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Redefining "Safe" Anthracycline Limits: A Restricted Cubic Spline Meta-Analysis of Continuous Cumulative 
Dosing and Non-Linear Cardiotoxicity in Hodgkin Lymphoma Survivors

Anthracycline-based chemotherapy remains a cornerstone 
of curative treatment for Hodgkin lymphoma (HL), yet 
cumulative dose thresholds for long-term cardiotoxicity 
remain poorly defined and inconsistently applied. Traditional 
clinical guidelines cite 250–450 mg/m² as "safe" cumulative 
limits, but emerging evidence from contemporary cohorts 
suggests substantial risk accumulation at lower exposures. We 
conducted a comprehensive dose-response meta-analysis to 
characterize the continuous, non-linear relationship between 
anthracycline cumulative dose and heart failure risk in long-
term HL survivors.

INTRODUCTION 

To characterize the continuous, non-linear relationship 
between cumulative anthracycline dose and long-term 
heart failure risk in Hodgkin lymphoma survivors using 
restricted cubic spline meta-analysis of pooled 
contemporary cohorts, and to determine whether a 
genuinely “safe” cumulative dose threshold truly 
exists below the traditional 250–450 mg/m² guideline 
range.

AIM

Search strategy and data sources
• Systematically searched PubMed, ClinicalTrials.gov, and Google 

Scholar through March 2026 for cohort studies reporting granular 

anthracycline dose-response cardiotoxicity data in HL survivors.

• Six landmark cohorts (Aleman, van Nimwegen, Mulrooney/CCSS, 

Armstrong/CCSS, van Leeuwen, and Goddard, 2009–2025) were 

included, totaling over 47,000 patients with median follow-up >15 

years.

Statistical analysis
• Two-stage random-effects generalized least squares meta-analysis 

with restricted cubic splines (knots at 75, 150, 268, 379 mg/m²) 

modeled the continuous dose-response relationship without arbitrary 

dose categorization.

METHOD

Current anthracycline dosing paradigms substantially 
underestimate cardiotoxicity risk in HL survivors. Risk 
begins accumulating immediately and continuously, 
fundamentally challenging the notion of "safe" 
cumulative thresholds. These findings mandate urgent 
reconsideration of treatment de-escalation strategies 
in clinical trials, intensified lifelong cardiovascular 
surveillance protocols for patients receiving even 
modest cumulative doses, and incorporation of 
continuous risk modeling into evidence-based cardio-
oncology guidelines and survivorship care plans.

CONCLUSIONS
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