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Cardiovascular disease and cancer represent significant global health challenges. An overlap between oncology and cardi-
ology is compounded by cancer therapies, which are known to have cardiotoxic effects. Sodium—glucose cotransporter
2 inhibitors (SGLT?2i), initially developed for treating diabetes, have shown promising cardiovascular benefits in non-cancer
populations, particularly in preventing heart failure (HF) and reducing HF-related hospitalization and mortality in large ran-
domized controlled trials (RCTs) across the spectrum of left ventricular ejection fraction. However, their potential cardi-
oprotective role in cancer patients remains unclear. This systematic review and meta-analysis evaluated cardiovascular
outcomes in cancer patients with type 2 diabetes undergoing chemotherapy with concomitant use of SGLT2i compared
with those not using SGLT2i. Subgroup analyses were performed to explore patients without baseline HF and patients trea-
ted exclusively with anthracyclines.

A systematic review identified 11 observational retrospective studies (n =104 327 patients). Based on the National
Institutes of Health Quality Assessment Tool checklist, two studies were at moderate risk of bias, while all other included
studies had a low risk of bias. Meta-analysis indicated that the use of SGLT2i was associated with a significant reduction in all-
cause mortality [0.47, 95% confidence interval (Cl) 0.33-0.67, P < 0.0001] and risk of HF hospitalization (0.44, 95% Cl 0.27-
0.72, P=0.001).

The use of SGLT2i may be associated with a significant reduction in all-cause mortality and risk of HF hospitalization in ac-
tively treated cancer patients with Type 2 diabetes. Our study highlights the need for further investigation through prospect-
ive RCTs to confirm the efficacy and safety of SGLT?2i in attenuating cardiotoxicity and supporting cardiovascular health in
oncology settings.
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SGLT2 inhibitor use was associated with a significant 53% reduction in the risk of all-cause mortality (RR

SGLT2 inhibitor use was associated with a significant 56% reduction in HF hospitalization (RR 0.44, 95%
Cl10.27-0.72, P=0.001).

This summarizes 11 studies involving 104,327 participants selected based on the Population, Intervention, Comparison, and Outcomes strategy.
These studies evaluated the benefits of SGLT2i compared with non-users, focusing on cancer patients with diabetes mellitus. The outcomes highlight
significant reductions in all-cause mortality and HF hospitalizations with SGLT2i use. 95% Cl, 95% confidence interval; HF, heart failure; RR, risk ratio;

SGLT2i, sodium-glucose cotransporter 2 inhibitors.
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Introduction

Cardiovascular (CV) disease (CVD) and cancer are among the two
leading causes of mortality and morbidity worldwide, particularly in
Western countries, with millions of cancer survivors being at an in-
creased risk of developing CVD. In the USA alone, it is estimated
that there are over 17 million cancer survivors who may be at risk of
CVD, with a continuously growing trend that is expected to rise further
in the coming years.!

Many cancer patients experience cancer therapy-related cardiac dys-
function (CTRCD), particularly heart failure (HF), which adds complexity
to managing their long-term health?® The European Society of
Cardiology guidelines divide CTRCD into asymptomatic and symptomat-
ic, related to the occurrence of typical symptoms of HF up to severe
forms requiring hospitalization.* Early detection of CTRCD has been
shown to reduce the burden of cardiac dysfunction.>® Therefore, the
echocardiography assessment of left ventricular ejection fraction (LVEF)

and global longitudinal strain (GLS) plays a crucial role.”® Furthermore,
emerging parameters such as global atrioventricular strain and myocardial
work indices have further improved the ability to detect cardiotoxicity at
earlier stages.”™"" Early diagnosis and prompt initiation of neurohormonal
therapy are recommended for cardioprotection and LVEF recovery.>®
Sodium-glucose cotransporter 2 inhibitors (SGLT2i), a class of oral
diabetes drugs that increase urinary glucose excretion by blocking kid-
ney reabsorption, have been effective in reducing CV death and hospi-
talizations for HF (HHF) in both diabetic and non-diabetic patients'>"
and also in HF patients with different LVEF."*"® Certainties are limited
in the field of cardio-oncology. In a prospective case-control study en-
rolling 76 patients with breast cancer at high risk of CTRCD on anthra-
cycline therapy without a previous diagnosis of HF, empagliflozin use
was associated with a reduction in CTRCD at 6-month follow-up com-
pared with the control group (6.5% vs. 35.5%, P 0.005)."® To date, in
this specific setting of patients undergoing chemotherapy, there are
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SGLT?2i in patients with cancer and diabetes mellitus

no other randomized controlled trials (RCTs) that evaluate harder out-
comes such as CV death or HHF.

Other observational studies have indicated potential CV benefits of
SGLT2iin cancer patients.'”'® Despite these results, the specific role of
SGLT2i in preventing CTRCD remains uncertain.'” We performed a
systematic review and meta-analysis of available evidence to assess
the utility of SGLT2i on all-cause mortality and HHF in cancer patients
with Type 2 diabetes mellitus undergoing chemotherapy.

Protocol and search strategy

This systematic review was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) state-
ment.?® According to the PRISMA, a Population, Intervention, Comparison,
and Outcomes strategy was performed (Table 1).

The focus was on studies evaluating all cancer patients undergoing all pos-
sible antitumour therapies with Type 2 diabetes mellitus treated with
SGLT2i compared with other antidiabetic medications not including the
use of SGLT2i. Only studies with at least 12 months of follow-up were con-
sidered since acute CV events are usually rare in this patient setting.
Observational studies with primary or secondary CV outcomes (hospital-
ization for HF and CV mortality) or all-cause mortality were selected and
included. All types of studies were considered. No RCTs were available, ex-
cept for one with a short 6-month follow-up that evaluated the incidence of
subclinical dysfunction (defined as decrease in LVEF of at least 10% from
baseline to a final LVEF of <50% and/or a relative decrease of at least
15% in GLS from baseline) in a high-risk breast cancer population.'®
However, due to its limited follow-up and the definition of CTRCD based
solely on subclinical dysfunction detected by echocardiographic assessment,
we could not include it in our analysis. Articles not in English were excluded
to ensure accessibility and consistent understanding of the data, avoiding
potential translation errors. Duplicates, review articles, unpublished data,
ongoing studies, non-peer-reviewed articles, and abstracts were excluded.
Studies not involving humans were also excluded to guarantee the findings’
clinical relevance and direct applicability.

A researcher (C.M.) systematically searched PubMed, OVID, Medline,
Embase, and the Cochrane Library for publications prior to 1 November
2024 using predefined keywords and Medical Subject Headings, including
‘SGLT?2 inhibitors’, ‘SGLT2/", ‘sodium-glucose transporter 2 inhibitors’,
‘cardiotoxicity’, ‘cardiotoxic’, ‘neoplasm’, ‘cancer’, ‘chemotherapy’, and
their synonyms to obtain relevant literature (see Supplementary material
online, Table ST7). Furthermore, potential candidate papers were manually
checked in the references of the included studies. Two researchers inde-
pendently (G.N. and C.M.) examined the eligibility and screened the titles
and abstracts of all identified potential studies (Level 1 screening). Then,
the two researchers continued with a full-text review to finalize the study
selection (Level 2 screening). Discrepancies were discussed and resolved by
consensus with a third reviewer (A.C.). Extracted data included the first
author’s name, year of publication, country, study design, baseline demo-
graphic and clinical characteristics of the population, gender, exposed
group, observation group, cancer type, therapies, outcomes, and average
follow-up years. This study does not require ethical approval or patient
consent. The research protocol was registered on PROSPERO (ID:
CRD42025625967).

Outcomes and subgroup analyses

The primary outcome of the study was to evaluate the association between
SGLT2i and all-cause mortality and HHF in cancer patients with Type 2 dia-
betes undergoing antineoplastic treatments. Subgroup analyses were per-
formed to explore two specific populations: patients without baseline
HF, with the aim of assessing the potential preventive role of SGLT2i in pre-
serving cardiac function, and patients treated exclusively with anthracy-
clines. The focus on anthracyclines was chosen because their
cardiotoxicity, particularly the risk of HF, is well established in patients re-
ceiving these treatments. Evaluating the effects of SGLT?2i in this subgroup is
crucial to determine their potential role in mitigating such cardiotoxic
outcomes.

PICOS (Population, Intervention,
Comparison, Outcomes, and Study) data for formulating
eligibility criteria in the meta-analysis

Patient group Cancer patients with diabetes mellitus
Intervention SGLT2i
Comparator Other antidiabetic medications
Outcome All-cause mortality

Hospitalization for heart failure
Setting All study designs

Quality assessment

Two researchers (G.N. and C.M.) independently evaluated the quality of in-
cluded studies using the National Institutes of Health Quality Assessment
Tool (NIH-QAT), including 12 items, and any inconsistencies or disputes
were settled by a third reviewer (A.C.). Each study was assessed as low
risk of bias (9-10 criteria met), moderate risk of bias (7-8 criteria met),
or high risk of bias (<5 criteria met).

Sensitivity analysis

We also conducted a sensitivity analysis that excluded studies in which the
chemotherapy regimen was not specified,?’™* the study with the shortest
follow-up (1 year),** and one study in which the cohort of patients receiving
SGLT2i was older, had a significantly higher prevalence of hypertension, dia-
betes mellitus, dyslipidaemia, ischaemic heart disease, chronic kidney dis-
ease, end-stage renal disease, and elevated glycated haemoglobin, and
were predisposed to greater susceptibility to complications, leading to high-
er rates of both hospitalization and mortality (not statistically significant
compared with the control population).”® Additionally, one study was ex-
cluded because it considered death from any cause as a competing risk of
HHF and not as an outcome; therefore, it could not be included in the sen-
sitivity analysis for all-cause mortality and was also excluded from the ana-
lysis of HHF.2

Statistical analysis

The effects of SGLT2i on each outcome were evaluated using the Mantel-
Haenszel method, which was used to calculate the pooled risk ratio (RR)
with a 95% confidence interval (Cl). Anticipating heterogeneous results, a
random-effects model was chosen. Heterogeneity among studies was as-
sessed using Xz and Higgins * index, with thresholds of 30%, 50%, and
75% corresponding to low, moderate, and high heterogeneity.”” To manage
heterogeneity, both subgroup and sensitivity analyses were performed.
Subgroup analyses were stratified by the absence of HF at baseline and an-
thracycline use. Funnel plots were used to examine potential publication
bias. A two-tailed level of significance was denoted as P < 0.05. All statistical
analyses were performed using the Review Manager software (version 5.4,
The Cochrane Collaboration, 2020).

Study selection

The initial literature search identified 98 articles (Figure 7). After remov-
ing 43 duplicates and screening titles and abstracts, 25 full-text articles
were assessed for eligibility. Fourteen articles were excluded because
they were not studies on SGLT2i or had no CV outcomes, were not
studies in humans, or had a reported follow-up of <12 months.
Given the lack of RCTs on this topic, the focus was on prospective
or retrospective observational studies that assessed the impact of
SGLT2i on CV outcomes in cancer patients undergoing chemotherapy.
Eleven studies involving a total of 104 327 patients were included in
the review and quantitative meta-analysis. Table 2 summarizes the
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Identification of studies via the Pubmed/Medline/Embase/Cochrane
Database up to 1, October 2024

Records identified from
Pubmed/Medline/
Embase/Cochrane

(n=98)

'

Records after
duplicated removed
(n=43)

Records screened

Full text articles assessed
for eligibility

Studies included
(n=11)

Figure 1 Flowchart of the selection process for the included studies.

characteristics and the primary endpoints of the included studies. Full
details of the included studies are provided in Supplementary
material online, Table S2.

Study characteristics

Seven studies were conducted in North America (USA and
Canada),2?*24°262831  three in  Asia (Taiwan and South
Korea),”*?*3° and one in Israel*? Studies periods ranged from
January 2010 to August 2022. The total number of patients in the
SGLT2i group was 29 212 compared with 75 115 in the control group.
The average age of patients ranged from 56 to 77 years. Where re-
ported, chemotherapy regimens included anthracycline chemotherapy,
anti-HER?2 therapies, alkylating agents, antimetabolites, platinum-based
chemotherapy, tyrosine kinase inhibitors, immune checkpoint inhibi-
tors (ICls), vascular endothelial growth factor (VEGF) inhibitors, epi-
dermal growth factor receptor (EGFR) antagonists, antimicrotubule

(n=55) —

Records excluded
(n=30)

(n=25) —

Full Text Article excluded (n=14):

* No SGLT2-i Treatment

¢ No assessment of CV outcomes
* Follow-up < 6 months

* Not human studies

agents, aromatase inhibitors, proteasome inhibitors, and radiotherapy.
Chemotherapy type was not specified in three studies®'2*(Table 2).
Four studies included only patients receiving anthracycline chemother-
apy.>>?2830 Eight of these studies included multiple cancer types, while
two studies focused on a single tumour type, hepatocellular carcinoma,
or non-small cell lung cancer, resp>ec‘civel)/.21‘22 Average follow-up dura-
tions ranged from 1 to 4.8 years. In the selected studies, the incidence of
adverse events was similar between the two study groups (see
Supplementary material online, Table S2). Genitourinary infection is
the most common adverse event followed by hypoglycaemia especially
if in combination with metformin.

Results of the quality assessment

Based on the NIH-QAT checklist, nine studies had a low risk of bias and
two studies had a moderate risk of bias (Figure 2). The least frequently
reported item in the included studies was ‘ltem 11. This is likely
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NIH Quality A Tool for Case-Control Studies
First Author _ Year Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Quality (Total Quality Score)
Abdel-Qadir 2023 v v X v v v X v v v X v Low Risk of Bias
Avula 2024 \/ N X \/ N \/ X \/ N v X N Low Risk of Bias
Bhatti 2024 v v X v v v X v v v v X Low Risk of Bias
Chiang 2022 N \ X N v v N v N R NR \ Low Risk of Bias
Fath 2024 v v X v v v X v v v X v Low Risk of Bias
Gongora 2022 \ N X N v \/ X \/ v N v X Low Risk of Bias
Hendrix 2022 v v X v v v X v v v X v Low Risk of Bias
Huang 2023 \ \ X N v N X v v v NR w’ Low Risk of Bias
Hwang 2023 \ N X N N N X X B N NR V“ Moderate Risk of Bias
Luo 2023 v v X v v v X v v v X v Low Risk of Bias
Perelman 2024 N \ X N v N X X v v X V' Moderate Risk of Bias
Q1. Was the research question or objective in this paper clearly stated and appropriate?; Q2. Was the study population clearly specified and defined?; Q3. Did the authors include a sample size justification; Q4. Were controls
selected or recruited from the same or similar population that gave rise to the cases (including the same timeframe)?; Q5. Were the definitions, inclusion and exclusion criteria, algorithms or processes used to identify or select
cases and controls valid, reliable, and implemented consistently across all study participants?; Q6. Were the cases clearly defined and differentiated from controls?; Q7. Were cases/controls randomly selected if less than
100% eligible?; Q8. Was there use of concurrent controls?; Q9. Was exposure/risk confirmed prior to the condition/event in cases?; Q10. Were measures of exposure/risk clearly defined, valid, reliable, and consistent?; Q11.
Were assessors of exposure/risk blinded to the case/control status?; Q12. Were key confounding variables measured and adjusted statistically? NR: Not Reported; V: Yes; X: No

Quality assessment of the included studies using the NIH-QAT.

because the included studies were observational rather than RCTs,
where blinding of assessors is typically not specified or feasible. In ob-
servational studies, exposure and risk data are often collected retro-
spectively or during routine clinical practice, making blinding less
applicable and more challenging to implement. Further information
about the risk of bias assessment is described in Figure 2.

Association with outcomes
All-cause mortality

Ten studies included in the quantitative meta-analysis reported all-
cause mortality as an outcome. One study was excluded because it con-
sidered death from any cause as a competing risk of HF hospitalization
and not as an outcome.® As shown in Figure 3, SGLT2i use was asso-
ciated with a significantly lower mortality risk than non-use (RR 0.47,
95% C1 0.33-0.67, P < 0.0001). However, high heterogeneity between
studies was found in this pooled result (I* = 98%).

Subgroup analysis limited to three studies that excluded patients
with HF at baseline found that the association with lower mortality re-
mained significant (RR 0.65, 95% C1 0.51-0.83, P = 0.0006), despite high
heterogeneity (I*=79%) (Figure 3). Subgroup analysis restricted to
studies with only anthracycline chemotherapy showed a significantly
lower risk of all-cause mortality in patients who used SGLT2-i (RR
0.51, 95% Cl 0.27-0.96, P = 0.04; I* = 83%) (Figure 3).

The sensitivity analysis, including five of the 10 selected studies, con-
firmed that SGLT2i use was associated with a significantly lower mor-
tality risk than non-use (RR 0.36, 95% Cl 0.32-0.41, P < 0.00001) with
no heterogeneity (>=0%) (see Supplementary material online,
Figure S1).

Heart failure hospitalization

Eight studies reported hospitalization due to HF. Patients who used
SGLT2i had a significantly lower risk of HHF than those without
SGLT2i (RR 0.44, 95% C1 0.27-0.72, P = 0.001). The observed hetero-
geneity was high (I2 = 84%) (Figure 4). Subgroup analysis limited to pa-
tients without HF at baseline did not reach statistical significance
towards reduced HHF in the SGLT2i user group (RR 0.43, 95% CI
0.15-1.23, P=0.11, I’=91%) (Figure 4). Subgroup analysis restricted
to studies with only anthracycline chemotherapy showed a significantly
lower risk of HHF in patients who used SGLT?2i with low heterogeneity
(RR 0.25,95% C10.12-0.52, P = 0.0003; I* = 24%) (Figure 4). After sen-
sitivity analysis, including five of the eight selected studies, SGLT2i use
was associated with a significantly lower risk of HHF compared with
non-use (RR 0.49, 95% CI 0.26-0.91, P = 0.03) with low heterogeneity
(I = 38%) (see Supplementary material online, Figure S2).

Publication bias

The funnel plot of primary outcomes estimates appeared asymmetric,
suggesting possible publication bias (see Supplementary material online,
Figure $3). This asymmetry may indicate that studies with negative or
non-significant findings are underrepresented in the literature, poten-
tially leading to an overestimation of the cardioprotective effects of
SGLT2i. A sensitivity analysis was performed to address this concern,
excluding studies with shorter follow-up durations and those with sig-
nificant baseline differences in patient characteristics. However, it is
important to note that asymmetry in the funnel plot could also arise
from factors such as study heterogeneity or small sample sizes, rather
than publication bias alone. Therefore, the results should be inter-
preted with caution, and future research should aim to minimize these
biases.

This systematic review and meta-analysis offer novel insights into the
intersection of cancer, cardiotoxicity, and SGLT2i in a large sample
size from 11 retrospective cohort studies of diabetic patients with
cancer. We have shown that SGLT2i are associated with a 53% reduc-
tion in the risk of all-cause mortality and a 56% reduction in HHF com-
pared with patients not receiving SGLT2i in patients with cancer and
Type 2 diabetes mellitus undergoing cancer therapy. The decrease in
all-cause mortality and HHF remained consistent across subgroup and
sensitivity analyses, reinforcing the robustness of the findings. A pre-
vious meta-analysis evaluated the CV outcomes of SGLT2i in cancer
patients with diabetes; however, it included a smaller number of pa-
tients and did not assess specific subgroups. Our meta-analysis ex-
pands on this by including a larger patient population, applying
stricter inclusion criteria, and performing dedicated subgroup ana-
lyses, particularly focusing on patients without baseline HF and those
treated with anthracyclines.*>

Several RCTs showed the CV and renal benefits of SGLT2i in patients
with diabetes. EMPA-REG OUTCOME showed that in 7020 diabetic pa-
tients, empagliflozin use was significantly associated with lower rates of
death from CV causes (HR 0.62; 95% C1 0.49-0.77; P < 0.001), HHF (HR
0.65; 95% Cl 0.50-0.85; P = 0.002), and death from any cause (HR 0.68;
95% Cl 0.57-0.82; P < 0.001).3* The CANVAS programme found that
canagliflozin reduced the risk of CV events and HF hospitalizations in pa-
tients with Type 2 diabetes and high CV risk (HR 0.86; 95% CI 0.75-0.97;
P <0.001).%® Similarly, dapaglifiozin reduced the risk of hospitalization
for HF and CV death in patients with Type 2 diabetes and established
CV disease (HR 0.83; 95% Cl 0.73-0.95; P= 0.005).36 The use of
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SGLT2-I No SGLT2-i Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.1.1 All-cause Mortality
Gongora 2022 3 32 41 96 3.2% 0.22 [0.07 , 0.66] —
Perelman 2024 5 24 56 95 4.4% 0.35[0.16, 0.78] —_—
Hwang 2023 26 779 171 2337 6.2% 0.46 [0.30, 0.68] -
Avula 2024 73 640 194 640 6.8% 0.38 [0.29, 0.48] -
Chiang 2022 124 878 362 878 7.0% 0.34[0.29,0.41] -
Fath 2024 164 706 200 706 7.0% 0.82[0.69, 0.98] -
Hendrix 2022 78 137 2348 3048 7.1% 0.74 [0.64 , 0.86] -
Bhatti 2024 657 8675 1033 8675 7.2% 0.64 [0.58 , 0.70] .
Luo 2023 260 531 17921 24384 7.2% 0.67 [0.61,0.73] .
Huang 2023 1732 16711 12116 33422 7.2% 0.29[0.27,0.30] .
Subtotal (Walda) 29113 74281 63.2% 0.47 [0.33, 0.67] 0
Total events: 3122 34442

Test for overall effect: Z = 4.22 (P < 0.0001)

Heterogeneity: Tau? (DLb) = 0.28; Chi? = 588.62, df = 9 (P < 0.00001); I* = 98%

1.1.2 Patients without HF at baseline

Hwang 2023 26 779 171 2337 6.2% 0.46 [0.30, 0.68] —
Fath 2024 164 706 200 706 7.0% 0.82[0.69, 0.98] -
Bhatti 2024 657 8675 1033 8675 7.2% 0.64 [0.58 , 0.70] .
Subtotal (Walda) 10160 1718 20.4% 0.65 [0.51, 0.83] $
Total events: 847 1404

Test for overall effect: Z = 3.44 (P = 0.0006)

Heterogeneity: Tau? (DLP) = 0.03; Chi* = 9.62, df = 2 (P = 0.008); I* = 79%

1.1.3 Patients receiving anthracyclines chemotherapy only

Gongora 2022 3 32 41 96 3.2% 0.22 [0.07 , 0.66] P
Hwang 2023 26 779 171 2337 6.2% 0.46 [0.30, 0.68] —_
Fath 2024 164 706 200 706 7.0% 0.82[0.69, 0.98] -
Subtotal (Walda) 1517 3139 16.4% 0.51 [0.27 , 0.96] i
Total events: 193 412

Test for overall effect: Z = 2.09 (P = 0.04)

Heterogeneity: Tau? (DLP) = 0.23; Chi* = 12.08, df = 2 (P = 0.002); I* = 83%

Total (Walda) 40790 89138 100.0% 0.51 [0.39, 0.66] ¢
Total events: 4162 36258

Test for overall effect: Z = 5.01 (P < 0.00001) 001 o1 1 0 100

Test for subgroup differences: Chi* = 2.39, df = 2 (P = 0.30), I* = 16.2%

Favours [SGLT2-i] Favours [control]

Heterogeneity: Tau? (DLP) = 0.25; Chi® = 769.28, df = 15 (P < 0.00001); I? = 98%

Figure 3 Forest plots of all-cause mortality. (A) All included studies. (B) Subgroup analysis of all-cause mortality in patients without heart failure at
baseline. (C) Subgroup analysis of patients receiving anthracyclines chemotherapy only.

SGLT?2i has also provided encouraging results in treating patients with
transthyretin cardiac amyloidosis, showing to improve prognosis.>’

However, unlike these landmark RCTs, our meta-analysis did not
show a significant reduction in the risk of HHF in patients without
HF at baseline. This discrepancy may be attributed not only to the
shorter follow-up duration of the included studies but also to the un-
ique characteristics of the cancer population. In cancer patients, esti-
mating CV risk is further complicated by the problem of competing
risks. Many individuals in this cohort face high mortality rates due to
cancer progression and related complications, which may mask or at-
tenuate the detection of CV benefits.

This highlights a fundamental challenge in cardio-oncology, where
clinical evidence remains limited, and uncertainties persist. Preclinical
studies suggest that the potential mechanisms underlying SGLT2i cardi-
oprotection may involve anti-inflammatory and antioxidant effects, ER
stress mitigation, ketogenesis, enhanced energy metabolism, autophagy,
inhibition of ferroptosis, and inhibition of ET-1."*'® These have pro-
vided evidence of potential antitumour effects of SGLT2i in both ex-
perimental cell lines and animal models, and now, several clinical
RCTs are investigating the antitumour effects of SGLT2i."8383?

In terms of clinical studies, the EMPACARD-PILOT trial, conducted
on 76 patients, is the first and only prospective study to suggest that
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SGLT2-i No SGLT2-i Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% ClI
2.1.1 Heart Failure Hospitalization
Chiang 2022 5 878 19 878 6.1% 0.26 [0.10, 0.70] —_—
Gongora 2022 1 32 21 96 2.2% 0.14[0.02, 1.02]
Abdel-Qadir 2023 0 99 3 834 1.2% 0.13[0.01, 2.15] +«
Hwang 2023 2 779 6 2337 3.1% 1.00[0.20, 4.94] —_—t
Avula 2024 85 640 154 640 13.5% 0.55[0.43, 0.70] -
Bhatti 2024 576 8675 744 8675 14.4% 0.77 [0.70, 0.86]
Fath 2024 20 706 101 706 11.1% 0.20[0.12, 0.32] —-—
Perelman 2024 1 24 1 95 1.2% 3.96 [0.26 , 61.02]
Subtotal (Walda) 11833 14261 52.7% 0.44 [0.27, 0.72] Q
Total events: 690 1077
Test for overall effect: Z = 3.29 (P = 0.0010)
Heterogeneity: Tau? (DLP) = 0.25; Chi? = 44.55, df = 7 (P < 0.00001); I* = 84%
2.1.2 Patients without HF at baseline
Abdel-Qadir 2023 0 99 31 834 1.2% 0.13[0.01,2.15] +
Hwang 2023 2 779 6 2337 3.1% 1.00 [0.20, 4.94] —
Bhatti 2024 576 8675 744 8675 14.4% 0.77 [0.70, 0.86]
Fath 2024 20 706 101 706 11.1% 0.20[0.12, 0.32] ——
Subtotal (Walda) 10259 12552 29.7% 0.43[0.15, 1.23] i
Total events: 598 882
Test for overall effect: Z = 1.58 (P = 0.11)
Heterogeneity: Tau? (DLb) = 0.80; Chi? = 32.61, df = 3 (P < 0.00001); P =91%
2.1.3 Patients receiving anthracyclines chemotherapy only
Gongora 2022 1 32 21 96 2.2% 0.14 [0.02, 1.02]
Abdel-Qadir 2023 0 99 31 834 1.2% 0.13[0.01, 2.15] +
Hwang 2023 2 779 6 2337 3.1% 1.00 [0.20, 4.94] —_—
Fath 2024 20 706 101 706 11.1% 0.20[0.12, 0.32] —
Subtotal (Walda) 1616 3973 17.5% 0.25[0.12, 0.52] ’
Total events: 23 159
Test for overall effect: Z = 3.65 (P = 0.0003)
Heterogeneity: Tau? (DLb) = 0.18; Chi* = 3.95, df = 3 (P = 0.27); I* = 24%
Total (Walda) 23708 30786 100.0% 0.40 [0.29, 0.55] &
Total events: 131 2118
Test for overall effect: Z = 5.66 (P < 0.00001) 001 o1 ; o 100

Test for subgroup differences: Chi? = 1.66, df = 2 (P = 0.44), I = 0%

Favours [SGLT2-i]

Heterogeneity: Tau? (DLP) = 0.18; Chi? = 109.34, df = 15 (P < 0.00001); I = 86%

Favours [control]

Figure 4 Forest plot of heart failure hospitalization. (A) All included studies. (B) Subgroup analysis of all-cause mortality in patients without heart
failure at baseline. (C) Subgroup analysis of patients receiving anthracyclines chemotherapy only.

empagliflozin at 6 months of follow-up may reduce anthracycline-
induced CTRCD.*¢

Other observational studies have demonstrated the cardioprotec-
tive effects of SGLT2i with a lower incidence of all-cause mortality,
HF, cardiomyopathy, and arrhythmias, as well as a reduced risk of acute
myocardial infarction and ischaemic stroke in cancer patients, particu-
larly those undergoing anthracycline therapy also with extended follow-
ups of 4.5-4.8 years.”> The use of SGLT?2i did not lead to an increased
risk of metastatic cancer, need for systemic antineoplastic therapy, or
incidence of adverse events, reinforcing their safety profile,%**° Even

in the studies evaluated by our meta-analysis, the incidence of adverse
events in the SGLT2i group was similar to that of the control group.
According to the literature, genitourinary infection is the most com-
mon adverse event followed by hypoglycaemia, especially if in combin-
ation with metformin and much more rarely acute renal failure,
ketoacidosis, hyperosmolar hyperglycaemic state or hyperglycaemia,
and Fournier’s gangrene.

At present, it remains unclear whether SGLT2i directly decrease the
risk of mortality and HHF in patients with cancer, or whether SGLT2i
use is a marker of better performance status or better overall
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conditions, which makes more likely the prescription of non-
oncological drugs.

In the studies included in our analysis, all-cause mortality is often used
as the primary outcome; however, its relevance in cancer patients is
questionable. In cancer populations, distinguishing whether death re-
sults from CV problems or cancer progression is complex and often un-
clear, as underlying disease and treatment side effects can confound the
characterization of CV causes. Only one study explicitly separates
cancer-related mortality from all-cause mortality, highlighting the
need for more accurate outcome reporting to interpret mortality fac-
tors in these patients.”® The continued exclusion of active cancer pa-
tients from major CV RCTs does not help to clarify the role of these
drugs in primary prevention, underscoring an urgent need for studies
that specifically address this vulnerable population. Some RCTs are cur-
rently in the recruitment phase to evaluate the role of these drugs in
CTRCD (NCT06341842, NCT06427226) undergoing anthracycline
treatment (NCT06304857, NCT05271162, NCT06103279).

Such studies will be crucial to uncover the underlying mechanisms of
SGLT?2i in the context of cancer and establish clearer evidence of their
safety and efficacy. Understanding the interaction of SGLT2i with CVD
and cancer treatments will enable more effective and personalized CV
care in this high-risk group.

Limitations

Allincluded studies were observational, making it impossible to exclude
potential confounders and unrecognized factors, such as better overall
health status or socioeconomic conditions, which could influence out-
comes. There was variability in SGLT2i type, dosage, and treatment
duration, and follow-up periods ranged from 1 to 4.8 years. This may
be insufficient to assess long-term safety and efficacy, especially regard-
ing the late cardiotoxic effects of anthracyclines. The primary endpoints
varied across studies, and high heterogeneity in all-cause mortality ana-
lysis may reflect differences in patient populations, cancer types, and
treatment regimens. Furthermore, the included studies did not distin-
guish between different causes of mortality, making it unclear whether
the observed reduction in all-cause mortality is primarily driven by the
metabolic effects of SGLT?2i in diabetes management or by their broad-
er cardioprotective benefits in cancer patients.

Despite subgroup and sensitivity analyses, these factors remain rele-
vant. Uric acid (UA) is often elevated in cancer patients, likely due to
cancer-related cell turnover and the effects of antitumour therapies.*
Although SGLT?2i have been shown to reduce UA levels in other popu-
lations, their specific role and CV effects in cancer patients remains un-
explored in the included studies. Additionally, five studies reported
event numbers only after propensity score matching, potentially im-
pacting the overall analysis.

This meta-analysis shows that SGLT2i use may be associated with a sig-
nificant reduction in all-cause mortality and risk of HF hospitalization in
cancer patients with Type 2 diabetes. Randomized controlled trials are
needed to confirm the cardioprotective effects of SGLT2i in cancer pa-
tients, both with and without diabetes, and to assess their safety and
efficacy across different cancer types and treatment protocols.
Sodium-glucose cotransporter 2 inhibitors may offer a promising strat-
egy to improve CV health and survival in this high-risk population.

Perspectives

This meta-analysis highlights the potential cardioprotective effects of
SGLT2i in cancer patients with Type 2 diabetes mellitus undergoing
chemotherapy, particularly in reducing all-cause mortality and HF hos-
pitalizations. However, the lack of RCTs in this population necessitates

further investigation. Future studies should clarify the direct cardiopro-
tective mechanisms of SGLT2i, beyond their metabolic effects, and
identify the patient subgroups that benefit most.*" Specifically, pro-
spective RCTs are needed in cancer patients both with and without dia-
betes, particularly those at high risk of cardiotoxicity, to fully assess
their potential protective role against anthracycline-induced cardiac
dysfunction. Research should also focus on the molecular pathways in-
volved, such as anti-inflammatory and antifibrotic effects, and assess
their role in preventing late-onset cardiotoxicity in cancer survivors.
Integrating SGLT2i into cardio-oncology care could transform CV
risk management in this population, particularly during cardiotoxic
treatments. Multidisciplinary efforts will be key to translating these find-
ings into practice.

Supplementary material is available at European Heart Journal—
Cardiovascular Pharmacotherapy online.
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