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Abstract

Background SGLT-2 inhibitors (SGLT-2i) lower blood glucose levels in type 2 diabetes by inhibiting renal glucose

reabsorption. While the relationship between SGLT-2i and breast cancer remains inconclusive, emerging evidence
suggests potential anticancer properties. This systematic review and meta-analysis compares the effects of SGLT-2i
and DPP-4i on breast cancer incidence and related mortality to clarify current conflicting evidence.

Methods An extensive literature search was conducted using MeSH terms and relevant keywords related to

SGLT-2 inhibitors, breast cancer, and mortality across PubMed, Scopus, and Google Scholar up to August 12, 2023.
Additionally, reference lists of the included studies were manually screened to identify further eligible articles. Data
on the impact of SGLT-2 inhibitors on breast cancer and its associated mortality were extracted from the included
studies. Findings were presented using hazard ratios (HR) with 95% confidence intervals (Cl) displayed in a forest plot.
At the same time, heterogeneity was assessed using the I? statistic, applying a random-effects model for significant
heterogeneity.

Results Seven cohort studies involving 408,026 individuals were included. SGLT-2 inhibitors were not associated with
a significant difference in breast cancer risk compared to DPP-4 inhibitors (HR=1.03, 95% Cl: 0.82-1.30, p>0.05), but
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0.65-0.77, p<0.05).

were linked to a 30% reduction in breast cancer-specific mortality and improved overall survival (HR=0.71, 95% Cl:

Conclusions The impact of SGLT-2 inhibitors and DPP-4 inhibitors on breast cancer incidence appears to be
comparable. However, SGLT-2 inhibitors may confer a greater reduction in breast cancer-related mortality and
potentially improve overall patient survival compared to DPP-4 inhibitors. Given the observed heterogeneity among
existing studies, larger, high-quality randomized controlled trials are warranted to validate these findings.

Keywords SGLT-2i, DPP-4i, Breast cancer, Diabetes, Mortality, Cancer, Meta-analysis

Background

Breast cancer is the most common cancer in women
worldwide and ranks as the second leading cause of
cancer-related mortality among women globally. Despite
significant advances in treatment, breast cancer contin-
ues to be a major cause of mortality, particularly in cases
of advanced metastatic disease [1-4]. Breast cancer is a
highly heterogeneous disease with distinct molecular
subtypes, each exhibiting unique clinical behaviors and
progression pathways. These subtypes rely on various
metabolic and signaling mechanisms, such as aerobic gly-
colysis, to sustain tumor growth and survival [5]. Breast
cancer cells primarily rely on aerobic glycolysis for energy
production to sustain their growth and survival; they
employ strategies to increase glucose uptake and utili-
zation to boost adenosine triphosphate (ATP) produc-
tion [6—8]. This underscores the critical role of glucose
metabolism in cancer cell survival, further highlighting
the therapeutic potential of Sodium-glucose co-trans-
porter-2 inhibitors (SGLT-2i) and dipeptidyl peptidase-4
inhibitors (DPP-4i) in breast and other cancers.

SGLT-2i and DPP-4i are two distinct classes of oral
antidiabetic medications, each with unique mechanisms
of action contributing to their efficacy in managing type
2 diabetes mellitus (T2DM). SGLT-2 inhibitors function
by inhibiting the SGLT-2 protein in the renal proximal
tubules, thereby reducing glucose reabsorption and pro-
moting its excretion through urine [9]. SGLT-2 inhibi-
tors have demonstrated the ability to suppress cancer cell
growth in renal, liver, and colon cancers by inhibiting glu-
cose uptake. This mechanism aligns with recent evidence
highlighting the crucial role of SGLT-2 in cancer devel-
opment. In breast cancer, the overexpression of SGLT-2
has been confirmed, further suggesting a potential link
between SGLT-2 activity and tumor progression [10-16].

Recent studies on the cancer-related risks associated
with SGLT-2 and DPP-4 inhibitors have yielded conflict-
ing evidence. A meta-analysis suggests that canagliflozin,
an SGLT-2 inhibitor, may offer protective effects against
gastrointestinal cancers. In contrast, empagliflozin has
been linked to a higher risk of bladder cancer. Retrospec-
tive data from Taiwan showed that SGLT-2 inhibitor use
was associated with lower cancer-related mortality com-
pared to DPP-4 inhibitors. Other studies also indicate a

reduced risk of urinary tract and hematological cancers
among SGLT-2 inhibitor users [17]. On the other hand,
in a population-based study, SGLT-2 inhibitors signifi-
cantly lower the risks of hepatocellular carcinoma (HCC)
compared to DPP-4 inhibitors in patients with T2DM.
SGLT-2 inhibitors exhibited protective effects by reduc-
ing inflammation, fat accumulation, and liver disease
progression, thereby decreasing cancer-related and all-
cause mortality [18].

In contrast, DPP-4 inhibitors exert their therapeutic
effects by inhibiting the enzyme dipeptidyl peptidase—4,
which degrades incretin hormones such as glucagon-like
peptide-1 (GLP-1). By prolonging the action of these
hormones, DPP-4 inhibitors enhance glucose-dependent
insulin secretion and suppress glucagon release, thereby
improving glycemic control [19]. While early studies
suggested a potential link between DPP-4 inhibitors
and increased risks of pancreatic and thyroid cancers,
recent meta-analyses show no significant association
with overall cancer incidence [20]. DPP-4 inhibitors
may impair postoperative outcomes in colorectal cancer
patients by promoting epithelial-to-mesenchymal tran-
sition (EMT) and fostering a tumor-permissive immune
environment, thus reducing disease-free survival rates
[21]. Similarly,some studies have linked DPP-4 inhibi-
tors to increased risks of liver, kidney, and bladder can-
cers, as well as melanoma. However, other studies report
no significant association across different drug subclasses
[17]. Conversely, sitagliptin, a DPP-4 inhibitor, has been
reported to reduce breast cancer risk in women with
T2DM [20].

Despite these findings and the contradictory evidence
regarding the cancer-related risks of SGLT-2 and DPP-4
inhibitors, significant uncertainty persists about their
comparative associations with the incidence of various
cancers. Given the widespread use of these medications,
this review aims to evaluate the impact of SGLT -2 inhib-
itors relative to DPP-4 inhibitors on the risk of breast
cancer in patients with T2DM.

Method

Registration and reporting

In this systematic review and meta-analysis, we aimed to
investigate the impact of Sodium-glucose cotransporter-2
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inhibitors on breast cancer and cancer-related mortality.
The current investigation followed the guidelines estab-
lished in the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) to conduct a
thorough systematic review and meta-analysis [22]. The
design protocol for our study was appropriately regis-
tered in the Open Science Framework (OSF) (https://do
i.org/10.17605/OSEIO/ZHCTD).

Literature search

The first phase involved identifying pertinent keywords
using Medical Subject Headings (MeSH) terminol-
ogy. Following this, an in-depth investigation was con-
ducted until August 12, 2023. The inquiry incorporated
the databases PubMed, Scopus, and Google Scholar.
Searches included article titles, abstracts, and keywords
using advanced database filters. To increase the preci-
sion of the search, the strategy comprised three main
subgroups of keywords and MeSH terms: one subgroup
included terms related to the generic, brand, and pre-
marketing titles of distinct SGLT-2 inhibitors; the other
two included keywords and terminology related to breast
cancer and mortality, respectively. These subgroups were
combined using the ‘AND’ operator.

Additionally, we analyzed reference lists of included
investigations to identify potentially qualifying stud-
ies. No explicit limitations or restrictions were imposed
regarding the date, publication type, or language. The
search approach employed in this study is shown in
Table 1.

Study selection

This study investigates the inclusion and exclusion cri-
teria employed in the research design. The researchers
utilized specified criteria for inclusion and exclusion to
discover appropriate publications. The study’s inclusion
criteria encompassed the following:

1. The study design needed to include either
observational cohort studies (including retrospective
and prospective), randomized controlled trials, or
early-phase clinical trials published in peer-reviewed
publications and accompanied by comprehensive
analysis.

2. The trials included in the examination must
have examined using SGLT -2 inhibitors as an
intervention for breast cancer.

3. The present study incorporated research
investigations that examined the comparative
efficacy of SGLT -2 inhibitors concerning placebo,
active therapies, or no intervention among adults
aged 18 years or older.
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4. Our study encompassed investigations documenting
at least one instance of breast cancer or one fatality
attributed to breast cancer.

5. The outcomes of breast cancer incidence or cancer-
related mortality must be reported in clinical trials.
This includes documented breast cancer cases,
cancer-related deaths, and pertinent data required
for calculating the effect magnitude (such as hazard
ratios, relative risks, or odds ratios).

The exclusion criteria encompassed the following:

1. The survey population was restricted to breast
cancer patients, excluding those with other types of
cancer.

2. Excluded from the analysis were studies that
evaluated outcomes that were considered irrelevant.

3. Only observational cohort studies (including
retrospective and prospective), randomized
controlled trials, or early-phase clinical trials
that were adequately designed were included in
this analysis. Studies that utilized other methods,
were conducted on animal models, had biases, or
employed different study designs were excluded.

Data extraction

The present analysis exclusively included observational
cohort studies, encompassing retrospective and prospec-
tive designs and randomized controlled trials. Further-
more, we considered early-phase clinical trials published
in peer-reviewed journals and conducted extensive
evaluations. The main aim of our study was to examine
academic literature that explored the impact of SGLT-2
inhibitors on breast cancer and cancer-related mortal-
ity. After conducting an extensive search, removing
any duplicate entries, and retrieving pertinent articles,
two researchers meticulously examined the titles and
abstracts of the chosen studies. When inconsistencies
emerged, a third author was engaged to help the settle-
ment process through deliberation. Following this, the
subsequent phase involved thoroughly analyzing the full
text of the identified articles to determine their exact
compliance with the established inclusion criteria. All
studies that met the predetermined inclusion criteria
were included in the analysis, and if any inconsisten-
cies arose, a third reviewer was responsible for resolv-
ing them. The two reviewers systematically gathered
pertinent study data using a pre-established data collec-
tion table. The researchers collected relevant data about
the study, encompassing details such as the author’s
identification, study methodology, year of publication,
sample size, duration, and patient group characteristics.
Furthermore, the researchers collected several patient
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Table 1 Characteristic features of included studies

Page 4 of 10

The Country Participants SGLT-2i Outcome  Glycemic Control Chang- Study findings
first (female) Type esin
author body
(year) weight
Chung HongKong Total: 60,112 @ Canagliflozin:  Breast @ Metformin NM SGLT-2i may have potential
(2023) (43.64%) 24.89% cancer @ Sulfonylurea benefits in reducing mortal-
N7 SGLT-2i (18167) @ Dapagliflozin: mortality @ GLP-1RA ity, cancer-related risks, and
DPP-4i (41945)  58.1% @ Acarbose lowering the probability of
@ Empa- @ Insulin breast cancer compared to
gliflozin: 20.8% @ Thiazolidinedione placebo.
@ Ertugliflozin:
13.9%
Sutd Hungary Total: 37,116 NM Breast @ Metformin NM SGLT-2i show potential for
(2021) (NM) cancer @ Sulfonylurea reducing all-cause mortality
[26] SGLT-2i (18583) mortality @ GLP-1RA and improving cardiovascular
DPP-4i (18583) @ Metiglinides outcomes, supported by
@ Glitazones CVOTs and RWE.
@ Acarbose
@ Insulin
Chung  Taiwan Total: 106,528 @ Canagliflozin:  Breast @ Metformin NM SGLT-2i may potentially
(2022) (44.12%) 1.11% cancer @ GLP-1RA reduce all-cause mortal-
271 SGLT-2i (53264) @ Dapagliflozin: mortality @ Insulin ity, with consistent benefits
DPP-4i (53264)  55.44% across subgroups, compared
@ Empa- to other glucose-lowering
gliflozin: 43.43% drugs.
Suissa  The UK Total: 46,569 @ Canagliflozin:  Breast @ Metformin NM There is no significant as-
(2019) (100%) 17.4% cancer risk @ Sulfonylureas sociation between SGLT-2i
28] SGLT-2i (9938) @ Dapagliflozin: @ Thiazolidinedione and an increased probability
DPP-4i (36631)  54.6% @ Meglitinides of breast cancer risk.
@ Empa- @ alpha-glucosidase inhibitors
gliflozin: 27.9% @ GLP-1RA
@ Insulin
Heer- 386 sites Total: 4304 @ Dapagliflozin:  Breast NM NM Dapagliflozin can potentially
spink in21 (33.10%) 100% cancer risk reduce all-cause mortality by
(2021)  countries  SGLT-2i (2152) 31%, especially in deaths from
[29] Placebo (2152) infections and malignancies
Perkovic 690 sites Total: 4401 @ Canagliflozin:  Breast @ Sulfonylurea Areduc- Canagliflozin potentially low-
(2019) in34 (33.94%) 100% cancerrisk @ GLP—1RA tionin  ers the risks of renal complica-
[30] countries SGLT-2i (2202) @ Biguanides body tions, cardiovascular events,
Placebo (2199) @ Insulin weight  and hospitalization for heart
@ Thiazolidinediones by failure.
@ Alpha glucosidase inhibitors ~ 0.80 kg
(95% Cl,
0.69 to
0.92)
Wiviott 882 sites 17,160 (37.42%) @ Dapagliflozin: Breast @ Metformin Areduc- Dapagliflozin may reduce
(2019)  in33 SGLT-2i (8582) 100% cancer @ Sulfonylurea tionin  the probability of cardiovas-
[31] countries Placebo (8578) mortality @ Insulin body cular death and heart failure
weight  hospitalization, but with an
by increased risk of diabetic
1.8kg ketoacidosis and serious
(95% CI, infections.
1.7 to
2.0)

Abbreviations: SGLT-2i: Sodium-Glucose Co-Transporter 2 inhibitors; DPP—4i: Dipeptidyl Peptidase—4 inhibitors; GLP—1RA: Glucagon-like peptide—1 receptor
agonists; NM: Not Mentioned; CVOTs: Cardiovascular outcome trials; RWE: Real-world evidence; T2DM: Type 2 diabetes mellitus; CKD: Chronic kidney disease; Cl:
Confidence interval
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characteristics, including gender, age, starting measures,
ethnicity, and outcomes.

Study quality assessment

Two reviewers employed the critical appraisal checklists
for cohort, case-control, and analytical cross-sectional
studies established by the Joanna Briggs Institute (JBI) (h
ttps://jbi.global/critical-appraisal-tools). If there were any
discrepancies, a third author was involved in the process.

Statistical analysis

For the data analysis in this study, the software utilized
was STATA 13.1, developed by StataCorp LP, a company
based in College Station, Texas, United States. The find-
ings were presented as HRs and a 95% CI graphically
represented in a forest plot. The heterogeneity among
the eligible studies was assessed using the 12 statistic
[23]. The random effects model was employed in cases
of considerable heterogeneity (12 >50%) [24]. In addition,
a sensitivity analysis was performed in which individual
studies were systematically excluded one at a time, fol-
lowed by repeating the meta-analysis. This allowed us
to ascertain the consistency and reliability of our results.
We employed visual inspection methods of funnel plot
symmetry and Egger’s regression analysis to examine the
possibility of publication bias [25].

Result

Studyon selecti

A total of 433 records were identified through a system-
atic search of electronic databases, including PubMed
(n=92), Scopus (n=156), along with Google Scholar
(n=170) and manual reference screening (n=15).
After the removal of 40 duplicate entries, the titles and
abstracts of 393 studies were screened. Of these, 386
studies were excluded based on the inclusion and exclu-
sion criteria following title, abstract, and full-text assess-
ment. Ultimately, seven studies met the eligibility criteria
and were included in this systematic review and meta-
analysis. The detailed selection process is illustrated
in the PRISMA flow diagram (Fig. 1). Google Scholar
(n=170) Google Scholar (n=170).

Study characteristics

All the studies included in this article were published
in English between 2019 and 2023. The total number of
participants included 276,190 diabetic patients, of whom
112,888 (40.87%), 150,423 (54.46%), and 12,929 (4.68%)
were treated with SGLT-2i, DPP-4i [17, 26—28] and pla-
cebo [29-31], respectively. The most frequent subtypes
of SGLT-2i were dapagliflozin [17, 27-29, 31], and other
subtypes included canagliflozin [17, 27, 28, 30], empa-
gliflozin [17, 27, 28], and ertugliflozin [17]. These studies
were conducted in different countries, including China
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[17], Hungary [26], Taiwan [27], Germany [30], the U.K
[28]., and multiple countries [29, 31]. Four studies com-
pared the mortality due to breast cancer between SGLT-
2i versus DPP-4i/placebo, while others compared the risk
of breast cancer (Table 1).

SGLT-2i and the cancer-related mortality/risk of
breast cancer.

Reporting of the relationship between SGLT-2 inhibi-
tors and cancer-related mortality in 4 studies (2 studies
reported separated between SGLT-2 inhibitors subtypes)
showed a pooled HR of 0.71 (HR=0.71, 95% CI: 0.65—
0.77, p=0.000, 1*=0.00%). Our analysis revealed that
diabetic patients using SGLT-2 inhibitors experienced
a 30% risk reduction compared to those using DPP-4
inhibitors (Fig. 2). Leave-One-Out Sensitivity analysis
was performed by sequentially removing one study at a
time and recalculating the summary effect size and cor-
responding confidence interval. Overall, the sensitivity
analysis results were consistent with our main findings,
with no single study significantly influencing the overall
effect size estimate.

Conversely, three studies showed that SGLT-2 inhibi-
tors in diabetes mellitus (DM) patients, in comparison
with DPP-4 inhibitors, imply an equal hazard of breast
cancer in these 2 groups (HR=1.03, 95% CI: 0.82-1.30,
p=0.78, 1=0.00%) (Fig. 3).

Publication bias and sensitivity analysis

We assess publication bias through Begg’s test and a visu-
alized funnel plot. The funnel plot (Fig. 4) for both breast
cancer risk and mortality was symmetrical, indicating no
publication bias. Moreover, Begg’s test showed no signifi-
cant bias (P>0.05).

Discussion
SGLT-2 inhibitors, initially designed for managing hyper-
glycemia in diabetic patients, have demonstrated notable
anticancer potential, particularly in breast cancer treat-
ment [32, 33]. Canagliflozin, a widely studied SGLT-2
inhibitor, has demonstrated efficacy in suppressing breast
cancer cell proliferation by inhibiting mitochondrial
complex I. This disruption impairs cellular respiration
and lipogenesis, contributing to its antitumor effects.
This inhibition subsequently increases the activation of
5 adenosine monophosphate-activated protein kinase
(AMPK), leading to a metabolic shift that hinders can-
cer cell proliferation [34, 35]. Additionally, research has
revealed that dapagliflozin and canagliflozin induce cell
cycle arrest and apoptosis by activating AMPK, while
simultaneously reducing oxidative phosphorylation and
decreasing ATP levels within cancer cells, further con-
tributing to their antiproliferative effects [16, 33].

A critical mechanism behind these effects is the
inhibition of glutamine utilization, which is crucial
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Fig. 1 PRISMA diagram of current systematic review and meta-analysis

for ATP production and cellular respiration in cancer
cells. Canagliflozin’s ability to block this pathway dis-
rupts the energy supply of tumor cells, thereby sup-
pressing their growth [36, 37]. Ipragliflozin has also
been reported to exert antiproliferative effects by lim-
iting the entry of glucose and sodium into breast can-
cer cells, leading to mitochondrial destabilization and
cellular membrane hyperpolarization [15, 38]. These
mechanisms collectively highlight the broad antican-
cer potential of SGLT-2i beyond their role in diabetes
management.

\ 4

topic (n = 356)

Records Excluded due to ineligibility
for inclusion criteria (n =30):

Study design

Irrelevant outcome

Insufficient data

The anticancer effects of SGLT-2 inhibitors are not
restricted to breast cancer alone. Studies have shown that
these drugs exhibit activity against various other cancer
types, including lung, thyroid, hepatocellular, pancreatic
cancers, and even osteosarcoma [39-43]. This broad-
spectrum efficacy is likely due to the reliance of many
cancer cells on glucose uptake for energy production and
biosynthesis, a process that SGLT-2 inhibitors directly
target. These drugs effectively cut off the fuel supply
needed for tumor growth and metastasis by inhibiting
glucose transport into cancer cells.
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HR Weight
Study with 95% CI (%)
Gabor Siit6 et al., 2021 0.75[0.66, 0.86] 40.18
cheuk-to-chung et al. 2023 —— 0.57[0.43, 0.75] 9.10
cheuk-to-chung et al. 2023 (Dapagliflozin) —a— 0.65[0.46, 091] 6.05
cheuk-to-chung et al. 2023 (Canagliflozin) —— 0.82[0.53, 1.27] 3.62
cheuk-to-chung et al. 2023 (Empagliflozin) S — 0.5310.30, 0.95] 2.08
cheuk-to-chung et al. 2023 (Ertugliflozin) — 0.80[0.45, 1.43] 2.08
Heerspink., 2021 (Dapagliflozine) s — 0.42[0.19, 0.95] 1.06
Mu-Chi Chung et al., 2022 (SGLT-2) - 0.73[0.59, 0.90] 15.79
Mu-Chi Chung et al., 2022 (Dapagliflozin) - 0.76 [ 0.59, 0.98] 10.51
Mu-Chi Chung et al., 2022 (Empagliflozin) —— 0.68[0.52, 0.89] 9.36
Mu-Chi Chung et al., 2022 (Canagliflozin) 3.24[0.45, 23.35] 0.18
Overall ¢ 0.71[0.65, 0.77]
Heterogeneity: T = 0.00, I’ = 0.00%, H’ = 1.00
Test of 6, = 0;: Q(10) =9.14, p=0.52
Test of 6 =0:z=-7.93, p=10.00
1}4 i éll 1I6
Random-effects REML model
Fig. 2 Forest plot related to SGLT-2i impact on breast cancer mortality
HR Weight
Study with 95% ClI (%)
Melanie Suissaet al., 2020 —— 1.00[ 0.76, 1.31] 72.95
percovic et al. 2019 (canagliflozin) - 2.59[0.69, 9.74] 299
Wiviott et al. 2018 (dapagliflozin) —— 1.02[ 0.64, 1.63] 24.05
Overall - 1.03[ 0.82, 1.30]
Heterogeneity: T = 0.00, I” = 0.00%, H” = 1.00
Testof 8 =6:Q(2) =191, p=0.39
Testof 8=0:2=0.28, p=0.78
1 2 4 8

Random-effects REML model

Fig. 3 Forest plot of the risk of breast cancer influenced by SGLT-2i

Despite encouraging preclinical outcomes, the clini-
cal application of SGLT-2 inhibitors in oncology remains
underexplored and warrants further comprehensive
investigation. Clinical trials are necessary to determine
the safety, optimal dosage, and potential side effects of
using these drugs in cancer patients, particularly when

combined with conventional therapies like chemotherapy
and radiotherapy [33]. Additionally, identifying biomark-
ers that predict the responsiveness to SGLT-2 inhibitors
will be crucial in optimizing their therapeutic application,
particularly in aggressive breast cancer subtypes such as
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Fig.4 Funnel plots for the impact of SGLT-2i on breast cancer risk (Left) and the mortality related to breast cancer (Right)

triple-negative breast cancer (TNBC), where treatment
options remain limited [35].

In this systemic review and meta-analysis, we investi-
gated the impact of SGLT-2 inhibitors on breast cancer
and cancer-related mortality versus DPP-4 inhibitors.
This study included 408,026 Participants from 7 stud-
ies. Our findings indicate that people with DM who use
SGLT-2 inhibitors have a lower risk of cancer-related
mortality compared to those who use DPP-4 inhibitors.
In contrast, our data revealed that SGLT-2 inhibitors in
people with DM, when compared to DPP-4 inhibitors,
have the same level of risk for developing breast cancer.

This meta-analysis revealed that taking SGLT-2 inhibi-
tors resulted in a 30% reduction in cancer-related mortal-
ities (HR=0.71, 95% CI: 0.65-0.77, p=0.000, I> = 0.00%).
Chung et al. [27] investigated the correlation between
SGLT-2 inhibitors and reduced mortality rates in individ-
uals with T2DM. They reported that the use of SGLT-2
inhibitors in patients with T2DM was significantly linked
to a reduced mortality risk compared to DPP-4 inhibi-
tors in a nationwide cohort study. Their findings showed
a 34% decrease in the risk of all-cause mortality associ-
ated with SGLT-2 inhibitors. They identified a 0.73-fold
reduction in the probability of cancer death among indi-
viduals who SGLT-2 inhibitors. The benefits of using
SGLT-2 inhibitors for reducing the risk of death were
consistent across all subgroups [27]. Another study by
Chung et al. [17] compared the impact of SGLT-2 inhibi-
tors and DPP-4 inhibitors on various newly developed
cancers in 60,112 patients diagnosed with T2DM. They
discovered that SGLT-2 inhibitors are associated with a
lower risk of all-cause death, cancer-related mortality,
and the development of total cancer when compared to
DPP-4 inhibitors.

Moreover, SGLT-2 inhibitors are linked to a decreased
likelihood of developing breast cancer. Both dapagliflozin
and ertugliflozin exhibit a reduced chance of developing

new cancer cases, with dapagliflozin notably showing
a decreased risk for breast cancer [17]. Consistent with
the mentioned studies, a Hungarian nationwide study
assessed the mortality risk in T2DM treated with SGLT-2
and/or DPP-4 inhibitors. Siit§ et al. [26] illustrated that
individuals using SGLT-2 inhibitors, as opposed to
DPP-4 inhibitors, experienced a reduction in all-cause
mortality by 13% and a 25% decrease in cancer-related
mortalities [26]. Heerspink et al. examined the effective-
ness of dapagliflozin on mortality rates among chronic
kidney disease patients. Their results showed that dapa-
gliflozin effectively increased the lifespan of individuals
with chronic kidney disease, regardless of whether they
had T2DM. Additionally, the group of participants who
received dapagliflozin experienced a lower number of
fatalities caused by cancer compared to those who were
given a placebo [26].

On the other hand, our study’s findings revealed that
SGLT-2 inhibitors in patients with DM have a similar risk
of developing breast cancer compared to DPP-4 inhibi-
tors (HR=1.03, 95% CIL: 0.82-1.30, p=0.78, 12=0.00%).
Suissa et al. [28] undertook a comprehensive cohort
study to investigate the probability of breast cancer inci-
dence among British women diagnosed with T2DM.
Their research encompassed 9,938 patients who initi-
ated SGLT-2 inhibitors and 36,631 individuals who began
DPP-4 inhibitors therapy. Over approximately 2.6 years,
the incidence rates of breast cancer among individuals
using SGLT-2 inhibitors and DPP-4 inhibitors were 2.8
and 3.7 per 1,000 person-years, respectively. The com-
prehensive findings of this investigation suggest that the
utilization of SGLT-2 inhibitors does not demonstrate a
higher susceptibility to breast cancer than DPP-4 inhibi-
tors [28]. Moreover, other studies examining the impact
of canagliflozin [30] and dapagliflozin [31] on individu-
als with T2DM did not observe a significant incidence of
breast cancer throughout their investigations.
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This systematic review and meta-analysis employed
an extensive search across various databases, thereby
enhancing the probability of locating pertinent papers
and reducing the potential for biased selection. Before
the publication of this study, there existed a notable
absence of comprehensive research assessing the impact
of SGLT-2 inhibitors versus DPP-4 inhibitors on breast
cancer incidence and cancer-related mortality.

Although our study offers valuable insights, several
limitations must be acknowledged. The studies included
in our systematic review applied various methods to
adjust for potential confounding factors, such as age, sex,
and baseline characteristics. Some studies employed pro-
pensity score matching to adjust for variables such as age,
sex, comorbidities, and medication history [26, 27], while
others utilized stratified analyses based on factors like
age and kidney function [29]. In some instances, adjust-
ments were made for age, sex, and estimated glomerular
filtration rate (eGFR) to account for variations in kidney
function and demographic factors [30]. Additional stud-
ies accounted for age, sex, and cardiovascular risk factors
[31]. These diverse adjustment strategies may have con-
tributed to the variability in outcomes observed across
the studies. Moreover, the relatively high heterogeneity in
breast cancer risk reported in the included studies rep-
resents another limitation. As a result, further research
is required to validate these findings and provide more
robust, statistically significant conclusions.

Conclusion

In conclusion, the cancer-related mortality rate in
patients who were taking SGLT-2 inhibitors was lower
than that of those taking DPP-4 inhibitors. Neverthe-
less, the risk of developing breast cancer did not differ
significantly among these medication categories. The sig-
nificant heterogeneity among studies concerning breast
cancer risk highlights the need for further studies to vali-
date and enhance these results, providing a more thor-
ough comprehension of the influence of these drugs on
cancer-related outcomes in diabetic populations.
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