
INTRODUCTION 

R eview quest ion / Object ive Th is 
systematic review has been primarily 
designed to examine the overall effect of 

Immune Checkpoint Inh ib i tors ( ICIs ) on 
biventricular mechanics in cancer patients, over a 
short-term follow-up period. 

Rationale During the last few years, a few number 
of imaging studies have measured myocardial 
strain parameters in cancer patients undergoing ICI 
therapy before treatment and over a short-term 
follow-up period, reporting not univocal results. 
These studies used strain echocardiographic 
imaging or cardiac magnetic resonance feature 
tracking (CMR-FT). 

Condition being studied Immune checkpoint 
inhibitors (ICIs), a major class of immuno-oncology 
therapeutics, have demonstrated a survival benefit 
in various cancer types (PMID: 26027431, PMID: 
29562145). Differently from conventional therapies, 

ICIs stimulate and enhance host immunity to 
eliminate cancer cells (PMID: 36636451). As of 
April 2022, the U.S. Food and Drug Administration 
(FDA) has approved therapies targeting 3 immune 
checkpoints: cytotoxic T lymphocyte associated 
antigen 4 (CTLA-4), programmed death-1 (PD-1) 
and its ligand (PD-L1), and lymphocyte-activation 
gene 3 (LAG-3), for use as anticancer agents, 
either as monotherapy or in combination with other 
ICIs or with chemotherapy and/or molecularly 
targeted agents. Despite their advantages in 
cancer therapy, ICIs may induce several immune-
related adverse events (IRAEs), which may also 
affect the cardiovascular system (PMID: 29320654, 
PMID: 30191849, PMID: 34529770). ICI-related 
myocarditis is the most severe type of IRAEs, that 
seems to most likely occur within the first 3 
months after treatment initiation, with a prevalence 
of 0.09–2.4% (PMID: 27806233, PMID: 29567210, 
PMID: 29802219) and a mortality rate as high as 
25–50% (PMID: 32749254, PMID: 33204987, 
PMID: 31960755). Awareness of ICI-related 
myocarditis has led the researchers to evaluate 
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less severe or even subclinical forms of ICI-related 
myocarditis (PMID: 31390169). 

METHODS 

Search strategy A comprehensive search of all 
imaging studies evaluating the effect of ICI therapy 
on biventricular mechanics in cancer patients, will 
be carried out by two independent reviewers (A.S. 
and M.L.) through October 2024, by using Medline 
and EMBASE databases. The search strategy will 
include the following terms: “Immune checkpoint 
inhibitors” OR “ICI therapy” AND “cardiac 
function” AND “biventricular mechanics” OR “left 
ventricular global longitudinal strain” OR “LV-GLS” 
AND “right ventricular global longitudinal strain” 
OR “RV-GLS” AND “right ventricular free wall 
longitudinal strain” OR “RV-FWLS” AND “two-
dimensional transthoracic echocardiography” OR 
“ t h r e e - d i m e n s i o n a l t r a n s t h o r a c i c 
echocardiography” AND “speckle tracking 
echocardiography” OR “cardiac magnetic 
resonance feature tracking” OR “CMR-FT”. Search 
will be limited to full-text articles published in 
English. There will be no limitation of time period. 

Participant or population Cancer patients 
scheduled for therapies targeting 3 immune 
checkpoints: cytotoxic T lymphocyte associated 
antigen 4 (CTLA-4), programmed death-1 (PD-1) 
and its ligand (PD-L1), and lymphocyte-activation 
gene 3 (LAG-3), either as monotherapy or in 
combination with other ICIs or with chemotherapy 
and/or molecularly targeted agents. 

Intervention To assess the effect of ICI therapy on 
biventricular mechanics assessed by STE or CMR-
FT in cancer patients, over a short-term follow-up 
period. 

Comparator N/A. 

Study designs to be included Observational 
Cohort and Cross-Sectional Studies. 

Eligibility criteria All imaging studies evaluating 
the effect of ICI therapy on biventricular mechanics 
in cancer patients will be included. Conversely, 
imaging studies conducted on cancer patients who 
did not udergo ICI treatment, imaging studies 
conducted on cancer patients scheduled for ICI 
therapy without b iventr icu lar mechanics 
assessment, imaging studies that analyzed 
myocardial strain parameters in highly selected 
cancer patients with ICI-related myocarditis, non-
clinical articles, animal studies, duplicate articles, 
case reports, conference presentations, reviews, 

correspondences, editorials, letters without data, 
and abstracts, will be excluded. 

Information sources Two reviewers (A.S. and 
M.L.) will screen the databases according to the 
inclusion criteria and performed data extraction 
independently. Information concerning: 1) 
demographics (age and sex); 2) anthropometrics 
[body surface area (BSA) and body mass index 
(BMI)]; 3) prevalence of the most common 
cardiovascular risk factors (hypertension, smoking, 
type 2 diabetes mellitus and dyslipidemia); 4) 
previous history of coronary artery disease (CAD), 
atrial fibrillation (AF) and chronic kidney disease 
(CKD); 5) cancer type; 6) ICI regimen (); 7) 
conventional TTE parameters, with particular 
regard to cavity chambers cavity size, left 
ventricular filling pressures (LVFPs) expressed by 
the E/e’ ratio, biventricular systolic function 
assessed by left ventricular ejection fraction (LVEF) 
and tricuspid annular plane systolic excursion 
( TA P S E ) r e s p e c t i v e l y, a n d p u l m o n a r y 
hemodynamics, before and after ICI therapy; 8) 
myocardial strain parameters assessed by STE or 
CMR-FT, before and after ICI therapy; 9) CMR 
fi n d i n g s , i n c l u d i n g m y o c a rd i a l e d e m a , 
inflammation or fibrosis detected after ICI therapy; 
10) serum levels of high-sensitivity cardiac troponin 
T (hs-cTnT), before and after ICI therapy; 10) 
prevalence of CTRCD, IRAEs and/or ICI-induced 
myocarditis over follow-up period; 11) finally, the 
current medical treatment; will be independently 
collected by the two reviewers. A third author 
(G.L.N.) will check the extracted data for accuracy 
and resolve possible discrepancies between 
reviewers.


Main outcome(s) To assess the effect of ICI 
therapy on biventricular mechanics in cancer 
patients, over a short-term follow-up period. 

Additional outcome(s) To assess the effect of ICI 
therapy on conventional indices of biventricular 
systolic function in cancer patients, over a short-
term follow-up period. 

Quality assessment / Risk of bias analysis 
Articles included in this systematic review will be 
assessed for risk of bias (RoB) using the National 
Institutes of Health (NIH) Quality Assessment Tool 
for Observational Cohort and Cross-Sectional 
Studies (PMID: 32111253). All the studies will be 
assigned a “yes”, “no”, or “other” to each of the 14 
criteria outlined in the appraisal tool. Then, by 
considering each criterion, the investigators will 
evaluate the overall quality of the study and assign 
an overall “good” (met 11–14 criteria), “fair” (met 
6–10 criteria), “poor” (met 0–5 criteria) rating to 
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each study. The quality rating will be independently 
estimated by two authors (A.S. and G.L.N.). 
Disagreement will be resolved by consensus. 

Strategy of data synthesis The data will be 
analyzed by using excel.


Subgroup analysis N/A. 

Sensitivity analysis The analysis will be re-
estimated by omitting each study, sequentially, to 
determine the robustness of results. 

Country(ies) involved Italy. 

Keywords Immune checkpoint inhibitors; cancer; 
biventricular mechanics; subclinical myocardial 
dysfunction; myocarditis. 
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