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Outline

• Cancer , cancer therapy and the Heart

• Cardio-Oncology as  a subspeciality

• HER 2 Targeted therapy

• HER 2 Targeted therapy Cardiotoxicity

• Evaluation, monitoring and management

• Take home messages 



The Bidirectional Relationship Between CVD and Cancer

Nature Reviews Cardiology | Volume 21 | September 2024 | 617–631

Cancer Therapy
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Cancer Therapy Evolution

Transformed the practice radically 



Distribution (%) of survivors of selected cancers in the United States as 

of January 1, 2025 by age at prevalence and years since diagnosis

CA Cancer J Clin. 2025;75:308–340
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Historically: Radiation Therapy & Anthracycline Cardiotoxicities

JACC CO 2019

Radiation



European Heart Journal (2022) 43, 280–299

IC-OS Cardiotoxicity Definition



Cancer (Chemotherapy /Radiotherapy) Should be considered 
as a Novel Cardiovascular Risk Factor

ACC 2013 HF Guidelines
EHFJ 2021



Cardio-Oncology: 

A New Era in 
Cardiology
 



Cardio-Oncology : The 5 Key Elements

• Risk Stratification

• Early diagnosis

• Prevention 

• Treatment

• Long-term 
surveillance 

“The cured cancer patient of Today does not want 
to become the cardiac patient of Tomorrow”
The four main goals of the cardio-Oncologist are:

✓ to avoid the possibility that cancer therapy could induce 

cardiac disease

✓ To avoid cardiotoxicity from interrupting cancer therapy

✓ to avoid the possibility that pre-existent cardiac disease 

be a barrier and lead to a reduction of therapeutic 

opportunities for the patient

✓ Follow up patients at risk of cardiotoxicity post cancer 

therapy

H. Skouri  2025



Cancer therapy classes identified for cardiovascular baseline risk 

assessment and associated cardiovascular toxicity

European Journal of Heart Failure (2020)

This is Why I became 

interested as a Heart Failure 

physician in Cardio-Oncolgy



Significantly improved survival rates 

in both early and advanced disease 



Approved HER2-targeted therapies for breast cancer

Expert Opinion Pharmacology 2025 (26):1855-1865



• HER2 is a receptor tyrosine kinase, a 

transmembrane protein of cells that 

helps regulate cell growth and 

division

• HER2 can form homodimers or 

heterodimers with other EGFR family 

members in ligand-dependent and-

independent manners

• The formation of dimers—either 

homodimers or heterodimers—is a key 

step in the activation of HER2 

signaling pathways

• In some cases, HER2 is overexpressed 

with too many copies of the HER2 gene, 

and, consequently, there is too much 

HER2 protein on the transmembrane of 

cancer cells

•  The overexpression can lead to 

uncontrolled cell growth and is 

associated with more aggressive 

forms of cancer 

Function of HER2



Overexpression can occur:

1-Breast 

2-Gastric

3-Lung

4-Colorectal

5-Ovarian

Aggressive disease and poor outcomes

What Happens in HER2 Positive Breast Cancer?



HER2-Targeted therapies 

• HER2-positive invasive BC in both: early and metastatic settings.
• Neoadjuvant and/or adjuvant settings
• Drugs currently approved are trastuzumab, pertuzumab, trastuzumab 

emtansine, and neratinib.
• In the metastatic setting :trastuzumab, pertuzumab, trastuzumab 

emtansine, tucatinib, and trastuzumab deruxtecan are currently 
approved (1st line –second line, >3rd line-Longer duration of exposure

• Trastuzumab can also be used in patients with HER2-overexpressing 
metastatic gastric adenocarcinomas in combination with platinum-
based chemotherapy and either capecitabine or 5-fluorouracil (5-FU)



Mechanisms of Trastuzumab Action on HER2-positive Tumor Cells

Trastuzumab exerts various antitumor effects by targeting HER2 signaling:

➢ First, it blocks cleavage of the extracellular HER2 domain, preventing generation of the constitutively active phosphorylated P95 fragment that drives 

oncogenic signaling

➢ Second, it inhibits HER2 dimerization with other HER family receptors (HER1, HER3, HER4), thereby suppressing downstream signal transduction 

pathways

➢ Third, binding of trastuzumab promotes endocytosis and degradation of HER2, reducing receptor availability at the cell surface

➢ Finally, trastuzumab activates antibody-dependent cellular cytotoxicity (ADCC), in which immune effector cells recognize trastuzumab-coated HER2 

receptors and mediate tumor cell lysis.
Current Problems in Cardiology 50 (2025) 103168 



HER2 signaling plays a vital 

role in cardiomyocyte survival 

and stress adaptation 

(Neuregulin-1)-vital 

growth factor protein



Mechanisms of HER2 blockade–induced cardiotoxicity

➢ fundamental role of HER2 signaling in 

maintaining myocardial homeostasis

➢ HER2 forms  heterodimers with HER4 in 

response to neuregulin-1 (NRG-1), a growth 

factor secreted by cardiac endothelial cells

➢ dimerization activates key survival pathways, 

notably the phosphoinositide 3-kinase 

(PI3K)/Akt and mitogen-activated protein 

kinase (MAPK)  cascades

➢ Inhibition of HER2 by targeted therapies 

disrupts these protective cascades

➢  Trastuzumab and pertuzumab block HER2 

extracellular signaling and prevents HER2  

dimerization, while lapatinib inhibits HER2 

tyrosine kinase activity

➢ These interventions reduce downstream 

activation of AKT, mTORC1, and  MAPK, 

impairing cardiomyocyte survival mechanisms 

and stress adaptation, thereby contributing to 

drug-induced cardiotoxicity

A major downstream consequence of HER2 blockade is mitochondrial dysfunction

Current Problems in Cardiology 50 (2025) 103168 



• Interactions among various cell types that express HER2 receptors—cardiomyocytes, endothelial cells, and cardiac progenitor cells.

• Blocking the heterodimerization of HER2/HER4:inhibits downstream pro-survival pathways

• Immune cell activation, inflammation, reactive oxygen species generation, fibroblast stimulation, and collagen deposition in the extracellular 

matrix all play a role in myocardial injury. 
J. Cardiovasc. Dev. Dis. 2023, 10, 489.



Most Common Cardiotoxicity:

• LV dysfunction

• Diastolic dysfunction

• HFrEF

• HFpEF

• RV dysfunction

• Arrhythmias??

Early studies on Trastuzumab:

• cardiac events :up to 27 % of patients receiving 

concomitant anthracyclines

• 16 % experiencing severe congestive heart failure

• most events are asymptomatic, reversible, and rarely 

lead to  permanent discontinuation of therapy

• Novel agents such as antibody–drug conjugates 

(ADCs) demonstrate significantly  lower rates of 

cardiotoxicity compared to traditional monoclonal 

antibodies



Trials & Observational Studies

• Incidence of Asymptomatic LV dysfunction is higher

• Incidence : Trastuzumab<ACT-TZ sequential< ACT+TZ concurrent

The mechanism of cardiac dysfunction differs fundamentally from the structural, dose-

dependent cardiotoxicity seen with anthracyclines. 

Instead of inducing myocyte necrosis, trastuzumab primarily causes "functional 

cardiotoxicity," characterized by reversible left ventricular (LV) systolic dysfunction without 

histologic evidence of myocyte death or fibrosis



Major HER2-targeted drugs and their cardiotoxicity profiles



Baseline cardiovascular risk stratification proforma for HER2-targeted cancer therapies (trastuzumab,
pertuzumab, T-DM1, lapatinib, neratinib)

European Journal of Heart Failure (2020)



The Role of LVEF in Cardio-Oncology

• LVEF measurement is essentially a relatively 
insensitive tool for detecting cardiotoxicity at an 
early stage, mainly because no considerable change 
in LVEF occurs until a critical amount of myocardial 
damage has taken place, and the damage only 
comes to the forefront after compensatory 
mechanisms are exhausted.

• The diagnosis of cardiotoxicity, based on evidence of 
a decrease in LVEF, precludes any chance of 
preventing the development of cardiotoxicity.
•A normal LVEF does not exclude the possibility of 

later cardiac deterioration



ESC C-O Guidelines 2022

Definition of Chemotherapy Related Cardiotoxicity







The Spectrum of Permissive Cardiotoxicity:

 From “At Risk” Through Life-Threatening Cardiotoxicity
“Should this therapy be discontinued?” vs. “How can this therapy be continued?” 



Permissive Cardiotoxicity in HER2+ Breast Cancer

JACC Case Rep. 2026;31:106555



During Trastuzumab Treatment HF Therapy+ continueTrastuzumab

J Am Coll Cardiol CardioOnc 2022;4:302–312



Selected Novel HER2-targeted therapies in Development

EXPERT OPINION ON PHARMACOTHERAPY 2025, VOL. 26, NO. 17, 1855–1865 



Prevent

Treat

Cardiotoxici
ty

Manage

➢Prevention (risk stratification-Early 
detection and continuous 
monitoring)

➢Treatment (too late-try NOT to reach 
this stage)

➢Manage during anticancer therapy 
(Exacerbation of  existing HF, ACS,…)

Three Tasks A Cardiologist Should know 
when Encountering Cancer Patients:

Take Home Message



Email :skourihadi73@gmail.com
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