findings, so caution is needed in interpreting our results.
Indeed, the probability of mistakenly concluding that a particu-
lar association is different from nil increases with the number
of hypotheses tested. A correction for multiple testing, such as
the Bonferroni procedure, is often used to control the overall
probability of incorrectly rejecting at least one null hypothesis
under the assumption that all null hypotheses (e.g. absence of
effect) are simultaneously true.®**® This procedure was not
conducted because this would not answer our research ques-
tion; that is, the assessment of the separate relationships
between diabetes and each cancer site. The diagnosis of
diabetes was based on self-report in all studies. According to a
validation study conducted as part of one of the studies, self-
reported diabetes exhibits fairly good aéreement with diabetes
documented in medical records (94%).”*" Case ascertainment
based on self-reporting might result in either overreporting or
underreporting, and these misclassifications would bias the
association toward the null. In addition, type 1 and type 2 dia-
betes were not distinguished. However, because type 1 diabe-
tes is less frequent than type 2 diabetes, especially in adult
populations, it would be reasonable to suppose that most of
the subjects had type 2 diabetes. Despite the large number of
person-years, the number of cases of some site-specific cancers
was only moderate. Finally, there may be some concerns about
observational studies not providing an appropriate time refer-
ence for estimating the time-at-risk of participants. Korn
et al.“? recommend the use of age as a more natural and
appropriate time scale that allows one to take into account the
left truncated nature of the data. However, Pencina et al.

show that provided age is properly taken into account in the
Cox model, the choice of one or the other time scale has no
meaningful impact on the parameter estimates. In addition,
Chalise et al.“® conducted a simulation study which showed
that Cox models using time-on-study as the time scale were
robust to misspecification of the true underlying time scale. An
analysis conducted on two of the studies included in our
pooled analysis using age as the time scale showed that results
in terms of relative risk of the association between diabetes
and each of the considered cancer sites were very similar to
those obtained using time-on-study. Therefore, we decided to
present results based on time-on-study as time-scale Cox
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models because this allowed us to preserve coherence with
already published results.>?%%3

The strength of the present study is that it includes most of
the ongoing prospective studies in Japan, with overlapping
birth generations and a similar survey period. Therefore, pool-
ing of these studies allows for a stable quantitative estimate of
the impact of diabetes among Japanese people. In the included
studies, diabetes was measured before cancer diagnosis, which
precludes the possibility of selection and recall bias. In addi-
tion, as mentioned above, the covariates were adequately con-
trolled across studies, which removes a potential source of
heterogeneity that can occur in a meta-analysis of published
literature. The use of incidence rather than mortality as an end
point is advantageous because it enables us to directly deter-
mine the contribution of diabetes to cancer risk.

In summary, by pooling data from eight cohort studies with
a considerable number of subjects, statistically increased risk
was observed for cancers at specific sites, such as colon
(HR = 1.40), liver (HR = 1.97), pancreas (HR = 1.85) and bile
duct (HR = 1.66; men only). Increased risk was also suggested
for other sites and, as a whole, diabetes mellitus was associ-
ated with a 20% increase in the risk of total cancer incidence
in the Japanese population.

The association between these two diseases has important
implications for reiterating the importance of controlling life-
style factors, and it may suggest a possible strategy for cancer
screening among patients with diabetes. Furthermore, consider-
ing the increasing prevalence of diabetes worldwide and its
association with cancer, studies continuously investigating the
risk factors for diabetes are important.
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Abstract

Evidence has shown that both C-reactive protein (CRP) and serum amyloid component A (SAA) are increased in individuals with gastritis
and stomach cancer. Controlling the level of these biomarkers by inhibiting the gastric infection with high doses of ascorbic acid may
reduce the risk of carcinogenesis. A population-based double-blind randomised controlled trial in a Japanese population with atrophic
gastritis in an area of high stomach cancer incidence was conducted between 1995 and 2000. Daily doses of 50 or 500 mg vitamin C
were given, and 120 and 124 participants completed the 5-year study, respectively. Although serum ascorbic acid was higher in the
high-dosage group (1-73 (sp 0-46) pg/1) than in the low-dosage group (1-49 (sp 0-29) pg/l, P<0-001), at the end of the study, no significant
difference was observed for CRP between the low- and high-dosage groups (0:39 (95% CI 0-04, 4-19)mg/l and 0:38 (95% CI 0-03,
4-31) mg/l, respectively; P=0-63) or for SAA between the low- and high-dosage groups (3-94 (95% CI 1-04, 14-84) pg/ml and 3-85 (95%
CI 0:99, 14-92) wg/ml, respectively; P=0-61). Vitamin C supplementation may not have a strong effect on reducing infections in individuals

with atrophic gastritis.

‘Key words: Ascorbic acid: C-reactive protein: Serum amyloid component A: Atrophic gastritis

Chronic gastritis, caused by Helicobacter pylori infection, is an
early-stage precursor for gastric adenocarcinoma™?. How-
ever, gastric carcinogenesis may result from a combination
of factors, particularly in individuals who react strongly to
inflammation or demonstrate a strong immune response®’.
C-reactive protein (CRP) and serum amyloid component A
(SAA) are acute-phase inflammatory reactants in the human
body that increase in parallel®®. Evidence has shown that
both CRP and SAA are increased in individuals with gastritis
and stomach cancer®>®. Vitamin C has been suggested to
have roles in inhibiting the growth of H. pylori, inhibiting
intragastric formation of nitrosamines and regulating the
immune response’’~?. Controlling the level of these bio-
markers may reduce the risk of carcinogenesis in the stomach.
Therefore, we hypothesise that a high serum level of ascorbic
acid may reduce stomach cancer risk via control of the inflam-
matory markers CRP and SAA.

A population-based double-blind randomised controlled
trial in a Japanese population with gastritis in an area of
high stomach cancer incidence was conducted between
1995 and 2000, with the aim of examining the effect of vitamin
C supplementation on the primary prevention of gastric
cancer®!? We report the impact of vitamin C supplemen-
tation on CRP and SAA status in trial subjects at the end of
the 5-year period.

Materials and methods
Study participants

The trial was initially intended to examine the effects of sup-
plementation with B-carotene (0 or 15mg/d) and vitamin C
(50 or 500 mg/d) on the incidence of gastric cancer, whereby
participants were randomised in a double-blind manner to
one of four groups by using a 2 X 2 factorial design. A total

Abbreviations: CRP, C-reactive protein; PG, pepsinogen; SAA, serum amyloid component A.

*Corresponding author: S. Sasazuki, fax +81 3 3547 8578, email ssasazuk@ncc.go.jp

61



British Journal of Nutrition

1090 E. Ma et al.

of 1231 subjects who were aged 40—69 years and living in four
municipalities of the Yokote Public Health Center District of
Akita Prefecture were selected to participate in the random-
ised clinical trial. After the first year of participants’ recruitment
in 1995, B-carotene supplementation was reported to have
potential harmful effects for individuals at high risk for
lung cancer®'® | and the study protocol was modified by
removing subjects who were using B-carotene and stopping
recruitment of new subjects in three municipalities”®. The
primary endpoint of the trial was changed from a 10-year
accumulated incidence of gastric cancer to 5-year changes of
the serum levels of pepsinogen (PG) and other biomarkers®®.
The present study was conducted according to the guidelines
laid down in the Declaration of Helsinki and all procedures
involving patients were approved by the ethics committee of
the National Cancer Center and the Hiraka General Hospital.
Written informed consents were obtained from all individuals
willing to participant and those remaining in the study. Finally,
120 and 124 subjects in the low-dosage and high-dosage
groups of vitamin C supplementation, respectively, completed
the 53-year study (Fig. 1). The details of the study rationale,
design, methodology and protocol amendment have been
described previously %P,

Eligible subjects were diagnosed with chronic atrophic gas-
tritis by the cut-off value of PGI <70ng/ml and a ratio of
PGLII of <30, of which the sensitivity was 80% and speci-
ficity was 70% as reported(14). Miki®® reported that the
values measured by the same kit showed a good correlation
(correlation coefficient 0983 for PGI, 0991 for PGII and
0935 for PGLID with those measured by RIA (PGI/PGII
RIA-BEAD; Dinabot Company Limited), in which a sensitivity
of 70-5% and a specificity of 97-0% for atrophic gastritis, com-
pared with histology, have been reported(m)A Selection criteria
were no history of gastric cancer or related surgery; no history
of cirrhosis, liver cancer or other cancer within the last 5 years;
no abnormal liver function; no use of diet supplements con-
taining B-carotene or vitamin C; and no expectation of
moving outside the study area within 1 year.

Participant follow-up and dietary intake assessment

Participants were asked to visit the community centres every
3 months where their clinical symptoms and side effects
from vitamin C supplementation were assessed, compliance
was checked based on the number of unconsumed capsules,
and capsules for further use were dispensed***V. Compliance
averaged 92-6 and 92-2% in the low- and high-dosage groups,

Recruitment (n 1231)

Participants with chronic atrophic gastritis diagnosed (n 635)

——_-—{ Ineligible/withdrew (n 196)

Randomisation (n 439) 1

Received 50 mg vitamin C + 0 or 15mg
B-carotene (n 217)

Received 500 mg vitamin C + 0 or 15mg

B-carotene (n 222)

Protocol modified

Received 50 mg vitamin C (n 144)

Completed the trial (n 120)

Received 500 mg vitamin C (n 161)

Completed the trial (n 124)

Fig. 1. Flow chart of participant recruitment before and after the protocol amendment and of participants at the 5-year follow-up.
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respectively®”. A validated 138-item FFQ was used to assess
dietary intake, for which participants were asked how often
they consumed individual food items and to estimate the
representative size of their portions relative to the size of a
standard portion. Daily intake of vitamin C and other nutrients
were calculated by using the fifth revised and enlarged
edition of the Standard Tables of Food Composition in
Japan(lg). The details of the FFQ have been described in a
previous repomm’m .

Biochemical analysis

Fasting blood samples were collected at baseline and after 5
years and analysed for serum ascorbic acid levels, CRP and
SAA. The subjects were asked not to eat or drink anything
except water after 21.00 hours on the day before blood
sampling. The serum was sampled between 07.00 and 10.00
hours. All samples were stored at —70 to —85°C and were
analysed simultaneously after completion of the 5-year
follow-up. All assays were conducted by persons who were
blinded as to the intervention assignment and the question-
naire data.

Serum for ascorbic acid measurement was stabilised by
the addition of metaphosphoric acid, and serum ascorbic
acid concentration was measured fluorimetrically Godine
oxidation and condensation with 1,2-phenylenediamine).
CRP and SAA concentrations were determined by the latex
agglutination nephelometric immunoassay test (LZ test
‘Eiken’ CRP-HG and LZ test ‘Eiken’ SAA, respectively; Eiken
Kagaku Company Limited). IgG antibodies to H. pylori
were measured with a direct ELISA kit (E Plate ‘Eiken’
H. pylori antibody; Eiken Kagaku Company Limited). Levels
of IgG were categorised as seropositive and seronegative for
H. pylori according to the selected cut-off value (492 nm)™®.

Statistical analysis

We followed the intent-to-treat analysis, which included
all subjects remaining in the study after the protocol was
modified. The per-protocol analysis included subjects who
completed the study to the 5-year follow-up. Baseline com-
parisons between the low- and high-dosage groups and the
dropout group as the control were examined by one-way
ANOVA for continuous variables and by the x? test for
categorical variables. Differences of values within the low-
and high-dosage groups were tested by the paired ¢ test for
continuous variables and by the one-sample z test for
proportions.

CRP was categorised into positive and negative groups by
using a cut-off point of 1-8mg/l, while SAA was grouped as
positive or negative based on a cut-off point of 80 ;Lg/ml(S),
Subjects’ status on combined biomarkers of CRP and SAA
was determined by the defined positive and negative statuses
of CRP and SAA. Log transformation was done for dietary
intake of vitamin C, serum CRP and SAA, and H. pylori titre
when conducting the comparisons between the two dosage
groups; and data are presented as geometric means with
their standard errors. The difference between the two
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dosage groups for changes in CRP and SAA at the end of
the 5-year follow-up compared with baseline was calculated
by using the geometric means, respectively.

Adjusted analysis of the means of serum CRP and SAA for
covariates was performed by one-way ANOVA. Results were
adjusted for age (continuous), sex, dietary intake of vitamin
C (quartile), alcohol consumption (never or occasional, regu-
lar), smoking status (never, ever), BMI (<25, =25kg/m?),
H. pylori status (no, yes) and menopausal status (no, yes, for
women). Stratified analysis was performed for age groups,
alcohol consumption, smoking status, BMI and menopausal
status. P values less than 0-05 in two-tailed tests were
considered as significant, and all statistical analyses were
performed using SAS version 9.1 (SAS Institute).

Results

The baseline characteristics of the trial participants are shown
in Table 1. Subjects in the low-dosage group were older
than those in the high-dosage group. There were more
CRP-positive subjects in the high-dosage group than in the
low-dosage group both in the intent-to-treat and per-protocol
analyses (borderline significance). H. pylori titres were higher
in the high-dosage group than in the low-dosage group, with
a significant difference in the per-protocol analysis.

At the 5-year follow-up, serum ascorbic acid was higher in
the high-dosage group (increased 0-37 wg/D) compared with
the low-dosage group (increased 0-10pg/l from baseline,
P<0-001) (Table 2). Correlation of the log-transformed CRP
and SAA in all participants at the S-year follow-up was 0-541
(P<0-001). A slight increase in the low-dose group and a
decrease in the high-dose group both in CRP and SAA levels
were observed at the 5-year follow-up; thus the absolute
0-07 mg/1 reductions in CRP and the 0-31 pg/ml reduction in
SAA were in the high-dose group compared with those in
the low-dose group, if taking consideration of the baseline
values. However, there were no significant differences for
CRP between the low- and high-dosage groups (0-39 (95%
CI 0:04, 419) mg/1 and 0-38 (95 % CI 0-03, 4-31) mg/l, respect-
ively; P=0-63) or for SAA between the low- and high-dosage
groups (394 (95% CI 1-04, 14-84) pg/ml and 385 (95% CI
099, 14-92) pg/ml, respectively; P=0-61) (Table 2). CRP
status changed from positive to negative for 60% (six out of
ten) of the low-dosage group and 68-4 % (thirteen out of nine-
teen) of the high-dosage group between baseline and the
S-year follow-up (P=0-33), while SAA status for 57-1%
(eight out of fourteen) in the low-dosage group and 70-0%
(seven out of ten) in the high-dosage group of SAA-positive
participants changed from positive to negative (P=0-27).
The combined positive and negative statuses for CRP and
SAA were also not significantly different between the two
groups at the 5-year follow-up (47-4% (nine out of nineteen)
v. 59-1% (thirteen out of twenty-two); P=0-23). When we
deleted two outliers that were both CRP- and SAA-positive
at baseline, similar null results for CRP and SAA were
observed, respectively, between the two dosage groups at
the 5-year follow-up.
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Table 1. Baseline characteristics of the participants in the trial

(Mean values and standard deviations or standard errors; number of participants and percentages)

Intent-to-treat

Per-protocol

Low-dosage High-dosage Low-dosage High-dosage
vitamin C, vitamin C, vitamin C, vitamin C,
50mg (n 144) 500mg (n 161) 50mg (n 120) 500mg (n 124)
n % n Y% P n % n % P*
Age (years) 0-01 0-02
Mean 58-56 56-55 58-67 56-29
SD 6-64 874 6-53 8-66
BMI (kg/m?) 0-66 0-52
Mean 23-38 23-18 2342 23.23
Sb 2.92 2-69 2.86 265
Men 54 375 58 36-0 0-79 41 34.2 45 36-3 0-73
Current smoking 18 12.5 26 162 0-65 12 10-0 19 15.3 0-38
Alcohol consumption 62 431 69 42.9 0-99 53 42.2 57 46-0 0-69
Serum ascorbic acid (png/l) 1.37 0-35 1.35 0-37 0-96 1.38 0-32 1-35 0.37 0-51
Dietary vitamin C (ug/l) 0-65 0-41
Mean 121.03 - 120-25 123.62 123.52
SE 1.06 1.06 1.06 1.06
CRP (mg/)t 0-16 0-77
Mean 0-35 0-43 0-35 0-41
SE 111 1.13 112 1-14
CRP positivet 11 76 24 14-9 0-05 10 8-3 19 15-3 0-07
SAA (pg/mit 0-26 0-29
Mean 3-82 4.29 3-87 4-09
SE 1-06 1.08 1.07 1-09
SAA positive 16 1141 16 99 0-74 14 117 10 8-1 0-35
Helicobacter pylori titre (RU/ml) 0-15 0-01
Mean 59-19 68.73 57-13 7373
SE 1.07 1.07 1.08 1.07
H. pylori positive 140 97.2 157 975 0-87 116 96-7 122 98-4 0-39
PGI (ng/ml) 0-83 0-65
Mean 38-38 39-03 38-35 39-8
SD 17.06 16-43 17.2 16-35
PGl (ng/ml) 0-15 0-11
Mean 19-62 20-60 19-46 20-79
sD 7-14 7-34 7-22 7-34
PGL:I 0-20 0-24
Mean 1.95 1-89 1.97 1.92
SD 0-63 0-61 0-62 0-59

CRP, C-reactive protein; SAA, serum amyloid component A; RU, relevant unit; PG, pepsinogen.

*By one-way ANOVA test or x? test.

1117 subjects in the per-protocol analysis were available in the low- and high-dosage groups, respectively.

Stratified analysis showed that there were no significant
differences in the decrease in CRP or SAA levels between
the two dosage groups by age categories (40s, 50s and 60s),
sex, smoking or alcohol consumption. Similar results were
observed after adjusting for sex, dietary intake of vitamin C
(quartile), H. pylori titre, smoking status, alcohol consumption
and BMI (data not shown).

Discussion

We did not observe any significant reduction of CRP or SAA
levels in the low- or high-dosage groups after 5 years of
ascorbic acid supplement use, although serum ascorbic acid
concentration was higher in the high-dosage group than in
the low-dosage group. We also did not observe any significant
differences between the two groups in age, sex, smoking,
alcohol consumption or body weight status.

The CRP and SAA levels in the present study were similar to
those reported in other studies®?®. In the present study,
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based on cut-off points of 1-8mg/l for CRP and 8-0 pg/ml
for SAA, there were small numbers of CRP- or SAA-positive
participants and there was no significant difference for either
between the two dosage groups at baseline, respectively. We
also applied other cut-off points for CRP- and SAA-positive
status such as a CRP of 10mg/I® or by areas under the
received curve®®. By these criteria, the numbers of CRP- or
SAA-positive participants remained similar and no significant
differences existed between the two dosage groups. Neverthe-
less, the small number of CRP- and SAA-positive participants
at baseline made it difficult to evaluate changes in CRP and/
or SAA status at follow-up. It might be possible that CRP
and SAA were not highly sensitive markers for measuring
chronic infection status, which contributed to the null out-
come in the present study. On the other hand, the 500 mg/d
supplement in the present study might not be sufficient
to control chronic gastric infection, although cancer chemo-
prevention trials with more than 500mg/d of vitamin C
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Table 2. Comparisons of serum ascorbic acid and inflammatory biomarkers between baseline and the 5-year follow-up
(Mean values and standard deviations or standard errors)
Low-dosage vitamin C, 50mg (n 117) High-dosage vitamin C, 500mg (n 117)
Baseline 5 years Baseline 5 years
Mean SE Mean SE P* Mean SE Mean SE P* Pt

Serum ascorbic acid (p.g/l) <0-01 <0-001 < 0-001

Mean 1.38 1.49 1.35 1.73

SD 0-32 0-29 0-37 0-46
Dietary vitamin C (ng/l) 123-62 1.06 121-14 1-06 0-79 123-52 1-06 123-11 1.06 0-88 0-78
CRP (mg/l) 0-35 112 0-39 112 0-35 0-41 1.14 0-38 112 0-64 0-63%
SAA (ng/ml) 3.87 1.07 3.94 1.06 0-88 4.09 1.09 3-85 1.07 0-57 0-61%
CRP, C-reactive protein; SAA, serum amyloid component A.
*By paired t test.
1By one-way ANOVA test for the difference between the two dose groups at the 5-year follow-up.
1 Adjusted for age, sex, BMI, smoking status, alcohol consumption, dietary vitamin C, Helicobacter pylori status and baseline level of CRP or SAA.
supplementation have not shown consistent results on the the mean dietary intakes of vitamin C were 151-95

beneficial effects®>??.

Human gastric carcinogenesis is a multistep and multifactor-
ial process, with the initial stages of gastritis and atrophy
linked to excessive salt intake and H. pylori infection®”?%,
H. pylori eradication can prevent the progression of precan-
cerous gastric lesions and probably reduce the incidence of
gastric cancer in those without advance lesions®®. In the pre-
sent study, CRP and SAA were not significantly reduced and
the positive proportions of H. pylori were consistently
higher (=92%) after 5 years of follow-up in both the low-
and high-dosage groups™”. It was possible that in the achlor-
hydric stomach, H. pylori infection might disappear, although
the antibodies in the serum might maintain a longer time.
Nevertheless, H. pylori infection potentially modulates the
effects of vitamin C or vice versa®. Without eradicating the
infection, ascorbic acid supplementation for participants with
atrophic gastritis might have fewer effects on CRP/SAA con-
trol. However, studies on changes in CRP after H. pylori eradi-
cation are contradictory. Some studies have reported a
significant reduction of CRP levels in subjects after H. pylori
eradication by antibiotics*” or vitamin C supplementation®®,
while others have shown no significant reduction of CRP by
anti-inflammatory or antibiotic treatment@>?%39_ A Colombian
study in gastritis patients, applying a 2-week anti-H. pylori
treatment and/or a G-year antioxidant supplement, showed
that acute inflammation disappeared soon after the H. pylori
treatment, while chronic inflammation responded at a slower
pace, and the antioxidant effect was transient and disappeared
after the 6 vyears of follow-up, while the anti-H. pylori
treatment effect persisted for as long as patients remained
free of H. pylori @3 Also, subjects with non-metaplastic multi-
focal atrophic gastritis had the steepest declines if they cleared
the bacteria, but had the sharpest increases if they did not®®.
The present study results appear to support the finding that
ascorbic acid supplementation does not have much beneficial
effect on chronic gastric infections, particularly without assign-
ing the anti-H. pylori treatment.

There are several limitations in the present study. The most
critical one is that we did not have a placebo group for com-
parison with the 50 and 500 mg dosage groups(31). However,

65

(s> 111:98) pg/l and 14793 (sp 99-81) g/l for the high- and
low-dose groups, respectively, and the low-dose supplemen-
tation group was similar to or within 1sD of the estimated vita-
min C intake level from foods. In the pilot study®? for the
present trial, there were no significant differences in serum
vitamin C concentrations between the placebo (0mg/d) and
the low-dose groups at 1, 2 and 3 months of supplementation,
respectively. Moreover, the purpose of the present study was
to evaluate the effect of vitamin C supplementation (500 mg/d)
compared with the normal level (the average consumption
level of Japanese). Additionally, the similar mean dietary
intake of vitamin C in the placebo group was seen in another
trial®®. Therefore, the low-dose vitamin C supplementation
group (50mg/d) in the present study could be regarded as
the placebo group for interpretation®®. Second, the initial
sample size was considered with estimated differences in
accumulated gastric cancer incidence between the two study
groups in 10 years rather with the changes in these biomarkers
of atrophic gastritis in 5 years"'?. For example, to detect the
0-15 pg/ml difference in SAA levels between the two dose
groups at the 5-year follow-up, using the standard deviation
in each group, 5% type I error and 20% type II error for esti-
mation, 1030 subjects in each group are needed. The limited
number of study subjects after changes in the initial study pro-
tocol had less statistical power for identifying the significance
of CRP and SAA reductions between the two dosage groups.
Third, IL-6 and other immunological factors are thought to
be mediators that stimulate CRP production(s’zs’ss); however,
we could not evaluate the CRP reduction as modified by
ascorbic acid by using these factors because the data were
unavailable. Since we did not conduct endoscopy for gastritis
participants, we therefore could not evaluate the progression
or regression of gastric lesions after ascorbic acid supplemen-
tation at the S-year follow-up®3%3”_ Finally, since we only
tested CRP and SAA two times, at baseline and the 5-year
follow-up, any changes in their levels in the intervening
time were not evaluated.

Some studies have reported that antioxidant supplemen-
tation, even at low doses, can have adverse effects on subjects
at high risk for cancer or those with undiagnosed cancer®®3”,
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It should be noted that some of the well-known beneficial
effects of ascorbic acid administration are still only understood
at the phenomenological level“®. Currently, the Asia—Pacific
guidelines on gastric cancer prevention do not recommend
vitamin C supplementation for reducing the risk of gastric
cancer®®,

In summary, we did not observe a significant reduction in
CRP or SAA levels in atrophic gastritis participants with
ascorbic acid supplementation of less than 500 mg/d at the
5-year follow-up. The present study suggests that ascorbic
acid supplementation might not have much beneficial effect
in individuals with chronic H. pylori infection. Further studies
are needed in larger populations on the control of chronic
infection and inflammation through ascorbic acid
supplementation.
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In recent years, diabetes has been shown to be associated with  decreased risk for diabetes and several cancers and improve
cancer risk, and this has led to a joint committee being formed,  prognosis; (iii) that healthcare professionals should advise
enlisting experts from the Japan Diabetes Society and the Japa-  diabetic patients to undergo cancer screening as appropriate to
nese Cancer Association to address this issue. Epidemiological data  their sex and age; and (iv) that while a number of antidiabetic
in Japan provides evidence to demonstrate that diabetes is associ-  agents have been associated with cancer risk, at present, this
ated with increased risk for cancers, especially colorectal, liver,and  cancer risk should not be counted among the major factors to
pancreatic cancers. The mechanisms through which diabetes is  be evaluated in selecting antidiabetic agents. Against this back-
assumed to promote oncogenesis include insulin resistance and  ground, it appeared that diabetes and cancer needed to be
associated hyperinsulinemia, hyperglycemia, and inflammation. examined for association through in-depth research and sur-
Common risk factors for type 2 diabetes and cancer include aging,  veys in Japan, as well, where diabetic and cancer patients are
male sex, obesity, physical inactivity, inappropriate diet (excessive =~ shown to increase in numbers year by year, and this led to a
red/processed meat intake, inadequate vegetable/fruit/dietary  joint committee being formed and convened by the Japan
fiber intake), excessive alcohol drinking, and smoking. Given that  Diabetes Society (JDS) and the Japanese Cancer Association
inappropriate diet/exercise, smoking and excessive alcohol drink-  (JCA) on October 17, 2011, April 18, 2012, August 1, 2012,
ing are common risk factors for diabetes and cancer, diet/exercise = December 18, 2012, and finally on March 26, 2013, to exam-
therapy, smoking cessation and alcohol moderation may be associ- ine diabetes for association with cancer risk/prognosis, to
ated with decreased risk for cancer in diabetic patients. There is as  assess common risk factors for diabetes and cancer based on
yet limited evidence as to whether any particular antidiabetic  available epidemiological evidence, and to examine antidiabet-
agents may influence cancer risk. (Cancer Sci 2013; 104: 965-976) ic treatments for association with cancer risk based on avail-
able epidemiological evidence.

Epidemiological Evaluation of the Association between
Background Diabetes and Cancer Risk/Prognosis

I n recent years, evidence has gradually emerged through 2 Numerous reports are available from Japan and abroad on the

series of meta-analyses of available data, including  association between diabetes and cancer risk. Of these, the

those from Japanese patients with diabetes, demonstrating the  Japan Public Health Center-based Prospective Study (JPHC

association between diabetes and cancer risk that has long  study) was conducted to examine the presence or absence of

been a focus of attention. In 2010, the American Diabetes  diabetes as a physician diagnosis for agsociation with subse-

Association (ADA) and the American Cancer Society (ACS)  quent cancer risk during follow-up.!” According to this

jointly published a consensus report on the association between

diabetes and cancer, in which diverse topics were covered,

mcludmg the relatlonghlp between diabetes and cancer morbid- 5 A correspondence should be addressed.

ity or cancer prognosis, common risk factors for diabetes and  E-mail: kima@ims.u-tokyo.ac.jp

cancer, molecular mech_aqlsmg hnkmg diabetes and gancer, In 2013, the Japan Diabetes Society established The Japan Diabetes Society/

and the influence 1(;f 6ant1d1abetlc treatments on cancer risk or Japanese Cancer Association (JDS/JCA) Joint Committee on Diabetes and Cancer,

cancer prognosis.( ,16) Of the nine executive summaries and vyhlch pubhsh1ed the.fmal committee report in J Japan Diab Soc 2013; 56: 374-90
. . . . (in Japanese).' This is the English language translation of that report published

recommendations the American Diabetes Association and  in the official journal of the JDS, Diabetology International, in 2013, and has

American Cancer Society provided in this report, the following been jointly published in Cancer Science and Diabetology International by The

are of particular note: (1) that while diabetes (mainly type 3 Japanese Cancer Association and The Japan Diabetes Society.

diabetes) is associated with an increased risk of diverse can- Members of the Japan Diabetes Society/Japanese Cancer Association Joint

4 . . . . Committee on Diabetes and Cancer.

cers which include liver, pa'nc;eatlc, ?ndometnal’ colorectal, Japan Diabetes Society (JDS): Masato Kasuga, Kohjiro Ueki, Naoko Tajima,

breast, and bladder cancers, it is associated with a decreased  Mitsuhiko Noda, and Ken Ohashi. )

risk of prostate cancer; (ii) that healthy diet, exercise, and Editorial assistants: Hiroshi Noto, Atsushi Goto, and Wataru Ogawa

Y Japanese Cancer Association (JCA): Ryuichi Sakai, Shoichiro Tsugane, Nobuyuki
body weight control should be recommended as they lead to  Hamajima, Hitoshi Nakagama, Kazuo Tajima, Kohei Miyazono, and Kohzoh Imai.
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report, the men and women diagnosed with diabetes were asso-
ciated with a 1.27-fold risk (95% confidence interval [CI],
1.14-1.42) and a 1.21-fold risk (95% CI, 0.99-1.47) of cancer
at all sites (or all cancers), respectively, compared to those
without the diagnosis of diabetes. By cancer site, in men, dia-
betes was shown to be associated with an increased risk of
gastric cancer (hazard ratio [HR], 1.23; 95% CI, 0.98-1.54),
colorectal cancer (HR, 1.36; 95%CI, 1.00-1.85), liver cancer
(HR, 2.24; 95% CI, 1.64-3.04), pancreatic cancer (HR, 1.85;
95% CI, 1.07-3.02), and renal cancer (HR, 1.92; 95% (I,
1.06-3.46). In women, diabetes was associated with an
increased risk of gastric cancer (HR, 1.61; 95% CI, 1.02-2.54)
and liver cancer (HR, 1.94; 95% CI, 1.00-3.73) and tended to
be associated with an increased risk of endometrial cancer
(HR, 1.68; 95% (I, 0.61-4.64) and ovarian cancer (HR, 2.42;
95% CI, 0.96-6.09), although these increases in risk were not
statistically significant. Additionally, metabolic syndrome, fore-
most among the diseases and conditions associated with diabe-
tes, was also shown to be associated with an increased risk of
liver cancer in men, as well as of pancreatic cancer in women
in the JPHC study.!819

Again, according to a meta-analysis of studies conducted in
Japan on diabetes and cancer risk, diabetes was associated
with a relative risk (RR) of 1.25 (95% CI, 1.06-1.46) in men
for all cancers versus an RR of 1.23 (95% CI, 0.97-1.56) in
females for all cancers, which was not statistically significant
but demonstrated a trend for increased risk. By cancer site, a
meta-analysis of data from both men and women showed that
diabetes was associated with an increased risk of liver cancer
(RR, 2.38; 95% (I, 2.01-2.81) in men and women, as well as
an increased risk (RR, 2.71; 95% CI, 1.19-6.19) of endome-
trial cancer in women.

Likewise, a meta-analyses of data from studies conducted in
Japan and abroad demonstrated that diabetes was associated
with an RR of 1.14 (95% CI, 1.06-1.23) and 1.18 (95% CI,
1.08-1.28) for cancer in men and women, respectively.** Fur-
thermore, a comparison of cancer risk among racial groups®®
showed that Asian men with diabetes had an RR of 1.24
(95% CI, 1.12-1.38) for cancer compared to that (RR, 1.05;
95% CI, 0.96-1.25) among non-Asian men with diabetes, while
Asian women with diabetes had an RR of 1.23 (95% CI, 1.07-
1.42) for cancer compared to that (RR, 1.16; 95% CI, 1.09—
1.23) among non-Asian women with diabetes, suggesting that
Asian patients with diabetes may be placed at a higher risk of
developing cancer than their non-Asian counterparts.

Additionally, meta-analyses by cancer site of data from stud-
ies conducted in Japan and abroad demonstrated that diabetes
was associated with an increased risk of colorectal cancer (RR,

1.30; 95% CI, 1.2-1.4)° liver cancer (RR, 2.5; 95% CI
1.8-2.9),2D pancreatic cancer (RR, 1.82; 95% CI, 1.66-1.89),&
breast cancer (RR 1.20; 95% CI, 1.12-1.28),(”) endometrial
cancer (RR 2.10; 95% CI, 1.75-2.53),”” and bladder cancer
(RR, 1.24;95% CI, 1.08—1.42),(10) while it was associated with a
decreased risk of prostate cancer (RR, 0.84; 95% CI,
0.76-0.93)® (Table 1). In addition, alcoholic liver disease is
reported to be associated with an increased risk of liver cancer in
those with diabetes.*” However, the association between diabe-
tes and other cancer types (e.g., skin cancer, renal cancer, non-
Hodgkin’s lymphoma) remains unclear. Again, diabetic patients
with cancer are reported to have a poorer short- and long-term
prognosis than those without diabetes.*>?>

While meta-analyses are used to integrate, for analysis,
research data as they were available from multiple published
studies that differed in research design, the heterogeneity
among the studies and the potential confounding factors
involved in the studies combine to make their interpretations
rather difficult. In contrast, a pooled analysis of cohort studies
allows for their re-evaluation based on consistent criteria or
their re-integration based on available individual patient data,
thus accounting for a more reliable set of findings than with
meta-analyses.

Thus, a pooled analysis was conducted using data from eight
cohort studies in Japan, which included: the JPHC Cohort I
and the JPHC Cohort II; the Miyagi Cohort Study; the Ohsaki
National Health Insurance Cohort study; the Takayama Cohort
study; the Three-Prefecture Cohort Study Aichi; the Three-Pre-
fecture Cohort Study Miyagi; and the Japan Collaborative
Cohort Study for Evaluation of Cancer Risk (Table 1).

A total of 155 345 men and 180 792 women were available
for analysis. Of these, a total of 19 977 men and 13 046
women were diagnosed as having cancer during 10-year mean
follow-up. In this analysis, diabetes was shown to be associ-
ated with an HR of 1.2 for all cancer incidence both in males
(HR, 1.19; 95% CI, 1.12-1.27) and in females (HR, 1.19; 95%
CI, 1.07-1.31) after adjusting potential confounding factors
and excluding early diagnoses made within 3 years from base-
line. In agreement with the meta-analyses of studies in Japan
and abroad mentioned above, an analysis of the pooled data by
cancer site showed that diabetes was associated with an
increased risk of colon cancer (HR, 1.40; 95% CI, 1.19-1.64),
liver cancer (HR, 1.97; 95% CI, 1.65-2.36), and pancreatic
cancer (HR, 1.85; 95% CI, 1.46-2.34). Furthermore, diabetes
was shown to be associated with an increased risk of endome-
trial cancer (HR, 1.84; 95% CI, 0.90-3.76) and bladder cancer
(HR, 1.28; 95% CI, 0.89-1.86), although these increases in
risk were not statistically significant. In contrast, diabetes was

Table 1. Results of a meta-analysis of data from studies conducted in Japan and abroad and a pooled analysis of data from studies conducted
in Japan
i I Age-adjusted cancer
. .. Ln‘etlme cancer risk in o .
Meta-analysis Pooled analysis in Japant Japan (2007)1 incidence in Japan
Cancer type (/100 000 persons)§
RR (95% Cl) (Ref.) RR (95% CI) Men Women Men Women
Gastric cancer 1.19 (1.08-1.31)* 1.06 (0.91-1.22) 10.9% 5.5% 78.9 28.6
Colorectal cancer 1.3 (1.2-1.4)® 1.40 (1.19-1.64) 8.5% 6.7% 63.4 35.9
Liver cancer 2.5 (1.8-2.9)@" 1.97 (1.65-2.36) 4.0% 2.2% 29.8 10.6
Pancreatic cancer 1.82 (1.66-1.89)® 1.85 (1.46-2.34) 2.2% 2.1% 15.1 9.3
Breast cancer 1.20 (1.12-1.28)"" 1.03 (0.69-1.56) - 6.9% - 67.1
Endometrial cancer 2.10 (1.75-2.53)" 1.84 (0.90-3.76) - 1.1% - 10.5
Prostate cancer 0.84 (0.76-0.93)® 0.96 (0.64-1.43) 6.6% - 435 -
Bladder cancer 1.24 (1.08-1.42)4'9 1.28 (0.89-1.86) 2.0% 0.7% 12,5 2.7

tTsugane et al. (Unpublished data). fLifetime cancer risk in the Japanese population.®® §Age-adjusted cancer incidence in the Japanese popula-
tion.®® ¢, confidence interval; Ref., reference; RR, relative risk.
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associated with no increase in risk of breast cancer (HR, 1.03;
95% CI, 0.69-1.56) or prostate cancer (HR, 0.96; 95% ClI,
0.64-1.43). In examining diabetes for association with cancer
risk by cancer site, it is important to take into account the
background prevalence of cancers among the Japanese popula-
tion (Table 1), and the impact of the absolute increase in can-
cer risk associated with diabetes may be rather small, as far as
cancer sites associated with relatively low incidence rates, such
as bladder cancer, are concerned.

In interpreting the results of the epidemiological studies cited
above, the following points (shown in italics) call for attention.
(i) Common risk factors for diabetes and cancer include age,
obesity, diet, physical inactivity, and smoking. However, data
from many of the epidemiological studies cited above were not
adequately adjusted for these confounding factors, and this may
have contributed to an “apparently” increased risk of cancer in
those with diabetes compared to that in those without diabetes
(see the next section for a more detailed discussion of common
risk factors). (ii) The risk of cancer associated with diabetes
may be overestimated in some types of cancer such as pancre-
atic cancer, where diabetes may occur as a consequence of the
onset of cancer. (ili) The rate of detection of cancer may be
increased in diabetic patients as they frequently undergo exam-
inations. (iv) In many of the studies, assessment of a history of
diabetes was based on self-reports, which may have led to
biased estimates of the association between diabetes and cancer
risk. Few people without diabetes may have reported having
diabetes, while many of those with diagnosed or undiagnosed
diabetes might not have reported diabetes; as a consequence,
these biases may have led to an underestimation of the RR of
cancer associated with diabetes.

Mechanisms Through which the Risk of Cancer is
Assumed to be Increased Due to Diabetes: Those
Associated with the Pathophysiology of Diabetes

Insulin resistance and hyperinsulinemia. Insulin resistance is
among the hallmark conditions that characterize type 2 diabe-
tes and leads to hyperinsulinemia. Insulin resistance in type 2
diabetes and obesity is primarily accounted for by impaired
glucose metabolism in the skeletal muscle and the liver, but
not by a systemic, uniform decrease in insulin action.*”
Therefore, the presence of concurrent hyperinsulinemia may
lead to excessive insulin action in some organs. Insulin recep-
tor signaling is known to activate the PI3-kinase/Akt path-
ways, which, in turn, touch off an array of metabolic
actions,®” while the PI3-kinase/Akt pathways are also shown
to activate a cascade of signaling responsible for oncogenesis
and cell proliferation.®® Thus, excessive insulin action associ-
ated with insulin resistance is thought to contribute to the
onset of cancer (Fig. 1). Indeed, endogenous hyperinsulinemia
associated with insulin resistance has been shown to promote
cancer proliferation and metastasis, independently of the pres-
ence of hypergzl;cemia or obesity, in a breast cancer-transplant
mouse model.*”

The insulin receptor is also shown to activate the Ras/MAP
kinase pathways.(2 ) In this regard, it is of note that, in insulin-
resistant states, PI3-kinase/Akt signaling-induced metabolic
action may become attenuated, but Ras/MAP-kinase signaling
may not be impaired, while the mechanisms involved remain
to be further elucidated,®” suggesting that the varying
susceptibility of signaling pathways to impairment in insulin
resistance may have a role to play in the insulin resistance-
associated pathophysiology that leads to the onset of cancer.

The insulin-like growth factor-1 (IGF-1) receptor has an
important role to play in the proliferation of many cancer
cells.®? The insulin and IGF-1 receptors are shown to be highly
similar in structure. Insulin exhibits weak cross-reactivity to the
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Fig. 1. Hypothetical mechanism of oncogenesis associated with insu-
lin resistance and hyperinsulinemia. The onset of obesity leads to pro-
duction of free fatty acids and tumor necrosis factor-o (TNF-o) in
adipose tissue as well as to decreased adiponectin secretion, thus pro-
moting insulin resistance. Compensatory hyperinsulinemia occurs to
decrease insulin-like growth factor binding proteins-1 and -2 (IGFBP-1
/2) production, which, as a consequence, leads to an elevation of insu-
lin-like growth factor (IGF) activity. Against this background, mediated
by their respective receptors, insulin and IGF-1 signaling induces cell
proliferation and inhibits cell apoptosis, thus leading to the onset or
progression of cancer. Adapted by permission from Macmillan Publish-
ers Ltd: Nat Rev Cancer,®® copyright (2004).

IGF-1 receptor, and, conversely, IGF-1 exhibits weak cross-
reactivity to the insulin receptor, with the affinity of insulin and
IGF-1 for the IGF-1 and insulin receptors being one-hundredth
that for their own receptors.®® Thus, the tumor-promoting
effects of hyperinsulinemia may be accounted for at least in part
by activation of the IGF-1 receptor. Additionally, persistent
hyperinsulinemia may contribute to decreases in the synthesis of
IGF-1 binding proteins such as IGFBP-1 and IGFBP-2, thus
increasing the free IGF-1 level.®? Again, it is suggested that the
expression of the insulin and IGF-1 receptors in target organs,
which may be abundant or scarce, may contribute to the organ
specificity of tumor onset in diabetes.

Furthermore, insulin is shown to inhibit the hepatic synthesis
of sex hormone binding globulin and to increase the fraction
of estrogen in serum known as estradiol, which is free and bio-
logically active. Of note, estrogen is known to be implicated
in the onset of breast cancer and endometrial cancer, which,
coupled with the observation that serum estradiol levels are
elevated in diabetic patients, appears to suggest that increases
in biologically active estrogen in diabetes may contribute to
the onset of cancer in patients with diabetes®33% (Fig. 2).

On the other hand, it is reported that the serum testosterone
concentration decreases with the onset of diabetes,®® which
may account for the low incidence of prostate cancer in diabetes.
Luteinizing hormone is reported to be decreased in neuron-
specific insulin receptor-deficient mice.®” Thus, inadequate
insulin action in the central nervous system may be responsible
for the decreases in testosterone associated with type 2 diabetes.

Hypergiycemia. Hyperglycemia promotes oxidative stress in
the presence of mitochondrial glucose oxidation.®® Increased
oxidative stress associated with hyperglycemia is drawing atten-
tion as one of the factors responsible for micro- and macrovas-
cular complications.®” In this regard, increased oxidative stress
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Hypothetical mechanism of oncogenesis as mediated by active estrogen in hyperinsulinemia. With diabetes, conversion of 4 androstene-

dione( 4A) to biologically active estrogen (E2) is promoted in adipocytes by aromatase and 17B-hydroxysteroid dehydrogenase (178-HSD) via tes-
tosterone (T) or estrone (E1). At the same time, hyperinsulinemia leads to decreased synthesis of sex hormone binding globulin (SHBG). Thus, it
is thought likely that these combine to lead to an increase in the level of biologically active estrogen. While the effects of active estrogen vary
depending on the target organ, active estrogen is assumed to inhibit apoptosis and increase cell proliferation in such tissues as mammary epithe-

lium and endometrium, thus promoting oncogenesis. Adapted by permission from Macmillan Publishers Ltd: Nat Rev Cancer,

is known to cause DNA damage,(4°) while increased oxidative
stress associated with mitochondrial dysfunction has been
shown to lead to tumor growth in a Drosophila model.“? Thus,
there may be a cascade of events that proceeds from hypergly-
cemia through increased oxidative stress to DNA modifications
/mutations resulting in an increased incidence of cancer.

Furthermore, certain epigenetic changes are known to occur
through increased oxidative stress and other unknown mecha-
nisms in diabetes, and methylation changes are shown to occur
in particular histone sites. Increased methylation of histone H3
lysine 4 (H3Lys4) and decreased methylation of histone H3
lysine 9 (H3Lys9) are demonstrated in endothelial cells in a
high-glucose culture medium or in mice with hyperglycemia
induced by intravenous glucose injection. Similar histone
methylations have been observed in monocytes and other cells
from diabetic patients, suggesting that these methylations may
occur to favor the expression of some particular genes, such as
nuclear factor-xB (NF-xB), thus leading to the onset of diabe-
tes.“>* In this regard, recent reports have revealed that his-
tone/DNA methylation changes are implicated, through
regulation of gene expression, in the process of oncogenesis,
suggesting that such epigenetic gene modifications in diabetes
may contribute to the onset of cancer through regulation of
cancer-related genes.“*?

Additionally, even in hypoxic conditions associated with
tumor proliferation, cancer cells rely on the anaerobic process
called glycolysis for energy production, and enhance pyruvate
kinase-M expression or inhibit pyruvate dehydrogenase by
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activating hypoxia-inducible factor-1 (HIF-1) to ensure nucleic
acid synthesis to promote cancer cell proliferation (Warburg
effect). As glycolysis is less efficient in energy production than
the tricarboxylic acid cycle and calls for large amounts of glu-
cose for energy production, the high-glucose state appears to
favor cancer cell proliferation. Again, HIF-1 is activated not
only by hypoxia but also via the PI-3 kinase/Akt/mTOR
pathways. Indeed, insulin is known to activate HIF-1 signaling
in some cells, sy suggesting that excessive actions of insulin
and IGF-1 may associate with the onset, proliferation and pro-
gression of cancer, via a variety of mechanisms.

Chronic inflammation and adipokines. In obesity, which is
found to coexist in a considerable proportion of patients with
type 2 diabetes, chromc inflammation is known to occur in
adipose tissue.*”” While the mechanisms of onset of chronic
inflammation in adipose tissue in obesity remain to be further
clarified, oxidative stress, mentloned above, also contributes to
aggravation of inflammation®® (Fig. 3). Again, endoplasmic
reticulum stress is shown to be increased in diabetes and is
drawing attention as a potentlal cause of insulin resistance or
impaired insulin secretion,“*>® while endoplasmlc retlculum
stress itself is known to aggravate inflammation.®" On the
other hand, inflammation is known to aggravate stress in these
cells, suggesting that chronic inflammation and cell stress con-
stitute a vicious cycle in which each promotes the
other. #4850 Tg focus on the role of inflammation in cancer,
it has long been suggested that chronic inflammation is impli-
cated in the onset of cancer in tissues where it is present, the
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Pathophysiological mechanisms of inflammation induced by hyperglycemia and their role in oncogenesis. Hyperglycemia/hyperlipidemia

and associated oxidative stress induce secretion of various biologically active substances including adipokines. Tumor necrosis factor-o. (TNF-or)
promotes kB phosphorylation (P) and degradation via the IkB kinase (IKK) pathway, thereby inducing nuclear factor-kB (NF-xB) activation. The
other cytokines induce signal transducer and activator of transcription-3 (STAT3) activation via the Jak1/2 pathway. The NF-kB and STAT3 activa-
tion in the nucleus leads to inflammatory cytokine production, thereby aggravating diabetes-associated inflammation, while at the same time
contributing to oncogenesis through their contribution to signaling for cell proliferation and survival.525

mechanisms of which are currently being explored from vari-
ous angles, including such pathways as interleukin-6 (IL-6),
tumor necrosis factor TNF-o. and NF-kB®*®. Thus, it is
suggested that chronic multi-organ inflammation associated
with diabetes is implicated, through mechanisms such as those
suggested above, in the onset of cancer.

A variety of biologically active substances are secreted by
adipocytes to regulate a wide range of physiological functions
including nutrition and energy metabolism. These adipocyte-
derived, biologically active substances are collectively called
adipokines. Of these, adiponectin is of interest as an adipokine
for its insulin-sensitizing and anti-atherosclerotic properties,
whose serum concentration is shown to be decreased in obesity
or type 2 diabetes.®> Adiponectin is known to inhibit cancer
cell proliferation and induce cancer cell apoptosis through
mechanisms including AMP kinase (AMPK) activation, and
these cancer-inhibitory effects have also been demonstrated in
animal models.®>*® " Furthermore, given that adiponectin is
shown to have anti-inflammatory effects, hypoadiponectinemia
may have a role to play in the onset of chronic inflammation
in obesity and diabetes.®>>” Leptin is also of interest as an
adipokine that suppresses appetite and increases energy metab-
olism, whose serum concentration is shown to be increased in
the presence of obesity. Leptin has been shown to be impli-
cated via various signaling pathways such as PI3 kinase,
ERK1/2, and Jak2/Stat3 in cancer cell proliferation and
metastasis.®® Thus, hyperleptinemia in patients with obesity
and type 2 diabetes may have a role to play in promoting
cancer cell growth.

Epidemiological evaluation of common risk factors for diabetes
and cancer. Insulin resistance and hyperinsulinemia are thought
to serve as background factors for the onset and progression of
cancer in diabetes.®® Common risk factors for type 2 diabetes
and cancer include aging, male sex, obesity, physical inactiv-
ity, inappropriate diet (excessive red/processed meat intake,
inadequate vegetable/fruit/dietary fiber intake), excessive alco-
hol drinking, and smoking. The prevalence of diabetes (Fig. 4),
as well as incidence of cancer, increases with aging (Fig. 5);
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both are shown to be higher among men than among women
(Figs 4 and 5).6%%D

Of these common risk factors, modifiable risk factors include
obesity, physical inactivity, dietary habits, excessive alcohol
drinking, and smoking. Given that multiple meta-analyses have
demonstrated that individuals with high coffee consumption are
placed at a low risk of developing both diabetes and can-
cer,®*%® coffee intake may as well be regarded as a factor that
helps protect against both diabetes and cancer; however, no
consensus has been reached to serve as a basis for recommend-
ing coffee intake.

Obesity is counted among the most important risk factors
for type 2 diabetes® and the International Agency for
Research on Cancer (IARC) reported that there is sufficient
evidence that obesity increases the risk of cancer in such sites
as esophagus (adenocarcinoma), colon, pancreas, breast (post-
menopausal), endometrium, and kidneys.(66) A report from the
Research Group for the Development and Evaluation of Can-
cer Prevention Strategies in Japan also documented that there
is convincing evidence that obesity increases breast cancer risk
among postmenopausal women.®” Again, it is reported that
individuals with a body mass index (BMI) of 25 kg/m* or
higher are placed at a higher risk of developing cancer than
those remaining within the normal BMI range (18.5-24.9
kg/m*)®® Furthermore, gastric bypass surgery in obese indi-
viduals is shown to reduce deaths from cancer by 60% during
7-year follow-up.®® However, in contrast, cancer risk
has been shown to be increased in men with BMI less than
21 kg/m? in a cohort study involving a total of apgroximately
90 000 middle-aged and elderly men and women,"’® suggest-
ing the need to maintain appropriate body weight, that is,
avoid losing or gaining too much weight. In the Japanese pop-
ulation, obesity is less associated with cancer risk than in other
populations.

With regard to the association between dietary intake and
cancer, it is reported that the lower the intake of red or pro-
cessed meat and the greater the intake of vegetables, fruits,
and whole grains, the lower the risk for cancer.”"""® Addition-
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Cancer Center, Japan (http://ganjoho.jp/pro/statisticsien/gdball.html).'

ally, diets consisting of less meat and more vegetables, fruits,
and whole grains are thought to help protect against type 2
diabetes.">

Physical activity is reported to be associated with a decreased
risk of colorectal cancer, breast cancer (among postmenopausal
women), and endometrial cancer in a number of epidemiologi-
cal studies.®*™*79 Physical activity has also been associated
with a decreased risk of diabetes in several epidemiological
studies.”” In addition, the Da Qing Study,”® a randomized
controlled trial, demonstrated that intervention with exercise
therapy led to a 46% decrease in the risk for type 2 diabetes.
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Cancer incidence in Japan by age class over time, 1985 versus 2005. Source: Center for Cancer Control and Information Services, National

In the IARC report, smoking is identified as a factor promot-
ing carcinogenesis not only in the lungs but in multiple organs,
such as larynx, upper gastrointestinal tract, liver, pancreas, cer-
vix, kidneys, and bladder.”**” Smoking is also reported to be
associated with an increased risk of type 2 diabetes.®' %%

With regard to the association between alcohol intake and
cancer, even when moderate, alcohol intake is shown to be
associated with an increased risk of cancer in studies
conducted in Japan and abroad.®*#> In the TARC report, alco-
hol intake was identified as a factor promoting carcinogenesis
in the oral cavity, the pharynx, the esophagus, the colon, the
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liver, and the breast.®® As for association between alcohol
intake and diabetes, epidemiological studies to date® 5% sug-
gest that, while high alcohol consumption may increase the
risk of type 2 diabetes, moderate alcoholic consumption may
decrease the risk of type 2 diabetes.

Mechanisms that lead to an increase in cancer risk in diabetes:
common risk factors for diabetes and cancer. Obesity and
decreased physical activity level. Obesity is a common risk
factor for diabetes and cancer and accounts for many of the
mechanisms of oncogenesis in diabetes associated with
increased insulin resistance, chronic inflammation in adipose
tissue, and adipokine abnormalities that have been discussed
above. Recently, liver cancer associated with the mutagenic
substance diethylnitrosamine (DEN) has been shown to
increase in frequency and size in high fat diet-fed or geneti-
cally engineered, obese mice, but to be inhibited in IL-6/TNF
receptor-knockout mice,®” suggesting that obesity promotes
carcinogenesis against the background of chronic inflammation
in which IL-6/TNF signaling is implicated. Again, it is sug-
gested that lipids accumulated in such organs as the liver may
promote local inflammation and associated carcinogenesis by
activating NF-«B in such cells as Kupffer cells and b increas-
ing production of cytokines such as IL-6 and TNF.®

While physical activity level and dietary habits may affect
the balance between production and degradation of reactive
oxygen species and reactive nitrogen species in the body to
account for epigenetic changes over time and thus contribute
to carcinogenesis, this association is hardly demonstrable in
experimental studies with very few reports published to date.
While increased lipid intake is closely associated with the
onset of diabetes, feeding with high-fat diet is shown to be
associated with a high incidence of liver cancer in some ani-
mal models®?; however, it remains unclear whether this is
due to changes in dietary composition or secondary to obesity
and increased insulin resistance.

Aging. Glucose tolerance is known to decrease, and type 2
diabetes is known to increase, with aging, where the mecha-
nisms involved have mainly been accounted for by age-associ-
ated changes in adipocytes, skeletal muscle cells, and
pancreatic B cells, as well as their dysfunction. On the other
hand, given that cancer occurs primarily as a consequence of
accumulated, multistep genetic/epigenetic changes, generally,
carcinogenesis takes an extended period of time to occur.
Again, given that aging is a common risk factor for both diabe-
tes and cancer, the elderly have a relatively high probability of
developing both. Furthermore, changes in cells or tissues asso-
ciated with aging, such as oxidative stress, and hormonal/meta-
bolic alterations, may constitute a mechanism that induces the
onset of both diabetes and cancer. Again, the role of the tumor-
suppressor gene p53 has begun to be unraveled in recent years,
with some reports suggesting a ;()otentral role for p53 in insulin
resistance associated with aging.

Epidemiological evaluation of antidiabetic treatments for their
association with cancer. Given that inappropriate diet and exer-
cise are common risk factors for diabetes and cancer, diet
/exercise therapy in diabetic patients may lead to a decreased
risk of cancer. Furthermore, as body weight reductlons are also
reported to decrease mortality from cancer,®” body weight
reductions may lead to a decreased risk of cancer in obese,
diabetic patients.

Several studies on antidiabetic drugs and cancer risk have
been reported. As mentioned earlier, as insulin has tumor-
promoting effects, the use of insulin secretagogues or insulin
preparations may be associated with an increased risk of can-
cer. As for insulin preparatxons three of the four epidemiologi-
cal studies published in September 20095 reported that
patients treated with insulin glargine are at an increased risk of
cancer (particularly breast cancer). However, in a Dutch study
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that followed, those receiving insulin glargme were shown to
be associated with a decreased risk of cancer.®” Furthermore,
the ORIGIN (Outcome Reduction with Initial Glargine Inter-
vention) trial randomized a total of approximately 13 000
patients with impaired fasting glucose, impaired glucose toler-
ance or early-stage diabetes and cardiovascular risk factors to
insulin glargine or standard therapy, demonstrating no
significant difference between the treatment arms in cancer
incidence and mortality after a median follow-up of
6.2 years."%? This was followed by two more epidemiological
studies of insulin glar%me and cancer risk published in 2012
and 2013 in France,"°"%? both demonstrating that the use of
insulin glargine was not associated with an increased risk of
cancer. Similarly, of the ¢ 1%1d6m1010g1031 studies conducted in
Asia, a Hong Kong study"®® compared insulin users and non-
users for cancer risk, irrespective of the insulin preparations
used, demonstrating that insulin users have a lower risk of can-
cer than non—users (HR, 0.17; 95% CI, 0.09-0.32), and a Tai-
wan study®” demonstrated no significant association between
insulin use and bladder cancer risk (HR, 0.57; 95% CI,
0.21-1.57). Thus, at present, there is as yet no consensus as to
whether or not the use of insulin preparations is associated
with increased cancer risk.

Of the drugs that comprise insulin secretagogues, that is, sul-
fonylureas (SU) and glinides, there is as yet insufficient evi-
dence to prove or disprove the association between the
glinides and cancer risk. With regard to the cancer risk associ-
ated with the SUs, SU users were shown to be associated with
decreases in cancer risk, with the HR for cancer in glibencla-
mide users and gliclazide users being 0.67 (95% CI,
0.51-0.89) and 0.65 (95% CI, 0.49-0.83), respectrvely in an
epidemiological study conducted in Hong Kong,"°® while SU
users were shown to be at a 1.78-fold (95% CI, 1.41-2.26)
higher risk of develolplng cancer compared to metformin users,
in a Taiwan study.’ Reports from the UK and Italy also
demonstrated that the use of the SUs is associated with an
increased risk of cancer.®®'%” Thus, the studies to date have
yielded mixed results with regard to cancer risk associated
with the SUs, while it was suggested that the use of the SUs
may be associated with an increased risk of cancer.

With regard to the cancer risk associated with the glucagon-
like peptide-1 (GLP-1) receptor agonists and the dipeptidyl pep-
tidase-4 (DPP-4) inhibitors that have recently been approved in
Japan, globally, there is as yet a paucity of evidence because of
their relatively recent approval. However, the use of the GLP-1
receptor agonists, such as exenatide and liraglutide, was shown
to lead to the onset of thyroid C-cell adenoma in
rodents, 1919 and pancreatitis was shown in multiple clinical
trials and postmarketing surveillances to develop in patients
given the GLP-1 receptor agonists, such as exenatide and
liraglutide, or the DPP-4 inhibitors, such as sitagliptin.%%-112)
Furthermore, an analysis of the US Food and Drug Administra-
tion’s database of reported adverse events revealed that pan-
creatic cancer was frequently reported in patients treated with
exenatide or srtaghptm and follicular thyroid cancer was fre-
quently reported in patients treated with exenatide.*'® How-
ever, because analyses based on databases of reported adverse
events are subject to reporting bias, information bias, selection
bias, and confounding factors, it is difficult to reveal the casual
relationship between drugs and cancer risk. Again, a meta-anal-
ysis of randomized controlled trials of the DPP-4 inhibitors
demonstrated that the DPP-4 inhibitors were not associated with
an increased risk of cancer (odds ratio [OR], 1.02; 95% CI,
0.74-1.40); however, given the short durations of the studies
examined, at present, the cancer risk associated with long-term
use of the DPP-4 inhibitors remains unclear.!!'®

There is as yet insufficient data to prove or disprove the
association between the o-glucosidase inhibitors and cancer
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risk, while the use of the o-glucosidase inhibitors was not
associated with an increased risk of bladder cancer (HR, 1.08;
95% CI, 0.46-2.56) in a Taiwan epidemiological study.'*®

With regard to the cancer risk associated with the thiazolidin-
edione insulin-sensitizers, of which pioglitazone is covered by
insurance in Japan, in recent years, studies from the USA,
France, and the EU demonstrated that the use of pioglitazone
was associated with an increased risk of bladder cancer.!!>!1%)
In this regard, in a Taiwan study, the HR for bladder cancer in
pioglitazone users was 1.31 (95% CI, 0.66-2.58); although not
statistically significant, the results suggest that the use of pioglit-
azone may be associated with an increased risk of bladder cancer
in Asian populations."*? In agreement with these reports, a
meta-analysis of studies to date""*? showed an increased risk of
bladder cancer associated with the use of pioglitazone (RR,
1.22; 95% CI, 1.07-1.39). Additionally, rodents given pioglitaz-
one for 2 years have been shown to develop benign or malignant
transitional cell tumors."?? In light of these reports, the package
inserts for pioglitazone in Japan, the USA, and the EU have
come to include a warning label “discouraging the use of pioglit-
azone in patients with bladder cancer”, while the impact of the
absolute increase in cancer risk associated with the use of piog-
litazone may be small in the Japanese population, which has a
relatively low incidence of bladder cancer.

In contrast, with regard to the biguanide metformin, which is
used to improve insulin resistance, metformin users have been
shown to be at a lower risk of cancer than non-users.'?> A
meta-analysis of six cohort studies, two randomized controlled
trials, and two case—control studies has also shown that the risk
of cancer associated with metformin use is 0.67-fold (95% CI,
0.53-0.85), with the risk reductions shown for colorectal cancer
(RR, 0.68; 95% CI, 0.53-0.88), liver cancer (RR, 0.20; 95% CI
0.07-0.59), and lung cancer (RR, 0.67; 95% CI, 0.45-0.99),(23
while no association was shown between metformin use and the
risk of cancer in the stomach, pancreas, breast, prostate, and
bladder. However, a recent meta-analysis of randomized con-
trolled trials of metformin to date demonstrated no decrease in
cancer risk with metformin (RR, 1.02; 95% CI, 0.82-1.26).42%
Furthermore, for many of the meta-analyses cited above which
involved analyses susceptible to the influence of immortal time
bias, that is, bias resulting from inappropriate handling of
event-free time (immortal time) defined as a period of follow-
up during which, by design, no event can occur, it was sug-
gested that they may have overestimated the tumor-inhibitory
potential of metformin."*> Apart from these, given that patients
with renal dysfunction or those with advanced hepatic failure,
in whom metformin is contraindicated, have been excluded
from metformin studies, the possibility cannot be ruled out that
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Hypothetical mechanism through which metformin is assumed to inhibit carcinogenesis. Of the mechanisms of action of metformin

which still remain less well elucidated, one possible mechanism through which metformin is assumed to inhibit carcinogenesis is that metformin
induces AMP kinase (AMPK) phosphorylation (P) and activation via LKB1, which leads to inhibition of gluconeogenesis in the liver, thus improv-
ing insulin sensitivity. As a consequence, this leads to decreases in insulin and active insulin-like growth factor-1 (IGF-1). Additionally, metformin-
activated AMPK is shown to contribute to inhibition of mTOR, which regulates cell proliferation and survival, downstream of PI3 kinase (PI3K)
and AKT. By inhibiting insulin and IGF-1 signaling at the ligand level as well as at the intracellular signaling level, metformin is assumed to exert
tumor-inhibitory effects,(27:129
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this may have contributed to a decrease in cancer incidence and
mortality in these studies. Thus, further research is required to
determine definitely whether or not metformin is associated
with decreased cancer risk.

If metformin is to inhibit carcinogenesis, it may involve the
following mechanisms (Fig. 6). Metformin has the ability to
activate AMPK, which is thought to medlate at least part of the
antidiabetic effects of metformin,**® while AMPK is assumed
to suppress protem synthesis and the cell cycle by 1nh1b1tmg
mTOR, thus exerting its tumor-inhibitory effects.!

Given that diabetic patients are often found to be on poly-
pharmacy with antidiabetic drugs, and that the control drugs
used for comparison vary among the studies of antidiabetic
drugs conducted to date, it is difficult to determine the risk of
cancer associated with the use of a particular drug. Further-
more, many of the epidemiological studies cited above provide
insufficient evidence to determine the casual relation between
anti-diabetic drugs and cancer risk not only due to their inade-
quate adjustment for such confounding factors as family his-
tory and therapeutic indications, but because of not accounting
for dosage and duration of medications and their short duration
of follow-up. Incidentally, this appears to point to the need in
Japan to align the infrastructure to allow pharmacoepidemio-
logical studies to be appropriately designed and implemented
by promoting diabetes patient registries and by linking relevant
cancer patient registries with the drug databases currently in
place. At present, the cancer risks associated with antidiabetic
drugs still remain less clear. In drug therapy for diabetes,
therefore, it seems desirable that priority should be given to
maximizing the benefits of the drug(s) being used to achieve
favorable glycemic control in individual patients, instead of
letting them live with hyperglycemia without such benefits,
with consideration also given to the warning labels for the
drugs being used.

Again, while diabetic patients are often found to be receiving
antihypertensive drugs (ACE inhibitors, angiotensin receptor
blockers, calcium antagonists, and diuretics), statins, and aspi-
rin for their concomitant diseases and conditions, such as
hypertension, diabetic nephropathy, dyslipidemia, and athero-
sclerosis, to date, many studies have been conducted to deter-
mine the risk of cancer associated with the use of these drugs,
with multiple meta-analyses of randomized controlled trials of
antihypertensive drugs published to date demonstrating that the
use of ACE inhibitors (risk ratio, 1.00; 95% CI, 0.92-1.09) and
angiotensin receptor blockers (risk ratio, 1.01; 95% CI, 0.92-
1.09) was not associated with an increased risk of cancer, but
combination therapy with an ACE inhibitor and an angiotensin
receptor blocker was associated with an increased risk of can-
cer (OR, 1.14; 95% CI, 1.02-1.28), while calcium antagonists
were not associated w1th an increased risk of cancer (OR, 1.05;
95% CI, 0.96-1.13).9%% Again, a meta-analysis of 26 random-
ized controlled trials of statins demonstrated no increase in can-
cer risk with their use (HR, 1.00; 95% CI, 0.96-1.04).%%% In
addition, a meta-analysis of randomized controlled trials of
aspirin demonstrated cancer risk reductions with aspirin use

Table 2. Evidence-based cancer screening

(HR, 0.88; 95% CI, 0.80-0.98),"'*" while the limitations of this
meta-analysis were that it did not include, for analysis, such
major clinical trials as the Women’s Health Study or the Physi-
cians’ Health Study in which no cancer risk reductions were
shown with aspirin use and that the randomized trials included
for analysis were generally short in duration. Thus, at present,
there is as yet no consensus as to whether or not aspirin was
associated with cancer risk reductions. Again, given that all the
meta-analyses cited above included diabetic and non-diabetic
subjects alike for analysis, further research is required to deter-
mine the risk of cancer associated with drugs used in diabetes
other than antidiabetic drugs.

Thus, in light of currently available evidence, the JDS/JCA
Joint Committee on Diabetes and Cancer summarizes its recom-
mendations for the benefit of practicing physicians, healthcare
providers, and the general public, including patients, as follows.

JDS/JCA Joint Recommendations on Diabetes and Cancer
for Physicians and Healthcare Providers

¢ Generally, it is reported that diabetes (mainly type 2 diabetes)
is associated with an increased risk of colorectal, liver,
pancreatic, breast, endometrial, and bladder cancers, while it
is also associated with a decreased risk of prostate cancer. To
focus attention on cancer risks in Japanese diabetic patients,
at present, diabetes appears to be associated with an increased
risk of colorectal, liver, and pancreatic cancers in these
patients. Available reports suggest no increased risk of other
cancers associated with diabetes or offer conflicting views.

* Diabetes may be associated with cancer partly because there
are common risk factors, such as aging, obesity, and inap-
propriate diet/exercise.

* Hyperinsulinemia, hyperglycemia, and inflammation are
suggested as potential mechanisms through which diabetes
contributes to an increased risk of cancer in affected
patients.

° Healthy diet, exercise, body weight control, smoking cessa-
tion, and alcohol moderation should be encouraged to
reduce the risk for diabetes and cancer.

* Given that inappropriate diets, lack of exercise, smoking,
and excessive alcohol drinking represent risk factors for
cancer morbidity, diet/exercise therapy, smoking cessation,
and alcohol moderation may lead to a decreased risk of can-
cer in diabetic patients.

¢ Diabetic patients are encouraged to undergo evidence-based
cancer screening as required depending on their sex and age
(Table 2). Diabetic patients are encouraged to undergo
screening for liver cancer if they are hepatitis virus-positive.

* Given the insufficient evidence available for determining
whether or not a particular antidiabetic drug may be associ-
ated with cancer risk, in selecting drug therapy, priority
should be given to maximizing the benefits of the drug(s)
being used to achieve favorable glycemic control in individ-
ual patients, following the labelings.

Screening for Candidates

Screening frequency Screening procedure

Gastric cancer
Uterine cancer

Men/Women, 40 years of age or older
Women, 20 years of age or older

Lung cancer
Breast cancer

Men/Women, 40 years of age or older
Women, 40 years of age or older

Colorectal cancer Men/Women, 40 years of age or older

Once a year
Once every 2 years

History taking, stomach x-ray

History taking, inspection, cervical cytology,
internal examination

History taking, chest x-ray, sputum cytology

History taking, inspection, palpation, breast
x-ray (mammography)

History taking, stool testing for occult blood

Once a year
Once every 2 years

Once a year

Source: Ministry of Health, Labour and Welfare of Japan.('3?
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JDS/JCA Joint Recommendations on Diabetes and Cancer
for the General Public (Including Patients)

¢ Diabetes (mainly type 2 diabetes) in Japanese is associated
with an increased risk of colorectal, liver, and pancreatic
cancers. There is as yet no consensus as to whether or not
diabetes is associated with an increased risk of other types
of cancer.

* Healthy diet, exercise, body weight control, smoking cessa-
tion, and alcohol moderation may help prevent cancer and
are therefore encouraged.

* Diet/exercise therapy, smoking cessation, and .alcohol mod-
eration may help prevent cancer in patients with diabetes as
well.

* Patients with diabetes are encouraged to undergo evidence-
based screening as required, depending on their sex and age
(Table 2). They are also encouraged to visit a hospital to
undergo screening for liver cancer if they are hepatitis
virus-positive.
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* At present, there is no clear consensus as to whether or not
a particular antidiabetic drug is associated with cancer risk.
It is therefore essential that diabetic patients focus attention
on maintaining favorable glycemic control following their
physicians’ instructions.
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