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Anti-cancer therapies: anthracyclines

Streptomyces peucetius

Daunorrubicin

1950s

Daunorrubicin Adryamycin (doxorubicin)

Leukemias, Lymphomas, Sarcoma, Gastric Ca, Breast Ca, ….



Scope of the Problem

25%

Anthracyclines



Dose-dependent cardiotoxicity (overt HF)

Very long after chemotherapy finish



Dose-dependent cardiotoxicity (LV dysfx)



Earlier than thought

3.5 months



Early diagnosis is critical



Diagnosis algorithms



MECHANISM?



Anticancer mechanism of anthracyclines

Topoisomerase 2α highly expressed in tumour cells

Cardiomyocytes barely replicates



Scope of the Problem



Doxo binds to mitochondrial cardiolipin



Mitocochondria dynamics and DCM

Wai et al Science 2015

Altered mitochondrial dynamics Metabolic Reprogramming DCM; Heart failure



Mechanism of Cardiotoxicity

Anthracyclines

Cardiolipin Microcirculation

Hypoxia

Nuclear DNA

↓ proteins synthesis



Heart Unique organ

Pump 7000 L /day. 

6 kg of ATP per day

3x109 beats in a life

Cardiomyocytes barely replicate



Mito dynamics / quality control (mitophagy)



Mitochondrial vacuolization  edema

Dorn EMBO Mol Med 2015



Edema Imaging in myocardial infarction

J Am Coll Cardiol 2015; 66:816-28

J Am Coll Cardiol 2015;65:315-23

Circulation. 2017; 136:1288-1300

Circ Res. 2017 121:439-450



Translational model

Galán-Arriola et al J Am Coll Cardiol 2019



Intra-cardiomyocyte edema

Galán-Arriola et al J Am Coll Cardiol 2019



Prognostic implications

Galán-Arriola et al J Am Coll Cardiol 2019



EARLIEST DIAGNOSTIC MARKER

Galán-Arriola et al 

J Am Coll Cardiol 2019

Intra-cardiomyocyte

Mitochondria vacuolae



WORKING MODEL

Galán-Arriola et al J Am Coll Cardiol 2019



Conclusions

 Anthracyclines are very effective anti cancer drugs. 

Dose limited by cardiotoxicity (frequent)

 Current Rx are unspecific and more effective if initiated early

 Current diagnostic algorithms are poor (unspecific)

 Mechanisms of anthracycline cardiotox involve mitochondria

 Intra-cardiomyocyte edema is the earliest cardiotox marker, 

(mapping CMR can visualize this  much earlier)

 Diagnosis and therapy based on pathophysiology
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