


The Gulf 
       Journal of 

Oncology
ISSUE 10                       JULY, 2011

TABLE oF ConTEnTS

original Studies
Mutations in EGFR Signal Pathway in Correlation with Response to Treatment of Head and neck Cancers ........................  07
J. Neuwirthová, S. Pavel, J. Rottenberg, R. Kostřica, M. Zdeněk, M. Hajdúch, J. Drábek, J. Srovnal, J. Berkovcová

Comparison of IMRT and Rapidarc treatment plans using AAPM task group test suites .........................................................  11
S. Sathiyan, M. Ravikumar, A.L. Boyer, J. Shoales

Clinical significance of hTERC and C-Myc genes amplification in a group of Egyptian patients with cancer cervix .............  18
M.M. Eid, H.M. Nossair, M.T. Ismael, G. Amira, M.M. Hosney, R. Abdul Rahman

Disease profile and treatment results of anal canal SCC: Experience from AIIMS, new Delhi .................................................  27
R. Hadi, BK Mohanti, S. Pathy, NK Shukla, SVS Deo, A. Sharma, V. Raina, GK Rath

Prediction of Anthracycline Induced Cardiotoxicity: Study of thirty-one Iraqi adult patients ..................................................  33
AMJ Al-Mudhafar, AAS Ali

Early Gastrointestinal Complications of Stem Cell Transplant - Results of Prospective Study at IRCH, AIIMS, India .........  40
G.M. Bhat

Medullary Carcinoma of the Breast: Ten Year Clinical Experience of the Kuwait Cancer Control Centre .............................  45
S.M. Samir, M.S. Fayaz, A. Elbasmy, M.M. Motawy, S.Abuzallouf, T. George, M. Abdelhady, A. Bedair

Respiratory gated simultaneous integrated boost-intensity modulated radiotherapy (SIB-IMRT) after breast conservative 
surgery for carcinoma of the breast: The Salmaniya Medical complex experience .....................................................................  53
D. Majumdar, S.S. Mohammed, M.A. Naseer, J. Jacob, R. Mohan, S.B. Ebenezer, B. Al-Najar, S. Al-Janahi, V. Ramanathan,  
S.A. Sabt, R.S. Patnaik, A. Hassan

Case reports
Temporary Asymptomatic Sinus Bradycardia with Carboplatin, Paclitaxel and Bevacizumab: Under-reported in Clinical 
Trials and under-disclosed in practice ..............................................................................................................................................  60
J. Zekri

Verruciform xanthoma of the penis in a young male masquerading as squamous cell carcinoma: Case Report .....................  65
M. Kukreja, M. Kamal, R. Ray, AASR Mannan

Acute respiratory distress syndrome in poor prognostic germ cell tumor with multiple lung metastases: A case report ........  69
M.A. Naseer, S.S. Mohammed, S.K. Das Majumdar, R. Patnaik, H.M.N. Al Tublani, J.S. Justin, J.A. Meddikar

Conference Highlights /Scientific Contribution 
•	 Highlights	of	the	5th	GFFCC	Conference	on	Colorectal	Cancer,	Sharjah,	UAE ....................................................................72
•	 Abstracts	of	the	5th	GFFCC	Conference	on	Colorectal	Cancer,	Sharjah,	UAE .....................................................................75
•	 News	Notes ......................................................................................................................................................................................87
•	 Scientific	Activities	in	the	GCC	and	the	Arab	World	(2nd	half	of	2011) ..................................................................................88



33

Prediction Of Anthracycline Induced Cardiotoxicity:
Study Of Thirty-One Iraqi Adult Patients

AMJ Al-Mudhafar1, AAS Ali2

1Baghdad Teaching Hospital, College of Medicine, Baghdad University, Iraq 
2Baghdad Teaching Hospital, The Medical City, Baghdad, Iraq

Correspondence: Dr. Ala A. Sh. Ali, M.B.ch.B., 
F.I.B.M.S, Internist, PO Box 53205, Bab Al-
Mudhum Baghdad, IRAQ, Tel: 00964 7706049163,  
Email: ala1975@gmail.com

Abstract

Objective 
To look for a nearly ideal tool for prediction 

of anthracycline-induced cardiotoxicity. 

Method 
Thirty-one patients with various hematological 

malignancies were included in the study which 
was conducted from Sept. 2005 to Sept. 2006 
in Baghdad Teaching Hospital - Hematology 
Unit. Initial cardiovascular assessment including 
cardiac troponin I, electrocardiography and 
echocardiography were done and repeated 
one month after the commencement of 
anthracycline-based regimen. Cardiotoxicity 
was considered present if the patient has clinical 
and electrocardiographic evidences, troponin 
positivity, echocardiographic evidence, or any 
combination of these. 

results
The mean age for the study sample was 

34.1±17.2 years comprising of 17 male and 
14 female patients. Increasing age, body 
surface area, anthracycline dose as well as 
the concomitant use of cyclophosphomide/
All Trans Retinoic Acid were associated with 

Introduction
Anthracyclines have been used in oncologic 

practice since the late 1960s. It held promise as 
a powerful drug in the fight against cancer. As 
a result of the introduction of anthracyclines, 
together with other improvements of treatment, 
cancer survival has improved markedly, 
particularly among children, where survival rates 
have increased from 30% in the 1960s to 70% 

increased risk of cardiotoxicity. The cut-off 
point of body surface area above which the 
risk of anthracycline-induced cardiotoxicity is 
increased was 1.88 m2 while the cut-off point 
for anthracyclines dose was 145.5 mg/m2. 
The constellation of clinical data, ECG, and 
cTnI was 92% predictive of early evidence of 
anthracycline-induced cardiotoxicity. More 
weight is added when echocardiography is 
used as a diagnostic tool. The incidence of 
cardiotoxicity attributed to treatment was 
38.7%. The predictive power of cardiac troponin 
I alone was 58.3%, whereas it increases to 91% 
when combined with electrocardiography and 
to 95% when combined with echocardiographic 
study. 

Conclusion 
The age, anthracyclines dose and the use 

of other chemotherapeutics increase the risk 
of anthracycline-induced cardiotoxicity. 
Cardiac troponin I is a simple non-invasive 
indicator for the presence of anthracycline-
induced cardiotoxicity especially when used in 
combination with other parameters.
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currently. However, the use of anthracyclines is 
limited by a dose-dependent cardiotoxicity and 
reports of fatal cardiotoxic effects of doxorubicin 
have subdued enthusiasm for this drug. The most 
serious side effect of long-term doxorubicin 
treatment is cardiomyopathy followed by 
congestive heart failure as the prognosis for 
patients with this complication is grave.(1, 2)

In a study on childhood leukemia, nearly 
60% of the 115 survivors had echocardographic 
abnormalities in heart function(3). Congestive 
heart failure developed in more than 4 percent of 
patients who had received a cumulative dose of 
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500 to 550 mg of doxorubicin per square meter(1).

Anthracyclines are widely used in cancer 
treatment; however their mechanisms of action, 
both in treating cancer and in their toxicity on 
the heart and other organs, are still not well 
understood. The majority of evidence shows 
that myocyte toxicity involves the generation of 
free radicals, through an enzymatic mechanism 
using the mitochondrial respiratory chain, as 
well as through a non-enzymatic pathway, 
which incorporates iron(4). As iron accumulation 
increases with age, this observation has 
profound implications when considered along 
with the results presented by Miranda et 
al.(5). These free radicals may continue to be 
generated after acute doxorubicin treatment 
has ceased and can account for the delayed 
manifestation of cardiomyopathy(6). The standard 
clinical approach for monitoring doxorubicin 
cardiotoxicity includes assessment of base-line 
cardiac performance before doxorubicin therapy 
begins; regular monitoring during treatment and 
follow-up after therapy has been completed. 

Electrocardiographic changes include various 
reversible arrhythmias, most commonly sinus 
tachycardia. In addition, serial echocardographic 
measurement of the ejection fraction is a 
sensitive non-invasive tool for the primary 
detection and follow-up of anthracyclines-
induced cardiomyopathy, as well as an easy and 
relatively low-cost procedure. The sensitivity 
of ejection-fraction studies for the detection of 
subclinical early cardiomyopathy becomes even 
higher when they are combined with exercise 
stress testing. Therefore, study of the ejection 
fraction should be part of the routine care of 
patients receiving doxorubicin treatment.(7)

However, traditional 2D echocardiography 
allows measurement of various parameters 
of both systolic and diastolic functions, 
anatomic dimensions and afterload. As 
diastolic modifications from baseline values 
occur earlier in other clinical settings, there 
has been an increasing interest in measuring 
diastolic, rather than systolic, parameters to 
detect subclinical cardiac toxicity in patients 
receiving chemotherapy. Indeed, one recent 
study suggests that indexes of early diastolic 

function are predictive for the early detection of 
anthracyclines-associated cardiac toxicity.(8)

Cardiac Troponins have recently been applied 
to the early detection of chemotherapy-induced 
cardiac toxicity. They have shown predictive 
value for long-term, cumulative cardiac damage 
by anthracyclines and could stratify patients 
at different risk of cardiac events following 
chemotherapy based on even minimal elevations 
of cTnI levels recorded soon after chemotherapy 
and 1 month later.(9, 10)

The primary goals in prevention are to 
minimize cardiac toxicities and to maximize 
oncological efficacy. Several preventive 
measures are currently being used, including 
limiting cumulative dose, altering anthracyclines 
administration, using anthracyclines analogues, 
adding cardioprotectants to the regimen and 
employing nutritional supplements.(11)

Patients and Method
This study was conducted in the Haematology 

unit - Baghdad Teaching Hospital during the 
period Sept. 2005 to Sept. 2006. Thirty-one 
patients were recruited.

Eligibility and exclusion criteria:
1. Patients with haematological malignancies 

mandating treatment with anthracyclines-
based regimen were included;

2. Diagnosis made by bone marrow study 
and/or lymph node biopsy;

3. Patients with past history of cardiac disease 
were excluded;

4. Patients with other organ dysfunction were 
excluded.

The study protocol:
The patients were interviewed with their 

current and past medical histories taken with 
special attention to past history or features of 
an already diagnosed heart disease plus features 
of other disease. Clinical examination included 
general examination and cardiovascular 
examination. Initial biochemistry and blood 
tests were conducted. Thorough cardiovascular 
assessment was initiated including ECG, CXR 
and Echocardiography were done looking for 
any subtle pathology and established as baseline 
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assessment before the initiation of anthracyclines-
based chemotherapy. Tests for cardiac troponin 
I (cTi) were done for all patients initially as 
part of baseline assessment. A written clinical 
acceptance by the patients or their guardians to 
start chemotherapy was included in the patients’ 
case sheets. Anthracyclines treatment alone or in 
combination was given according to the protocol 
used for the diseases. Anthracyclines doses were 
calculated according to the body surface area. 
All anthracyclines were used via an intravenous 
infusion over 30-45 minutes. No radiotherapy 
was used during this period.

The test for cardiac troponin I was repeated 
after thirty days again in addition to ECG and 
echocardiography. . 

The Test for Cardiac Troponin I:
Serum sample was taken and dropped in a 

special troponin kit and after ten minutes we can 
read the results. The cut-off point of the test for 
cardiac troponin I was 0.5 nanogram/ml using 
the Acon Laboratory kit with brand name CTI-
402/USA. Echocardiography was performed by 
a single user machine (Philips Envisor C/USA). 

Definition of cardiotoxicity:
Cardiotoxicity was considered in patients if 

they have:
1. Clinical findings suggestive of cardiac 

dysfunction + ECG evidence;
2. Echocardographic evidence of cardiac 

dysfunction;
3. Troponin positivity; or
4. Any combination of these parameters

Statistical analysis:
Data was translated into a computerized 

database structure. Frequency distribution for 
selected variables was done first. The statistical 
significance of difference in mean of a normally 
distributed quantitative variable between 2 
groups was assessed by independent samples 
t-test. The Chi-square test was used to assess the 
statistical significance of association between 2 
categorical variables. A P value of < 0.05 was 
considered indicator of statistically significant 
difference. A multiple logistic regression model 
with several selected independent variables and 

the risk of developing cardio-toxicity as the 
dependent variable was used to assess the risk 
of developing cardio-toxicity in the presence 
of a certain risk factor (explanatory variable), 
while adjusting for other independent variables 
included in the model. The area under the 
Restricted Operator Characteristics (ROC) curve 
gives an idea about the usefulness of the test and 
helps in comparing it to other tests.

Results
Thirty one patients with mean age of 

34.1±17.2 years were included with 17 males 
and 14 females. Sixteen patients (51.6%) of the 
study group were in the age group of 20-49 year 
whereas eight of them (25.8%) were more than 
50 years in age. 14 patients (45.2%) had AML 
as their hematological diagnosis. 12 patients 
(38.6%) developed evidence of cardiac toxicity, 
with six males and six females and a mean age 
of 36.4 years. (Table 1) shows the demographic 
characteristics of these patients. The test for 
validity parameters of age in years when used 
to predict cardiotoxicity attributed to treatment 
revealed that 44.5 years is the age at which the 
risk of cardiotoxicity increases with a PPV at 

Table 1 :  The demographic characteristics of patients 
who developed cardiotoxicity and their distribution 
according to the diagnostic modality.



36

Prediction of Anthracycline Induced Cardiotoxicity, A. Ali, et. al.

50% pretest probability of 70.9% and a PPV 
of 95.6% at pretest probability of 90%. A body 
surface area of 1.88 m2 is the optimum point of 
body surface area at which the risk of treatment-
related cardiotoxicity is increased with 82.6% 
PPV at pretest probability of 50% and PPV of 
97.7% at pretest probability of 90%  and a P 
value of 0.03 with an area under the ROC curve 
of 0.08. The test for validity parameters of the 
recommended dose schedule of Doxorubicin 
(mg/m2) when used to predict cardiotoxicity 
attributed to treatment showed that a dose of 
145.5 mg/m2 is the cut-off point above which 
the risk of cardiotoxicity increase with PPV of 
75.9% at pretest probability of 50% and a PPV of 
96.6% at a pretest probability of 90%. In terms 
of the total dose (mg) it will be 282.6 mg with 
nearly 100% sensitivity and specificity for early 
development of cardiotoxicity. Three patients 
who used ATRA in their treatment schedule 
experienced events suggestive of cardiac insult. 
One of them showed asymptomatic reduction in 
EF and the other two showed clinical evidences 
in form of arrhythmia and the development of 
basal rales with an area under the ROC curve 
of nearly one. The validity parameters of the 
dose schedule of cyclophosphomide when used 
to predict cardiotoxicity attributed to treatment 
showed that PPV was 100% at both pre and post 
test probability in a dose of 2.625 g. Multiple 
logistic regression models showed that the total 
risk of developing cardiotoxicity for patients 
with body surface area of > 1.81 and using 

Cyclophosphamide/ ATRA is 10.6 times more 
than those with no such risk factors.

 It is important to note that specificity 
was not used because not one of these diagnostic 
tests is the gold standard for the diagnosis of AIC 
and endomyocardial biopsy was not used as a 
diagnostic tool in this study.

Discussion
Over the last 40 years, great progress has 

been made in treating childhood and adult 
cancers. However, this progress has come at 
an unforeseen cost, in the form of emerging 
long-term effects of anthracyclines treatment. 
A major complication of anthracyclines therapy 
is its adverse cardiovascular effects. If these 
cardiac complications could be predicted, 
anticipated, reduced or prevented, higher 
doses of anthracyclines could potentially be 
used, which may increase cancer cure rates. 
Moreover, as the incidence of cardiac toxicity 
resulting in congestive heart failure or even heart 
transplantation dropped, the quality and extent 
of life for cancer survivors would improve.(11) 

Undoubtedly, endomyocardial biopsy obtained 
from the right ventricle by catheterization is 
considered the most sensitive and specific tool 
for any anatomic type of cardiac damage, but 
in clinical practice the use of this technique is 
obviously limited by its invasiveness, lack of 
universal expertise in obtaining and interpreting 
biopsy specimens and also by sampling errors 
due to scattered cardiac damage, especially 
in the preclinical phase.(12) Other standard 
diagnostic tools which are performed in clinical 
practice include ECG, chest radiography, and 
echocardiography. Many recent studies have 
elucidated the value of both troponin T and I in 
the diagnosis and in the risk assessment of acute 
coronary syndromes. Other studies addressed 
the question of whether cTnI measurement 
gives significant information in patients with 
hematological and solid malignancies treated 
with anthracyclines in relation to the possible 
direct cardiotoxic effect.(13) This study shows 
that certain baseline patients characteristics like 
age, gender and body surface area are related to 
the occurrence of AIC. The effect of the dose 
limit of anthracyclines was also studied and it is 

Fig.1: Bar chart showing the sensitivity rate of selected 
indices in predicting cardiotoxicity after treatment.
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clear that the higher the dose of anthracyclines, 
the higher the risk of developing AIC.

Other chemotherapeutics like cyclophos-
phomide and medications like ATRA were 
associated with increasing risk of developing 
AIC if used in combination with anthracyclines.

The collection of clinical data, ECG, and cTnI 
test post treatment revealed an easy and accessible 
way for prediction of AIC. This will have more 
weight by the addition of echocardographic 
assessment for evidence of AIC. The possibility 
of identifying patients at higher risk of developing 
late myocardial function depression could 
permit clinicians to modify and support cardiac 
function with cardiovascular therapy or cardio 
protective agents and to accurately monitor 
the progression of cardiac damage.(13) This last 
point is particularly relevant, considering that a 
progressive and cumulative cardiotoxicity occurs 
during anthracyclines therapy and that the risk 
of developing cardiac dysfunction, as revealed 
clinically - by ECG, by echo study and or by 
troponin positivity - increases in parallel with 
the number of cycles of anthracyclines therapy 
completed. 

All patients received anthracyclines via an 
IV infusion and the effect of slow infusion to 
prevent AIC is still controversial but it has been 
postulated that the continuous infusion reduces 
the peak anthracyclines levels and the contrary 
prolongs exposure.(11) No radiotherapy had been 
used as all patients were in their early stages of 
treatment and no one gets total body or at least 
mediastinal radiation for acute hematological 
emergency. There were two shortcoming points 
regarding methodology:  the first one is that there 
are other types of cTnI kits with more detective 
ability used worldwide but unfortunately are not 
available in Iraq. The other shortcoming is the 
small study sample which affects the statistical 
analysis and for the same reason affects the ROC 
curves used in statistical analysis to ascertain 
how much the test is valuable and ideal. 

The technically simpler dosage of circulating 
markers is partly countered by the lack of 
knowledge about optimal timing of measurement 
and its potential use as a diagnostic and predictive 
tool also remains investigational. However, the 

potential for cTnI to stratify patients at risk for 
cardiac complications following anthracycline 
containing high dose chemotherapy is continually 
reported.(8)

The echocardographic assessment of the 
study group revealed that patients develop 
asymptomatic reduction in EF, diastolic 
dysfunction and overt systolic LV dysfunction. 
It had been stated that patients may have 
asymptomatic reduction in the first three 
months after therapy and may be associated 
with increased level of troponins. Patients with 
such increased level of troponin have long term 
effect of decreased EF years later. In contrast to 
patients with reduction in EF in the first three 
months but with normal cardiac troponins, this 
reduction will be transient and will return to 
normal.(13) From this it is apparent how important 
the integration of multiple tests in prediction of 
AIC. As diastolic modifications from baseline 
values occur earlier in other clinical settings, 
there has been an increasing interest in measuring 
diastolic, rather than systolic parameters to 
detect subclinical cardiac toxicity in patients 
receiving chemotherapy. Indeed, one recent 
study suggests that indices of early diastolic 
function are predictive for the early detection 
of anthracycline-associated cardiac toxicity 
and showed that an earlier increase in the 
diastolic indices abnormalities regarding LVEF 
or chamber dilation, and a strict correlation 
with risk factors, total doses and the patient 
outcome(8,12) A recent study conducted on 76 
patients in the Royal Cornwall Hospital, UK by 
Belham M et al revealed that twenty-six percent 
of patients without significant pre-existing 
cardiac disease developed cardiotoxicity. The 
parameter that best predicted the development 
of functional cardiotoxicity was the change in 
EF between baseline and low dose with an area 
under the curve of 0.92 i.e., ROC curve. The Tei 
index detected declines in LV function earlier in 
the course of treatment with anthracyclines and 
to a greater significance than any other standard 
echocardographic measurement but did not 
predict functional cardiotoxicity.(14)

The slightly higher incidence of AIC in 
female was attributed to the fact that females 
have a larger relative fat mass, so equivalent 
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doses of anthracyclines could lead to higher 
concentrations and consequently more AIC.(4) It is 
apparent from the study that the higher the BSA, 
the more risk of AIC. This can be explained that 
the high BSA will be reflected by high dosage of 
anthracyclines and it is well-known that AIC is 
dose dependent. In combination with other cancer 
chemotherapy agents, cyclophosphomide can 
cause cardiomyopathy. However, the total dose 
of an individual course of cyclophosphomide, 
rather than the cumulative dose, seems to be the 
best predictor of acute cardiotoxicity. Previous 
or concomitant treatment with an anthracycline 
and mediastinal radiation therapy may contribute 
to the development of cardiotoxicity, which may 
include heart failure, myocarditis, or pericarditis. 
The mechanism of injury is thought to be related 
to endothelial and myocyte injury caused by a 
toxic metabolite.(15) Actually the use of ATRA 
is usually associated with cardiovascular side 
effects including blood pressure alterations, fluid 
overload and serositis that may be manifested 
by pericarditis. In our study group, the effect of 
ATRA probably enhanced the cardiotoxic effect 
of anthracyclines. Thus the older age group has 
a high BSA and the use of cyclophosphomide/
ATRA were associated with increment in the risk 
of AIC. 

Biomarkers such as troponin I and T may be 
useful in the early detection of anthracyclines-
induced cardiotoxicity before a reduction in the 
LV ejection fraction is seen. In particular, if the 
troponin I level shows a low grade elevation 
both during and after chemotherapy, the patient 
usually develops cardiovascular complications. 
Conversely, if the troponin I level remains low 
during chemotherapy and the ensuing months, 
patients have an excellent prognosis in terms 
of cardiac function. However, no prospective 
trial has shown the predictive value of such an 
approach.(14) Cardiac troponin I were also used 
as a surrogate measure of early anthracyclines-
induced myocardial injury, and to assess the 
response to treatment like the iron-chelating agent 
dexrazoxane. Cardiac troponin also can be used 
to predict the natural history of anthracyclines-
induced myocardial injury, as those patients may 
have asymptomatic reduction in ejection fraction 
the first three months after therapy that associated 

with increased level of troponins. Patients with 
such increased level of troponin have long term 
effect of decreased EF years later. In contrast 
those patients with reduction in EF in the first 
three months but with normal cardiac troponins, 
this reduction will be transient and will return to 
normal.(13)

Comparison with other studies: 
Our data confirm previous studies reporting 

that cardiotoxicity due to anthracyclines is dose-
related. Most of the previous studies looked 
for evidence of cardiotoxicity in children who 
completed their schedule of treatment or their 
doses of anthracyclines exceeded 550mg/m2. 
Other group of studies conducted on adult patients 
assessed evidence of cardiotoxicity after HDC. 
However, in other studies early cardiotoxicity 
occurs in 1.6% to 2.1% of all anthracyclines-
treated children(16,17); also Belham et al in 2006 
showed 26% of AIC in adult patients receiving 
high dose chemotherapy, while in this study of 
adult patients’ early cardiotoxicity detected by 
different tests was 38.7%. In comparison, cTnI 
appears to be a sensitive, as well as a simple and 
low-cost, method for the identification of early, 
and possibly reversible, cardiotoxicity. This 
was nearly identical with other studies and the 
addition of cTnI will add more to the diagnostic 
accuracy of AIC. In addition, Missov et al.(18) 
described cTnI increase during the course of 
anthracyclines chemotherapy in patients with 
hematological malignancies. The small release 
of cTnI indicates that only a minimal acute 
necrosis occurs during anthracyclines therapy, as 
compared with that observed in acute coronary 
syndromes. However, the clinical interest of 
this cTnI increment is quite relevant. Indeed, 
the impairment in systolic cardiac function 
is predicted by cTnI elevation. This finding 
strongly amplifies the clinical significance of 
cTnI in order to characterize patients who will 
develop late cardiac impairment and to a greater 
extent, to predict the degree of the future left 
ventricular dysfunction. Some studies have 
looked into other biochemical evidence of 
AIC like plasma concentration of NT-pro-BNP 
which proved to be a good and easy tool for the  
prediction of AIC.(10)



G. J. O. Issue 10, 2011

39

 

References

11.  Karlijn A. Wouters et al. Protecting against 
anthracycline-induced myocardial damage: a review 
of the most promising strategies ; British Journal of 
Haematology 2005; 131:561–578.

12.  Marino Benvenuto. Chemotherapy-related 
cardiotoxicity: new diagnostic and preventive 
strategies. Ital Heart J 2003; 4 .

13.  Cardenali, D, Sandri et al; Left ventricular dysfunction 
predicted by early troponin I release after High-Dose 
chemotherapy. J AM Coll Cardiol 2000; 36:517.

14.  Belham M et al 2006 Monitoring left ventricular 
function in adults receiving anthracycline-containing 
chemotherapy. Eur J Heart Fail. 2006 Oct 23.

15.  Edward T.H. Yeh 2006 Cardiotoxicity induced by 
chemotherapy and antibody therapy. Annu. Rev. Med. 
2006. 57:485–98. 

16.  Krischer, J.P., Epstein, S., Cuthbertson, D.D., Goorin, 
A.M., Epstein,M.L. & Lipshultz, S.E.Clinical 
cardiotoxicity following anthracycline treatment for 
childhood cancer: the Pediatric Oncology Group 
Experience. Journal of Clinical Oncology 1997; 
15:1544–1552.

17.  Lipshultz, S.E., Lipsitz, S.R., Sallen, S.E., 
Dalton, V.M., Mone, S.M.,Gelber, R.D. & Colan, 
S.D.Chronic progressive cardiac dysfunction 
years after doxorubicin therapy for childhood 
acute lymphoblastic leukemia. Journal of Clinical 
Oncology 2005; 23:2629–2636.

18.  Missov E, Calzolari C, Davy JM, Leclercq F, Rossi M, 
Pau B. Cardiac troponin I in patients with hematologic 
malignancies. Coron Artery Dis 1997;8:537– 41.           

 

1.  Pawan K. S Ingal et al. Doxorubicin induced 
cardiomyopathy. NEJM 1998; 339:900-905.

2.  Gatta, G., Capocaccia, R., Coleman, M.P., Ries, L.A. 
& Berrino, F.Childhood cancer survival in Europe 
and the United States. Cancer 2002; 95:1767–1772.

3.  Lipshultz, S.E., Colan, S.D., Gelber, R.D., Perez-
Atayde, A.R., Sallan,S.E. & Sanders, S.P. Late cardiac 
effects of doxorubicin therapy for acute lymphoblastic 
leukemia in childhood. NEJM 1991; 324:808–815.

4.  Olson, R. & Mushlin, P.Doxorubicin cardiotoxicity: 
analysis of prevailing hypothesis. FASEB Journal 
1990; 4: 3076–3086.

5.  V. Nathan Subramaniam , Ironing out doxorubi-
cinrelated cardiotoxicity. BLOOD 2003; 102,7.

6.  Lebrecht, D.M.S., Setzer, B., Ketelsen, U.P., 
Haberstroh, J. & Walker,U.A. Time-dependant 
and tissue-specific accumulation of mtDNA and 
respiratory chain defects in chronic doxorubicin 
cardiomyopathy. Circulation 2003; 108:2423–2429.

7.  Ganz WI, Sridhar KS, Ganz SS, Gonzalez R, 
Chakko S, Serafini A. Review of tests for monitoring 
doxorubicin-induced cardiomyopathy. Oncology 
1996; 53:461-70.

8.  P Morandi, PA Ruffini. Cardiac toxicity of high-dose 
chemotherapy; Bone Marrow Transplantation 2004, 
1–12.

9.  Michaela Adamcova, et al. Cardiac troponin T 
as a marker of myocardioal damage caused by 
antineoplastic drugs. Cancer research and clinical 
oncology 1999; 125;5: 268 – 274.

10.  Murat Soker, MD, Mehmet Kervancioglu, MD. 
Plasma concentrations of NT-Pro-BNP and cardiac 
troponin –I in relation to doxorubicin-induced 
cardiomyopathy and cardiac in childhood malignancy. 
Saudi Med J 2005; 26 (8): 1197-1202




