
Original article

Association of SGLT2 inhibitors with incident cancer

Yuta Suzuki a,b, Hidehiro Kaneko a,c,*, Akira Okada d, Toshiyuki Ko a, Takahiro Jimba a,  
Katsuhito Fujiu a,c, Norifumi Takeda a, Hiroyuki Morita a, Jin Komuro e, Masaki Ieda e,  
Koichi Node f, Issei Komuro a,g,h, Hideo Yasunaga i, Norihiko Takeda a

a The Department of Cardiovascular Medicine, The University of Tokyo, Tokyo, Japan
b Center for Outcomes Research and Economic Evaluation for Health, National Institute of Public Health, Saitama, Japan
c The Department of Advanced Cardiology, The University of Tokyo, Tokyo, Japan
d Department of Prevention of Diabetes and Lifestyle-Related Diseases, Graduate School of Medicine, The University of Tokyo, Tokyo, Japan
e Department of Cardiology, Keio University School of Medicine, Tokyo, Japan
f Department of Cardiovascular Medicine, Saga University, Saga, Japan
g Department of Frontier Cardiovascular Science, Graduate School of Medicine, The University of Tokyo, Tokyo, Japan
h International University of Health and Welfare, Tokyo, Japan
i Department of Clinical Epidemiology and Health Economics, School of Public Health, The University of Tokyo, Tokyo, Japan

A R T I C L E  I N F O

Keywords:
Cancer
Diabetes
Epidemiology
SGLT2i

A B S T R A C T

Aim: It remains unknown whether sodium-glucose cotransporter 2 inhibitors (SGLT2i) could be associated with 
incident cancer.
Methods: We analyzed individuals having diabetes and newly prescribed SGLT2i or dipeptidyl peptidase 4 in
hibitors (DPP4i) in a large-scale epidemiological database. The primary outcome was the incidence of cancer. A 
propensity score matching algorithm was employed to compare the subsequent development of cancer between 
the SGLT2i and DPP4i groups.
Results: After 1:2 propensity score matching, 26,823 individuals (8,941 SGLT2i, 17,882 DPP4i) were analyzed. 
During the mean follow-up duration of 2.0 ± 1.6 years, 1,076 individuals developed cancer. SGLT2i adminis
tration was associated with a reduced risk of cancer (HR 0.80, 95 % CI 0.70–0.91). Particularly, SGLT2i 
administration was related to a lower risk of colorectal cancer (HR 0.71, 95 % CI 0.50–0.998). Our primary 
findings remained consistent across various sensitivity analyses, including overlap weighting analysis (HR 0.79, 
95 % CI 0.66–0.94), inverse probability of treatment weighting 0.75 (95 % CI 0.65–0.86), and induction period 
settings 0.78 (95 % CI 0.65–0.93). The risk of developing cancer was comparable among individual SGLT2is (P- 
value of 0.1738).
Conclusion: Our investigation using nationwide real-world data demonstrated the potential advantage of SGLT2i 
over DPP4i in reducing the development of cancer in individuals with diabetes.

Introduction

Sodium-glucose cotransporter 2 inhibitor (SGLT2i), initially devel
oped as a novel medication for diabetes, operates by hindering glucose 
reabsorption in the renal proximal tubule. This action facilitates the 
excretion of glucose through urine, thereby improving glycemic control. 
Recent clinical trials have extended the significance of SGLT2i beyond 
diabetes treatment, demonstrating its beneficial effects on heart failure 

and chronic kidney disease [1-3]. This has spurred increased clinical and 
scientific interest in these medications for individuals with diabetes. 
Additionally, diabetes is associated with an elevated risk of subsequent 
cancer development [4,5]. Prior experimental studies have suggested 
that SGLT2i might exhibit anticancer properties in various types of 
cancers [6-10]. While certain clinical studies, including randomized 
trials and observational studies, have explored the relationship between 
SGLT2i use and cancer development risk [11-16], the findings have been 
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inconclusive, leaving this clinical question unresolved. In particular, 
results from the observational study of drug beneficial effect on cancer 
can be subject to several methodological limitations, such as 
time-related bias (immortal time bias and time-window bias) and se
lection bias (confounding by indication and prevalent user bias) 
[17-19]. Given the current surge in the usage of SGLT2i, a comprehen
sive examination of their potential association with cancer risk is 
imperative. Moreover, the verification of such an investigation neces
sitates the employment of large epidemiological cohorts, especially 
considering the generally low incidence of cancer development. In this 
context, our study leverages a nationwide epidemiological database to 
assess whether the use of SGLT2i is linked to a risk of cancer develop
ment with these limitations from previous literature in mind.

Materials and methods

Study population

Our study was a nationwide retrospective cohort analysis utilizing 
the DeSC database from DeSC Healthcare Inc., Tokyo, Japan [20-22]. 
This database is a comprehensive repository combining large-scale 
health checkups and administrative claims data spanning from April 
2014 to November 2022. It integrates Japanese administrative records 
from three types of health insurers: salaried employees’ 
association/union-administered health insurance from large companies, 
National Health Insurance for individuals under 75 years not employed, 
and the Advanced Elderly Medical Service System for those aged 75 
years and over. Recognized for its wide-ranging inclusivity and 
dependability among the Japanese demographic, the DeSC database 
covers diverse age categories, from the young and middle-aged to older 
adults. To reduce bias from indication and unmeasured confounding 
factors, our methodology employed a new-user, active comparator 
approach (Figure S1; see supplementary materials associated with this 
article on line) [23]. Our control group consisted of individuals newly 
prescribed dipeptidyl peptidase 4 inhibitors (DPP4i) for diabetes. 
SGLT2i and DPP4i are common first-line medications for the treatment 
of diabetes in Japan [24]. Therefore, the basic characteristics of SGLT2i 
and DPP4i new users in Japan were considered to be relatively similar. 
From the database, we extracted 43,913 people with diabetes (defined 
by ICD-10 codes E10–E14) who began treatment with either SGLT2i or 
DPP4i. To avoid including individuals who had previously used these 
medications, we defined new usage as initiating either drug class in 
those who had never used either drug class within the past year. From 
this cohort, we excluded individuals having a history of any cancer 
(ICD-10 codes C00-C97) (n = 5797). After these exclusions, the study 
comprised 38,116 participants (as shown in Figure S2; see supple
mentary materials associated with this article on line).

Ethics

The Ethics Committee of the University of Tokyo granted approval 
for this study (approval number: 2021010NI). The requirement for 
informed consent was exempted due to the anonymization and de- 
identification of all data in the DeSC database.

Measurements and definitions

We obtained the following data from the health checkups: body mass 
index (BMI), blood pressure, and laboratory data (hemoglobin A1c 
[HbA1c], low-density lipoprotein cholesterol, high-density lipoprotein 
cholesterol, triglycerides). To better characterize the patients’ health 
status and disease burden at the time of treatment initiation, we ob
tained data on the presence of diabetic nephropathy (ICD-10 codes 
E102, E112, E122, E132, and E142), diabetic retinopathy (ICD-10 codes 
E103, E113, E123, E133, and E143), and diabetic neuropathy (ICD-10 
codes E104, E114, E124, E134, and E144) at the date of prescription of 

SGLT2i or DPP4i based on the ICD-10 codes. Data on concomitant 
medications at the prescription date of SGLT2i or DPP4i were extracted 
from the administrative claims records.

Propensity score matching

A propensity score-matching algorithm was used to generate a 
matched cohort to compare the benefits of SGLT2i and DPP4i use. As 
DPP4i is the most frequently prescribed diabetes medication in Japan 
and is believed to have no impact on the risk of cancer development, 
DPP4i was set as the reference [24]. We estimated the propensity scores 
of the SGLT2i users using a logistic regression model. To estimate the 
propensity score, we included the following variables: age, sex, BMI, 
systolic blood pressure, diastolic blood pressure, HbA1c, low-density 
lipoprotein cholesterol, high-density lipoprotein cholesterol, tri
glycerides, diabetic nephropathy, diabetic retinopathy, diabetic neu
ropathy, use of medications (insulin, glucagon-like peptide-1 receptor 
agonist, biguanide, sulfonylurea, α-glucosidase inhibitor, thiazolidine, 
glinide, renin angiotensin system inhibitors, β-blockers, calcium channel 
blockers, mineralocorticoid receptor antagonists, diuretics, and statins), 
and year of SGLT2i or DPP4i prescription. SGLT2i and DPP4i users were 
matched using a 1:2 matching protocol (caliper width equal to 0.2 
standard deviations of the logit score).

Outcomes

Outcomes were obtained from administrative records between April 
2014 and November 2022. The primary outcome was incident total 
cancer (ICD-10 codes C00-C97). The secondary outcome was incident 16 
selected cancers. We selected these 16 cancers according to their inci
dence in Japan[25]. Because of the small number of events, cervical and 
uterine cancer were combined into one endpoint. ICD-10 codes for each 
cancer are provided in the Table S1; see supplementary materials 
associated with this article on line. We followed the study participants 
from the index date (i.e., initiation of SGLT2i or DPP4i) to the incidence 
of cancer, discontinuation of insurance, death, or study end date 
(November 2022).

Statistical analysis

Descriptive statistics were presented in terms of the median (with 
interquartile range) and number (as a percentage). To contrast the 
clinical profiles of individuals using SGLT2i with those on DPP4i, stan
dardized mean differences were employed. We compared the cumula
tive incidence of cancer between SGLT2i and DPP4i groups using 
Kaplan-Meier curves. The risk of cancer development in people treated 
with SGLT2i versus those on DPP4i was quantified using hazard ratios 
(HRs) along with 95 % confidence intervals (95 % CIs), calculated 
through a Cox proportional hazards regression analysis. If a significant 
difference in the risk of total cancer was detected between SGLT2i and 
DPP4i users, we performed a Cox proportional hazards regression 
analysis to compare the subsequent risk of total cancer among individual 
SGLT2is (Dapagliflozin, Empagliflozin, Canagliflozin, Tofogliflozin, 
Ipragliflozin and Luseogliflozin) to examine whether the effects of 
SGLT2i would be considered a class effect. Considering the number of 
cases, dapagliflozin was used as the reference. The model was adjusted 
for the same variables used in the propensity score-matching. We per
formed the Wald test to compare the HRs among individual SGLT2is.

We performed six sensitivity analyses to assess the robustness of the 
association between the use of SGLT2i and the risk of developing cancer. 
First, we performed an analysis using overlap weighting to balance the 
exposure groups (SGLT2i and DPP4i). SGLT2i users were weighted by 
the probability of prescribing DPP4i (1 − propensity score), whereas 
DPP4i users were weighted by the probability of prescribing SGLT2i 
(propensity score). Second, we adapted inverse probability of treatment 
weighting (IPTW) to reduce the imbalance in potential confounding 

Y. Suzuki et al.                                                                                                                                                                                                                                  Diabetes & Metabolism 50 (2024) 101585 

2 

Descargado para Irene Ramírez (iramirez@binasss.sa.cr) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en noviembre 14, 
2024. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.



variables between SGLT2i and DPP4i users. We constructed a propensity 
score using a logistic regression model. Weights were based on the 
propensity score. Stabilized IPTW was performed to mitigate the influ
ence of small estimated probabilities from the propensity score model. 
Third, we limited study participants to 18,162 individuals with type 2 
diabetes defined as ICD-10 code of E11, whereas we extracted people 
with diabetes (ICD-10 codes E10–E14) in the primary analysis. Fourth, 
additional adjustments were made for lifestyle factors (smoking [current 
or noncurrent/never], alcohol consumption [daily or not every day], 
and exercise habits [active or inactive]) that the participants reported 
using a questionnaire at the time of the health examination. Approxi
mately 27.2 % of all participants had missing values for one or more of 
these items. Consequently, individuals with missing values (n = 10,351) 
were excluded from the analysis. Exercise habits (inactive) was defined 
as not exercising for 30 min ≥ twice a week or not walking for more than 
an hour per day. Fifth, we set a one-year induction period. Sixth, we 
conducted subgroup analyses stratified by age (≥ 65 and < 65 years), 
sex, and BMI value (≥ 25.0 and < 25.0 kg/m2). All statistical analyses 
were performed using STATA version 18 (StataCorp LLC, College Sta
tion, TX, USA).

Results

Clinical characteristics

Table I presents the baseline clinical characteristics of the study 
participants before and after propensity score matching. After 1:2 pro
pensity score matching, 26,823 individuals (8941 SGLT2i, 17,882 
DPP4i) were analyzed. The individual distributions were well balanced 
between SGLT2i and DPP4i users. The median age was 66 (54–71) years 
for SGLT2i users and 65 (53–71) years for DPP4i users. In addition, 5758 
(64.4 %) individuals were men in SGLT2i users, and 11,684 (65.3 %) 

individuals were men in DPP4i users. The median BMI and HbA1c were 
26.7 (24.1–29.9) and 6.8 % (6.3–7.4) in SGLT2i users, and 26.8 
(24.0–30.4) and 6.9 % (6.4–7.4) in DPP4i users, respectively.

Risk of developing cancer between SGLT2i and DPP4i

Cancer event was seen in 1076 individuals during the mean follow- 
up duration was 2.0 ± 1.6 years. After propensity score matching, 
Kaplan-Meier curves showed that the cumulative incidence of total 
cancer was lower in SGLT2i users than in DPP4i users (Log-rank P <
0.001) (Fig. 1). Further, the Cox regression analysis presented that the 

Table I 
Baseline Characteristics.

Before propensity score matching After propensity score matching

DPP4i 
(n = 29,175)

SGLT2i 
(n = 8941)

SMD DPP4i 
(n = 17,882)

SGLT2i 
(n = 8941)

SMD

Age, years 68 (62–72) 66 (54–71) − 0.326 65 (53–71) 66 (54–71) 0.042
Men, n (%) 17,245 (59.1) 5758 (64.4) 0.109 11,684 (65.3) 5758 (64.4) − 0.02
BMI, kg/m2 24.7 (22.4–27.3) 26.7 (24.1–29.9) 0.497 26.8 (24.0–30.4) 26.7 (24.1–29.9) − 0.057
SBP, mmHg 133 (123–144) 132 (123–144) − 0.025 132 (122–144) 132 (123–144) 0.001
DBP, mmHg 77 (70–85) 79 (71–86) 0.116 79 (71–86) 79 (71–86) − 0.02
Comorbidity ​ ​ ​ ​ ​ ​
Diabetic nephropathy, n (%) 2641 (9.1) 1082 (12.1) 0.099 2032 (11.4) 1082 (12.1) 0.023
Diabetic retinopathy, n (%) 4470 (15.3) 1468 (16.4) 0.03 3041 (17.0) 1468 (16.4) − 0.016
Diabetic neuropathy, n (%) 729 (2.5) 280 (3.1) 0.038 497 (2.8) 280 (3.1) 0.021
Medication ​ ​ ​ ​ ​ ​
Insulins, n (%) 2262 (7.8) 841 (9.4) 0.059 1586 (8.9) 841 (9.4) 0.019
GLP-1 Receptor Agonist, n (%) 141 (0.5) 337 (3.8) 0.229 549 (3.1) 337 (3.8) 0.038
Biguanide, n (%) 6375 (21.9) 2159 (24.1) 0.055 4452 (24.9) 2159 (24.1) − 0.017
Sulfonylurea, n (%) 2920 (10.0) 634 (7.1) − 0.104 1253 (7.0) 634 (7.1) 0.003
α-GI, n (%) 2598 (8.9) 623 (7.0) − 0.072 1229 (6.9) 623 (7.0) 0.004
Thiazolidine, n (%) 1275 (4.4) 443 (5.0) 0.028 913 (5.1) 443 (5.0) − 0.007
Glinides, n (%) 924 (3.2) 214 (2.4) − 0.047 395 (2.2) 214 (2.4) 0.012
Renin angiotensin system inhibitor, n (%) 11,554 (39.6) 4500 (50.3) 0.217 8935 (50.0) 4500 (50.3) 0.007
Beta-blocker, n (%) 2804 (9.6) 1720 (19.2) 0.277 3103 (17.4) 1720 (19.2) 0.049
Calcium channel blocker, n (%) 10,932 (37.5) 3261 (36.5) − 0.021 6437 (36.0) 3261 (36.5) 0.01
Mineralocorticoid receptor antagonist, n (%) 657 (2.3) 686 (7.7) 0.252 1252 (7.0) 686 (7.7) 0.026
Diuretics, n (%) 2824 (9.7) 1712 (19.1) 0.272 3305 (18.5) 1712 (19.1) 0.017
Statin, n (%) 12,229 (41.9) 4260 (47.6) 0.115 8595 (48.1) 4260 (47.6) − 0.008
Laboratory Data ​ ​ ​ ​ ​ ​
HbA1c, % 6.9 (6.5–7.5) 6.8 (6.3–7.4) − 0.133 6.9 (6.4–7.4) 6.8 (6.3–7.4) − 0.034
HbA1c, mmol/mol 52 (48–58) 51 (45–57) − 0.133 52 (46–57) 51 (45–57) − 0.034
LDL-C, mg/dl 121 (101–144) 119 (97–142) − 0.061 119 (98–141) 119 (97–142) − 0.007
HDL-C, mg/dl 54 (45–65) 52 (44–62) − 0.121 52 (44–62) 52 (44–62) 0.015
Triglycerides, mg/dl 127 (89–184) 132 (93–194) 0.055 134 (96–193) 132 (93–194) − 0.002

Data are reported as medians (interquartile range) or numbers (percentage), where appropriate. DPP4i=dipeptidyl peptidase-4 inhibitors, SGLT2i=sodium-glucose 
cotransporter-2 inhibitors, BMI=body mass index, SBP=systolic blood pressure, DBP=diastolic blood pressure, GLP-1=glucagon-like peptide 1, α-GI=α-glucosidase 
inhibitor, LDL-C=low-density lipoprotein cholesterol, HDL-C=high-density lipoprotein cholesterol.

Fig. 1. Kaplan-Meier Curves. 
Kaplan-Meier curves for total cancer.
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risk of developing total cancer was reduced in individuals prescribed 
SGLT2i compared to those prescribed DPP4i (HR 0.80, 95 % CI 
0.70–0.91). In almost all types of cancer, SGLT2i tended to reduce the 
risk of incident cancer when compared to DPP4i. Notably, in the group 
administered SGLT2i, there was a reduced risk of developing colorectal 
cancer compared to the group given DPP4i (HR 0.71, 95 % CI 
0.50–0.998) (Fig. 2).

Risk of developing cancer among individual SGLT2is

We extracted SGLT2i users from the primary analysis after 1:2 pro
pensity score matching. We excluded 19 individuals using multiple 
SGLT2is in this analysis. In the multivariable Cox regression analysis, 
compared to dapagliflozin, the risk of developing cancer did not differ 
among empagliflozin, canagliflozin, ipragliflozin, tofogliflozin, and 
luseogliflozin. The Wald tests showed that there was no statistically 
significant difference in the risk of total cancer among individual 
SGLT2is (p-value 0.1738) (Fig. 3).

Sensitivity analyses

First, the risk of developing cancer was lower in the SGLT2i users 
than in the DPP4i users after the overlap weighting procedure (HR 0.79, 
95 % CI 0.66–0.94) (Figure S3; see supplementary materials associated 
with this article on line). Second, after IPTW, the HR of SGLT2i initiation 
for incident cancer was 0.75 (95 % CI 0.65–0.86) (Figure S4; see sup
plementary materials associated with this article on line). Third, we 
studied 18,162 individuals with a prior diagnosis of type 2 diabetes 
(ICD-10 code: E11). The HR (95 % CI) of SGLT2i for developing cancer 
was 0.70 (95 % CI 0.61–0.81) (Figure S5; see supplementary materials 
associated with this article on line). Fourth, even after including lifestyle 
habits (cigarette smoking, alcohol consumption, and physical inactivity) 
in estimating the propensity score, the administration of SGLT2i was 

related to a lower risk of developing cancer (HR 0.74, 95 % CI 
0.64–0.87) (Figure S6; see supplementary materials associated with this 
article on line). Fifth, after setting an induction period of one year, we 
analyzed 17,331 individuals. The HR of SGLT2i for developing cancer 
was 0.78 (95 % CI 0.65–0.93) in this scenario (Figure S7; see supple
mentary materials associated with this article on line). The association 
between SGLT2i administration and individual cancers shown in the 
main analysis was also corroborated in most sensitivity analyses 
(Figure S3-S7; see supplementary materials associated with this article 
on line). Subgroup analyses stratified by age, sex, and BMI showed that 
SGLT2i initiation was associated with a decreased risk of developing 
total cancer in each subgroup (Figure S8; see supplementary materials 
associated with this article on line).

Discussion

Our study utilized a nationwide, large-scale dataset derived from 
health check-ups and insurance claims, encompassing approximately 
40,000 individuals diagnosed with diabetes newly prescribed SGLT2i or 
DPP4i. We compared the subsequent cancer development risk between 
users of SGLT2i and DPP4i following propensity score matching. The 
administration of SGLT2i was found to be associated with a lower risk of 
incident cancer in comparison to DPP4i administration. The findings 
from various sensitivity analyses aligned with this primary outcome. 
Additionally, the cancer development risk was similar across different 
SGLT2is. While several previous studies have examined the association 
between SGLT2i use and cancer risk, focusing on specific cancers such as 
bladder [26], breast [27], and colorectal cancer [28], a very recent 
cohort study from Hong Kong demonstrated a potential association be
tween the administration of SGLT2i and a reduced overall cancer risk 
[14]. Our study contributes additional evidence by analyzing a 
large-scale epidemiological database in Japan to explore the overall 
cancer risk in Japanese patients treated with SGLT2i compared to those 

Fig. 2. Hazard Ratio of Developing Cancers. 
We performed a Cox proportional hazards regression model to estimate the hazard ratio (HR) and 95 % confidence interval (95 % CI) of cancer with sodium-glucose 
cotransporter 2 inhibitors (SGLT2i) versus dipeptidyl peptidase-4 inhibitors (DPP4i) after 1:2 propensity score matching. Analysis for prostate cancer was performed 
only among men, whereas analysis for breast, cervical, and uterine cancer was performed only among women.
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treated with DPP4i.
Our research stands out from previous studies in several key aspects, 

and we believe it holds important implications for clinical practice.
First, to date, numerous large-scale clinical trials have been con

ducted on SGLT2i, establishing robust evidence for its role in preventing 
the worsening of heart failure and chronic kidney disease. However, 
among these trials utilizing SGLT2i, few have investigated cancer as an 
outcome, and, if any, their results have not been consistent. A recent 
meta-analysis, analyzing 77 randomized controlled trials which 
compared the therapeutic efficacy of SGLT2i with placebo or other hy
poglycemic agents, reported no association between the use of SGLT2i 
and the risk of cancer development, yet the study was limited by 
insufficient adjustment for factors such as age, sex, and comorbidities 
[13]. Besides, other two meta-analyses also explored and confirmed the 
effects of SGLT2i on cancer [29,30]. In this regard, our research lever
aged a vast epidemiological cohort, combining health check-up data and 
insurance claims records, and employed propensity score matching 
across a multitude of variables such as age, sex, comorbid diseases, and 
prescribed medications, to suggest a potential reduction in cancer risk 
among individuals with diabetes prescribed SGLT2i compared to those 
prescribed DPP4i. Particularly after propensity score matching, the 
Kaplan-Meier curves demonstrated a divergence in cancer risk one year 
after the initiation of either medication, with this disparity not only 
persisting over time but also widening, a finding of considerable sig
nificance. While studies with outcomes such as the exacerbation of heart 
failure have reported the immediate manifestation of benefits following 
the initiation of SGLT2i, considering the oncogenesis mechanism, the 
early emergence of anticancer effects from SGLT2i is unlikely. Instead, 
the observation of a decreased cancer risk in the longer term is reas
suring. This was corroborated by sensitivity analyses even with a 
one-year induction period. Given the outcome of cancer development, 
ideally, an even longer induction period should be established, neces
sitating more extended observation, which remains an area for future 
investigation.

Second, it is important to note that in this study, the prescription of 
SGLT2i tends to have a protective effect compared to DPP4i for almost 
all individual cancer types. There had been concerns that the prescrip
tion of SGLT2i might increase the risk of cancer development in some 
cancer types (particularly bladder and kidney cancer) [13,15,31], but 
such trends were not observed in the analysis of this large-scale epide
miological cohort. Various pathophysiological mechanisms have been 
proposed regarding the potential of SGLT2i to reduce the risk of cancer 
development. The main ones include activation of AMP-activated pro
tein kinase, inhibition of mitochondrial complex I, inhibition of glucose 
uptake, and activation of anticancer immune responses [32-34]. Need
less to say, the mechanism of cancer development and the effect of 
SGLT2i vary greatly depending on the individual cancer type, requiring 
further experimental investigation. Particularly in this study, it was 
observed that the risk of developing colorectal cancer was lower in the 

SGLT2i group compared to the DPP4i group, in the main analysis as well 
as sensitivity analyses. Regarding colorectal cancer, experimental 
studies have reported that SGLT2i may inhibit cancer growth [16,35,
36], and our findings are patho-physiologically reasonable. It is neces
sary to verify these results using prospective registration studies or co
horts with longer observation periods.

Third, if there were a possibility that SGLT2i had a protective effect 
against cancer development, to verify whether this effect is a class effect, 
we analyzed the risk of cancer development among individual SGLT2is. 
As shown in Fig. 3, no statistically significant differences in the risk of 
cancer development were observed among the six types of SGLT2i 
commercially available in Japan. Although a recent report has suggested 
that the influence on cancer development risk might differ among in
dividual SGLT2is [13], such distinctions were not detected in our 
analysis. However, it is necessary to consider that dividing the study 
population by individual SGLT2i could have reduced the statistical 
power.

The strength of this study lies in its use of a large-scale, nationwide 
epidemiological cohort, enabling a variety of sensitivity analyses to 
confirm the robustness of our primary outcomes. The main results are 
consistent with those of a very recent cohort study from Hong Kong [14], 
and we believe that the adoption of very rigorous new-user design in this 
study has yielded convincing results. Our study has inherent limitations, 
mainly due to the use of our database, as previously described [37,38]. 
Due to the observational and retrospective nature of the present study, 
and despite robust statistical procedures, including propensity score 
matching and a multitude of sensitivity analyses, the possibility of un
measured residual confounding effects could not be eliminated. It is 
unknown whether our findings can be applied to other population 
because the DeSC database primarily includes Japanese. Recorded di
agnoses of administrative data are generally considered less 
well-validated; therefore, uncertainty remains regarding the accuracy of 
cancer diagnoses. However, the validity of the diagnoses of the admin
istrative database in Japan has been reported to be high. For example, 
the sensitivity and specificity of cancer diagnoses were 83.5 % and 97.7 
% [39]. Several critical information for specific cancers (e.g., hepatitis B 
or C virus for liver cancer, human papilloma virus for uterine cervix 
cancer, and Helicobacter pylori for stomach cancer) was absent. The 
types of cancer (e.g., adenocarcinoma or squamous cell carcinoma as 
described for esophageal cancer) could not be identified in the current 
study. In this study, the DPP4i user group was set as the reference group. 
Based on previous investigations that DPP4is do not affect the risk of 
cancer development [40], DPP4is were considered appropriate as an 
’active comparator’ for SGLT2is. However, it is necessary to recognize 
that this is not a comparison between a placebo and SGLT2i, as would be 
the case in a randomized controlled trial. Furthermore, we could not 
extract data on the cause of death; therefore, it was difficult to examine 
the association between the use of SGLT2i and cancer-related death. 
Finally, the dosages of SGLT2i and DPP4i were not considered in this 

Fig. 3. Hazard Ratio of Developing Cancers among SGLT2is. 
We performed a Cox proportional hazards regression model to estimate the hazard ratio (HR) and 95 % confidence interval (95 % CI) of cancer among individual 
sodium-glucose cotransporter 2 inhibitors (SGLT2is). We performed the Wald test to compare the HRs among individual SGLT2is.
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study, but they are likely relevant to their capacity for risk reduction, 
particularly given the dose-dependent nature of SGLT2i’s anticancer 
effects, which have been reported in the previous basic research [41-43].

Conclusions

Individuals with diabetes who were newly prescribed SGLT2i 
showed a reduced risk of developing cancer compared to those who 
were newly prescribed DPP4i. The findings of this study shed light on 
novel potential benefits of SGLT2i in our clinical practice.
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