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Abstract

Background : Doxorubicin based regimen is the most common treatment of
breast cancer which is highly complicated by cardiotoxicity.

Aim : To clarify the possible effects of carvedilol on echocardiographic
ejection fraction and fraction shortening in doxorubicin based regimen in
females with breast cancer.

Patients and Methods : A total of 16 females with breast cancer were included
in this study. The patients were randomized into 2 groups , 8 patients each.
Group I included patients were treated with doxorubicin based regimen for 6
cycles with 21 day apart. Group II included patients were received
doxorubicin based regimen with carvedilol 3.125 mg , orally , twice daily for
5 days , for 6 cycles. Echocardiography was done to measure ejection
fraction and fraction shortening at zero time and 3 days after 2™, 4™ and 6"
cycles.

Results: Treatment with CAF regimen caused highly significant decrease in
echocardiographic ejection fraction and fraction shortening after 2™ , 4™ and
6" cycles in comparison to baseline readings ( P < 0.01 ). Combined CAF +
Carvedilol 3.125 mg orally twice daily for 5 days caused highly significant
increment in echocardiographic ejection fraction and fraction shortening
compared with that of CAF regimen group ( P <0.01).

Conclusion: Carvedilol causes significant increase in echocardiographic
ejection fraction and fraction shortening in doxorubicin treated patients.

Key words : Carvedilol , Doxorubicin , Cardiotoxicity , Ejection fraction ,
Fraction Shortening

Introduction

Breast cancer is originating from breast tissues, most commonly from inner
lining of milk ducts or the lobules. Cancers originating from ducts are known
as ductal carcinomas ; those originating from lobules are known as lobular
carcinomas”. Anthracyclines are potent antineoplastic agents used
extensively to treat a range of cancers, including leukemias, lymphomas,
sarcomas, and carcinomas ®. In large clinical trials, approximately one in
four patients experienced congestive heart failure when the cumulative dose of
doxorubicin exceeded 500 mg/m’, nearly 50% had cardiac events when
doxorubicin dose above 600 mg/m?, and nearly all patients had cardiotoxicity
when doxorubicin dose above 800 mg/m’. The incidence of clinical cardiac
failure increases precipitously when the dose above 550 mg/m’> with the
majority developing cardiomyopathy within the first year of completion of
treatment.
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It had been suggested that cardiomyopathy not only develops at a much
lower cumulative dose than previously thought, but it may also manifest even
years after treatment, especially in pediatric oncology survivors ©. Many
mechanisms of DIC have been proposed and studied. Nevertheless, the iron-
mediated formation of ROS and promotion of myocardial oxidative stress
remain by far the most frequently proposed mechanism “. As the
anthracycline-induced cardiotoxicity is largely irreversible, it is crucial to
detect the myocardial injury at its earliest possible stage. Among the first
approaches employed for sensitive and reliable detection of anthracycline
cardiotoxicity was an endocardial biopsy. However, its invasive nature
hinders and in fact nearly prevents its routine use in seriously sick oncologic
patients. Actual recommendations for cardiac monitoring of anthracycline-
treated patients are mostly based on the non-invasive examination of the left
ventricular (LV) systolic function, since its decline is a well-known hallmark
of anthracycline cardiotoxicity & *”*?. Both echocardiography and radio-
ventriculography are employed, but a relatively low sensitivity of these
approaches does not allow to cover the early phases of myocardial injury so
that only more pronounced and distinct cardiotoxicity can be revealed 7.

Carvedilol is a nonselective B-blocker with additional vasodilating and
antioxidative properties. The drug is used for the treatment of hypertension
and stable angina pectoris, and was the first B-blocker to be approved for the
treatment of congestive heart failure (CHF) in adults @9 .

Patients and methods

The study approved by college scientific committee and informed concept was
taken from patients.

The study sample included female patients who attended the oncology unit in
al-Sadar medical city in Al-Najaf governorate from 1% day of April to the
30th day of December 2010 with histopathological evidence of breast cancer.
16 patients were enrolled in this study. Exclusion criteria were Patients with
past-medical history of myocardial infarction , diabetes millus , Cardiac and
renal failure . Patients were divided randomly into :

Group 1 : Patients were treated with Doxorubicin based regimen for 6
cycles with 21 days apart.

Group 2 : Patients were treated with Doxorubicin based regimen +
Carvedilol 3.125 mg administered orally twice daily for 5 days, for each
cycle for 6 cycles with 21 days apart.
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Carvedilol: It was given as a tablet in a dose of 3.125mg twice daily , orally
for 5 days , for each cycle. ( Hexal Germany Batch NO. 9Y9587).

Methods: The weights of the patients are measured by using well calibrated
digital weight and height scale measuring device model 1986 , made by
Jookad company , Japan.

Body Surface Area (BSA): is in square meter (m?) as an index of body
surface area calculated according to monogram of Dubois "

Body Mass Index (BMI): is calculated by the following equation: BMI=
Weight (kg) / Height (M?) @2

Echocardiography(ECHQO): Each individual included in this study (control
and patients groups), underwent echocardiography , at zero time and 3 days
after 2™, 4™ and 6™ cycles. Study was performed by a protocol determined
by using Kretz technique type and model 530D with 2-4 MHZ transducer
made in Australia in 1996 for measuring left ventricular ejection fraction and
fraction shortening.

Left Ventricular Ejection Fraction (LVEF): It employs the percent of left
ventricle volume instead of the percent change of left ventricle dimension , it
is calculated as the percent ratio of the difference between end diastolic and
end systolic volumes to the end diastolic volume "*).

Fraction Shortening (FS): This parameter reflects the relative change of left
ventricular internal dimension throughout the cardiac cycle ,it is measured as
the ratio of the difference between end diastolic and end systolic internal
diameters to the end diastolic internal diameter. This ratio is multiplied by 100
to obtain the percent of Fraction shortening. It is the most commonly applied
M-Mode derived measure of left ventricular systolic function *?.

Statistical Analysis: Data were translated into a computerized database
structure. An expert statistical advice was sought for. Statistical analysis were
computer assisted using SPSS version 15.The data are expressed as mean +
SEM unless otherwise stated. Statistical analysis was carried out using Paired
T-TEST. Significance differences was set at a= 0.05. P value less than the
0.05 level of significance was considered statistically significant.

Results
Table 1 : Anthropometric data for patents included in this study.
| Anthropometric data | Mean+ SD |
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Age (year) 38.53+ 3.88
Sex All are females
Weight (kg ) 72.434+6.51
Height (cm ) 157.92+4.69
*BSA (m’) 1.7140.06
*+*BMI (kg/m") 29.21+4.41

*Body Surface Area .

**Body Mass Index.

61.76 60.28
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Figure 1:Mean of changes in echocardiographic ejection fraction (%) after 2, 4
and 6 cycles compared with baseline value among patients treated with CAF
regimen.

In comparison to baseline level, there was a significant reduction in
echocardiographic ejection fraction (%) after 2, 4 and 6 cycles in CAF regimen
group ( p<0.01).
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Figure 2 : Mean of changes in echocardiographic fraction shortening (%) after
2,4 and 6 cycles compared with baseline value among patients treated with
CAF regimen. There was a significant reduction in echocardiographic fraction
shortening (%) after 2, 4 and 6 cycles in CAF regimen group ( p< 0.01).

Table ( 2 ): Comparison between effect of CAF and CAF + Carvedilol ( 3.125

mg ) on different parameters after 6" cycle.
parameter CAF CAF+ Carvedilol 3.125mg P value
Echo EF% 47.92+0.56 | 51.37+0.74 P <0.01
Echo FS% 20.53+£0.37 ] 22.61+0.62 P <0.01

The data expressed as mean = SEM

Discussion

Adriamycin is one of the most frequently used chemotherapeutic drugs in the
treatment of cancer. However, the clinical usefulness of doxorubicin is limited
by a dose-related cardiac toxicity. Acute doxorubicin induced cardiotoxicity
alters the organization of the cardiomyocytes and induces apoptosis , which is
a potentially modifiable and preventable form of myocardial tissue loss @4
) Mitochondria have been identified as one of the targets in ADR-induced sub-
cellular damage in heart tissues '°).
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Doxorubicin is an anthracycline, which is widely used for the treatment of
various cancers. The clinical use of doxorubicin is limited by acute and
chronic cardiotoxicity, which often leads to progressive heart failure with
impaired contractility, arrhythmias, or sudden death ¢'®)Doxorubicin caused
highly significant reduction in echocardiographic ejection fraction after 6
treatment cycles in comparison to baseline values ( P < 0.01 ). This finding is
in agreement with that revealed by . The mechanism beyond this effect is
thought to include heightened oxidative stress status leading to apoptosis of
endothelial cells and cardiomyocytes “®*In present study , there was highly
significant decline in echocardiographic fraction shortening by doxorubicin
compared with baseline readings ( P < 0.01 ). This finding is in consistency
with *® and it may be attributed to the same mechanism. Carvedilol produced
highly significant increment in echocardiographic ejection fraction in
comparison to that of doxorubicin treated group ( P < 0.01 ). This is in
consistency with ?°). This effect may be due to pleotrpic effect of carvedilol.
In present study , carvedilol improved echocardiographic fraction shortening
in highly significant way as compared with doxorubicin treated group ( P <
0.01 ). This result agree with @D The mechanisms underlying this
cardioprotective effect are not fully understood. However, several reports
suggest that cardioprotection may be afforded through the potent antioxidant
activity of carvedilol, which is not shared by all B-adrenergic antagonists
@223.29) Carvedilol has been shown to scavenge oxygen free radicals ®® and to
inhibit lipid peroxidation in biological systems **» Moreover, the
antioxidant Protection of carvedilol occurs through a chain-breaking
mechanism in post-ischemic rat hearts *" The capacity of carvedilol to inhibit
lipid peroxidation is much greater than that of other B- adrenergic blocking
agents, such as propranolol ®?. A distinctive characteristic of carvedilol is its
Potent antioxidant properties that are not shared by other h-adrenergic
receptor antagonists *? This antioxidant activity of carvedilol is attributed to
its ability to chelate free iron (26) , which is widely implicated in enhancing
the free radical-mediated toxicity caused by doxorubicin. Carvedilol is
superior to atenolol , a B-adrenergic receptor antagonist without antioxidant
properties, in diminishing DOX induced negative impact on systolic blood
pressure and left ventricular fractional shortening as well on increased lipid
peroxidation ®”* which could either be explained by a direct effect on cardiac
tissue or to vascular effects of the drug. More recently, the balance tilted for a
predominant effect on the cardiac tissue as ®® showed that carvedilol
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diminishes both the cardiac mitochondrial toxicity and histopathology caused

by doxorubicin.

References

1- Sariego. J. (2010): "Breast cancer in the young patient". The American
surgeon 76 (12): 1397-1400.

2-Gewirtz DA (1999) : A critical evaluation of the mechanisms of action
proposed for the antitumor effects of the anthracycline antibiotics
adriamycin and daunorubicin. Biochem Pharmacol 57:727-741.

3- Hequet O, Le QH, Moullet I, et al (2004): Subclinical late cardiomyopathy
after doxorubicin therapy for lymphoma in adults. J Clin Oncol. 22:1864—
71.

4- Chen B, Peng X, Pentassuglia L et al (2007): Molecular and cellular
mechanisms of anthracycline cardiotoxicity. Cardiovasc Toxicol 7: 114—
121.

5- Alexander J, Dainiak N , Berger HJ et al (1979) : Serial assessment of
doxorubicin cardiotoxicity with quantitative radionuclide
angiocardiography. N Engl J Med 300: 278-83.

6- Shan K, Lincoff @AM, Young JB (1996): Anthracycline-induced
cardiotoxicity. Ann Intern Med 125: 47-58.

7- Tjeerdsma G, Meinardi MT, Van Der WT et al (1999): Early detection of
anthracycline induced cardiotoxicity in asymptomatic patients with normal
left ventricular systolic function: autonomic versus echocardiographic
variables. Heart 81: 419-423.

8- Elbl L, Hrstkova H, Chaloupka V (2003): The late consequences of
anthracycline treatment on left ventricular function after treatment for
childhood cancer. Eur J Pediatr 162: 690-696.

9- EIbl L, Hrstkova H, Tomaskova I et al (2005): Long-term serial
echocardiographic examination of late anthracycline cardiotoxicity and its
prevention by dexrazoxane in paediatric patients. Eur J Pediatr 164: 678-
684.

10- Packer M, Bristow MR, Cohn JN et al (1996): The effect of carvedilol on
morbidity and mortality in patients with chronic heart failure. N Engl J
Med. 334:1349-55.

11- Dubois and Dubois ( 1973 ): Surface area nomogram. Acta medical
Scand: Vol.

12- Iwasaka T , Nakamura S et al ( 1994 ): Difference between women and
men
in left ventricular pump function during exercise test after acute myocardial
infarction. A M J cardiol ; 73; pp 11-15.



QMJ VOL.8 No.13

13- Wahr DW, Wang YS, Schiller NB ( 1983 ): Left ventricular volumes
determined by two-dimensional echocardiography in a normal adult
population. J Am Coll Cardiol 1983;1:863-8.

14- Arola, O.J., Saraste, A., Pulkki K., et al (2000): Acute doxorubicin
cardiotoxicity involves cardiomyocyte apoptosis. Cancer Research , 60 ,
1789-1792.

15- Olson HM, Capen CC ( 1977 ): Subacute cardiotoxicity of adriamycin in
the rat. Lab Invest 37:386— 94.

16-Pye MP, Cobbe SM ( 1996 ): Arrhythmogenesis in experimental models of
heart failure: the role of increased load. Cardiovasc Res. 1996, 32: 248-57.

17-Simunek T, Klimtova I, Kaplanova J et al (2004) :Rabbit model for in vivo
study of anthracycline-induced heart failure and for the evaluation of
protective agents. Eur J Heart Fail 6:377-387.

18-Mukhopadhyay P, Rajesh M, Batkai S et al (2009): Role of superoxide,
nitric oxide, and peroxynitrite in doxorubicin-induced cell death in vivo and
in vitro. Am J Physiol Heart Circ Physiol. 2009, 296: H1466-83.

19- Olga Popelova’ , Martin S™ terba, Toma’ s” Simunek et al ( 2008 ):
Deferiprone Does Not Protect against Chronic Anthracycline
Cardiotoxicity in Vivo. JPET 326:259-269.

20- Mustafa aligkaniftci , Hakan Giillii, Haldun Miiderrisoglu et al ( 2008 ):
The effect of carvedilol therapy on coronary flow reserve in patients with
idiopathic dilated Cardiomyopathy. Turk Soc Cardiol 2008;36(4):247-252.

21- E Kotlyar, C S Hayward, A M Keogh et al ( 2004 ) : The impact of
baseline left ventricular size and mitral regurgitation on reverse left
ventricular remodeling in response to carvedilol: size doesn’t matter. Heart.
90(7): 800-801.

22- Yue, T. L., Cheng, H. Y., Lysko, P. G., et al (1992): Carvedilol, a new
vasodilator and beta adrenoceptor antagonist, is an antioxidant and free
radical scavenger. J. Pharmacol. Exp. Ther. 263, 92-98.

23- Kramer and Weglicki (1996) : A hydroxylated analog of the beta-
adrenoceptor antagonist, carvedilol, affords exceptional antioxidant
protection to post-ischemic rat hearts. Free Radical Biol. Med. 21, 813—
825.

24- Tadolini, B. and Franconi, F. (1998): Carvedilol inhibition of lipid
peroxidation: A new antioxidative mechanism. Free Radical Res. 29, 377—
387.

25- Yue, T. L., McKenna, P. J., Gu, J. L. et al (1994): Carvedilol, a new
vasodilating beta adrenoceptor blocker antihypertensive drug, protects

141



142

QMJ VOL.8 No.13

endothelial cells from damage initiated by xanthine-xanthine oxidase and
neutrophils. Cardiovasc. Res. 28, 400—406.

26-Noguchi. N., Nishino. K., Niki. E. (2000): Antioxidant action of the
antihypertensive drug, carvedilol, against lipid peroxidation. Biochem.
Pharmacol. 59, 1069—- 1076.

27- Matsui. H., Morishima. I., Numaguchi. Y.,(1999): Protective effects of
carvedilol against doxorubicin induced cardiomyopathy in rats. Life Sci. 65,
1265-1274.

28- Santos. D.L., Moreno .A.J.M., Leino. R.L. (2002): Carvedilol protects
against doxorubicin-induced mitochondrial cardiomyopathy. Toxicol. Appl.
Pharmacol. 185, 218— 227.



