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Abstract: To investigate the impact of type 2 diabetes (T2DM) on the prognosis of colorectal cancer (CRC). The
data of 312 patients with CRC treated in the First Affiliated Hospital of Huzhou University from 2012 to 2018 were
analyzed retrospectively. The patients were divided into a comorbidity group (n = 62) and a non-comorbidity group
(n = 250) according to the presence of T2DM. The baseline data of the two groups were balanced by 1:2 propensity
score matching (PSM). Kaplan-Meier analysis and Log-rank test were employed to compare the 5-year overall surviv-
al (0OS) rates of patients. Cox regression model and inverse probability of treatment weighting (IPTW) were utilized to
assess the influence of T2DM on 5-year OS of patients. Based on the results of Cox regression, a nomogram model
of T2DM on 5-year OS of patients was constructed. A total of 62 patients in the comorbidity group and 124 patients
in the non-comorbidity group were matched using PSM. The 5-year OS rate was lower in the comorbidity group than
in the non-comorbidity group (82.23% VS 90.32%, P = 0.038). Subgroup analysis showed that the 5-year overall sur-
vival rate was higher in the good blood glucose control group than in the poor blood glucose control group (97.14%
VS 62.96%, P<0.01). Multivariate Cox regression showed that the 5-year mortality risk in the comorbidity group was
2.641 times higher than that in the non-comorbidity group (P = 0.026). IPTW analysis showed that the 5-year risk of
death in the comorbidity group was 2.458 times that of the non-comorbidity group (P = 0.019). The results showed
that poor blood glucose control, BMI>25 kg/m?, low differentiation, Ill/IV stage, and postoperative infection were
independent factors affecting the 5-year overall survival rate of CRC patients (P<0.05). The ROC curve showed that
the AUCs of the constructed model in predicting the 5-year OS in the training set and the testing set were 0.784 and
0.776, respectively. T2DM is identified as a risk factor for reduced 5-year survival among CRC patients, necessitat-
ing increased attention for this subgroup, particularly those with poor blood glucose control.
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Introduction China is a country with a high incidence of can-

cer, according to the data of the National Cancer

Colorectal cancer (CRC) is a common malignant
tumor of the digestive system with high morbid-
ity and mortality. According to the report of
GLOBOCAN 2020, the number of new CRC
cases worldwide was 1.93 million and about
940,000 deaths worldwide, accounting for
10% and 9.4% of the incidence and death of
malignant tumors worldwide, respectively [1].

Center in 2022, the incidence and mortality
rates of CRC ranked fourth and fifth among
male patients, while third and fourth among
female patients, respectively [2]. Due to the
lack of early symptoms and early screening sys-
tem, as well as limited public awareness [3], the
proportion of patients with advanced CRC in
China is still high [4], which has brought great
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challenges to the prevention and control of
CRC. Diabetes mellitus (DM) is a typical meta-
bolic disease characterized by persistent hyper-
glycemia and insulin resistance [5]. With the
improvement of social living standards, the
prevalence of diabetes is increasing year by
year. According to the diagnostic criteria of the
American Diabetes Association, the total preva-
lence of diabetes in mainland China reached
12.8% in 2017, of which type 2 diabetes melli-
tus (T2DM) accounted for more than 90% and
continued to grow [6]. In recent years, study
evidence has shown an increase in the inci-
dence of certain cancers in T2DM patients,
including CRC [7-9]. In addition, a study has
found the cancer mortality associated with
T2DM has also increased [10]. Despite the
potential for improving cancer outcomes by
managing T2DM, there is limited research on
the relationship between T2DM and CRC prog-
nosis, particularly concerning postoperative
survival rates in CRC patients. Given this, this
study aims to explore this area to aid the diag-
nosis and treatment of CRC.

Materials and methods
Patient characteristics

The clinical data of 312 patients with CRC
treated in the First Affiliated Hospital of Huzhou
University from January 2012 to January 2018
were retrospectively collected. Inclusion crite-
ria: (1) Patients who were confirmed with colon
cancer and rectal cancer by imaging examina-
tion and pathological diagnosis; (2) Patients
who underwent radical surgery; (3) Patients
with detailed clinical data. Exclusion criteria: (1)
Patients comorbid with other malignant tumors;
(2) Patients with advanced intestinal cancer,
irritable bowel syndrome or another enteritis
who received conservative treatment; (3) Pa-
tients with systemic infection. This study was
approved by the Medical Ethics Committee of
the First Affiliated Hospital of Huzhou University.

Data collection

The general data of patients collected from the
hospital medical record system included age,
sex, body mass index (BMI), history of hyperten-
sion, and duration of hospital stay. Pathological
information included tumor location, histologi-
cal type, maximum tumor diameter, differentia-
tion degree, and TNM stage. Operation-related
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information included surgical regimen, intraop-
erative blood loss, postoperative chemothera-
py, postoperative infection, etc.

Evaluation of T2DM and glucose control

For assessing type 2 diabetes mellitus (T2DM)
and its management, the criteria used were
based on a 24-hour blood glucose screening
upon admission [11], defined as follows: (1)
T2DM is defined as the random plasma glucose
(RPG) level >7.0 mmol/L after a fasting period
of at least 8 hours; (2) Good control of T2DM is
defined as fasting RPG between 7.0 mmol/L
and 11.1 mmol/L; (3) Poor control of T2DM is
defined as fasting RPG >11.0 mmol/L.

Continuous blood glucose monitoring was
conducted at a frequency of 1 measurement
per hour until stabilization of glucose levels.
Based on individual’s initial blood glucose lev-
els, varying doses of insulin were administer-
ed subcutaneously to maintain blood glucose
within the predetermined target range. After
achieving stable control, monitoring frequency
was reduced to every three hours, with insulin
doses adjusted accordingly to maintain opti-
mal glycemic control. In instances of lower-
than-expected glucose levels, slow intravenous
administration of glucose was employed for
adjustment purposes while maintaining hourly
blood glucose monitoring.

Follow-up survey

Survival data for patients was obtained from
electronic medical records, outpatient follow-
up records, and regular follow-up telephone
information. Telephone follow-ups were con-
ducted at 3rd, 6th, 9th, and 12th month after
the operation, followed by every 4 months from
the second year to the fifth year. The follow-up
ended in February 2023. The primary outcome
was 5-year overall survival (0S), defined as the
time from treatment initiation to either the last
follow-up or death.

Statistical analyses

Propensity score matching (PSM) was per-
formed using R 4.2.3, employing both nearest
neighbor matching method and caliper match-
ing method, with a caliper set at 0.2. Meaning-
ful indicators identified through single-factor
analysis were matched in a ratio of 1:2.
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The data of 312 patients with CRC treated in

P<0.05 was considered with
statistical significance.

the First Affiliated Hospital of Huzhou University from

2012 to 2018 were analyzed retrospectively.

According to the random num-

v

ber generated by the comput-

Inclusion criteria:

(2) patients who underwent radical surgery;
(3) patients with detailed clinical data.

(1) patients who were confirmed with colon cancerand rectal
cancer by imaging examination and pathological diagnosis;

er, 312 patients were divided
into a training set and a test-
ing set according to a ratio of
7:3. The training set was used
to establish the model, and
the testing set was used to

verify the effectiveness of the

Exclusion criteria:

syndrome or another enteritis who received
conservative treatment;
3) patients with systemic infection.

(1) patients comorbid with other malignant tumors;
(2) patients with advanced intestinal cancer, irritable bowel

model. Based on the results
of multivariate Cox regression
analysis, a nomogram model
for the 5-year OS rate of
CRC patients was construct-
ed using R 4.2.3, and the pre-

dictive ability of the ROC curve

Blood glucose screening criteria:

analysis model was used.

(1) T2DM is defined as the random plasma glucose (RPG) level Results
2 7.0 mmol/L after a fasting period of at least 8 hours;

(2) good control of T2DM is defined as an RPG between 7.0 mmol/L
and 11.1mmol/L after a fasting period of at least 8 hours;

(3) poor control of T2DM is defined when RPG >11.0mmol/L in the
premise the time from the last meal is 2 8 hours.

Sample screening

Based on predefined inclu-

v

sion criteria, a total of 445
eligible samples were collect-

Comorbidity group
(n=62)

Non-comorbidity group

ed in this study. Subsequently,
according to the exclusion cri-

I
Y [

Poor blood glucose
control group (n=27)

Good blood glucose
control group (n=35)

Figure 1. Flowchart. T2DM, type 2 diabetes mellitus.

The data were preprocessed and analyzed
using SPSS 26.0 software. Quantitative data
conforming to normal distribution were pre-
sented as the mean % standard variance
(X £ s), and an independent sample t-test was
adopted for inter-group comparison. Counting
data were expressed by numbers and rate
[n (%)] and analyzed using the chi-square test.
The Kaplan-Meier method and Log-rank test
were employed to compare the 5-year OS rate
between the two groups. The Cox regression
model and inverse probability of treatment
weighting (IPTW) model were utilized to analyze
the factors influencing CRC prognosis, while a
nomogram prediction model was constructed.
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teria, 312 samples were final-
ly screened. Among them, 62
T2DM patients were divided
into the comorbidity group,
and the rest 250 patients
were classified into the non-
comorbidity group. Further-
more, based on blood glucose
control levels, patients with T2DM were catego-
rized into the good blood glucose control group
(n = 35) or the poor blood glucose control group
(n = 27). The inclusion and exclusion criteria
were visually represented in a flow chart for
enhanced clarity (Figure 1).

Comparison of clinical data between the two
groups

Statistical differences in BMI, surgical regimen,
intraoperative blood, postoperative infection,
and duration of hospital stay were observed
between the comorbidity group and the non-
comorbidity group; however, no statistical dif-
ferences in age, sex, history of hypertension,
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Table 1. Comparison of clinical data between the two groups [n (%)]

Comorbidity group Non-comorbidity group

Data (n=62) (n = 250) X P
Age 0.204 0.652
>60 years 27 101
<60 years 35 149
Sex 0.001 0.984
Male 41 165
Female 21 85
Body mass index 7.937 0.005
>25 kg/m? 19 38
<25 kg/m? 43 212
History of hypertension 1.755 0.185
Yes 16 45
No 46 205
Tumor location 1.556 0.212
Colon 28 135
Rectum 34 115
Histological type 1.097 0.295
Adenocarcinoma 56 213
Mucinous adenocarcinoma 6 37
Maximum tumor diameter 0.404 0.525
>4 cm 37 138
<4 cm 25 112
Differentiation Degree 1.793 0.181
Medium + High differentiation 57 240
Low differentiation 5 10
TNM stage 0.826 0.364
[+ 30 145
I+ 1v 32 105
Surgical style 1.161 0.281
Open 30 140
Laparoscopic 32 110
Intraoperative blood loss 4.179 0.041
>300 mL 19 a7
<300 mL 43 203
Postoperative chemotherapy 0.928 0.335
Yes 32 112
No 30 138
Postoperative infection 8.954 0.003
Yes 16 25
No 46 225
Hospital stay 15.228 <0.001
>30 days 36 75
<30 days 26 175
TNM, tumor, node, metastasis.
tumor location, histological type, maximum stage, surgical style, and postoperative chemo-
tumor diameter, differentiation degree, TNM therapy (all P>0.05), as shown in Table 1.
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Comparison of clinical data between the two
groups after PSM

After PSM, 124 cases in the non-comorbidity
group and 62 cases in the comorbidity group
were successfully matched. There were no sig-
nificant differences in clinical data between the
two groups (P>0.05, Table 2).

Comparison of survival between the two
groups

The 5-year OS rate of the comorbidity gr-
oup was 82.23% (51/62). The 5-year OS rate
of the non-comorbidity group was 94.40%
(236/250) and 90.32% (112/124) before and
after PSM, respectively. The 5-year OS rate was
found to be higher in the non-comorbidity group
compared to the comorbidity group, both
before and after PSM (x> = 11.580/4.293,
P<0.001/0.038). See Figure 2.

The subgroup analysis revealed that the 5-year
OS rate of the good blood glucose control group
was 97.14% (34/35), whereas it was 62.96%
(17/27) for the poor blood glucose control
group. The good blood glucose control group
exhibited a significantly higher 5-year OS rate
compared to those in the poor blood glucose
control group (x> = 12.860, P<0.001). See
Figure 3.

Influence of blood glucose on 5-year OS rate in
patients with CRC

The death of CRC patients within 5 years (0 =
no, 1 = yes) was used as the dependent vari-
able, and the presence of T2DM (0 = no, 1 =
yes) was used as the independent variable.
After PSM, univariate Cox regression analysis
showed that the 5-year mortality risk of the
comorbidity group was 2.275 times that of the
non-comorbidity group [HR = 2.275 (1.022-
5.067), P = 0.044]. Multivariate Cox regression
results showed that the 5-year mortality risk
of the comorbidity group was 2.641 times that
of the non-comorbidity group [HR = 2.641
(1.125-6.202), P = 0.026]. IPTW analysis sh-
owed that the 5-year mortality risk of the
comorbidity group was 2.458 times that of the
non-comorbidity group [HR = 2.458 (1.159-
5.213), P = 0.019], which was similar to the
results of multivariate Cox regression analysis.
See Table 3.
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Factors influencing the 5-year overall survival
rate of CRC patients

Univariate Cox regression analysis showed that
blood glucose situation, BMI, differentiation
degree, TNM stage, intraoperative blood loss,
postoperative infection, and hospital stay
affected the 5-year OS rate of CRC patients
(Table 4). The above factors were included as
independent variables in multivariate Cox re-
gression analysis (the assignment is shown in
Table 5). The results showed that poor blood
glucose control [HR =2.233 (1.385-3.599), P =
0.001], BMI>25 kg/m? [HR = 2.484 (1.063-
5.808), P = 0.036], low differentiation [HR =
3.370 (1.208-9.399), P = 0.020], lll/IV stage
[HR = 3.038 (1.077-8.565), P = 0.036], and
postoperative infection [HR = 2.671 (1.030-
6.924), P = 0.043] were independent factors
affecting the 5-year OS rate of CRC patients
(Table 6).

A predictive model for 5-year OS of CRC pa-
tient

Based on the results of multivariate Cox regres-
sion analysis, a nomogram model of 5-year OS
rate of CRC patients was constructed with
blood glucose situation, BMI, differentiation
degree, TNM stage, and postoperative infec-
tion as predictors (Figure 4). Among them, poor
blood glucose control had the greatest impact
on the 5-year OS rate of CRC patients, followed
by low differentiation, postoperative infection,
ll/IV stage, and BMI>25 kg/m?2. The ROC curve
showed that the AUC of the model in predicting
5-year OS in training set and the testing set
were 0.784 and 0.776, respectively (Figure 5).

Discussion

Although the awareness of CRC is gradually
improving, the specific situation of CRC pa-
tients with T2DM has not received sufficient
attention [12]. The complex metabolic changes
caused by T2DM may have an important impact
on the postoperative outcome of CRC patients,
yet a thorough analysis and deeper under-
standing of these impacts are still very lacking
[13]. In T2DM patients, the risk of postopera-
tive complications and the specific impact of
blood glucose control level on survival are not
clear [14], which challenges medical profes-
sionals in implementing treatment decisions,

Am J Cancer Res 2024;14(4):1892-1903
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Table 2. Comparison of clinical data between two groups after PSM [n (%)]

Comorbidity group Non-comorbidity group

Data (n =62) (n = 124) X P
Age 0.402 0.526
>60 years 27 48
<60 years 35 76
Sex 0.001 0.999
Male 41 82
Female 21 42
Body mass index 0.013 0.911
>25 kg/m? 19 39
<25 kg/m? 43 85
History of hypertension 1.019 0.313
Yes 16 24
No 46 100
Tumor location 1.302 0.254
Colon 28 67
Rectum 34 57
Histological type 0.412 0.521
Adenocarcinoma 56 108
Mucinous adenocarcinoma 6 16
Maximum tumor diameter 0.879 0.348
>4 cm 37 65
<4 cm 25 59
Differentiation Degree 0.001 0.999
Medium + High differentiation 57 115
Low differentiation 5 9
TNM stage 0.043 0.836
[+1 30 62
I+ 1v 32 62
Surgical style 0.043 0.836
Open 30 62
Laparoscopic 32 62
Intraoperative blood loss 0.334 0.564
>300 mL 19 33
<300 mL 43 91
Postoperative chemotherapy 0.387 0.534
Yes 30 66
No 32 58
Postoperative infection 1.314 0.252
Yes 16 23
No 46 101
Hospital stay 0.174 0.676
>30 days 36 68
<30 days 26 56
PSM, propensity score matching.
especially in preoperative and postoperative In this study, statistical differences in BMI, sur-
management. gical regimen, intraoperative blood loss, post-
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Figure 2. Comparison of 5-year overall survival rate between the comorbidity group and the non-comorbidity group

before and after PSM. PSM, propensity score matching.
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Figure 3. Comparison of 5-year overall survival rate
between the good blood glucose control group and
the poor blood glucose control group.

operative infection, and duration of hospital
stay were observed between the comorbidity
group and the non-comorbidity group. Con-
sidering the unbalance of confounding factors
between groups, the PSM of 1:2 was used to
balance the differences between groups to
reduce the deviation of the estimation of
effects. After PSM, 62 cases in comorbidity
group and 164 cases in non-comorbidity group
were successfully matched. There was no sta-
tistical significance in clinical data between the
comorbidity group and the non-comorbidity
group, and the 5-year OS rate was significantly
higher in the non-comorbidity group compared
to the comorbidity group. Further subgroup
analysis revealed that the 5-year OS rate of the
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good blood glucose control group was higher
than that of the poor blood glucose control
group. In addition, both multifactor Cox regres-
sion and TPTW confirmed that combined T2DM
was a risk factor for 5-year mortality in patients
with CRC. Ottaiano et al. [15] studied the rela-
tionship between T2DM and the prognosis of
metastatic CRC and found that CRC patients
with T2DM had more lymph node metastasis
and more distant organ involvement than
patients with CRC alone. Another study [16]
pointed out that although T2DM does not
increase the incidence of late CRC and cancer-
specific mortality of CRC patients, it does in-
crease the all-cause mortality of CRC patients,
suggesting that CRC patients with T2DM are
more likely to die from other causes. T2DM is a
metabolic disease characterized by the dys-
function of islet beta cells. Its basic features
include insulin resistance, hyperinsulinemia,
and hyperglycemia, which are crucial in cancer
progression, especially CRC. Insulin resistance
exists throughout T2DM, and the resulting
hyperinsulinemia plays a significant role in the
proliferation of cancer cells. In addition, the
underlying mechanisms involved may also
include inflammatory responses and exoge-
nous pancreatitis, as noted in studies by
Shimasu et al. [17, 18].

In order to further determine the prognostic
factors of patients with CRC, multivariate Cox
regression analysis of 312 patients showed
that poor blood glucose control, BMI>25 kg/
m?, low differentiation, Ill/IV stage, and postop-
erative infection were independent factors
affecting the 5-year OS rate of patients with
CRC. Poor blood sugar control can lead to

Am J Cancer Res 2024;14(4):1892-1903
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Table 3. Cox regression analysis of blood glucose on 5-year

overall survival rate in CRC patients

cytokines, maintaining a stable yet
complex internal environment char-

5-year overall survival rate

acterized by elements like tumor-infil-

Analytical methods
HR (95% Cl)

trating lymphocytes, tumor-associat-

Univariate analysis

Before PSM 3.602 (1.635-7.936)

After PSM 2.275 (1.022-5.067)
Multivariate analysis

Before PSM 2.662 (1.173-6.043)

After PSM 2.641 (1.125-6.202)
Adjust the propensity score 2.861 (1.208-6.775)
IPTW 2.458 (1.159-5.213)

P ed macrophages, C-reactive protein,
tumor necrosis factor-a, and inter-

0.001 leukin-6. These inflammatory sub-
0.044 stances can enhance the kappa light
chain pathway, signal transduction

0.019 and transcriptional activator of B
0.026 cells activated by nuclear factors 3
0.017 pathways, which promote the oc-
0.019 currence of CRC. Inflammation can

PSM, propensity score matching.

hyperglycemia in T2DM patients, which pro-
vides a conducive environment for the rapid
growth and proliferation of cancer cells. In
addition, high blood sugar will increase the
expression of insulin and IGF-1, thereby indi-
rectly promoting the proliferation of cancer
cells. In vitro studies have shown that hypergly-
cemia increases the expression of advanced
glycosylated end products, promotes the bind-
ing of advanced glycosylated end products to
receptors, and then mediates the ERK/SP1/
MMP2 pathway, leading to the migration of CRC
cells [19]. The receptors of advanced glycosyl-
ation end products are related to inflammation,
such as increasing the expression of interleu-
kin-6, which can promote the occurrence of
CRC [20].

Obesity is a common risk factor for both diabe-
tes and CRC. Insulin resistance induced by obe-
sity not only plays a growth-promoting role in
CRC but also causes abnormal blood sugar in
these patients and eventually develops T2DM.
In addition, Postoperative CRC patients often
receive glucocorticoids and targeted drugs to
prevent recurrence, which can impair islet beta-
cell function and decrease insulin sensitivity,
thereby exacerbating insulin resistance [17].
Furthermore, tumor differentiation and TNM
stage are recognized as important indices of
the prognosis of tumor, reflecting the biological
behavior of the tumor and the response of
patients to treatment [21]. A lower differentia-
tion degree means an increase in biological
variability and malignancy of tumor cells, while
a higher TNM stage indicates deeper invasion
and more likely distant metastasis [22]. Finally,
postoperative infection can produce various

1899

also aggravate insulin resistance
and hyperglycemia in T2DM patients,
which together form an environment
conducive to the survival of cancer cells [23,
24].

In a word, the interaction of these factors deter-
mines the long-term survival of patients with
CRC, underscoring the importance of consider-
ing both the biological characteristics of the
tumor and the overall health and complication
management of the patients. To improve the
therapeutic effect of CRC patients with T2DM,
future work should be done with emphasis on
optimizing preoperative blood glucose mana-
gement, reducing surgical complications, and
meeting the specific needs of different patients
through personalized treatment programs.
Although this is a retrospective study, the iden-
tified correlation provides a basis for future
prospective research and clinical intervention.
Future research should explore the interaction
mechanism between T2DM and CRC, and the
specific impact of blood glucose control on
postoperative recovery and long-term survival,
to develop more accurate treatment and man-
agement strategies.

To better predict the prognosis of CRC patients,
we included the risk factors of the 5-year OS of
CRC patients into the prediction model for the
drawing and construction of a column graph,
presented as a nomogram. Through internal
verification, the model has demonstrated good
degree of differentiation. The variables includ-
ed in this study were all clinically available,
making this prediction tool both practical and
convenient for routine use. It provides a good
basis for clinicians to evaluate the prognostic
risk of CRC and make clinical decisions and
provides specific indicators for reducing the

Am J Cancer Res 2024;14(4):1892-1903
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Table 4. Univariate Cox regression analysis of factors affecting 5-year survival in CRC patients

) 95% Cl
Variable B SE Wald P HR
Lower Upper
Blood glucose situation 1.074 0.227 22.333 <0.001 2.928 1.875 4.573
Age -0.222 0.417 0.283 0.595 0.801 0.354 1.813
Sex -0.494 0.468 1.111 0.292 0.610 0.244 1.528
Body mass index 1.492 0.401 13.877 <0.001 4.446 2.028 9.747
History of hypertension 0.028 0.500 0.003 0.956 1.028 0.386 2.739
Tumor location 0.189 0.400 0.222 0.638 1.208 0.551 2.646
Histological type 0.154 0.546 0.080 0.777 1.167 0.401 3.400
Maximum tumor diameter 0.174 0.408 0.181 0.671 1.190 0.534 2.648
Differentiation Degree 2.465 0.431 32.767 <0.001 11.763 5.058 27.355
TNM stage 1.690 0.500 11.417 0.001 5.418 2.033 14.437
Surgical style -0.068 0.403 0.029 0.886 0.934 0.424 2.058
Intraoperative blood loss 1.329 0.400 11.015 0.001 3.778 1.723 8.282
Postoperative chemotherapy 0.793 0.417 3.623 0.057 2.210 0.977 5.002
Postoperative infection 2.137 0.401 28.458 <0.001 8.478 3.866 18.592
Hospital stay 1.827 0.468 15.215 <0.001 6.216 2.482 15.569
TNM, tumor, node, metastasis; CRC, colorectal cancer.
Table 5. Variable assignment
Variable Assignment condition
Blood glucose situation 1 = normal blood glucose levels; 2 = good blood glucose control; 3 = poor blood
glucose control
Body mass index 1 =<25kg/m?% 2 = >25 kg/m?
Differentiation degree 1 = medium + high differentiation; 2 = low differentiation
TNM stage 1=1+I;2=1+1IV
Intraoperative blood loss 1 =<300 ml; 2 =>300 ml
Postoperative infection 1=no; 2 =yes
Hospital stay 1=<30d;2=2>30d

TNM, tumor, node, metastasis; CRC, colorectal cancer.

Table 6. Multivariate Cox regression analysis of factors affecting 5-year survival in CRC patients

95% ClI
Factor B SE Wald P HR
Lower Upper
Blood glucose situation 0.803 0.244 10.871 0.001 2.233 1.385 3.599
Body mass index 0.910 0.433 4.410 0.036 2.484 1.063 5.808
Differentiation Degree 1.215 0.523 5.390 0.020 3.370 1.208 9.399
TNM stage 1111 0.529 4.413 0.036 3.038 1.077 8.565
Intraoperative blood loss 0.679 0.443 2.354 0.125 1.973 0.828 4.700
Postoperative infection 0.982 0.486 4.086 0.043 2.671 1.030 6.924
Hospital stay 0.775 0.543 2.035 0.154 2171 0.748 6.301
CRC, colorectal cancer.
occurrence of 5-year mortality of CRC. However, ter with small sample, which leads to bias in the
there are some limitations in our study. First of selection of patients. Secondly, while the pre-
all, this is a retrospective study in a single cen- dictive model includes numerous relevant fac-
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Figure 4. A nomogram predicting 5-year overall survival for colorectal cancer patients.

Train set

1.0

Sensitivity

0.4

0.2

0.0

. AUC at 5 years: 0.784

T T T T T
0.0 0.2 0.4 0.6 0.8

1-Specificity

T
1.0

Test set
o
< |
o
2 o _|
s ©
-U_-;
5 <
n o
~N
o
g -] AUC at 5 years: 0.776
T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Figure 5. ROC curve of a nomogram predicting 5-year overall survival for colorectal cancer patients. ROC, receiver

operating characteristics.

tors, it is impractical to account for all possible
influencers in any prognostic model, and as
such, some factors may have been omitted. In
addition, the model lacks external validation.
Therefore, high-quality multi-center and large-
sample clinical studies are needed in the
future, to obtain more accurate values and
improve the accuracy of clinical decision-
making.

Disclosure of conflict of interest
None.

Address correspondence to: Chengwu Tang, Huzhou
Key Laboratory of Translational Medicine, First

1901

Affiliated Hospital of Huzhou University, No. 158,
Guangchang Hou Road, Huzhou 313000, Zhejiang,
China. E-mail: dr_tcw@zjhu.edu.cn

References

[1] Sung H, Ferlay J, Siegel RL, Laversanne M,
Soerjomataram |, Jemal A and Bray F. Global
cancer statistics 2020: GLOBOCAN estimates
of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin
2021; 71: 209-249.

Xia C, Dong X, Li H, Cao M, Sun D, He S, Yang F,
Yan X, Zhang S, Li N and Chen W. Cancer sta-
tistics in China and United States, 2022: pro-
files, trends, and determinants. Chin Med J
(Engl) 2022; 135: 584-590.

[2]

Am J Cancer Res 2024;14(4):1892-1903


mailto:dr_tcw@zjhu.edu.cn

Effects of comorbid diabetes mellitus on the prognosis of patient with colorectal cancer

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

Zheng RS, Zhang SW, Sun KX, Chen R, Wang
SM, Li L, Zeng HM, Wei WW and He J. Cancer
statistics in China, 2016. Zhonghua Zhong Liu
Za Zhi 2023; 45: 212-220.

Shi JF, Wang L, Ran JC, Wang H, Liu CC, Zhang
HZ, Yang L, Shi SS, Jiang LM, Fan JH, Zhang
YM, Wang WH, Ren JS, Zhu L, Zheng ZX, Sun
YK, Zou SM, Jiang J, Chen B, Chen HD, Liu GX,
Yang L, Huang YC, Guo LW, Wang DB, Zhang
YZ, Mao AY, Wang JL, Gong JY, Wei DH, Qiu WQ,
Song BB, Zhang K, Li N, Feletto E, Lew JB, Qiao
YL, Chen WQ, Dai M and He J. Clinical charac-
teristics, medical service utilization, and ex-
penditure for colorectal cancer in China, 2005
to 2014: overall design and results from a mul-
ticenter retrospective epidemiologic survey.
Cancer 2021; 127: 1880-1893.

He J, Fang A, Yu S, Shen X and Li K. Dietary
nonheme, heme, and total iron intake and the
risk of diabetes in adults: results from the
China health and nutrition survey. Diabetes
Care 2020; 43: 776-784.

Li 'Y, Teng D, Shi X, Qin G, Qin Y, Quan H, Shi B,
Sun H, Ba J, Chen B, Du J, He L, Lai X, Li Y, Chi
H, Liao E, Liu C, Liu L, Tang X, Tong N, Wang G,
Zhang JA, Wang Y, Xue Y, Yan L, Yang J, Yang L,
Yao Y, Ye Z, Zhang Q, Zhang L, Zhu J, Zhu M,
Ning G, Mu Y, Zhao J, Teng W and Shan Z.
Prevalence of diabetes recorded in mainland
China using 2018 diagnostic criteria from the
American Diabetes Association: national cross
sectional study. BMJ 2020; 369: m997.
Berbudi A, Rahmadika N, Tjahjadi Al and
Ruslami R. Type 2 diabetes and its impact on
the immune system. Curr Diabetes Rev 2020;
16: 442-449.

Kim DS and Scherer PE. Obesity, diabetes, and
increased cancer progression. Diabetes Metab
J12021; 45: 799-812.

Ali Khan U, Fallah M, Tian Y, Sundquist K,
Sundquist J, Brenner H and Kharazmi E.
Personal history of diabetes as important as
family history of colorectal cancer for risk of
colorectal cancer: a nationwide cohort study.
Am J Gastroenterol 2020; 115: 1103-1109.
Pearson-Stuttard J, Papadimitriou N, Mar-
kozannes G, Cividini S, Kakourou A, Gill D,
Rizos EC, Monori G, Ward HA, Kyrgiou M, Gunt-
er MJ and Tsilidis KK. Type 2 diabetes and can-
cer: an umbrella review of observational and
Mendelian randomization studies. Cancer Epi-
demiol Biomarkers Prev 2021; 30: 1218-
1228.

Bragg F, Li L, Bennett D, Guo Y, Lewington S,
Bian Z, Yang L, Chen J, Chen Y, Collins R, Peto
R, Zhu B, Yin J, Hu X, Zhou L, Pan Y and Chen
Z; China Kadoorie Biobank (CKB) Collaborative

1902

[12]

(14]

[17]

(19]

[20]

(21]

Group. Association of random plasma glucose
levels with the risk for cardiovascular disease
among Chinese adults without known diabe-
tes. JAMA Cardiol 2016; 1: 813-823.

Ottaiano A, Circelli L, Santorsola M, Savarese
G, Fontanella D, Gigantino V, Di Mauro A,
Capuozzo M, Zappavigna S, Lombardi A, Perri
F, Cascella M, Granata V, Capuozzo M, Nasti G
and Caraglia M. Metastatic colorectal cancer
and type 2 diabetes: prognostic and genetic
interactions. Mol Oncol 2022; 16: 319-332.
Ren JJ, Li ZH, Zhong WF, Chen PL, Huang QM,
Wang XM, Gao PM and Mao C. Serum 25-hy-
droxyvitamin D concentrations and colorectal
cancer incidence in adults with type 2 diabe-
tes. Br J Cancer 2023; 129: 486-491.
Miranda Baleiras M, Dias Domingues T,
Severino E, Vasques C, Neves MT, Ferreira A,
Vasconcelos de Matos L, Ferreira F, Miranda H
and Martins A. Prognostic impact of type 2 dia-
betes in metastatic colorectal cancer. Cureus
2023; 15: e33916.

Ottaiano A, Circelli L, Santorsola M, Savarese
G, Fontanella D, Gigantino V, Di Mauro A,
Capuozzo M, Zappavigna S, Lombardi A, Perri
F, Cascella M, Granata V, Capuozzo M, Nasti G
and Caraglia M. Metastatic colorectal cancer
and type 2 diabetes: prognostic and genetic
interactions. Mol Oncol 2022; 16: 319-332.
Qiang JK, Sutradhar R, Giannakeas V, Bhatia
D, Singh S and Lipscombe LL. Impact of diabe-
tes on colorectal cancer stage and mortality
risk: a population-based cohort study. Diabeto-
logia 2020; 63: 944-953.

Zhu B and Qu S. The relationship between dia-
betes mellitus and cancers and its underlying
mechanisms. Front Endocrinol (Lausanne)
2022; 13: 800995.

Cheng HC, Chang TK, Su WC, Tsai HL and
Wang JY. Narrative review of the influence of
diabetes mellitus and hyperglycemia on
colorectal cancer risk and oncological out-
comes. Transl Oncol 2021; 14: 101089.

Deng R, Wu H, Ran H, Kong X, Hu L, Wang X
and Su Q. Glucose-derived AGEs promote mi-
gration and invasion of colorectal cancer by
up-regulating Sp1 expression. Biochim Biophys
Acta Gen Subj 2017; 1861: 1065-1074.

Zhou X, Lin N, Zhang M, Wang X, An'Y, Su Q, Du
P, Li B and Chen H. Circulating soluble receptor
for advanced glycation end products and other
factors in type 2 diabetes patients with colorec-
tal cancer. BMC Endocr Disord 2020; 20: 170.
Topdagi O and Timuroglu A. Evaluation of the
relationship between carcinoembryonic anti-
gen and TNM stage in colorectal cancer.
Eurasian J Med 2018; 50: 96-98.

Am J Cancer Res 2024;14(4):1892-1903



Effects of comorbid diabetes mellitus on the prognosis of patient with colorectal cancer

[22]

(23]

Mo S, Zhou Z, Li Y, Hu X, Ma X, Zhang L, Cai S
and Peng J. Establishment and validation of a
novel nomogram incorporating clinicopatho-
logical parameters into the TNM staging sys-
tem to predict prognosis for stage Il colorectal
cancer. Cancer Cell Int 2020; 20: 285.

Zhang F and Qiao S. Research progress on
the relationship between inflammation and
colorectal cancer. Ann Gastroenterol Surg
2021; 6: 204-211.

1903

[24] Viot J, Abdeljaoued S, Vienot A, Seffar E,

Spehner L, Bouard A, Asgarov K, Pallandre JR,
Renaude E, Klajer E, Molimard C, Monnien F,
Bibeau F, Turco C, Heyd B, Peixoto P, Hervouet
E, Loyon R, Doussot A, Borg C and Kroemer M.
CD8&(+) CD226(high) T cells in liver metastases
dictate the prognosis of colorectal cancer pa-
tients treated with chemotherapy and radical
surgery. Cell Mol Immunol 2023; 20: 365-378.

Am J Cancer Res 2024;14(4):1892-1903



