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Doxorubicin is a potent chemotherapeutic agent widely used to treat both hematologic malignancies and solid tumours in paedi-
atric and adult cancer patients. Unfortunately, the clinical utility of this effective agent is limited by dose-dependent cardiotoxicity that 
may progress to cardiac dysfunction and heart failure. Even after 40 years of preclinical and clinical research, the exact mechanism of 
doxorubicin-induced cardiotoxicity is not completely understood. Similarly, the best prevention and/or treatment strategy to mitigate 
cardiotoxicity has not been identified yet [1]. Nevertheless, there are several factors that have been demonstrated to increase the risk of 
doxorubicin-induced cardiotoxicity including: total cumulative dose, pre-existing cardiovascular disease, and administration of other car-
diotoxic chemotherapeutic agents such as trastuzumab [2]. However, there is inconclusive evidence about the role of sex as a risk factor 
of doxorubicin-induced cardiotoxicity.

In general, the risk of cardiovascular diseases is lower in premenopausal women than in men of the same age [3]. Nevertheless, female 
sex has been considered as a risk factor for doxorubicin-induced cardiotoxicity in paediatric cancer patients [4]. Female breast cancer 
patients are also very sensitive to doxorubicin-induced cardiotoxicity, especially when combined with other cardiotoxic chemotherapeu-
tic agents such as trastuzumab [5]. On the other hand, some studies have shown that men are more sensitive to doxorubicin-induced 
cardiotoxicity than women [6,7]. Interestingly, recent experimental studies have unequivocally demonstrated that adult female rats are 
protected against doxorubicin-induced cardiotoxicity [8-11].

In this brief report, we will try to unravel the reasons behind the apparent discrepancy between experimental and clinical data, 
discuss the potential mechanisms of sexual dimorphism of doxorubicin-induced cardiotoxicity, and identify gaps of knowledge in this 
research area. In our opinion, the age and the menopausal state of the female patients are the two most important determinants of the sex-
ual dimorphism observed in the clinical setting. For instance, the female sex has been considered as a risk factor for doxorubicin-induced 
cardiotoxicity mainly in female paediatric cancer patients [12,13], the majority of whom are pre-pubertal. Similarly, the majority of breast 
cancer patients are post-menopausal [14]. Pre-pubertal girls and post-menopausal women have low levels of female sex hormones that 
may play the key role for protection against doxorubicin-induced cardiotoxicity. To support this notion, male Hodgkin lymphoma patients 
have been shown to be more susceptible to doxorubicin-induced cardiac adverse effects than female patients in their 20s-40s years of age 
[6]. Female patients in this age group are likely to have high levels of sex hormones which are known to protect against cardiovascular 
diseases. Nevertheless, doxorubicin treatment is also likely to cause premature ovarian failure, and sharp decline in female sex hormones 
[15]. Therefore, the proposed protective effect of female sex hormones is most likely against the first exposure to doxorubicin. The pro-
tection may actually be conferred by the good overall baseline cardiovascular health of female patients in this age group. In agreement 
with this opinion, male rats were more sensitive to doxorubicin-induced cardiotoxicity than female rats, despite the sharp decline in sex 
hormone levels after doxorubicin administration in these animals [10]. Ovariectomy prior to doxorubicin administration has also been 
shown to exacerbate doxorubicin-induced cardiotoxicity in female experimental animals [8,16,17]. 
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The uncertainty about the role of sex in the risk stratification of doxorubicin-induced cardiotoxicity constitutes a serious gap of 
knowledge. From a clinical perspective, it is critical to design studies that investigate the effect of sex on doxorubicin-induced cardio-
toxicity in clearly defined groups of pre-pubertal girls, women of child-bearing age, and post-menopausal women in comparison to age-
matched men. From the preclinical perspective, sexual dimorphism should be studied in juvenile pre-pubertal models of doxorubicin-
induced cardiotoxicity to explore whether pre-pubertal female animals will also be more sensitive to doxorubicin-induced cardiotoxicity 
than juvenile male animals similar to the findings in paediatric cancer patients. In addition, female animals should be included in all 
experimental protocols that examine the potential protective effect of a new drug and/or strategy against doxorubicin-induced cardio-
toxicity.

Research reported in this publication was supported by the National Center for Advancing Translational Sciences of the National 
Institutes of Health Award Number UL1TR000114. The content is solely the responsibility of the authors and does not necessarily rep-
resent the official views of the National Institutes of Health.

The mechanisms of sexual dimorphism of doxorubicin-induced cardiotoxicity are not completely understood. Sex-related differenc-
es in mast cell activity, oxidative stress, cardiolipin remodelling, and cardiac energy metabolism have been proposed to play a role in the 
sexual dimorphism of doxorubicin-induced cardiotoxicity [8,9,11,17]. In response to other cardiac stressors, estrogen has been shown 
to be cardioprotective through its anti-apoptotic, anti-fibrotic, and anti-hypertrophic effects [18-20]. It is still to be determined whether 
these properties can also contribute to the protective effects of estrogen against doxorubicin-induced cardiotoxicity.

Acknowledgement

Bibliography

1.     Zordoky BN., et al. “Acute Doxorubicin Cardiotoxicity Alters Cardiac Cytochrome P450 Expression and Arachidonic Acid Metabo-
        lism in Rats.” Toxicology and Applied Pharmacology 242.1(2010):38-46. 
2.     Lotrionte M., et al. “Review and Meta-Analysis of Incidence and Clinical Predictors of Anthracycline Cardiotoxicity”.  American Jour-
        nal of Cardiology 112.12 (2013): 1980-1984.
3.     Mosca L., et al. “Sex/Gender Differences in Cardiovascular Disease Prevention: What a Difference a Decade Makes”. Circulation 
        124.19 (2011): 2145-2154.
4.     Lipshultz SE., et al. “Cardiotoxicity and Cardioprotection in Childhood Cancer”. Acta Haematologica 132.3-4 (2014): 391-399.
5.     Putt M., et al. “Longitudinal Changes in Multiple Biomarkers Are Associated with Cardiotoxicity in Breast Cancer Patients Treated 
        with Doxorubicin, Taxanes, and Trastuzumab”. Clinical Chemistry 61.9 (2015): 1164-1172.
6.     Myrehaug S., et al. “Cardiac Morbidity Following Modern Treatment for Hodgkin Lymphoma: Supra-Additive Cardiotoxicity of 
        Doxorubicin and Radiation Therapy”. Leuk Lymphoma 49.8 (2008): 1486-1493.
7.     Myrehaug S., et al. “A Population-Based Study of Cardiac Morbidity among Hodgkin Lymphoma Patients with Preexisting Heart Dis-
        ease.” Blood 116.13 (2010): 2237-2240.
8.     Zhang J., et al. “Sex-Related Differences in Mast Cell Activity and Doxorubicin Toxicity: A Study in Spontaneously Hypertensive 
        Rats.” Toxicologic Pathology 42.2 (2014): 361-375.
9.     Moulin M., et al. “Sexual Dimorphism of Doxorubicin-Mediated Cardiotoxicity: Potential Role of Energy Metabolism Remodeling”. 
        Circulation Heart Failure 8.1 (2015): 98-108.
10.   Gonzalez Y., et al. “Reproductive Hormone Levels and Differential Mitochondria-Related Oxidative Gene Expression as Potential 
        Mechanisms for Gender Differences in Cardiosensitivity to Doxorubicin in Tumor-Bearing Spontaneously Hypertensive Rats”. Can-
        cer Chemother Pharmacol 76.3 (2015): 447-459.
11.   Moulin M., et al. “Sex-Specific Cardiac Cardiolipin Remodelling after Doxorubicin Treatment”. Biology of Sex Differences 6 (2015): 
        20.



Sexual Dimorphism of Doxorubicin-Induced Cardiotoxicity
S3

Citation:  Leslie C Sharkey and Beshay N Zordoky. “Sexual Dimorphism of Doxorubicin-Induced Cardiotoxicity”. EC Pharmacology and 

Toxicology 1.S1 (2015): S4-S6.

12.   SilberJ H., et al. “Increased Risk of Cardiac Dysfunction after Anthracyclines in Girls”. Medical and Pediatric Oncology 21.7 (1993): 
         477-479.
13.   Lipshultz SE., et al. “Female Sex and Drug Dose as Risk Factors for Late Cardiotoxic Effects of Doxorubicin Therapy for Childhood 
         Cancer”. The New England Journal of Medicine 332.26 (1995): 1738-1743.
14.   Caram ME., et al. “Doxorubicin-Induced Cardiac Dysfunction in Unselected Patients with a History of Early-Stage Breast Cancer”.  
         Breast Cancer Res Treat 152.1 (2015): 163-172.
15.   Schmidt., et al. “Recommendations for Fertility Preservation in Patients with Lymphomas”. Journal of Assisted Reproduction and 
         Genetics 29.6 (2012): 473-477.
16.   Calve A., et al. “Cardiac Response to Doxorubicin and Dexrazoxane in Intact and Ovariectomized Young Female Rats at Rest and 
         after Swim Training”. American Journal of Physiology: Heart and Circulatory Physiology 302.10 (2012).
17.   Munoz-Castaneda JR., et al. “Ovariectomy Exacerbates Oxidative Stress and Cardiopathy Induced by Adriamycin”. Gynecological 
         Endocrinology 22.2 (2006): 74-79.
18.   Wittnich C., et al. “The Role of 17beta-Estradiol in Myocardial Hypertrophy in Females in the Presence and Absence of Hyperten-
         sion”. Cardiovascular Drugs and Therapy 29.4 (2015): 347-353.
19.   Hsieh DJ., et al. “17beta-Estradiol and/or Estrogen Receptor Beta Attenuate the Autophagic and Apoptotic Effects Induced by Pro-
         longed Hypoxia through Hif-1alpha-Mediated Bnip3 and Igfbp-3 Signaling Blockage”. Cell Physiol Biochem 36.1 (2015): 274-284.
20.   Pedram A., et al. “Estrogen Receptor-Beta Prevents Cardiac Fibrosis”. Molecular Endocrinology 24.11 (2010): 2152-2165.

Volume 1 Issue S1 December 2015
© All rights are reserved by Leslie C Sharkey and Beshay N Zordoky.


