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Abstract
BACKGROUND
Accurate assessment of the prognosis after colorectal cancer surgery is of great
significance in patients with colorectal cancer. However, there is no systematic
analysis of factors affecting the prognosis of colorectal cancer currently.

AIM
To systematically analyze the influence of clinical data and serological and
histological indicators on the prognosis of patients with colorectal cancer, and to
explore the indicators that can accurately assess the prognosis of patients with
colorectal cancer.

METHODS
A total of 374 patients with colorectal cancer were enrolled. The clinical data,
tumor-node-metastasis (TNM) stage, and Dukes stage were recorded. All patients
received examinations including carcinoembryonic antigen (CEA), carbohydrate
antigen 199, C-reactive protein, albumin, D-dimer, and fibrinogen as well as
routine blood tests one week before surgery. The tumor location, size, depth of
invasion, lymph node metastasis, and distant metastasis were recorded during
surgery. The pathological tissue typing and expression of proliferating cell
nuclear antigen (PCNA) and p53 were observed. All patients were followed for 3
years, and patients with endpoint events were defined as a poor prognosis group,
and the remaining patients were defined as a good prognosis group. The
differences in clinical data, serology, and histology were analyzed between the
two groups. Multivariate COX regression was used to analyze the independent
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influencing factors for the prognosis of colorectal cancer. The receiver operating
characteristic curve was used to evaluate the predictive value of each of the
independent influencing factors and their combination for the prognosis of
colorectal cancer.

RESULTS
The follow-up outcomes showed that 81 patients were in the good prognosis
group and 274 patients in the poor prognosis group. The TNM stage, PCNA,
Glasgow prognostic score (GPS), neutrophil-lymphocyte ratio (NLR), C-reactive
protein/albumin ratio (CAR), D-dimer, and CEA were independent influencing
factors for the prognosis of colorectal cancer (P = 0.000). NLR had the highest
predictive power for colorectal cancer prognosis [area under the receiver
operating characteristic curve (AUC) = 0.925], followed by D-dimer (AUC =
0.879) and GPS (AUC = 0.872). The accuracy of the combination of all indicators
in predicting the prognosis of colorectal cancer was the highest (AUC = 0.973),
which was significantly higher than that of any of the indicators alone (P < 0.05).
The sensitivity and specificity of the combination were 92.59% and 90.51%,
respectively.

CONCLUSION
The independent influence factors for the prognosis of colorectal cancer include
TNM stage, PCNA, GPS, NLR, CAR, D-dimer, and CEA. The combined
assessment of the independent factors is the most accurate predictor of the
prognosis after colorectal cancer surgery.

Key words: Colorectal cancer; Prognosis; Influencing factors; Combination assessment
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Core tip: Accurate assessment of the prognosis after colorectal cancer surgery is of great
importance in patients with colorectal cancer. This study systematically analyzed the
influence of clinical data and serological and histological indicators on the prognosis of
patients with colorectal cancer and the results revealed that the independent influence
factors for the prognosis of colorectal cancer include tumor-node-metastasis stage,
proliferating cell nuclear antigen, Glasgow prognostic score, neutrophil-lymphocyte
ratio, C-reactive protein/albumin ratio, D-dimer, and carcinoembryonic antigen. The
combined assessment of the independent factors is the most accurate predictor of the
prognosis after colorectal cancer surgery.
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INTRODUCTION
The prognosis of colorectal cancer is poor, and its mortality rate ranks third among all
malignancies  in  the  world[1-3].  Surgery  is  the  main  method  of  colorectal  cancer
treatment. Accurate assessment of surgical prognosis plays an important role in the
treatment of colorectal cancer patients. Currently, studies on the factors affecting the
prognosis  of  colorectal  cancer  are  very  popular.  Studies  have  shown  that  high
Glasgow prognostic score (GPS) in colorectal cancer is more likely to predict a poor
prognosis[4-6]. The results of Arfa et al[7] showed that tumor-node-metastasis (TNM)
stage is associated with the prognosis of colorectal cancer. Studies by Kanemitsu et al[8]

have demonstrated that histological type and degree of differentiation of tumors can
affect  their  biological  behavior  and further  affect  clinical  outcomes.  In  addition,
studies have found that in vivo  inflammatory response can have an impact on the
occurrence and development of tumors[9]. Serum C-reactive protein[10,11], albumin[12,13],
C-reactive  protein/albumin  ratio  (CAR)[14-16],  and  neutrophil-lymphocyte  ratio
(NLR)[17,18]  reveal the possibility of inflammation-related complications, and have

WJGO https://www.wjgnet.com December 15, 2019 Volume 11 Issue 12

Jin LJ et al. Factors predicting the prognosis of colorectal cancer

1207

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


certain predictive value for prognosis[19]. However, there is no systematic analysis
about the factors affecting the prognosis of colorectal cancer. Therefore, this study
defined colorectal cancer patients as the research subjects. We statistically analyzed
the influence of clinical data and serology and histology on the prognosis of patients
with colorectal cancer, and assessed the accuracy of the combination of all indicators
for the prognosis evaluation, aiming to find a more accurate assessment. This study is
expected to provide a new method for predicting the prognosis of colorectal cancer in
the early stage of clinical diagnosis and improve the prognosis of patients.

MATERIALS AND METHODS

Research subjects
A total of 374 patients with colorectal cancer who were admitted to Cangzhou Central
Hospital from March 2012 to March 2015 were recruited. The inclusion criteria were:
(1) Pathological diagnosis of colorectal cancer; (2) Patients who underwent radical
surgery; (3) Complete clinical data, disease history, and family history data; and (4)
Complete physical examination, routine blood tests, detection of tumor markers, and
relevant laboratory examinations such as coagulation function within one week before
surgery. The exclusion criteria were: (1) Other carcinomas combined; (2) Pre-operative
infection or insufficient infection evidence but body temperature > 38 °C; (3) Patients
combined with cardiovascular disease, cerebrovascular disease, and diseases of the
liver,  kidney,  and  other  important  organs;  and  (4)  Undergoing  radiotherapy,
chemotherapy, biotherapy, or gene therapy before surgery. The study was approved
by the Ethics Committee of Cangzhou Central Hospital. All patients included in the
study had a detailed understanding of the research content and provided informed
consent.

Research methods
Clinical  data  collection:  After  admission,  complete  clinical  data,  including age,
gender, height, weight, family history (colorectal cancer in three generations of close
relatives) and smoking history were collected. Body mass index (BMI) was calculated.
All  patients  were  staged by  the  TNM staging method and the  improved Dukes
staging method according to pathological findings[20].

Serological examination:  All  patients received carcinoembryonic antigen (CEA),
carbohydrate  antigen  199  (CA199),  C-reactive  protein,  albumin,  D-dimer,  and
fibrinogen detection as well as routine blood tests one week before surgery. CEA and
CA199 were tested by chemiluminescence with a Roche kit. Routine blood tests were
performed with a CC-3200 automatic blood tester and supporting kit. The numbers of
neutrophil granulocytes, white blood cells, lymphocytes, and platelets were recorded,
and NLR was calculated. C-reactive protein, albumin, D-dimer, and fibrinogen were
detected  using  an  Abbott  C16000  automatic  biochemical  analyzer  (Abbott
Laboratories, Inc.). CAR was calculated. According to the results of C-reactive protein
and albumin detection,  GPS was calculated according to the following rules:  (1)
Increased C-reactive protein; and (2) Hypoproteinemia. Two points were recorded if
both (1) and (2) were satisfied, 1 point if (1) or (2) was satisfied, and 0 points if normal
C-reactive protein and no hypoproteinemia were found.

Surgery and histological examination: Under general anesthesia, colorectal cancer
radical surgery was performed. Tumor location, size, depth of invasion, lymph node
metastasis,  and  distant  metastasis  were  recorded.  The  excised  specimens  were
flattened and fixed, and pathological examination was performed. The pathological
tissues were serially sectioned, fixed with 10% formalin, and embedded in paraffin,
followed by hematoxylin-eosin and immunohistochemical staining. All the sections
were observed by two experienced pathologists. The pathological tissue classification
and expression of proliferating cell nuclear antigen (PCNA) and p53 were observed.
After surgery, patients’ vital signs and wound oozing were closely observed. Anti-
inflammatory drugs and intravenous nutrition were given regularly.

Follow-up
A total of 374 patients who participated in the study were followed for 3 years. The
first follow-up was performed 1 mo after the end of treatment, followed by every 3
mo within 2 years. After 2 years, follow-up was performed every 6 mo. The endpoint
events  were  defined  as  adverse  prognostic  events  during  follow-up,  including
recurrence of colorectal cancer, increased stage, other organ metastases, and death
from colorectal cancer and its complications. Patients’ refusal to visit, halfway out,
and death from other reasons unrelated to the study were defined as loss to follow-
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up. According to the follow-up results, patients with endpoint events were defined as
a poor prognosis group, and the remaining patients were defined as a good prognosis
group. Differences in clinical data, serology, and histology were analyzed.

Statistical analysis
Analyses were performed using Statistical Product and Service Solutions software.
The  measurement  data  are  expressed  as  the  mean  ±  standard  deviation,  and
comparisons were performed using an independent sample t-test. The count data are
expressed in case (percentage),  and the chi-square test was used for comparison.
Survival analysis was performed by the Kaplan-Meier method. The poor prognosis
rate was calculated and the survival curve was drawn. Multivariate COX regression
was used to analyze independent influencing factors for the prognosis of colorectal
cancer. The receiver-operating characteristic (ROC) curve was used to evaluate the
predictive value of each independent influencing factor and their combination for the
prognosis of colorectal cancer. The difference was considered statistically significant
at P < 0.05.

RESULTS

Patient follow-up results
A total of 374 patients were enrolled in the study. The Kaplan-Meier survival curve
showed an increase trend in the number of adverse prognosis cases over time (Figure
1). At the end of follow-up, 19 patients were lost to follow-up. There were a total of
355 patients with complete follow-up data, of whom 81 developed endpoint events. In
these 81 patients, 40 had recurrence of colorectal cancer (Figure 2A), 26 had liver
metastases (Figure 2B), and 15 had bone metastases (Figure 2C). The poor prognosis
rate was 22.82%.

Comparison of indicators between the prognosis group and poor prognosis group
Of the 355 patients with colorectal cancer who received complete follow-up data, 186
were male and 169 were female, with an average age of 59.83 ± 13.92 years and mean
tumor size of 4.32 ± 2.56 cm. In terms of tumor location, there were 52 cases in the
ascending colon, 21 in the transverse colon, 35 in the descending colon, 106 in the
sigmoid colon, and 141 in the rectum. In terms of TNM stage, there were 16 cases of
stage I, 251 stage II, 54 stage III, and 34 stage IV. In terms of Dukes stage, there were
17 cases of grade A, 225 grade B, and 112 grade C. Among the pathological types,
there were 230 cases of adenocarcinoma and 125 cases of mucinous adenocarcinoma
and signet ring cell carcinoma.

According to the prognosis results, the prognosis group included 274 patients and
the poor prognosis group included 81 patients.  The comparison of the indicators
before treatment in the two groups of patients is shown in Table 1. The age, tumor
diameter, TNM stage, PCNA index, GPS, C-reactive protein, albumin, white blood
cell  (WBC) count,  NLR, CAR, D-dimer,  fibrinogen,  CEA, and CA199 in the poor
prognosis group were significantly higher than those in the good prognosis group (P
< 0.05). The gender, BMI, smoking proportion, alcohol abuse ratio, family history
ratio, tumor location, tumor histology type, Dukes grade, proportion of positive P53,
and platelet count were similar between the two groups (P > 0.05).

Multivariate COX regression analysis of the prognosis in patients with colorectal
cancer
Further  multivariate  COX  regression  analysis  was  performed  on  the  different
indicators between the two groups. The results showed that the impact of age, tumor
diameter, C-reactive protein, albumin, WBC count, fibrinogen, and CA199 on the
prognosis was not significant (P  > 0.05).  TNM stage, PCNA, GPS, NLR, CAR, D-
dimer, and CEA were independent influencing factors for the prognosis of colorectal
cancer (P = 0.000) (Table 2).

Receiver  operating  characteristic  curve  analysis  of  potential  indicators  for
predicting colorectal cancer prognosis
The ROC curve was used to  further  analyze the  predictive  value of  TNM stage,
PCNA, GPS, NLR, CAR, D-dimer, and CEA for the prognosis of colorectal cancer. The
results showed that each indicator can predict the prognosis of colorectal cancer (AUC
> 0.6 for all).  Among them, NLR had the highest accuracy with an AUC of 0.925
(95%CI: 0.860-0.966), sensitivity of 94.12%, and slightly lower specificity of 80.25%. D-
dimer was the second, and its AUC was 0.879 (95%CI: 0.841-0.911), with a specificity
of 100% and sensitivity of only 58.02%. GPS was the third, and its AUC was 0.872
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Figure 1

Figure 1  Survival curve analysis of patients with colorectal cancer (Kaplan-Meier). The poor prognosis rate was
22.82%.

(95%CI:  0.832-0.905),  with  a  sensitivity  and  specificity  of  88.89%  and  85.04%,
respectively (Table 3 and Figure 3).

Each indicator  had some limitations  in  predicting  the  prognosis  of  colorectal
cancer, respectively. Therefore, this study attempted to establish a combination model
based on logistic regression to predict the prognosis.  The result  showed that the
accuracy of the combination of all indicators in predicting the prognosis of colorectal
cancer was the highest (AUC = 0.973, 95%CI: 0.950-0.987), which was significantly
higher than that of any indicator alone (P < 0.05). The best diagnostic point was 0.206,
with a sensitivity of 92.59% and specificity of 90.51% (Figure 4).

DISCUSSION
The detection rate of colorectal cancer has increased recently[21]. Because of the hidden
symptoms in  early  stage,  the  prognosis  of  colorectal  cancer  is  poor[22].  Accurate
assessment  of  patient  outcomes  is  critical  to  the  choice  of  clinical  treatments.
Currently, the prognosis of colorectal cancer is predicted mainly through CEA level,
pathological typing, TNM staging, etc.[23-25], but the accuracy of prediction cannot be
guaranteed due to different individuals[26]. Recent studies have shown that GPS, C-
reactive protein, albumin, CAR, NLR and other inflammatory indicators can reveal
the prognosis of malignant tumors, but the accuracy of different predictive indicators
for the prognosis of colorectal cancer is uncertain[27]. Therefore, this study recruited
colorectal cancer patients and screened the clinical data and serology and pathology
data to find the indicators that can accurately evaluate the prognosis.

Survival analysis of patients with colorectal cancer
The incidences of postoperative recurrence, metastasis, and tumor-related death are
very high[28]. A 3-year follow-up analysis in the study showed that the survival curves
decreased significantly at 12-18 mo and 30-36 mo, respectively. It indicated that the
number of patients with a poor prognosis increased rapidly at 12-18 mo and 30-36 mo.
Among  the  patients  with  a  poor  prognosis,  the  incidence  of  colorectal  cancer
recurrence was the highest, accounting for 49.4% of all patients with a poor prognosis,
followed by liver metastasis (32.1%) and bone metastasis (18.5%). The overall poor
prognosis  rate was 22.82%, which is  similar  to the recent finding of  Shen et  al[29]

(24.3%), and lower than the result of Lujan et al[30] (38.3%-45.6%). The possible reason
is that with the improvement of people's health awareness, the detection rate of early
colorectal cancer is increased. More patients can receive timely treatment in early
stage, in addition to the popularization of endoscopic and laparoscopic treatment
techniques. Hence the prognosis of colorectal cancer is improved.

Multivariate regression analysis of the prognosis after colorectal cancer surgery
With the increase of age, the immune clearance ability and postoperative recovery
ability of carcinoma are significantly reduced. The possibility of poor prognosis is
gradually increased[31-33]. Studies have revealed that gender, smoking history, family
history, etc. can affect the incidence and outcome of carcinoma[34-36]. Tumor location,
size,  TNM  stage,  Dukes  stage,  and  pathological  classification  can  indicate  the
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Figure 2

Figure 2  Endpoint events during postoperative follow-up of colorectal cancer patients. A: Colorectal cancer recurrence (arrow); B: Colorectal cancer liver
metastasis (arrow); C: Colorectal cancer bone metastasis (arrow).

progression of colorectal cancer and its invasion and metastasis ability. They are often
utilized to predict the prognosis of colorectal cancer[37]. PCNA and p53 are common
clinical tumor-related detection indicators, and their abnormal expression levels may
be associated with colorectal cancer recurrence and poor prognosis[38-42]. Serological
indicators such as neutrophils, lymphocytes, albumin, and C-reactive protein are
commonly used indicators for monitoring inflammation in the body. Studies have
shown that  inflammation  can  promote  tumor  metastasis  and recurrence[43-44].  In
addition, inflammatory factors can inhibit the body’s immune response to tumors and
stimulate tumor formation around the tumor, thereby promoting tumor growth and
metastasis[45].

This study compared clinical, serological, and histological indicators of patients
with different prognoses. It indicated that age, tumor diameter, TNM stage, PCNA
index, GPS, C-reactive protein, albumin, WBC count, NLR, CAR, D-dimer, fibrinogen,
CEA,  and CA199  were  possible  risk  factors  for  poor  prognosis  in  patients  with
colorectal  cancer.  Further  multivariate  COX  regression  analysis  of  the  above
indicators showed that TNM stage, PCNA, GPS, NLR, CAR, D-dimer, and CEA were
independent influencing factors for the prognosis of colorectal cancer. It suggested
that when advanced TNM stage, high PCNA expression levels, GPS > 0, increase of
NLR and CAR, or increase of D-dimer and CEA levels occurs, the possibility of poor
prognosis should be guarded. In addition, early treatment, control of inflammation
levels, and monitoring of D-dimer and CEA levels can prevent poor prognosis. It is
worth noticing that NLR, CAR, and GPS are calculated by two serological indicators,
which can simultaneously  reveal  changes  of  two indicators.  Furthermore,  TNM
staging includes tumor diameter, lymph node metastasis, and distant metastasis. It
indicated that  multiple  indicators  are  preferred when the accuracy of  prognosis
assessment based on single factor is poor to improve the accuracy of the evaluation
results.

Potential indicators predicting the prognosis of colorectal cancer
Based on COX regression results,  this  study evaluated the ability of  TNM stage,
PCNA, GPS, NLR, CAR, D-dimer, and CEA to predict the prognosis of colorectal
cancer. According to the evaluation results, the accuracy of NLR, D-dimer, and GPS
was significantly higher than that of TNM stage, PCNA, and CAR. Among them, NLR
had  the  highest  accuracy.  The  possible  reason  may  be  that  NLR  is  the  ratio  of
neutrophils to lymphocytes. Both of them are reliable indicators for the inflammatory
response in vivo. Neutrophils can release active factors to activate NF-κB, which is
related to the formation of tumors. Also, it  can inhibit the immunity of the body
through the inflammatory reaction, and help tumor cells escape from immunization.
In addition, it can promote tumor growth by promoting neovascularization. Hence, its
increase is beneficial to tumorigenesis[43,44].  As one of the main cells of the body’s
immunity, lymphocytes can produce an immune response to tumor cells, and the
decrease of the lymphocytes leads to a decrease in the body’s ability to inhibit tumors.
Therefore, increased NLR is beneficial to tumor survival and associated with a poor
prognosis. The hypercoagulable state of the blood is beneficial for the metastasis of
malignant tumors[46]. Studies have confirmed that preoperative D-dimer levels are
associated with tumor prognosis[47-49]. In this study, D-dimer had a higher predictive
ability for poor prognosis of colorectal cancer, second only to NLR. GPS is determined
by the level of serum C-reactive protein and whether it has hypoproteinemia, which
can simultaneously indicate the inflammatory condition and nutritional status of the
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Table 1  Comparison of indicators between the good prognosis group and poor prognosis group before treatment

Good prognosis group (n = 274) Poor prognosis group (n = 81) t/χ2 value P value

Age 53.64 ± 15.38 60.47 ± 8.34 3.831 0.000

Gender (Male/Female) 143/131 43/38 0.020 0.887

BMI (kg/m2) 26.49 ± 5.34 25.39 ± 5.91 1.589 0.113

Smoking [n (%)] 74 (27.01%) 24 (29.63%) 0.215 0.643

History of alcohol abuse [n (%)] 39 (14.23%) 13 (16.05%) 0.165 0.685

Family history [n (%)] 46 (16.79%) 20 (24.69%) 2.580 0.108

Tumor diameter (cm) 2.08 ± 1.47 5.69 ± 2.54 16.125 0.000

Tumor location

Ascending colon [n (%)] 39 13 3.139 0.535

Transverse colon [n (%)] 14 7

Lower colon [n (%)] 25 10

Sigmoid colon [n (%)] 84 22

Rectum [n (%)] 112 29

Tumor histology type

Adenocarcinoma 177 53 0.019 0.890

Mucinous adenocarcinoma and signet ring cell
carcinoma

97 28

TNM stage

I 10 (3.65%) 6 (7.41%) 29.292 0.000

II 213 (77.74%) 38 (46.91%)

III 30 (10.95%) 24 (29.63%)

IV 21 (7.66%) 13 (16.05%)

Dukes stage

A 17 (6.20%) 1 (1.23%) 0.062

B 177 (64.60%) 48 (59.26%)

C 80 (29.20%) 32 (39.51%)

PCNA

1 98 4 114.291 0.000

2 122 11

3 45 43

4 9 23

P53

- 34 11 4.908 0.297

+ 64 14

++ 61 17

+++ 78 23

++++ 37 19

GPS

0 233 (85.04%) 9 (11.11%) 157.579 0.000

1 24 (8.76%) 40 (49.38%)

2 17 (6.20%) 32 (39.51%)

C-reactive protein (mg/L) 2.73 ± 0.64 21.83 ± 16.34 19.364 0.000

Albumin (g/L) 42.43 ± 7.93 33.74 ± 6.21 9.071 0.000

WBC count (9 × 103/mm3) 5.89 ± 1.98 8.53 ± 2.83 9.481 0.000

Platelet count (9 × 104/mm3) 237.43 ± 103.28 247.23 ± 116.39 0.728 0.467

NLR 2.68 ± 1.73 4.53 ± 3.29 6.699 0.000

CAR 0.089 ± 0.017 0.175 ± 0.092 14.693 0.000

D-dimer (μg/mL) 0.553 ± 0.207 0.943 ± 0.375 13.117 0.000

Fibrinogen (g/L) 3.121 ± 1.542 3.524 ± 1.053 2.204 0.028

CEA (ng/mL) 3.34 ± 1.82 6.13 ± 2.36 11.281 0.000

CA199 (U/mL) 186.82 ± 139.74 635.24 ± 284.38 15.067 0.000

BMI: Body mass index; TNM: Tumor-node-metastasis; PCNA: Proliferating cell nuclear antigen; GPS: Glasgow prognostic score; WBC: White blood cell;
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NLR: Neutrophil-lymphocyte ratio; CAR: C-reactive protein/albumin ratio; CEA: Carcinoembryonic antigen; CA199: Carbohydrate antigen 199.

body. In this study, GPS also had a high predictive ability for poor prognosis of
colorectal cancer, which is similar to the study by Wind et al[50].

However, each indicator has a certain limitation in predicting the prognosis of
colorectal cancer.  Therefore,  this study combined the independent risk factors to
evaluate the accuracy for predicting the prognosis. It revealed that the accuracy of the
combination in predicting the prognosis of colorectal cancer was significantly higher
than the accuracy of individual indicators.  It  suggested that in the evaluation of
surgical outcomes in patients with colorectal cancer, the combination of TNM stage,
PCNA, GPS, NLR, CAR, D-dimer, and CEA has a higher accuracy.

Insufficient and prospects
This study is a single-center study and may have certain limitations. The follow-up
time was short, and the indicators affecting long-term prognosis may be ignored. In
future, multi-center research is considered to expand the sample size for improving
the reliability of  the research results.  Meanwhile,  the length of  follow-up can be
extended. The influencing factors on short-term and long-term prognosis of colorectal
cancer should be analyzed respectively.

In conclusion, this study analyzed the clinical data and serological and pathological
indicators that may affect the prognosis of colorectal cancer. It  indicated that the
independent influencing factors for the prognosis of colorectal cancer include TNM
stage, PCNA, GPS, NLR, CAR, D-dimer, and CEA. Among them, NLR, D-dimer, and
GPS have higher prediction capabilities. The combination of all independent factors
can make a more accurate assessment of the prognosis of colorectal cancer.
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Table 2  COX regression analysis of influence factors on the prognosis of colorectal cancer

B SE Wald P value RR
95%CI

Lower limit Upper limit

Age 0.241 0.223 1.328 0.154 1.273 0.822 1.971

Tumor diameter 0.160 0.315 1.142 0.328 1.173 0.633 2.175

TNM Stage 1.762 0.442 7.364 0.000 5.824 2.449 13.850

PCNA 1.534 0.382 6.338 0.000 4.635 2.192 9.800

GPS 2.238 0.448 8.927 0.000 9.377 3.897 22.564

C-reactive protein 0.454 0.355 2.773 0.058 1.574 0.785 3.156

Albumin -0.129 0.371 2.538 0.105 0.879 0.425 1.819

WBC count 0.149 0.433 1.292 0.183 1.161 0.497 2.713

NLR 0.816 0.233 6.792 0.000 2.261 1.432 3.570

CAR 2.678 0.341 9.338 0.000 14.552 7.459 28.391

D-dimer 2.498 0.636 8.923 0.000 12.153 3.494 42.272

Fibrinogen 0.603 0.386 0.751 0.625 1.827 0.857 3.893

CEA 1.342 0.492 6.877 0.000 3.827 1.459 10.038

CA199 0.226 0.553 1.149 0.322 1.253 0.424 3.704

TNM: Tumor-node-metastasis; PCNA: Proliferating cell nuclear antigen; GPS: Glasgow prognostic score; WBC: White blood cell; NLR: Neutrophil-
lymphocyte ratio; CAR: C-reactive protein/albumin ratio; CEA: Carcinoembryonic antigen; CA199: Carbohydrate antigen 199.

Table 3  Receiver-operating characteristic (ROC) curve analysis of potential indicators for predicting the prognosis of colorectal cancer

AUC 95%CI Best diagnostic point Sensitivity (%) Specificity (%)

TNM Stage 0.613 0.560-0.663 2 45.68 81.39

PCNA 0.837 0.794-0.874 2 81.48 80.29

GPS 0.872 0.832-0.905 1 88.89 85.04

NLR 0.925 0.860-0.966 0.206 94.12 80.25

CAR 0.743 0.695-0.788 4.81 45.68 94.53

D-dimer 0.879 0.841-0.911 0.795 (μg/mL) 58.02 100

CEA 0.801 0.755-0.841 3.891 (ng/mL) 76.54 64.60

TNM: Tumor-node-metastasis; PCNA: Proliferating cell nuclear antigen; GPS: Glasgow prognostic score; NLR: Neutrophil-lymphocyte ratio; CAR: C-
reactive protein/albumin ratio; CEA: Carcinoembryonic antigen.

Figure 3

Figure 3  Receiver operating characteristic curve analysis of potential indicators for predicting the prognosis of colorectal cancer.
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Figure 4

Figure 4  Receiver operating characteristic curve analysis of the combination assessment for predicting the prognosis of colorectal cancer.

ARTICLE HIGHLIGHTS
Research background
The prognosis of colorectal  cancer is  poor.  Surgery is  the main treatment for patients with
colorectal cancer. Accurate assessment of surgical prognosis has an important impact on the
choice of treatments for patients. Currently, there are many methods to evaluate the prognosis
after  colorectal  cancer  surgery,  including  tumor-node-metastasis  (TNM)  stage,  Glasgow
prognostic score (GPS) score and so on. However, the systematic analysis about the factors
affecting the prognosis of colorectal cancer is still limited.

Research motivation
Currently, the prognosis of colorectal cancer is mainly predicted by carcinoembryonic antigen
(CEA) level, pathological classification, and TNM stage. However, the accuracy of prediction
cannot be guaranteed due to the influence of individual and environmental factors. Besides,
studies have revealed that some inflammatory indicators are also related to the prognosis of
cancer.

Research objectives
In this study, we analyzed the influence of clinical data, serology, and histology on the prognosis
of patients with colorectal cancer, and assessed the accuracy of the combination of all indicators
for  the prognosis  evaluation.  The purpose of  this  study was to  provide a  new method for
predicting the prognosis of colorectal cancer in the early stage.

Research methods
A total of 374 patients were recruited, and the patients were divided into a good prognosis group
and a poor prognosis group. Relevant clinical indicators were recorded. The differences in
clinical data, serology, and histology between the two groups were analyzed. Multivariate COX
regression  was  used  to  analyze  the  independent  influencing  factors  for  the  prognosis  of
colorectal cancer. The receiver operating characteristic curve was used to test the accuracy of
different indicators and their combination for the prognostic evaluation of colorectal cancer.

Research results
The TNM stage, proliferating cell nuclear antigen (PCNA), GPS, neutrophil-lymphocyte ratio
(NLR),  C-reactive  protein/albumin  ratio  (CAR),  D-dimer,  and  CEA  were  independent
influencing factors for the prognosis of colorectal cancer (P = 0.000). NLR, D-dimer, and GPS had
the  highest  predictive  power  for  colorectal  cancer  prognosis.  But  their  accuracies  were
significantly lower than that of the combination of all  indicators (AUC = 0.973;  sensitivity,
92.59%; specificity, 90.51%).

Research conclusions
TNM stage, PCNA, GPS, NLR, CAR, D-dimer, and CEA are the independent influencing factors
for the prognosis of colorectal cancer. Combined evaluation of independent factors is the most
accurate method to predict the prognosis of colorectal cancer.

Research perspectives
On the  purpose  of  avoiding  the  interference  caused  by  the  differences  of  individual  and
environmental factors, multi-center studies would be considered to enlarge the size of simple to
improve the reliability of the research results. Besides that, long-term research is also planned to
make up the ignorance of the factors affecting long-term prognosis in this study.
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