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Introduction: Although remarkable progress has been made to determine the prognosis of 

patients with colorectal cancer (CRC), it is inadequate to identify the subset of high-risk TNM 

stage II and stage III patients that have a high potential of developing tumor recurrence and 

may experience death. In this study, we aimed to develop biomarkers as a prognostic signature 

for the clinical outcome of CRC patients with stage II and stage III. 

Materials and methods: We performed a systematic and comprehensive discovery step to 

identify recurrence-associated genes in CRC patients through publicly available GSE41258 

(n=253) and GSE17536 (n=107) datasets. We subsequently determined the prognostic rel-

evance of candidate genes in stage II and III patients and developed a triple-biomarker for 

predicting RFS in GSE17536, which was later validated in an independent cohort GSE33113 

dataset (n=90). 

Results: Based upon mRNA expression profiling studies, we identified 45 genes which dif-

ferentially expressed in recurrent vs non-recurrent CRC patients. By using Cox proportional 

hazard models, we then developed a triple-marker model (THBS2, SERPINE1, and FN1) to 

predict prognosis in GSE17536, which successfully identified poor prognosis in stage II and 

stage III, particularly high-risk stage II CRC patients. 

Discussion: Notably, we found that our triple-marker model once again predicted recurrence 

in stage II patients in GSE33113. Kaplan–Meier survival analysis demonstrated that patients 

with high scores have a poor outcome compared to those with low scores. Our triple-marker 

model is a reliable predictive tool for determining prognosis in CRC patients with stage II and 

stage III, and might be able to identify high-risk patients that are candidates for more targeted 

personalized clinical management and surveillance.
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Introduction
Colorectal cancer (CRC) is the third most common cancer worldwide. Despite 60% 

of TNM stage II and stage III patients presenting with a resectable disease at the time 

of diagnosis, ~50% of such patients who undergo curative surgery or 20% who are 

treated post-surgically with adjuvant chemotherapy, eventually relapse and experience a 

metastatic disease.1–3 This clinical challenge indicates the current TNM staging system 

is inadequate at predicting the risk for tumor recurrence, leading to potential under or 

over-treatment of a subset of patients with colorectal cancer.
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Currently, 5-fluorouracil (5FU)-based adjuvant chemo-

therapy remains regular treatment for stage III CRC patients 

and some high risk stage II CRC patients, which improves 

survival rates by ~20%.4,5 For stage III patients, 30%–40% of 

patients do not experience recurrence in 5 years even when 

left untreated, while about 40% patients with adjuvant treat-

ment still suffered from relapse and eventually die, suggesting 

such subsets of patients need more intensive chemotherapy. 

On the other hand, for stage II patients, only patients who 

present with high-risk clinical features received adjuvant che-

motherapy. Unfortunately, about 20% of clinical “low-risk” 

patients experience tumor recurrence.6,7 Collectively, these 

findings highlight an urgent need for better novel and robust 

prognostic biomarkers that can guide treatment decisions in 

CRC patients with stage II and stage III pathological progress.

The Gene Expression Omnibus (GEO) database is an 

international public repository that archives and freely dis-

tributes microarray, next-generation sequencing, and other 

forms of high-throughput functional genomics data submit-

ted by the research community. By integrating the mRNA 

expression profile and clinical outcome, we can obtain novel 

prognostic biomarkers for stage II and stage III CRC patients. 

In this study, we performed a systematic and comprehensive 

identification of recurrence-specific genes that are differen-

tially expressed in recurrent tumor and non-recurrent tumor, 

followed by determining their combinatorial efficiency in 

predicting recurrence free survival by analyzing their expres-

sion in multiple, independent cohorts of patients with CRC.

Materials and methods
Public datasets
We used the Affymetrix dataset which is publicly available 

in the GEO database with available clinical information 

as originally research.8 The GSE41258 dataset consists 

of colorectal cancer patients with liver metastasis or lung 

metastasis.9 The biological specimens we used in this study 

included liver metastasis (n=47), lung metastasis (n=20), and 

primary colon adenocarcinomas (n=186). The GSE17536 

dataset included 177 patients with CRC disease collected 

at the Moffitt Cancer Center (Tampa, FL, USA), and it was 

used to define the molecular classification.10,11 Since our study 

focused on stage II and stage III patients, only such patients 

were selected (stage II n=52, stage III n=55). The GSE33113 

dataset included a set of 90 American Joint Committee on 

Cancer (AJCC) stage II patients that underwent intentionally 

curative surgery in the Academic Medical Center (AMC) in 

Amsterdam, the Netherlands.12 All the data contain complete 

clinical information for the differential gene expression and 

recurrence-free survival (RFS) analysis (Table 1).

Discovery of differentially expressed genes
The differentially expressed genes were defined as genes dif-

ferentially expressed in lung metastasis and primary cancer 

tissues; liver metastasis and primary cancer tissues; recurrent 

tumors and non-recurrent tumors. All the comparisons were 

performed by GEO2R. GEO2R performs comparisons on 

original submitter-supplied processed data tables using the 

GEOquery and limma R packages from the Bioconductor 

project. The differentially expressed genes were determined 

by adjusted P<0.05 (Benjamini & Hochberg [false discovery 

rate]).

Pathway analysis
Enrichr pathway analysis was used for functional annotation 

of recurrence-associated genes.

Statistical analysis
All statistical analyses were performed using Medcalc version 

12.3, or GraphPad Prism version 6.0. We conducted receiver 

operating characteristic (ROC) curves and calculated the area 

under the ROC curves (AUC) to evaluate the predictive power 

of candidate genes for prognosticating CRC patients. For the 

RFS analysis, we defined the probability that patients remained 

free of tumor recurrence as the first event. Data were analyzed 

Table 1 Clinicopathological characteristics of GEO datasets used in this study

GEO datasets Clinicopathological characteristics

GSE41258 This study consisted of patients who presented at Memorial Sloan-Kettering Cancer Center with a colonic neoplasm 
between 1992 and 2004. Biological specimens used in this study included primary colon adenocarcinomas, adenomas, 
metastasis, and corresponding normal mucosae.

GSE17536 A total of 55 colorectal cancer patients from Vanderbilt Medical Center (VMC) were used as the training dataset and 177 
patients from the Moffitt Cancer Center were used as the independent dataset.

GSE33113 Primary tumor resections from 90 AJCC stage II CRC patients, that underwent intentionally curative surgery, and 
matching normal colon tissue from six of these patients were included in the study (1997–2006 [AMC-AJCCII-90]). 
Extensive medical records were kept from these patients and long-term clinical follow-up is available for the large 
majority.

Abbreviations: AJCC, American Joint Committee on Cancer; CRC, colorectal cancer; AMC, Academic Medical Center.
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from the date of surgery to the time of the first event or the date 

on which data were censored, according to the Kaplan–Meier 

method, and the curves were compared using the log-rank test. 

To develop a triple-marker and determining patient survival, we 

used Cox’s proportional hazard regression models and obtained 

a risk score derived from this prediction model. We categorized 

patients into high-score and low-score value groups based on 

the median cutoff value. All P-values were 2-sided, and those 

<0.05 were considered statistically significant.

Results
Identification of candidate genes for CRC 
recurrence
The metastatic spread of tumor cells is one of the most 

common causes of recurrence in colorectal cancer patients. 

Elucidation of specific gene expression pattern of metastatic 

colonies may provide useful insights into development 

of recurrence markers. GSE41258 dataset includes gene 

expression microarray data from primary colon adeno-

carcinomas, liver metastasis and lung metastasis tissues. 

To find metastatic-specific markers, we initially compared 

gene expression profile between primary cancer tissues and 

tissues from liver or lung metastatic sites as indicated in the 

flow chart of the study design (Figure 1). Interestingly, lung 

metastasis vs primary comparison analysis revealed 7,084 

differentially expressed genes (adjusted P-value <0.05), 

while liver metastasis vs primary comparison showed 10,502 

differentially expressed genes (adjusted P-value <0.05). 

More importantly, we found 3,501 overlapping genes in both 

comparison groups, highlighting their important role in tumor 

metastasis and potential targets for recurrence prediction.

To confirm our assumption that these metastatic-specific 

markers could serve as recurrence prediction biomarkers, we 

enrolled a testing cohort (GSE17536) which only involved 

stage II and III patients. We compared gene expression 

profile in tissues from patients with or without recurrent 

Figure 1 The flow chart of the analysis design in this study.
Abbreviations: CRC, colorectal cancer; AJCC, American Joint Committee on Cancer.

GSE41258 dataset consists of colorectal cancer
patients with liver metastasis or lung metastasis

GSE17536 dataset includes 177 patients
with CRC disease

Stage II & III patients were selected from
GSE17536 database (stage II n=52, stage

III n=55)

This study included patients with liver metastasis (n=47),
lung metastasis (n=20), and primary colon

adenocarcinomas (n=186)

Lung metastasis vs primary cancer
Liver metastasis vs primary cancer

Differentially expressed genes in tumor
metastasis and potential targets

3501 overlapping genes in both comparison
groups

45 Overlapping genes
the pathway enrichment analysis

Validated our findings

Triple-marker model is a reliable prognostic
tool for identifying high-risk stage II patients

and stage III patients

Receiver operating characteristic (ROC) analysis
Cox regression model

3 biomarkers: THBS, SERPINE1, and FN1

298 Differentially expressed genes

Tissue from patients with or without
recurrent status

GSE33113 Dataset includes a set of 90 AJCC
stage II patients who underwent intentionally

curative surgery
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status. The comparison analysis showed 298 differentially 

expressed genes (adjusted P-value <0.05), and 45 of these 

genes overlapped with the above metastatic-specific mark-

ers (Figure 2A). The pathway enrichment analysis showed 

the biological function of these genes is mainly involved in 

the inflammatory response,13,14 focal adhesion, epidermal 

growth factor (EGF)/ epidermal growth factor receptor 

(EGFR) pathway, extracellular matrix (ECM), and mem-

brane receptors, implying these genes might be important 

for recurrent colorectal tumors to acquire metastatic capac-

ity (Figure 2B). In order to narrow down this list further, we 

thereafter selected the ten most differentially expressed genes 

(CYP1B1, ITGBL1, THBS2, VCAN, BGN, SERPINE1, 

ECM2, TWIST1, FN1, and CAV2) according to fold change 

which were significantly up-regulated in recurrent tumor 

compared to non-recurrent tumor (Figure 2C), implicating 

their potential relevance in determining the clinical outcome 

of stage II and III CRC patients.

Development of a triple-biomarker 
model to predict RFS in stage II and III 
patients
We subsequently performed ROC analysis of the top 10 

candidates to evaluate the prediction accuracy of recur-

rent or non-recurrent CRC in the GSE17536 dataset. As 

shown in Figure 3, each candidate showed good prediction 

power, with an AUC from 0.694 to 0.788. Moreover, we 

observed three genes THBS2, SERPINE1, and FN1 dem-

onstrated higher AUC values compared to the other genes. 

Therefore, we aimed to combine these three biomarkers 

to improve the prediction ability. By using Cox regression 

method, we built a recurrence prediction model based on 

this triple-biomarker. As expected, our triple-marker model 

significantly improved prediction ability of individual genes 

(AUC=0.813; Figure 3). Importantly, the AUC value had no 

significant difference between three single genes, but all had 

Figure 2 Discovery of recurrence-associated genes.
Notes:  (A) The 45 candidates overlapped with lung metastasis-specific genes and liver metastasis-specific genes. (B) Enrichr pathway analysis was used for functional 
annotation of recurrence-associated genes. (C) Heatmaps showed the top 10 differential genes between recurrent tumors and non-recurrent tumors in the GSE17536 
dataset.
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significance when compared with the three gene biomarker 

panel (P<0.05).

Performance evaluation of the triple-
biomarker model in the testing cohort
To test whether our triple-biomarker model could identify 

patients at high risk or low risk of poor outcomes, we calcu-

lated the risk-score of each patient based on Cox regression 

model. We divided patients into high-score and low-score 

groups based on the cutoff value (the median value of all 

patients’ risk scores). It is of note that the high-score group 

had a worse prognosis compared to patients in the low-risk 

group (HR=5.41, P=0.0004; Figure 4A). As mentioned 

previously, it is of clinical relevance to identify patients at 

high risk for stage II. Accordingly, when we split stage II 

patients into low- and high-score groups, our triple-marker 

model clearly showed that stage II patients with higher vs 

lower risk score values had a poorer prognosis (HR=3.53, 

P=0.0245; Figure 4B). Surprisingly, when we compared high-

score stage II and stage III patients, the two groups yielded 

similar survival curves, suggesting our triple-marker is able 

to identify the high risk stage II group which has the same 

prognosis as the stage III group. Collectively, these results 

indicate that our newly developed triple-marker model could 

successfully segregate high- vs low-risk patients with stage II 

and stage III pathological progress.

Independent validation of the triple-
biomarker model to identify high-risk 
stage II patients
To further confirm the results obtained for the triple markers 

in the testing cohort, we validated our findings in another 

independent cohort of 107 stage II CRC patients. We also 

calculated the risk score of each patient based on this triple-

maker regression model. We divided all the patients into low- 

and high-score groups according to the median cutoff value. 

Consistent with our previous results, we found that our triple 

markers once again showed good predictive performance 

Figure 3 The prediction power of individual genes and triple-marker for predicting tumor recurrence.
Notes: The ROC analysis was used for the discrimination between recurrence-free and recurrence or death cases. 
Abbreviations: AUC, area under the ROC curve; ROC, Receiver operating characteristic.
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Figure 4 The predictive performance of the triple-marker in GSE17536.
Notes: (A) The Kaplan–Meier analysis was used to estimate the prognosis of the low- and high-score groups in stage II and III patients. (B) Kaplan–Meier survival analysis 
was used to estimate low-score stage II, high-score stage II and stage III groups (*P<0.05; **P<0.01).
Abbreviations: RFS, recurrence-free survival; HR, hazard ratio; ROC, Receiver operating characteristic.
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in stage II patients (Figure 5A). Furthermore, the Kaplan–

Meier survival analysis demonstrated that patients with high 

scores have poor outcome compared to those with low scores 

(HR=4.34, P=0.0046; Figure 5B), highlighting that our triple-

marker is indeed a promising and reliable prognostic tool for 

identifying high-risk stage II patients, which has important 

implications for their clinical management.

Discussion
In this study, we have first performed a systematic discovery 

step, followed by development and validation of a novel 

triple-marker (THBS2, SERPINE1, and FN1) aimed at 

predicting potential clinical outcomes for stage II and stage 

III CRC patients. Through our logical discovery, test and 

validation step, we provide data that our triple markers could 
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successfully identify risk in CRC patients, particularly stage 

II patients, with a good predictive performance.

Based on the GSE41258 dataset, we first identified 

metastatic-specific markers, finding 3,501 overlapping genes 

in both comparison groups (lung metastasis vs primary can-

cer and liver metastasis vs primary cancer), suggesting these 

genes may serve as recurrence biomarkers. By using a testing 

cohort (GSE17536), we found 45 genes, which overlapped 

with metastatic-specific markers, and are significantly up-

regulated in tissues from recurrent patients. More importantly, 

these 45 genes were involved in metastasis-related processes 

such as inflammatory response, focal adhesion, EGF/EGFR 

pathway, ECM, and membrane receptors. To narrow down the 

candidates, we selected the top 10 most differentially expressed 

genes (CYP1B1, ITGBL1, THBS2, VCAN, BGN, SERPINE1, 

ECM2, TWIST1, FN1, and CAV2) according to fold change. 

When we evaluated the prediction power of each gene to dis-

criminate recurrence and non-recurrence by ROC analysis, we 

found THBS2, SERPINE1, and FN1 showed the highest AUC 

values. Therefore, we selected these genes to constitute a triple-

marker model to predict RFS in stage II and stage III patients.

The biological function of these identified genes selected 

for our triple-marker model has been investigated previously. 

Thrombospondins (THBS2) is a multifunction alglycoprotein 

released from various types of cell.15 THBS2 contributes 

to carcinogenesis since THBS2 exerts its diverse biologi-

cal effects such as angiogenesis, cell motility, apoptosis, 

cytoskeletal organization by binding with ECM proteins 

and cell surface receptors.16–19 Notably, THBS2 is known 

to activate transforming growth factor-β1 (TGF-β1) signal-

ing, which promotes metastasis.20 A recent study shows 

that overexpression of THBS2 correlated with poor OS and 

RFS in CRC patients, which is consistent with our results.21 

SERPINE1 expression has been shown to be associated with 

tumor cell migration and invasion through the activation of 

the PI3K-Akt pathway.22–24 Furthermore, SERPINE1 pro-

migratory effect has been associated with LRP1 interaction, 

which in turn stimulates the Jak/Stat pathway.25 SERPINE1 

may also contribute to tumor aggressiveness by promoting 

tumor angiogenesis.26,27 FN1 has long been considered as 

an epithelial–mesenchymal transition (EMT) marker and 

is associated with angiogenesis and metastasis.28,29 Genes 

with lower AUC may significantly complement the model, 

however, we are more inclined to select biomarkers which are 

up-regulated in recurrent tumors compared to non-recurrent 

tumors such as THBS1, SERPINEE1, and FN1. Nonetheless, 

our triple makers play an important biological role in tumor 

metastasis, highlighting their clinical application in predict-

ing recurrence in CRC patients.

We thereafter built a Cox regression model based on 

these triple markers. In GSE17536, our markers successfully 

showed high-score patients had a worse prognosis compared 

to patients in the low-risk group. Considering the clinical 

importance to identify high-risk stage II patients, we tested 

whether our triple markers could predict high-risk stage II 

patients. Accordingly, when we split stage II patients into low- 

and high-score groups based on our triple markers, our triple-

marker clearly showed that stage II patients with higher- vs 

lower-risk score values had a poor prognosis. Notably, the 

high risk stage II patients and stage III patients yielded simi-

lar survival curves. To further confirm the results obtained 

for the triple markers in the testing cohort, we validated our 

findings in another independent cohort of 107 stage II CRC 

patients. In agreement with our earlier studies, patients with 

high scores had poor outcomes compared to those with low 

scores, suggesting our triple-marker is a reliable prognostic 

tool for identifying high-risk stage II patients, which has 

important implications for their clinical management.

Limitations
In regard to potential limitations, our current study is retro-

spective in nature, and our results must be validated in future, 

prospective, multi-center clinical trials. In addition, some of 

the clinical parameters such as vascular invasion or number 

of analyzed lymph nodes were not recorded or evaluated in 

GEO datasets, which may be easier to address in a future 

well-defined patient cohort.

Conclusion
We provide compelling evidence that our newly developed 

triple-marker model can effectively stratify stage II and III 

CRC patients into high- and low-risk groups based upon 

clinical outcomes, thereby adding significant prognostic 

value to the currently used clinicopathological risk factors 

used for such purposes. If validated in future studies, such 

a triple-marker model potentially offers tremendous clini-

cal value in directing personalized treatment regimens and 

clinical management of patients with stage II and III CRC.

Disclosure
The authors report no conflicts of interest in this work.
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