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Background: There is a large difference in postoperative survival in patients with non-

metastatic colorectal cancer. We aimed to develop nomograms incorporating both hemato-

logical biomarkers and clinical characteristics to predict overall survival (OS) in patients

with radical surgery for non-metastatic colorectal cancer.

Methods: A retrospective analysis was performed on date from 508 patients who underwent

radical resection of colorectal cancer at the Affiliated Tumor Hospital of Guangxi Medical

University from December 2011 to December 2015. Simple random sampling was performed

by dividing these patients into a training set (n=355) and validation set(n=153), which

yielded a 7:3 ratio in the sample sizes between these groups. Based on COX regression

analysis of the results from the training cohort, a nomogram was developed to predict the

three-year and five-year overall survival rate, and internal verification was also performed.

The nomogram prediction accuracy and discriminating ability were evaluated by Harrell’s

C-index (C-index), calibration curves and were compared with the colorectal cancer TNM

staging system.

Results: We found that age, degree of differentiation, T stage, N stage, neurological

invasion, neutrophils, monocytes, HGB, and LDH were independent risk factors for predict-

ing OS in patients with colorectal cancer. In the training cohort, the C index was 0.796 (95%

CI: 0.761–0.831). In the validation cohort, the C index was 0.671 (95% CI: 0.656–0.686).

The nomogram showed a stronger predictive ability than did TNM staging. Decision curve

analysis showed that the nomogram had value in terms of clinical application.

Conclusion: Our nomogram combined hematological biomarkers and clinical characteris-

tics and was highly effective in predicting OS in patients with non-metastatic colorectal

cancer. Hence, our nomogram may provide a reference tool for clinicians to guide indivi-

dualized treatment and follow-ups for patients with colorectal cancer.
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Introduction
Colorectal cancer (CRC) is the third most common malignant tumor in the world

and the second leading cause of cancer-related death worldwide.1 In China, there

were an estimated 376,300 newly diagnosed CRC cases and 191,000 CRC-related

deaths in 2015.2 Compared with rates in developed countries such as the United

States and Japan, the incidence and mortality of colorectal cancer in China have

increased compared to those in previous years.3 Despite considerable progress in
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surgery and chemotherapy in recent years, the prognosis of

CRC remains poor. Currently, the American Joint

Committee on Cancer (AJCC) TNM staging system is

a clinically and widely used staging system, This system

has value in predicting prognosis and in guiding treatment

for patients with CRC.4 However even if patients are in the

same stage and if similar treatment strategies are used,

survival outcomes may vary widely. Given the limitations

of the TNM staging system, establishing a better model to

predict the prognosis of patients undergoing radical resec-

tion of CRC is particularly important.

Obviously, due to the biological heterogeneity of tumors,

there are many factors affecting the prognosis of colorectal

cancer.5 In recent years, research has shown that blood bio-

markers are associated with prognosis of colorectal cancer.

These biomarkers include neutrophils, monocytes, lympho-

cytes, hemoglobin (HGB), lactate dehydrogenase (LDH),

and other hematological biomarkers.6,7 However, few studies

have conducted a comprehensive discussion of these hema-

tological biomarkers. Hence, the value of these markers in

determining the prognosis or the survival rate after CRC

surgery should be further evaluated. Combining the prognos-

tic factors of these hematological biomarkers, makes it pos-

sible to further improve the accuracy of CRC model

prediction.

A nomogram is a reliable statistical model that estab-

lishes a graphical predictive tool to predict tumor prog-

nosis by incorporating and screening for risk factors for

tumorigenesis. A number of studies have shown that

nomograms are prognostic in a variety of cancer popula-

tions and are more accurate than traditional TNM staging

systems. These populations include patients with CRC,

liver cancer, gastric cancer, and nasopharyngeal

carcinoma.8–11 Given the individualized predictive power

of this statistical tool. our present study combined hema-

tological biomarkers and clinical features to establish and

validate a nomogram for predicting overall survival (OS)

in patients undergoing CRC radical surgery, providing

a reference tool for clinicians to guide individualized treat-

ment and follow-ups for CRC patients.

Materials and Methods
Study Population
This study retrospectively analyzed 508 patients with radi-

cal resection of colorectal cancer at the Guangxi Medical

University Cancer Hospital from December 2011 to

December 2015. Simple random sampling was performed

by dividing these patients into a training cohort (n=355)

and validation cohort (n=153), yielding a 7:3 ratio between

these two groups. The inclusion criteria were as follows:

(1) Patients were older than 18 years; (2) patients under-

went radical resection(radical surgery is defined as com-

plete tumor resection and pathological examination

confirming R0 resection)without intestinal obstruction,

perforation, hemorrhage, or other complications. They

had histopathologically confirmed colorectal cancer,

including adenocarcinoma, showing mucus and cellular

cancer; and (3) laboratory tests were completed before

surgery. The exclusion criteria were as follows: (1)

Patients who received anti–inflammatory drugs (including

antibiotics) or immunosuppressive therapy (including ster-

oids) within there months before surgery, or who had

chronic inflammatory diseases including infection and

autoimmune diseases; (2) preoperative acceptance of any

anti-tumor treatment; (3) a history of other malignant

tumors; (4) incomplete clinical data; or(5) patients lost to

follow-up.

Clinical Data Collection
The clinical data were collected as follows: hematological

characteristics were obtained within one week before sur-

gery. These date included neutrophil counts, lymphocyte

counts, monocyte counts, and measurements of hemoglo-

bin, platelets, albumin, lactate dehydrogenase, CEA, and

CA199. Other clinical pathological data included gender,

age, tumor location, tumor diameter, degree of differentia-

tion, venous invasion, perineural invasion, and T and

N stages. In addition, we staged all patients according to

the seventh edition of the TNM staging system.4

Follow-Ups
Patients were followed up regularly according to the

National Comprehensive Cancer Network (NCCN) guide-

lines. All patients were followed up every 3–6 months for

the first two years, every six months within the third to

fifth years, and then annually thereafter. Follow-up assess-

ments included physical examinations and radiographic,

colonoscopy and serologic tests. The last follow-up time

was on August 1, 2019. The endpoint was the overall

survival rate (OS). OS was defined as the time from

surgery to death. In the training cohort, the median follow-

up time was 65 months, and the number of OS events was

82(23.10%) at the last follow-up. In the validation cohort,

the median follow-up time was 63 months, and the last

follow-up OS event was 30(19.61%).
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Statistical Analysis
Statistical analysis was performed using SPSS 23.0 (IBM,

Chicago, IL, USA) and R software (version 3.1.4; http://

www.Rproject.org). In addition to CEA, CA199, age, and

tumor diameter, the best cutoff for all hematological bio-

markers was obtained by X-tile 3.6.1 software (Yale

University, New Haven, CT, USA). The categorical vari-

ables are expressed in terms of frequency and percentage

and were compared using Chi-squared tests or Fisher exact

tests.

First, all patients were randomly divided into a training

cohort and a validation cohort in a ratio of 7:3. In the

training cohort, a Cox regression model was used to ana-

lyze the risk factors by univariate and multi-factor ana-

lyses. Variables with significant factors in univariate COX

analysis (P < 0.05) were included in multivariate analysis,

and progressive risk factors were determined by forward

stepwise selection. Then, we constructed a nomogram

showing the three-year and five-year survival rates based

on multivariate COX analysis results (using the rms pack-

age in R). In the training cohort and the verification cohort,

the prediction accuracy and discriminating ability of the

nomogram were evaluated, and Harrell’s C-index

(C-index)and calibration curves were used. The maximum

value of the C-index was 1.0, indicating that the predicted

probability perfectly matched the actual probability, and

0.5 represented a random chance that the model correctly

predicted the result. The nomogram and TNM staging

systems were compared using decision curves. Finally,

the total scores of each patient were calculated according

to the established Cox regression model. Three groups of

different prognostic risk subgroups (high risk, medium

risk, and low risk) were classified by the X-tile

procedure.12 The patient results (based on the total score)

were constructed using the Kaplan Meier method, and the

risk subgroups were classified as factors and compared by

Log rank test. All statistical tests were two-sided, and

P values less than 0.05 were statistically significant.

Ethical Statement
This retrospective study was approved by the Ethics

Committee of the Affiliated Tumor Hospital of Guangxi

Medical University, and the study was conducted in accor-

dance with the Declaration of Helsinki. Because this study

was based on reviewing data from anonymous patients and

did not involve patient intervention or the use of human

tissue samples, no informed consent was required.

Results
Basic Characteristics
A total of 508 patients were enrolled in the study, includ-

ing 355 patients in the training cohort and 153 patients in

the validation cohort. The baseline characteristics of each

group are shown in Table 1. In the training cohort, 170

patients (47.9%) were over 60 years old, 225 (63.4%) were

males, and171 (48.2%) patients were confirmed to have

colon cancer. Among them, 89 cases (25.1%) were in the

T1/T2 stage, 85 cases (23.9%) were in the T3 stage, 172

cases (48.5%) were in the T4 stage, 220 cases (62.0%)

were in the N0 stage, 81 cases (22.8%) were in the N1

stage, and 54 cases (15.2%) were in the N2 stage. The

median follow-up time was 65 months. The three-year and

five-year survival rates were 0.845 and 0.767, respectively.

We found that 82 patients (23.10%) had died at the last

follow-up. In the validation cohort, the distribution of

these features was almost the same as that in the training

cohort.

Univariate and Multivariate Analysis in the

Training Cohort
All available information, including clinicopathological

features and hematological biomarkers, were analyzed by

univariate and multivariate Cox regression analysis of date

from the 355 patients in the training cohort (Table 2). In

the univariate analysis, there was a significant correlation

between age, degree of differentiation, T stage, N stage,

venous invasion, perineural invasion, CEA, CA199, neu-

trophils, monocytes, HGB, LDH, and PNI. Multivariate

analysis was then performed to determine the factors that

were distinguished in the univariate analysis. The results

showed that age, differentiation, T stage, N stage, peri-

neural invasion, neutrophils, monocytes, HGB, and LDH

were independent risk factors for prognosis after radical

resection of colorectal cancer.

Development of the Nomograms
Independent risk factors for OS were determined accord-

ing to multivariate Cox regression analysis, and

a nomogram was constructed to predict the three-year

and five-year OS (Figure 1). In the training cohort, the

C-index was 0.796 (95% CI: 0.761–0.831), which was

higher than that of the TNM staging system (0.644, 95%

CI: 0.595–0.694, P < 0.001). The calibration curves of the

three-year and five-year OS were well matched to that of

the standard line (Figure 2A and B).
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Validation of the Nomograms
To further evaluate the predictive power, internal verifica-

tion was performed in the verification cohort. The C index

was 0.671 (95% CI: 0.656–0.686),which was better than

that of the TNM staging system (0.665, 95% CI: 0.584–

0.746). The calibration curves of the three-year and five-

year OS were well matched to that of the standard line

(Figure 2C and D).

Decision Curve Analysis
After determining the accuracy and discriminative ability

of the model, we performed clinical validation on the

nomogram through the validation cohort. The results

showed that the nomogram has a good clinical applicabil-

ity in predicting the survival of CRC because of its wide

range of threshold probabilities (Figure 3). In addition, the

nomogram had an advantage over traditional TNM staging

systems in predicting OS because the net benefit was

higher.

Table 1 Baseline Clinical Characteristics

Variable Training

Cohort (n =

355) No. (%)

Validation Cohort

(n = 153) No. (%)

Pa

Age(years) 0.476

≤ 60 185 (52.1) 85 (55.6)

> 60 170 (47.9) 68 (44.4)

Gender 0.488

Female 130 (36.6) 61 (39.9)

Male 225 (63.4) 92 (60.1)

Tumor location 0.440

Colon 171 (48.2) 68 (44.4)

Rectum 184 (51.8) 85 (55.6)

Tumor length (cm) 0.854

≤ 5 236 (66.5) 103 (67.3)

> 5 119 (33.5) 50 (32.7)

Differentiation 0.628

Poor/undifferentiated 30 (8.4) 17 (11.1)

Moderate 280 (78.9) 118 (77.1)

Well 45 (12.7) 18 (11.8)

T stage 0.326

T1/T2 89 (25.1) 32 (20.9)

T3 85 (23.9) 46 (30.1)

T4 172 (48.5) 75 (49.0)

N stage

N0 220 (62.0) 93 (60.8) 0.519

N1 81 (22.8) 41 (26.8)

N2 54 (15.2) 19 (12.4)

Venous invasion 0.019

Positive 100 (28.2) 28 (18.3)

Negative 255 (71.8) 125 (82.7)

Perineural invasion 0.447

Positive 248 (69.9) 112 (73.2)

Negative 107 (30.1) 41 (26.8)

CEA (ng/mL) 0.572

≤ 5 218 (61.4) 98 (64.1)

> 5 137 (38.6) 55 (35.9)

CA199 (U/mL) 0.589

≤ 37 307 (86.5) 135 (88.2)

> 37 48 (13.5) 18 (11.8)

Lymphocyte (×109 /L) 0.586

≤ 2.56 319 (89.9) 135 (88.2)

> 2.56 36 (10.1) 18 (11.8)

Monocyte (×109 /L) 0.121

≤ 0.26 35 (9.9) 23 (11.8)

> 0.26 320 (90.1) 135 (88.2)

(Continued)

Table 1 (Continued).

Variable Training

Cohort (n =

355) No. (%)

Validation Cohort

(n = 153) No. (%)

Pa

Neutrophil (×109 /L) 0.136

≤ 4.5 246 (69.3) 116 (75.8)

> 4.5 109 (30.7) 37 (24.2)

HGB (g/L) 0.051

≤ 133 258 (72.7) 98 (64.1)

> 133 97 (27.3) 55 (35.9)

Platelet (×109 /L) 0.055

≤ 246.28 128 (36.1) 69 (46.)

> 246.28 227 (63.9) 84 (54.0)

ALB (g/L) 0.158

≤ 37.20 80 (22.5) 26 (17.0)

> 37.20 275 (77.5) 127 (83.0)

LDH (U/L) 0.298

≤ 181 229 (64.5) 106 (69.3)

> 181 126 (35.5) 47 (30.7)

PNI 0.789

≤ 42.85 40 (11.3) 16 (10.5)

> 42.85 315 (88.7) 137 (89.5)

Note: aP-value between training and validation cohorts.

Abbreviations: CEA, carcinoembryonic antigen; CA199, carbohydrate antigen

199; HGB, hemoglobin; ALB, albumin; LDH, lactate dehydrogenase; PNI, prognostic

nutritional index.
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Table 2 Univariate and Multivariate Cox Hazards Analysis of Overall Survival in the Training Cohort

Variable Univariate Analysis Multivariate Analysis

HR (95% CI) Pa HR (95% CI) Pb

Age(years) 0.571(0.367–0.888) 0.013

≤ 60 vs > 60 0.579(0.366–0.915) 0.019

Gender 1.022 (0.652–1.602) 0.923

Female vs male

Tumor location 1.133 (0.733–1.750) 0.575

Colon vs Rectum

Tumor length (cm) 1.230 (0.787–1.922) 0.363

≤ 5 vs > 5

Differentiation 0.449(0.304–0.661) < 0.001

Poor/undifferentiated vs Moderate 0.331 (0.178–0.616) < 0.001

Poor/undifferentiated vs Well 0.174 (0.056–0.547) 0.003

T stage 2.065(1.504–2.834) < 0.001

T1/T2 vs T4 0.411 (0.204–0.825) 0.012

T3 vs T4 0.545 (0.239–0.683) 0.016

N stage 2.234(1.731–2.883) < 0.001

N0 vs N1 2.524 (1.475–4.319) 0.001

N0 vs N2 3.128 (1.770–5.526) < 0.001

Venous invasion 2.303 (1.489–3.564) < 0.001

Positive vs Negative

Perineural invasion 2.226 (1.436–3.451) < 0.001

Positive vs Negative 1.768 (1.114–2.805) 0.016

CEA (ng/mL) 2.058 (1.332–3.180) 0.001

≤5 vs > 5

CA199 (U/mL) 2.347 (1.404–3.922) 0.001

≤ 37 vs > 37

Lymphocyte (×109 /L) 2.24 (1.279–3.924) 0.005

≤ 2.56 vs > 2.56 2.375 (1.315–4.289) 0.004

Monocyte (×109 /L) 0.615 (0.333–1.134) 0.119

≤ 0.26 vs > 0.26

Neutrophil (×109 /L) 1.815 (1.172–2.813) 0.008

≤ 4.5 vs > 4.5 1.927 (1.212–3.062) 0.006

HGB (g/L) 0.551 (0.315–0.965) 0.037

≤ 133 vs > 133 0.494 (0.273–0.893) 0.020

Platelet (×109 /L) 0.915 (0.585–1.430) 0.696

≤ 246.28 vs > 246.28

ALB (g/L) 0.639 (0.394–1.036) 0.069

≤ 37.20 vs > 37.20

LDH (U/L) 2.070 (1.342–3.193) 0.001

≤ 181 vs > 181 1.883 (1.199–2.957) 0.006

PNI 0.455 (0.260–0.796) 0.006

≤ 42.85 vs > 42.85

Notes: aP-values were calculated using univariate Cox regression analysis. bP-values were calculated using the Cox proportional hazards model.

Abbreviations: CEA, carcinoembryonic antigen; CA199, carbohydrate antigen 199; HGB, hemoglobin; ALB, albumin; LDH, lactate dehydrogenase; PNI, prognostic

nutritional index; HR, hazard ratio; CI, confidence interval.
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Risk Stratification of OS
Patients were classified as low- (0–159 points), medium-

(160–219 points), and high-risk subgroups (220 points or

more) according to their nomogram scores. In the training

cohort, there were 209 patients in the low-risk group, 70

patients in the intermediate-risk group, and 58 patients in

the high-risk group. In the validation cohort, there were

83 patients in the low-risk group, 43 patients in the

intermediate-risk group, and 27 patients in the high-risk

group. There was a significant difference in the incidence

of OS between the subgroups, and the survival rate of the

high-risk subgroup was lower that than in the other

groups(P < 0.05) (Figure 4).

Discussion
In this study, a nomogram model for predicting OS in

patients undergoing radical resection of CRC was success-

fully established in combination with hematological bio-

markers and clinical features, and was further verified in

the validation cohort. This model had better predictive

performance than that of the seventh edition of the AJCC

TNM staging system.

In this study, we found hematological biomarkers

including neutrophils, monocytes, HGB, and LDH to be

independent risk factors for radical resection of CRC.

Tumor-associated inflammation is one of the key features

of cancer. In the case of body damage or pathogen inva-

sion, the local immune system activates and induces the

production of a large number of inflammatory cells (such

as macrophages, mast cells, neutrophils, lymphocytes and

other cells). In the tumor microenvironment, inflammatory

cells can secrete a variety of cytokines, chemokines and

cytotoxic mediators. These cells also induce cell carcino-

genesis, and promote tumor cell infiltration and

metastasis.13 Neutrophils are the first responding cells of

the inflammatory response. They can promote tumor

growth and induce adhesion and dissemination to distant

organs by secreting various cytokines, including matrix

metalloproteinase,14 chemokines15 and vascular endothe-

lial growth factor (VEGF).16 In the early stages of color-

ectal tumors, neutrophil infiltration is also involved,

because neutrophils infiltrate in colorectal adenomas

much more than in adjacent normal mucosa. The number

of neutrophils is positively correlated with the size of the

adenoma.17 At the same time, lymphocytes are also one of

Figure 1 Nomograms for predicting overall survival.

Abbreviations: HGB, Hemoglobin; LDH, lactate dehydrogenase.
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the main participants in the inflammatory response, but

their mechanism of action is still unclear. Previous studies

have confirmed a correlation with the prognosis of

a variety of tumors, including colorectal cancer.18 Studies

have shown that anemia is also a risk factor for poor

prognosis of cancer, and low levels of hemoglobin are

associated with decreased patient survival.19 Hypoxia

seems to be a factor influencing many types of cancer.

Hypoxia can promote changes in tumor cells, thereby

further prolonging the survival and malignant progression

of tumors. Anemia is the main cause of tumor hypoxia.20

Our results also suggest that low levels of hemoglobin are

associated with decreased survival in patients with color-

ectal cancer. Therefore, HGB seems to affect the survival

of tumors. Studies have shown that elevated levels of LDH

are associated with poor prognosis in various tumors.21

LDH has an inflammatory effect on the tumor microenvir-

onment, activates interleukin (IL)-23 and IL-17, regulates

Figure 2 The calibration curves for predicting the three- and five-year overall survival in the training (A, B) and validation (C, D) cohorts.
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the activity of arginase I, inhibits the activation of

CD8+ T lymphocytes and natural killer (NK) cells, and

helps cancer cells. evade the immune system.22 High

levels of LDH promote tumor progression by inhibiting

HIF-1 degradation and increasing vascular endothelial

growth factor (VEGF) production.23 Several recent studies

have also shown that LDH is a prognostic risk factor for

CRC,24,25 which is consistent with the results of our pre-

sent study.

Previous studies have also shown that the clinical

characteristics of patients are also factors in CRC

prognosis.8,26 In the present study, multivariate analysis

found that age, T stage, N stage, differentiation and

perineural invasion were independent risk factors for

Figure 3 Decision curve analysis for overall survival. Black line: All patients dead. Gray line: No patients died. Red line: Model of nomogram. Green line: Model of TNM

staging system.

Figure 4 Patients’ overall survival rates according to the nomogram model in the training (A) and validation (B) cohorts. The blue line denotes high-risk, the green line

denotes medium-risk, red line denotes low-risk.
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radical resection of CRC. Compared with the seventh

edition of the AJCC TNM staging, our nomogram

model exhibited better predictive performance. Zhang

et al developed a nomogram containing the biomarker

CEA to predict the OS of surgically resected CRC

patients with a C-index higher than that of the seventh

edition of the AJCC TNM staging system (0.710 vs

0.580).27 Fan et al Analyzed 13435 CRC patients and

established a nomogram that included preoperative car-

cinoembryonic antigens, pT stages, negative lymph node

counts, lymph node ratios (mLNR)and metastasis. The

results indicated that the nomogram outperformed the

AJCC stages with increased accuracy, net benefits and

risk-assessment ability.28 The advantages of our present

study include not only hematological biomarkers and

clinical features, but also individualized predictions for

patients. Due to the simple and graphical representation

of the nomogram statistical prediction model, nomo-

grams are usually based on the weight of the independent

variables. Nomograms simultaneously integrate multiple

independent variables in an easy-to-operate manner to

predict the probability of clinical events numerically. In

addition, in our present study, we divided patients into

high, medium and low OS risk subgroups according to

the nomogram total scores. There were significant differ-

ences in OS survival rates among the risk subgroups.

Therefore, the results show that nomograms had

a strong discriminating ability, and that patients with

different risks can be stratified separately to provide

patients with personalized treatment strategies and fol-

low-up programs.

Although our nomogram provides a useful reference tool

for clinicians, our research has several limitations. First,

because this is a single-center retrospective study, potential

biases cannot be ruled out. Second, our study did not eval-

uate the prognostic value of disease-free survival (DFS) in

patients with CRC, and the C-index decay in the validation

cohort is obvious, which may be due to the small sample

size. Third, we had an insufficient sample size that prevented

us from reaching more informative conclusions, and we only

used internal verifications. Hence, in our future studies, we

need to increase our sample sizes and incorporate external

verifications to evaluate the applicability of nomogram to

external populations.

In summary, we successfully established and vali-

dated a novel nomogram. This nomogram combined

hematological biomarkers and clinical features to pre-

dict OS in patients undergoing radical resection of

CRC, and it may provide a reference tool for clinicians

to guide CRC patients with personalized treatments and

follow-ups.
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