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Letter to Editor 

 

 

Levosimendan in Trastuzumab-induced cardiotoxicity: A mechanism-based 
perspective 

 
 

 
Dear Editor 

Trastuzumab is a cornerstone therapy in HER2-positive 

breast cancer, yet its association with cardiotoxicity remains 

a major limitation in clinical practice. Trastuzumab-induced 

cardiac dysfunction, although often considered non-necrotic 

and potentially reversible, frequently manifests as left 

ventricular ejection fraction decline and symptomatic heart 

failure, leading to treatment interruption and compromised 

oncologic outcomes (1, 2). These clinical challenges 

highlight the need for a proactive, mechanism-oriented 

strategy in managing trastuzumab-related cardiac adverse 

effects. Mechanistically, trastuzumab cardiotoxicity arises 

primarily from inhibition of HER2/ErbB2 signaling in 

cardiomyocytes, resulting in suppression of pro-survival 

pathways such as PI3K/Akt and increased susceptibility to 

oxidative and metabolic stress (1, 3). Recent transcriptomic 

and bioinformatics analyses further demonstrate 

dysregulation of genes involved in mitochondrial energy 

metabolism, calcium homeostasis, and apoptotic signaling, 

collectively impairing myocardial adaptive capacity (4). This 

molecular vulnerability explains why cardiac dysfunction 

may occur even in the absence of overt myocyte necrosis. 

Current management strategies are largely reactive and 

rely on echocardiographic monitoring, neurohormonal 

blockade with angiotensin-converting enzyme inhibitors or 

beta-blockers, and temporary or permanent discontinuation 

of trastuzumab (1, 5). While these approaches may partially 

stabilize cardiac function, they do not directly target 

mitochondrial dysfunction or impaired intracellular 

signaling, and often fail to prevent treatment disruption or 

incomplete cardiac recovery. Levosimendan, a calcium 

sensitizer with mitochondrial K_ATP channel–opening 

properties, offers a biologically plausible and mechanism-

driven therapeutic option in this setting. By enhancing 

myocardial contractility without increasing intracellular 

calcium concentration or myocardial oxygen consumption, 

levosimendan improves systolic performance while 

preserving energetic efficiency (6, 7). In addition, 

mitochondrial K_ATP channel activation confers 

cytoprotective effects through attenuation of oxidative stress, 

stabilization of mitochondrial membrane potential, and 

modulation of apoptotic pathways. 

Recent systematic reviews and meta-analyses have 

demonstrated the safety and efficacy of levosimendan in 

advanced heart failure and cardiogenic shock, with favorable 

effects on hemodynamics, hospitalization rates, and 

functional recovery (6, 8, 9). Importantly, experimental and 

clinical studies suggest that levosimendan mitigates 

chemotherapy-induced cardiotoxicity by restoring PI3K/Akt 

signaling, preserving mitochondrial integrity, and reducing 

oxidative injury (10–12). These mechanisms closely overlap 

with those implicated in trastuzumab-induced myocardial 

dysfunction. Collectively, available evidence supports the 

concept that levosimendan may serve not only as a rescue 

inotrope, but also as part of a targeted, mechanism-based 

strategy for managing trastuzumab-related cardiotoxicity, 

particularly in high-risk patients or those exhibiting early 

ventricular impairment. Prospective clinical trials are 

warranted to evaluate its preventive and adjunctive role 

within integrated cardio-oncology care pathways, with the 

ultimate goal of preserving cardiac function while 

maintaining uninterrupted, effective anti-cancer therapy.  

 

 

Acknowledgments: Not applicable.  

Funding: There was no funding source for this work.  

 

 

 

Conflicts of interests: The author declare no conflicts of 

interest.  

https://caspjim.com/article-1-5081-en.html
https://caspjim.com/article-1-5081-en.html


 

Caspian J Intern Med 2026 (Summer); 17(3): 688-689 

SGLT2Is and Venetoclax-induced adverse events                                                          689 

Author’s contributions: The idea was provided by Z.N.T. 

The manuscript was drafted by Z.N.T. Critical revisions 

were performed by Z.N.T.  

Keywords: Levosimendan, HER2 signaling, Trastuzumab, 

Cardiotoxicity, Mitochondrial dysfunction. 

 

 

Citation: 

Nazari Taloki Z. Levosimendan in Trastuzumab-induced 

cardiotoxicity: A mechanism-based perspective. Caspian J Intern 

Med 2026; 17(3): 688-689. 

 

Zahra Nazari Taloki (PhD) 1, 2* 

 

1. Cancer Research Center, Health Research Institute, Babol 

University of Medical Sciences, Babol, Iran  

2. Department of Clinical Pharmacy, School of Pharmacy, Babol 

University of Medical Sciences, Babol, Iran 

 

Correspondence 

Zahra Nazari Taloki, Cancer Research Center, Health Research 

Institute, Babol University of Medical Sciences, Babol, Iran 

Email: zahra_nazari_taloki@yahoo.com 

 

Received: 28 March 2025 

Revised: 30 April 2025 

Accepted: 13 July 2025 

Published: 1 Sep 2026 

 

 

References 

1. Wakasa M, Masaki M, Kajinami K. Trastuzumab 

Cardiotoxicity: Mechanism and management. Biol Pharm 

Bull 2025; 48: 1287-94. 

2. Mohan N, Jiang J, Dokmanovic M, Wu WJ. 

Trastuzumab-mediated cardiotoxicity: current 

understanding, challenges, and frontiers. Antib Ther 

2018; 1: 13-7. 

3. Eaton H, Timm KN. Mechanisms of trastuzumab induced 

cardiotoxicity–is exercise a potential treatment? Cardio-

Oncology 2023; 9: 22. 

4. Hou H, Xu Y, Xie M, Chen R. Exploring the potential 

molecular mechanism of trastuzumab-induced 

cardiotoxicity based on RNA sequencing and 

bioinformatics analysis. Biochem Pharmacol 2023; 208: 

115388. 

5. Lin M, Xiong W, Wang S, et al. The research progress of 

trastuzumab-induced cardiotoxicity in HER-2-positive 

breast cancer treatment. Front Ccardiovasc Med 2022; 8: 

821663. 

6. Masarone D, Kittleson MM, Pollesello P, et al. Use of 

levosimendan in patients with advanced heart failure: an 

update. J Clin Med 2022; 11: 6408. 

7. Susilo H, Aldian FM, Wungu CD, et al. Levosimendan, a 

promising pharmacotherapy in cardiogenic shock: A 

comprehensive review. Eur Cardiol 2024; 19: e21. 

8. Elsaeidy AS, Abuelazm M, Ghaly R, et al. The efficacy 

and safety of Levosimendan in patients with advanced 

heart failure: an updated meta-analysis of randomized 

controlled trials. Am J Cardiovasc Drugs 2024; 24: 775. 

9. Gerardo F, Mateus C, Miranda I, et al. Levosimendan in 

advanced heart failure: a step forward in functional 

recovery and hospitalization reduction. Eur Heart J 2025; 

46: ehaf784-1250. 

10. Li LL, Wei L, Zhang N, et al. Levosimendan Protects 

against Doxorubicin‐Induced Cardiotoxicity by 

Regulating the PTEN/Akt Pathway. Biomed Res Int 

2020; 2020: 8593617. 

11. Garcia JA, Simvoulidis LF, Salluh JI, et al. 

Levosimendan in acute decompensation of anthracycline-

induced cardiotoxicity. Int J Cardiol 2007; 118: 406-7. 

12. Wu-Chin C, Zúñiga-Orlich C, Salas-Segura J, et al. 

Acute Cardiotoxicity induced by 5-fluorouracil 

successfully treated with Levosimendan: A case report. 

Cureus 2025; 17: e89996. 

 


