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rence of colorectal cancer (CRC) in patients with type Il diabetes.

stage II-Ill CRC and with type Il diabetes. Their clinical indexes such as LMR and
CA19-9 were collected, and the patients were followed up for 5 years.

Results: The CA19-9 level was 119.7 U/ml at baseline in the relapsed group, while
this was 24.81 U/ml in non-relapsed group (p = 0.001). On the contrary, the LMR
level was 5.10 and 2.57 for non-relapsed and relapsed group (p < 0.001), respectively.
Kaplan-Meier survival curves stratified by CA19-9 and LMR suggested that patients
with lower CA19-9 had higher survival probability (p < 0.001), while patients with
high LMR level had higher survival probability (p < 0.001). The multivariable Cox pro-
portional hazard regression analysis with CA19-9 and LMR indicated that although
the baseline CA19-9 is significantly associated with increasing risk of disease recur-
rence, the HR (HR = 1.0, 95% Cl 1.00-1.01) was small and close to 1, whereas the high
baseline LMR (HR = 0.44, 95% Cl 0.32-0.61) was associated with decrease in disease
recurrence. Model with continuous CA19-9 and LMR was able to better predict (AUC
73.17%) the disease recurrence.

Conclusion: LMR combined with CA19-9 may become a new index for predicting

postoperative recurrence of CRC in patients with diabetes.
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1 | INTRODUCTION resection is the main radical treatment for CRC, but some tumors

may relapse and metastasize after surgery, shortening overall
Colorectal cancer (CRC) is a common malignant tumor, and its survival.® Diabetes is a metabolic disease characterized by high
morbidity and mortality rank third among cancers worldwide.? blood glucose level. There are many common inducing factors for
In China, the incidence of CRC is gradually increasing.? Surgical diabetes and CRC, such as hyperlipidemia, obesity, and chronic
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inflammation. According to relevant reports, patients with diabe-
tes have an obvious increased risk of CRC,* and they have worse
prognosis than CRC patients without diabetes.” Therefore, re-
searchers are striving to find predictors of postoperative recur-
rence of CRC in patients with diabetes.

The common markers used for diagnosis and monitoring of
malignant tumors include carcinoembryonic antigen (CEA), car-
bohydrate antigen (CA)19-9, and CA125.5°8 Recent studies have
shown that inflammatory responses play a crucial role in the oc-
currence and development of malignant tumors.” New inflam-
matory response indexes include neutrophil-to-lymphocyte ratio
(NLR), platelet-to-lymphocyte ratio (PLR), hemoglobin-to-platelet
ratio (HPR), lymphocyte-to-monocyte ratio (LMR), fibrinogen-to-
prealbumin ratio (FPP), fibrinogen-to-albumin ratio (FAR), albumin-
to-lymphocyte ratio (ALR) and fibrinogen-to-lymphocyte ratio (FLR).
These inflammatory response indexes are currently widely used in
the early diagnosis, disease monitoring, and prognostic evaluation of
malignant tumors.®°712 Inflammatory response is an inducing factor
of CRC and a risk factor for disease progression.” Previous studies
have shown that inflammatory response indexes are correlated with
the prognosis of advanced CRC.% In this study, we aimed to explore
the predictive indexes of postoperative recurrence of CRC in pa-
tients with diabetes.

2 | MATERIALS AND METHODS

2.1 | Study population
CRC-operated patients between January 1, 2011, and December
31, 2014, were included in this retrospective study from Beijing
Chao-Yang Hospital, Capital Medical University. In this study, we
only include patients with (1) pathologically confirmed CRC after
radical resection; (2) diagnosis type Il diabetes before CRC; (3)
stage II-1ll CRC; and (4) no radiotherapy, chemotherapy, targeted
therapy, or immunotherapy before surgery. Individuals with the
following conditions were deemed ineligible for the study: (1) di-
agnosed with other tumors before surgery; (2) severe infection
(life-threatening infection that can cause single or multiple organ
dysfunction); (3) hematological diseases; and (4) autoimmune
disease.

Study was approved by the Ethics Committee of Beijing Chao-
Yang Hospital. Patients were not required to give signed informed

consent.

2.2 | Assessments

The blood test indexes in all patients were collected within 2 weeks
before surgery, including lymphocytes, monocytes, and CA19-9.
After surgery, patients were monitored by CT or MRI re-examination
at six-month intervals. All patients were followed for 5 years or until
disease recurrence, whichever is the first. Disease recurrence was

defined as the occurrence of new evaluable lesions at the surgical
site or at a distant site, as seen by imaging examination. Disease-
free survival (DFS) was defined as the time from operation to CRC

recurrence.

2.3 | Statistical analysis

Data were presented as the mean + standard deviation for continu-
ous variables or percentage for category variables. For the compari-
son between groups, t test or Mann-Whitney U test for continuous
variables and chi-square test or Fisher's exact test for categorical
variable were used wherever appropriate. Survival was evaluated
with the Kaplan-Meier method, and significant differences in sur-
vival curves were evaluated with the logrank test. To investigate
the association of LMR and CA19-19 with DFS and if adding these
two variables increases the discrimination ability, a Cox proportional
hazard regression model with and without LMR and CA19-19 was
used adjusting for well-known risk factors. Another model with di-
chotomized LMR and CA19-19 by median value was also assessed.
The adjusted risk factors include age, gender, smoking, TNM stage,
tumor location, and chemotherapy. The model performance metrics
of calibration and discrimination were studied. The discrimination
ability of the models was evaluated using the area under the receiver
operating curve (ROC). All statistical tests were two-sided, and a p-
value of <0.05 was considered statistically significant. All analyses

were carried out with R 4.0.5.

3 | RESULTS

3.1 | Patents and baseline characteristics
A total of 778 patients were screened, 628 patients were without
type Il diabetes and excluded; 15 patients were stage |; 4 patients
were synchronous malignancy; 12 patients had preoperative ther-
apy; 3 patients had other tumor; 7 patients had severe infection; 1
patient had hematological diseases; 2 patients had autoimmune dis-
ease. Finally, 106 patients were included in the analysis (Figure 1).
The median follow-up was 60 months, ranging from 5 to 60 month.
During the follow-up period, a total of 38 had a disease recurrence.
Table 1 summarizes the baseline characteristics of the study pop-
ulation by recurrence status. The average age at baseline in relapsed
group was 65.84 years, which was close to the non-relapsed group
(64.72 years). This was the same for gender, smoking status, tumor
location, and chemotherapy status. According to the TNM staging
system, a higher T3 stage was observed (78.9%) in the relapsed
group, while the percentage of TNM stage was close in the non-
relapsed group. The CA19-9 level was 119.7 U/ml at baseline in the
relapsed group, which was 24.81 U/ml for non-relapsed group. But
to the contrary, the LMR level was 5.10 and 2.57 for non-relapsed
and relapsed group. This was the same for both variables after di-
chotomizing by median value.
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FIGURE 1 Flow diagram of patients
included and excluded in this study

TABLE 1 Baseline characteristics of the

CRC patients with diabetes

All operated CRC patients
n=778

without type Il diabetes

n=628

Remaining patients
n=150

TMN stage I, n=15

synchronous malignancy,n=4

Remaining patients

n=131
preoperative therapy
n=12
Remaining patients
n=119
previous other tumor
n=3
Remaining patients
n=116
severe infection ,n=7
hematological disease,n=1
Patients included autoimmune disease,n=2
n=106
Var Level No Yes p
n 68 38
Age (mean (SD)) 64.72 (8.57) 65.84 (9.10) 0.529
Gender (%) Female 25(36.8) 10(26.3) 0.378
Male 43(63.2) 28(73.7)
Smoking (%) No 40 (58.8) 24 (63.2) 0.818
Yes 28 (41.2) 14 (36.8)
TNM stage (%) 2 33 (48.5) 8(21.1) 0.010
3 35 (51.5) 30(78.9)
Tumor location (%) Rectum 29 (42.6) 10 (26.3) 0.193
Left colon 20 (29.4) 12 (31.6)
Right colon 19 (27.9) 16 (42.1)
Chemotherapy (%) No 7 (10.3) 4 (10.8) 1.000
Yes 61(89.7) 33(89.2)
CA199 (mean (SD)) 24.81 (65.46) 119.70 (220.18) 0.001
CA199% (%) Low 43(63.2) 9 (24.3) <0.001
High 25(36.8) 28 (75.7)
LMR (mean (SD)) 5.10 (1.96) 2.57 (1.11) <0.001
LMR? (%) Low 21 (30.9) 31(83.8) <0.001
High 47 (69.1) 6(16.2)
DFS (mean (SD)) 60.00 (0.00) 22.68 (16.24) <0.001

Abbreviations: CA19-9, carbohydrate antigen 19-9; CRC, colorectal cancer; DFS, disease-free
survival; LMR, lymphocyte-to-monocyte ratio.

dCategorized with median.

3.2 | KM survival curves analysis by

CA19-9 and LMR

To illustrate independent discrimination ability of CA19-9 and

LMR, Kaplan-Meier survival curves were stratified by CA19-9

and LMR (Figure 2). The results suggested that patients with
high CA19-9 had lower survival probability, while the patients
with lower CA19-9 had higher survival probability. But in con-
trast, patients with high LMR level had higher survival probabil-
ity, whereas the patients with lower LMR level had lower survival
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FIGURE 2 DFS stratified by CA19-9 (A) and LMR (B) levels

probability. Statistically significant results were observed in both
stratifications.

3.3 | Multivariable analysis with and without
CA19-9 and LMR

Table 2 shows the multivariable Cox proportional hazard regression
analysis with and without CA19-9 and LMR. The results indicated
that CA19-9 and LMR were significantly associated with disease
recurrence. The HR was 1.00 (1.00, 1.01) and 0.44 (0.32, 0.61) for
CA19-9 and LMR, respectively. This was the same for the dichoto-
mized CA19-9 and LMR, though the HR was 4.24 (1.80, 9.98) and
0.14 (0.06, 0.35) compared to the low level of CA19-9 and LMR, re-
spectively. Model with continuous CA19-9 and LMR was able to bet-
ter predict (AUC 73.17%) the disease recurrence compared to model
without CA19-9 and LMR (AUC 64.98%) and of those dichotomized
(AUC 64.75%), see Figure 3.

4 | DISCUSSION

CRC is a common malignant tumor, and diabetes is a metabolic
disease that is characterized by high blood glucose level. Studies
have shown that diabetes is closely related to the onset of CRC,
and patients with diabetes have a significantly increased incidence
of CRC. In recent years, researchers have begun to pay attention
to the impact of diabetes on patients after colorectal cancer sur-
gery.15 As previously reported, patients with colorectal cancer and
pre-existing diabetes mellitus have an increased risk of short- and
long-term mortality.!® Previous studies have shown that, compared
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with people without diabetes, patients with diabetes have an in-
creased risk of malignant tumors.}”?! Diabetes may promote the
proliferation and migration of tumor cells, thereby promoting tumor
development.??

CRC patients with diabetes had a worse prognosis after sur-
gery compared to patients without diabetes. Therefore, there is
an urgency to find effective clinical indexes predicting the high-
risk groups early and implement active intervention, to improve
the prognosis of these patients. In this study, we investigated the
indexes of recurrence of CRC patients with diabetes. In this retro-
spective study, we analyzed the relationship between CA19-9 and
LMR with disease recurrence. A total of 106 patients with CRC and
type Il diabetes before surgery were included in the analysis, the
median follow-up was 60 months, and 38 had a disease recurrence.
We found that both LMR and CA19-9 are significantly related to
prognosis, and the combination of the above two is expected to be-
come a new index for predicting postoperative recurrence of CRC in
patients with diabetes.

Chronicinflammation may induce changesin the tumor microenvi-
ronment and promote tumor progression. In recent years, it has been
found that inflammation-related markers such as NLR, MLR, and PLR
are relevant to the early diagnosis and prognosis of tumors.1%23-%7
Among these is a new index that reflects the body's inflammatory
state.?® In the present study of postoperative CRC patients, we an-
alyzed the correlation between inflammatory response LMR and
DFS. In this study, the LMR level was 5.10 and 2.57 for non-relapsed
and relapsed group, respectively. Lymphocytes can enhance tumor
immune surveillance and inhibit tumor cell proliferation, infiltration,
and metastasis. When there are few lymphocytes in the body, there
is a lack of immune response to the tumor.2*3° Therefore, lymph-
openia may reflect the body's poor immune defense.®! Monocyte
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Model 1 Model 2 Model 3
Variable HR (95% ClI) p HR (95% Cl) p HR (95% ClI) p
Age 1.02(0.98, 1.06) 0.45 1.02(0.98, 1.06) 0.40 1.02(0.98, 1.07) 0.26
Gender
Female (ref) - - - - - -
Male 1.54(0.68, 3.51) 0.30 0.91(0.39, 2.14) 0.83 0.77(0.30, 1.96) 0.58
Smoking
No (ref) - - - - - -
Yes 0.63(0.30, 1.34) 0.23 0.90(0.41, 1.96) 0.79 1.28(0.54, 3.00) 0.57
TNM stage
2 (ref) = = = = = =
B 2.95(1.29, 6.71) 0.01 1.48(0.61, 3.55) 0.38 1.51(0.59, 3.87) 0.39
Tumor location
Rectum (ref) - - - - - -
Left colon 1.40(0.60, 3.29) 0.44 0.94 (0.39, 2.29) 0.89 1.38(0.57, 3.35) 0.48
Right colon 1.51(0.64, 3.53) 0.34 0.82(0.34, 1.99) 0.66 1.16 (0.45, 3.02) 0.76
Chemotherapy
No (ref) = = = = = =
Yes 0.72(0.24, 2.10) 0.54 1.18(0.35, 3.95) 0.79 1.23(0.33,4.58) 0.76
CA199 1.00(1.00, 1.01) <0.001
LMR 0.44 (0.32,0.61) <0.001
CA199°
Low (ref) - -
High 4.24(1.80, 9.98) <0.001
LMR?
Low (ref) - -
High 0.14 (0.06, 0.35) <0.001

Note: Model 1: Age, Gender, Smoking, TNM stage, Tumor location, Chemotherapy. Model 2: Model 1 plus LMR and CA19-19. Model 3: Model 1 plus

categorized LMR and CA19-9.
2Categorized with median.

infiltration may also affect tumor development.®?

Macrophages are
highly differentiated monocytes, and they can promote tumor cell
migration and invasion and tumor-related angiogenesis.®® Therefore,
usually a low level of lymphocyte infiltration in the tumor microen-
vironment indicates weak and insufficient antitumor effects. The
infiltrating monocytes are closely related to tumor progression34 the
lower the LMR, the higher the risk of death.% In the present study,
by Kaplan-Meier survival curves and multivariable Cox proportional
hazard regression analysis, this showed that low LMR was an index
of worse prognosis, which conformed to the theoretical basis of in-
flammatory responses.®

Previous studies have revealed that the indexes such as CEA,
SCC, CA125, and CA19-9 are often used for diagnosis and moni-
toring of malignant tumors.!! High serum CA19-9 and CEA are
risk factors for poor prognosis in patients with esophageal cancer
and advanced CRC.>% In the present study, the CA19-9 level was
119.7 U/ml at baseline in the relapsed group, which was 24.81 U/

ml for non-relapsed group. Kaplan-Meier survival curves suggested

that patients with lower CA19-9 had higher survival probability.
Multivariable Cox proportional hazard regression analysis showed
the HR for dichotomized CA19-9 was 4.24 (1.80, 9.98) compared
to the low level of CA19-9. Patients with high CA19-9 had a short
postoperative recurrence time and poor prognosis. CA19-9 is a
macromolecular glycoprotein, which is synthesized by epithelia of
the pancreas, colon, endometrium, and salivary glands in healthy
people. Under normal circumstances, CA19-9 is synthesized by the
body and stored in cells. Because of the blocking of the cell barrier,
these substances rarely enter the blood.! With the development of
CRC, the cell structure is destroyed, or the cell polarity disappears,
and CA19-9 level in the blood gradually increases. When the degree
of malignancy of the disease is higher, damage to the cell barrier is
greater, and more CA19-9 enters the blood.*%%7

However, each indicator has a certain limitation in predicting the
prognosis of colorectal cancer. For example, we found that the multi-
variable Cox proportional hazard regression analysis with CA19-9 in-
dicated that although the baseline CA19-9 is significantly associated
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FIGURE 3 Receiver operating curve for the different risk models

with increasing risk of disease recurrence, the HR (HR = 1.0, 95% Cl
1.00-1.01) was small and close to 1. Our study is believed to be the
first to conduct follow-up analysis of CRC patients with diabetes by
model with CA19-9 and LMR. The adjusted risk factors include age,
gender, smoking, TNM stage, tumor location, and chemotherapy.
The model performance metrics of calibration and discrimination
were studied. Model with continuous CA19-9 and LMR was able to
better predict (AUC 73.17%) the disease recurrence compared to
model without CA19-9 and LMR (AUC 64.98%), and of those di-
chotomized (AUC 64.75%). There are several advantages to the use
of LMR and CA19-9. First, they are easily measured in blood test
and routinely checked in all CRC patients with diabetes. Second, the
combination of LMR and CA19-9 not only reflects the tumor charac-
teristics but also represents the inflammatory and immune status of
tumors. Additionally, the diagnostic method of LMR combined with
CA19-9 avoids the limitations of poor specificity and sensitivity of a
single predictive index in previous studies.®®

Our study had the following limitations. First, the study results
were from single hospital, and no external validation was performed.
Second, for the rare occurrence of CRC with type Il diabetes, only a
small number of patients were eligible for the study. Hence, further

studies are required to confirm the results of this current study.

5 | CONCLUSION

In CRC patients with diabetes, LMR combined with CA19-9 is a new

and reliable index for predicting postoperative recurrence of tumors.
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