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INTRODUCTION  
 

Colorectal cancer (CRC) is still a major health burden 

worldwide, it ranks as the third leading cause of cancer 

death, with an estimated 881,000 deaths in 2018 [1]. 

According to the SEER cancer statistics in 2017, the 

stage I/II CRC patients (Localized stage) account for 

about 40%, and about 35% for stage III patients 

(Regional stage) [2]. Surgical intervention is the basis of 

curative treatment for CRC, however, about 13.6% of 

stage II CRC patients and 21.5% of stage III CRC 

patients develop relapse after surgery [3].  Chemotherapy  

 

may be given after surgical resection to eradicate the 

remaining cancer cells. For stage III CRC, post-surgical 

chemotherapy is now the standard treatment [4], but the 

benefit of post-surgical chemotherapy remains 

controversial in stage II CRC. QUASAR trial reveals that 

chemotherapy with fluorouracil and folinic acid could 

improve outcomes in stage II CRC, but the absolute 

improvements are small, indicating that the decision to 

provide post-surgical chemotherapy in stage II CRC 

needs to be more cautious [5]. With the early screening 

of tumors worldwide, cancer patients are becoming 

younger, and more CRC patients are diagnosed in the 
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ABSTRACT 
 

The management of stage II colorectal cancer is still difficult . We aimed to construct a new immune cell-
associated signature for prognostic evaluation and guiding chemotherapy in stage II colorectal cancer. We used 
the ά/Ŝƭƭ Type Identification by Estimating Relative Subsets of RNA ¢ǊŀƴǎŎǊƛǇǘǎέ (CIBERSORT) method to 
estimate the fraction of 22 immune cells by analyzing bulk tumor transcriptomes and a LASSO Cox regression 
model to select the prognostic immune cells. A 12-immune cell prognostic classifier, ISCRC, was built, which 
could successfully discriminate the high-risk patients in the training cohort (GSE39582: HR = 3.16, 95% CI: 1.85ς
5.40, P < 0.0001) and another independent cohorts (GSE14333: HR = 3.47, 95% CI: 1.18ς10.15, P =0.0167). The 
receiver operating characteristic analysis revealed that the AUC of the ISCRC model was significantly greater 
than that of oncotypeDX model (0.7111 versus 0.5647, p=0.0152). We introduced the propensity score 
matching analysis to eliminate the selection bias; survival analysis showed relatively poor prognosis after 
chemotherapy in stage II CRC patients. Furthermore, a nomogram was built for clinicians and did well in the 
calibration plots. In conclusion, this immune cell-based signature could improve prognostic prediction and may 
help guide chemotherapy in stage II colorectal cancer patients. 
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early tumor stage [2], exacerbating the dilemma for 

treatment of stage II CRC patients. Thus, there is an 

urgent need to construct new prognostic markers in stage 

II CRC to discriminate the patients who may benefit from 

post-surgical chemotherapy. 

 

The tumor is highly heterogeneous, as is stage II CRC. 

The disparities in CRC survival and the benefit of post-

surgical chemotherapy may be related to the complex 

mechanism of tumorigenesis and development. 

Chromosomal instability and somatic mutation are 

critical genetic factors implicated in tumorigenesis  

[6ï8]; and mis-match repair (MMR) has been extensively 

investigated in CRC. Studies show that CRC patients 

with microsatellite instability (MSI) tumors are 

associated with favorable outcomes, compared with the 

patients with microsatellite stable (MSS) tumors [9, 10]. 

However, MMR status cannot predict the benefits of 

chemotherapy in stage II CRC, nor can KRAS or BRAF 

mutations [11]. Recently, gene expression profiles have 

shown great promise in prognosis assessment. Several 

gene signatures have been built to evaluate patientsô 

prognosis, as well as predict the benefit of chemotherapy 

[12ï17]. However, few have been applied clinically and 

the robustness and reliability still need further evaluation. 

The most widely used gene signature is the OncotypeDX 

colon cancer assay [18, 19], which has been 

commercialized since 2010 and is mainly used to predict 

the recurrence risk in stage II CRC [20, 21]. Thus, there 

is of great clinical significance to identify novel 

molecular markers from a new perspective.  

 

The role of tumor-infiltrating immune cells is currently 

getting increasing attention in cancer research. As one of 

the pivotal components of the tumor microenvironment, 

tumor-infiltrating immune cells exert their patho-

physiological functions through reciprocal communica-

tion with neoplastic cells [22, 23]. Tumor-infiltrating 

immune cells are consist of both mononuclear and 

polymorphonuclear immune cells, such as macrophages, 

T cells, B cells, natural killer cells, etc. Studies reveal that 

the abundance of tumor-infiltrating immune cells is 

closely related to tumor stage and has significant tumor 

specificity [24ï26]. The prognostic value of tumor-

infiltrating immune cells has also been investigated in 

various cancers, and the intra-tumoral ɔŭ T-cell signatures 

have emerged as the most significant favorable cancer-

wide prognostic populations [23, 25, 27, 28]. Besides, 

immune cells are also implicated in chemotherapeutic 

response in cancer, and macrophages are found to reduce 

chemotherapy sensitivity [29, 30].  

 

Comprehensive quantification of the immune cell 

infiltrates in tumors can be accessed by multiple 

computational analyses of the gene expression profiles, 

which are relatively easy to obtain from the accumulating 

public microarray data and RNA sequencing data of 

human tumors [31]. The algorithm of ñCell Type 

Identification by Estimating Relative Subsets of RNA 

Transcriptsò (CIBERSORT) is the current most accurate 

and extensively used computational algorithm available 

for enumeration of various immune cell types [32, 33]. In 

our study, CIBERSORT was used to assess the 

distribution of 22 immune cells from tumor RNA 

transcripts, and then the least absolute shrinkage and 

selection operator method (LASSO) method was 

introduced to construct a 12-immune cell signature to 

predict disease-free survival (DFS) and assist in 

evaluating the benefit of chemotherapy for stage II CRC 

patients. 

 

RESULTS 
 

Development and validation of the ISCRC model 
 

The LASSO Cox regression was introduced to 

interrogate the relevance between 22 immune cells and 

the patientsô survival in the training cohort-GSE39582, 

(Supplementary file 1 and Supplementary Figure 1), and 

a 12-immune cell model was identified, which was 

significantly associated with DFS of stage II CRC. The 

12 immune cells and associated coefficients generated 

through LASSO analysis were shown in Supplementary 

file 2 and Supplementary Table 1. The immune scores for 

CRC patients, namely ISCRC, were calculated based on 

the fractions of 12 immune cells in each sample and the 

associated coefficients, and the formula of calculation 

was shown in Supplementary files 3 and Supplementary 

Table 2. A dichotomous ISCRC was adopted in survival 

analysis, based on the optimum cut-off value of ISCRC 

(0.7473), patients were divided into low- and high-

ISCRC groups. The Kaplan-Meier survival analysis 

revealed that patients in the high-ISCRC group had worse 

outcomes compared with the low-ISCRC group [hazard 

ratio (HR) =3.16, 95% confidence interval (CI) =1.85-

5.40, P < 0.0001; Figure 1A]. The efficacy of the ISCRC 

model for the prognosis prediction in stage II CRC 

patients was further validated in another independent 

dataset GSE14333. Patients were also classified into two 

subgroups using the same cut-off value (0.7473), and it 

generated consistent results (HR=3.47, 95% CI=1.18-

10.15, P = 0.0167, Figure 1B). We also validated the 

ISCRC model in the combined cohort of GSE39852 and 

GSE14333, and a significantly different prognosis can be 

seen between low- and high-ISCRC groups (HR=3.35, 

95% CI=2.09-3.93, P < 0.0001, Figure 1C).  

 

In the univariate Cox regression model, the ISCRC 

classifier was found to be a strong variable correlated 

with CRC recurrence in both training and validation 

cohorts (GSE39582: HR=3.1630, P <0.0001; 

GSE14333: HR=3.4460, P = 0.0234, Figure 2A). After 
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adjustment for the common clinical covariates, including 

age, sex, and chemotherapy, multivariate Cox regression 

analysis demonstrated that the ISCRC classifier 

remained an independent prognostic factor for DFS in 

the training dataset (GSE39582: HR=3.51, 95%CI=2.03-

6.06, P < 0.0001; Figure 2B) and the validation dataset 

(GSE14333: HR=3.05, 95%CI=1.02-9.16, P = 0.0468; 

Figure 2C). To investigate the sensitivity and specificity 

of survival prediction, the receiver operating 

characteristic (ROC) analysis was also performed to 

calculate the area under ROC curve (AUC) of the 

ISCRC model. Supplementary file 4 and Supplementary 

Figure 2 showed that our ISCRC model owned 

considerable predicted power of prognostic evaluation 

for stage II CRC patients in the training cohort 

(GSE39582: AUC=0.7111) and the validation dataset 

(GSE14333: AUC= 0.7041).  

 

Comparison ISCRC with OncotypeDX colon 
 

To further evaluate the prognostic value of the ISCRC 

model, comparison analysis was performed between our 

 

 
 

Figure 1. Kaplan-Meier estimates of the patientsô DFS using the ISCRC model. The Kaplan-Meier plots were used to visualize the 
patientsô recurrence probabilities for the low-ISCRC versus high-ISCRC group of patients from corresponding GEO datasets. (A) Kaplan-Meier 
curves for training dataset GSE39582 (N=253); (B) Kaplan-Meier curves for GSE14333 (N=86); (C) Kaplan-Meier curves for combined dataset 
(GSE39582 and GSE14333) (N=339). The tick marks on the Kaplan-Meier curves represent the censored subjects. The differences between 
the two curves were determined by the two-side log-rank test. 
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ISCRC model and other known gene makers. We did 

not mean to make a comprehensive review of all 

prognostic biomarkers in CRC, thus the widely used 

gene signature, oncotypeDX colon cancer assay, was 

selected as the representative. The prognostic indexes  

of the oncotypeDX model were calculated according  

to the associated formula (See Supplementary file 3  

and Supplementary Table 2). We first performed the 

univariable Cox regression analysis in GSE39582 to 

assess the prognostic value, where the prognostic index 

was used as a continuous variable. As shown in Figure 

3A, the ISCRC and oncotypeDX models were all 

 

 
 

Figure 2. Forest plot summary of analyses of disease-free survival (DFS). Univariable and multivariable analyses of the ISCRC model, 
age, gender, and chemotherapy on GSE39582 and GSE14333 datasets. The blue squares on the transverse lines represent the hazard ratio 
(HR), and the red transverse lines represent 95% CI. ISCRC and age are continuous variables, gender and chemotherapy are discontinuous 
variables. 
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significantly associated with DFS in stage II CRC, but 

the HR of our ISCRC model was significantly larger, 

with an even lower p-value. ROC analysis was also 

performed in GSE39582 to assess the sensitivity and 

specificity of survival prediction. As shown in Figure 

3B, the AUC of the ISCRC model was significantly 

greater than that of the oncotypeDX model (0.7111 

versus 0.5647, p=0.0152), indicating well prognostic 

accuracy of our ISCRC model. 

 

ISCRC and the benefit of chemotherapy  
 

Studies have revealed the close association between 

chemotherapy and tumor microenvironment. One of the 

crucial components of the tumor microenvironment is 

the immune cell, and macrophages have been reported to 

promote tumor angiogenesis and drive chemotherapy 

resistance [29, 30, 34]. In our study, the ISCRC model 

demonstrated well prognostic value for stage II CRC 

patients, so we speculated that our immune cell-derived 

prognostic biomarker might be associated with 

chemosensitivity. All the two datasets in our study 

provided information on chemotherapy, so we intended 

to examine the benefit of chemotherapy in stage II 

patients. As a random assignment of chemotherapy to 

samples is not feasible in the retrospective study, the 

presence of an imbalance in baseline characteristics 

between the control and treatment groups can lead to a 

biased estimation [35]. Thus, the propensity score 

matching analysis was performed to eliminate the 

selection bias. After propensity score matching analysis, 

82 matched samples were generated in GSE39582, but 

only 16 matched samples left in GSE14333, so the 

cohort GSE14333 was not suitable for further analysis 

(see supplementary file 5 and Supplementary Table 3). 

The matched patients in GSE39582 were classified into 

two subgroups based on the status of chemotherapy, as 

shown in Figure 4A, Kaplan-Meier survival analysis 

revealed that the prognosis of the patients in 

chemotherapy group was significantly worse than in 

non-chemotherapy group (HR=5.34,95%CI=1.70-

16.81,p=0.0013). We further investigated the effect of 

chemotherapy in low- and high-ISCRC groups, 

respectively. Figure 4B demonstrated the similar result 

in the low-ISCRC group (HR=7.64, 95%CI=1.62-36.11, 

P=0.0025), however, no significant difference was seen 

in the high-ISCRC group (HR=4.23, 95%CI=0.68-26.22, 

p=0.0941) (Figure 4C), these results suggested that stage 

II patients in the low-ISCRC group were not suitable for 

chemotherapy. 

 

Distribution of ISCRC and clinical characteristics 
 

Our ISCRC model was composed of 12 immune cells, 

and then the distribution of 12 immune cells and the 

common clinical parameters in the low- and high-ISCRC 

 

 
 

Figure 3. Comparison analyses between ISCRC model and other known gene maker-oncotypeDX colon. (A) Univarible analyses 
of the ISCRC, and oncotypeDX colon to investigate the association between each prognostic index and DFS using the prognostic indexes as 
continuous variables in GSE39582. The blue squares on the transverse lines represent the hazard ratio (HR), and the red transverse lines 
represent 95% CI. (B) Receiver operating characteristic (ROC) analysis of the sensitivity and specificity of the recurrence prediction by the 
ISCRC model and oncotypeDX colon in GSE14333. 
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groups was illustrated in Figure 5. Our study revealed 

that the low-ISCRC group was characterized by high 

expression of M1 Macrophages and B memory cells  

but low expression of M2 Macrophages, while the 

distribution of these three immune cells in the high-

ISCRC group was opposite in training cohort GSE39582 

(Figure 5A). A similar distribution characteristic can 

also be observed in GSE14333 (Figure 5B). The DFS 

status was significantly different between the low- and 

high-ISCRC groups in both GSE38582 and GSE14333, 

and there were more recurred patients in the high-ISCRC 

group. However, the distribution of the common clinical 

factors between different ISCRC groups did not vary 

significantly. 
 

Construction of nomogram based on ISCRC  
 

To develop a quantitative recurrence prediction  

method for clinical application, a nomogram was  

built, which integrated the ISCRC model, age, sex, and 

 

 
 

Figure 4. Kaplan-Meier ŜǎǘƛƳŀǘŜǎ ƻŦ ǘƘŜ ŜŦŦŜŎǘ ƻŦ ŀŘƧǳǾŀƴǘ ŎƘŜƳƻǘƘŜǊŀǇȅ ƻƴ ǇŀǘƛŜƴǘǎΩ 5C{Φ To eliminate the selection bias, 
propensity score matching analysis was performed between chemotherapy and non-chemotherapy groups. The Kaplan-Meier plots were 
used to visualize the patientǎΩ ǊŜŎǳǊǊŜƴŎŜ ǇǊƻōŀōƛƭƛǘƛŜǎ ŦƻǊ ŎƘŜƳƻǘƘŜǊŀǇȅ ǾŜǊǎǳǎ ƴƻƴ-chemotherapy group of patients in GSE39582. (A) 
Kaplan-Meier curves for total GSE39582 dataset (N=73); (B) Kaplan-Meier curves for low ISCRC patients in GSE39582 (N=59); (C) Kaplan-
Meier curves for high ISCRC patients in GSE39582 (N=14). The tick marks on the Kaplan-Meier curves represent the censored subjects. The 
differences between the two curves were determined by the two-side log-rank test. 
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chemotherapy status (Figure 6A). The nomogram 

revealed that age had the largest impact on the patientsô 

prognosis, followed by the ISCRC model and adjuvant 

chemotherapy. The total points for each patient were 

calculated based on these variables to estimate the 

possibility of recurrence in the following 3-, 5- and 7-

year for each stage II CRC patient. The performance of 

the nomogram was evaluated by calibration plots 

(Figure 6B). The line-segment was close to 45-degree, 

suggesting that the nomogram did quite well.  

DCA showed a well clinical utility of the nomogram 

(Figure 6C). 

 

 
 

Figure 5. The correlation between immune risk score (namely ISCRC model) and other clinicopathological characteristics in 
GSE39582 and GSE14333. ¢ƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ L{/w/Σ ǇŀǘƛŜƴǘǎΩ ǊŜŎǳǊǊŜƴŎŜ ǎǘŀǘǳǎΣ ŀƎŜΣ ǎŜȄΣ ŀŘƧǳǾŀƴǘ ŎƘŜƳƻǘƘŜǊŀǇȅΣ ƳƻƭŜŎǳƭŀǊ ǘȅǇŜΣ ǘǳƳƻǊ 
location, and immune cells were analyzed in the GSE39582 (A) and GSE14333 (B). 


