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Adjuvant chemotherapy, Colorectal Aims/Introduction: Among colorectal cancer (CRC) patients, pre-existing diabetes is

cancer, Diabetes suggested to influence poor prognosis, but the impact on adjuvant chemotherapy
implementation is largely unknown. We aimed to compare the implementation rate of

*Correspondence adjuvant chemotherapy between CRC patients with and without pre-existing diabetes in
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Materials and Methods: Colorectal cancer diagnosis information was obtained from
the hospital-based cancer registry of patients with stage Il CRC who underwent curative
surgery in 2013 in Japan (n = 6,344). Health claims data were used to identify diabetes

J Diabetes Investig 2022; 13: 1771— and chemotherapy. We examined the association between diabetes and the

1778 implementation rate of adjuvant chemotherapy using a generalized linear model adjusted
for age, sex, updated Charlson Comorbidity Index, hospital type and prefecture.

doi: 10.1111/jdi.13837 Furthermore, we applied a mediation analysis to examine the extent to which

postoperative complications mediated the association.

Results: Of the 6,344 patients, 1,266 (20.0%) had diabetes. The mean ages were 68.2
and 71.3 years for patients without and with diabetes, respectively. Compared with those
without diabetes, patients with diabetes were less likely to receive adjuvant chemotherapy
(crude rate 589 and 49.8%; adjusted percentage point difference 4.6; 95% confidence
interval 1.7—7.5). The difference was evident for patients aged <80 years, and larger for
platinum-containing regimens than others. Mediation analysis showed that postoperative
complications explained 9.1% of the inverse association between diabetes and adjuvant
chemotherapy implementation.

Conclusions: We observed that patients with stage Il CRC and diabetes are less likely
to receive adjuvant chemotherapy than those without diabetes, and postoperative
complications might partially account for the association.

INTRODUCTION 2018 worldwide'. For stage Il CRC patients, micrometastases
Colorectal cancer (CRC) is the third leading cause of cancer influence the exacerbation of poor prognosis; hence, adjuvant
deaths, and was the cause of approximately 880,000 deaths in  chemotherapy is recommended as per clinical practice guideli-
nes>’. Previous studies have shown an association between pre-
Received 13 October 2021; revised 9 May 2022; accepted 17 May 2022 existing diabetes mellitus and CRC, with respect to both the
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CRC risk* and poor prognosis™®. Additionally, a previous
meta-analysis showed that having diabetes mellitus as a comor-
bidity was associated with increased mortality in CRC patients®.
Although the mechanisms underlying the influence of diabetes
mellitus on mortality from CRC are still unclear, several studies
have suggested that endogenous hyperinsulinemia and high
concentrations of insulin-like growth factor-I facilitate carcino-
genesis and metastases’ ''. Furthermore, in patients with
stage III colon cancer, those with pre-existing diabetes mellitus
were reportedly less likely to be treated with adjuvant
chemotherapy than patients without diabetes mellitus'>. Thus,
pre-existing diabetes mellitus might be responsible for the inad-
equate treatment of CRC. However, previous studies have not
examined which regimen type has a lower implementation rate
among CRC patients with pre-existing diabetes mellitus, nor
have background factors that explain this association been
investigated.

For stage Il CRC, implementation of adjuvant chemother-
apy has been established as an indicator for the quality of
cancer care'™'* in Japan. Accordingly, we aimed to compare
the status of adjuvant chemotherapy implementation for
stage III CRC between patients with and without pre-existing
diabetes mellitus. The comparison of the implementation sta-
tus was also assessed by the regimen type. Furthermore, we
examined whether postoperative complications mediated the
association between pre-existing diabetes mellitus and the
implementation of adjuvant chemotherapy. Our investigation
would help to clarify the actual treatment for CRC patients
with pre-existing diabetes mellitus and improve the quality of
CRC care.

MATERIALS AND METHODS

Study design

The present retrospective cohort study utilized data from 226
Designated Cancer Care Hospitals'>. The Designated Cancer
Care Hospitals provided Hospital-based Cancer Registry'® data,
as well as health claims data based on the Diagnosis Procedure
Combination/Per-Diem Payment System (DPC)'®, which was
used to identify the presence or absence of diabetes mellitus,
other comorbidities and adjuvant chemotherapy. The Hospital-
based Cancer Registry data provided information on CRC
patients diagnosed with pathological stage III in 2013, and the
dataset was linked to DPC data (October 2012-December
2014) using hospital and patient identification numbers.

For our analysis, we included patients diagnosed with patho-
logical stage III CRC (n = 10,037) who received curative sur-
gery of the colon or rectum (n = 9,375) and did not receive
preoperative chemotherapy (n = 9,360). We excluded patients
who were not linked to the DPC data before hospitalization to
8 weeks after surgery. Our final analytical sample included
6,344 patients (Figure 1).

Written informed consent was difficult to obtain, because
some of the patients had died. Instead, we disclosed informa-
tion regarding the current study, and gave the patient or the

http://wileyonlinelibrary.com/journal/jdi

patient’s agent an opportunity to refuse participation. The pro-
tocol of the current study was approved by the institutional
review board of the National Cancer Center of Japan (approval
No. 2018-048), and was carried out according to the guidelines
laid down in the Declaration of Helsinki.

Definition of diabetes mellitus

The DPC data carries information on disease codes based on
the International Classification of Diseases, 10th Revision (ICD-
10). The disease codes are encoded in ‘main diagnosis,
‘admission-precipitating diagnosis,” ‘most resource-consuming
diagnosis,” ‘second most resource-consuming diagnosis,” ‘comor-
bidities present at the time of admission” and ‘conditions arising
after admission’’®. Patients found to have a value of ‘E10x,
‘Ellx,’ ‘E12x, ‘E13x’ or ‘E14x’ (code ICD-10 indicating diabetes
mellitus) in ‘admission-precipitating diagnosis’ or ‘comorbidities
present at the time of admission’ were identified as having dia-
betes mellitus. Patients who received antidiabetic agents
(Table S1) during the period from the date of admission to the
date of surgery were also considered to have diabetes mellitus.
The diabetes mellitus diagnosis defined by the DPC data was
validated in a previous study'”'®.

Implementation rate of adjuvant chemotherapy

The indicator calculation method for the quality of cancer care
was used to identify the implementation of adjuvant
chemotherapy'*. Specifically, we collected the data on whether
patients received adjuvant chemotherapy for 8 weeks after sur-
gery based on the procedure and drug codes of DPC data, and
calculated the implementation rate.

Patients who were diagnosed with colorectal cancer in 2013
(n=57,619)

)

Patients who were diagnosed with pathological stage lll
colorectal cancer (n=10,037)

I

Patients who received curative surgery of colon or rectum
(n=9,375)

}

Patients who did not receive preoperative chemotherapies
(n=9,360)

)

Patients who were linked to DPC data of their hospitalization
for curative surgery (from before the hospitalization to 8 weeks
after surgery [n=6,344])

Figure 1 | Flow chart of the study patients. DPC, Diagnosis Procedure
Combination/Per-Diem Payment.
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Statistical analysis

The implementation rate of adjuvant chemotherapy was com-
pared between patients with pre-existing diabetes mellitus and
those without diabetes mellitus, using a generalized linear
model with normal distribution. In this model, we adjusted
for age, sex, updated Charlson Comorbidity Index (ccn®,
type of hospital (Designated Cancer Care Hospitals or others)
and prefectures where hospitals were located. To compute the
CCI, we used diseases in the target items (‘admission-
precipitating diagnosis’ and ‘comorbidities present at the time
of admission’) in the DPC data'. Diabetes and CRC were
excluded from the CCI calculation. Furthermore, we carried
out an age-stratified analysis (<60, 6069, 70-79, >80 years)
and an analysis stratified by the absence or presence of addi-
tional non-diabetes mellitus comorbidities (Table S2)*° using
diseases in the target items (‘admission-precipitating diagnosis’
and ‘comorbidities present at the time of admission’) in the
DPC data. We additionally carried out a comparison of the
implementation rate of adjuvant chemotherapy between
patients with an absence and with a presence of diabetes
chronic complications (Table $3)*°, among patients with pre-
existing diabetes mellitus. The presence of the complications
was identified using the items in the DPC data, which were
the same as those used in the stratified analysis of the non-
diabetes mellitus comorbidities.

We used mediation analysis to examine the mediating role
of postoperative complications. The presence of postoperative
complications, including ileus, sepsis, vascular complications,
cardiac events, infectious diseases and acute renal failure™, was
defined using the disease codes encoded in ‘conditions arising
after admission’ in the DPC data. The total effect, direct effect
(controlled direct effect + reference interaction), indirect effect
(pure indirect effect + mediated interaction), and the ratios of
direct and indirect effect to total effect were computed®>*’
using a command “med4way”** in Stata (StataCorp LLC, Col-
lege Station, TX, USA). The direct effect showed the effect of
diabetes mellitus on adjuvant chemotherapy implementation in
the absence of postoperative complications, whereas the indirect
effect represented the effect mediated through postoperative
complications. To ensure the temporal order of the mediator
(postoperative complications, prior) and the outcome (adjuvant
chemotherapy implementation, posterior), we excluded 42
patients who could not be determined as having received adju-
vant chemotherapy after the onset of postoperative complica-
tions (n = 6,302).

The comparison of the implementation rate of adjuvant
chemotherapy was also examined according to the regimen
type, which included platinum-containing regimens or others
(Table S4). Furthermore, the proportion of antiemetic drug
therapy, administered to relieve the emesis of chemotherapy,
was compared between patients with and without pre-existing
diabetes mellitus according to the regimen type. We defined ‘all
antiemetic drug’ as administration of both dexamethasone and
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5-hydroxytryptamine 3 (5-HT3) receptor antagonists, and
examined the differences in the proportion of administration
for ‘all antiemetic drugs’ and individual antiemetic drugs.

For the sensitivity analysis, we analyzed the data that
excluded patients with renal disease (n = 57), mild liver disease
(n=249) and moderate or severe liver disease (n = 6)*
according to the same items as the target for the CCI calcula-
tion (Table S5). For another sensitivity analysis, we changed the
definition of diabetes as one based on the disease code only.
All the statistical analyses were carried out using Stata version
15 (StataCorp LLC).

RESULTS

Among the 6,344 stage III CRC patients included in the pre-
sent study, 1,266 had pre-existing diabetes mellitus, whereas
5,078 did not have diabetes mellitus. The percentage of men
was higher among patients with diabetes mellitus (61.9%) than
among patients without diabetes mellitus (50.8%), and the
mean (standard deviation [SD]) age was slightly higher in
patients with diabetes mellitus (71.3, SD 9.7) than in those
without diabetes mellitus (68.2, SD 12.0). The mean CCI did
not differ between patients with diabetes mellitus (0.77, SD
1.60) and those without diabetes mellitus (0.81, SD1.78;
Table 1).

Of the patients without diabetes mellitus, 2,993 (58.9%)
received adjuvant chemotherapy, whereas 631 (49.8%) patients
with diabetes mellitus received adjuvant chemotherapy. The dif-
ference in crude percentage points for adjuvant chemotherapy
implementation rate was 9.1 (95% confidence interval [CI] 6.0—
12.2). The difference was reduced after adjusting for age, sex,
CCI, type of hospital, and prefecture (difference of percentage
points 4.6, 95% CI 1.7-7.5; Table 2). In the age-stratified analy-
sis, the magnitudes of effect estimates tended to be greater in
patients aged <80 years than in those aged >80 years
(<60 years 7.7, 95% CI —0.4, 15.6; 6069 years 8.9, 95% CI
3.7-14.2; 70-79 years 7.8, 95% CI 2.9-12.8); >80 years 0.2, 95%
CI —5.1, 5.4; Table 2). When the model was adjusted addition-
ally for postoperative complications, the differences became
slightly smaller (all 3.9, 95% CI 1.0-6.8, <60 years 7.4, 95% CI
—0.5, 15.4; 60-69 years 7.5, 95% CI 2.3-12.7; 70-79 years 7.2,
95% CI 2.2-12.2; >80 years —0.3, 95% CI —5.5, 4.9; Table 2).
When we stratified by the absence or presence of additional
non-diabetes mellitus comorbidities, the difference was slightly
smaller in patients without additional comorbidities (4.3, 95%
CI 0.6-8.0, n = 4,212, for patients without additional comor-
bidities; 4.4, 95% CI —0.2, 9.1, n = 2,132, for patients with addi-
tional comorbidities; Table 2). When we made a comparison
between the absence and presence of chronic complications of
diabetes mellitus, we found that patients with diabetic chronic
complications were less likely to receive adjuvant chemotherapy
than those with pre-existing diabetes mellitus without diabetic
chronic complications (adjusted percentage point difference
10.2, 95% CI 1.4-18.9; Table S6).

© 2022 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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Table 1 | Characteristics of stage Il colorectal cancer patients according to the presence or absence of pre-existing diabetes mellitus

All Without DM With DM

No. patients 6,344 5078 1,266
Men (%) 530 508 619
Age in years, mean (SD) 6838 (116) 682 (120) 713 (97)
Type of hospital

Designated Cancer Care Hospitals (%) 915 915 916

Other hospitals (%) 85 85 84
Updated Charlson Comorbidity Index, mean (SD) 080 (1.75) 081 (1.78) 0.77 (1.60)

Congestive heart failure (%) 29 24 47

Dementia (%) 10 10 13

Chronic pulmonary disease (%) 28 29 22

Rheumatologic disease (%) 06 05 038

Mild liver disease (%) 39 38 46

Diabetes with chronic complications (%) 19 0 94

Hemiplegia or paraplegia (%) 003 004 0

Renal disease (%) 09 08 13

Any malignancy, including leukemia and lymphoma (%) 77 77 78

Moderate or severe liver disease (%) 0.09 0.10 0.08

Metastatic solid tumor (%) 77 81 6.1

AIDS/HIV (%) 0.06 0.06 0

AIDS/HIV, acquired immunodeficiency syndrome/human immunodeficiency virus; CRC, colorectal cancer; DM, diabetes mellitus; SD, standard

deviation.

Patients without diabetes mellitus were less likely to have
postoperative complications than those with diabetes mellitus,
and patients without postoperative complications were more
likely to receive adjuvant chemotherapy than those with post-
operative complications (Table S7). In our mediation analysis,
the effect of pre-existing diabetes mellitus accounted for most
of the total effect (total effect 5.1, 95% CI 2.3-7.9, direct effect
46, 95% CI 1.7-7.5, indirect effect 0.5, 95% CI 0.2-1.0;
Table 3). The mediation of postoperative complications
explained 9.1% of the difference in the implementation of adju-
vant chemotherapy between patients without and with diabetes
mellitus (Table 3).

The adjusted percentage point difference in the implementa-
tion rate of platinum-containing regimens was larger than that
in other regimens (platinum-containing regimens 4.2, 95% CI
2.0-6.5; other regimens 0.4, 95% CI —2.5, 3.3; Table 4). Further-
more, almost all of the patients who received platinum-
containing regimens were administered antiemetic drugs;
whereas patients who received other regimens were not, regard-
less of whether they had pre-existing diabetes mellitus or not.
The difference in antiemetic administration between patients
without and with diabetes mellitus among patients who received
adjuvant chemotherapy was 4.5 (95% CI 0.6-8.4) for all the reg-
imens, being reflected by the difference in the implementation
rate of platinum-containing regimens. The difference became
smaller when we stratified by regimen types. The trend was
similar among the type of antiemetic drugs used (Table S8).

When we excluded patients with renal or liver disease, the
difference in the implementation rate of adjuvant chemotherapy

between patients without and with diabetes mellitus was gener-
ally the same or slightly attenuated (4.3, 95% CI 1.3-7.2). In
this sensitivity analysis, the proportion mediated through post-
operative complications on the association between diabetes
mellitus and adjuvant chemotherapy implementation was
12.6%. Additionally, when we defined patients with diabetes
based on the disease code only (patients with diabetes:
n = 1,038), the results were similar.

DISCUSSION
We observed that the implementation rate of adjuvant
chemotherapy was 4.6 percentage points lower in patients with
pre-existing diabetes mellitus than in those without diabetes
mellitus, after adjusting for potential confounders. The present
results suggested that pre-existing diabetes mellitus in patients
with stage III CRC was associated with a lower implementation
rate of adjuvant chemotherapy, especially for the platinum-
containing regimens. Our findings highlighted the need for
heightened awareness of CRC care for patients with pre-
existing diabetes mellitus, to improve the implementation rate.
A previous study among stage III colon cancer patients who
were diagnosed between 1993 and 1999 in the USA reported
that the difference in the implementation rate of adjuvant
chemotherapy was 2.4 percentage points (60.7% for patients
without diabetes and 58.3% for patients with diabetes)'”. The
difference shown in the present results was larger in magnitude;
this heterogeneity might have been caused by a difference in
era, ethnic group or cancer site of interest (our study also
included rectum cancer). Pre-existing diabetes mellitus might
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Table 3 | Results of the mediation analysis (n = 6,302)

Effects Percentage point Percentage of TE,
difference (95% CI) % (95% CI)

Total effect 51(23,79 100

Direct effect’ 46 (17,75) 909 (727, 97.2)

Indirect effect® 05 (02, 10) 9.1 (28, 27.3)

Adjusted for age, sex, Charlson Comorbidity Index, type of hospital
(Designated Cancer Care Hospitals or others) and prefecture where hos-
pitals are located. TDirect effect: the effect of diabetes on adjuvant
chemotherapy implementation in the absence of postoperative compli-
cations. ¥indirect effect: the effect of diabetes on adjuvant chemother-
apy implementation mediated through postoperative complications. Cl,
confidence interval; TE, total effect.

influence CRC prognosis by lowering the adjuvant chemother-
apy implementation rate. However, we did not consider the
prognosis of the patients in our analyses. A comparison of the
prognosis after adjuvant chemotherapy between patients with
and without diabetes mellitus is recommended in future studies.

Previous studies have suggested that postoperative complica-
tions, which might hinder the initiation of adjuvant chemother-
apy, are relatively common in cancer patients with pre-existing
diabetes mellitus®. Thus, we speculated that postoperative com-
plications might result in a partial mediation of the association
of comorbid diabetes mellitus with a reduction in the imple-
mentation rate of adjuvant chemotherapy. The mediation anal-
ysis estimated that the effects mediated by postoperative
complications accounted for approximately just 9% of the total
effects. The remaining 91% of the association might be
explained by patient characteristics, such as poor glycemic con-
trol, severity of the diabetes mellitus, the presence of additional
comorbidities and socioeconomic status®®. The present findings
from the mediation analysis suggested a limited mediating role
of postoperative complications in the association between dia-
betes and implementation rate of adjuvant chemotherapy.
Therefore, optimal glycemic control might increase the imple-
mentation rate of adjuvant chemotherapy, through mainly
mechanisms other than the prevention of postoperative compli-
cations. In addition, the present results showed that with
respect to the severity of the diabetes mellitus, the patients who
experienced diabetic chronic complications showed a larger
reduction in the implementation rate than those without the
complications.

We compared the regimen types to explain the reduction in
the implementation rate among diabetes mellitus patients. In
previous randomized controlled trials, it was shown that
CapeOX and FOLFOX (oxaliplatin combination therapies) for
patients with stage III CRC were associated with an improve-
ment of prognosis compared with 5FU + LV (fluorouracil and
leucovorin) ***. However, the platinum-containing regimens
are a risk for adverse reactions, such as neuropathy, nephropa-
thy and heart failure, as a result of the platinating agent. In the
present study, the difference was larger in platinum-containing

© 2022 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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Table 4 | Number of stage Il colorectal cancer patients and difference in rate of receiving adjuvant chemotherapy between the presence and

absence of pre-existing diabetes mellitus per regimen type

Regimen types Without DM (n = 5,078)

With DM (n = 1,266) Adjusted” difference in rate

between patients without

Received (n) Rate of adjuvant Received (n) Rate of adjuvant and with DM, percentage
chemotherapy (%) chemotherapy (%) points (95% Cl)
Platinum-containing regimens* 1,188 234 208 164 42 (20, 65)
Other regimens® 1,805 355 423 334 04 (=25, 33)

TLAdjusted for age, sex, Charlson Comorbidity Index, type of hospital (Designated Cancer Care Hospitals or others) and prefecture where hospitals
are located using the generalized linear model. *Platinum-containing regimens include FOLFOX (folinic acid, fluorouracil, and oxaliplatin), CapeOX
(capecitabine and oxaliplatin), UFT + LV + L-OHP (tegafur/uracil, leucovorin, and oxaliplatin) and S-1 + Pt (tegafur/gimeracil/oteracil and platinating
agent). SOther regimens include UFT + LV (tegafur/uracil and leucovorin), 5FU + LV (fluorouracil and leucovorin), Cape (capecitabine), S-1 (tegafur/
gimeracil/oteracil) and FOLFIRI (folic acid, fluorouracil, and irinotecan). Cl, confidence interval; CRC, colorectal cancer; DM, diabetes mellitus.

regimens than in other regimens. Because diabetes mellitus has
similar risks that could possibly exacerbate the adverse reactions
by the platinating agents, pre-existing diabetes mellitus might
be a barrier to receiving platinum-containing regimens, even if
the regimens could improve the prognosis of CRC patients. To
prevent the poor general condition due to diabetes mellitus,
incorporating the diabetologist’s support in the clinical team
might be beneficial.

The age-stratified analysis showed significant differences in
the implementation rate of adjuvant chemotherapy between
patients without and with diabetes mellitus among those aged
<80 years. However, in patients aged >80 years, there was little
difference. Previous studies suggested that older patients with
CRC received adjuvant chemotherapy less frequently”™™.
Therefore, the higher the age, the greater the number of rea-
sons (e.g., poor general condition caused by aging) that might
obstruct the chemotherapy and attenuate the influence of pre-
existing diabetes mellitus.

Alternatively, the low implementation rate of adjuvant
chemotherapy among diabetes mellitus patients might be
explained by the higher prevalence of comorbid kidney dis-
eases in cancer patients with diabetes mellitus. According to
a report on adjuvant chemotherapy for CRC care in 2013,
the reasons for not administering adjuvant chemotherapy
were the presence of kidney disorders, liver disorders, other
comorbidities, poor general conditions, older age, multiple
cancers and postoperative complications. However, given that
we found similar results when excluding patients with renal
and liver diseases, the residual confounding by these illnesses
is unlikely to explain the association. Furthermore, the differ-
ence was marginally significant when we excluded patients
with any other non-diabetes mellitus comorbidities, suggest-
ing an association of pre-existing diabetes mellitus itself with
a reduction of the implementation rate of adjuvant
chemotherapy. Other reasons could not be controlled; there-
fore, further studies regarding these reasons are required.

The strength of the present study was that this was a nation-
wide survey that analyzed the details of regimen types, antie-
metic drugs, the patient’s age, diabetic chronic complications

and other comorbidities. Despite the advantages, the present
study also had some limitations. First, patients who were trans-
ferred to other hospitals for 8 weeks after surgery could not be
included in our analysis, as we could not find out whether the
patients received adjuvant chemotherapy at the new hospital.
Second, the diabetes severity was not considered. The general
health, which might interfere with chemotherapy, may be
poorer depending on the seriousness of the diabetes mellitus.
Third, the DPC data had some drawbacks as follows: (i) as the
data were based on medical service fee requests, there was a
lack of information regarding the clinical diagnosis; (ii) the data
might have included erroneous calculations, billing omissions
and coding errors. These errors may have led to an improper
assessment of the diagnosis of diabetes mellitus. However, the
diabetes mellitus diagnosis in the DPC data was validated'”'®,
Fourth, uncontrolled and residual confounding could not be
completely ruled out. Thus, pre-existing diabetes mellitus alone
might not have been responsible for the observed difference in
the implementation rate of adjuvant chemotherapy. Fifth, we
could not estimate the effects of the pathological conditions
themselves that caused diabetes on the administration of adju-
vant chemotherapy owing to the small number of patients with
the ICD-10 code of E13x (diabetes induced by other diseases
or drugs).

In conclusion, we found that pre-existing diabetes mellitus
was associated with a lower implementation rate of adjuvant
chemotherapy, especially the platinum-containing regimens,
among stage III CRC patients. Approximately 9% of the associ-
ation was explained by postoperative complications. From the
viewpoint of equalization in the quality of CRC care, manage-
ment by a clinical team that is aware that patients with pre-
existing diabetes mellitus have lower implementation rates of
adjuvant chemotherapy might lead to a higher quality of cancer
care and improved prognosis.
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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 | World Health Organization Anatomical Therapeutic Chemical codes of antidiabetic drugs for diabetes definition.

Table S2 | Comorbidities and International Classification of Diseases, 10th Revision codes for the stratified analysis according to
the presence or absence of additional non-diabetes comorbidities.

Table S3 | International Classification of Diseases, 10th Revision Codes for the stratified analysis by the presence or absence of
chronic complications of diabetes.

Table S4 | Regimen types and included regimens.
Table S5 | Diseases and International Classification of Diseases, 10th Revision codes excluded from the sensitivity analysis.

Table S6 | Percentage point difference of rate for receiving adjuvant chemotherapy between the presence and absence of chronic
complications of diabetes (n = 1,266)

Table S7 | Difference between diabetes and postoperative complications, and postoperative complications and adjuvant chemother-
apy (n = 6,302).

Table S8 | Differences in antiemetic drugs, dexamethasone and 5-hydroxytryptamine 3 receptor antagonist administration between
the presence and absence of pre-existing diabetes melliuts among patients who received adjuvant chemotherapy.
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