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Abstract

Background The effects of sodium-glucose cotransporter-2 (SGLT2) inhibitors on reducing cardiovascular events
in different subgroups of diabetic patients are under investigation. The current systematic review and meta-analysis
investigated the effects of SGLT2 inhibitors on preventing cardiovascular events and mortality and their adverse
events in patients with active cancer and diabetes undergoing cardiotoxic cancer treatment.

Methods We searched PubMed, Embase, Web of Science, and Scopus to find studies investigating the effects

of SGLT2 inhibitors on patients with diabetes and confirmed cancer until 19 August 2024. Meta-analyses were
conducted using the random-effects model to compare all-cause mortality, cancer-associated mortality, heart failure
(HF) hospitalization, arrhythmia, and adverse event rates such as ketoacidosis, hypoglycemia, urinary tract infection,
and sepsis between patients with or without SGLT2 inhibitors use. Risk ratios (RRs) with 95% confidence intervals (Cl)
were used to compare outcomes between SGLT2 inhibitors and non-SGLT2 inhibitors groups.

Results Eleven studies were included with 88,096 patients with confirmed cancer (49% male). Among the total
population, 20,538 received SGLT2 inhibitors (age 61.68 + 10.71), while 67,558 did not receive SGLT2 inhibitors (age
68.24 + 9.48). The meta-analysis found that the patients who received SGLT2 inhibitors had a significantly lower
mortality rate than those who did not receive SGLT2 inhibitors (RR 0.46, 95% Cl 0.34 to 0.63, p-value <0.0001). Similarly,
the cancer-associated mortality rate was also lower (RR 0.29, 95% Cl 0.27 to 0.30, p-value <0.0001). Further analysis
found that the SGLT2 inhibitor group had a lower rate of HF hospitalization, compared to controls (RR 0.44, 95% Cl
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0.27 t0 0.70, p-value=0.0007). Moreover, patients receiving SGLT2 inhibitors had a statistically lower rate of arrhythmia
(RR0.38,95% Cl 0.26 to 0.56, p-value < 0.0001). Finally, patients in the SGLT2 inhibitors group had a lower rate of
adverse events (RR 0.51, 95% Cl 042 to 0.62, p-value <0.0001).

Conclusions SGLT2 inhibitors are effective in reducing mortality (all-cause and cancer-associated), HF hospitalization,
arrhythmia, and drug adverse events in patients with cancer. If confirmed in future studies, these agents could be a
potentially ideal candidate to prevent cardiotoxicity of cancer therapies.

Keywords SGLT2 inhibitors, Cancer, Heart failure, Mortality, Systematic review, Meta-analysis

Introduction

Sodium-glucose cotransporter-2 (SGLT2) inhibitors are
well-known for their therapeutic effect on diabetes mel-
litus by blocking the sodium-glucose cotransporters in
proximal and distal collecting tubules of the kidney, lead-
ing to glucose excretion [1, 2]. Many randomized clinical
trials demonstrated a remarkable reduction in the inci-
dence of heart failure (HF), HF hospitalization, and car-
diovascular mortality associated with the use of SGLT2
inhibitors [3-7]. In addition, from a mechanistic stand-
point, studies revealed the beneficial impact of SGLT2
inhibitors on enhancing left ventricular function and sys-
tolic volumes as well as reducing markers of cardiac injury
and ventricular stretch [8—10].

Patients with cancer undergoing certain chemotherapy
treatments have a higher risk of adverse cardiovascular
effects leading to decreased quality of life and poor prog-
nosis [11]. Cardiotoxicity from chemotherapy can range
from subclinical myocardial dysfunction to severe HF
[12, 13]. Moreover, in a large study of the US population
from 2017 to 2020, it was shown that 24.4% had a type 2
diabetes diagnosis, and 25.8% had a prediabetes diagnosis
[14]. This emphasizes the need to address this population
among patients with cancer.

SGLT2 inhibitors are widely used for prevention, man-
agement, and improving the survival of patients with
HE. In addition, in-vitro and animal models have shown
the effectiveness of SGLT2 inhibitors in the prevention
of chemotherapy-induced cardiotoxicity [15, 16]. Thus,
these agents could be considered potential candidates
for the management of chemotherapy-induced cardio-
myopathy. Recent studies have demonstrated that SGLT2
inhibitors might have antitumor properties, adding value
to their use in patients with cancer [17-19]. However,
since patients with cancer on chemotherapy treatment
might have a higher risk of SGLT2 inhibitor-induced
adverse events such as ketoacidosis, the safety of using
these agents in cancer patients is yet to be evaluated
[20-22].

Currently, there is a lack of evidence regarding the use
of HF therapies in patients with cancer with a higher
risk of developing HE. American College of Cardiology,
American Heart Association, and Heart Failure Society
of America (ACC/AHA/HFSA) guidelines recommend

that healthcare providers engage in multidisciplinary
discussions about potential options for cancer therapy.
These discussions should cover the possibility of discon-
tinuing, continuing, or interrupting cancer treatment,
and should also address the associated risks and benefits
(class I recommendation) [23, 24]. Moreover, in most
clinical trials investigating the efficacy of SGLT2 inhibitor
agents in patients with cardiovascular disease, patients
with cancer were mainly excluded; thereby there is a gap
in knowledge regarding their use in this high-risk popu-
lation [23]. Recent studies assessing the role of SGLT2
inhibitors in patients with diabetes and cancer have shown
promising results. However, there is still a lack of pooled
data in this area, which could be helpful for clinicians. For
this reason, in this systematic review and meta-analysis,
we investigated the effects of SGLT2 inhibitors on the
incidence of cardiovascular events and mortality, as well
as their adverse effects among patients with active cancer
who are undergoing cardiotoxic cancer therapy.

Methods

Study design and protocol

This systematic review and meta-analysis used the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) 2020 checklist [25]. The protocol of
this study was registered in the International Prospective
Register of Systematic Reviews (PROSPERO) on 26 May
2024 with registration code CRD42024547441.

Search strategy

A systematic search was conducted on four interna-
tional databases (PubMed, Scopus, Web of Science, and
Embase) investigating the effect of SGLT2 inhibitors on
patients with diabetes and cancer from inception to 19
August 2024. The main search terms were “sodium-glu-
cose cotransporter’, “SGLT*, “cancer’, and “neoplasm”.
The detailed search queries in each database and the
number of records are available in Supplementary Table
1.

Screening

All the records from each database were imported into
the EndNote Citation Manager software (EndNote
version 20). A researcher used EndNote to remove
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duplicates using this software’s “Find Duplicates” com-
mand. After the removal of duplicates, two independent
reviewers (TR and AR) used the titles and abstracts to
select relevant studies for inclusion in the first round of
screening. Any discrepancies were resolved through dis-
cussion with a third author (AHB). Afterward, the full
texts of the included studies were reviewed by research-
ers to find studies that met inclusion and exclusion cri-
teria. Finally, the reference lists of the included studies
were reviewed to determine possible studies for inclusion.
Figure 1 summarizes the study selection process in this
review.

Inclusion and exclusion criteria

Inclusion criteria were observational or interventional
studies that evaluated the efficacy of SLGT2i agents in
patients with confirmed cancer. The included studies
measured one or more of the following outcomes: all-
cause mortality, cancer-associated mortality, HF hos-
pitalization, arrhythmia, and adverse safety outcomes
including urinary tract infection, lower extremity ampu-
tation, diabetic ketoacidosis, sepsis, hypoglycemia, acute
kidney injury, and neutropenic fever. We excluded case
reports, case series, animal studies, conference abstracts,
letters, and review articles. Moreover, studies lacking
control groups or placebo treatment were also excluded.

Data extraction

Two reviewers (TR and AHB) used a pre-defined spread-
sheet to extract data from the included studies. Extracted
data were: (1) study characteristics: study name (first
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author), study location, year of publication, and study
design, (2) sample size (total, SGLT2 inhibitor group, and
non-SGLT?2 inhibitor group), (3) type of cancer, (4) SGLT2
inhibitor agent, chemotherapy agents, and percentage
of radiation therapy, (5) population characteristics: age
(mean+SD) and sex distribution (male percentage), (6)
follow-up time, (7) main findings, and (8) all data regard-
ing the outcomes including all-cause mortality, cancer
mortality, HF hospitalization, arrhythmia, and adverse
events.

Risk of bias assessment

Two reviewers (AHB and TR) used the “Newcastle—
Ottawa Quality Assessment Scale” (NOS) checklist [26]
to assess the methodological quality of the included stud-
ies. According to this risk of bias assessment scale, com-
parability, selection, and outcome were potential biases.
In the NOS scale, each parameter was categorized as very
good (9-10), good (7-8), satisfactory (5-6), or unsatis-
factory (0—4).

Statistical analysis

All meta-analyses were performed using the random-
effects (REML) model in R version 4.3.0 (R Core Team
[2021], Vienna, Austria, URL: https://www.R-project.o
rg/). We compared outcomes between patients with or
without SGLT2 inhibitor use. Risk ratios (RRs) with 95%
confidence intervals [27] were used to compare outcomes
between these two groups. Cochrane’s Q [28] and Hig-
gin’s I> and H? tests [29] were used to calculate the het-
erogeneity between studies in our meta-analyses with the
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Fig. 1 PRISMA diagram and flowchart showing search and study selection
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following thresholds: low (<25%), moderate (26—-75%), and
high (>75%). Egger’s tests [30] in addition to visual inspec-
tion of funnel plots designed by trim-and-fill method
were used to assess publication bias. We used two meth-
ods to evaluate each study’s impact on the overall results.
First, outlier studies were identified, and the analyses were
repeated after the outlier studies had been removed. Sec-
ond, a sensitivity analysis was performed using the “leave-
one-out” method, which repeated the analysis by removing
each study one by one.

Results

Literature search and selection process

The initial literature search yielded 6,781 studies, includ-
ing 567 from PubMed, 2,284 from Scopus, 757 from
the Web of Science, and 3,173 from Embase. Dupli-
cates (n=3,110) were removed, and the remaining 3,671
underwent title/abstract screening. At this stage, 3,591
studies were excluded, and 80 others were screened based
on their full texts. Among these, 69 others were excluded
based on the reasons explained in Fig. 1. Figure 1 shows
a PRISMA flowchart diagram of the search and selection
process.

Included studies characteristics
Finally, 11 studies were included in the final system-
atic review and meta-analysis [31-41]. Table 1 shows
the baseline characteristics of the included studies and
their populations. These studies were published from
2022 to 2024, their design was observational, and they
were mainly conducted in the United States (five stud-
ies) [32, 35, 36, 39, 41], and Taiwan (three studies) [33, 34,
37]. Notably, the population of the Chiang et al. (2024)
[34] study was a subset of the Chiang et al. (2023) [33]
comprising only colorectal cancer patients. In these
studies, 88,096 diabetic patients were examined. Out of
these, 20,538 were treated with SGLT2 inhibitors, while
67,558 were not. The mean age of the SGLT2 inhibitor
group was 61.68+10.71 years, compared to 68.24+9.48
years in the non-SGLT2 inhibitor group, which was sig-
nificantly higher (p-value<0.01). Among them, 49% were
male (48.10% in the SGLT?2 inhibitor group and 49.30%
in the non-SGLT?2 inhibitor group). Hypertension, atrial
fibrillation, hyperlipidemia, and chronic kidney disease
were present in 85.60%, 17.11%, 60.15%, and 19.8% of the
patients, respectively, while there was no significant differ-
ence between groups. In the SGLT?2 inhibitor group, the
most prevalent cancer was gastrointestinal (23.26%), fol-
lowed by hepatocellular carcinoma (22.04%). However, the
most frequent non-small cell lung carcinoma was 39.74%.
Figure 2 displays the baseline characteristics of the patients
and their corresponding prevalence rates.

Supplementary Table 2 shows the qualities of included
studies based on NOS criteria. All studies had scores
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ranging from 7 to 9, indicating high quality. Table 2 sum-
marizes the outcomes assessed in each of the included
studies. Arrhythmia was reported in five of the studies,
HF hospitalization in seven, adverse events in four of the
studies, and mortality in all of the included studies.

Meta-analysis of mortality in SGLT2 inhibitor vs. non-SGLT2
inhibitor

Among the studies included in the analysis, out of a
total of 87,163 patients, 35,706 (40.96%) died. This con-
stituted 2,442 (12.37%) out of 19,733 in the SGLT2
inhibitor group and 33,264 out of 66,724 (49.85%) in the
non-SGLT?2 inhibitor group. Random-effect meta-analysis
of all-cause mortality showed that patients in the SGLT2
inhibitor group had significantly lower rates of mortality
compared to the non-SGLT?2 inhibitor group (RR 0.46, 95%
CI 0.34 to 0.63, p-value<0.0001). This analysis showed a
high level of heterogeneity (: 98%). The forest plot for this
meta-analysis is shown in Fig. 3.

Removal of outlier studies (Henderyx et al. (2022) [36],
Huang et al. (2023) [37], and Fath et al. [41]) resulted
in the same lower rate of all-cause mortality in the
SGLT?2 inhibitor group (RR 0.42, 95% CI 0.30 to 0.58,
p-value<0.0001, Supplementary Fig. 1). A sensitivity
analysis using the leave-one-out method was also per-
formed. As shown in Supplementary Fig. 2, removing
each study did not affect the overall effect size in terms
of significance. Publication bias assessment by visual
inspection of the funnel plot showed asymmetry with
four added studies, resulting in an RR of 0.30 (95% CI
0.20 to 0.46, p-value<0.0001, Supplementary Fig. 3).
However, Egger’s statistical test showed no publication
bias (p-value=0.31).

Cancer-related mortality was assessed in two studies by
Chiang et al. (2024) and Huang et al. [34, 37]. As shown
in a forest plot in Fig. 4, diabetic cancer patients with
SGLT?2 inhibitor use had a significantly lower rate of can-
cer-related mortality compared to the non-SGLT?2 inhibi-
tor group (RR 0.29, 95% CI 0.27 to 0.30, p-value <0.0001,
P: 0%).

Meta-analysis of HF hospitalization in cancer patients with
and without the use of SGLT2 inhibitor
Seven of the studies assessed HF hospitalization in the
follow-up of cancer patients [31-33, 35, 38, 40]. Fig-
ure 5 shows the forest plot for this meta-analysis. Ran-
dom-effect meta-analysis of these studies revealed that
patients in the SGLT2 inhibitor group had a lower rate
of HF hospitalization compared to controls (RR 0.44,
95% CI 0.27 to 0.70, p-value = 0.00067. There was an 1% of
43.5% for the heterogeneity in this analysis.

This meta-analysis found no outlier, as shown in the
forest plot in Supplementary Fig. 4. Moreover, leave-one-
out sensitivity analysis did not change the overall effect
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SGLT2i

Lymphoma
3%

CKD (%)

Non-SGLT2i

Male Hypertension Atrial Fibrillation Hyperlipidemia CKD
2 SGLT2i 9,878/20,538 2,842/3,803
é (n=20,538) (48.10%) (74.73%)
-
=
4 Non-SGLT2i 33,306/67,558 29,551/34,041 491/3,058 14,570/63,173
M (n=67,558) (49.30%) (86.81%) (16.06%) (23.06%)
Odds Ratio 0.98 0.96 1.00 1.13 1.11
(95% CI) (0.88-1.10) (0.82-1.11) (0.85-1.18) (1.00-1.27) (0.81-1.51)
P-Value 0.77 0.57 0.99 0.05 0.51

Fig. 2 Baseline characteristics of included studies populations

size significance (Supplementary Fig. 5). There was no
asymmetry in the funnel plot (Supplementary Fig. 6),
implying no publication bias. Similarly, Egger’s test was
insignificant for this analysis (p-value =0.70).

Meta-analysis of arrhythmia in SGLT2 inhibitor vs. non-
SGLT2 inhibitor

Five studies evaluated arrhythmia as an outcome in
patients with cancer and diabetes [32, 34, 35, 40]. A
meta-analysis of these studies showed that patients on
SGLT?2 inhibitor had a statistically lower rate of arrhyth-
mia compared to controls (RR 0.38, 95% CI 0.26 to 0.56,
p-value<0.0001). The forest plot for this analysis is
shown in Fig. 6. There was no heterogeneity (I%: 0%).

Meta-analysis of adverse events in SGLT2 inhibitor vs. non-
SGLT2 inhibitor

Adverse events of medications were analyzed based on
the findings of four studies [31-33, 35]. Meta-analysis
showed that patients in the SGLT2 inhibitor group had a
lower rate of these adverse events (RR 0.51, 95% CI 0.42
to 0.62, p-value<0.0001, Fig. 7). The details of adverse
events and their types are shown in Table 2.

Discussion

In this systematic review, we examined the existing body
of evidence regarding the beneficial effects of SGLT2
inhibitors on chemotherapy-induced cardiotoxicity. We
identified 11 eligible studies reporting adverse cardio-
vascular and mortality outcomes. Our meta-analysis
reveals that patients undergoing treatment with SGLT2
inhibitors exhibited significantly reduced incidences of
all-cause and cancer-specific mortality, HF hospitaliza-
tions, and arrhythmias when compared to control groups.

Furthermore, these patients experienced fewer incidences
of adverse effects such as diabetic ketoacidosis, hypergly-
cemia or hypoglycemia, urinary tract infection, and sepsis.

Half of the studies analyzed within this meta-analysis
incorporated anthracyclines as components of their can-
cer treatment regimens. Anthracyclines are widely used
chemotherapeutics in a vast majority of malignancies,
such as breast and ovarian cancer, lymphoma, and gas-
tric cancer [42-44]. Acute anthracycline cardiotoxicity
can cause ST-segment and T-wave abnormalities; how-
ever, late anthracycline cardiotoxicity can manifest as
congestive HF and LV dysfunction [11, 27, 45, 46]. These
agents exert myocardial damage by inducing mitochon-
drial injury and forming reactive oxygen species (ROS)
and autophagy [47-50]. Alkylating agents represent
another commonly used class of chemotherapy medica-
tions. They can stimulate arachidonic pathway activa-
tion, resulting in increased platelet activity. Additionally,
they inflict mitochondrial dysfunction and direct endo-
thelial damage via augmented oxidative stress. These
agents can lead to acute cardiotoxicity, subsequently
causing HF, arrhythmia, myocarditis, and pericarditis
[46, 51, 52]. In particular, cisplatin can lead to late car-
diovascular complications, including LV hypertrophy,
myocardial ischemia, or infarction, even up to 20 years
after achieving cancer remission [53]. Antimetabolites
like 5-fluorouracil (5-FU) may lead to acute coronary
syndromes in patients and, less commonly, can cause
HE, arrhythmias, and myocarditis [54—56]. 5-FU is sug-
gested to induce increased ROS production and trigger
a procoagulant state and cardiomyocyte apoptosis [52,
57]. Antimicrotubular agents directly affect the heart’s
electrical conduction system, which may induce various
types of arrhythmias, including sinus bradycardia, heart
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Table 2 Outcomes of SGLT2 inhibitor group vs. non-SGLT2 inhibitor group among included studies
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Study

Arrhythmias

HF hospitalization

Adverse events
(%in SGLT2i group/% in non-
SGLT2i group)

Mortality

Abdel-Qadir et al.
2023

Avula et al. 2024

Chiang et al. 2023

Chiang et al. 2024

Fath et al. 2024

Gongora et al. 2022

Hendryx et al. 2022

Huang et al. 2024

Hwang et al. 2023

Luo et al. 2023

Perelman et al.
2024

SGLT2i: 15/640
Non-SGLT2i: 37/640

SGLT2i: 0/92
Non-SGLT2i: 1/92

SGLT2i: 17/706
Non-SGLT2i: 46/706
SGLT2i: 1/32
Non-SGLT2i: 10/96

SGLT2i: 0/24
Non-SGLT2i: 6/95

SGLT2i: 0/99
Non-SGLT2i: 31/834

SGLT2i: 85/640
Non-SGLT2i: 154/640
SGLT2i: 5/878
Non-SGLT2i: 19/878

SGLT2i: 10/706
Non-SGLT2i: 37/706
SGLT2i: 1/32
Non-SGLT2i: 12/96

*Per 100 person-years

With DM control:
SGLT2i: 0.1
Non-SGLT2i: 0.1
*Event Rate
SGLT2i: 2/780
Non-SGLT2i: 6/3455

SGLT2i: 1/24
Non-SGLT2i: 1/95

Diabetic ketoacidosis,

Hyperosmolar hyperglycemic state,
hyperglycemia (0/1.8), Hypoglycemia
(<6/2.6)

Urinary tract infection (9/16), Lower
extremity amputation (1.6/ 1.6)
Diabetic ketoacidosis (0.4/0.6) Uro-
sepsis (1/4), Sepsis (5/15), Hypogly-
cemia (1/3), Acute kidney injury (5/7),
Fournier's gangrene (0.1/0)

Diabetic ketoacidosis (0/0), Sepsis
(7.6/13), Urosepsis 0/6.5), Acute
kidney injury (5.4/3.3), Hypoglycemia
(3.3/4.3), Fournier's gangrene (0/0)

Sepsis (12/27), Neutropenic fever
(9/20), Urinary tract infection (9/28),
Genital yeast (9/ 3)

*Per100 person-years
SGLT2i: 8.9
Non-SGLT2i: 16.6

SGLT2i: 73/640
Non-SGLT2i: 194/640
SGLT2i: 124/878
Non-SGLT2i: 362/878

*All-cause mortality
SGLT2i: 8/92
Non-SGLT2i: 32/92
*Caner-associated
SGLT2i: 6/92
Non-SGLT2i: 19/92
SGLT2i: 164/706
Non-SGLT2i: 200/706
SGLT2i:3/32
Non-SGLT2i: 41/96

SGLT2i: 78/137
Non-SGLT2i: 2348/3048
*All-cause mortality
SGLT2i:1732/16,711
Non-SGLT2i:12,116/33,422
*Caner-associated
SGLT2i:

Non-SGLT2i:

*Per 100 person-years
SGLT2i: 1.26
Non-SGLT2i: 2.72
*Event Rate

SGLT2i: 3/780
Non-SGLT2i: 26/3455

SGLT2i: 260/531
Non-SGLT2i:17,921/24,384
SGLT2i: 5/24

Non-SGLT2i: 56/95

CAD: coronary artery disease, HF: heart failure, RAAS: renin-angiotensin aldosterone system, SGLT2i: sodium-glucose cotransporter 2 inhibitor

blocks, premature ventricular contractions, and ventric-
ular tachycardia [57, 58]. Monoclonal antibodies often
result in low or high blood pressure. They may also cause
left ventricular dysfunction and HF, especially when used
with other chemotherapy drugs [59, 60]. Immune check-
point inhibitors stimulate the host’s immune system
to target the cancer cells. However, their action on the
immune system may result in the overactivation of inflam-
matory responses, which can affect other organs, such as
the cardiovascular system, thereby inducing myocarditis,
acute coronary syndrome, HF, and arrhythmias [61, 62].
Recent clinical studies have been mainly focused on
the cardioprotective properties of SGLT2 inhibitors in

relation to overall mortality, incidence of HF hospitaliza-
tion, and arrhythmias. In this meta-analysis, we aimed to
investigate the cardiovascular benefits of SGLT?2 inhibi-
tors in cancer treatment. The findings showed a notable
decrease in all-cause mortality among the group receiv-
ing SGLT2 inhibitors compared to the control group in
our combined analysis. It is important to note that in our
analysis, patients in the control group were older, whereas
patients receiving SGLT2 inhibitors had a significantly
higher prevalence of hyperglycemia. One of the notable
findings is that the beneficial effects of SGLT2 inhibitors
on mortality were more pronounced with higher doses
and longer administration durations. In this regard, Luo
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SGLT2i Non-SGLT2i

Author Event Total Event Total Risk Ratio RR 95%-Cl Weight
Avula et al. 2023 73 640 194 640 = 0.38 [0.29;0.48] 13.2%
Chiang et al. 2023 124 878 362 878 = 0.34 [0.29;0.41] 13.7%
Fath et al. 2024 164 706 200 706 P 0.82 [0.69;0.98] 13.7%
Gongora et al. 2022 3 32 41 96 ——+—— 0.22 [0.07;0.66] 5.1%
Hendryx et al. 2022 78 137 2348 3048 0.74 [0.64;0.86] 13.9%
Huang et al. 2023 1732 16711 12116 33422 0.29 [0.27;0.30] 14.3%
Hwang et al. 2023 3 780 26 3455 —_— 0.51 [0.16;1.68] 4.6%
Luo et al. 2023 260 531 17921 24384 0.67 [0.61;0.73] 14.2%
Perelman et al. 2024 5 24 56 95 —&— 0.35 [0.16;0.78] 7.4%
Overall effect 20439 66724 > 0.46 [0.34; 0.63] 100.0%
Prediction interval — [0.16; 1.34]

Heterogeneity: 12 = 98% [98%; 99%], p < 0.01 ' ' f !
0.1 05 1 2 10

Fig. 3 Forest plot for meta-analysis of all-cause mortality in patients in the SGLT2 inhibitor group vs. non-SGLT2 inhibitor group

SGLT2i Non-SGLT2i

Author Event Total Event Total Risk Ratio RR 95%-Cl Weight

Chiang et al. 2024 6 92 19 92 ——H+—r 0.32 [0.13;0.75] 0.4%

Huang et al. 2023 1331 16711 9305 33422 : 0.29 [0.27;0.30] 99.6%

Overall effect 16803 33514 ¢ 0.29 [0.27; 0.30] 100.0%
[ 1

I I T
02 05 1 2 5

Heterogeneity: 1% = 0%, p =0.82

Fig. 4 Forest plot for meta-analysis of cancer-related mortality in patients in the SGLT2 inhibitor group vs. non-SGLT2 inhibitor group

SGLT2i Non-SGLT2i

Author Event Total Event Total Risk Ratio RR 95%-Cl Weight
Abdel-Qadir et al. 2023 0 99 31 834 —————+—1— 0.13 [0.01; 2.16] 2.8%
Avula et al. 2023 85 640 154 640 0.55 [0.43; 0.70] 42.1%
Chiang et al. 2023 5 878 19 878 — 0.26 [0.10; 0.70] 15.8%
Fath et al. 2024 10 706 37 706 = 0.27 [0.14; 0.54] 23.8%
Gongora et al. 2022 1 32 12 96 — 0.25 [0.03; 1.85] 5.1%
Hwang et al. 2023 2 780 6 3455 —— 1.48 [0.30; 7.30] 7.5%
Perelman et al. 2024 1 24 1 95 ——T—+—— 3.96[0.26;61.02] 2.9%
Overall effect 3159 6704 > 0.44 [0.27; 0.70] 100.0%
Prediction interval — [0.14; 1.32]

Heterogeneity: 12 = 44% [0%; 76%], p = 0.10 ' f f '
0.01 0.1 1 10 100

Fig. 5 Forest plot for meta-analysis of heart failure hospitalization in patients in the SGLT2 inhibitor group vs. non-SGLT2 inhibitor group

SGLT2i Non-SGLT2i

Author Event Total Event Total Risk Ratio RR 95%-Cl Weight
Avula et al. 2023 15 640 37 640 — 0.41 [0.22;0.73] 43.0%
Chiang et al. 2024 0 92 1 92 0.33 [0.01;8.08] 1.5%
Fath et al. 2024 17 706 46 706 - 0.37 [0.21; 0.64] 50.0%
Gongora et al. 2022 1 32 10 96 ——r— 0.30 [0.04;2.25] 3.7%
Perelman et al. 2024 0 24 6 95 0.30 [0.02;5.14] 1.9%
Overall effect 1494 1629 < 0.38 [0.26; 0.56] 100.0%
Prediction interval — [0.20; 0.71]
Heterogeneity: 12=0% [0%; 79%], p = 1.00

01 0512 10

Fig. 6 Forest plot for meta-analysis of arrhythmia in patients in the SGLT2 inhibitor group vs. non-SGLT2 inhibitor group
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SGLT2i Non-SGLT2i
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Author Event Total Event Total Risk Ratio RR 95%-Cl Weight
Abdel-Qadir et al. 2023 0 99 15 834 ; 0.27 [0.02;4.49] 0.5%
Avula et al. 2023 69 640 115 640 L] 0.60 [0.45;0.79] 35.0%
Chiang et al. 2023 97 878 215 878 i 0.45 [0.36; 0.56] 46.6%
Gongora et al. 2022 13 32 75 96 - 0.52 [0.34;0.80] 17.9%
Overall effect 1649 2448 ¢ 0.51 [0.42; 0.62] 100.0%
Prediction interval — [0.28; 0.94]
T 1T 1

Heterogeneity: 12=0% [0%; 85%], p = 0.44

0.1 051 2 10

Fig. 7 Forest plot for meta-analysis of adverse events in patients in the SGLT2 inhibitor group vs. non-SGLT2 inhibitor group

et al. [39] demonstrated that both short and long-term
use of SGLT?2 inhibitors was associated with a significant
reduction in mortality. Longer use was more effective in
patients with lung adenocarcinoma. This reduction was
significantly persistent even after adjusting for all covari-
ates, including patients’ demographics, tumor characteris-
tics, and cancer treatments. Additionally, SGLT?2 inhibitors
notably improved overall and cancer-specific survival in a
dose-dependent manner. In most of the studies, propensity
score matching was used to ensure a similar distribution of
baseline covariates between the SGLT2 inhibitor-treated
and untreated groups [32, 63]. A significant reduction in
mortality following the SGLT2 inhibitors use may have
been attributed to a decreased number of cardiovascu-
lar events, and amelioration of oxidative stress, which is
demonstrated by the increase in expression of antioxidant
markers, such as superoxide dismutase, catalase, and glu-
tathione peroxidase, protein carbonyl group levels, along
with decreasing ROS, myeloperoxidase, and malondial-
dehyde levels. Additionally, these trials demonstrated a
significant modulation of main inflammatory cytokines,
such as circulating levels of interleukin-6, interleukin-1(,
and C-reactive protein (CRP), followed by SGLT?2 inhibi-
tors use [64—67]. Another possible explanation could be
the antineoplastic potential of SGLT?2 inhibitors, which are
used to inhibit SGLT?2 receptors in tumor cells. This inhi-
bition can impair the tumor cells’ ability to uptake glucose,
which serves as their primary energy source. It leads to a
fasting-like state with resultant decreased proliferation/
growth of tumor cells [18, 68, 69]. This is consistent with
the Warburg effect, which reveals tumor cells’ tendency to
produce energy by increasing glucose uptake and fermen-
tation of glucose to lactate [70]. Similar to these results,
clinical studies demonstrated reduced tumor growth in
patients taking SGLT2 inhibitors with lung adenocarci-
noma, gastrointestinal, liver, pancreas, and prostate can-
cers, possibly by providing a synergistic effect with other
cancer therapies [71-73]. Altogether, this evidence pro-
poses the possibility of the role of SGLT2 inhibitors in
blocking glucose uptake by tumor cells and improving
patients’ survival.

A total of six studies investigated the effects of SGLT2
inhibitors on the incidence of HF hospitalization. Our
findings indicate a significantly lower incidence of HF
hospitalization on SGLT2 inhibitors compared to the
control group. In the study conducted by Abdel-Qadir
et al. [31], there was no HF hospitalization in the SGLT2
inhibitor group (P<0.001). However, the overall risk
reduction of HF incidence was not statistically signifi-
cant. Gongora et al. also reported a reduced incidence
of HF admission and newly diagnosed cardiomyopathy,
although the reported P value was a composite of car-
diovascular outcomes and not HF alone. Similarly, no
cases of doxorubicin-induced cardiotoxicity were observed
in patients taking SGLT2 inhibitors. Avula et al. [32] and
Chiang et al. [34] demonstrated significantly lower rates
of HF exacerbations in SGLT2 inhibitors (P<0.0003 and
P=0.009, respectively). Moreover, Chiang et al. reported
a 72% reduction in the risk of HF hospitalization with
SGLT2 inhibitors (P=0.013). In the studies conducted by
Hwang et al. [38] and Perelman et al. [40], HF hospitaliza-
tion was lower in the SGLT2 inhibitors group, although
not statistically significant. This could be due to the rela-
tively low number of patients included in the treatment
group. Our analysis was concordant with previous clinical
trials in patients with diabetes or HF, demonstrating the
protective effects of SGLT2 inhibitors on reducing the rate
of HF hospitalization [3, 4, 6, 7].

Concerning the anti-arrhythmic effects of SGLT2
inhibitors, our pooled analysis of four studies revealed
their protective effect on the incidence of arrhythmias,
particularly atrial fibrillation/flutter. However, Perelman
et al. [40] found a non-significantly lower incidence of
arrhythmias in patients receiving SGLT2 inhibitors. Our
findings are consistent with a meta-analysis of 34 clini-
cal trials, demonstrating the significant effect of SGLT2
inhibitors in reducing the incidence of atrial arrhythmias,
particularly atrial fibrillation, in patients with diabetes
mellitus or HF with a 0.81-fold reduction [74]. Dapa-
gliflozin and empagliflozin reduce late sodium channel
currents in cardiomyocytes and, thereby, prevent the
cardiac action potential prolongation and reduce the
risk of arrhythmias [75, 76]. They also modulate calcium
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homeostasis, which reduces intracellular calcium over-
load and stabilizes cellular ion balance [77, 78]. Further-
more, these agents offer an alternative energy source for
myocardial cells by enhancing the production of ketone
bodies. Utilizing ketone bodies as an energy source within
myocardial cells has demonstrated antiarrhythmic proper-
ties. In addition, SGLT2 inhibitors can decrease chemo-
therapy-related nephrotoxicity in some anti-neoplastic
agents such as cisplatin, which in turn lowers the risk of
hypomagnesemia and hypokalemia, as the predisposing
factors for inducing arrhythmia [79].

One of the notable findings of our study was that the
SGLT?2 inhibitors use not only did not increase the risk
of adverse effects but, in some cases, actually led to a
decrease in such effects. Specifically, in these cohorts, we
observed lower rates of sepsis, urinary tract infections,
and neutropenic fever among patients receiving SGLT2
inhibitors compared to those who did not. Addition-
ally, we observed a decrease in the number of cases of
acute kidney injury, diabetic ketoacidosis, as well as both
hyperglycemia and hypoglycemia in this group [31, 32,
34, 35]. These findings suggest the safety of using these
agents in high-risk patients diagnosed with cancer. This
is consistent with evidence from previous clinical trials
demonstrating the safety of prescribing SGLT?2 inhibitors
to patients with cancer [80]. Given that cancer patients
are at greater risk of complications following drug pre-
scriptions, investigating the safety of any new agents
should be carefully considered. In this regard, SGLT2
inhibitors have demonstrated promising results and,
as previously discussed, appear to provide protection
against the occurrence of adverse effects.

This study was the most comprehensive systematic
review investigating the most-updated studies in assess-
ing SGLT2 inhibitors use in patients with cancer under-
going treatment. One of our study’s strengths is the
analysis of a wide variety of outcomes, including both
efficacy and safety outcomes. The high number of inves-
tigated populations compared to previous studies is
another strength of our investigation and could add fur-
ther value to these findings, which, with a rigorous meth-
odology, could have clinical implications. However, this
study’s findings should be interpreted within the limita-
tions associated with retrospective cohort designs which
highlights the need for interpreting these findings cau-
tiously. First, the generalizability of the findings could be
a limitation since most of the studies were conducted in
particular world regions such as the United States and
Taiwan. Furthermore, taking into account the diversity
and heterogeneity among patients across the majority of
the studies, which exhibit considerable variation in terms
of cancer types, the stage of cancer, the presence of dis-
tant metastasis, and the administration of chemotherapy
drugs, is essential. Another limitation could be the small
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study effects or unpublished negative studies, which we
tried to partially minimize by performing a publication
bias assessment. In addition, several other outcomes such
as myocardial infarction and stroke were not assessed
among the included studies and hence, we were unable to
pool the evidence for them. Considering that the mecha-
nisms by which each chemotherapeutic agent induces car-
diotoxicity differ in some levels, it is recommended that
upcoming investigations focus on specific types of cancer
and groups of drugs per study to enhance specificity. This
approach will allow for a more accurate and reliable assess-
ment of the cardioprotective efficacy of SGL2 inhibitors on
particular types of cancer and associated chemotherapy
drugs and provide more efficient strategies to approach
cardiotoxicity in cancer patients. Examining the impact of
SGLT?2 inhibitors on different doses of each chemotherapy
medication is also suggested. It is further recommended
that future studies explore more detailed cardiovascular
outcomes, particularly ischemic heart disease, pericarditis,
and myocarditis.

Conclusion

SGLT?2 inhibitors have been found to effectively reduce
cardiotoxicity in patients undergoing chemotherapy, spe-
cifically in terms of reducing heart failure hospitalization
and arrhythmia. Furthermore, the use of these medica-
tions has been linked to significantly decreased all-cause
and cancer-related mortality. These findings revealed
the robust potential of these agents in mitigating and
even preventing chemotherapy-induced cardiotoxicity.
It appears that the beneficial effects of SGLT2 inhibitors
on chemotherapy-induced cardiotoxicity stem not only
from their direct protective effects on the cardiovascu-
lar system, such as their ameliorating effects on oxidative
stress and mitochondrial dysfunction, but also indirectly
through their protective effects on other organs, such as
the kidneys, as well as their anti-cancer properties. How-
ever, as the included studies were retrospective cohorts,
there is a compelling need for prospective clinical trials
to further investigate and demonstrate the cardioprotec-
tive effects of SGLT2 inhibitors in patients undergoing
chemotherapy treatment. If confirmed by future studies,
this treatment could become an important addition to the
relatively limited pharmaceutical cardio-protection tools
existing in this era. This calls for studies regarding larger
cancer populations, with criteria beyond the presence or
absence of diabetes.
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