
INTRODUCTION 

R eview question / Objective What is the 
pooled T1 mapping SMD in anthracycline-
treated patients versus baseline and 

controls, does ECV fraction predict CTRCD, and 
what is CMR sensitivity for ICI myocarditis versus 
troponin and ECG? 

Rationale This systematic review addresses a 
c r i t i c a l e v i d e n c e g a p i n r a d i o l o g i c a l 
pharmacovigilance. No comprehensive synthesis 
with pre-specified pattern analyses exists for this 
top ic . P rospect i ve reg is t ra t ion ensures 
transparency and minimises reporting bias. 

Condi t ion being studied Drug- induced 
cardiotoxicity and cancer therapy-related cardiac 
dysfunction (CTRCD) from anthracyclines, 
trastuzumab, immune checkpoint inhibitors, and 
other cardiotoxic oncological agents. 

METHODS 

Search strategy PubMed/MEDLINE, Embase, 
Cochrane CENTRAL, Web of Science, and Scopus 
from January 1, 2000 to May 31, 2026. 
ClinicalTrials.gov and WHO-ICTRP on May 31, 
2026. Key terms: cardiac MRI, CMR, T1 mapping, 
ECV, extracellular volume, LGE, late gadolinium 
enhancement, feature-tracking strain, CTRCD, 
cancer therapy-related cardiac dysfunction, ICI 
myocarditis, checkpoint inhibitor myocarditis, 
anthracycline cardiotoxicity, trastuzumab, Lake 
Louise criteria. 

Participant or population Adults aged 18 years or 
above receiving cardiotoxic oncological agents 
(anthracyclines, trastuzumab, pertuzumab, ICIs, 
c a r d i o t o x i c T K I s , 5 - F U , h i g h - d o s e 
cyclophosphamide) with CMR before, during, or 
after treatment, or with confirmed drug-induced 
cardiomyopathy or ICI myocarditis. 
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Intervention Cardiac MRI with native T1 mapping, 
T2 mapping, extracellular volume fraction (ECV), 
late gadolinium enhancement (LGE), and feature-
tracking global longitudinal strain for cardiotoxicity 
detection and monitoring. 

Comparator Echocardiographic LVEF monitoring 
as standard clinical comparator; troponin I or T and 
ECG for ICI myocarditis diagnostic comparison; 
healthy age-matched controls for CMR parameter 
reference range comparison. 

Study designs to be included RCT CMR 
substudies; prospective cohort studies (n≥20); 
retrospective cohort studies (n≥20); ICI myocarditis 
registries (n≥10 confirmed cases with CMR). 

Eligibility criteria Inclusion: Adults receiving 
cardiotoxic oncological agents with CMR data; 
confirmed ICI myocarditis with CMR, troponin, and 
ECG data; CTRCD defined per universal heart 
failure definition or CARDIOTOX criteria.Exclusion: 
P a e d i a t r i c p o p u l a t i o n s ; p r e - e x i s t i n g 
cardiomyopathy without drug attribution; studies 
without extractable CMR quantitative data; case 
reports (n<10). 

Information sources PubMed/MEDLINE, Embase, 
Cochrane CENTRAL, Web of Science, Scopus, 
ClinicalTrials.gov, WHO-ICTRP.


Main outcome(s) T1 mapping SMD versus pre-
treatment baseline (I²) and versus healthy controls; 
ECV fraction OR for predicting CTRCD at ECV 
threshold; CMR sensitivity and specificity for 
confirmed ICI myocarditis; minimum detectable 
LVEF change CMR versus echocardiography. 

Additional outcome(s) ECV temporal trajectory 
during anthracycline treatment; T2 mapping 
elevation at 6 and 12 weeks; feature-tracking GLS 
reduction preceding LVEF decline; 5-year survivor 
ECV and GLS prevalence versus controls; LGE 
prevalence and distribution. 

Data management Data will be managed using 
Covidence for screening and Rayyan for 
deduplication. Extracted data stored in pre-piloted 
Excel forms. Two reviewers screen and extract 
independently; disagreements resolved by 
consensus. 

Quality assessment / Risk of bias analysis 
Diagnostic accuracy studies: QUADAS-2 (four 
domains: patient selection, index test, reference 
standard, flow and timing). Cohort studies: 
Newcastle-Ottawa Scale (threshold ≥5 stars). 

Overall certainty of evidence rated using GRADE 
per primary outcome. 

Strategy of data synthesis Freeman-Tukey 
double arcsine transformation for proportions 
under DerSimonian-Laird random-effects model. 
Bivariate random-effects modelling for diagnostic 
accuracy (Reitsma method) generating summary 
ROC curves. Heterogeneity quantified by Cochran 
Q and I². Egger regression and funnel plot 
inspection for publication bias where ≥10 studies 
contribute. SMDs for continuous CMR parameters 
by random-effects inverse-variance weighting. 
Bivariate random-effects for ICI myocarditis 
diagnostic accuracy. Prognostic ORs for ECV 
prediction of CTRCD by DerSimonian-Laird.


Subgroup analysis Drug class (anthracyclines vs 
t rastuzumab vs ICI vs TKI ) ; cumulat ive 
anthracycline dose; CMR field strength (1.5T vs 
3.0T); study era (pre-2015 vs 2015 onwards); ECV 
threshold level. 

Sensitivity analysis Restriction to prospective 
cohort studies only; restriction to 3.0T CMR; 
exclusion of retrospective ICI myocarditis series; 
restriction to CARDIOTOX-defined CTRCD. 

Language restriction No language restriction. 

Country(ies) involved Saudi Arabia. 

Other relevant information Cardiovascular 
Imaging; Cardio-Oncology; Clinical Pharmacy; 
Nuclear Cardiology; Pharmacovigilance.


Keywords cardiac MRI; CMR; T1 mapping; ECV; 
LGE; CTRCD; ICI myocarditis; anthracycline 
cardiotoxicity; feature-tracking strain; trastuzumab; 
systematic review; meta-analysis. 

Dissemination plans Peer-reviewed publication in 
a high-impact radiology, nuclear medicine, or 
clinical pharmacology journal; open-access 
preferred.
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