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Abstract 

Background  Cancer patients receiving chemotherapy have an increased risk of cardiovascular complications. This 
limits the widespread use of lifesaving therapies, often necessitating alternate lower efficacy regimens, or preclud-
ing chemotherapy entirely. Prior studies have suggested that using common cardioprotective agents may attenuate 
chemotherapy-induced cardiotoxicity. However, small sample sizes and conflicting outcomes have limited the clinical 
significance of these results.

Hypothesis  A comprehensive network meta-analysis using updated and high-quality data can provide more conclu-
sive information to assess which drug or drug class has the most significant effect in the management of chemother-
apy-induced cardiotoxicity.

Methods  We performed a literature search for randomized controlled trials (RCTs) investigating the effects of cardio-
protective agents in patients with chemotherapy-induced cardiotoxicity. We used established analytical tools (net-
meta package in RStudio) and data extraction formats to analyze the outcome data. To obviate systematic bias in the 
selection and interpretation of RCTs, we employed the validated Cochrane risk-of-bias tools. Agents included were 
statins, aldosterone receptor antagonists (MRAs), ACEIs, ARBs, and beta-blockers. Outcomes examined were improve-
ment in clinical and laboratory parameters of cardiac function including a decreased reduction in left ventricular ejec-
tion fraction (LVEF), clinical HF, troponin-I, and B-natriuretic peptide levels.

Results  Our study included 33 RCTs including a total of 3,285 patients. Compared to control groups, spironolactone 
therapy was associated with the greatest LVEF improvement (Mean difference (MD) = 12.80, [7.90; 17.70]), followed 
by enalapril (MD = 7.62, [5.31; 9.94]), nebivolol (MD = 7.30, [2.39; 12.21]), and statins (MD = 6.72, [3.58; 9.85]). Spironol-
actone was also associated with a significant reduction in troponin elevation (MD =  − 0.01, [− 0.02; − 0.01]). Enalapril 
demonstrated the greatest BNP reduction (MD =  − 49.00, [− 68.89; − 29.11]), which was followed by spironolactone 
(MD =  − 16.00, [− 23.9; − 8.10]). Additionally, patients on enalapril had the lowest risk of developing clinical HF com-
pared to the control population (RR = 0.05, [0.00; 0.75]).

*Correspondence:
Anas Zakarya Nourelden
Anas.zakarya25@gmail.com
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40959-023-00159-0&domain=pdf
http://orcid.org/0000-0003-3605-1101


Page 2 of 34Mir et al. Cardio-Oncology            (2023) 9:10 

Conclusion  Our analysis reaffirmed that statins, MRAs, ACEIs, and beta-blockers can significantly attenuate chem-
otherapy-induced cardiotoxicity, while ARBs showed no significant effects. Spironolactone showed the most robust 
improvement of LVEF, which best supports its use among this population. Our analysis warrants future clinical studies 
examining the cardioprotective effects of cardiac remodeling therapy in cancer patients treated with chemothera-
peutic agents.

Keywords  Cardiotoxicity, Cancer, Chemotherapy, Cardioprotective, Network meta-analysis

Introduction
The incidence of cancer is increasing worldwide and is 
a leading cause of death in both developed and devel-
oping countries. In 2020, the global cancer burden was 
estimated at an annual 19.3 million new cases and 10.0 
million deaths. With increasing treatment, the cardio-
toxic effects of chemotherapy have become more evident.

Treatment with trastuzumab has been noted to cause a 
significant LVEF decline in 7.1% to 18.6% of patients [1], 
and concomitant treatment with trastuzumab, an anthra-
cycline, and cyclophosphamide has been noted to cause 
cardiac dysfunction in up to 27% of patients being treated 
for HER2 + metastatic breast cancer [2]. Cancer therapy-
related cardiac dysfunction (CTRCD) is broadly defined 
as a decrease in LVEF of at least 10% to < 50% [3].

Anthracyclines are cytostatic chemotherapeutic agents 
that form the basis of treatment for many solid and 
hematological malignancies [4]. Anthracycline therapy is 
associated with an increased risk of developing heart fail-
ure with significant mortality and morbidity [5].

Cardiotoxicity is associated with an increased risk of 
morbidity and mortality in individuals with or without 
significant cardiovascular history [6]. Cardiotoxicity may 
range from subclinical to more overt conditions including 
irreversible cardiac failure and death [7] and can develop 
during the acute, early (< 1 year), or late (> 1 year) stages 
in the course of cancer treatment. Acute toxicities occur 
during or shortly after exposure to a chemotherapeutic 
agent, with symptoms of dyspnoea and chest tightness 
consistent with myopericarditis. Early toxicities occur 
within months of chemotherapy and typically manifest 
as acute onset heart failure with a reduced LVEF. Late 
toxicity occurs many years after treatment, as late-onset 
cardiomyopathy [8]. Approximately 15% of adult patients 
with a diagnosis of cardiomyopathy were treated for can-
cer during their childhood or adolescence [9].

Existing literature suggests that widely available car-
diac medicines may lessen the effects of cardiotoxicity 
when used as a cardio-prophylactic therapy. Spironol-
actone has been found to have a cardioprotective effect 
in anthracycline-induced cardiotoxicity by preserving 
cardiac systolic and diastolic function and exerting an 
antioxidant effect through blockade of the RAAS, which 
normally facilitates cardiac oxidative damage such as that 

induced by anthracyclines [10]. Angiotensin-convert-
ing enzyme inhibitors (ACEi) and angiotensin receptor 
blockers (ARB) similarly act on the RAAS, suppress-
ing the conversion of angiotensin I to angiotensin II and 
antagonizing the action of angiotensin-II, respectively.

Cardioselective beta-blockers (timolol, metoprolol, 
propranolol, bisoprolol, and carvedilol) have beneficial 
prognostic effects in patients with cardiac disease and 
dysfunction previous research on the benefit of beta 
blockers and ACEi in anthracycline and trastuzumab-
induced cardiotoxicity has been equivocal. Beta-blockers 
have demonstrated a more favorable cardioprotective 
effect against anthracyclines and trastuzumab than ACEi/
ARB. Further data on the combination of ACEi/ARB and 
B-blocker therapy in solid tumors is required to examine 
whether the beneficial additive effect seen in congestive 
heart failure can be replicated in CTRCD [11].

Previous studies and systemic reviews have exam-
ined the role of commonly used cardioprotective drugs 
in CTRCD. However, most of these studies have lacked 
the power to make definitive statements regarding the 
best agent(s) to use. This updated network meta-analysis 
aims to examine updated, high-quality and pooled data 
to better define the role of cardioprotective medication in 
CTRCD.

Methods
Search strategy and data collection
We searched PubMed, Cochrane library, Scopus, and 
Web of Science for matched records from inception until 
January 2022. The complete search can be found in Sup-
plement 1. The prespecified protocol for this review is 
registered with PROSPERO  (CRD42022366091). End-
Note was used to aggregate the obtained records and look 
for any duplicates. We performed this NMA as recom-
mended by “the Cochrane handbook” [12] and reported 
it using the NMA preferred reporting items [13, 14].

Selection criteria
We included studies that met the following requirements:

(1) Population: patients with chemotherapy-induced 
cardiotoxicity; (2) Intervention: cardioprotective agents; 
beta-blockers, statins, ACE inhibitors, ARBs, aldosterone 
antagonists as well as individual drugs belonging to those 
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families; (3) Comparator: cardioprotective agents or pla-
cebo; (4) Outcomes: LVEF (was measured by one of these 
methods; echocardiography, muga, MRI, or diastolic 
function), symptomatic heart failure (HF), BNP, and Tro-
ponin; (5) Study design: we restricted our search strategy 
to include RCTs only.

Screening and data extraction
Independent reviewers conducted title and abstract 
screening and full-text review in duplicate to identify 
eligible studies. Two reviewers completed data extrac-
tion independently and in duplicate and data were veri-
fied by a third reviewer (A.Z.N). All disagreements were 
resolved with the group consensus.

We extracted the following information:

1-	 Characteristics of the enrolled population at the 
baseline and summary of the eligible trials including 
study ID (last name of first author/publication year), 
study arms, region, mean age, percentage of females, 
cancer type, type of chemotherapy, an accumulative 
dose of chemotherapy, left ventricular ejection frac-
tion (LVEF), NT-proBNP, and troponin, inclusion 
and exclusion criteria of eligible studies, time of fol-
low-up, primary endpoints, and conclusions

2-	 Outcomes: LVEF, symptomatic HF, BNP, and troponin
3-	 Domains of Cochrane random risk of a bias assess-

ment tool for RCTs

Quality assessment
We used the Cochrane risk-of-bias tool to assess the 
quality of the eligible studies [12]. It included the follow-
ing domains: sequence generated randomly, concealed 
allocation (blinded participants and personnel), blinded 
assessors of outcomes, incomplete data, selective report-
ing, and others. Two authors independently judged each 
domain, with a third author resolving conflicts.

Statistical analysis
To conduct this frequentist NMA, we used the net-
meta package, which was available through RStudio. We 
pooled the data as mean difference (MD) for continuous 
outcomes and risk ratio (RR) for dichotomous outcomes 
with 95% CI (Confidence Interval) for each outcome. 
We examined and quantified considerable heteroge-
neity using the Chi-squared (Q2) and I-squared tests, 
respectively. We created forest plots for each of the pre-
specified outcomes. We defined significant heterogene-
ity as a Breslow-Day Test I2 > 50% or P-value < 0.1. The 
random effect model was applied to resolve significant 

heterogeneity. All comparisons of estimated values 
acquired by our NMA were organized into a league table.

Results
Literature search
The initial total records from our search on the four 
electronic databases were 4549. The total records then 
became 3301, following the removal of 1248 duplicates. 
After screening the titles and abstracts, the number of 
studies suitable for full-text screening was 321. Finally, 
33 studies were included [10, 15–46]. Figure  1 shows a 
PRISMA Study flow diagram for the included studies.

Summary of included studies
The total number of included patients from 33 studies 
was 3285. The included studies were conducted in the 
following countries; Brazil, Canada, Germany, Greece, 
India, Indonesia, Iran, Italy, Norway, Poland, Roma-
nia, Spain, Turkey, and the USA; and the most common 
country of origin was Iran, denoting eight studies [16, 
31, 35–37, 41, 43, 46] However, none of the included 
studies were multinational. The study arms included 
candesartan + metoprolol, candesartan + placebo, meto-
prolol + placebo, placebo + placebo, carvedilol, placebo, 
enalapril, metoprolol, atorvastatin, enalapril + carvedilol, 
control, nebivolol, perindopril, telmisartan, spironolac-
tone, statin, non-statin, candesartan, perindopril, biso-
prolol, lisinopril and bisoprolol, ramipril, rosuvastatin, 
lisinopril, eplerenone, and ACEI. The most commonly 
reported outcome was the LVEF. We report all study 
characteristics in Table 1.

Baseline characteristics of the included population
The most common chemotherapy type was anthracycline. 
The most common cancer type in our included studies was 
breast cancer. Other types included lymphoma, leukemia, 
and others. The follow-up duration ranged from less than 
1 month [43], and up to 120 months [24], with 6 months 
being the commonest follow-up duration. Table 2

Risk of bias
The overall quality of the included trials ranged from 
moderate to high.  We detected a high risk of selection 
bias in five RCTs, performance bias in ten RCTs, and 
reporting and attrition biases in two RCTs. There was 
unclear selection bias in eight studies, unclear perfor-
mance bias in four studies, and unclear detection bias in 
one study. The remaining RCTs have a low risk of bias. 
Figure 2.
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Outcomes
LVEF

Single drugs  The pooled estimate showed the highest sig-
nificant improvement with spironolactone (MD = 12.80, 
95% CI [7.90; 17.70]), followed by Enalapril (MD = 7.62, 
95% CI [5.31; 9.94]), Nebivolol (MD = 7.30, 95% CI [2.39; 
12.21]), Statin (MD = 6.72, 95% CI [3.58; 9.85]), Bisoprolol 
(MD = 5.72, 95% CI [0.78; 10.66]), Perindopril (MD = 5.27, 
95% CI [1.75; 8.79]), and Carvedilol (MD = 2.54, 95% CI 
[1.09; 3.99]) compared to control. Other drugs revealed 
no significant improvements compared with the con-
trol. These results revealed heterogeneity (p < 0.0001, 
I2 = 98.1%). Both spironolactone and enalapril showed 
significantly better protection from dropping LVEF 
than Lisinopril (MD = 10.16, 95% CI [4.42; 15.89], & 

MD = 4.98, 95% CI [1.20; 8.75] respectively), Carvedilol 
(MD = 10.26, 95% CI [5.15; 15.37], & MD = 5.08, 95% CI 
[2.35; 7.82] respectively), Candesartan (MD = 10.55, 95% 
CI [4.40; 16.70], & MD = 5.37, 95% CI [1.24; 9.51] respec-
tively), Ramipril (MD = 11.11, 95% CI [3.85; 18.37], & 
MD = 5.93, 95% CI [0.10; 11.76] respectively), Metopro-
lol (MD = 10.90, 95% CI [4.99; 16.80], & MD = 5.72, 95% 
CI [2.25; 9.18] respectively), Telmisartan (MD = 11.80, 
95% CI [4.74; 18.86], & MD = 6.62, 95% CI [1.04; 12.20] 
respectively), and Eplerenone (MD = 14.30, 95% CI [6.78; 
21.82], & MD = 9.12, 95% CI [2.97; 15.27] respectively). 
Also, spironolactone revealed significant improvements in 
decreasing reduction of EF compared to Statin (MD = 6.08, 
95% CI [0.27; 11.90]), Bisoprolol (MD = 7.08, 95% CI [0.13; 
14.04]), Perindopril (MD = 7.53, 95% CI [1.49; 13.56]), Can-
desartan and Metoprolol (MD = 9.62, 95% CI [2.58; 16.67]), 

Fig. 1  PRISMA Flow Diagram
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Enalapril and Carvedilol (MD = 9.70, 95% CI [2.89; 16.51]). 
Statin was significantly better than Carvedilol (MD = 4.18, 
95% CI [0.72; 7.63]), and Metoprolol (MD = 4.81, 95% CI 
[0.26; 9.36]). Finally, Nebivolol, Statin, and Perindopril were 
better than Eplerenone (MD = 8.80, 95% CI [1.28; 16.32], 
MD = 8.22, 95% CI [1.71; 14.72], and MD = 6.77, 95% CI 
[0.07; 13.47] respectively). Figure  (3) (A) Network graph 
showing direct evidence between the assessed drugs. (B) A 
forest plot comparing all drugs with control; P-score used 
for ranking. (C) The league table represents the network 
meta-analysis estimates for all drugs’ comparisons.

There was no publication bias as seen from the funnel plot 
using the Egger test (P = 0.4628). Supplementary Fig. 1.

Drug families  The pooled estimate showed the high-
est significant improvement EF with a statin (MD = 6.72, 
95% CI [3.36; 10.08]), followed by an aldosterone antag-
onist (MD = 6.58, 95% CI [2.58; 10.58]), then ACEI 
(MD = 5.36, 95% CI [3.71; 7.01]), and beta-blocker 
(MD = 3.05, 95% CI [1.73; 4.38]), when compared with 
control. These results showed heterogeneity (p < 0.001, 
I2 = 98.3%). There were no significant differences 
between ACEI & beta blocker, ARBS & beta blocker, and 
ARBS with the control. Both statin and ACEI were better 
compared with beta-blocker (MD = 3.67, [0.06; 7.28], and 
(MD = 2.30, 95% CI [0.43; 4.18] respectively. Supplemen-
tary Fig. (2) (A) Network graph revealing direct evidence 
between the assessed drug families. (B) A forest plot 
comparing all drug families with control. (C) The league 
table represents the network meta-analysis estimates for 
all drug families’ comparisons.

There was no publication bias as seen from the funnel plot 
using the Egger test (P = 0.1990). Supplementary Fig. 3.

BNP

Single drugs  The analysis demonstrated the high-
est significant decrease with Enalapril (MD =  − 49.00, 
95% CI [− 68.89; − 29.11]), followed by spironolactone 
(MD =  − 16.00, 95% CI [− 23.9; − 8.10]), compared with 
control. On the other hand, candesartan had a significant 
increase compared with the control (MD = 11.43, 95% CI 
[4.85; 18.01]). Other drugs revealed no significant differ-
ences compared with the control. The results were homog-
enous (p = 0.140, I2 = 42.2%). Enalapril was better than 
spironolactone (MD =  − 33.00, 95% CI [− 54.40; − 11.60]). 
However, both enalapril and spironolactone had significant 
reductions compared with Carvedilol (MD = -46.54, 95% Fig. 2  Risk of bias graph
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CI [-66.81; -26.27], & (MD = -13.54, 95% CI [-22.37; -4.71]), 
Lisinopril (MD = -51.11, 95% CI [-71.80; -30.42] respec-
tively), & (MD = -18.11, 95% CI [-27.85; -8.36] respectively), 
and candesartan (MD = -60.43, 95% CI [-81.38; -39.48], & 
(MD = -27.43, 95% CI [-37.71; -17.15] respectively). Moreo-
ver, carvedilol, control, and lisinopril showed significant 
reductions than candesartan (MD = -13.89, 95% CI [-21.55; 
-6.23], MD = -11.43, 95% CI [-18.01; -4.85], MD = -9.32, 
95% CI [-18.03; -0.62] respectively).  Figure (4) (A) Net-
work graph showing direct evidence between the evaluated 
drugs. (B) A forest plot comparing all drugs with control. 
(C) The league table represents the network meta-analysis 
estimates for all drugs’ comparisons.

Drug families  The pooled estimate showed the highest 
significant decrease in BNP with ACEI (MD =  − 37.67, 

95% CI [− 56.81; − 18.53]), followed by aldosterone 
antagonist (MD =  − 16.00, 95% CI [− 30.92; − 1.08]) 
when compared with control. However, beta-blocker 
and ARBS demonstrated no significant variations com-
pared with the control. These results were heterogene-
ous (p = 0.0368, I2 = 60.9%). Both ACEI and aldosterone 
antagonists had more significant reductions than ARBS 
(MD = -49.10 [-72.97; -25.23], & MD = -27.43 [-48.06; 
-6.80] respectively. Moreover, ACEI was better than 
beta-blocker (MD = -35.90, 95% CI [-56.80; -15.00]). Sup-
plementary Fig.  (4) (A) Network graph revealing direct 
evidence between the assessed drug families. (B) A for-
est plot comparing all drug families with control. (C) The 
league table represents the network meta-analysis esti-
mates for all drug families’ comparisons.

Fig. 3  LVEF A Network graph showing direct evidence between the assessed drugs. B A forest plot comparing all drugs with control; P-score used 
for ranking. C The league table represents the network meta-analysis estimates for all drugs’ comparisons
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Troponin

Single drugs  The analysis showed a significant reduc-
tion with spironolactone compared with control 
(MD =  − 0.01, 95% CI [− 0.02; − 0.01]), and compared 
with carvedilol (MD = -0.02, 95% CI [-0.02; -0.01]). 
Figure (5) A, B and C.

Drug families  The analysis showed a significant reduc-
tion in troponin with aldosterone antagonist compared 
with control (MD =  − 0.01, 95% CI [− 0.02; − 0.01]), and 
with beta-blocker (MD =  − 0.02, 95% CI [− 0.02; − 0.01]). 
Supplementary Fig. (5) A, B and C.

Heart failure

Single drugs  Enalapril had the lowest significant 
risk of incident heart failure (RR = 0.05, 95% CI [0.00; 
0.75]), followed by Enalapril and Carvedilol (RR = 0.24, 

95% CI [0.07; 0.8]), compared with control. The results 
were homogenous (p = 0.1577, I2 = 45.9%). Also, Enal-
april, and Enalapril & Carvedilol showed lower HF 
risk compared to Carvedilol ((RR = 0.05, 95% CI [0.00; 
0.86], & (RR = 0.27, 95% CI [0.08; 0.94] respectively), 
and Lisinopril (RR = 0.05, 95% CI [0.00; 0.84], & 
RR = 0.26, 95% CI [0.08; 0.92] respectively). Figure (6) 
A, B and C.

Drug families  The pooled estimate indicated non-sig-
nificant differences between different drug families and 
control, and with each other. The results showed hetero-
geneity (p = 0.0453, I2 = 62.7%). Supplementary Fig.  (6) 
A, B and C.

Discussion
This updated network meta-analysis examined the find-
ings of 33 RCTs including 3,285 patients to investigate 
the effects of cardiac drugs used for the prevention or 

Fig. 4  BNP A Network graph showing direct evidence between the evaluated drugs. B A forest plot comparing all drugs with control. C The league 
table represents the network meta-analysis estimates for all drugs’ comparisons



Page 30 of 34Mir et al. Cardio-Oncology            (2023) 9:10 

treatment of chemotherapy-induced cardiotoxicity and 
cardiac dysfunction.

In a single drug comparison, spironolactone demon-
strated the greatest improvement of LVEF compared to a 
control, followed by enalapril, nebivolol, statin, bisopro-
lol, perindopril, and carvedilol. Spironolactone showed 
a significant troponin reduction when compared to the 
control. Enalapril demonstrated the greatest significant 
decrease in BNP compared to the control, followed by 
spironolactone.

According to the drug class, statins demonstrated 
the greatest improvement in decreasing reduction in 
LVEF compared to control, followed by aldosterone 
antagonists, ACEi, and beta-blockers. Aldosterone 
antagonists showed the highest reduction in troponin 
compared to the other drug classes. ACEI demon-
strated the greatest reduction in BNP compared to a 
control, followed by Aldosterone antagonists. With 
regards to the risk of clinical heart failure, enalapril 
showed a lower risk compared to carvedilol, lisino-
pril, and control. There was no significant difference 
between the drug classes in this regard.

A previous systematic review and network meta-analy-
sis of RCTs examined the role of commonly used cardio-
protective in chemotherapy-induced cardiotoxicity. They 

concluded that the drug classes aldosterone antagonists, 
ACEi, statins, and beta-blockers improved LV systolic 
function. In the analysis of single drugs or drug combi-
nations, they noted a significant cardioprotective effect 
with spironolactone, enalapril, and statin and no effect 
with ARB [47].

In agreement with the findings of this network meta-
analysis, we found that statins, aldosterone antagonists, 
ACEi, and beta-blocker improved LVEF while ARBS had 
no significant effect. We also noted comparable results 
with significant improvements in LV systolic function 
with spironolactone, enalapril, and statin showed when 
compared to a control.

However, in contrast to Liu et  al., our single drug 
analysis found a significant difference between 
spironolactone, enalapril, and statins. We also noted 
a significant LVEF improvement with nebivolol and 
bisoprolol, contrary to the findings of the previous 
analyses [47]. Our findings on statins agree with a 
previous meta-analysis that associated statins with a 
reduced cardiotoxicity risk following anthracycline 
and/or trastuzumab exposure [48].

According to the results of our analysis, spironolac-
tone is an effective drug for cardiotoxicity prevention, 
with significant effects on LVEF function, consistent with 

Fig. 5  Troponin A Network graph showing direct evidence between the evaluated drugs. B A forest plot comparing all drugs with control. C The 
league table represents the network meta-analysis estimates for all drugs’ comparisons
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previous research [11, 49]. Prevention and treatment 
of anthracycline-induced cardiotoxicity with enalapril, 
carvedilol, and statin are approaches to decreasing car-
diovascular risk [48].

The efficacy of spironolactone may be explained by 
the beneficial effects of aldosterone antagonists on 
cardiac remodeling following myocardial damage due 
to antifibrotic and antioxidant effects [49]. Similarly, 
statins have anti-inflammatory and anti-oxidative 
effects and reduce cardiac remodeling. They may also 
exert an effect on anthracycline and/or trastuzumab-
induced damage pathways of cardiotoxicity, through 
the inhibition of small Ras homologous (Rho) GTPases 
which reduce topoisomerase II inhibition and the sub-
sequent generation of ROS [48].

Previously, cardiotoxicity has been heterogeneously 
defined [50–52] with alterations in its concept over time 
[53]. The most widely used definition is related to LVEF 
changes [53]. Therefore, our primary outcome was LVEF. 
We note that a recent meta-analysis [54] concluded 
that the LVEF impairment’s magnitude caused by mod-
ern anthracycline treatments, the most studied agent 
across the RCTs included in our meta-analysis, was less 

than previously reported. This suggests that LVEF may 
not be the optimal surrogate measure of cardiotoxicity 
[54], especially as by the time cardiotoxicity is detected 
by this method, significant LV dysfunction has already 
occurred. Furthermore, significant reductions in LVEF 
are not always reflected clinically by NYHA III or IV 
symptoms and the clinical significance and impacts of 
these subclinical changes on management are yet to be 
fully understood [55].

In a study of 500 HER2 + patients treated with tras-
tuzumab, 27% of patients were diagnosed with car-
diotoxicity (symptomatic HF or asymptomatic drop 
in LVEF) however this only led to treatment dis-
continuation in 5% of patients. Among those with 
asymptomatic heart failure, as determined by LVEF, 
comparable rates of complete recovery of cardiac 
function were noted between those in whom trastu-
zumab was discontinued and those whose treatment 
was discontinued, and those whose treatment was not 
interrupted. In the same study, two patients devel-
oped symptomatic heart failure with radiographic 
signs despite preserved LVEF [56]. This data suggests 
that LVEF may not be an optimal surrogate measure 

Fig. 6  Heart failure A Network graph showing direct evidence between the evaluated drugs. B A forest plot comparing all drugs with control. C 
The league table represents the network meta-analysis estimates for all drugs’ comparisons
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of cardiotoxicity and further research is necessary to 
determine if an alternate threshold is appropriate for 
whether chemotherapy should be interrupted or com-
pleted in the presence of cardiotoxicity.

Cardiac biomarkers such as NT- proBNP, Cardiac 
Troponin I and Troponin T, and CK-MB have been 
used to assess chemotherapy-induced cardiotoxicity 
[57, 58], and may provide a more timely and accurate 
measure of cardiac dysfunction than LVEF. The lit-
erature points towards a possible association between 
these biomarkers and chemotherapy-induced cardio-
toxicity. NT-proBNP has shown promise as an early 
marker of subclinical late toxicity in pediatric patients 
treated for cancer [59, 60].

Cardiac biomarkers may also have utility in the risk 
stratification of patients’ pre-treatment. In one study 
of 450 female patients receiving treatment with trastu-
zumab, an elevated baseline troponin was significantly 
associated with a fourfold risk of developing trastu-
zumab-related cardiac dysfunction (TRCD) [61]. Serial 
troponin measurement may also have a utility in risk 
stratification. In a study of 700 patients, those who had 
an early troponin I rise (within 72 h of treatment) that 
persisted one month later, experienced a greater degree 
of cardiac impairment and a higher incidence of cardiac 
events than those with no or a transient increase [62]. A 
follow-up study of 470 patients, demonstrated the pos-
sible utility of biomarkers for early risk stratification, in 
patients that have no or equivocal echocardiographic 
changes. Those with an early troponin rise (> 0.07 mg/L) 
were randomized to receive enalapril or standard of 
care. No reduction in LVEF was noted in those who 
received ACEi, compared to 43% in the standard of care. 
The outcomes of our meta-analysis included BNP and 
troponin levels, with reductions in these markers agree-
ing with drugs that had the greatest effect on LVEF. The 
prognostic value and clinical significance of biomarker 
reduction in response to medical treatment for CTRCD 
is an area that requires further research.

The strengths of the current analysis are the inclusion 
of a high number of RCTs, covering 3285 patients across 
diverse geographical areas, the largest sample size for a 
study of CTRCD; and contemporaneous data with 12 
RCTs from between 2019 and 2021. Limitations include 
the heterogeneity of the studies analyzed, with different 
cancer types, chemotherapy regimens, and varying dura-
tions of follow-up.

As future priorities for research in this area, we recom-
mend large-scale RCTs, with a long duration of follow-
up, that aim to offer direct comparisons between the 
most common cardioprotective drugs within a defined 
study population of patients e.g. patients with solid 
tumors. Further, we recommend that future research 

focus on the elucidation of more sensitive surrogates or 
direct measures of cardiotoxicity, such as myocardial 
strain imaging or biomarker assays [55].

Conclusion
According to our single drug analysis, spironolactone 
demonstrated the most significant improvement of 
LVEF, the highest troponin reduction, and the 2nd most 
significant BNP decrease. Enalapril demonstrated the 
greatest BNP reduction and the 2nd greatest improve-
ment in LVEF. According to drug class, statins demon-
strated the greatest improvement in LVEF. Nebivolol, 
bisoprolol, perindopril, and carvedilol also showed 
positive results in terms of LVEF significant improve-
ments. In agreement with previous meta-analyses, 
ARBs appear to have no clear role to play in chemo-
therapy-induced cardiac failure. Further studies that 
focus on specific chemotherapy classes that have longer 
follow-up duration, time-to-event analysis, and mor-
tality analysis will be needed to help elucidate the full 
potential of cardioprotective agents and help determine 
which to use for each demographic.
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