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ABSTRACT
Aims/Introduction: This study was designed and carried out to investigate the
association of dipeptidyl peptidase-4 inhibitor (DPP-4i) use with pancreatic cancer (PC) in
individuals with diabetes in Japan.
Materials and Methods: The JMDC Claims Database, which contains the medical and
prescription information of Japanese employment-based health insurance programs, was
used. The primary outcome was duration to the first occurrence of PC (International
Classification of Diseases 10th Revision code C25), both all and hospitalized, from
prescription of DPP-4is or other oral glucose-lowering agents (GLAs).
Results: Individuals with diabetes who received DPP-4is (n = 61,430) or other oral GLAs
(n = 83,304) were analyzed. Follow-up periods (median [interquartile range]) were
17 months (8–33) for DPP-4is and 14 months (7–28) for other oral GLAs. Kaplan–Meier curve
analysis to determine the duration of first use of DPP4i or other oral GLA to diagnosis of PC
disclosed no differences between the two groups in duration to all or hospitalized PC (log-
rank test: all, P = 0.7140; hospitalized, P = 0.3446). Cox proportional hazards models showed
that use of DPP-4is did not affect the PC risk adjusted for medications, age, sex and risk
comorbidities (all, hazard ratio 1.1, 95% confidence interval 0.8–1.3, P = 0.6518; hospitalized,
hazard ratio 1.1, 95% confidence interval 0.8–1.4, P = 0.6662). Similar results were obtained
when individuals with ≥2 years oral GLA treatment and those with medical checkup data
(e.g., smoking or drinking habit) available were analyzed.
Conclusion: This database study shows that there is not a significant PC risk due to
DPP-4i treatment in individuals with diabetes in Japan, but larger studies with longer
follow up are required to confirm these findings.

INTRODUCTION
Dipeptidyl peptidase-4 inhibitors (DPP-4is) are commonly used
in the management of type 2 diabetes in East Asia; DPP-4is
have a greater glycated hemoglobin-lowering effect in East

Asians with type 2 diabetes, in whom diabetes is primarily due
to b-cell dysfunction1. From the early stages of the development
of DPP-4is, potential pancreatic cancer (PC) risk has been of
concern because of the consequent expansion of the pancreas2,3.
To evaluate whether use of DPP-4i is associated with PC,
meta-analyses based on randomized clinical trials (RCTs)Received 6 May 2022; revised 6 September 2022; accepted 21 September 2022
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including cardiovascular outcome trials have been undertaken4.
The development of pancreatic cancer involves multiple steps,
including early activation of oncogenes and inactivation of
tumor suppressor genes, which initiate the formation of pancre-
atic intraepithelial neoplasia (PanIN1and PanIN2) from normal
epithelium5. It has been reported that ≥10 years are required
from the occurrence of the aberrant cells to the birth of the
parental cancer cells6. Thus, the observational periods of the
several RCTs were too short to determine whether PC is associ-
ated with DPP-4i use.
We examined the JMDC Claims Database (JMDC Inc.,

Tokyo, Japan) covering the time period since DPP-4is entered
the market in Japan to assess the association of longer-term use
of DPP-4is with PC among individuals with diabetes in Japan.

MATERIALS AND METHODS
We used the JMDC Claims Database, which contains informa-
tion on individuals aged <75 years in Japanese employment-
based health insurance programs (e.g., age, sex, drug prescrip-
tions and International Classification of Diseases 10th Revision
[ICD-10] code diagnosis)7. Data can readily be tracked chrono-
logically, even when an individual has visited more than one
medical institution.
Individuals aged 30–74 years with medical claims and phar-

macy data for a continuous period of ≥12 months from June
2009 to June 2019 (with 6 months of baseline observations
and ≥6 months of observation after initiation of the index
medication) were included. Individuals with E11 (n = 111,783)
or E14 codes (n = 232,197) also having type 2 diabetes were
subjected to further analysis; individuals with E10 (n = 3,413),
E12 (n = 3) and E13 codes (n = 1,856) were excluded. The
index date was the prescription date of the first claim for a
new oral glucose-lowering agent (GLA) during the target per-
iod from December 2009 to December 2018. An oral GLA
was considered a new medication if there were no claims for
it in the preceding ≥6 months. Individuals receiving glucagon-
like peptide-1 receptor agonist (GLP-1RA) in the preceding
≥6 months or on the index date were excluded from the study;
those receiving insulin in the preceding ≥6 months or on the
index date were included. Individuals with PC ≥6 months
before or on the index date were excluded from the study;
individuals with pancreatic diseases other than PC were
included in the study. The observation period started on the
index date and ended with one of the following events, which-
ever was first: (i) diagnosis of PC; (ii) initiation of another
new GLA or GLP-1RA; (iii) end of the observation period;
and (iv) end of eligibility. Individuals were included in different
index drug groups if they met the criteria, thus allowing con-
sideration of exposure to DPP-4is before initiation of the drug
for which PC risk was being examined. PC was established by
a claim for ICD-10 C25 code. PC risk comorbidities at baseline
are summarized in Table 2. The primary outcome was first
occurrence of PC diagnosis after the index date. Fisher’s exact
test was used to compare DPP-4is and other GLAs. Kaplan–

Meier curve analysis was carried out to compare the duration
to PC diagnosis. The log-rank test was carried out to analyze
for significant differences in the time to PC between groups.
Cox proportional hazards models (CPHMs) were built to com-
pare the adjusted risk of PC with medications, age, sex and/or
risk comorbidities as independent variables. To mitigate the
limitation of our observation period, an additional analysis was
carried out on individuals with ≥2-year use of DPP-4is or
other oral GLAs. An additional analysis was carried out on
individuals with health checkup data adjusted for body mass
index,and alcohol and smoking habit, as well as age, sex and
risk comorbidities in CPHMs.
Analyses were carried out using SAS software version 9.4

(SAS Institute Inc., Cary, NC, USA) and R version 4.0.0 (The
R Foundation for Statistical Computing, Vienna, Austria). A P-
value <0.05 was considered statistically significant.

RESULTS
The incidence of all and hospitalized PCs in individuals receiv-
ing DPP-4is and other oral GLAs is shown in Table 1. We
analyzed 61,430 individuals who received DPP-4is and 83,304
individuals who received other oral GLAs with and without
pancreatic cancer risk factors (Table 2). The median follow-up
periods were 17 months (interquartile range [IRQ months] 8–
33) for DPP-4is and 14 months (IQR 7–28 months) for other
oral GLAs. All and hospitalized PCs, respectively, were quanti-
fied in 142 and 92 individuals who received DPP-4is, and 161
and 102 individuals who received other oral GLAs. Kaplan–
Meier curves for duration to all and hospitalized PCs, respec-
tively, were similar in those who received DPP-4is and other
oral GLAs (log-rank test: all, P = 0.7140; hospitalized,
P = 0.3446; Figure 1). Kaplan–Meier curves for duration to all
and hospitalized PCs, respectively, were also similar in individu-
als who had previous exposure to DPP-4is and those who did
not (log-rank test: all, P = 0.1431; hospitalized, P = 0.1528; Fig-
ure 1). Use of DPP-4is did not affect PC risk adjusted for age,
sex or risk comorbidities calculated using CPHMs (all, hazard
ratio [HR] 1.1, 95% confidence interval [CI] 0.8–1.3,
P = 0.6518; hospitalized, HR 1.1, 95% CI 0.8–1.4, P = 0.6662;
Table 3). Post-hoc power was calculated for the HR of DPP-4is
to the other oral GLAs (all, 0.9960; hospitalized, 0.9957). Previ-
ous exposure to DPP-4is also did not affect the adjusted PC
risk using CPHMs (all, HR 1.0, 95% CI 0.7–1.4, P = 0.9078;
hospitalized, HR 1.1, 95% CI 0.7–1.7, P = 0.5932; Table 4).
In the present study, as ≥20,000 individuals were found to be

continued on DPP-4is without addition of other oral GLAs for
≥2 years (Figure S1), we analyzed this cohort for PC risk
(DPP4is, n = 23,107; other oral GLAs, n = 27,589; Tables S1
and S2). The median follow-up periods were 59 months (IQR
40–77 months) for DPP-4is and 47 months (IQR 35–
67 months) for other oral GLAs. No significant increase in
adjusted PC risk calculated using CPHMs in individuals receiv-
ing DPP-4is or those having previous exposure to DPP-4is was
found (Tables S3 and S4).
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Health checkup data were available for some individuals in
the JMDC Claims Database; we, therefore, investigated the
association of DPP-4i use with PC risk calculated by CPHMs
adjusted for alcohol and smoking habit, and body mass index,
as well as age, sex and risk comorbidities (DPP4is, n = 34,131;
other oral GLAs, n = 46,285; Tables S5–S7). This additional
analysis also showed no increase in PC risk by current or previ-
ous exposure to DPP-4is (Table S8).

DISCUSSION
DPP-4is are used in ≥70% of Japanese individuals with type 2
diabetes due to their superior glycated hemoglobin-lowering
effect in East Asians with type 2 diabetes, who are generally
non-obese and present with b-cell dysfunction1. PC risk has
been an important concern from the early stages of the devel-
opment of DPP-4is.2,3

Recent meta-analyses of RCTs have been carried out to
investigate the association of PC risk with use of DPP-4is.4 The
development of PC involves a multistep process of oncogene
activation and tumor suppressor gene inactivation that initiates
the formation of PanIN1 and PanIN2 cells from normal pan-
creatic epithelium5. Ten or more years from the occurrence of
the aberrant cells to the birth of parental cancer cells are
required in this process6. Hence, the median observational time

of 2–3 years in conventional RCTs is too short to rule out
associations of PC with long term DPP-4i use.
We initiated the current study to investigate association of

long-term use of DPP-4is with PC risk. However, in this investi-
gation, we found just 4,000 individuals with ≥5-year exposure to
DPP-4is (Figure S1). We therefore analyzed those continuously
receiving DPP-4is or other oral GLAs for ≥2 years (DPP4is,
n = 23,107; other oral GLAs, n = 27,589). The median follow-up
periods were 59 months (IQR 40–77 months) for DPP-4is and
47 months (IQR 35–67 months) for other oral GLAs. Consider-
ing that ≥10 years are required in the development of PC6, the
follow-up period in the current study might seem inadequate. In
contrast, it has been reported that the use of incretin-related
drugs for 1 year markedly increased the number of PanIN cells3,
and such precursor cells would be expected within the purview of
the present study. Even so, larger studies with longer follow-up
periods are required to establish these findings.
Furthermore, these results must be understood with the limi-

tations of the study in mind. Its non-random design could
introduce confounders, such as risk comorbidities. In addition,
the claims database does not include potentially relevant infor-
mation, such as glycemic and lipid control, and family history
of PC. Furthermore, this investigation could not adjust for
dosage or adherence to the drugs. Although the incidence of all
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Figure 1 | Kaplan–Meier survival analysis on potential risk of pancreatic cancer in individuals with diabetes receiving dipeptidyl peptidase-4 inhibi-
tors in Japan. Kaplan–Meier survival analysis of time to develop pancreatic cancer (PC) was carried out (a, c all; b, d hospitalized) in individuals tak-
ing dipeptidyl peptidase-4 inhibitors (DPP-4is), individuals on other oral glucose-lowering agents (GLAs; Others) and both groups all together (All; a,
b), and in individuals taking other oral GLAs with previous exposure to DPP-4is, individuals taking other oral GLAs without previous exposure to
DPP-4is and all together (All; c, d). Vertical lines show individuals excluded for reasons other than PC (e.g., initiation of another new oral GLA or
GLP-1 receptor agonist, end of observation period or end of eligibility). The log-rank test showed no significant differences in the risk of PC
between DPP-4i and other oral GLA use (all, P = 0.7140; hospitalized, P = 0.3446) or between individuals taking other GLAs with previous exposure
to DPP-4is and those without (all, P = 0.1431; hospitalized, P = 0.1528). Other oral GLAs include sulfonylureas, glinides, biguanides, thiazolidines, a-
glycosidase inhibitors and sodium–glucose cotransporter 2 inhibitors.
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PCs in the present study (117 cases per 100,000 patient-years)
is higher than that in previous epidemiological studies (27.6
cases per 100,000 patient-years)8, the incidence rates in claims
database studies are known to be two- to threefold higher than
those in epidemiological studies9. Another limitation is that
patients having pancreatic cancer were defined by ascription of
ICD-10 code C25 in the database, which may well be impre-
cise. However, mitigating this limitation, when pancreatic can-
cer is diagnosed and treatment is required, the patient is
generally hospitalized, thus ensuring the reliability of the diag-
nostic code. Finally, although ≥60% of individuals with diabetes
in Japan are aged ≥75 years, those in the present analysis were
aged <75 years. Despite these limitations, the current study
provides important information for healthcare professionals
and individuals with diabetes, especially those in East Asian
countries where DPP-4is are commonly prescribed1.
In conclusion, this database study found no significant asso-

ciation of increased risk of PC with DPP-4i use among individ-
uals with diabetes in Japan, but larger studies with longer
follow up are required to confirm these findings.
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SUPPORTING INFORMATION
Additional supporting information may be found online in the Supporting Information section at the end of the article.

Table S1 | Incidence of all and hospitalized pancreatic cancers taking different oral glucose-lowering agents >2 years.

Table S2 | Pancreatic cancer risk factors (International Classification of Diseases 10th Revision) at baseline in individuals taking dif-
ferent oral glucose-lowering agents >2 years.

Table S3 | Adjusted pancreatic cancer risk in individuals taking dipeptidyl peptidase-4 inhibitors >2 years.

Table S4 | Adjusted pancreatic cancer risk in individuals taking oral glucose-lowering agents >2 years with or without previous
exposure to dipeptidyl peptidase-4 inhibitors.

Table S5 | Incidence of all and hospitalized pancreatic cancers on different oral glucose-lowering agents in individuals with medical
checkup data available.

Table S6 | Pancreatic cancer risk factors (International Classification of Diseases 10th Revision) at baseline in individuals taking dif-
ferent oral glucose-lowering agents with health checkup data available.

Table S7 | Adjusted pancreatic cancer risk in individuals with health checkup data available taking dipeptidyl peptidase-4 inhibi-
tors.

Table S8 | Adjusted pancreatic cancer risk in individuals taking other oral glucose-lowering agents with previous exposure to
dipeptidyl peptidase-4 inhibitors with health checkup data available.

Figure S1 | Histogram of the number of individuals for the duration using dipeptidyl peptidase-4 inhibitors (DPP-4is) and other
oral glucose-lowering agents (Others).
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