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Abstract

Introduction: Sodium-glucose cotransporter 2 (SGLT2) inhibitors are com-
monly used antihyperglycemic medications that also exhibit anti-inflam-
matory and antioxidant effects. Ovarian cancer, a common gynecological
neoplasm, is associated with increased inflammation and oxidative stress.
Thus, this study investigated the correlation between the usage of SGLT2
inhibitors and the incidence of ovarian cancer in a population with type 2
diabetes mellitus (T2DM).

Material and methods: A retrospective cohort study was conducted, and
patients with T2DM were divided into those who used SGLT2 inhibitors and
those who did not. A total of 163668 and 327 336 patients with T2DM were
categorized into the SGLT2 inhibitor and control groups, respectively. The
primary outcome was the development of ovarian cancer, as identified us-
ing diagnostic codes and laboratory examination findings. Cox proportional
hazard regression was adopted to yield the adjusted hazard ratios (aHRs)
with 95% confidence intervals (Cls) for ovarian cancer events between the
two groups.

Results: A total of 167 and 222 patients developed ovarian cancer in the
SGLT2 inhibitor and control groups, respectively. The incidence of ovari-
an cancer was significantly lower in the SGLT2 inhibitor group than in the
control group (adjusted hazard ratio: 0.73, 95% Cl: 0.60-0.89, p = 0.0023).
Subgroup analysis stratified by oral medications revealed that the effect of
SGLT2 inhibitors on ovarian cancer development was significantly different
from the effects of biguanides, sulfonylureas, a-glucosidase inhibitors, and
dipeptidy!l peptidase-4 inhibitors (p < 0.05).

Conclusions: This preliminary study showed that the administration of
SGLT2 inhibitors in patients with T2DM is associated with a lower incidence
of ovarian cancer.

Key words: SGLT2 inhibitors, epidemiology, ovarian cancer, duration, type 2
diabetes mellitus.
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Introduction

Type 2 diabetes mellitus (T2DM) is among the
most prevalent diseases globally and is character-
ized by increased blood glucose levels [1]. The pri-
mary pathophysiological mechanism underlying
chronic hyperglycemia and T2DM is the endoge-
nous resistance of body cells to insulin [2]. Treat-
ment for T2DM typically involves oral medica-
tions, such as biguanides and alpha-glucosidase,
and insulin injections are required for refractory
T2DM cases [3]. Sodium-glucose cotransporter 2
(SGLT2) inhibitors have become increasingly pop-
ular in T2DM treatment because of their ability
to reduce hyperglycemia by approximately 0.5%
to 1.0%, which is the primary and most crucial
mechanism of SGLT2 inhibitors [4, 5]. In another
previous study, the combined application of SGLT2
and DPP-4 inhibitors resulted in a 0.71% greater
reduction in the glycated hemoglobin level than
did DPP-4 inhibitor monotherapy [6].

In addition to having an antihyperglycemic ef-
fect, SGLT2 inhibitors exert a protective effect on
other areas of the body [4, 7], and SGLT2 inhibitors
can reduce the incidence of several diseases [8-11].
SGLT2 inhibitors were discovered to be beneficial
for managing cognitive impairment [12]. Further-
more, patients with T2DM using SGLT2 inhibitors
were discovered to have a substantially lower inci-
dence of myocardial infarction compared to those
not using such inhibitors [8]. SGLT2 inhibitors also
exert renoprotective effects, including improving
the glomerular filtration rate [9]. Furthermore,
population-based studies have indicated that the
use of SGLT2 inhibitors can reduce the incidence of
eye disorders, such as dry eye disease and diabetic
retinopathy [10, 13, 14]. In addition, SGLT2 inhib-
itors were reported to exert an anti-inflammatory
effect by regulating proinflammatory cytokine ex-
pression [7]. For example, SGLT2 inhibitors were
demonstrated to suppress inflammatory reactions
in an experimental model of autoimmune myocar-
ditis [15]. SGLT2 inhibitors were also reported to
possess antioxidant properties, as evidenced by
a decrease in reactive oxygen species production
following the application of SGLT2 inhibitors in an
animal diabetic kidney disease model [16]. More-
over, an experimental study indicated that SGLT2
inhibitors reduced oxidative stress and myocardial
fibrosis [17].

Ovarian cancer is the second most common
gynecological cancer and has a 5-year surviv-
al rate of 47.4% [18]. The known risk factors for
ovarian cancer include delayed childbearing, early
menarche, a family history of ovarian cancer, and
preexisting endometriosis [19]. Ovarian cancer is
more likely to develop in individuals with hyper-
glycemia and T2DM [20], and the mortality rate of
ovarian cancer is considerably higher in the T2DM

population [21]. The development of ovarian can-
cer is associated with inflammation, as evidenced
by increased levels of interleukins and tumor ne-
crosis factor in patients with ovarian cancer [22].
Furthermore, oxidative stress is strongly associat-
ed with the pathogenesis and neoangiogenesis of
ovarian cancer [23]. A higher reactive oxygen spe-
cies levelis correlated with metastasis and therapy
resistance in ovarian cancer [24]. Still, few studies
have evaluated the correlation between the use
of SGLT2 inhibitors and the incidence of ovarian
cancer, despite SGLT2 inhibitors being able to sup-
press inflammation, which is a key mechanism in
the development of ovarian cancer [16, 22].

The present study investigated the potential
protective effect of SGLT2 inhibitors on the devel-
opment of ovarian cancer by using data from Tai-
wan’s National Health Insurance Research Data-
base (NHIRD). In addition, this study analyzed the
effects of SGLT2 inhibitors on patients with T2DM
with different characteristics.

Material and methods
Data source

The current study was conducted in accor-
dance with the Declaration of Helsinki (1964) and
its later amendments. The study was approved
by Chung Shan Medical University Hospital. The
requirement for written informed consent was
waived by both institutions. The NHIRD contains
claims data for 23 million Taiwanese individuals,
with the data covering the period from January 1,
2000, to December 31, 2021.

Patient selection

This was a retrospective cohort study. Patients
with T2DM using SGLT2 inhibitors who met the
following criteria were selected: (1) having a diag-
nosis of T2DM based on ICD-9-CM or ICD-10-CM
codes between 2015 and 2021; (2) visiting an
internal or a family medicine physician for more
than 3 months; (3) undergoing a glycated he-
moglobin examination prior to the T2DM diag-
nosis; and (4) receiving a prescription for SGLT2
inhibitors, such as dapagliflozin, canagliflozin,
empagliflozin, or ertugliflozin, as identified using
ATC codes. The index date for this study was de-
fined as 6 months after the initial SGLT2 inhibi-
tor prescription. The following exclusion criteria
were applied to standardize the T2DM population:
(1) absence of demographic data, (2) use of an-
tidiabetic medication before the T2DM diagno-
sis, (3) age younger than 20 years or older than
100 years, and (4) diagnosis of any gynecological
cancer before the index date. Propensity score
matching (PSM) was used to match the SGLT2
inhibitor group with a control group, with demo-
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Figure 1. Flowchart of participant selection

NHIRD — National Health Insurance Research Database, n — number, T2DM — type 2 diabetes mellitus, SGLT2 — sodium-glucose

cotransporter 2, PSM — propensity score matching.

graphics, systemic covariates, and associated
medications considered. After PSM, 136245 pa-
tients with T2DM were included in both the SGLT2
inhibitor group and the control group. Figure 1
presents the flowchart of patient selection.

Main outcome

The primary outcome in this study was the de-
velopment of ovarian cancer, defined on the basis
of the following criteria: (1) receiving a diagnosis of
ovarian cancer based on /ICD-9-CM or ICD-10-CM
diagnostic codes; (2) receiving a pelvic exam-
ination before or at the time of the ovarian can-
cer diagnosis, as indicated by procedure codes;
(3) undergoing a computed tomography scan, pel-
vic ultrasound examination, or cancer antigen 125
(CA-125) test before or at the time of the ovarian
cancer diagnosis, as indicated by procedure codes;
and (4) receiving a diagnosis confirmed by a gy-
necologist. Included patients with T2DM were fol-
lowed until one of the following events occurred:
(1) a diagnosis of ovarian cancer, (2) withdrawal
from the NHI program, or (3) the end of the study
period on December 31, 2021, as recorded in Tai-
wan’s NHIRD.

Associated confounders

In addition to ovarian cancer events, we con-
sidered several demographic factors and systemic
disorders in our analysis and adjusted for their po-

tential confounding effects on ovarian cancer de-
velopment. These included age, urbanization level,
hypertension, coronary heart disease, hyperlipid-
emia, cerebrovascular disease, peripheral vascular
disease, endometriosis, ovarian cysts, and chronic
kidney disease, with all diseases and conditions
identified using ICD-9-CM and ICD-10-CM diag-
nostic codes. In addition, the analysis accounted
for the use of certain T2DM medications, such
as biguanides, sulfonylureas, alpha-glucosidase
inhibitors, thiazolidinediones, dipeptidyl pepti-
dase-4 (DPP-4) inhibitors, insulin, and statins, as
identified using ATC codes. To ensure that the du-
ration of systemic disorders and medication use
was sufficient to determine whether they affected
the likelihood of ovarian cancer development, only
systemic diseases and medications that persisted
or were prescribed for more than 2 years before
the index date were included in the analyses.

Statistical analysis

Statistical analyses were performed using SAS
version 9.4 (SAS Institute Inc., Cary, NC, USA). De-
scriptive analyses were conducted to examine the
distributions of demographic factors and system-
ic diseases between the 2 groups. The absolute
standardized difference (ASD) was used to evalu-
ate differences between the SGLT2 inhibitor and
control groups. Subsequently, Cox proportional
hazard regression was performed to calculate the
adjusted hazard ratios (aHRs) with 95% confi-
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dence intervals (Cls) for ovarian cancer incidence,
comparing the SGLT2 inhibitor and control groups,
after adjustment for all demographic factors, sys-
temic diseases, and medication usage at baseline
in the regression model. An interaction test was
conducted to compare the effect of SGLT2 inhibi-
tors on ovarian cancer development between the
groups. A p-value of < 0.05 was considered signifi-
cant, and p-values less than 0.0001 were reported
as p < 0.0001.

Results

Table | lists the baseline characteristics of the
SGLT2 inhibitor and control groups. The age dis-
tribution was similar between the groups (ASD =
0.0679). In addition, the prevalence of systemic
diseases was comparable between the groups
(all ASD < 0.1). The use of sulfonylureas, a-gluco-
sidase inhibitors, thiazolidinediones, and insulin
was also similar between the SGLT2 inhibitor and
control groups (all ASD < 0.1; Table I).

Over the follow-up period of up to 6 years, 205
and 515 cases of ovarian cancer were observed in
the SGLT2 inhibitor and control groups, respective-
ly, after age matching at a ratio of 2 : 1 (Table Il).
Furthermore, 167 and 222 cases of ovarian cancer
were identified in the SGLT2 inhibitor and control
groups, respectively, by using the PSM method
(Table ). The incidence of ovarian cancer was

significantly lower in the SGLT2 inhibitor group
than in the control group in the multivariable anal-
ysis (@aHR = 0.73, 95% Cl: 0.60-0.89, p = 0.0023;
Table Ill). Moreover, the cumulative probability
of ovarian cancer was lower in the SGLT2 inhib-
itor group than in the control group after PSM
(p = 0.0026; Figure 2). In the subgroup analysis
stratified by different oral medications, 198 and
313 cases of ovarian cancer were noted in the
SGLT2 inhibitor and biguanide groups, respec-
tively (Table IV). The incidence of ovarian cancer
was significantly lower in the SGLT2 inhibitor
group than in the biguanide group (@aHR = 0.74,
95% Cl: 0.62-0.90; Table IV). In addition, the ef-
fects of SGLT2 inhibitors on ovarian cancer de-
velopment significantly differed between the
sulfonylurea, a-glucosidase inhibitor, and DPP4
inhibitor groups (all p < 0.05; Table V).

Discussion

In the present study, the use of SGLT2 inhib-
itors in patients with T2DM was correlated with
a lower incidence of ovarian cancer. In previous
studies, SGLT2 inhibitor use was associated with
decreased growth of certain cancer cells, such as
breast and liver cancer cells [25, 26]. However, no
studies have explored the correlation between
SGLT2 inhibitor use and gynecological cancer de-
velopment. To the best of our knowledge, this is

Table I. Baseline characteristics of SGLT-2 inhibitor users and matched comparison

Variable 2 : 1 age matching After PSM
Non-SGLT2 SGLT2 ASD Non-SGLT2 SGLT2 ASD
N 327336 163668 136245 136245
Index year 0.0000 0.0374
2016 30482 (9.31%) 15241 (9.31%) 12810 (9.40%) 12881 (9.45%)
2017 73150 (22.35%) 36575 (22.35%) 30498 (22.38%) 30843 (22.64%)
2018 63814 (19.49%) 31907 (19.49%) 26639 (19.55%) 26595 (19.52%)
2019 62864 (19.20%) 31432 (19.20%) 26055 (19.12%) 25895 (19.01%)
2020 62004 (18.94%) 31002 (18.94%) 25630 (18.81%) 25536 (18.74%)
2021 35022 (10.70%) 17511 (10.70%) 14613 (10.73%) 14495 (10.64%)
Age 0.0000 0.0679
20-39 17670 (5.40%) 8835 (5.40%) 4301 (3.16%) 6057 (4.45%)
40-49 36722 (11.22%) 18361 (11.22%) 13298 (9.76%) 14499 (10.64%)
50-59 80116 (24.48%) 40058 (24.48%) 33510 (24.60%) 33504 (24.59%)
60-69 111622 (34.10%) 55811 (34.10%) 49329 (36.21%) 47775 (35.07%)
70-79 60504 (18.48%) 30252 (18.48%) 26928 (19.76%) 25850 (18.97%)
>80 20702 (6.32%) 10351 (6.32%) 8879 (6.52%) 8560 (6.28%)
Mean + SD 61.26(12.44) 61.26(12.44) 62.47(11.46) 61.70(12.10)
Comorbidities
Hypertension 169611 (51.82%) 101028 (61.73%) 0.2011 84263 (61.85%) 83196 (61.06%) 0.0161
CAD 30924 (9.45%) 23051 (14.08%) 0.1443 16816 (12.34%) 17354 (12.74%) 0.0119
Hyperlipidemia 167061 (51.04%) 108528 (66.31%) 0.3140 89802 (65.91%) 88631 (65.05%) 0.0181
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Table I. Cont.
Variable 2 : 1 age matching After PSM
Non-SGLT2 SGLT2 ASD Non-SGLT2 SGLT2 ASD
Ischemic stroke 13958 (4.26%) 7799 (4.77%) 0.0241 6549 (4.81%) 6410 (4.70%)  0.0048
Hemorrhage 2289 (0.70%) 1164 (0.71%)  0.0014 916 (0.67%) 926 (0.68%)  0.0009
stroke
Kidney disease 32156 (9.82%) 16497 (10.08%) 0.0086 13282 (9.75%)  13425(9.85%) 0.0035
Rheumatoid 3557 (1.09%) 1449 (0.89%) 0.0204 1291 (0.95%) 1250 (0.92%)  0.0031
arthritis
Systemic lupus 736 (0.22%) 252 (0.15%)  0.0163  228(0.17%) 205 (0.15%)  0.0042
erythematosus
Sicca/Sjogren 3856 (1.18%) 1471 (0.90%) 0.0276 1316 (0.97%) 1268 (0.93%)  0.0036
syndrome
Ankylosing 2489 (0.76%) 1185 (0.72%) 0.0042 983 (0.72%) 984 (0.72%) 0.0001
spondylitis
COPD 8539 (2.61%) 4241 (2.59%)  0.0011 3535 (2.59%) 3445 (2.53%)  0.0042
Medication
NSAIDs 194966 (59.56%) 99533 (60.81%) 0.0256 82390 (60.47%) 82321 (60.42%) 0.0010
Corticosteroids 65684 (20.07%) 34487 (21.07%) 0.0249 28110 (20.63%) 28184 (20.69%) 0.0013
PPI 28343 (8.66%) 15088 (9.22%)  0.0196 11993 (8.80%) 12081 (8.87%) 0.0023
Aspirin 55706 (17.02%) 38670 (23.63%) 0.1648 30406 (22.32%) 30658 (22.50%) 0.0044
Statin 161792 (49.43%) 119710 (73.14%) 0.5020 96642 (70.93%) 96208 (70.61%) 0.0070
a-blockers 5612 (1.71%) 2996 (1.83%)  0.0088 2435 (1.79%) 2446 (1.80%)  0.0006
B-blockers 86740 (26.50%) 54864 (33.52%) 0.1537 43250 (31.74%) 43578 (31.99%) 0.0052
CCBs 87183 (26.63%) 44789 (27.37%) 0.0165 38063 (27.94%) 37391 (27.44%) 0.0110
ACEI 13903 (4.25%) 9126 (5.58%)  0.0615 7141 (5.24%) 7192 (5.28%)  0.0017
ARBs 132465 (40.47%) 91676 (56.01%) 0.3149 74224 (54.48%) 73839 (54.20%) 0.0057
Biguanides 179428 (54.81%) 149456 (91.32%) 0.9028 124273 (91.21%) 122104(89.62%) 0.0541
Sulfonylureas 73873 (22.57%) 66089 (40.38%) 0.3908 51651 (37.91%) 51276 (37.64%) 0.0057
Alpha glucosidase 22845 (6.98%) 27730 (16.94%) 0.3107 17845 (13.10%) 19280 (14.15%) 0.0307
inhibitors
Thiazolidinediones 23704 (7.24%) 29103 (17.78%) 0.3227 19650 (14.42%) 20621 (15.14%) 0.0201
DPP4 54086 (16.52%) 62791 (38.36%) 0.5048 41366 (30.36%) 44676 (32.79%) 0.0523
Insulin 38605 (11.79%) 39236 (23.97%) 0.3219 25793 (18.93%) 27779 (20.39%) 0.0367
GLP-1 3215 (0.98%) 3566 (2.18%) 0.0961 2576 (1.89%) 2630 (1.93%)  0.0029

ARBs — angiotensin receptor blockers, CCBs — calcium channel blockers, COPD — chronic obstructive pulmonary disease, CAD — coronary

artery disease, GLP-1 — glucagon-1

Table Il. Incidence rate of ovarian cancer between SGLT-2 inhibitor and control groups

ike peptide-1, ASD — absolute standardized difference, PSM — propensity score matching.

(95% C.L)

Variable 2 : 1 age matching After PSM

Non-SGLT2 SGLT2 P-value Non- SGLT2 SGLT2 P-value
N 327336 163668 136245 136245
Follow-up 11191912 5706341 4668860 4777068
person-months
New cases 515 205 222 167
Incidence 0.46 (0.42-0.50) 0.36 (0.31-0.41) 0.48 (0.42-0.54) 0.35 (0.30-0.41)
rate*(95% C.1.)
Crude relative Reference 0.78 (0.66-0.92)  0.0027 Reference 0.74 (0.60-0.90)  0.0026
risk (95% C.1.)
Adjusted HR* Reference 0.71 (0.59-0.85)  0.0002 Reference 0.73 (0.60-0.89)  0.0023

*Incidence rate, per 10,000 person-months. 'adjusted hazard ratio; covariates include year of index, age, urbanization, insurance property,
adapted Diabetes Complication Severity Index (aDCSI) score, co-morbidities, and medication at baseline.
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Table I1Il. Multiple Cox regression to estimate the hazard ratio of ovarian cancer

Variable aHR (95% Cl)
2 : 1 age matching After PSM
Study
Non-SGLT2 Reference Reference
SGLT2 0.71 (0.59-0.85) 0.73 (0.60-0.89)
Age
20-39 Reference Reference
40-49 1.86 (1.21-2.86) 1.17 (0.67-2.05)
50-59 1.88 (1.24-2.83) 1.12 (0.66-1.91)
60-69 1.24 (0.82-1.89) 0.74 (0.43-1.27)
70-79 1.05 (0.66-1.65) 0.61 (0.34-1.10)
>80 0.78 (0.43-1.41) 0.47 (0.22-1.02)

Urbanization

Urban 1.08 (0.91-1.28) 1.08 (0.85-1.36)
Suburban Reference Reference
Rural 0.94 (0.70-1.25) 0.90 (0.62-1.33)

Comorbidity (ref: non)

Hypertension 1.00 (0.82-1.22) 1.05 (0.81-1.36)
CAD 0.95 (0.71-1.27) 1.03 (0.72-1.47)
Hyperlipidemia 0.82 (0.70-0.98) 0.82 (0.65-1.02)
Ischemic stroke 0.76 (0.48-1.20) 0.62 (0.34-1.16)
Hemorrhage stroke 0.95 (0.35-2.58) 1.88 (0.68-5.18)
Kidney disease 0.91 (0.66-1.25) 1.02 (0.69-1.51)
Rheumatoid arthritis 1.83 (1.04-3.20) 1.22 (0.45-3.29)
Sicca/Sjogren syndrome 1.01 (0.50-2.04) 0.28 (0.04-2.00)
Ankylosing spondylitis 0.53 (0.17-1.66) 0.35 (0.05-2.46)
COPD 1.03 (0.64-1.66) 1.29 (0.72-2.31)
Medication

NSAIDs 0.98 (0.84-1.15) 1.12 (0.91-1.39)
Corticosteroids 1.11 (0.93-1.34) 1.09 (0.85-1.39)
PPI 1.05 (0.80-1.38) 1.03 (0.71-1.49)
Aspirin 1.05 (0.85-1.29) 0.96 (0.74-1.26)
Statin 1.09 (0.92-1.31) 1.11 (0.87-1.40)
a-blockers 0.73 (0.36-1.49) 0.81 (0.33-1.98)
B-blockers 0.98 (0.82-1.17) 0.92 (0.73-1.16)
CCBs 1.06 (0.88-1.28) 1.04 (0.81-1.32)
ACEI 0.79 (0.53-1.17) 0.91 (0.56-1.46)
ARBs 1.06 (0.88-1.28) 1.06 (0.83-1.35)
Biguanides 1.25 (1.04-1.51) 1.62 (1.03-2.54)
Sulfonylureas 1.04 (0.88-1.23) 0.97 (0.79-1.19)
a-glucosidase inhibitors 0.78 (0.60-1.01) 0.68 (0.49-0.95)
Thiazolidinediones 0.98 (0.77-1.26) 0.99 (0.74-1.32)
DPP4 1.19 (1.00-1.43) 1.22 (0.99-1.51)
Insulin 1.05 (0.85-1.30) 0.97 (0.75-1.27)
GLP-1 1.11 (0.61-2.03) 1.18 (0.61-2.31)

TAdjusted hazard ratio; covariates include year of index, age, urbanization, insurance property, aDCSI score, co-morbidities, and medication

at baseline.
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Figure 2. Cumulative probability of ovarian cancer between the control group and SGLT2 group, determined using
(A) 2 : 1 age matching and (B) propensity score matching

Table IV. Incidence rate of ovarian cancer by oral medication cases versus SGLT2 inhibitor cases

Variable 2 : 1 age matching
Biguanides SGLT2

N 179428 149456
Follow-up person-months 6351636 5262944
New cases 313 198
Incidence rate*(95% C.1.) 0.49 (0.44-0.55) 0.38 (0.33-0.43)
Crude relative risk (95% C.1.) Reference 0.76 (0.64-0.91)
Adjusted HR* (95% C.1.)* Reference 0.74 (0.62-0.90)

Sulfonylureas SGLT2
N 73873 66089
Follow-up person-months 2701778 2347071
New cases 139 79
Incidence rate*(95% C.1.) 0.51 (0.44-0.61) 0.34 (0.27-0.42)
Crude relative risk (95% C.1.) Reference 0.65 (0.50-0.86)
Adjusted HR* (95% C.1.)* Reference 0.66 (0.49-0.88)

a-glucosidase inhibitors SGLT2
N 22845 27730
Follow-up person-months 826215 1042580
New cases 36 26
Incidence rate*(95% C.1.) 0.44 (0.31-0.60) 0.25 (0.17-0.37)
Crude relative risk (95% C.1.) Reference 0.57 (0.35-0.95)
Adjusted HR* (95% C.1.)" Reference 0.51 (0.30-0.87)

DPP4 SGLT2

N 54086 62791
Follow-up person-months 1799628 2225113
New cases 99 82
Incidence rate*(95% C.1.) 0.55 (0.45-0.67) 0.37 (0.30-0.46)
Crude relative risk (95% C.1.) Reference 0.67 (0.50-0.90)
Adjusted HR* (95% C.1.)* Reference 0.65 (0.48-0.88)

*Incidence rate, per 10,000 person-months. 'adjusted hazard ratio; covariates include year of index, age, co-morbidities, and medication

at baseline.
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the first study to demonstrate the protective effect
of SGLT2 inhibitors on the development of ovari-
an cancer in the T2DM population. A clear tempo-
ral relationship between SGLT2 inhibitor use and
ovarian cancer development was established by
excluding patients who developed ovarian cancer
within 6 months prior to initiating SGLT2 inhibitor
treatment. In addition, several risk factors, includ-
ing age and endometriosis, were included in the
Cox proportional hazard regression to adjust for
their potential effects on ovarian cancer develop-
ment [19, 27]. Thus, the use of SGLT2 inhibitors
is an independent protective factor for ovarian
cancer. Given that SGLT2 inhibitors possess mul-
tiple functions that can counteract the mecha-
nisms underlying ovarian cancer development
[24, 28-30], their use in patients with T2DM may
reduce their risk of ovarian cancer. This hypothesis
is supported by the findings of the current study.
On the other hand, the SGLT2 inhibitors can pro-
mote the cell cycle arrest and the apoptotic cell
death of colorectal cancer cells [31]. In research
discussing the potential for treatment of cancer
with an SGLT2 inhibitor, the use of an SGLT2 inhib-
itor can increase the responsiveness of prostate
cancer to radiotherapy [32], and the SGLT2 inhibi-
tor could serve as management for breast cancer,
whether as monotherapy or in combination with
other agents [33]. Furthermore, the application of
SGLT2 inhibitors was found to correlate with low-
er mortality risk of breast cancer and significantly
reduced risk of prostate cancer in recent epidemi-
ological studies [34, 35], which supported the po-
tential for application of SGLT2 inhibitors as can-
cer treatment. Consequently, the protective effect
of the SGLT2 inhibitor on ovarian cancer develop-
ment in this study could be a definitive effect rath-
er than an incidental finding. In this study, ovari-
an cancer occurred in 0.12% of the patients with
T2DM using SGLT2 inhibitors and 0.16% of those
not using SGLT2 inhibitors. The incidence of ovar-
ian cancer in both the SGLT2 inhibitor and control
groups in the present study was lower than that
reported in a previous study [36]. This difference
may be attributable to the effect of hyperglycemia
on ovarian cancer development [20].

From an epidemiological perspective, T2DM is
a prevalent disease affecting approximately 10%
of the global population [3]. Furthermore, the inci-
dence of T2DM is rising, with 700 million individ-
uals expected to be affected by 2040 [2]. SGLT2
inhibitors, which are effective antihyperglycemic
medications, are widely used in the treatment of
T2DM [3, 37]. In the United States, approximately
11.2% of patients with T2DM use SGLT2 inhibi-
tors for glycemic control [38]. In addition, ovarian
cancer is the second most common gynecologi-
cal cancer worldwide, after breast cancer [18]. In
2018, 240000 individuals were given a diagnosis

of ovarian cancer [18], and approximately 140000
women die from ovarian cancer globally every
year, which poses a substantial socioeconomic
burden [39]. Because both T2DM and ovarian can-
cer affect a large proportion of the population [2,
19], exploring any potential correlations between
these 2 diseases, including their management, is
crucial.

This study has several limitations. First, a claims
database rather than actual medical records was
used for analysis. Thus, several crucial data points
could not be investigated, including blood sugar
and glycated hemoglobin levels in patients with
T2DM, trends in these levels, medication adher-
ence to SGLT2 inhibitors, the location and patho-
logical details of ovarian cancer, imaging results,
treatment response, recurrence of ovarian cancer,
and details regarding other systemic diseases.
The absent of the above crucial data could reduce
the integrity and credibility of our analyses and
results significantly. Second, the diagnosis of ovar-
jan cancer was only based on the claimed codes
in the NHIRD without the confirmation in histopa-
thology; therefore the accuracy of ovarian cancer
diagnosis in this study may be doubted. With the
solitary usage of /CD-9-CM (183.0) or ICD-10-CM
(C56) codes as diagnostic criteria, whether the
corresponded lesion was invasive ovarian can-
cer or borderline ovarian tumors cannot be con-
firmed. Due to the design of the Taiwan NHIRD,
we can only trace one exposure-to-outcome event
(i.e. SGLT2 inhibitor to ovarian cancer) in one
cohort study; hence the survival data since the
ovarian cancer diagnosis cannot be traced in this
study. Also, smoking and obesity are known risk
factors for ovarian cancer [19], but these factors
are rarely documented by physicians in the claims
database. Thus, we were unable to adjust for their
effects in the Cox proportional hazard regression
analysis. In addition, although we employed PSM
to improve the comparability between the SGLT2
inhibitor and control groups, the retrospective na-
ture of the current study may have reduced the
homogeneity of the study population relative to
that achievable with a prospective study. Finally,
nearly all participants in the current study were
Taiwanese, which may limit the external validity
of the current findings.

In conclusion, this preliminary study showed
that the use of SGLT2 inhibitors is associated with
a lower incidence of ovarian cancer in the T2DM
population, even after adjustment for several
confounders. Thus, the administration of SGLT2
inhibitors can be recommended for patients with
T2DM who have known risk factors for ovarian
cancer. However, additional large-scale prospec-
tive studies should be conducted to evaluate the
correlation between SGLT2 inhibitor use and the
treatment response of ovarian cancer.
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