testicular cancer, also can
cause endothelial injury.® The authors of this paper
studied vascular damage of the common carotid
artery in cross-sections by light microscopy and
methacrylate casts by scanning electron microsco-
py; capillary lesions in the area of the sternocleido-
mastoid muscle were examined by transmission
electron microscopy. The light microscopic studies
demonstrated that cisplatin induced damage like
swelling and bulging of endothelial cells from the
basement membrane. The scanning electron micro-
graphs showed a marked reduction of the tiny vas-
cular network. Moreover, the transmission electron
studies disclosed severe lesions of the endothelial
cells, the basement membrane and the pericytes of
the capillaries.’

Presently, it is not clear whether the direct cyto-
toxic effect is the only mechanism by which anti-
neoplastic agents can lead to endothelial injury.
Several chemotherapeutic agents including cispla-
tin and bleomycin have been shown to amplify the
production of tumor necrosis factor and other cy-
tokines.'®!! As tumor necrosis factor-a induces
procoagulant activity on endothelial cells in vi-
tro,'? such an indirect mechanism may play an ad-
ditional role in the development of vascular injury.

An important vascular-mediated component in
anti-tumor action has also been postulated for vin-
blastine, a commonly used agent in former chemo-
therapy protocols against testicular cancer. It was
discussed that vinblastine acts on solid tumors by a
host-mediated mechanism which induces vascular
damage and loss of blood flow within the tumor.!?
During the last years, etoposide was frequently
substituted for vinblastine in chemotherapy proto-
cols for testicular cancer because of diminished
neuromuscular toxicity.>'*'> Althouth early re-
ports suggested some vascular toxicity associated
with the administration of etoposide,m’17 presently
there is little evidence that this kind of toxicity plays
an important role in conventional doses as used in
protocols for testicular cancer. However, high-dose
etoposide as used in bone marrow transplantation
conditioning regimens can lead to hepatic venooc-
clusive disease.'®

A further putative factor leading to vascular toxi-
city in association with cisplatin-based chemother-
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apy is hypomagnesemia due to renal dysfunction.'®

Cisplatin-induced tubular injury leads to hypomag-
nesemia by causing a decrease in the maximal rate
of reabsorption of the divalent cation. In two series,
76 and 87% of patients treated with cisplatin devel-
oped hypomagnesemia; median time to onset of
hypomagnesemia was 63 days.'>?° In the series
by Schilsky et al.,*° 38% of patients still showed
hypomagnesemia 3 years after cisplatin-containing
chemotherapy. Although the majority of patients
with hypomagnesemia in the series by Vogelzang
et al'® were asymptomatic, experimental data de-
monstrated that magnesium deficiency in the media
potentiates the contractile responses of the arteries
to norepinephrine, acetylcholine, serotonin, angio-
tensin and potassium.?! Therefore, hypomagnese-
mia may be a cause of arterial spasms. An
association between magnesium deficiency and hy-
pertension was also described.?* However, the bio-
logical significance of these findings remains to be
defined in chemotherapy-treated patients with tes-
ticular cancer. Furthermore, renal tubular function
recovers with time leading to normalization of ser-
um magnesium levels.'®?* Therefore, magnesium
deficiency probably is not responsible for late vas-
cular effects.

Recently, the antiemetic agent ondansetron was
suspected to contribute to acute vascular complica-
tions following chemotherapy.?* However, despite
the frequent use of ondansetron, so far only one
group of investigators has reported a potential vas-
cular toxicity?® and a putative mechanism involved
has not been discussed.

During recent years, attention was focused on
potential long-term vascular toxicity following
cisplatin-based chemotherapy. While some
authors found an increased prevalence of hyper-
cholesterolemia after cisplatin-containing chemo-
therapy,”® %’ which may lead to an increase of
cardiovascular risk, other investigators were not
able to confirm this finding.?®

In the following sections, Raynaud’s phenomen-
on, myocardial infarction and coronary artery dis-
ease, stroke and pulmonary embolism, and the
pathogenetic mechanisms potentially involved are
described separately.

Raynaud’s phenomenon

Raynaud’s phenomenon is characterized by transi-
ent episodes of vasoconstriction accompanied by
changes in color of the affected digits (white
pallor, cyanotic blue and deep red); attacks are



precipitated by exposure to cold and may be bilat-
era] or unilateral. Raynaud’s phenomenon was de-
scribed after single-agent treatment with
bleomycin.®> Vogelzang et al. observed Raynaud’s
phenomenon in 21% of patients treated with bleo-
mycin and vinblastine, but the addition of cisplatin
increased the frequency up to 41%.° A similar in-
cidence of Raynaud’s phenomenon after cisplatin-
based combination chemotherapy was described by
several investigators.?>%° In contrast, Scheulen and
Schmidt observed Raynaud’s phenomenon in only
2.6% of patients treated with vinblastine and bleo-
mycin, with or without cisplatin. The authors attrib-
uted this considerably lower incidence to their
routine use of corticosteroids.>!

Raynaud’s phenomenon usually appears about 3—
6 months after discontinuation of chemotherapy;>?
Vogelzang et al. described a median interval of 10
months from the start of chemotherapy.6 Trophic
changes of the fingertips were observed in some
patients by the above-mentioned investigators, but
other authors could not confirm this finding. Digital
ischemia led to life-style alterations in 12 of 20
patients of the above-mentioned report.6 Gangrene
of the fingers or deterioration with time have not
been reported. Therapeutic trials with topic nitro-
glycerine did not prove to be beneficial.® A gradual
resolution of symptoms with time was observed in
around 50% of patients.’ In long-term follow-up
studies persistent Raynaud's phenomenon was
found in 10-49% of patients, whereby the varying
frequency may be partly explained by different
methods of evaluation (questionnaire, telephone
interview or physical examination at a visit to the
hospital) 29-30:33-35

Raynaud’s phenomenon is divided into two pa-
thophysiological groups. Obstructive Raynaud’s
phenomeon is characterized by structural abnorm-
alities of the vessel walls and reduced lumen, which
is occluded by a normal vasoconstrictor response to
cold. In vasospastic Raynaud’s phenomenon, the
calibers of the vessels are normal but there is an
exaggerated vasoconstrictor response to cold. As in
a study by Hansen and Olsen?? none of the patients
showed an increased systolic pressure gradient
from arm to finger, it seemed unlikely that signifi-
cant hemodynamic organic obstructions of the ar-
teries led to chemotherapy-induced Raynaud’s
phenomenon. However, since bleomycin is known
to cause structural alterations in small blood vessels,
a minor contribution of anatomical changes cannot
be excluded. An exaggerated and prolonged vaso-
constrictor response to cold, with a mean flux re-
duction of 61%, was found in a study using laser
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Doppler flowmetry.>? Moreover, the mean restitu-
tion time exceeded 7 min. Both findings were re-
garded as consistent with vasospastic-type
Raynaud’s phenomenon. An increased sympathetic
vessel tone was discussed to be attributable to vin-
blastine. However, Roth et al. were not able to find a
correlation between ‘‘digital cold sensitivity” and
the number of courses of induction therapy admi-
nistered, the dosage of vinblastine used during in-
duction or the administration of vinblastine as
maintenance therapy.3? In the study by Vogelzang
et al®the development of Raynaud’s phenomenon
was unrelated to total doses of vinblastine, bleomy-
cin and cisplatin. Presently, no conclusive data are
available as to whether the substitution of etoposide
for vinblastine reduces the incidence of Raynaud'’s
phenomenon. Cisplatin alone was not reported to
cause Raynaud’s phenomenon, but the addition of
cisplatin to bleomycin and vinblastine was shown to
increase the frequency. The potential mechanism
by which cisplatin contributes to Raynaud’s phe-
nomenon is hypomagnesemia due to renal magne-
sium wasting. Vogelzang et al.'® found that the
severity of prior hypomagnesemia predicted an in-
creased risk of Raynaud's phenomenon. As all
patients in the study by Hansen and Olsen®® had
normal serum magnesium levels after a median of
78 months after chemotherapy, the presence of
Raynaud’s phenomenon does not seem to be cor-
related with hypomagnesemia. However, hypomag-
nesemia may play a role in the development of
Raynaud’s phenomenon. While in one study Ray-
naud’s phenomenon was significantly more com-
mon in cigarette smokers,® other investigators
were not able to confirm this association.*® Two
reports could not ascertain any correlation be-
tween cisplatin-vinblastine-induced neurotoxicity
and Raynaud’s phenomenon,®*® while Bissett et
al®® suspected some degree of cross-correlation
of toxicity

Myocardial infarction and coronary artery
disease

Twenty three cases of myocardial infarction in male
patients receiving combination chemotherapy for
germ cell tumors have been documented in the
literature 3:28:33.3436-45 The majority of these pa-
tients were treated according to the PVB protocol
including cisplatin, vinblastine and bleomycin,
while a few patients received etoposide-containing
regimens. A few patients were given maintenance
therapy. Two patients underwent an additional
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mediastinal irradiation, a known risk factor for the
development of coronary artery disease.>® The pa-
tients’ ages ranged from 19 to 55 years (median 38
years). It is of interest that of the eight patients
whose myocardial infarctions were documented in
reports on large clinical trials, only one was younger
than 35 years. In contrast, of the remaining 15 pa-
tients, whose myocardial infarctions were published
as case reports, 10 patients were younger than 35
years. The latency between the last administration
of chemotherapy and myocardial infarction ranged
from a few hours to 8 years (median 1.5 years).
Seventeen patients developed myocardial infarc-
tion during complete remission, three patients had
active disease and in three further cases the re-
sponse was not yet evaluable at the time of infarc-
tion. The fact that the majority of patients were in
complete remission argues against a predominant
role of disease-related factors contributing to vas-
cular events. Myocardial infarction was fatal in 10 of
the 23 patients. Six of these deaths occurred in
patients younger than 35 years. Anatomical chan-
ges were found in some>?838-4° byt not al|34:36.45
patients by coronary angiography or autopsy. Some
patients were reported to have cardiovascular risk
factors, but the authors did not provide data on
potential risk factors consistently. However, some
authors**#445 emphasized that patients younger
than 30 years who developed myocardial infarction
had no risk factors.

In a retrospective analysis, Stefenelli et a/.%¢ de-
tected angina pectoris in eight of 21 patients (38%)
with a mean age of 30 years who received chemo-
therapy for testicular cancer consisting of cisplatin,
vinblastine and bleomycin. Angina pectoris began a
median of 5.6 weeks after initiation of chemother-
apy and persisted for 2-7 days. As nine of 10 pa-
tients with episodes of acute vascular toxicity had
metastatic disease and only one received adjuvant
therapy, the authors discussed an activation of clot-
ting factors by the release of toxic substances from
necrotic tumor tissue as a possible pathogenic fac-
tor. A weakness of this study was that the authors
evaluated only typical subjective symptoms using a
standardized questionnaire and interview, but tech-
nical examinations (electrocardiography) were not
performed routinely. Thus the frequency of acute
vascular toxicity may be overestimated by this
study. Furthermore, the observations by Stefenelli
et al.*® do not provide an explanation for most cases
of myocardial infarction described in the literature,
as the majority of events arose during complete
remission.

Nichols et al.*? investigated the incidence of cor-
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onary artery disease and myocardial infarction
among 459 eligible patients on the Testicular Can-
cer Intergroup study. Ninety patients (20%) received
two courses of adjuvant chemotherapy, 83 patients
(18%) received full-chemotherapy for metastatic
disease and 286 patients (62%) never receiving che-
motherapy constituted the control group. This study
provided no evidence of an increased incidence of
heart disease among patients treated with either
adjuvant or curative chemotherapy. Moreover,
hypertension, one of the known risk factors for
coronary artery disease, was found in equal
frequencies among chemotherapy-treated and un-
treated patients. A relative weakness of this study
is that approximately 40% of the patients did not
answer to the questionnaire. Furthermore, the study
had limited power to detect significant differences
in low-frequency toxic events. Nevertheless the
authors drew the conclusion that cardiovascular
events in association with chemotherapy for germ
cell tumors may represent coincidence. The authors
based their hypothesis on data of the Framingham
study which demonstrated a substantial incidence
of coronary artery disease in the young male
population.?’

However, due to the very young age of some
patients and a lack of coronary risk factors, some
authors suspected a cause and effect relationship
between chemotherapy for testicular cancer and
myocardial infarction. A further argument was the
relatively close temporal association between ad-
ministration of chemotherapy and myocardial in-
farction in some of the reported cases. Of
interest is the report by Bodensteiner who descri-
bed a 24 year old patient with fatal myocardial
infarction 7 months after completing one cycle of
cisplatin, vinblastine and bleomycin.** Coronary
angiography had been normal 8 months before in-
farction. Although some case reports suggested a
potential causative role of chemotherapy, large clin-
ical trials presently do not provide evidence of an
increased risk of coronary artery disease after che-
motherapy for testicular cancer.*> However, pub-
lished studies cannot rule out a moderate
increase of incidence. Longer follow-up and data
on considerably larger numbers of patients will be
necessary to draw definitive conclusions.

Recently, attention was drawn to studies investi-
gating changes of plasma lipids after chemotherapy
for testicular cancer. Hypercholesterolemia was first
described by Boyer et al.>® in 20 of 30 patients (67%)
with a median follow-up of 75 months (range 48—
126) after commencement of chemotherapy. In this
retrospective study,” elevation cf cholesterol was



significant when compared with a control popula-
tion. The same group later confirmed the initial
findings in a prospective study, which, however,
included only 17 patients.?”” Moreover, maximum
duration of follow-up was only 24 months. In the
same year, Gietema et al?® reported on a cohort
study including 57 patients with a median follow-up
of 88 months (range 56-143). These authors®® found
that patients treated with chemotherapy for testicu-
lar cancer, when compared with a sample of healthy
Dutch men, had an elevated serum cholesterol level
and a higher body mass index 4-6 years after treat-
ment (p < 0.05). Moreover, the HDL cholesterol
level was lower in the chemotherapy group com-
pared with that of healthy men (p < 0.05). A sig-
nificant elevation of serum cholesterol was not
observed in patients treated with orchiectomy
only, who constituted a further control group. Com-
paring the chemotherapy-treated and stage 1
patients, a significant difference in cholesterol
levels was only observed in the group aged 20-
29 years (p < 0.001). The latter finding is of special
interest, as the effect of an elevated serum choles-
terol level on the risk for cardiovascular disease
might be more pronounced in young adults than
in elder patients.*® Ellis et a/.?® published a retro-
spective study including 47 patients which was con-
tradictory to the three above-mentioned reports.
The authors did not find a significant difference
with regard to the plasma cholesterol concentra-
tions between patients with testicular cancer trea-
ted with chemotherapy and patients with germ cell
tumors receiving no chemotherapy. However, pa-
tients in the control group tended to be somewhat
older, but if comparison was restricted to patients
25-44 years of age no significant difference was
found. Moreover, a comparison of the chemother-
apy-treated patients with the New Zealand male
population did not show a significant difference
of cholesterol levels. Combining the data of the
four above-mentioned studies®>~*® no definite con-
clusions can be drawn. Even if further studies con-
firm an increase of cholesterol after cisplatin-based
chemotherapy, the biological relevance of such a
finding remains to be determined. Moreover, the
importance of other risk factors for coronary artery
disease should be also examined. Of special interest
would be a study on the smoking cessation habits
among survivors of testicular cancer.

Cerebrovascular accident

Cerebrovascular complications are not uncommon
in patients with malignant diseases, and may arise
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from various mechanisms including tumor emboli-
zation, vasculitis, non-bacterial thrombotic endocar-
ditis and consumptive coagulopathy.*® Moreover,
cerebrovascular events may be related to antineo-
plastic therapy. Since the beginning of the last
decade cerebrovascular insults associated with
cisplatin-containing chemotherapy have been re-
ported by several authors.>*>* Kukla et al.>° descri-
bed five patients with head and neck cancer
developing cerebrovascular accidents after chemo-
therapy with cisplatin, bleomycin and vincristine.
Each of the patients was over 50 years of age and
three had a previous history of heart disease or
stroke. However, a close temporal relationship be-
tween the administration of chemotherapy and the
vascular complications suggested a causal associa-
tion. Other investigators also described cerebrovas-
cular  accidents after  cisplatin-containing
chemotherapy in patients with known risk factors
for arteriosclerosis.’?>">* Licciardello et al>? recog-
nized an elevated von Willebrand factor antigen as a
potential risk factor for chemotherapy-related acute
vascular events. The authors assumed that endothe-
lial damage may be a major pathogenetic factor.

Although large numbers of patients with testicular
cancer have been treated since the introduction of
cisplatin in 1977, the first report on cerebrovascular
events in association with cisplatin-based chemo-
therapy for testicular cancer appeared in 1986.36
Eight cases of cerebrovascular accidents following
cisplatin-based chemotherapy of testicular cancer
have so far been documented in the litera-
ture.>24:36.37,45.5556 The ages of the patients ranged
from 19 to 58 years (four patients were younger than
30 years). Four patients had active disease at the
time of the cerebrovascular event, while two pa-
tients were in complete remission and one had a
partial response with tumor marker normalization; a
further patient developed the insult during adjuvant
chemotherapy for resected stage II testicular cancer.
In two of the eight cases the cerebrovascular acci-
dent occurred 1 week after initiation of chemother-
apy.>?” A further patient developed a stroke 2 days
after completion of the second chemotherapy
course.’® In patients neurologic deficits began at
the end of the third chemotherapy cycle,>** in
two other patients during the sixth and eighth
cycle,?** respectively. In one case the interval from
discontinuation of chemotherapy was 4 months.3¢
Angiographic studies were reported from five pa-
tients. In two cases no endovascular abnorm-
alities were identified,?® whereas in two other
patients an occlusion of the middle cerebral artery
was documented.*>>® In a further patient cerebral
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angiography was consistent with occlusive arteritis
in the right frontal and left temporoparietal regions.’
No tumor cells were identified in the surgically
removed thrombus of one of the latter cases.>
Three patients died from cerebrovascular acci-
dent, one in complete remission,’® one with favor-
able response® and the third with refractory
disease.? Two patients showed a resolution of neu-
rologic symptoms and were alive with testicular
cancer at the time of the reports.>*> Three patients
were alive with no evidence of cancer at the time of
the reports, one with complete neurologic recovery
and two with persistence of neurologic deficits.3¢”
A close temporal association between the adminis-
tration of chemotherapy and the cerebrovascular
event in the majority of reported cases suggests
a causal relationship. Moreover, the young age of
the patients and the lack of vascular risk factors in
most of the reported cases argue against coinci-
dence. Considering the above-reported experimen-
tal findings,® drug-induced endothelial damage
might be the most important pathogenetic factor.
A cumulative vascular damage due to the adminis-
tration of sequential chemotherapy cycles may play
a role, since in the majority of reported cases pa-
tients had received more than one cycle prior to the
vascular event. In cerebrovascular events occurring
more than 2 months after commencement of che-
motherapy, vascular spasms due to hypomagnese-
mia may be an additional pathogenetic factor.*®
Moreover, in patients with active disease, a contri-
bution of malignancy-related factors has to be con-
sidered. Although cisplatin-containing chemo-
therapy apparently plays a role in the development
of cerebrovascular accidents in young patients with
testicular cancer, it must be emphasized that the
incidence of such complications is very low. In a
recent review by Nichols et al.,*? no cases of cere-
brovascular event were identified among 2047
patients treated with chemotherapy for testicular
cancer.

Pulmonary embolism

The incidence of pulmonary emboli in patients trea-
ted with chemotherapy for testicular cancer is also
very low, since only four cases of this complication
were reported in the above-mentioned review.*?
Ten further cases of pulmonary embolism in pa-
tients receiving chemotherapy for testicular cancer
have been documented in the literature 3”576
Lederman and Garnick® reported on three (26, 30
and 31 years old) men, two of whom had only
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elevated serum tumor markers and the third had
metastatic pulmonary disease. In one patient a
deep venous thrombosis of a leg was found, whereas
in the other cases no sources of emboli were
identified. The authors®' assumed that similar
mechanisms as discussed for myocardial infarction
and cerebrovascular accident may lead to pul-
monary emboli. Bleomycin-induced endovascular
damage was considered to be the most important
pathogenetic factor.

Cantwell et al.’” however, demonstrated that
deep venous thrombosis and pulmonary embolism
in patients receiving chemotherapy for germ cell
cancer were significantly associated with the pre-
sence of retroperitoneal metastases with at least one
node of more than 5 cm in maximum diameter. In a
review of the literature, Stockler and Raghavan®’
found that pulmonary embolism in patients with
testicular cancer was closely related to neoplastic
venous involvement. Pulmonary embolism fre-
quently occurred prior to the initiation of chemo-
therapy and tumor thrombi were found at surgery or
post-mortem examination in the majority of cases.

In conclusion, the majority of cases of pulmonary
emboli in patients with metastasized testicular can-
cer may ensue from tumor embolism, while in a few
cases a pathogenic role of drug-induced endovas-
cular damage cannot be excluded.

Conclusions

A wide spectrum of antineoplastic agents has been
recognized to cause vascular damage. Whereas it is
generally assumed that the primary mechanism by
which chemotherapy brings about tumor regression
is the direct cytolysis of tumor cells, the blood ves-
sels of tumor tissue may be an important target of
antineoplastic agents, as most drugs achieve the
highest concentrations at the blood-endothelial in-
terface. However, the cytotoxic drug effect appar-
ently is not strictly confined to the more rapidly
proliferating endothelial cells in tumor vessels.
Therefore, vascular damage of normal vessels may
occur frequently but may be subclinical in the vast
majority of treated patients with the exception of
Raynaud’s phenomenon. However, in a small subset
of patients major vascular complications arise.
Vascular events such as myocardial infarction,
stroke and pulmonary embolism in patients receiv-
ing chemotherapy for testicular cancer raise con-
cern, as they are invaliding and life threatening
in young patients with a high chance of being cured
from malignancy. It is justified tc assume a patho-



genic role of chemotherapy in the development of
cerebrovascular events, but the incidence of these
complications seems to be very low. A cause and
effect relationship is defined less distinctly for cases
of myocardial infarction following chemotherapy;
some of the reported cases may simply represent
coincidence. Long-term follow-up data on very
large numbers of patients will be necessary to clar-
ify whether chemotherapy significantly increases
cardiovascular risk. Pulmonary emboli predomi-
nantly are a result of tumor embolism but a minor
contribution of drug-induced endovascular damage
seems possible. In conclusion, the very low inci-
dence of major vascular complications following
cisplatin-based chemotherapy for testicular cancer
should not enter into therapeutic decisions.

References

1. Einhorn LH, Donohue J. Cisdiamminedichloroplatinum,
vinblastine and bleomycin combination chemotherapy in
disseminated testicular cancer. Ann Intern Med 1977,
87: 293-8.

2. Williams SD, Birch, R, Einhorn LH, et al. Treatment of
disseminated germ cell tumors with cisplatin, bleomycin,
and either vinblastine or etoposide. N Engl J Med 1987,
316: 1435-40.

3. Samuels BL, Vogelzang NJ, Kennedy BJ. Severe vascular
toxicity associated with vinblastine, bleomycin, and cis-
platin chemotherapy. Cancer Chemother Pharmacol
1987; 19: 253-6.

4. Murray JC. Vascular damage and tumour response. Eur ]
Cancer 1992; 28A: 15934,

5. Adoue D, Arlet P. Bleomycin and Raynaud’s pheno-
menon. Ann Intern Med 1984; 100: 770.

6. Vogelzang NJ, Bosl GJ, Johnson K, et al. Raynaud's
phenomenon: a common toxicity after combination
chemotherapy for testicular cancer. Ann Intern Med
1981; 95: 288-92.

7. Burkhardt A, Holtje WJ, Gebbens JO. Vascular lesions
following perfusion with bleomycin. Electron micro-
scopic observations. Virchow Arch [Pathol Anat]
1976; 372: 227-36.

8. Otsuka K, Murota SI, Mori Y. Stimulatory effect of bleo-
mycin on the hyaluronic acid synthetase in cultural
fibroblasts. Biochem Pbarmacol 1978; 27: 15514,

9. Klesper B, Schmelzle R. Morphological studies on blood
vessels in rats after application of cisplatin. Onokologte
1993; 16: 270-3.

10. Pogrebniak HW, Matthews W, Pass HI. Chemotherapy
amplifies production of tumor necrosis factor. Surgery
1991; 110: 231-7.

11. Micallef M. Immunoregulatory cytokine production by
tumor-bearing rat spleen cells and its modulation by
bleomycin. Anti-Cancer Drugs 1993; 4: 213-22.

12. Nawroth P, Handley D, Matsueda G, et al. Tumor ne-
crosis factor/cachectin-induced intravascular fibrin for-
mation in MethA fibrosarcomas. J Exp Med 1988; 168:
637-47.

Vascular toxicity and testicular cancer

13. Baguley BC, Holdaway KM, Thomsen LL, et al. Inhibition
of growth of colon 38 adenocarcinoma by vinblastine
and colchicine: evidence for a vascular mechanism. EurJ
Cancer 1991; 27: 482-7.

14. Dearnaley DP, Horwich A, A'Hern R, et al. Combination
chemotherapy with bleomycin, etoposide and cisplatin
(BEP) for metastatic testicular teratoma: long-term fol-
low-up. Eur J Cancer 1991; 27: 684-91.

15. Gerl A, Clemm C, Lamerz R, et al. Prognostic implica-
tions of tumour marker analysis in non-seminomatous
germ cell tumours with poor prognosis metastatic dis-
ease. Eur J Cancer 1993; 29A: 961-5.

16. Schechter JP, Jones SE. Myocardial infarction in a 27 year
old woman: possible complication of treatment with
VP-16-213 (NSC-141540), mediastinal irradiation, or
both. Cancer Chemother Rep 1975; 59: 887-8.

17. Aisner J, Van Echo DA, Whitacre M, et al. A phase 1 trial
of continuous infusion VP-16-213 (etoposide). Cancer
Chemotber Pbarmacol 1982; 7: 157-60.

18. Doll DC, Ringenberg QS, Yarbro JW. Vascular toxicity
associated with antineoplastic agents. J Clin Oncol 1986;
4: 1405-17.

19. Vogelzang NJ, Torkelson JL, Kennedy BJ. Hypomagne-
semia, renal dysfunction, and Raynaud’s phenomenon in
patients treated with cisplatin, vinblastine, and bleomy-
cin. Cancer 1985; 86: 2765-70.

20. Schilsky RL, Barlock A, Ozols RF. Persistent hypomag-
nesemia following cisplatin chemotherapy for testicular
cancer. Cancer Treat Rep 1982; 66: 1767-9.

21. Turlapaty PDMV, Altura BM. Magnesium deficiency pro-
duces spasms of coronary arteries: relationship to etiol-
ogy of sudden death ischemic heart disease. Science
1980; 208: 198-200.

22. Altura BM, Altura BT, Gebrewold A. Magnesium defi-
ciency and hypertension: correlation between magne-
sium-deficient diets and microcirculatory changes in
situ. Science 1984; 208: 1315-7.

23. Hansen SW, Olsen N. Raynaud's phenomenon in pa-
tients treated with cisplatin, vinblastine, and bleomycin
for germ cell cancer: measurement of vasoconstrictor
response to cold. J Clin Oncol 1989; 7: 940-2.

24. Coates AS, Childs A, Cox K, et al. Severe vascular
adverse effects with thrombocytopenia and renal failure
following emetogenic chemotherapy and ondansetron.
Ann Oncol 1992; 3: 719-22.

25. Boyer M, Raghavan D, Harris P), et al. Lack of late
toxicity in patients treated with cisplatin-containing com-
bination chemotherapy for metastatic testicular cancer. J
Clin Oncol 1990; 8: 21-6.

26. Gietema JA, Sleijfer DT, Willemse PHB, et al. Long-term
follow-up of cardiovascular risk factors in patients given
chemotherapy for disseminated nonseminomatous tes-
ticular cancer. Ann Intern Med 1992; 116: 709-715.

27. Raghavan D, Cox K, Childs A, et al. Hypercholestero-
lemia after chemotherapy for testis cancer. J Clin Oncol
1992; 10: 1386-9.

28. Ellis PA, Fitzharris BM, George PM, et al. Fasting plasma
lipid measurements following cisplatin chemotherapy in
patients with germ cell tumors. J Clin Oncol 1992; 10:
1609-14.

29. Bissett D, Kunkeler L, Zwanenburg L, et al. Long-term
sequelae of treatment for testicular germ cell tumours. Br
J Cancer 1990; 62: 655-9.

30. Aass N, Kaasa S, Lund E, et al. Long-term somatic side

Anti-Cancer Drugs - Vol 5. 1994 613



A Gerl

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43,

44,

45,

46.

614

effects and morbidity in testicular cancer patients. Br J
Cancer 1990; 61: 151-5.

Scheulen ME, Schmidt CG, Raynaud’s phenomenon and
cancer chemotherapy. Ann Intern Med 1982; 96: 256.
Heier S, Nilsen T, Graver V, et al. Raynaud’s phenom-
enon after combination chemotherapy of testicular can-
cer, measured by laser doppler flowmetry. A pilot study.
Br J Cancer 1991; 63: 550-2.

Roth BJ, Greist A, Kubilis PS, et al. Cisplatin-based
combination chemotherapy for disseminated germ cell
tumors: long-term follow-up. J Clin Oncol 1988; 6: 1239-
47.

Stoter G, Koopman A, Vendrik CPJ, et al. Ten-year
survival and late sequelae in testicular cancer patients
treated with cisplatin, vinblastine, and bleomycin. J Clin
Oncol 1989; 7: 1099-1104.

Gerl A, Clemm C, Kohl P, et al. Adjuvant chemotherapy
of stage Il nonseminomatous testicular cancer. Oncol Rep
1994; 1: 209-12.

Doll DC, List AF, Greco FA, et al. Acute vascular ischemic
events after cisplatin-based combination chemotherapy
for germ-cell tumors of the testis. Ann Intern Med 1986;
108: 48-51.

Cantwell BMJ, Mannix KA, Roberts JT, et al. Thromboem-
bolic events during combination chemotherapy for germ
cell malignancy. Lancet 1988; 11: 1086-7.

Vogelzang NJ, Frenning DH, Kennedy BJ. Coronary
artery disease after treatment with bleomycin and vin-
blastine. Cancer Treat Rep 1980; 64: 1159-60.
Bodensteiner DC. Fatal coronary artery fibrosis after
treatment with bleomycin, vinblastine, and cis-plati-
num. South Med J 1981; 74: 898-9.

Borek G, Gebel F, Jenzer HR, et al. Akuter Myokardin-
farkt nach Chemotherapie bei Hodenkarzinom: zur kor-
onaren Toxizitdt der Zytostatika. Schweiz Med Wschr
1991; 121: 385-9.

Clemm C, Hartenstein R, Willich N, et al. Combination
chemotherapy with vinblastine, ifosfamide and cisplatin
in bulky seminoma. Acta Oncol 1989; 28: 231-5.
Bosl GJ, Gluckman R, Geller NL, et al. VAB-6: an effec-
tive chemotherapy regimen for patients with germ cell
tumors. J Clin Oncol 1986; 4: 1493-9.

Nichols CR, Roth BJ, Williams SD, et al. No evidence of
acute cardiovascular complications of chemotherapy for
testicular cancer: an analysis of the Testicular Cancer
Intergroup study. J Clin Oncol 1992; 10: 760-5.
Bissett D, Kaye SB. Myocardial infarction after che-
motherapy for testicular teratoma. Ann Oncol 1993;
4: 432-5.

Icli F, Karaoguz H, Dincol D, et al. Severe vascular
toxicity associated with cisplatin-based chemotherapy.
Cancer 1993; 72: 587-93.

Stefenelli T, Kuzmits R, Ulrich W, et al. Acute vascular
toxicity after combination chemotherapy with cisplatin,

Anti-Cancer Drugs - Vol 5 - 1994

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.
59.

60.

61.

vinblastine, and bleomycin for testicular cancer. Eur
Heart J 1988; 9: 552—6.

Kannel W, Dawber T, Kagan A, et al. Factors of risk in
the development of coronary heart disease—six-year
follow-up experience. The Framingham study. Ann In-
tern Med 1960; 55: 4-24.

Report of the National Cholesterol Education Program
expert panel on detection, evaluation, and treatment of
high blood cholesterol in adults. Arch Intern Med 1988,
148: 36-69.

Graus F, Rogers LR, Posner JB. Cerebrovascular compli-
cations in patients with cancer. Medicine 1985; 64: 16—
35.

Kukla Lj, McGurie WP, Lad T, et al. Acute vascular
episodes associated with therapy for carcinoma of
the upper aerodigestive tract with bleomycin, vincris-
tine, and cisplatin. Cancer Treat Rep 1982; 66: 369-70.
Goldhirsch A, Joss R, Markwalder T™M, et al. Acute
cerebrovascular accident after treatment with cis-plati-
num and methylprednisolone. Oncology 1983; 40:
344-5.

Licciardello JTW, Moake JL, Rudy CK, et al. Elevated
plasma von Willebrand factor levels and arterial occlu-
sive complications associated with cisplatin-based che-
motherapy. Oncology 1985; 42: 296-300.

Gandia D, Spielmann M, Kac J, et al. Cerebrovascular
accident associated with chemotherapy for oesophageal
carcinoma. Eur J Cancer 1992; 28: 245.

Del Prado PM, Meana JA, Carrion JR. Acute cerebrovas-
cular accident after treatment with cisplatin. Acta Oncol
1992; 31: 593-5.

Gerl A, Clemm C, Wilmanns W. Acute cerebrovascular
event afer cisplatin-based chemotherapy for testicular
cancer. Lancet 1991; 338: 385-6.

Gerl A, Clemm C, Schleuning M, et al. Fatal cerebro-
vascular accident associated with chemotherapy for tes-
ticular cancer. Eur J Cancer 1993; 29A: 1220-1.
Stockler M, Raghavan D. Neoplastic venous involvement
and pulmonary embolism in patients with germ cell
tumors. Cancer 1991; 68: 2633-6.

O’Brien WM, Lynch JH. Thrombosis of the inferior vena
cava by seminoma. Urology 1987; 137: 303-5.

Chiou R-K, Fraley EE. Intracaval germ cell tumour.
World ] Urol 1984; 2: 85-6.

Hall MR, Richards MA, Harper PG. Thromboembolic
events during combination chemotherapy for germ cell
malignancy. Lancet 1988; II: 1259.

Lederman GS, Garnick MB. Pulmonary emboli as a
complication of germ cell cancer treatment. J Urol
1987; 137: 1236-7.

(Recetved 23 June 1994; accepted 18 August 1994)



