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Simple Summary: Anthracyclines form the backbone of many systemic chemotherapy regimens 19

with great response rates for cancers. Yet, its established dose-limiting cardiotoxic effects can also 20

lead to reduction in cardiac function and an increased risk of heart failure. This PRISMA-adherent 21

systematic review and meta-analysis of randomised-controlled trials aims to evaluate the progres- 22

sion of cardiac dysfunction and levels of natriuretic peptides, and risk of heart failure in cancer 23

patients receiving anthracyclines. Our review included cohorts which followed patients over two 24

years from the administration of anthracyclines which demonstrated that there were no significant 25

declines compared to after six months. This period would be the most crucial for concurrent cardi- 26

oprotection to prevent adverse remodeling. We also found the risk of developing LVEF declines of 27

10% or more was comparatively low and observed in approximately one in six. The confounding 28

effect of receiving concomitant trastuzumab and baseline LVEF was also negligible. 29

Abstract: Background: Anthracyclines form the backbone of many systemic chemotherapy regi- 30

mens but dose-limiting cardiotoxicity can also lead to reduction in cardiac function and an increased 31

risk of heart failure. Methods: This review was conducted in accordance with PRISMA guidelines 32

and registered on PROSPERO (CRD42022373496). Results: 26 studies met the eligibility criteria in- 33

cluding a total of 910 patients. Overall reduction in pooled mean left ventricular ejection fraction 34

(LVEF) post‐anthracyclines in the placebo arms of included randomised-controlled trials was 4.5% 35

(95% CI, 2.6 to 6.4). The trend in LVEF showed a progressive decline until approximately 180 days 36

after which there was no significant change. Those receiving a cumulative anthracycline dose 300 37

mg/m2 experienced a more profound reduction. The risk of a 10% absolute decline in LVEF from 38

baseline or decline to an LVEF below 50%, the overall pooled risk was 16% (95% CI: 11 to 21; I2 = 39

77%). Sensitivity analyses by baseline LVEF and trastuzumab treatment status did not yield signif- 40

icant differences. Conclusion: While the mean LVEF decline in patients without cardioprotective 41

therapy was clinically small, a vulnerable subset experienced significant impairment. Further re- 42

search to best identify those who benefit most from cardioprotective therapies when receiving an- 43

thracyclines are required. 44
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1. Introduction 48

In the setting of advanced or disseminated cancers including breast and haematolog- 49

ical cancers, systemic chemotherapy involving anthracyclines have been at the forefront 50

of management for years [1-3]. However, administration of anthracyclines is often limited 51

by the dose-dependent risk of cardiotoxicity [4]. Anthracyclines have been associated with 52

cardiac dysfunction or heart failure in up to 20% of all patients [5]. 53

Cardiac dysfunction and heart failure is a critical adverse event following anthracy- 54

cline therapy, which can result in interruption of cancer therapy and also potential severe 55

adverse cardiac events and even death [6, 7]. Thus, this has necessitated the identification 56

and administration of interventions for prophylaxis or early prevention of anthracycline- 57

induced cardiac dysfunction [8]. However, results from recent trials remain largely equiv- 58

ocal. Moreover, most studies reporting the incidence and risk of cardiac dysfunction in 59

patients receiving anthracycline therapies were older studies and not using current clini- 60

cal practices [9, 10]. As such, it remains unclear what effects anthracyclines have on the 61

natural progression in cardiac function in current clinical practice.  62

To further understand and describe the temporal effect of anthracyclines on cardiac 63

function, we performed a systemic review with network meta-analysis including on adult 64

cancer patients receiving anthracyclines without cardioprotective therapy. We hypothe- 65

sized that the effect of anthracyclines on cardiac dysfunction in current clinical practice 66

was lower than previously reported in older studies. Our aim was to describe the change 67

in cardiac function through left ventricular ejection fraction and cardiac enzymes over 68

time. Our other aims were to identify risk factors predictive of significant cardiac dysfunc- 69

tion.  70

2. Methodology 71

This systematic review with network meta-analysis was reported in accordance with 72

the PRISMA statement for systematic reviews [11]. The protocol was registered on PROS- 73

PERO (registration: CRD42022373496). 74

2.1. Selection of studies 75

We searched Medline, Embase, Cochrane Central Register of Controlled Trials, from 76

database inception until 15 September 2022. Our search combined an exhaustive list of 77

concepts, language, and keywords for randomised controlled trial, cardiotoxicity and an- 78

thracyclines (Table S1). We also searched reference lists of relevant systematic reviews and 79

clinical guidelines. 80

Two authors (ARYBL and JL) independently selected eligible studies first based on 81

the titles and abstracts, followed by full text articles, with conflicts resolved by a third 82

author (CHS). We included randomised-controlled trials with adult participants, defined 83

as participants at least 18 years of age, with a diagnosis of any solid or haematological 84

cancer for which they were receiving anthracyclines, and involved at least one arm of the 85

study administering pharmacotherapy for the prevention of long term cardiac dysfunc- 86

tion. 87

2.2. Data extraction 88

Data of each included study was extracted by at least two authors independently 89

(ARYBL and JL) and checked for quality at the end of the extraction phase. Outcomes of 90

interest related to measures of systolic dysfunction including left ventricular ejection frac- 91

tion and pro-brain natriuretic peptide or brain natriuretic peptide (natriuretic peptides). 92
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We defined clinically relevant decrease in LVEF as a 10% decline in LVEF from baseline 93

to a value below 50% where possible [12]. Where studies defined a different definition of 94

significant LVEF decline, this definition was extracted and reported. 95

2.4. Quality assessment and certainty of evidence 96

The Cochrane Risk of Bias 2.0 tool was used to assess the quality of included studies. 97

Each study was assessed by two authors independently with discrepancies resolved by 98

consensus with results reported in Figure S1 [13]. 99

2.5. Data analysis 100

The extracted data were quantitatively pooled and analysed in R Version 4.2.1 using 101

the meta and metafor packages. In studies without standard deviations (SDs), confidence 102

intervals (CIs) were converted to SDs. In studies without relevant baseline data, the simple 103

analysis of the final values method was used. Studies were pooled for meta-analysis using 104

standardised mean differences (SMD) and the random-effects model. Between-study het- 105

erogeneity was represented by I2 and τ2 statistics. I2 of <30% indicated low heterogeneity 106

between studies, 30% to 60% showed moderate heterogeneity, and >60% indicated sub- 107

stantial heterogeneity. Unless specified otherwise, we considered a two-sided P value of 108

<0.05 to be statistically significant. 109

We performed pre-planned subgroup analysis according to key study characteristics. 110

So that the effect of anthracyclines could be isolated, we only included studies in which 111

all patients received anthracyclines. We also identified studies in which more than 10% of 112

patients received trastuzumab during the period of observation and repeated analysis ex- 113

cluding these studies. Additionally, leave-one-out analysis, outlier analysis and repetition 114

of the primary analysis with the common-effects rather than random-effects model was 115

performed and presented. 116

3. Results 117

3.1. Results of the literature search 118

From 5147 unique records identified from our literature search of PubMed, EMBASE, 119

CENTRAL and Scopus, a total of 26 [14-39] studies met our inclusion criteria. The results 120

of our search are presented in Figure 1. The key participant, trial and treatment character- 121

istics of each study are detailed in Table S2. 122
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123

Figure 1. PRISMA flowchart. 124

All studies included participants with a baseline mean LVEF above 50%. The highest 125

mean baseline LVEF was 69.7% [30] and the lowest was 54.9% [20, 36]. A total of 9 out of 126

26 studies had a baseline mean LVEF above 65.0% [17, 18, 21, 26, 29, 30, 32, 37, 39], 13 out 127

of 26 studies between 60.0% to 65.0% [14-16, 19, 22-25, 27, 31, 33, 35, 38], 2 out of 26 studies 128

between 55.0% to 60.0% [28, 34] and 2 out of 26 studies between 50.0% and 55.0% [20, 36]. 129

Anthracyclines administered to cancer patients included doxorubicin, epirubicin, idarubi- 130

cin and daunorubicin. 131

3.2. Left ventricular ejection fraction 132

We performed a meta‐analysis of the pooled mean difference in LVEF following an- 133

thracycline-based chemotherapy, as shown in Figure 2 and Table 1. Using a random‐ef‐ 134

fects model, the overall reduction in pooled mean LVEF post‐anthracyclines in the placebo 135

arms of included randomised controlled trials was 4.5% (95% CI, 2.6 to 6.4). The trend in 136

LVEF showed a progressive decline until approximately 180 days from anthracycline ther- 137

apy, after which the cumulative decline in LVEF reported across studies 4.4% to 4.6%. 138

Thereafter, there was no further significant change in mean LVEF beyond 180 days. 139

Table 1. Cumulative decline in left ventricular ejection fraction (%) over time (days). 140

Time 

(days) 

Number of 

studies 
Mean LVEF change Lower CI Upper CI n 

30 2 0.949 -1.008 2.906 45 

60 4 -1.229 -3.160 0.702 101 

90 8 -1.826 -3.744 0.092 325 

120 11 -1.866 -3.384 -0.348 417 

150 12 -2.140 -3.639 -0.640 442 
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180 20 -4.522 -6.638 -2.406 695 

240 20 -4.477 -6.594 -2.360 689 

270 20 -4.670 -6.907 -2.433 687 

360 21 -4.424 -6.600 -2.248 726 

480 22 -4.609 -6.728 -2.489 744 

540 22 -4.579 -6.691 -2.466 737 

630 23 -4.550 -6.558 -2.543 770 

720 24 -4.494 -6.415 -2.573 910 

Abbreviations: CI, confidence interval; LVEF, left ventricular ejection fraction; n, number of pa- 141

tients. 142

143

Figure 2. Cumulative decline in left ventricular ejection fraction (%) over time (days). Whiskers 144

represent 95% confidence interval. Abbreviations: CI, confidence interval; LVEF, left ventricular 145

ejection fraction. 146

3.3. Sensitivity and subgroup analysis 147

We undertook several pre-planned subgroup analyses according to key trial, patient 148

and treatment characteristics to identify risk factors and associations for a poorer progno- 149

sis. that involved cancer patients receiving over a mean cumulative anthracycline dose 150

(CAD) of 300mg/mm2 for subgroup analysis as anthracyclines are established to cause 151

cardiotoxicity in a dose-dependent manner [17, 23, 27, 28, 30-35]. 152

Subgroup analysis was performed according to the mean cumulative anthracycline 153

dose (CAD) cancer patients received to account for the dose-dependent cardiotoxicity, 154

stratifying studies which reported mean CAD above 300 mg/m2 and studies between 200 155

to 300 mg/m2 in Table S3. A significant difference was observed between studies. Between 156

180 to up to 540 days post-anthracycline chemotherapy, a cumulative LVEF decline of 157

6.2% (95% CI: 2.6 to 9.9) to 6.7% (95% CI: 2.9 to 10.5) was observed in cohorts receiving 158

above 300 mg/m2. This was a significantly more profound reduction than in cohorts re- 159

ceiving CAD 200 to 300 mg/m2 which had a cumulative LVEF decline of 3.7% (95% CI: 1.9 160

to 5.5) at 180 days and 3.4% (95% CI: 2.4 to 4.3) at 630 days. Similar to the overall analysis, 161

a plateauing effect was observed in the LVEF decline after at least 180 days. 162

Further subgroup analyses according to baseline LVEF prior to anthracycline admin- 163

istration is presented in Table S4 with overall decline remaining similar. We also excluded 164
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studies in which more than 10% of the cancer patients received trastuzumab [15] (Table 165

S5), but this did not yield significant differences in the trend. 166

3.4. Risk of developing significant systolic dysfunction 167

We extracted the incidence of significant reductions in systolic function as well as 168

their definitions from each cohort. Amongst studies which measured and reported the 169

risk of a 10% decline in LVEF from baseline to a value below 50%, the risk ranged from 170

5% to as high as 43%. The overall pooled risk was 16% (95% CI: 11 to 22; I2 = 77%) with 171

the random effects model in Figure 4. Outlier analysis identified this heterogeneity to 172

come primarily from two cohorts by Cardinale et al and Swain et al which reported risks 173

of 43% and 8% respectively (Remaining I2 = 16%).  174

175

Figure 3. Pooled risk of developing clinically relevant LVEF decline (at least 10% in LVEF from baseline to a value below 176

50%). 177

3.5. Natriuretic peptides 178

We performed a meta‐analysis of the pooled change in serum levels of natriuretic 179

peptides following anthracycline-based chemotherapy, as shown in Figure S2 and Table 180

S6. Using a random‐effects model, the overall pooled change in mean natriuretic peptides 181

in the placebo arms of included randomised-controlled trials was relatively negligible up 182

to 90 days following chemotherapy. From 360 days, a large, but statistically insignificant 183

rise of 8.1 (95% CI: -14.5 to 30.7) was observed. The cumulative rise in natriuretic peptides 184

from baseline up to 630 days (22.1; 95% CI: 2.4 to 41.9) was significant. Overall, the trend 185

in natriuretic peptides observed in cohorts largely mirrored that of the decline in LVEF. 186

4. Discussion 187

To the best of our knowledge, we present the first systematic review and meta-anal- 188

ysis to evaluate the course and prognosis of cardiac function in patients receiving an- 189

thracyclines not receiving cardioprotection to describe the natural effect of therapy. Sev- 190

eral large cohort studies have studied the onset of cardiac dysfunction following chemo- 191

therapy to months after anthracycline administration [5]. A recent meta-analysis also 192

found similar findings of a lower than previously reported decline in LVEF post anthracy- 193

cline therapy, but was only limited to a period of 6 months after therapy without analysing 194

for time as a factor, which is crucial given cardiac remodelling [40]. Our review included 195

cohorts which followed patients over two years from the administration of anthracyclines 196
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which demonstrated that there was no significant decline after six months. This suggests 197

that cardiotoxicity and associated remodelling is likely to be maximal up to six months 198

following anthracycline administration, and this period may be the most crucial for con- 199

current cardioprotection to prevent adverse remodelling. The potential confounding ef- 200

fect of receiving concomitant trastuzumab also appeared negligible in comparison to the 201

observed LVEF decline with anthracyclines alone. 202

It is established in literature that the cardiotoxic effect of anthracyclines is dose-de- 203

pendent [41, 42]. Our review supports this by providing further evidence that in patients 204

receiving a CAD over 300 mg/m2, the mean absolute decline in LVEF after six months 205

may be as high as 10%. Across cohorts, the risk of developing a decline in LVEF over 10% 206

to a value less than 50% in our pooled analysis, is approximately one in six. 207

Various pharmacotherapeutic agents conventionally used in the treatment of heart 208

failure have been explored in randomised-controlled trials for the prevention of cardiac 209

dysfunction, including inhibitors of the renin-angiotensin-aldosterone system and beta- 210

blockers [43]. At present, strategies recommended for the prevention of chemotherapy- 211

induced cardiac dysfunction include optimisation of anthracycline doses, tailoring of 212

antineoplastic regimens depending on patient risk factors and dexrazoxane in those re- 213

ceiving high doses of anthracyclines [44, 45]. Our findings also support recommendations 214

on monitoring frequency of left ventricular function more intensely up to 180 days, after 215

which the intensity of screening may be lowered. Importantly, although there have been 216

recommendations for initiation of therapies for primary prophylaxis, there is a paucity of 217

evidence on when and how to stop such therapies. Our findings of no significant LVEF 218

decline beyond 180 days may suggest that it is safe to consider weaning off such therapies 219

after 180 days from initiation of anthracycline therapy.  220

This would also have implications on the design and defined outcomes of future tri- 221

als evaluating the efficacy of cardioprotection for anthracyclines. Many trials which utilise 222

the mean decline in LVEF as the primary outcome for trials of primary prophylaxis may 223

find results largely equivocal because the absolute reduction may not be clinically appar- 224

ent. Additionally, by using the guideline based definition of clinical relevant cardiac dys- 225

function of a decline in LVEF of 10% or mean LVEF <50%, this was observed in approxi- 226

mately one in six patients. Hence, empirical treatment of all patients receiving anthracy- 227

cline therapy may not be truly effective. Further research should focus on identifying the 228

truly high-risk subset of patients who will benefit most from primary prophylaxis. Over- 229

all, cancer patients represent an especially-vulnerable population due to both disease and 230

treatment factors [46-48]. The prevention of cardiotoxicity with cardioprotective agents 231

[49, 50] is of critical concern given the long-term risks it can have on morbidity, mortality 232

and quality of life [51-53]. 233

The study faced several limitations. Firstly, while studies evaluated echocardio- 234

graphic parameters and cardiac biomarkers, few studies have investigated clinical out- 235

comes such as incidence of heart failure or cardiac mortality. As such, we were unable to 236

correlate our findings with clinical outcomes. Secondly, the lack of baseline characteristics 237

and individual patient available for meta-analysis may have resulted in heterogeneity 238

across studies not being adequately accounted for in our analysis. Details of outcome 239

measurement, such as instrument, calculations and assumptions made in determining pa- 240

rameters of cardiovascular function were also not explicitly reported in numerous studies. 241

Thirdly, we were unable to account for other existing concurrent therapies such as radio- 242

therapy and immunotherapy which may have been administered due to lack of reporting. 243

Lastly, majority of patients did not have concomitant cardiovascular disease such as is- 244

chemic heart disease. As such, our findings may not be extrapolated to subgroups of can- 245

cer patients with significant cardiovascular disease. 246
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5. Conclusion 247

In this systematic review and network meta-analysis, we observed that the mean de- 248

cline in systolic function amongst patients receiving anthracycline therapy in contempo- 249

rary clinical practice was 4.5%. Maximal decline in systolic function occurred at 180 days 250

following anthracycline chemotherapy, after which a marked plateauing is observed. 251

Clinically relevant declines in LVEF by guideline definition occurred in one in six patients. 252

Further research to best identify suitable patients who will benefit most from cardiopro- 253

tective therapies when receiving anthracyclines are required.  254

Supplementary material: Table S1: Search strategy; Table S2: Characteristics of included studies; 255

Table S3: Subgroup analyses of cumulative decline in left ventricular ejection fraction (%) over time 256

in cohorts of cancer patients receiving a cumulative anthracycline dose above 300 mg/m2 versus a 257

cumulative anthracycline dose between 200 to 300 mg/m2. ; Table S4: Subgroup analyses of cumu- 258

lative decline in left ventricular ejection fraction (%) over time in cohorts of cancer patients (A) with 259

a baseline LVEF of 65 to 70% (B) with a baseline LVEF of 60 to 65%.; Table S5: Subgroup analyses of 260

cumulative decline in left ventricular ejection fraction (%) over time in cohorts of cancer patients 261

excluding studies with at least 10% of cancer patients receiving trastuzumab. ; Table S6: Cumulative 262

rise in natriuretic peptides (standardised mean) over time.; Figure S1: Risk of bias assessment.; Fig- 263

ure S2: Cumulative rise in natriuretic peptides (standardised mean) over time. Whiskers represent 264

95% confidence intervals. 265
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