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ABSTRACT
Aims/Introduction: We investigated the association between coexisting diabetes at
the time of cancer diagnosis, and the overall survival and incidence of second primary
cancer in patients with cancer and receiving drug therapy for diabetes.
Materials and Methods: We used cancer registry and administrative data of patients
diagnosed with cancer at designated cancer care hospitals in Osaka Prefecture between
2010 and 2015. The presence of diabetes was identified from the prescription records of
antidiabetic drugs in Diagnosis Procedure Combination System data. After adjusting for
patient characteristics, we compared overall survival between patients with cancer with
coexisting diabetes and those without coexisting diabetes using the Cox proportional
hazards model. In addition, the impact of coexisting diabetes on the risk of developing
second primary cancer was evaluated using a competing risk analysis.
Results: Of the 131,701 patients with cancer included in the analysis, 6,135 (4.7%) had
coexisting diabetes. The 5-year survival rates for patients with and without coexisting
diabetes were 56.2% (95% confidence interval 54.8–57.6) and 72.7% (95% confidence
interval 72.4–73.0), respectively. Coexisting diabetes was associated with a higher risk of
developing second primary cancer (subdistribution hazard ratio 1.23; 95% confidence
interval 1.08–1.41). In site-specific analysis, coexisting diabetes was associated with an
increased risk for the development of second primary cancer of multiple myeloma, and
cancer of the uterus, pancreas and liver.
Conclusions: Coexisting diabetes was associated with a higher mortality and risk of
developing second primary cancer in Japanese patients with cancer and on drug therapy
for diabetes.

INTRODUCTION
Diabetes is a major public health issue, and its global preva-
lence continues to increase1. The National Diabetes Statistics

Report (2020)2 states that 34.2 million people (10.5% of the
USA population) have diabetes. According to the 2016 National
Health and Nutrition Survey in Japan3, approximately 10 million
people (12.1% of the total adult population) have diabetes in
Japan. Diabetes is a major comorbidity in patients with cancer4,
and the impact of coexisting diabetes on the prognosis ofReceived 18 May 2022; revised 19 August 2022; accepted 19 October 2022
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patients with cancer remains a topic of debate5–11. In a meta-
analysis of 23 studies in which patients were diagnosed with
cancer between 1970 and 2006, Barone et al. reported a 41%
increase in mortality rate in patients with cancer with diabetes
compared with those without diabetes5. In a register-based
study that included all patients with cancer diagnosed in Den-
mark between 1995 and 2009, the mortality rate was higher in
patients with diabetes than in those without diabetes (the haz-
ard ratios [HRs] of insulin-treated patients compared with
patients without diabetes were 1.49 and 1.46 for men and
women, respectively)7. However, reports on the impact of dia-
betes on the prognosis of patients with cancer have not been
fully updated with recent advancements in treatment and
improved prognosis. Furthermore, many studies have been car-
ried out on Western populations, whereas studies on Asian
populations are sparse. Kodama et al. examined ethnic differ-
ences in the association between insulin sensitivity and insulin
responses, and reported that East Asians have a limited innate
capacity to secrete insulin and are at higher risk of developing
diabetes due to b-cell depletion12. Given that the mechanism
by which diabetes affects cancer is hypothesized to be the
induction of cancer cell proliferation by high glucose and insu-
lin levels13, such ethnic differences might affect the prognostic
impact of diabetes in patients with cancer. Therefore, it is
worthwhile to examine the impact of coexisting diabetes on
survival of patients with cancer in the Japanese population.
Second primary malignancies account for 18% of all cancers

in the USA14. In Japan, the 10-year cumulative risk of develop-
ing second primary cancer in patients who develop primary
cancer aged in their 60s is approximately 13%15. Thus, second
primary cancer is not a rare condition, and the risk factors for
developing second primary cancers are notable. Sung et al. car-
ried out a retrospective study of 1.54 million individuals diag-
nosed with primary cancer in the USA between 1992 and
2011, and reported that obesity and smoking were associated
with the development of second primary cancer in some cancer
sites16. However, they did not report an association between
diabetes and second primary cancer. Only a few reports have
examined the association between diabetes and the risk of
developing second primary cancer. A retrospective analysis of
patients with colorectal cancer in the Czech Republic17 and of
patients with postoperative gastric cancer in Japan18 showed
that the coexistence of diabetes increased the risk of developing
second primary cancer. However, to the best of our knowledge,
no study to date has investigated the effects of diabetes on the
development of second primary cancers according to the site of
the primary or second primary cancer. Given the prevalence of
diabetes in patients with cancer, clarifying the impact of coex-
isting diabetes on the risk of developing second primary cancer
is necessary.
The present study aimed to investigate the impact of coexist-

ing diabetes at the time of cancer diagnosis on overall survival
and incidence of second primary cancer in patients with cancer
in Japan.

MATERIALS AND METHODS
Data sources
The present multicenter retrospective cohort study used
population-based data from the Osaka Cancer Registry linked
with administrative data. The Osaka Cancer Registry data pro-
vide information on cancer diagnosis and survival status for
patients residing in Osaka Prefecture, Japan, and include age,
sex, type of cancer, date of cancer diagnosis, date of the last fol-
low up, date of death and stage of cancer (i.e., localized, regional
to lymph nodes, regional by direct extension or distant). Admin-
istrative data were produced under Japan’s Diagnosis Procedure
Combination Per-Diem Payment System (DPC), which pre-
scribes reimbursements from insurers to acute care hospitals.
The DPC data included a history of medications and clinical
procedures, and were collected from 36 designated cancer care
hospitals in Osaka. Designated cancer care hospitals are medical
facilities certified by the national or prefectural government as
having advanced competence, experience and leadership in can-
cer treatment. At the time of admission, data on body height,
weight and diagnostic disease name based on the International
Classification of Diseases 10th revision codes were recorded in
the DPC data. The Osaka Cancer Registry data were linked to
the DPC data and anonymized after linkage19–21. Analyses were
carried out using an anonymized dataset.

Study population
The present study comprised patients diagnosed with cancer
between 2010 and 2015. We excluded patients with carcinoma
in situ, patients with multiple cancers diagnosed with second pri-
mary cancer within 2 months of the first cancer diagnosis,
patients aged <20 years or >100 years at cancer diagnosis, and
death certificate only cases at first cancer diagnosis. The patients
were divided into two groups, one with coexisting diabetes and
one without coexisting diabetes, according to the presence and
timing of diabetes diagnosis. The presence of diabetes was identi-
fied from the prescription records of antidiabetic drugs in the
DPC data. The earliest date for the prescription of antidiabetic
drugs was defined as the timepoint at which the diagnosis of dia-
betes was confirmed. Antidiabetic drugs included metformin,
insulin and insulin analogs (pen-type injection device), glucagon-
like peptide 1 receptor agonists, dipeptidyl peptidase-4 inhibitors,
sodium–glucose cotransporter 2 inhibitors, thiazolidines, glinides,
alpha-glucosidase inhibitors and sulfonylureas. Patients diag-
nosed with diabetes in the month after the diagnosis of cancer or
later were included in the group without coexisting diabetes.

Statistical analysis
Baseline characteristics of the two groups of patients were com-
pared using the Mann–Whitney test for continuous variables,
and v2-test for categorical variables. First, we analyzed the
effects of diabetes on the overall survival of patients with cancer
by comparing patients with cancer and with diabetes at the
time of cancer diagnosis with those without diabetes. Patient
survival was followed up from the time of diagnosis to May
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2019. The Kaplan–Meier method and log-rank test were used
to compare overall survival rates for all patients, and for each
cancer site with and without diabetes at the time for cancer
diagnosis. The analysis was first applied to overall cancers and
then replicated for 22 specific cancer sites based on the Interna-
tional Classification of Diseases 10th Revision classification.
Next, to investigate the effects of diabetes on overall survival,
HRs and 95% confidence intervals (CIs) were calculated using
the Cox proportional hazards model adjusted by age category
(20–49, 50–59, 60–69, 70–79 and 80–99 years), sex, first cancer
site (at the time of analysis for all cancer sites), stage at diagno-
sis (localized, regional to lymph nodes, regional by direct exten-
sion, distant and unknown) and body mass index (BMI)
category (<18.5, 18.5–24.9, ≥25.0 kg/m2 and not measured).
Second, to estimate the impact of diabetes on second pri-

mary cancer development, the competing risk analysis was car-
ried out with death as the competing risk. Subdistribution HRs
and 95% CIs were calculated using the Fine and Gray model22.
The first and second primary cancers diagnosed between Jan-
uary 2010 and December 2015 were used. The survival was also
censored by December 2015. We assessed proportional hazards
assumption by graphical evaluation of log–log plots for the sur-
vival analysis. Statistical analyses were carried out using STATA
(version 16; StataCorp, College Station, TX, USA).

Ethics approval
The present study was approved by the Institutional Review
Board of Osaka International Cancer Institute (approval num-
ber: 1707105108), and was carried out in accordance with the
ethical standards of the Declaration of Helsinki. We obtained
the dataset with no personally identifiable information from the
Osaka Cancer Registry, and independently processed it in
accordance with the Act on Promotion of Cancer Registries.

RESULTS
Participants and baseline characteristics
Of the 155,796 patients diagnosed with cancer between 2010
and 2015, we excluded 18,700 patients with carcinoma in situ,
4,657 patients with multiple cancer diagnosed with second pri-
mary cancer within 2 months of the first cancer diagnosis, 682
patients aged <20 years and 35 patients aged >100 years at
cancer diagnosis, and 21 death certificate only cases at first can-
cer diagnosis. In total, 131,701 patients were included in the
analysis, of which we identified 6,135 (4.7%) patients with dia-
betes at the time of cancer diagnosis and compared them with
125,566 (95.3%) patients with no confirmed diagnosis of dia-
betes at the time of cancer diagnosis (12,543 of whom were
diagnosed with diabetes after cancer diagnosis; Figure 1). Com-
pared with patients without diabetes, patients with coexisting
diabetes were older at the time of cancer diagnosis (70 years vs
73 years), comprised a higher proportion of men (57.0% vs
69.8%), had a higher BMI (22.2 kg/m2 vs 23.1 kg/m2) and had
more advanced cancer (distant stage, 19.2% vs 26.0%; Table 1).
The proportion of patients with liver and pancreatic cancers
was higher, and the proportion of patients with breast and
uterine cancers was lower in the coexisting diabetes group than
in the group without diabetes (Table 2).

Overall survival
The 5-year survival rates for patient with and without coexist-
ing diabetes were 56.2% (95% CI 54.8–57.6) and 72.7% (95%
CI 72.4–73.0), respectively (Table 2). Using the Cox propor-
tional hazards model, we estimated HRs of death adjusted for
sex, age category, cancer stage, BMI category and cancer site
in the coexisting diabetes group with the group without dia-
betes as the reference (Table 3). The mortality rate was
higher in patients with coexisting diabetes than in patients

155,796 patients diagnosed with cancer
between 2010 and 2015

18,700 with carcinoma in situ
4,657 with multiple cancer
682 aged under 20 years at cancer diagnosis
35 aged over 100 years at cancer diagnosis
21 DCO (Death Certificate Only)

131,701 patients included in analysis

6,135 patients with
diabetes at the time of

cancer diagnosis

125,566 patients who had no confirmed diagnosis of diabetes
at the time of cancer diagnosis (Includes 12,543 patients

diagnosed with diabetes after cancer diagnosis)

FIGURE 1 | Flowchart of patient selection for analysis among those diagnosed with cancer between 2010 and 2015 in Osaka, Japan.
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without diabetes, with an adjusted HR for all cancer sites of
1.37 (95% CI 1.31–1.43) in the coexisting diabetes group.
Visual inspection of the proportional hazard assumption using
a log–log plot showed no signs of violation of the assump-
tion. (Figure S1).
The impact of diabetes on prognosis varied depending on

the cancer site. Unadjusted analysis showed that the overall
mortality rate in patients with cancer with diabetes was higher
for several types of cancers, except cancers of the esophagus,
gallbladder, pancreas and uterus (Table 2). Similarly, analysis
adjusted for sex, age category, cancer stage and BMI category
showed a more than threefold increase in adjusted HR for can-
cers of the thyroid and ovary, followed by a more than twofold
increase in brain/central nervous system, larynx and multiple
myeloma. (Table 3). HRs of death for each covariate by uni-
variable and multivariable Cox proportional hazards are shown
in Table S1.

Risk of second primary cancer
Of the 125,566 patients without diabetes, 4,617 (3.7%) devel-
oped second primary cancer. Of the 6,135 patients with dia-
betes at the time of cancer diagnosis, 236 (3.9%) developed
second primary cancer (Table 1). The subdistribution HR for

the risk of developing second primary cancer in the coexisting
diabetes group was 1.23 (95% CI 1.08–1.41; Table 4).
For site-specific analysis, we first examined the effect of coex-

isting diabetes on the risk of second primary cancer for each
patient at each primary cancer site. The coexistence of diabetes
was associated with a 1.5-fold increase in the subdistribution
HR for the risk of second primary cancer in patients with col-
orectal cancer (adjusted HR 1.52, 95% CI 1.13–2.03). In con-
trast, in patients with liver cancer, the coexistence of diabetes
reduced the risk of developing second primary cancer (adjusted
HR 0.27, 95% CI 0.12–0.59; Table 4).
We next examined the association between coexisting dia-

betes and the risk of developing second primary cancer for
each second primary cancer site. In the group with coexisting
diabetes, approximately 1.6- to sixfold HRs were observed for
developing second primary cancer of multiple myeloma (HR
6.04, 95% CI 2.25–16.21), uterus (HR 2.66, 1.06–6.70), pancreas
(HR 1.89, 95% CI 1.09–3.25) and liver (HR 1.60, 95% CI 1.05–
2.44; Table 5).

DISCUSSION
To examine the impact of diabetes in patients with cancer, the
present study compared patients with cancer without diabetes

Table 1 | Baseline characteristics of patients diagnosed with cancer by diabetic status, Osaka, Japan, 2010–2015

Total Coexistence with
diabetes at cancer
diagnosis

No diabetes at
cancer diagnosis

P-value*

n (%) 131,701 (100.0) 6,135 (4.7) 125,566 (95.3)
All-cause mortality, n (%) 35,168 (26.7) 2,373 (38.7) 32,795 (26.1) <0.001
Second primary cancer incidence, n (%) 4,853 (3.7) 236 (3.9) 4,617 (3.7) 0.491
Male, n (%) 75.853 (57.6) 4,281 (69.8) 71,572 (57.0) <0.001
Age at diagnosis, median (IQR) 70 (62–77) 73 (67–79) 70 (62–77) <0.001
Age category, n (%)

20–49 years 12,103 (9.2) 113 (1.8) 11,990 (9.6) <0.001
50–59 years 14,187 (10.8) 377 (6.2) 13,810 (11.0)
60–69 years 37,552 (28.5) 1,631 (26.6) 35,921 (28.6)
70–79 years 45,632 (34.7) 2,696 (43.9) 42,936 (34.2)
80–99 years 22,227 (16.9) 1,318 (21.5) 20,909 (16.7)

Stage at diagnosis, n (%)
Localized 63,227 (48.0) 2,497 (40.7) 60,730 (48.4) <0.001
Regional to lymph nodes 13,207 (10.0) 481 (7.8) 12,726 (10.1)
Regional by direct extension 21,287 (16.2) 1,085 (17.7) 20,202 (16.1)
Distant 25,682 (19.5) 1,596 (26.0) 24,086 (19.2)
Unknown 8,298 (6.3) 476 (7.8) 7,822 (6.2)

BMI (kg/m2), median (IQR) 22.2 (20.0–24.7) 23.1 (20.5–25.7) 22.2 (19.9–24.6) <0.001
BMI category

<18.5 14,330 (10.9) 552 (9.0) 13,778 (11.0) <0.001
18.5–24.9 72,083 (54.7) 3,336 (54.4) 68,747 (54.8)
≥25.0 24,644 (18.7) 1,721 (28.1) 22,923 (18.3)
Not measured 20,644 (15.7) 526 (8.6) 20,118 (16.0)

Patients with carcinoma in situ were excluded. The diagnosis of diabetes mellitus is based on the prescription history of diabetic medications. *P-
values of the Mann–Whitney test for continuous variables and the chi-squared tests for categorical variables. BMI, body mass index; IQR, Interquartile
range.
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Table 2 | Distribution of the number of patients by cancer site and 5-year overall survival

Site of first primary cancer No. patients (%) 5-year overall survival
(95% CI)

P-value (log-rank)

All cancer (C00–C96)
Diabetes 6,135 (100) 56.2 (54.8–57.6)
No diabetes 125,566 (100) 72.7 (72.4–73.0) <0.001

Oral cavity/pharynx (C00–C14)
Diabetes 68 (1.1) 55.4 (41.0–67.7)
No diabetes 3,347 (2.7) 71.6 (69.9–73.3) <0.001

Esophagus (C15)
Diabetes 119 (1.9) 63.0 (52.2–72.1)
No diabetes 3,993 (3.2) 60.8 (59.1–62.5) 0.922

Stomach (C16)
Diabetes 926 (15.1) 66.2 (62.6–69.5)
No diabetes 18,189 (14.5) 73.8 (73.1–74.4) <0.001

Colorectum (C18–C20)
Diabetes 890 (14.5) 69.8 (66.4–73.0)
No diabetes 16,737 (13.3) 78.3 (77.6–78.9) <0.001

Liver (C22)
Diabetes 598 (9.8) 48.2 (43.4–52.8)
No diabetes 6,721 (5.4) 52.2 (50.9–53.6) 0.001

Gallbladder (C23–C24)
Diabetes 204 (3.3) 38.2 (30.1–46.3)
No diabetes 2,518 (2.0) 39.2 (36.9–41.4) 0.501

Pancreas (C25)
Diabetes 749 (12.2) 23.4 (19.4–27.5)
No diabetes 4,530 (3.6) 27.4 (25.7–29.2) 0.092

Larynx (C32)
Diabetes 35 (0.6) 75.6 (56.8–87.1)
No diabetes 1,079 (0.9) 83.1 (80.5–85.4) 0.030

Lung (C33–C34)
Diabetes 826 (13.5) 35.0 (31.0–39.0)
No diabetes 14,465 (11.5) 49.9 (48.9–50.8) <0.001

Skin (C43–C44)
Diabetes 80 (1.3) 77.6 (65.8–85.7)
No diabetes 3,082 (2.5) 85.6 (84.1–86.9) 0.014

Breast (C50)
Diabetes 171 (2.8) 80.9 (73.1–86.7)
No diabetes 12,184 (9.7) 93.6 (93.1–94.1) <0.001

Uterus (C53–C55)
Diabetes 95 (1.6) 84.6 (75.3–90.6)
No diabetes 5,018 (4.0) 86.8 (85.7–87.7) 0.220

Ovary (C56)
Diabetes 24 (0.4) 53.5 (30.8–71.8)
No diabetes 1,528 (1.2) 76.2 (73.9–78.4) <0.001

Prostate (C61)
Diabetes 398 (6.5) 84.7 (80.2–88.2)
No diabetes 11,435 (9.1) 90.9 (90.4–91.5) <0.001

Kidney/urinary tract (C64–C66, C68)
Diabetes 166 (2.7) 73.0 (64.9–79.6)
No diabetes 3,782 (3.0) 76.9 (75.4–78.3) 0.043

Bladder (C67)
Diabetes 134 (2.2) 62.9 (52.9–71.3)
No diabetes 2,884 (2.3) 71.1 (69.2–72.8) 0.013

Brain/central nervous system (C70–C72)
Diabetes 28 (0.5) 9.8 (0.6–34.6)
No diabetes 627 (0.5) 53.6 (48.7–58.3) <0.001

ª 2022 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd J Diabetes Investig Vol. 14 No. 2 February 2023 333

O R I G I N A L A R T I C L E

http://wileyonlinelibrary.com/journal/jdi Diabetes and second primary cancer



and those with coexisting diabetes and receiving antidiabetic
drug therapy at the time of cancer diagnosis. The coexistence
of diabetes was associated with poorer overall survival and a
higher risk of developing second primary cancer compared with
that in patients without diabetes. The association between coex-
isting diabetes and the prognosis of patients with cancer has
been reported previously5–11. Nevertheless, most of these studies
are outdated, and do not take into account recent advance-
ments in treatment and improved prognosis. Furthermore, only
a few studies have considered cancer stage at diagnosis5,10.
Among patients with colorectal, breast and uterine cancers,
patients with diabetes are more likely to be diagnosed with can-
cer at a more advanced stage compared with patients without
diabetes10,23. This might partially explain the association
between coexistent diabetes and poor prognosis in patients with
cancer. The present study showed that patients with diabetes
tended to have more advanced cancers, which is consistent with
previous reports10,23. Our analysis also showed that diabetes
was associated with poor prognosis, even after adjusting for
cancer stage. This suggests that other mechanisms might under-
pin the impact of diabetes on prognosis. In addition to
advanced cancer stage, low socioeconomic status24, high risk of
postoperative mortality after cancer surgery25, high risk of
chemotherapy-related toxicity26, decreased renal function associ-
ated with diabetes27, limited cancer treatment options10 and
increased cardiovascular complications28–30 have been proposed
as mechanisms by which the coexistence of diabetes worsens
the prognosis of patients with cancer.
Reports suggest that patients diagnosed with cancer are likely

to receive less treatment for diabetes31. Inadequate diabetes
treatment might increase the risk of diabetic complications and
worsen the prognosis of patients with cancer. In patients with

Table 2. (Continued)

Site of first primary cancer No. patients (%) 5-year overall survival
(95% CI)

P-value (log-rank)

Thyroid (C73)
Diabetes 58 (1.0) 85.7 (73.4–92.6)
No diabetes 1,997 (1.6) 94.0 (92.8–95.0) <0.001

Malignant lymphoma (C81–C85, C96)
Diabetes 230 (3.8) 54.3 (46.9–61.1)
No diabetes 4,505 (3.6) 74.8 (73.4–76.1) <0.001

Multiple myeloma (C88–C90)
Diabetes 47 (0.8) 44.2 (28.4–59.0)
No diabetes 824 (0.7) 66.5 (62.8–69.8) <0.001

Leukemia (C91–C95)
Diabetes 109 (1.8) 34.7 (24.6–45.1)
No diabetes 1,723 (1.4) 50.3 (47.8–52.9) 0.001

Others
Diabetes 180 (2.9) 41.1 (32.6–49.4)
No diabetes 4,398 (3.5) 64.4 (62.9–65.9) <0.001

95% CI, 95% confidence interval.

Table 3 | Adjusted hazard ratios of coexisting diabetes on all-cause
mortality derived from Cox proportional hazards models according to
cancer site

Site of first primary cancer ICD-10 Adjusted HR (95% CI)

All cancer site 1.37 (1.31–1.43)
Oral cavity/pharynx C00–C14 1.94 (1.30–2.91)
Esophagus C15 0.92 (0.66–1.28)
Stomach C16 1.45 (1.28–1.64)
Colorectum C18–C20 1.55 (1.35–1.77)
Liver C22 1.20 (1.05–1.36)
Gallbladder C23–C24 1.01 (0.82–1.24)
Pancreas C25 1.17 (1.05–1.29)
Larynx C32 2.10 (1.02–4.32)
Lung C33–C34 1.60 (1.45–1.77)
Skin C43–C44 1.78 (1.07–2.96)
Breast C50 1.91 (1.30–2.81)
Uterus C53–C55 1.29 (0.75–2.21)
Ovary C56 3.35 (1.77–6.35)
Prostate C61 1.43 (1.08–1.89)
Kidney/urinary tract C64–C66, C68 0.89 (0.65–1.24)
Bladder C67 1.65 (1.21–2.26)
Brain/central nervous system C70–C72 2.62 (1.50–4.60)
Thyroid C73 3.30 (1.57–6.95)
Malignant lymphoma C81–C85, C96 1.71 (1.38–2.12)
Multiple myeloma C88–C90 2.04 (1.32–3.18)
Leukemia C91–C95 1.18 (0.91–1.54)
Others 1.75 (1.41–2.18)

Hazard ratios for the patients with coexisting diabetes at cancer diagno-
sis are shown with those without coexisting diabetes as reference. All
models are adjusted for age category, sex, first cancer site (at the time
of analysis for all cancer sites), stage at diagnosis and body mass index
category. 95% CI, 95% confidence interval; HR, hazard ratio; ICD-10,
International Classification of Diseases 10th Revision.
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type 2 diabetes without cancer, adequate glycemic control cor-
relates with good prognosis32. Furthermore, hyperglycemia and
hyperinsulinemia associated with diabetes promote cancer pro-
gression13. However, the impact of aggressive treatment for dia-
betes in patients with cancer remains unclear. Further studies
are warranted to determine whether optimal management of
diabetes improves the prognosis of patients with cancer with
coexisting diabetes.
In site-specific analyses, coexisting diabetes was associated

with overall survival for many cancer sites, but there were sev-
eral sites with no strong evidence of association. One explana-
tion for this discrepancy is that for some cancer sites, the effect
of coexisting diabetes did not reach statistical significance due
to insufficient sample size. Another potential explanation is that
the effect of diabetes on survival was not apparent in patients
with cancer sites associated with poor prognosis. As patients
with poor prognosis are more likely to die from cancer than
from comorbidities, the impact of diabetes on mortality might
be relatively small. Thus, the impact of coexisting diabetes on
overall survival might not be apparent in populations with poor
prognosis. In this regard, cancers of the gallbladder (unadjusted
and adjusted analysis) and pancreas (unadjusted analysis) fall
into this category, as historical Japanese statistics show that
these cancers have the poorest prognosis33,34. In a meta-analysis

by Barone et al.5, the prognosis of patients with pancreatic can-
cer was not associated with the coexistence of diabetes. In addi-
tion, Mao et al.35 reported that coexisting diabetes was
associated with poor prognosis in patients with pancreatic can-
cer, but not in a subgroup of patients with cancer at an unre-
sectable stage. Similarly, the lack of an association between
coexisting diabetes and prognosis in patients with pancreatic
and gallbladder cancers in the present analysis might be under-
scored by the generally poor prognosis of these cancer types. In
contrast, for cancers of sites with favorable 5-year survival rates
according to Japanese statistics33 (prostate, thyroid, skin, breast,
laryngeal, uterine, bladder, colorectal, kidney/urinary tract, gas-
tric and ovarian cancers, and malignant lymphoma), a moder-
ate association was observed between coexisting diabetes and
prognosis for all sites, except uterine and kidney/urinary tract
cancers. This suggests that the effects of coexisting diabetes are
more likely to become apparent in cancer types with a favor-
able prognosis.
The present study showed that coexisting diabetes was asso-

ciated with the development of second primary cancer in
patients on antidiabetic drug therapy. Accordingly, it is critical
to carefully screen patients with cancer with coexisting diabetes
for second primary cancers. In site-specific analysis of primary
cancer sites of patients developing a second primary cancer,

Table 4 | Adjusted hazard ratios of coexisting diabetes on the development of second primary cancer derived from Cox proportional hazards
models according to first cancer site

Site of first primary cancer ICD-10 Subdistribution HR (95%CI)

All cancer site 1.23 (1.08–1.41)
Oral cavity/pharynx C00–C14 1.29 (0.52–3.17)
Esophagus C15 0.98 (0.42–2.26)
Stomach C16 NA
Colorectum C18–C20 1.52 (1.13–2.03)
Liver C22 0.27 (0.12–0.59)
Gallbladder C23–C24 1.05 (0.43–2.58)
Pancreas C25 0.43 (0.19–1.004)
Larynx C32 NA
Lung C33–C34 1.30 (0.90–1.87)
Skin C43–C44 1.87 (0.84–4.14)
Breast C50 1.71 (0.75–3.87)
Uterus C53–C55 1.88 (0.63–5.62)
Ovary C56 NA
Prostate C61 NA
Kidney/urinary tract C64–C66, C68 NA
Bladder C67 1.09 (0.56–2.13)
Brain/central nervous system C70–C72 6.11 (0.52–72.26)
Thyroid C73 1.13 (0.33–3.85)
Malignant lymphoma C81–C85, C96 0.96 (0.46–2.00)
Multiple myeloma C88–C90 NA
Leukemia C91–C95 1.53 (0.34–6.81)
Others 0.90 (0.37–2.22)

Hazard ratios for the patients with coexisting diabetes at cancer diagnosis are shown with those without coexisting diabetes as reference. All mod-
els are adjusted for age category, sex, first cancer site (at the time of analysis for all cancer sites), stage at diagnosis, and body mass index category.
95% CI, 95% confidence interval; HR, hazard ratios; ICD-10, International Classification of Diseases 10th Revision; NA, not applicable.
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coexisting diabetes was associated with an increased incidence
of second primary cancers in patients with colorectal cancers,
whereas coexisting diabetes was associated with a decreased
risk of developing second primary cancers in patients with
liver cancer. Patients with liver cancer with diabetes have a
poor prognosis and might be less likely to develop a second
primary cancer. First, liver cancer generally has a high recur-
rence rate. In addition, the coexistence of diabetes in patients
with liver cancer might be highly correlated with the complica-
tion of cirrhosis, which has a poor prognosis. Thus, patients
with liver cancer are more likely to be exposed to recurrence
or progression of liver cancer and associated death, and might
have a relatively low risk of developing another second pri-
mary cancer. In site-specific analysis of second primary can-
cers, the group with coexisting diabetes had an increased risk
of developing second primary cancers of multiple myeloma,
and the cancer of the uterus, pancreas and liver. Similar to the
present findings, previous studies examining the risk of devel-
oping cancer have reported that diabetes increases the risk of
developing liver and uterine cancers36,37. Furthermore, obesity
is a risk factor for the development of multiple myeloma38,39.
Thus, the sites of second primary cancers with increased risk
in patients with cancer with coexisting diabetes show the same
pattern as that of the sites of primary cancers with increased

risk in patients with diabetes, implying common pathophysio-
logical mechanisms.
A strength of the present study was its focus on Asians. The

pathogenesis of diabetes differs between Asians and white peo-
ple12, and the effect of diabetes on the prognosis of patients
with cancer might also differ between Asians and white people.
Therefore, examining the impact of diabetes using data from
the Japanese populations might facilitate more understanding
of the prognosis of patients with cancer with coexisting dia-
betes, in consideration of ethnic differences. In this study, the
point estimate of the adjusted HR for mortality was 1.37, which
approximates the value of 1.41 reported by Barone et al.5 In
sum, this study suggests that the impact of coexisting diabetes
on prognosis in patients with cancer is similar between Asians
and white people.
The present study had some limitations. First, the coexistence

of diabetes was identified based on drug prescription records in
the DPC. It is unclear whether all patients with diabetes could
be extracted purely based on prescription history. However, the
diagnosis of diabetes is likely to be valid for patients who have
been prescribed antidiabetic drugs. The majority of misclassifi-
cations are considered to comprise one of the following: (i)
patients with diabetes who did not have any prescription his-
tory of antidiabetic drugs in the DPC data could have been

Table 5 | Adjusted hazard ratios of coexisting diabetes on the development of second primary cancer derived from Cox proportional hazards
models according to second cancer site

Site of first primary cancer ICD-10 Subdistribution HR (95% CI)

All cancer site 1.23 (1.08–1.41)
Oral cavity/pharynx C00–C14 0.83 (0.34–2.05)
Esophagus C15 0.93 (0.46–1.89)
Stomach C16 0.99 (0.71–1.39)
Colorectum C18–C20 1.13 (0.78–1.62)
Liver C22 1.60 (1.05–2.44)
Gallbladder C23–C24 1.41 (0.65–3.08)
Pancreas C25 1.89 (1.09–3.25)
Larynx C32 1.24 (0.31–5.01)
Lung C33–C34 0.81 (0.56–1.16)
Skin C43–C44 1.27 (0.58–2.78)
Breast C50 0.90 (0.36–2.25)
Uterus C53–C55 2.66 (1.06–6.70)
Ovary C56 NA
Prostate C61 0.58 (0.33–1.04)
Kidney/urinary tract C64–C66, C68 1.12 (0.57–2.17)
Bladder C67 1.04 (0.48–2.28)
Brain/central nervous system C70–C72 3.63 (0.79–16.63)
Thyroid C73 0.66 (0.16–2.74)
Malignant lymphoma C81–C85, C96 NA
Multiple myeloma C88–C90 6.04 (2.25–16.21)
Leukemia C91–C95 2.17 (0.84–5.61)
Others 1.24 (0.58–2.66)

HRs for the patients with coexisting diabetes at cancer diagnosis are shown with those without coexisting diabetes as reference. All models are
adjusted by age category, sex, first cancer site, stage at diagnosis, and body mass index category. 95%CI, 95% confidence interval; HR, hazard ratios;
ICD, International Classification of Disease 10th Revision; NA, not applicable.
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categorized into the group of patients without diabetes; and (ii)
patients with diabetes before cancer diagnosis were misclassified
as patients with newly developed diabetes after cancer diagnosis.
Such misclassifications are considered to constitute a source of
bias in the direction of weakening the effects of diabetes. Sec-
ond, there were confounding factors that were not accounted
for in the present study and warrant further investigation. For
example, the effect of comorbidities other than diabetes on sur-
vival and risk of developing second primary cancers was not
examined in this study. In addition, cancer treatment, severity
of diabetes, type of diabetes treatments and diabetic complica-
tions were also not considered, and may might affected the
results. Furthermore, to evaluate potential multicollinearity in
the multivariable analysis, we carried out Spearman’s correlation
analysis of each variable and the comorbidity of diabetes at the
time of cancer diagnosis, and confirmed that the absolute value
of the correlation coefficient was <0.1 for all variables (data not
shown). Finally, data on the details of the cause of death were
not examined, and cancer-related deaths and non-cancer-
related deaths were not distinguished. Therefore, we were
unable to examine the effects of second primary cancers on the
prognosis of patients with cancer.
In conclusion, coexisting diabetes was associated with poorer

prognosis and an increased incidence of second primary can-
cers in Japanese patients with cancer and receiving antidiabetic
drug therapy. The efficacy of diabetes prevention and treatment
for improving the prognosis of patients with cancer remains a
subject for future studies.
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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 | Hazard ratios for all-cause mortality for each covariate from univariable and multivariable Cox proportional hazards
models.
Figure S1 | Visual inspection of the proportional hazard assumption using a log–log plot.
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