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Aim: Systemic inflammation has been implicated in the progression of patients with color
ectal cancer (CRC). We evaluated the prognostic ability of a comprehensive score based on 
several inflammatory indexes in operable CRC patients.
Patients and Methods: Between July 2013 and September 2017, this study retrospectively 
identified 1279 CRC patients receiving radical surgery in Wuhan Union Hospital and 
randomly assigned them into training (N=921) and validation (N=358) sets. A novel score, 
the CRC-specific inflammatory index (CSII), was developed from a series of inflammatory 
indexes significantly associated with survival in patients with CRC. This novel score was 
then divided into three categories and compared to the well-known systematic inflammatory 
index (SII) and TNM stage. Finally, a survival nomogram was generated by combining the 
CSII and other informative clinical features.
Results: The CSII-OS was calculated as 1.110×lg ALRI + 1.082×CAR + 0.792×PI, while 
CSII-DFS was 1.709×lg ALRI + 1.033×CAR based on multivariable Cox regression analy
sis. Patients with high CSII experienced a worse OS (HR=23.72, 95% CI, 11.30–49.78, 
P <0.001) and worse DFS (HR=15.62, 95% CI, 6.95–35.08, P <0.001) compared to those in 
CRC patients with low CSII. Moreover, ROC analyses showed that the CSII possessed 
excellent performance (AUC=0.859) in predicting OS and DFS. The AUC of the OS 
nomogram based on CSII, TNM stage, and chemotherapy was 0.897, while that of the 
DFS nomogram based on CSII, T stage, and TNM stage was 0.873. High-quality calibration 
curves in both OS and DFS nomograms were observed. Verification in the validation dataset 
showed results consistent with those in the training dataset.
Conclusion: The CSII is a CRC-specific prognostic score based on the combination of 
available inflammatory indexes. High CSII is a strong predictor of worse survival outcomes. 
The CSII also exhibits better predictive performance compared to SII or TNM stage in 
operable CRC patients.
Keywords: colorectal cancer, systemic inflammation, prognosis, CRC-specific inflammatory 
index, survival nomogram

Introduction
Colorectal cancer (CRC) is the second most common cause of cancer-related death 
in the United States.1 Approximately 147,950 new-onset cases and 53,200 deaths 
due to CRC are predicted the year of 2020.1 The genetic pathogenesis of CRC is 
complicated, with various gene mutations occurring in early-stage disease.2 Both 
KRAS and APC have high mutation rates among CRC patients, mutations that 
signify reduced survival times.3,4 Despite advances in surgical treatment and 
chemoradiotherapy, the long-term prognosis of patients with CRC is still not 

Correspondence: Rui Zhu  
Department of Pediatric, Zhongnan 
Hospital of Wuhan University, No. 169 
Donghu Road, Wuhan 430071, People’s 
Republic of China  
Email zhurui1226@126.com

Journal of Inflammation Research                                                         Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Journal of Inflammation Research 2020:13 659–671                                                          659

http://doi.org/10.2147/JIR.S271541 

DovePress © 2020 Huang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Jo
ur

na
l o

f I
nf

la
m

m
at

io
n 

R
es

ea
rc

h 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

mailto:zhurui1226@126.com
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


optimistic.5 Therefore, the identification of a novel prog
nostic biomarker for better risk stratification is imperative.

The systematic inflammatory response is mainly gen
erated by innate immune cells and contributes to CRC 
induction and progression.6,7 This inflammatory response 
can be reflected by a series of hematological indexes, 
including platelets, monocytes, basophils,8 neutrophil-to- 
lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio 
(MLR), platelet-to-lymphocyte ratio (PLR), and 
C-reactive protein (CRP)/prealbumin,9 some of which are 
closely associated with survival in patients with CRC.10,11 

As the interplay between tumor, inflammation, and immu
nity depends on a complex network,12,13 the clinical use
fulness of a single biomarker is more or less limited by 
low predictive efficiency. Hence, the combination of 
immune-inflammatory indexes could reflect systematic 
inflammation status to refine prognostic performance.

However, no combined inflammatory score has been spe
cifically designed for prognostic stratification in patients with 
operable CRC. Moreover, previous studies14,15 assessing the 
prognostic values of inflammatory markers were generally 
based on small sample size, with limited confidence in their 
conclusions. Hence, the present study initially created and 
validated a novel CRC-specific inflammatory index (CSII) 
from a sufficient sample of patients with operable CRC. We 
then compared the predictive value of the CSII to those of the 
SII and TNM staging system for the prediction of overall 
survival (OS) and disease-free survival (DFS). Finally, we 
combined the novel index with other common clinical vari
ables to create and verify a survival nomogram for the pre
diction of OS and DFS in patients with operable CRC.

Patients and Methods
Study Population
We retrospectively reviewed a CRC database16 of 3500 
patients treated at Wuhan Union Hospital from July 2013 
to September 2017.16 The patients included in our study 
were staged by computed tomography (CT) before sur
gery, with additional information obtained from patholo
gical reports issued after surgery. The inclusion criteria 
were (1) CRC confirmed by pathology; (2) CRC patients 
without distant metastasis; and (3) patients treated with 
surgical therapy. The exclusion criteria were (1) patients 
with CRC administered anti-inflammatory agents before 
surgical excision; (2) CRC patients complicated with acute 
infection, chronic infection or hematologic diseases; and 
(3) CRC patients lacking critical clinical or follow-up data.

Finally, a total of 1279 operable CRC patients with 
intact clinical and follow-up data were included in this 
study and randomly classified into the training (N=921) 
and validation (N=358) groups. All patients included in 
this study provided informed consent, in accordance with 
the Declaration of Helsinki. The study plan was reviewed 
and successfully approved before research initiation by the 
Ethics Administration Office of Wuhan Union Hospital 
(No. 2018-S377).

Data Collection
The clinical information of operable CRC patients was 
retrospectively extracted from the “Biological big data 
platform for individualized diagnosis and treatment of 
colorectal cancer” (No.2019SR1267841). We obtained 
blood routine and biochemistry test findings from the 
first admission day. The following clinical along with 
pathological information was automatically collected 
from this platform: age, gender, tumor site, family history 
of cancer, histological grade, tumor size, vascular inva
sion, circumferential resection margin, T stage, N stage, 
TNM stage, adjuvant radiotherapy, recurrence, death, and 
a series of inflammatory indexes. After surgical resection, 
follow-up was implemented every 3 months for the first 2 
years and every 6 months in the third to fifth years. The 
primary endpoint of this study was OS and the secondary 
endpoint was disease-free survival (DFS). OS was defined 
as the period from the data of operation to the date of 
death by any cause. DFS was calculated from date of 
operation until date of death from recurrent or progression.

Evaluation of the Systematic Inflammatory 
Indexes
Blood routine and chemistry profiles were routinely mea
sured for each CRC patient on admission. The systematic 
inflammatory indexes in the present study comprised the 
NLR (neutrophil-lymphocyte ratio), PLR (platelet- 
lymphocyte ratio), MLR (monocyte-lymphocyte ratio), 
SII (systemic immune-inflammation index), ALRI (aspar
tate aminotransferase to lymphocyte ratio), CAR 
(C-reactive protein-albumin ratio), GPS (Glasgow prog
nostic score), mGPS (modified Glasgow prognostic 
score) and PI (prognostic index). NLR was defined as the 
ratio of neutrophil to lymphocyte ratio; PLR was defined 
as the ratio of platelet to lymphocyte; MLR was calculated 
by dividing monocyte by lymphocyte; SII was platelet 
counts × neutrophil counts/lymphocyte counts; ALRI 
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referred to the ratio of aspartate aminotransferase to lym
phocyte; CAR was calculated by C-reactive/protein- 
albumin. The cut-off values of the above inflammatory 
indexes were identified by X-tile software.17 Moreover, 
GPS, mGPS and PI were defined and categorized accord
ing to the previous studies.18,19

Statistical Analyses
SPSS 23.0, X-tile 3.6.1, and R 3.3.1 were used to perform 
the statistical analyses. Continuous variables were sum
marized as means together with standard deviations or 
interquartile ranges depending on the distribution of the 
data, and as frequencies along with percentages for bin
ary variables. To construct a novel inflammatory score 
specific to CRC, multivariate Cox regression was 
employed to select single inflammatory indexes signifi
cantly associated with OS or DFS (P<0.05). The training 
set was applied to develop the novel inflammatory score 
based on the β-coefficients from the multivariable Cox 
analysis. The CSII was divided into three risk groups 
(low risk, intermediate risk, and high risk) using the 
50th and 85th percentiles as cutoffs.20 Receiver operating 
characteristic (ROC) analyses were then performed to 
assess the predictive abilities of CSII, SII, and TNM 
stage for the prediction of survival outcomes. Moreover, 
we combined CSII with other clinical features with 
P<0.05 generated by the multivariate Cox regression to 
construct a survival nomogram. Td-ROC curves were 
drawn to assess the prognostic performance of survival 
nomogram for 1-year, 3-year and 5-year prediction. 
Calibration ability refers to the predictive accuracy of 
event probabilities and was assessed with calibration 
curves in which predicted outcomes versus observed out
comes. P <0.05 on both sides represented statistically 
significant differences.

Results
Patient Clinical Features
A total of 1279 patients with CRC (763 men and 516 
women) met the inclusion criterion and were enrolled in 
this study. The detailed flow of patient selection is shown 
in Figure 1. According to the TNM stage 8th edition, 197, 
502, and 580 cases were stage I, II, and III, respectively. 
Adjuvant chemotherapy was administered to 650 patients 
and 57 cases experienced systemic radiotherapy. The mean 
OS and DFS were 29.7 (22.5, 40.3) months and 20.8 (13.4, 
30.6) months, respectively. The cutoff values for systemic 

inflammatory indicators were determined by the X-tile 
software. Based on these cutoff values, all systemic 
inflammatory indicators included in this study were statis
tically associated with OS (Figure S1) and DFS (Figure 
S2) in CRC patients.

Creation of the Novel Inflammatory 
Index
To establish and further validate the novel CSII CRC- 
specific inflammatory index, we randomly split the 
whole study population into training (N=921) and vali
dation (N=358) sets. As clearly exhibited in Table S1, 
we observed no obvious differences in clinical features 
between the datasets. For the creation of the CSII, we 

Figure 1 Flow chart of patient selection.
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selected only informative inflammatory indexes signifi
cantly related to OS or DFS by Cox regression. As 
shown in Table S2, higher ALRI, CAR, and PI were 
independent risk factors for poorer OS and ALRI with 
CAR was an independent risk factor for unfavorable 
DFS. Hence, based on the β coefficient, the CSII for 
OS (CSII-OS) was generated: 1.110×lg ALRI + 
1.082×CAR + 0.792×PI. The CSII for DFS (CSII- 
DFS) was 1.709×lg ALRI+ 1.033×CAR. As illustrated 
in Figure S3, CRC patients with high ALRI, CAR, or PI 
showed higher CSII-OS or CSII-DFS scores compared 
to those in the low group. In addition, analysis of 
variance was utilized to investigate the association 
between CSII-OS or CSII-DFS and clinical features 
among groups showed that both CSII-OS and 
CSII-DFS were significantly related to tumor differen
tiation (PCSII-OS=0.0434, PCSII-DFS=0.0422), TNM 
stage (PCSII-OS=0.0213, PCSII-DFS=0.0223), and T stage 
(PCSII-OS=0.0012, PCSII-DFS=0.0005) (Figure S4)

Comparisons of the CSII to the SII and 
TNM Stage
The 50th and 85th percentiles were used as cutoffs to 
classify the CSII, CSII-OS (2.24, 5.32), and CSII-DFS 
(2.63, 5.08) into three categories in the training and vali
dation datasets. As reflected by the Kaplan–Meier survival 
curves, CRC patients with high or intermediate CSII-OS 
exhibited worse OS both in the training (Figure 2A) and 
validation (Figure 2B) datasets. Similarly, CRC patients 
with high or intermediate CSII-DFS showed more unfa
vorable DFS in both in the training (Figure 2C) and 
validation (Figure 2D) datasets. ROC analyses were 
further applied to assess the predictive significance of the 
CSII in predicting survival and comparing to both SII and 
TNM stage. The predictive ability of CSII as measured by 
AUC in predicting OS was 0.859 in the training set 
(Figure 3A) and 0.859 in the validation set (Figure 3B). 
Similarly, the CSII also showed remarkable performance 
in the prediction of DFS among CRC patients, as reflected 

Figure 2 Kaplan–Meier curves for colorectal cancer (CRC) patients stratified by CRC-specific inflammatory index (CSII). CRC patients with low risk stratified by CSII had 
a more favorable overall survival (OS) than those in patients with intermediate or high risks in the training (A) and validation (C) sets. Moreover, CRC patients with low risk 
stratified by CSII experienced longer disease-free survival (DFS) than that in patients with intermediate or high risks in the training (B) and validation (D) sets.
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by the AUC of 0.862 in the training set (Figure 3C) and 
0.781 in the validation set (Figure 3D). The AUCs of SII 
and TNM for OS were 0.592 and 0.656 in the training set 
and 0.614 and 0.660 in the validation set, respectively 
(Figure 3). The AUCs of the SII and TNM for DFS were 
0.559 and 0.574 in the training set and 0.555 and 0.561 in 
the validation set, respectively. Thus, we concluded that 
the performance of the CSII in predicting both OS and 
DFS was superior to those of the SII and DFS.

Construction and Validation of a Survival 
Nomogram
Based on the multivariate Cox results for OS (Table 1), 
three variables were eventually included in the OS nomo
gram: CSII, TNM stage, and chemotherapy (Figure 4A). 
The overall ability of the survival nomogram to predict OS 
among operable CRC patients was 0.897 in the training set 

(Figure 3A) and 0.873 in the validation set (Figure 3B). 
Furthermore, time-dependent (td)-ROC analyses were also 
exploited to estimate the efficiency of the nomogram in 
predicting 1-year, 3-year and 5-year OS. In the evaluation 
of the 1-, 3-, and 5-year survival rates, the predictive 
power of the survival nomogram as measured by AUCs 
were 0.854, 0.857, and 0.883 in the training set (Figure 
5A) and 0.879, 0.891 and 0.910 in the validation set 
(Figure 5B), respectively. Moreover, the calibration curves 
(Figure 6A–F) of the survival nomogram showed that the 
predicted survival rates calculated by the survival nomo
gram were highly comparable to the actual values, indicat
ing the reliable repeatability of the survival nomogram 
for OS.

For DFS (Table 2), the nomogram incorporated three 
informative variables (T stage, TNM stage, and CSII) 
(Figure 4B). The overall predictability of the survival 
nomogram in predicting DFS among operable CRC 

Figure 3 Receiver operating characteristic (ROC) curves of CRC-specific inflammatory index (CSII), systematic inflammatory index (SII), TNM stage, and the nomogram. 
The prognostic significance and predictive performance of the CSII, SII, TNM stage, and nomogram in predicting overall survival (OS) in the training (A, C) and validation (B, 
D) sets, respectively.
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Table 1 Univariate and Multivariate Analyses of Factors Associated with OS

Univariate Analysis Multivariate Analysis

HR (95% CI) P value HR (95% CI) P value

Age (years)

≥60 1.34 (0.92–1.95) 0.123
<60 Ref. –

Sex, male 1.04 (0.72–1.52) 0.822

Primary site

Left colon 1.44 (0.93–2.23) 0.104 1.24 (0.79–1.96) 0.347
Right colon 2.05 (1.31–3.23) 0.002 1.46 (0.90–2.37) 0.129

Rectum Ref. – Ref. –

Family history of cancer 2.82 (1.04–7.64) 0.042 2.01 (0.74–5.51) 0.173

Histological grade
Well differentiated Ref. –

Moderately differentiated 0.88 (0.55–1.42) 0.605

Poorly differentiated 1.01 (0.45–2.27) 0.992

Tumor size
<2cm Ref. –

2–5cm 0.76 (0.33–1.76) 0.519

≥5cm 1.29 (0.55–2.99) 0.560

Vascular invasion

Yes 1.22 (0.77–1.95) 0.399
No Ref. –

Circumferential resection margin
Yes 0.91 (0.13–6.48) 0.920

No Ref. –

T stage

T1 Ref. – Ref. –

T2 0.98 (0.31–3.08) 0.973 0.81 (0.25–2.62) 0.718
T3 1.63 (0.59–4.50) 0.318 1.29 (0.43–3.90) 0.647

T4 4.74 (1.71–13.13) 0.003 2.36 (0.77–7.19) 0.132

N stage

N0 Ref. – Ref. –

N1 0.52 (0.21–1.62) 0.239 0.52 (0.21–1.25) 0.144
N2 0.75 (0.47–1.21) 0.385 0.75 (0.34–1.66) 0.479

N3 2.08 (1.17–4.45) 0.035 1.19 (0.46–3.06) 0.717

TNM stage

Stage I Ref. – Ref. –

Stage II 1.49 (0.65–3.41) 0.351 1.28 (0.51–3.21) 0.596
Stage III 4.44 (2.05–9.61) <0.001 4.48 (1.89–10.59) 0.001

Adjuvant chemotherapy
Yes 0.54 (0.37–0.80) 0.002 0.45 (0.28–0.72) 0.001

No Ref. – Ref. –

Radiotherapy

Yes 1.12 (0.46–2.75) 0.801

No Ref. –

(Continued)
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patients was 0.871 in the training set (Figure 3B) and 
0.788 in the validation set (Figure 3D). The td-ROC 
curves (Figure 5C and D) demonstrated the good accuracy 
of the survival nomogram for 1-, 3- and 5-year DFS 
prediction in both the training (AUC 0.878, 0.855, and 

0.895, respectively) and validation (AUC 0.870, 0.855, 
and 0.818, respectively) sets. The DFS nomogram showed 
good calibration, as reflected by the calibration curves 
(Figure 6G–L). The survival nomogram based on CSII 
and other significant features showed better discriminatory 

Table 1 (Continued).  

Univariate Analysis Multivariate Analysis

HR (95% CI) P value HR (95% CI) P value

CSII
Low Ref. – Ref. –

Intermediate 6.57(3.10–13.91) <0.001 6.51 (3.07–13.80) <0.001

High 23.72 (11.30–49.78) <0.001 19.01 (9.00–40.12) <0.001

Figure 4 Evaluation of overall survival (OS) and disease-free survival (DFS)-associated nomograms for operable patients with colorectal cancer (CRC). OS nomogram 
integrating the CSII, TNM stage, and chemotherapy for predicting 1-, 3- and 5-year OS rates (A). DFS nomogram integrating T stage, CSII, and TNM stage for predicting 1-, 
3- and 5-year DFS rates (B).
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ability in terms of OS and DFS between high- and low-risk 
patients with CRC.

Discussion
The major fraction of CRC cases is related to environ
mental factors rather than genetic changes.21 Recent 
work has emphasized the role of chronic inflammation 
in colon tumorigenesis, including initiation, progression, 
and metastasis.22 Systematic inflammatory response is 
involved in CRC occurrence and progression; however, 
the prognostic significance of inflammatory indexes in 
CRC patients has not been fully elucidated. To avoid 
fragmented knowledge regarding systemic inflammation, 
we aimed to create a novel inflammation-based score 
incorporating significant hematological indexes. To our 
knowledge, this study is the first to demonstrate the 
prognostic significance of a combined score (CSII) was 
specific to CRC. The CSII showed the highest relative 
influence on both OS and DFS, as proven by multivariate 
Cox regression. Moreover, this novel biomarker was 

superior to the SII and TNM stage for the prediction of 
OS and DFS in patients with CRC. More importantly, the 
survival nomogram incorporating CSII and other signifi
cant clinical variables showed a higher predictive ability 
for OS and DFS in CRC patients than any other single 
index. Hence, we concluded that the CSII is a reliable 
prognostic factor in patients with operable CRC.

Cancer-associated inflammation refers to the infiltration 
of inflammatory cells and the production of inflammatory 
mediators in cancerous tissues.23 Cancer-associated inflam
mation is evaluated based on the morphological character
istics of inflammatory cells in hematoxylin and eosin 
(H&E)-stained slides.24 Although reliable, this method is 
inconvenient and invasive. Moreover, this method is per
formed postoperatively, while measuring noninvasive bio
markers before surgery is of great significance. Clinicians 
have increasingly focused their attention on the association 
between inflammatory indexes and prognosis in patients 
with CRC.25–30 Among these indexes, the SII is reportedly 
the most relevant biomarker for this purpose.
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Figure 5 Time-dependent receiver operating characteristic (ROC) curves for the overall survival (OS) and disease-free survival (DFS)-associated nomograms for predicting 
1-, 3- and 5-year survival rates. Time-dependent ROC curves from the nomograms for the prediction of OS and DFS rates in the training (A, B) and validation (C, D) sets, 
respectively.
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The association between SII and prognosis in patients 
with CRC has been well studied. Chen et al15 reported that 
an SII cutoff value of 340 was an independent risk factor 
for worse OS and DFS in patients with CRC. Saori et al31 

divided the SII into three categories and reported more 
unfavorable survival in CRC patients with high or inter
mediate SII compared to that in patients with low CRC. 
Moreover, Xie et al32 demonstrated that the high SII was 
independently correlated with unfavorable OS in patients 

with metastatic CRC. However, two clinical studies33,34 

investigating the prognostic significance of the SII in CRC 
patients receiving neoadjuvant chemoradiotherapy showed 
that the SII was not an independent predictor for OS or 
DFS. In addition, a recent study7 with 408 CRC patients 
reported that SII was not associated with OS or DFS in 
multivariate Cox regression analyses. Our study also 
assessed the prognostic value of the SII in patients with 
CRC, finding that the predictive ability as reflected by the 
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Figure 6 Calibration curves for 1-, 3-, and 5-year nomogram predictions. The calibration curves for predicting overall survival (OS) in colorectal cancer (CRC) patients at 1 
(A), 3 (B), and 5 (C) years in the training set and at 1 (D), 3 (E), and 5 (F) years in the validation set. The calibration curves for predicting disease-free survival (DFS) in CRC 
patients at 1 (G), 3 (H), and 5 (I) years in the training set and at 1 (J), 3 (K), and 5 (L) years in the validation set.
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Table 2 Univariate and Multivariate Analyses of Factors Associated with DFS

Univariate Analysis Multivariate Analysis

HR (95% CI) P value HR (95% CI) P value

Age (years)

≥60 1.35 (0.86–2.13) 0.190
<60 Ref. –

Sex, male 1.31 (0.81–2.09) 0.269

Primary site

Left colon 1.48 (0.88–2.49) 0.140
Right colon 1.67 (0.94–2.95) 0.078

Rectum Ref. –

Family history of cancer 7.14 (0.98–51.35) 0.054

Histological grade
Well differentiated Ref. –

Moderately differentiated 1.14 (0.60–2.18) 0.683

Poorly differentiated 2.04 (0.84–4.92) 0.114

Tumor size
<2cm Ref. –

2–5cm 1.14 (0.35–3.69) 0.824

≥5cm 1.45 (0.44–4.73) 0.540

Vascular invasion

Yes 1.13 (0.63–2.03) 0.671
No Ref. –

Circumferential resection margin
Yes 1.42 (0.23–10.08) 0.653

No Ref. –

T stage

T1 Ref. – Ref. –

T2 1.54 (0.0.38–6.53) 0.556 1.60 (0.34–7.44) 0.549
T3 1.67 (0.37–7.62) 0.510 1.17 (0.26–5.19) 0.836

T4 7.17 (1.73–29.65) 0.007 3.92 (1.03–16.91) 0.038

N stage

N0 Ref. – Ref. –

N1 0.68 (0.31–1.53) 0.234 0.64 (0.25–1.61) 0.344
N2 1.56 (0.72–3.43) 0.125 0.58 (0.20–1.69) 0.320

N3 2.70 (1.15–5.88) 0.010 0.78 (0.26–2.32) 0.655

TNM stage

Stage I Ref. – Ref. –

Stage II 1.59 (0.54–4.73) 0.403 1.12 (0.32–3.93) 0.862
Stage III 4.96 (1.80–13.69) 0.002 3.05 (1.07–10.67) 0.040

Adjuvant chemotherapy
Yes 0.66 (0.16–2.71) 0.569

No Ref. –

Radiotherapy

Yes 0.46 (0.28–0.76) 0.002 0.71 (0.40–1.25) 0.231

No Ref. – Ref. –

(Continued)
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AUC for OS was 0.592 and 0.614 in the training and 
validation sets, and was 0.559 and 0.555, respectively, 
for DFS. Thus, the SII, which was derived from liver 
cancer, was not a reliable prognostic factor in patients 
with CRC. In contrast, the CSII was specially designed 
for CRC based on 1279 cases and was a powerful prog
nostic index both for OS and DFS. Encouragingly, CSII 
exhibited more excellent performance in predicting OS 
and DFS compared to the SII in patients with CRC in 
both the training and validation sets.

The TNM staging system has been widely utilized for 
prognostic prediction in patients with CRC based on the 
invasion extent of the primary tumor, lymph node status, 
and distant metastasis.18 As the TNM stage mainly repre
sents the biological behavior of CRC, it might not accu
rately identify patients at high risk of cancer death or 
tumor recurrence. The prognosis of patients with CRC is 
associated not only with the clinicopathological features 
and interventional therapies but also with host inflamma
tory response.35–37 The CSII is a combined score based on 
a series of informative inflammation indexes that reflect 
tumor immune response and host inflammation status. The 
ROC analyses showed a better predictive performance for 
the prediction of OS or DFS for CSII than for TNM stage, 
indicating that the CSII could serve as a complementary 
biomarker to TNM stage for risk stratification. In addition, 
the CSII combined with other significant variables to cre
ate a survival nomogram showed a more powerful ability 
for the prediction of OS or DFS compared to CSII or TNM 
stage alone, implying that the combination of indexes 
reflecting host inflammatory status and important clinical 
features might be useful to accurately predict prognosis in 
patients with CRC.

Despite the relatively large sample size, this clinical 
research study has three obvious limitations. First, this 
retrospective study was carried out in a single center and 
lacked external validation. Second, although we collected 
hematological information for each patient on admission 

prior to surgical treatment, the levels of inflammatory 
indexes varied over time and dynamic monitoring of 
these inflammatory indexes may be more precise. Lastly, 
we did not evaluate the impact of gene profiling related to 
inflammatory pathways due to the lack of related medical 
records. Large-scale clinical studies with more clinical and 
genetic features performed in multiple centers are needed 
to validate our conclusions.

Conclusions
We developed a novel inflammatory score based on 
a series of single inflammatory indexes significantly asso
ciated with the survival of operable CRC patients. The 
CSII outperformed the well-known SII inflammatory 
index and could be an effective biomarker for predicting 
the prognosis of operable CRC patients. Moreover, the 
survival nomogram combining CSII with significant clin
ical features provided added prognostic value for predict
ing survival outcomes among these patients. However, 
larger-scale prospective trials are warranted to validate 
our results.

Abbreviations
CSII, CRC-specific inflammatory index; CRC, colorectal 
cancer; OS, overall survival; DFS, disease-free survival; 
NLR, neutrophil-lymphocyte ratio; PLR, platelet- 
lymphocyte ratio; LMR, monocyte-lymphocyte ratio; SII, 
systemic immune-inflammation index; ALRI, aspartate 
aminotransferase to lymphocyte ratio; CAR, C-reactive pro
tein-albumin ratio; GPS, Glasgow prognostic score; mGPS, 
modified glasgow prognostic score; PI, prognostic index.
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