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ABSTRACT
The purpose of the review is to consolidate the reported risk of cardiotoxicity in patients treated with cisplatin based chemotherapy.
Cisplatin can induce direct myocardial toxicity leading to atrial fibrillation whereas the potential of myocardial toxicity is amplified
when the drug is administered in combination with other cardiotoxic agents. Chemotherapy with cisplatin can alter endothelial cell
integrity and induce spasm, whereas antiangiogenic activity of cisplatin has also been reported. Elevated levels of endothelia and
inflammatory marker proteins are measured in the plasma of the patient years later after the therapy. Delayed toxicity associated
with cisplatin comprises of hypertension, elevated cholesterol levels, increased BMI and cardiovascular events. This review
summarizes the adverse cardiac manifestations of cisplatin reported in previous studies and shows that the remarkable therapeutic
benefit of cisplatin may be temporized with substantial risk of cardiovascular morbidity posing a greater threat than the relapse of
cancer itself.
Keywords: Cisplatin, Cardiac toxicity, Ischemia, Delayed toxicity.

INTRODUCTION

C

isplatin,
cis–diamminedichloroplatinumis
an
effective and widely used chemotherapeutic agent
in clinical oncological practice. The therapeutic
benefit of Cisplatin as a standard component of
combination chemotherapy is employed in a variety of
malignant conditions specially the solid tumors such as
ovarian, testicular, head, neck and small cell lung cancer
for the last four decades1. Acquired resistance following
initial use in ovarian and small cell lung carcinoma has
been documented, whereas tumors like colorectal
carcinoma and non small cell lung carcinoma show
intrinsic resistance against Cisplatin, hence limiting its
clinical use to a narrow range of tumor types2. The
cytotoxicity occurs from DNA cross-links and bifunctional
and monofuntional DNA adducts, in addition to the
generation of superoxide radicals which induce direct
cytotoxicity. The anti tumor activity of Cisplatin is widely
associated with gastrointestinal toxicity, myelotoxicity,
ototoxicity and neurotoxicity3, whereas the chief dose
limiting toxicity of Cisplatin is nephrotoxicity due to
inflammation, oxidative stress injury and apoptosis,
4
experienced by 20% of patients receiving chemotherapy .
There are several case reports of adverse cardiac effects
of cisplatin due to hydro electrolytic imbalances (depleted
Mg levels) owing to nephrotoxicity5. The possible
association between Cisplatin administration and
development of cardiac manifestations is less frequently
reported and associated. Over the past few decades,
there have been occasional reports of Cisplatin associated
cardiotoxicity manifested as both delayed effects and
acute reactions. Successful treatment advances are made
with Cisplatin therapy in the last few decades (5 years
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survival exceeds 90%) which implicates that the focus be
directed to the improvements in the quality of life of the
patients minimizing the drug induced late cardiovascular
toxicity6.
Incidence of cisplatin induced cardiovascular adverse
effects
Cardio toxic potential of Cisplatin chemotherapy may be
reported during treatment or subsequently in patients
who experience ischemic syndrome, palpitations, distress
and chest pain and rare lethal Myocardial Infarction (MI)7.
Acute MI and diastolic heart failure is reported in cisplatin
therapy8. The risk of MI as a delayed toxicity is reported
5.7% in a median observation time of 19 years (13-19
years) by Hauges et al., who conducted a study on 990
cured survivors of cancer treated with Cisplatin9.
Czaykowski et al., reported 12.9% of vascular events in
patients subjected to Cisplatin based chemotherapy in a
retrospective study of 271 patients treated with Cisplatin,
77% of these adverse events occurred during the first two
cycles of chemotherapy whereas three events were
lethal10. Shah et al., reported thromboembolic events in
11
30% of patients treated with Cisplatin . The risk of
thrombosis is higher in patients with metastatic disease
or comorbid conditions like immobility, atrial fibrillation,
12
dehydration or heart failure . Stefenelli et al., reported
38% patients developed Angina pectoris during Cisplatin
based chemotherapy13. Hashimi et al., reported two
episodes of supraventricular tachycardia during a 5 day
continuous infusion of Cisplatin in the absence of any risk
factors14. Cisplatin toxicity on cardiac electrical activity is
reported by Fassio et al., in a case study of paroxysmal
supraventricular tachycardia15. Sinus bradycardia is
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reported with recurrent incident during chemotherapy
with Cisplatin16, 17. The incidence of atrial fibrillation is 1232% in patients subjected to intrapleural or
18-20
intrapericardial administration of Cisplatin . Greater
incidence of atrial fibrillation is reported with Cisplatin
chemotherapy
especially
during
intrapericardial
administration, inducing direct toxicity to the pericardium
thus indicating the need of intensive monitoring21.
Cardiotoxicity of Cisplatin in children may occur during
the treatment or may appear after months or years of
treatment. Mild myocardiocyte injury in children has
greater adverse complications than adults because of the
risk of subsequent cardiac growth defect unable to match
the somatic growth22. Chemotherapy with Cisplatin can
alter endothelial cell integrity and induce spasm23,
whereas antiangiogenic activity of Cisplatin has also been
reported24. Ischemia and hypertension are commonly
reported cardiovascular adverse effects of Cisplatin,
whereas increased risk of CHF in elderly is reported who
are subjected to concurrent radiation therapy or have
previously been treated with anthracyclines25.
Development of heart failure is reported in patients
receiving Cisplatin with cyclophosphamide, whereas the
risk is intensified in elderly or prior mediastinal
irradiation26. Acute cardiotoxic syndrome during Cisplatin
infusion is marked by palpitations, chest pain or
occasional elevation of cardiac biomarkers indicating
Myocardial Infarction27. Vascular damage and platelet
aggregation with enhanced thromboxane formation
leading to adverse cardiac implications is reported in
patients subjected to Cisplatin therapy28.
Delayed cardiovascular toxicity by cisplatin
A unique aspect of Cisplatin induced cardiovascular
effects is that, they can be manifested later in a patient’s
life. The exacerbation of late cardiovascular toxicity may
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be associated to the fact that Cisplatin can be measured
in the blood even after 20 years of treatment29. Elevated
levels of endothelia and inflammatory marker proteins
are measured in the plasma of patients years later after
the therapy which can lead to severe endothelia
dysfunction and over atheloscelorisis30. Reports of
delayed toxicity associated with Cisplatin manifested as
hypertension, elevated cholesterol levels, increased BMI
and cardiovascular events are summarized in Table 130-38.
Feldman et.al., reported in a recent study, that although
Cisplatin based chemotherapy has turned germ cell tumor
into the most curable cancer in young adult men,
however, the excellent therapeutic edge of this drug is
temporized with the increasing evidence of late
cardiovascular toxicity, which is apparent as coronary
artery disease in these patients usually after ten years of
follow up time39. A study conducted to identify the late
toxicity of Cisplatin in a median follow up time of 58
months identified cardiovascular risk factors in one third
of patients with high cholesterol levels with and without
obesity, and 15% with arterial hypertension, whereas 20%
37
had depleted magnesium or phosphate levels .
Efstathiou et al., stated that the cure rate of testicular
cancer with Cisplatin is 95% with a 25 year risk of
cardiovascular toxicity in 16% patients due to direct
endothelial damage of Cisplatin or indirectly induced
hormonal
and
metabolic
changes40.
Delayed
cardiovascular toxicity such as acute myocardial Infarction
and cereberovascular events is reported by Choudhary et
al41. A study specifically designed to assess the
development of cardiovascular risk factors in cured
patients of testicular cancer treated with Cisplatin
reported elevated LDL and cholesterol levels, depleted
HDL levels and increased BMI in 28% patients at 4-6
years42.

Table 1: Delayed Cardiac Toxicity of Cisplatin
S.#

Refe rences

Followup
time

Patients
Count

30

Meinardi
et.al 2000

9-16 year

85

39%

79%

21%

31

Haugnes
et.al 2010

20 years

990

22%

15%

17%

32

Dollet.al. 1986

Day 7 - 18
Months

4

None

None

None

33

Strumberg
et.al. 2002

13years

32

25%

82%

48%

34

Huddart
et.al. 2003

10.2 years

992

212%

1.60%

None

35

Sagstuen
et.al. 2005

4-22 years

1980

50%

N/A

15%

36

Samuels
et.al. 1987

1-10 years

65

None

None

None

37

Bookmeyer
et.al. 1996

58 months

90

15%

30

N/A

38

Roth
et.al. 1988

8.5 years

229

31%

15%

None

Hypertension Hypercholestremia

Incre ased
BMI

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

81

Int. J. Pharm. Sci. Rev. Res., 18(1), Jan – Feb 2013; nᵒ 12, 80-85
Acute cardiovascular toxicity by cisplatin
Acute adverse effects with Cisplatin chemotherapy are
chest pain, distress, palpitations or elevated cardiac
43
enzymes indicative of myocardial infarction . Nuver et
al., reported significant decrease in blood pressure of the
patients subjected to chemotherapy and significant
increase in the intima-media thickness of the carotid
artery and plasma von Willebrand factor levels as
compared to the pretreatment values. The study reported
two events of MI with elevation in cardiac enzymes and
abnormal ECG, and 5 cases of venous thromboembolic
events in 65 evaluable patients44. The central finding of an
investigational study for acute cardiovascular toxicity of
Cisplatin is reported by Dieckmann et al., as ‘increase of
vWF’ (factor released by endothelial cells due to vascular
damage) during chemotherapy and subsequent
normalization of this value within several months, thus
leading to platelet adhesion and initiation of coagulation
process45. Cisplatin can induce direct myocardial toxicity
leading to atrial fibrillation whereas the potential of
myocardiotoxicity is amplified when the drug is
administered in combination with other cardiotoxic
agents46, 47. Ozcan et al., reported an unusual case of
complete atrioventricular block, hypotension and renal
failure during Cisplatin infusion in a 50 years old male
patient with no previous cardiac disease or disorder48.
Fakuda et al., presented two cases of vasospastic angina
and suspected myocardial damage during chemotherapy
associated with preexisting CAD (athelosclerosis)49.
Dieckmann et al., reported twenty five cases of CVE
(0.30% estimated incidence), twenty cases of MI (0.24%
estimated incidence), three with cerebral ischemic
infarction, and two with peripheral arterial
thromboembolism, after an extensive nationwide survey
concluding a definite risk of early cardiovascular event
with Cisplatin based chemotherapy. The median age of 42
years in patients of MI treated with Cisplatin is in contrast
with the median age of 71 years for MI risk in general
population50. Tassinari et al., reported three cases of
cardiac arrhythmia associated with electrolyte imbalance,
following Cisplatin chemotherapy, identifying the cases as
51
perplexing and not dose related . Acute anterior
Myocardial Infarction in a 27 years old patient in the
second cycle of Cisplatin chemotherapy having no
previous cardiovascular disease or risk factor is reported
by Ozben etal52.
Platelets and thrombosis
Platelets have an identified role in the development and
genesis of pulmonary embolism (low platelet count
during pulmonary embolism). The patients of deep vein
thrombosis have a fall in platelet count during
53
thrombosis . Cisplatin is frequently associated with
thrombocytopenia, impairment of platelet function and
54
platelet apoptosis (through ERK signaling pathway) .
Papet et al., reported two cases of cerebral sinus venous
thrombosis in patients treated with Cisplatin based
chemotherapeutic regimen, identifying the risk of
thromboembolism with the disease (germ cell carcinoma)
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and the therapy (Cisplatin) . Similarly high risk of
thromboembolism is reported during chemotherapy with
Cisplatin, specifically in patients of germ cell carcinoma
56, 57
receiving high doses of corticosteroids
. Cereberal
dural sinus thrombosis is reported by Karam et al., in two
patients treated with Cisplatin58. Nuver et al., recognized
the
Cisplatin
induced
arterial
and
venous
thromboembolism as an increasing area of concern due
to associated morbidity and mortality, stating that these
events can interfere with a curative therapy and may also
predict delayed vascular toxicity59. The risk of thrombosis
is increased by damage imparted to the vessel wall or
60
changes in the clotting cascade by the cytotoxic agent . A
case of endo aortic thrombosis is reported by Dieckmann
et al., which was resolved by anticoagulant therapy61. An
in vitro study demonstrated that Cisplatin increases
human platelet reactivity (onset of platelet aggregation
wave and thromboxane production), in turn inducing
thrombotic complication62.
Effects on blood pressure, cholesterol and lipid levels
Although a subsequent drop in blood pressure is
observed in patients during chemotherapy with
Cisplatin63, there has been occasional report of cases
when patient experiences hypertension after receiving
Cisplatin based chemotherapy64-67. Hypertension develops
in 20-50% patients as a delayed adverse effect in patients
subjected to Cisplatin based chemotherapy68. The
mechanism of delayed hypertension is not well defined
however is attributed to the direct endothelial activation
and damage by Cisplatin69. Hypotension as a
manifestation of cardiotoxicity after Cisplatin and 5-FU
chemotherapy is reported by Jakubowski et al. In these
cases hypotension is associated with chest pain, dyspnea
and tachycardia and abnormal EKG changes associated
with electrolyte imbalance70. Elevated levels of
cholesterol, LDL and triglycerides are measured in
patients who are treated with Cisplatin. Raghavan et al.,
reported increased levels of serum cholesterol and LDL
cholesterol in 41% patients who had no prior history of
cardiac diseases or hypercholesterolemia. The study
reported absolute increase in serum cholesterol in 14 of
17 unselected patients with biopsy proven germ cell
cancer receiving Cisplatin based chemotherapy71.
Although hypercholesterolemia, hypertriglyceridemia and
dyslipidemia are frequently reported as delayed adverse
effects of Cisplatin based chemotherapy (Table 1), data
from many other studies do not confirm the hypothesis72.
Koc et al., reported that Cisplatin based chemotherapy
does not impart negative effects on the lipid profile of
73
patients in a 5 years follow up study . Ellis et al., studied
the lipid profiles of 47 patients with metastatic testicular
cancers treated with Cisplatin and compared the readings
with 59 patients diagnosed with germ cell tumors in a
control group, not treated with Cisplatin and reported no
significant difference in total plasma cholesterol levels
74
(p>0.4) in the two groups .
Underlying mechanism of cardiac toxicity and diagnosis
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Dolci et al., described the chemotherapy induced cardiac
toxicity into two types, acute or sub acute cardiotoxicity
which can occur at anytime from the initiation of
chemotherapy up to two weeks after completion of
treatment. The clinical findings are abnormalities
detected in ventricular repolarization and QT interval,
supraventricular and ventricular arrhythmias, acute heart
failures, myocarditis, pericarditis or coronary syndrome.
The frequent chronic, cumulative dose dependent
cardiotoxicity can be subdivided into early (within 1 year)
or late (after 1 year) toxic reactions. The most typical type
of such toxicity is asymptomatic systolic or diastolic left
ventricular dysfunction leading to severe congestive
cardiomyopathy and death75. The underlying mechanism
of CAD in patients treated with cytotoxic agents is due to
coexistent
coronary
athelosclerosis,
coronary
embolization or compression by the tumor, tumor
associated hypercoagulapathy, vasculitis, thrombotic
endocarditis (nonbacterial) or drug induced direct
endothelial damage76-78. Cardiotoxicity by Cisplatin is due
to increased oxidative stress and apoptosis79. Ma et al.,
reported depressed cardiomyocyte contraction and
mitochondrial abnormalities, enhanced endoplasmic
reticulum stress and associated apoptosis as
manifestations of Cisplatin induced cardiac injury80. Yen
et al., reported that prothrombinase activity of Cisplatin is
dependent on the presence of platelets and rate of
thrombin formation is accelerated by factor Xa generated
by tissue factor VIIa complex whereas the vascular and
thrombotic toxicity of Cisplatin is associated with platelet
activation and aggregation and monocyte procoagulant
activity81. Cisplatin induces cytotoxicity by binding to DNA
(gDNA) and non DNA (GSH, MT) targets and induces
necrosis and apoptosis in the heterogenous cell
population of tumor mass82-84.
CONCLUSION
Cardiotoxicity is becoming an increasing area of concern
for cancer chemotherapy and chemoprevention.
Assessment of cardiac risk factors by the oncologist and
cardiologist should be a primary goal. This can be
achieved by definition of personalized cytotoxic
85
therapy . There is a “need to train a generation of cardiooncologist or onco-cardiologist”86 for the successful
estimates and management of cardiotoxicity in cancer
patients.
REFERENCES
1. Tiseo M, Martelli O, Mancuso A, Sormani MP, Bruzzi P, Di Salvia R,
De Marinis F and Ardizzoni A, Short hydration regimen and
nephrotoxicity of intermediateto high-dose cisplatin-based
chemotherapy for outpatient treatment in lung cancer and
mesothelioma, Tumori,93(2), 2007, 138-144.
2. Fuertes MA, Alonso C and Perez JM, (2003) Biochemical modulation
of cisplatin mechanisms of action: enhancement of antitumor
activity and circumvention of drug resistance, Chem Rev, 103(3),
2003, 645–662.
3. Barabas K, Milner R,Lurie D and AdinC, Cisplatin: a review of
toxicities and therapeutic applications, Vet Comp Oncol, 6(1),
2008,1–18.

ISSN 0976 – 044X
4. Yao X, PanichpisalK, KurtzmanN and Nugent K, Cisplatin
nephrotoxicity: a review, Am J Med Sci, 334(2), 2007, 115–124.
5. İçli F, Karaoǧuz H, Dinçol D, Demirkazik A, Günel N, Karaoǧuz R and
Üner A, Severe vascular toxicity associated with cisplatin-based
chemotherapy, Cancer, 72(2), 1993,587–593.
6. SteingartR,Mechanisms of late cardiovascular toxicity from cancer
chemotherapy, J ClinOncol,23(36), 2005, 9051-9052.
7. RybergM, Recent advances in cardiotoxicity of anticancer therapies,
Am Society ClinOncol, 2012, 555-559.
8. Schimmel KJ, Richel DJ, van den Brink RB and GuchelaarHJ,
Cardiotoxicity of cytotoxic drugs, Cancer Treat Rev, 30(2), 2004, 181191.
9. Haugnes HS, Wethal T, Aass N, Dahl O, Klepp O, Langberg CW,
WilsgaardT, Bremnes RM and Fossa SD, Cardiovascular risk factors
and morbidity in long-term survivors of testicular cancer,J
ClinOncol,28(30), 2010, 4649-4657.
10. Czaykowski PM, Moore MJ, Tannock IF, High risk of vascular events
in patients with urothelial transitional cell carcinoma treated with
cisplatin based chemotherapy, J Urol, 160, 1998, 2021-2024.
11. Shah MA, Iison D, Kelsen DP, Thromboembolic events in gastric
cancer: high incidence in patients receiving irinotecan- and
bevacizumab-based therapy. J ClinOncol, 23(11), 2005, 2574-2576.
12. Yusuf SW, Razeghi P andYeh ET, The diagnosis and management of
cardiovascular disease in cancer patients,CurrProblCardiol, 33(4),
2008, 163-196.
13. Stefenelli T, Kuzmits R, Ulrich W and Glogar D, Acute vascular
toxicity after combination chemotherapy with cisplatin, vinblastine,
and bleomycin for testicular cancer. EurHeart J, 9(5) 1988, 552-556.
14. Hashimi LA, Khalyl MF and Salem PA, Supraventricular tachycardia.
A probable complicationof platinum treatment,Oncol, 41(3), 1984,
174–175.
15. Canobbio L, Fassio T, Gasparini G, Caruso G, Barzan L, Comoretto R,
Brema F and Villani F, Cardiac arrhythmia: possible complication
from treatment with cisplatin, Tumori, 72(2), 1986, 201–204.
16. Altundag O, Celik I and Kars A, Recurrent asymptomatic bradycardia
episodes after cisplatin infusion, Ann Pharmacother, 35(5),
2001,641–642.
17. Schlaeffer F, Tovi F and Leiberman A, Cisplatin-induced bradycardia,
Drug IntellClin Pharm, 17(12), 1983, 899–901.
18. Bischiniotis TS, Lafaras CT, Platogiannis DN, Moldovan L, Barbetakis
NGandKatseas GP. Intrapericardial cisplatin administration after
pericardiocentesis in patients with lung adenocarcinoma and
malignant cardiac tamponade,HellenicJCardiol, 46(5), 2005, 324–
329.
19. Tomkowski WZ and FilipeckiS, Intrapericardial cisplatin for the
management of patients with large malignant pericardial effusion in
the course of the lung cancer, Lung Cancer, 16(2-3), 1997, 215–222.
20. Richards WG, Zellos L, Bueno R, Jaklitsch MT, Janne PA, Chirieac LR,
Yeap BY, Dekkers RJ, Hartigan PM, Capalbo L and Sugarbaker DJ,
PhaseI to II study of pleurectomy/decortication and intraoperative
intracavitary hyperthermic cisplatin lavage for mesothelioma, J
ClinOncol, 24(10), 2006, 1561–1567.
21. Guglin M, Aljayeh M, Saiyad S, Ali R and Curtis AB, Introducing a new
entity: chemotherapy-induced arrhythmia, Europace, 11(12), 2009,
1579–1586.
22. SimbreVC, Duffy SA, Dadlani GH, Miller TL,Lipshultz SE,
Cardiotoxicity of cancer chemotherapy: implications for children,
Pediatr Drugs, 7(3), 2005, 187-202.
23. Yeh ET and Bickford CL, Cardiovascular complications of cancer
therapy: incidence, pathogenesis, diagnosis and management, J Am
CollCardiol, 53(24), 2009, 2231-2247.

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

83

Int. J. Pharm. Sci. Rev. Res., 18(1), Jan – Feb 2013; nᵒ 12, 80-85
24. Miller KD, Sweeney CJ and Sledge GW, Redefining the target:
chemotherapeutics as antiangiogenics, J ClinOncol,19(4), 2001,
1195-1206.
25. Yeh ETH, Tong AT, Lenihan DJ, Yusuf SW, Swafford J, Champion C,
Durand JB, Gibbs H, Zafarmand AA, Ewer MS, Cardiovascular
complications of cancer therapy: diagnosis, pathogenesis, and
management,Circulation, 109,2004,3122-3131.
26. Nieto Y, Cagnoni PJ, Bearman SI,Shpall EJ, Matthes S and Jones RB,
Cardiac toxicity following high-dose cyclophosphamide, cisplatin,
and BCNU (STAMP-I) for breast cancer,Biol Blood Marrow
Transplant,6(2A), 2000, 198–203.
27. Berliner S, Rahima M, Sidi Y, Teplitsky Y, Zohar Y, Nussbaum B and
Pinkhas J, Acute coronary events following cisplatin-based
chemotherapy. Cancer Invest, 8(6), 1990, 583–586.
28. Togna GI, Togna AR, Franconi M and Caprino L,Cisplatin triggers
platelet activation, Throm Res, 99(5), 2000, 503-509.
29. Giordano SH, Kuo YF, Freeman JL, Buchholz TA, Hortobagyi GN and
Goodwin JS, Risk of cardiac death after adjuvant radiotherapy for
breast cancer. JNatl Cancer Inst,97(6), 2005, 419-424.
30. Meinardi MT, Gietema JA, van der Graaf WT, van Veldhuisen DJ,
Runne MA, Sluiter WJ, de Vries EG, Willemse PB, Mulder NH, van
den Berg MP, Koops HS, Sleijfer DT, Cardiovascular morbidity in
long-term survivors of metastatic testicular cancer,J ClinOncol,18(8),
2000, 1725-1732.
31. Haugnes HS, Wethal T, Aass N, Dahl O, Klepp O, Langberg CW,
WilsgaardT,Bremnes RM, Fosså SD, Cardiovascular risk factors and
morbidity in long-term survivors of testicular cancer: A 20-year
follow-up study, J Clin Oncol, 28(30), 2010, 4649-4657.
32. Doll DC, List AF, Greco FA, Hainsworth JD, Hande KR, JohnsonDH,
Acute
vascular
ischemic
events
after
cisplatin-based
combinationchemotherapy for germ-cell tumors of the testis, Ann
InternMed, 105(1), 1986, 48-51.
33. StrumbergD, Brügge S, Korn MW, Koeppen S, Ranft J, Scheiber G,
ReinersC,Möckel C, Seeber S, Scheulen ME, Evaluation of long-term
toxicity in patients after cisplatin-based chemotherapy for nonseminomatous testicular cancer, Ann Oncol,13(2),2002, 229–236.
34. Huddart RA, Norman A, Shahidi M, Horwich A, Coward D, Nicholls J,
Dearnaley DP, Cardiovascular disease as a long-term complication of
treatment for testicular cancer,JClinOncol, 21(8), 2003, 1513-1523.
35. Sagstuen H, Aass N, Fosså SD, Dahl O, Klepp O, Wist EA, Wilsgaard
T, Bremnes RM, Blood pressure and body mass index in long-term
survivors of testicular cancer J ClinOncol,23(22),2005,4980-4990.
36. Samuels BL, Vogelzang NJ, Kennedy BJ. Severe vascular toxicity
associated with vinblastine, bleomycin, and cisplatin chemotherapy,
Cancer ChemotherPharmacol,19(3), 1987, 253-256.
37. Bokemeyer C, Berger CC, Kuczyk MA, Schmollv HJ,Evaluation of
long-term
toxicity
after
chemotherapy
for
testicular
cancer.JClinOncol, 14(11), 1996, 2923-2932.
38. Roth BJ, Greist A, Kubilis PS, Williams SD, EinhornLH,Cisplatin- based
combination chemotherapy for disseminated germcell tumors: longterm follow-up. J ClinOncol,6(8), 1988, 1239-1247.
39. Feldman DR,SchafferWL,SteingartRM,Latecardiovascular toxicity
following
chemotherapy
for
germ
cell
tumors,J
NatlComprCancNetw,10(4), 2012,537-544.
40. EftsathiouE,Logothetis CJ, Review of late complications of treatment
and late relapse in testicular cancer, J NatlComprCancNetw,4(10),
2006, 1059-1070.
41. ChaudharyUB,HaldasJR,Long-term complications of chemotherapy
for germ cell tumours, Drugs, 63(15), 2003, 1565-1577.
42. Gietema JA, SleijferDT,WillemsePH,SchraffordtKoopsH,vanIttersum
E, Verschuren WM, KromhoutD,SluiterWJ,Mulder NH, de Vries EG,
Long-term follow-up of cardiovascular risk factors in patients given

84

ISSN 0976 – 044X
chemotherapy for disseminated nonseminomatous
cancer, Ann Intern Med,116(9), 1992, 709-715.

43. Berliner S, Rahima M, Sidi Y, Teplitsky Y, Zohar Y, Nussbaum B,
Pinkhas J, Acute coronary events following cisplatin-based
chemotherapy, Cancer Invest,8(6), 1990, 583–586.
44. Nuver J, Smit AJ, van der Meer J, van den Berg MP, van der
GraafWT,Meinardi MT, Sleijfer DT, Hoekstra HJ, van Gessel AI, van
RoonAM,Gietema JA, Acute chemotherapy-induced cardiovascular
changes in patients with testicular cancer, J ClinOncol, 23(36),
2005,9130-9137.
45. Dieckmann KP, Struss WJ, Budde U, Evidence for acute vascular
toxicity of cisplatin-based chemotherapy in patients with germ cell
tumour, Anticancer Res,31(12), 2011, 4501-4505.
46. Petrella V, Alciato P, CantonePA,Fico D, Gagliardini R, Highfrequency atrial arrhythmia induced by a cisplatin-etoposide
combination, Minerva Med, 80(3), 1989, 305-307.
47. Menard O, Martinet Y, LamyP,Cisplatin-induced atrial fibrillation, J
ClinOncol, 9(1), 1991, 192–193.
48. Ozcan T, Cirit A, Kiykim A, Recurrent complete atrioventricular block
during cisplatin infusion: A case report,J Clinic Experiment Cardiol, 2,
2011, 151.
49. Fukuda M, Oka M, Itoh N, Sakamoto T, MoriH, HayakawaA, KohnoS,
Vasospastic angina likely related to cisplatin-containing
chemotherapy and thoracic irradiation for lung cancer,Intern Med,
38(5), 1999, 436-438.
50. Dieckmann KP, Gerl A, Witt J, Hartmann JT,German testicular cancer
study group,Myocardial infarction and other major vascular events
during chemotherapy for testicular cancer,Ann Oncol,21(8), 2010,
1607–1611.
51. Tassinari D,Sartori S, Drudi G, Panzini I,Gianni L,Pasquini E,
Abbasciano V, Ravaioli A, Iorio D, Cardiac arrhythmias after cisplatin
infusion: three case reports and a review of the literature,Ann
Oncol,8(12), 1997, 1263-1267.
52. Ozben B, Kurt R, Oflaz H,Sezer M,Basaran M,Goren T, Umman S,
Acute anterior myocardial infarction after chemotherapy for
testicular
seminoma
in
a
young
patient,
ClinApplThrombHemost,13(4), 2007, 439-442.
53. Monreal M, Lafoz E, Casals A, Ruíz J, AriasA, Platelet count and
venous thromboembolism. A useful test for suspected pulmonary
embolism,Chest,100(6), 1991, 1493-1496.
54. Zhang W, Zhao L,Liu J,Du J,Wang Z,Ruan C,Dai K, Cisplatin induces
platelet apoptosis through the ERK signaling pathway, Thromb
Res,130(1), 2012, 81-91.
55. Papet C, Gutzeit A,Pless M, Two cases of cerebral sinus venous
thrombosis following chemotherapy for non-seminomatous germ
cell tumor, Case Rep Oncol, 4(3), 2011,555–559.
56. WeijlNI,RuttenMF,ZwindermanAH,KeizerHJ,NooyMA,RosendaalFR,Cl
etonFJ,Osanto S, Thromboembolic events during chemotherapy for
germ cell cancer: a cohort study and review of the literature, J
ClinOncol,18(10), 2000, 2169-2178.
57. Jafri M, Protheroe A, Cisplatin-associated thrombosis, Anticancer
Drugs,19(9), 2008,927-929.
58. Karam C, Koussa S, Cerebral dural sinus thrombosis following
cisplatin chemotherapy, J ClinNeurosci,15(11), 2008, 1274-1275.
59. NuverJ, Gietema JA, Thromboembolic complications during
cisplatin-containing chemotherapy for testicular cancer: a problem
in the short and possibly also the long term, Ned
TijdschrGeneeskd,147(10), 2003, 428-430.
60. Weiss HA, Darby SC, Doll R, Cancer mortality following X-ray
treatment for ankylosing spondylitis,Int J Cancer,59(3), 1994,327338.

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net
a

testicular

Int. J. Pharm. Sci. Rev. Res., 18(1), Jan – Feb 2013; nᵒ 12, 80-85
61. Dieckmann KP, Gehrckens R, Thrombosis of abdominal aorta during
cisplatin-based chemotherapy of testicular seminoma - a case
report.BMC Cancer, 9, 2009,459.
62. Togna GI, Togna AR, Franconi M, Caprino L, Cisplatin triggers
platelet activation Thromb Res, 99(5), 2000, 503–509.
63. Nuver J, Smit AJ, van der Meer J, van den Berg MP, van der
GraafWT, Meinardi MT, SleijferDT, HoekstraHJ, vanGesselAI,
vanRoonAM,
Gietema
JA,
Acute
chemotherapy-induced
cardiovascular changes in patients with testicular cancer, J Clin
Oncol, 23(36), 2005,9130-9137.
64. Harrell RM, Sibley R, Vogelzang NJ, Renal vascular lesions after
chemotherapy with vinblastine, bleomycin, and cisplatin, Am J Med,
73(3), 1982, 429–433.
65. Manchana T, SirisabyaN,Lertkhachonsuk R, Tresukosol D, Transient
cortical blindness during chemotherapy (PVB) for ovarian germ cell
tumor, J Med Assoc Thai, 89(8),2006, 1265-1268.

ISSN 0976 – 044X
chemotherapy in patients with germ cell tumors, JClinOncol,10(10),
1992,1609-1614.
75. Dolci A, Dominici R, Cardinale D, Sandri MT, Panteghini M,
Biochemical markers for prediction of chemotherapy-induced
cardiotoxicity:systematicreview
of
the
literature
and
recommendations for use,Am J ClinPathol,130(5), 2008,688-695.
76. Fukuda M, Oka M, Itoh N, Sakamoto T, Mori H,Hayakawa A,Kohno
S,Vasospastic angina likely related to cisplatin-containing
chemotherapy and thoracic irradiation for lung cancer, Intern Med,
38(5), 1999, 436-438.
77. Steinherz LJ, Yahalom J, Cardiac toxicity. Adverse effects of
treatmentin Cancer: Principles and practice of oncology, DeVita VT,
HellmanS, Rosenberg SA, Eds. Lippincott-Raven, Philadelphia, PA,
1997: 2739-2756.
78. Kopelson G, Herwig KJ, The etiologies of coronary artery disease in
cancer patients,Int J RadiatOncolBiolPhys, 4(9-10), 1978, 895-906.

66. KwonEJ, KimSW, Kim KK, Seo HS, Kim DY, A Case of gemcitabine and
cisplatin associated posterior reversible encephalopathy syndrome,
Cancer Res Treat, 41(1), 2009, 53–55.

79. El-Awady E-SE, Moustafa YM, Abo-Elmatty DM, RadwanA, Cisplatininduced cardiotoxicity: Mechanisms and cardioprotective strategies,
Eur J Pharmacol, 650(1),2011, 335-341.

67. Amit L, Ben-Aharon I, Tichler T, Inbar E, Sulkes A, Stemmer S,
Cisplatin-induced posterior reversible encephalopathy syndrome—
Brief report and review of the literature, J Behavioral Brain Sci, 2(1),
2012, 97-101.

80. Ma H, Jones KR, Guo R, Xu P,Shen Y, Ren J, Cisplatin compromises
myocardial contractile function and mitochondrial ultrastructure:
role of endoplasmic reticulum stress,ClinExpPharmacolPhysiol,37(4),
2010, 460-465.

68. Nuver J, Smit AJ, WolffenbuttelBH, SluiterWJ, HoekstraHJ, SleijferDT,
Gietema JA, The metabolic syndrome and disturbances in hormone
levels in long-term survivors of disseminated testicular cancer, J
ClinOncol, 23(16), 2005,3718-3725.

81. Yen T, Walsh JD, Pejler G, Berndt MC, Geczy CL, Cisplatin-induced
platelet activation requires mononuclear cells: role of GMP-140 and
modulation of procoagulant activity, Br J Haematol,83(2), 1993,259–
269.

69. De Haas EC, Nuver J, Smit AJ, Sleijfer DT, GietemaJA, Acute
chemotherapy-induced cardiovascular changes in patients with
testicular cancer: Are there implications for blood pressure
management in patients receiving chemotherapy?, JClinOncol,
24(15), 2006,2399.

82. Cvitkovic E, A historical perspective on oxaliplatin: rethinking the
role of platinum compounds and learning from near misses, Semin
Oncol, 25, 1998, 1-3.

70. Jakubowski AA, Kemeny N, Hypotension as a manifestation of
cardiotoxicity in three patients receiving cisplatin and 5-fluorouracil,
Cancer, 62(2), 1988,266-269
71. Raghavan
D,
Cox
K,
ChildsA,Grygiel
J,
Sullivan
D,Hypercholesterolemia after chemotherapy for testis cancer,
JClinOncol, 10(9), 1992,1386-1389.
72. Fenton DW, Verma S, Venner P,SawhneyR, MackeyJR,The lack of
long-term effect of cisplatin based combination chemotherapy on
serum cholesterol for treatment of testicular cancer,JUrol, 168(5),
2002,1971-1974.
73. Koc G, Divrik TR,Unlu N,Bulut V,Zorlu F, Does cisplatin-based
chemotherapy effect on blood lipid levels of patients with germ cell
testicular tumor in long-term follow-up?IntUrolNephrol,43(4),
2011,1095-1100.

83. Jamieson ER,Lippard SJ,Structure, recognition and processing of
cisplatin-DNA adducts,Chem. Rev, 99, 1999, 2467-2498.
84. Fuertes MA, Alonso C, Pérez JM, Biochemical modulation of cisplatin
mechanisms of action: Enhancement of antitumor activity and
circumvention of drug resistance, Chem. Rev, 103, 2003, 645-662.
85. Wouters KA, Kremer LC, Miller TL, Herman EH, Lipshultz SE,
Protecting against anthracycline-induced myocardial damage: a
review of the most promising strategies, Br J Haematol,131(5),
2005,561-578.
86. Albini A, Pennesi G, Donatelli F, Cammarota R, De Flora S, Noonan
DM, Cardiotoxicity of anticancer drugs: The need for cardiooncology and cardio-oncological prevention ,JNatl Cancer Inst, 102,
2010,14–25.

74. Ellis PA,Fitzharris BM, George PM, Robinson BA, Atkinson CH, Colls
BM,Fasting plasma lipid measurements following cisplatin

Source of Support: Nil, Conflict of Interest: None.

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

85

