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/ABSTRACT

Background. We investigated the association between dia-
betes mellitus (DM) and the prognosis of patients with early
colon cancer who had undergone curative surgery.

Methods. From three national databases of patients in
Taiwan, we selected a cohort of colon cancer patients who had
been newly diagnosed with stage | or stage Il colon cancer
between January 1, 2004 and December 31, 2008 and
had undergone curative surgery. We collected information
regarding DM (type 2 DM only), the use of antidiabetic
medications, other comorbidities, and survival outcomes.
The colon cancer-specific survival (CSS) and the overall
survival (OS) were compared between patients with and
without DM.

Results. We selected 6,937 colon cancer patients, among
whom 1,371 (19.8%) had DM. The colon cancer patients
with DM were older and less likely to receive adjuvant

chemotherapy but had a similar tumor stage and grade,
compared with colon cancer patients without DM. Com-
pared with colon cancer patients without DM, patients with
DM had significantly shorter OS (5-year 0S: 71.0% vs. 81.7%)
and CSS (5-year CSS: 86.7% vs. 89.2%). After adjusting for
age, sex, stage, adjuvant chemotherapy, and comorbidities
in our multivariate analysis, DM remained an independent
prognostic factor for overall mortality (adjusted hazards
ratio: 1.32, 95% confidence interval: 1.18-1.49), but not for
cancer-specific mortality. Among the colon cancer patients
who had received antidiabetic drug therapy, patients who
had used insulin had significantly shorter CSS and OS than
patients who had not.

Conclusion. Among patients who receive curative surgery for
early colon cancer, DM is a predictor of increased overall
mortality. The Oncologist 2014;19:951-958

Implications for Practice: The current study demonstrated that diabetes mellitus (DM) is an independent predictor of increased
overall mortality in patients with early colon cancer. Additionally, DM may be associated with increased cancer-specific mortality in
younger patients (age <65 years). In DM patients who received anti-diabetic drugs, insulin treatment significantly predicted for
overall mortality and colon cancer-specific mortality. Our study suggested colon cancer patients with long-standing DM or poor DM
status have increased colon cancer-specific mortality. By knowing this information, physicians may pay more attention to DM
diagnosis and DM care in early colon cancer patients.

INTRODUCTION

Colon cancer is one of the most commonly diagnosed cancers
and remains the leading cause of cancer-related deaths world-
wide, despite advances in systemic cytotoxic and targeted
therapies [1]. For localized disease, a complete resection can be
curative and is the current treatment standard. However,
approximately 20%—25% of patients with stage Il disease suffer
from disease recurrence after surgery [2, 3].

Several studies and meta-analyses have shown that di-
abetes mellitus (DM) is associated with an increased risk of
colon cancer [4-8]. The chronic use of insulin or sulfonylureas
in patients with type 2 DM may also increase the risk of colon
cancer [9, 10]. One potential explanation for these findings
is secondary hyperinsulinemia caused by insulin resistance,
which may promote colon cancer carcinogenesis [11].
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Because DM may contribute to increased colon cancer
carcinogenesis, it is possible that DM is associated with poor
prognosis in colon cancer. However, the results of previous
studies of DM and colon cancer prognosis conflict. Some
studies have shown that colon cancer patients with DM had
poorer survival than those without DM [12-14]. However,
other studies did not identify a similar association [15, 16].
These inconsistent findings may be attributed to heteroge-
neous populations, different definitions of DM history (from
questionnaires or medical records), and the adjusted cova-
riates in the prognostic analyses.

In our current study, we retrospectively examined the
association of DM and colon cancer prognosis in a population-
based cohort in Taiwan. We reviewed data from the National
Cancer Registry and the National Health Insurance (NHI)
system databases in Taiwan to establish a patient cohort
representative of the general population. Because it has been
reported that DM may have different prognostic impact on
colon and rectal cancers and considering the expectation that
DM will not significantly affect the mortality rate for stage Ill or
IV colon cancer patients because of relatively shorter 5-year
survival rates, we included only early colon cancer patients in
our study [14].

MATERIALS AND METHODS

Data Sources

A population-based cohort of patients who had been newly
diagnosed with colon cancer between January 1, 2004 and
December 31, 2008 was selected from the Taiwan Cancer
Registry database [17], which is managed by the Bureau
of Health Promotion, Department of Health, Taiwan. The da-
tabase contains records regarding approximately 78% of the
newly diagnosed cancer patientsin Taiwan, and all of the major
cancer care institutes in Taiwan are required to enter medical
datafortheir patientsintothe database [18]. Patients’ baseline
data regarding demographic characteristics, cancer staging,
cancer grading, and anticancer treatments were collected
from the database.

The NHI is a mandatory health insurance system that
provides insurance coverage for more than 98% of the residents
of Taiwan [19]. We used its reimbursement database to collect
information regarding DM status, antidiabetic treatments, and
other comorbidities for our study cohort. Only information
regarding type 2 DM was collected. All medical claims were
submitted and captured electronically. The medical records
were linked to the mortality data of the National Death Registry.
We used individual patients’ identification numbers and birth-
days to link three databases. In Taiwan, every resident has
a unique identification number, so we could handle cases with
the same birthday and gender well.

Personal identities were encrypted, and therefore, all the
data were analyzed anonymously to conform to the privacy
regulations for personal electronic data. The release of our
study data was approved by Collaboration Center of Health
Information Application, Department of Health Executive
Yuan. Our study protocol was approved by the Research Ethics
Committee of the College of Public Health of National Taiwan
University.
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DM and Colon Cancer Prognosis

Study Participants

Patients who had been newly diagnosed with colon cancer
between January 1,2004 and December 31,2008 based on the
criteria of the International Classification of Diseases for
Oncology, Third Edition (ICD-0-3), codes C180 through C189
and C199, were older than 40 years on the date of diagnosis,
had received surgical resection as the first curative treatment,
and had been evaluated as pathologic stage | or Il according to
criteria established by the American Joint Committee on
Cancer, Sixth Revision [20], were included in our study cohort.
Patients were excluded for the following conditions to increase
the specificity of those with early stage colon cancer who had
received curative surgery: (a) an unknown DM status, which
may be related to unknown diagnosis time of colon cancer or
termination of insurance; (b) histological findings indicating
lymphoma (ICD-0-M9590 through M9989) or Kaposi’s sarcoma
(M9140); (c) a diagnosis of any cancer before 2004 or cancer
otherthan colon cancer between January 1,2004 and December
31,2008; (d) type 1 DM; (e) unclear surgical margins; (f) patients
whodid not fulfill DM diagnosis criteria but received antidiabetic
drugs; and (g) patients who received neoadjuvant radiotherapy
or chemotherapy, combined radiotherapy and surgery, or
combined chemotherapy after 90 days of surgery as theirinitial
treatment for colon cancer.

Study Variables and Endpoints

The study participants were classified as patients with DM or
without DM (non-DM) according to their medical claims
records in the NHI database for 1 year preceding the date of
their colon cancer diagnosis. The diagnosis codes from both
inpatient and outpatient clinics were used. Patients were
defined as having DM (ICD-9-CM: 250. X) if a DM diagnosis was
noted at least twice during their outpatient clinic visits or at
least once during hospitalization during the year prior to their
colon cancer diagnosis. Patients who had been treated with
insulin were defined as those with any record of use within
1 year prior to the date of their colon cancer diagnosis, ac-
cording to their NHI claims records.

In addition to DM, all other comorbidities in the Deyo
version of the Charlson Comorbidity Index were examined [21].
The International Classification of Disease, Ninth Revision,
Clinical Modification (ICD-9-CM) codes derived from the NHI
claims data were screened for comorbidities by using the revised
mapping algorithm by Quan et al. [22]. All comorbidities were
coded and analyzed as dichotomized variables (yes or no). The
colon cancer patients’ records were screened for the following
ICD-9-CM diagnosis codes: DM (250.X); congestive heart
failure (398.91, 402.01, 402.11, 402.91, 404.01, 404.03,
404.11, 404.13, 404.91, 404.93, 425.4-425.9, 428.X); cere-
brovascular disease (362.34 and 430.X-438.X); dementia
(290.%, 294.1, and 331.2); chronic pulmonary disease (416.8,
416.9, 490.X-505.X%, 506.4, 508.1, and 508.8); renal disease
(403.01, 403.11, 403.91, 404.02, 404.03, 404.12, 404.13,
404.92, 404.93, 582.X, 583.0-583.7, 585.X, 586.X, 588.0,
V42.0, V45.1, and V56.X); and cirrhosis (571.2, 571.5, and
571.6).

Patients were followed from the day of colon cancer
diagnosis until death or December 31, 2011s. We defined the
period from the date of colon cancer diagnosis until death as

O?fi?ologist”



Chen, Shao, Lin et al. 953
New diagnosed colon cancer patients in 2004 to 2008 n= 23182
> Multiple primary cancer n= 3343
Lymphoma or Kaposi’s sarcoma n= 65
Age was less than 40 years old n= 886
v
First primary colon cancer patients n= 18,888
Stage | and Il colon cancer patients n= 7,702
Patients received surgery therapy n= 7,504
| Surgical margin unclear n= 195
Received neo-adjuvant RT or CT therapy n= 74
Combined RT therapy after surgery n= 113
Combined CT therapy after 90 days of surgery n= 152
Patient did not fulfill DM diagnosis criteria but received DM
prescription or Type | DM patients n= 33
A 4
Patients studied n= 6937
With DM (n=1371)
Without DM (n =5,566)

Figure 1. Patient flow diagram.

Abbreviations: CT, chemotherapy; DM, diabetes mellitus; RT, radiotherapy.

overall survival (OS) for deaths from all causes or as colon
cancer-specific survival (CSS) for deaths related to colon
cancer. The data of patients surviving past the last day of the
follow-up period were censored.

Statistical Methods

We compared the mean or frequency of the demographic and
clinical characteristics of the DM and non-DM study groups on
the date of colon cancer diagnosis by using an independent
t test for the continuous variables or the x* test for the
categorical variables. Patient survival by DM status was
estimated using the Kaplan-Meier method and was compared
using the log-rank test. We used a Cox proportional-hazards
model to estimate the adjusted hazards ratios (HRs) and 95%
confidence intervals (Cls) for the association of DM and other
risk factors on survival outcomes with an adjustment for
demographic variables, tumor stage, tumor grade, type of DM
treatment, and comorbidities. To evaluate the consistency of
the prognostic associations of DM across different patient
populations, subgroup analyses defined by age (40—64 or =65
years), sex, tumor stage, type of treatment for colon cancer,
and DM medication were performed as sensitivity analyses.
The results of comparisons with a two-sided p value less than
.05 were considered statistically significant. SAS, version 9.2,
statistical software (SAS Institute, Inc., Cary, NC, http://www.
sas.com) was used for all the statistical analyses.

RESULTS
We identified 23,182 patients who had been newly diag-
nosed with early colon cancer between January 1, 2004 and
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December 31st, 2008 in the Taiwan Cancer Registry database.
Among the 6,937 early colon cancer patients who met the
inclusion criteria for our study (Fig. 1), 1,371 (19.8%) of them
had DM. There were only 33 patients who did not fulfill DM
diagnosis criteria but received antidiabetic drugs. The baseline
patient characteristics are summarized in Table 1. The colon
cancer patients with DM were older (mean age, 70.2 years vs.
66.6 years, p < .001) and less likely to have received adjuvant
chemotherapy (26.6% vs. 31.8%, p << .001) than those without
DM. Compared with colon cancer patients without DM, those
with DM were more likely to have had comorbidities, such as
livercirrhosis (2.7%vs. 1.0%, p < .001), congestive heart failure
(9.0% vs. 4.9%, p < .001), cerebrovascular disease (15.8% vs.
7.9%, p < .001), dementia (3.4% vs. 1.7%, p < .001),
hemiplegia or paraplegia (1.5% vs. 0.7%, p = .003), or renal
disease (9.4% vs. 3.2%, p < .001).

The median follow-up period of all patients was 54.9
months, and 1,461 (21.1%) colon cancer patients had died.
The colon cancer patients with DM had shorter OS (2-year
0S: 86.0% vs. 92.3%, 5-year 0S: 71.0% vs. 81.7%, p < .001;
Fig. 2A) and shorter CSS (2-year CSS: 92.6% vs. 95.1%, 5-year
CSS: 86.7% vs. 89.2%, p < .001; Fig. 2B). After adjusting for age,
sex, stage, adjuvant chemotherapy, and comorbidities in the
multivariable analysis, DM remained an independent pre-
dictor of increased overall mortality (adjusted HR: 1.35; 95%
Cl: 1.20-1.51, p < .001), but it was not a significant predictor
of increased colon cancer-specific mortality (adjusted HR:
1.09; 95% Cl: 0.92-1.29, p = .345; Table 2). In the subgroup
analysis of OS, the prognostic association of DM existed
across all subgroups, with no significant differences. In the
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Table 1. Patient characteristics (n = 6,937)

DM and Colon Cancer Prognosis

n (%)
All With DM Without DM p value

Total 6,937 (100) 1,371 (19.8) 5,566 (80.2)

Gender
Male 3,946 (56.9) 776 (56.6) 3,170 (57.0) .814
Female 2,991 (43.1) 595 (43.4) 2,396 (43.1)

Age, mean [SD] 67.3 [11.9] 70.2 [9.9] 66.6 [12.2] <.001
40-64 2,683 (38.7) 387 (28.2) 2,296 (41.3) <.001
65+ 4,254 (61.3) 984 (71.8) 3,270 (58.8)

Stage
| 2,147 (30.9) 405 (29.5) 1,742 (31.3) .208
Il 4,790 (69.1) 966 (70.5) 3,824 (68.7)

Treatment
Surgery alone 4,801 (69.2) 1,006 (73.4) 3,795 (68.2) <.001
Surgery + adjuvant chemotherapy 2,136 (30.8) 365 (26.6) 1,771 (31.8)

Grade
| 719 (10.4) 149 (10.9) 570 (10.2) 462
Il 5,493 (79.2) 1,082 (78.9) 4,411 (79.3)

Ilor IV 340 (4.9) 58 (4.2) 282 (5.1)
Unknown 385 (5.5) 82 (6.0) 303 (5.4)

Comorbidity®
Cirrhosis 95 (1.4) 37(2.7) 58 (1.0) <.001
Congestive heart failure 394 (5.7) 123 (9.0) 271 (4.9) <.001
Cerebrovascular disease 659 (9.5) 217 (15.8) 442 (7.9) <.001
Dementia 442 (7.9) 46 (3.4) 93(1.7) <.001
Chronic pulmonary disease 821 (11.8) 166 (12.1) 655 (11.8) 727
Rheumatic disease 70 (1.0) 11 (0.8) 59(1.1) .393
Hemiplegia or paraplegia 56 (0.8) 20(1.5) 36 (0.7) .003
Renal disease 307 (4.4) 129 (9.4) 178 (3.2) <.001

*The n value (%) for each of the comorbidities is presented only for patients presenting the comorbidity.
Abbreviation: DM, diabetes mellitus.
A B
1.0+ S No DM L I — No DM
5 081 s - g 0.8 o
% 0.6 1 oM ..Z 0.6
g 2
S 04 9 0.4
3
c
0.2 8 0.24
0ol p <.001 All patients 0.0- p <.001 All patients
(I) 1I2 2I4 3I6 4I8 GIO (I) 1I2 2I4 3I6 4I8 GIO
No. at risk Time (months) No. at risk Time (months)
No DM 5,596 5,333 5,164 4,925 3,635 2,441 No DM 5,596 5,333 5,164 4,925 3,635 2,441
DM 1,371 1,250 1,179 1,098 773 497 DM 1,371 1,250 1,179 1,098 773 497

Figure 2. Kaplan-Meieranalysis of survival in patients who received surgery. (A, B): Kaplan-Meier analysis of overall survival (A) and colon
cancer-specific survival (B) of patients with stage | or Il colon cancer who received surgery. Patients were grouped by diabetes mellitus

status. The p values were determined by the log-rank test.
Abbreviation: DM, diabetes mellitus.
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Table2. Multivariate analysis by the Cox proportional hazard model to demonstrate the adjusted hazard ratios of potential factors
on overall survival and colon cancer-specific survival

Overall mortality

Colon cancer-specific mortality

Variable Adjusted HR 95% CI p value Adjusted HR 95% CI p value
DM (vs. no DM) 1.35 1.20,1.51 <.001 1.09 0.92,1.29 .345
Female (vs. male) 0.75 0.67,0.83 <.001 0.90 0.78, 1.05 .169
Age (1-year increase) 1.06 1.05, 1.06 <.001 1.04 1.03, 1.05 <.001
Stage Il (vs. 1) 1.83 1.60, 2.10 <.001 3.40 2.70,4.29 <.001
Adjuvant chemotherapy 0.79 0.70, 0.90 <.001 0.83 0.70, 0.97 .023
(vs. surgery only)
Grade (vs. I)
Il 0.97 0.81,1.17 771 0.91 0.70,1.18 461
Illor IV 1.14 0.86, 1.51 .354 1.12 0.77,1.64 .546
Unknown 0.84 0.61,1.16 .286 0.92 0.58,1.47 731
Comorbidity?
Cirrhosis 2.45 1.81, 3.32 <.001 1.61 0.96, 2.69 .072
Congestive heart failure 1.54 1.31,1.82 <.001 1.50 1.18,1.91 .001
Cerebrovascular disease 1.40 1.21,1.61 <.001 1.38 1.12,1.70 .002
Dementia 1.70 1.35,2.14 <.001 1.62 1.14,2.30 .006
Chronic pulmonary disease 1.37 1.20,1.57 <.001 1.17 0.96, 1.43 .118
Rheumatic disease 0.82 0.47,1.42 475 0.91 0.43,1.91 .793
Hemiplegia or paraplegia 1.64 1.11,2.42 .014 1.54 0.88,2.71 131
Renal disease 2.10 1.76, 2.50 <.001 1.81 1.39, 2.37 <.001
*The HRs for these factors compare outcomes in patients with the specific condition present versus those without the condition.
Abbreviations: Cl, confidence interval; DM, diabetes mellitus; HR, hazard ratio.
Overall survival Cancer-specific survival p for
Subgroup n___Event HR (95%Cl) __interaction Event HR 95%Cl interaction
All patients 6,937 1,461 1.35 (1.20-1.51) * 750 1.09 (0.92-1.29) *
Sex
Male 3946 934 1.24 (1.07-1.44) * 443 107 (0.85-1.34) 81 -
Female 2901 527 153 (1.27-1.84) - 307 111  (0.86-1.44) *
A
g:0~sa 2683 230 205 (1.54-2.73) 001 . 162 148  (1.01-217) 08 *
265 4254 1222 123 (1.08-1.40) * 588 101 (083-1.22) s
Stay
|ge 2147 288 155 (1.20-2.00) * 90 131 (081-2.10) 41 I
I 4790 1,173 1.30 (1.14-1.48) * 660 1.06 (0.88-1.27) n
Treatment
oP 4801 1,115 137 (1.21-157 * 540 118 (0.97-1.43) 10 RS
OP+Adjuvant CT 2136 346 1.25 (0.97-161) - 210 083 (058-1.20) *
DM medication use status
No DM 5566 1,053 Ref 573 Ref.
DM with no medicine vs. no DM 179 52 125 (0.97-1.65) - 26 120 (080-1.78) .
DM with non-insulin med only vs. no DM 720 165 1.15 (0.97-1.35) * 68 087 (068-1.12) *
DM with insulin only vs. no DM 59 32 288 (201-4.12) —— 12 200 (1.12-358) ——
DM with both insulin and non-insulin medvs. noDM 413 159 153 (1.20-1.82) * 71 127  (0.98-1.64) *

4 | ' 4
05 10 20 40
Adjusted HR
Favor DM Favor no DM

05 1.0 20 40
Adjusted HR
Favor DM Favor no DM

Figure3. Subgroup analysis of adjusted hazard ratios of mortality for DM vs. no-DM using the Cox proportional hazard model (the no-DM
group asthereference). Every analysis was adjusted for all the other factors not involving the subgroup, including gender, age, tumor stage,
treatment (surgery vs. surgery + adjuvant chemotherapy), cirrhosis, and all other comorbidities listed in Table 1.

Abbreviations: Cl, confidence interval; CT, chemotherapy; DM, diabetes mellitus; Favor no DM, hazard ratios favoring patients without

DM to have better survival outcomes; HR, hazard ratio; OP, surgery.

analysis of CSS, the prognostic association of DM was signif-
icant in younger colon cancer patients (age, 40-64 years)
only (Fig. 3). In the analysis of the impact of DM medi-
cation use status (versus no DM) on survival, DM with
insulin treatment (insulin only or both insulin and noninsulin
medication) also had significant association with poor OS and
CSS (Fig. 3).

Among the 1,371 colon cancer patients with DM, 1,192
(86.9%) had received antidiabetic medication treatment
within 1 year prior to the date of their colon cancer diagnosis.

www.TheOncologist.com

Among them, 472 patients had used insulin, 1,133 patients
had used noninsulin drugs, 822 patients had used metformin,
and 914 patients had used sulfonylureas. The colon cancer
patients with DM who had used insulin had shorter OS (p <.001;
Fig. 4A) and shorter CSS (p < .001; Fig. 4B) than those who had
used an antidiabetic medication other than insulin. In the
multivariate analysis, insulin treatment remained an indepen-
dent predictor for overall mortality (adjusted HR: 1.52; 95% Cl:
1.21-1.90, p < .001) and colon cancer-specific mortality
(adjusted HR: 1.57; 95% Cl: 1.12-2.20, p = .010; Table 3).
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DM and Colon Cancer Prognosis
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Figure 4. Kaplan-Meier analysis of survival in patients with DM. (A, B): Kaplan-Meier analysis of overall survival (A) colon cancer-specific
survival (B) of patients with DM, grouped by the usage of insulin or not. The p values were conducted by the log-rank test.

Abbreviation: DM, diabetes mellitus.

Table 3. The Cox regression model among DM patients excluding no receiving DM drugs (n = 1,192)

Overall mortality

Cancer-specific mortality

Variable Adjusted HR 95% CI p value Adjusted HR 95% CI p value
Insulin (vs. no insulin) 1.52 1.21,1.90 <.001 1.57 1.12,2.20 .010
Female (vs. male) 0.87 0.70, 1.08 212 0.96 0.69, 1.33 813
Age (1-year increase) 1.04 1.03,1.06 <.001 1.03 1.01, 1.05 .003
Stage Il (vs. 1) 1.49 1.13,1.95 .004 3.00 1.81, 4.95 <.001
Adjuvant chemotherapy 0.74 0.56, 0.98 .034 0.59 0.38,0.90 .015
(vs. surgery only)
Grade (vs. 1)
1] 0.86 0.60, 1.23 407 0.80 0.45,1.41 441
Ilor IV 0.94 0.53,1.67 .835 0.88 0.37,2.07 .769
Unknown 0.72 0.37,1.39 331 0.60 0.20, 1.85 .378
Comorbidity®
Cirrhosis 3.04 1.84,5.02 <.001 1.74 0.63,4.76 .283
Congestive heart failure 1.37 1.02,1.86 .040 1.39 0.88, 2.20 .160
Cerebrovascular disease 1.27 0.96, 1.67 .093 1.55 1.04,2.32 .034
Dementia 1.70 1.09, 2.65 .020 0.81 0.34,1.93 .629
Chronic pulmonary disease 1.24 0.93,1.65 .153 1.30 0.83,2.03 .255
Rheumatic disease 0.21 0.03,1.53 123 - - - .975
Hemiplegia or paraplegia 2.59 1.39,4.83 .003 2.48 1.06, 5.81 .037
Renal disease 2.01 1.50, 2.70 <.001 1.72 1.07,2.77 .024

*The HRs for these factors compare outcomes in patients with the specific condition present versus those without the condition.
Abbreviations: —, not available; Cl, confidence interval; DM, diabetes mellitus; HR, hazard ratio.

DISCUSSION

In this study, we found that the incidence of DM in our study
population (mean age, 67.3 years) was 19.8%, which was
comparable to general population of similar age in Taiwan
(60-70 vyears, 20.1%) [23]. We also found colon cancer
patients with DM had shorter OS than those without DM. In
our multivariate analyses, DM remained an independent
prognostic factor for increased overall mortality. Its prog-
nostic influence was consistent across all the colon cancer
patient subgroups. Our findings are in agreement with previous
studies [12-14, 24, 25], whereas two relatively small studies [15,
16] had previously shown the opposite of our results.

©AlphaMed Press 2014

In contrast, we found that DM was not an independent
predictive factor for increased colon cancer-specific mortality,
which is in agreement with two previous large population-
based studies [14, 25]. In a nationwide population-based study
in the Netherlands, DM was not associated with shorter CSS
in patients with stage | to stage Ill colon cancer but was a
predictor of shorter cancer-specific survival in patients with
rectal cancer [14]. Itis possible that DM has different prognostic
association on colon and rectal cancer. In a large prospective
cohort, however, Dehal et al. [24] showed that DM was
nonsignificantly associated with higher cancer-specific mortal-
ity (relative risk, 1.29; 95% Cl, 0.98 to 1.70) in patients with
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nonmetastatic “colorectal” cancer. Furthermore, a single-
institute study showed that DM was significantly associated
with shorter CSS in patients with resected stage | to stage
Il colon cancer when no adjustments for adjuvant chemo-
therapy and comorbidities were made in the multivariate
analysis [12].

Although DM was notanindependent predictorofincreased
colon cancer-specific mortality in our entire study population, it
tended to be more prevalent in younger patients (age, 40-64
years) with shorter CSS (Fig. 3). One possible explanation for
this finding is that younger patients were more likely to die of
colon cancer than from causes that were unrelated to cancer
(cancerdeath, age 40—64 years: 67.7%; age =65 years: 48.1%).
In addition, both the CSS and the OS were generally longer for
younger colon cancer patients. Thus, the associations of DM on
the OS and the CSS for colon cancer patients may increase over
time. Further studies are needed to clarify the basis of the
association between DM and CSS in younger colon cancer
patients, and separate analyses of colon and rectal cancer
patients are also warranted.

Several hypotheses have been proposed that may explain
the mechanisms underlying the association between DM
and poor prognosis in colon cancer patients [26]. First, DM
indirectly impacts prognosis through the shared risk factors of
type 2 DM and colon cancer, such as the association between
obesity and increased deaths from all causes among colorectal
cancer patients [27]. Second, DM may directly influence the
pathophysiology of colon cancer as a result of secondary
hyperinsulinemia, which may promote carcinogenesis in colon
cancer through the stimulation of insulin and insulin-like
growth factor-1 receptors [11].

We also found that colon cancer patients with DM who
had used insulin had shorter OS and CSS than those who had
not used insulin, and insulin treatment was an independent
predictor for both overall and colon cancer mortality in our
multivariate analysis. The data should be interpreted with
caution because we could not prevent the bias of antidiabetic
drug overlaps, duration of antidiabetic drugs, and compliance.
The treatment of DM usually changed with time as the disease
progressed, from oral drugs to insulin injection, so the
association of insulin treatment with increased colon cancer
mortality may be related to long-standing and/or worse
diabetes status, which is consistent with the explanation of
secondary hyperinsulinemia.
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Implications for Practice:

Patients with type 2 diabetes have increased cancer risk and cancer-related mortality, which can be reduced by metformin
treatment. However, it is unclear whether metformin can also modulate clinical outcomes in patients with cancer and
concurrent type 2 diabetes. Our meta-analysis provided evidence that there was a relative survival benefit associated with
metformin treatment compared with treatment with other glucose-lowering medications. Our results suggest that
metformin is the drug of choice in the treatment of patients with cancer and concurrent type 2 diabetes.

©AlphaMed Press 2014

O?fi?ologist”


http://tcr.cph.ntu.edu.tw/main.php?Page=N1
http://tcr.cph.ntu.edu.tw/main.php?Page=N1
http://www.nhi.gov.tw/English/webdata/webdata.aspx?menu=11&#x0026;menu_id=296&#x0026;webdata_id=1942&#x0026;WD_ID=296
http://www.nhi.gov.tw/English/webdata/webdata.aspx?menu=11&#x0026;menu_id=296&#x0026;webdata_id=1942&#x0026;WD_ID=296
http://www.nhi.gov.tw/English/webdata/webdata.aspx?menu=11&#x0026;menu_id=296&#x0026;webdata_id=1942&#x0026;WD_ID=296
http://www.hpa.gov.tw/BHPNet/Web/HealthTopic/TopicArticle.aspx?id=201102140001&#x0026;parentid=200712250011
http://www.hpa.gov.tw/BHPNet/Web/HealthTopic/TopicArticle.aspx?id=201102140001&#x0026;parentid=200712250011
http://www.hpa.gov.tw/BHPNet/Web/HealthTopic/TopicArticle.aspx?id=201102140001&#x0026;parentid=200712250011

