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ABSTRACT

Advanced colorectal cancer (CRQ) is a significant cause of cancer mortality, with a poor prognosis.
Here, we identified a novel prognostic signature for predicting survival of advanced CRC.
Advanced CRC data were used (training set: n = 267 and validation set: n = 264). The survival
analyses were investigated. The functional analysis of the prognostic signature was examined. In
this study, our 15-gene signature was established and was an independent prognostic factor of
advanced CRC. Stratification analyses also showed that this signature was still powerful for survival
prediction in each stratum of age, gender, stage, and metastasis status. In mechanism, our
signature involved in DNA replication, DNA damage, and cell cycle. Therefore, our findings
suggested that this 15-gene signature has prognostic and predictive value in advanced CRC,
which could be further used in personalized therapy for advanced CRC.
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Introduction mortality in the world [1]. According to the
GLOBOCAN estimates, over 1.8 million new cases
are clinically diagnosed with CRC, and approximately

881,000 deaths due to CRC are estimated to occur

Colorectal cancer (CRC) is one of the most common
cancers and the second cause of cancer-related
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worldwide in 2018 [1]. Although recent advances in
the treatment strategies of CRC such as surgery, che-
motherapy, radiotherapy, immunotherapy, and tar-
geted therapy have improved, patients with
advanced disease (stage 3-4) remain a poor 5-year
survival rate (~13.1%) [2-5]. Although many biomar-
kers have been reported for CRC prognosis, most do
not show strong predictive power of CRC patients
whose prognosis [6,7]. Thus, identification of novel
prognostic signatures is urgently important to effec-
tively predict the prognosis for advanced CRC.

Multiple molecular alterations correlate with the
progression and prognosis of human cancers, and
molecular biomarkers reveal promise in predicting
patients’ survival [8-11]. A number of studies sug-
gest genetic alterations involve in CRC development
and progression [12,13]. For example, herpesvirus
entry mediator (HVEM) plays a key role in disease
progression and may serve a potential prognostic
marker in CRC [14]. Activity-dependent neuropro-
tector homeobox (ADNP) correlates with CRC cell
migration, invasion, and proliferation, and the prog-
nosis of CRC [15]. Cyclooxygenase-2 (COX-2) is
correlated with shorter survival and is an indepen-
dent prognostic indicators of CRC [16]. These stu-
dies show that single gene expression may have the
potential value for predicting prognosis of patients
with CRC. Some recent studies have reported the
prognostic significance of the gene signature for
predicting  prognosis of CRC  [17,18].
Unfortunately, these recent studies have some lim-
itations, such as relatively small study population,
lack of further validation cohort, or analysis of only
one or a few genes. Additionally, study on the multi-
gene signature is lacking in advanced CRC. Here,
using multiple datasets, we constructed a reliable
multi-gene signature for prognosis prediction in
the training and validation sets of patients with
advanced CRC.

In our present work, a novel 15-gene signature
was first established in advanced CRC. We found
that our signature was significantly correlated with
worse survival and was identified as an independent
prognostic molecular factor in advanced CRC. Our
signature was still significant for predicting survival
in each stratum of age, gender, stage, and metastasis
status. In mechanism, our signature mediated DNA
replication, DNA damage, and cell cycle. Our results
demonstrated that this signature could predict

survival and provide more effective treatment selec-
tion for patients with advanced CRC.

Materials and methods
Sample information

Gene expression data and clinical data for cases with
CRC were obtained from The Cancer Genome Atlas
(TCGA) database. mRNA expression counts were
normalized by using DEseq package. The mean
expression levels >1 in all samples were included.
Gene expression values were then transformed in the
form of log2(x + 1). CRC cases without available
survival data were excluded. CRC samples diagnosed
with advanced-stage disease (stage 3-4) are included
in this study. 267 patients were finally identified from
TCGA. CRC expression profiles using Affymetrix
U133plus2 chip were downloaded from Gene
Expression Omnibus (GEO) GSE39582 dataset,
which were normalized by robust multi-array average
(RMA) method. The normalized gene expression
levels were transformed to log base 2. The advanced-
stage CRC patients with sufficient prognostic informa-
tion were selected. Finally, 264 patients were identified
from GSE39582 dataset.

TCGA dataset was used as a training set and
GSE39582 dataset was applied as an independent
validation set. The clinical data such as age, gender,
and distal metastasis status were collected. Overall
survival (OS) was evaluated in the study. The detailed
clinical characteristics are summarized in Table 1.

Table 1. Patient characteristics of the TCGA training set and
validation set in advanced CRC.

TCGA training set

Validation set

Number of Number of
Characteristics cases % cases %
Age at diagnosis 66 (31-90) 67 (22-97)
Age (years)
>60 175 65.5 183 69.3
< 60 92 34.5 81 30.7
Gender
Male 139 52.1 137 51.9
Female 128 479 127 48.1
Stage
4 88 33 60 22.7
3 179 67 204 773
Distal
metastasis
Positive 86 36.6 60 236
Negative 149 63.4 194 764

TCGA: The Cancer Genome Atlas; CRC: colorectal cancer.



Establishment of the prognostic gene signature

Univariate Cox proportional hazard regression
analysis and Kaplan-Meier method were conducted
to screen for the prognostic genes. The results with
P < 0.05 were selected in the training and validation
sets (Figure S1). Then, in the training set, 33 survi-
val-related genes were further conducted for vari-
able selection using the least absolute shrinkage and
selection operator (LASSO) method, which showed
that 23 genes were selected (Figure S2). To gain the
final prognostic genes, we further applied multi-
variate Cox regression analysis in the training set,
15 genes were finally identified in our prognostic
model. For every patient, the risk score was calcu-
lated by the expression value of a gene with its
corresponding regression coefficient. The formula
was used as follows: Risk score = expression value of
gene;* fgene; + expression value of gene,* fgene, +
expression value of genes* Bgene; ... + expression
value of gene; * Pgene;. B stood for regression
coefficient.

Functional analysis of the prognostic signature

For correlation between the most significant 500
genes and the 15-gene prognostic signature, the
results were selected on the basis of the Spearman
correlation coefficient with the absolute values of >
0.25. Then, clusterProfiler package was used, func-
tional enrichment analysis of the 15-gene prognostic
signature was conducted based on Gene Ontology
(GO) analysis and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathways.

Statistical analysis

The cutoff value was applied based on the med-
ian value of the risk scores. The patients were
dichotomized into two groups, the high- and
low-risk groups. Kaplan-Meier survival curves
and the log-rank test were used to evaluate and
compare the difference between the high-risk
and low-risk groups. To confirm the predictive
accuracy of the 15-gene prognostic signature, the
receiver operating characteristic (ROC) curve
and area under the curve (AUC) were per-
formed. The Hazard ratios (HRs) and 95% con-
fidence intervals (95% CIs) were derived from
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the Cox proportion hazard model. Univariate
Cox hazard regression analysis was performed
to assess the correlation between the 15-gene
prognostic signature and the survival. The multi-
variate Cox hazard regression analysis was
further conducted to determine whether the 15-
gene signature was a potential prognostic factor.
The stratified analyses were also carried out in
patients with different variables such as age,
gender, and distal metastasis status. Statistical
analyses were performed using R software (ver-
sion: 3.5.1; R Foundation for Statistical
Computing, Vienna, Austria).

Results

Identification of the 15-gene prognostic
signature in advanced CRC

After using Cox proportional hazard regression ana-
lysis, Kaplan-Meier method, and LASSO analysis,
final 15 genes belonged to protein-coding type and
were identified in our prognostic model in the train-
ing set (n = 267 patients), which consisted of zinc
finger and BTB domain containing 34 (ZBTB34),
sosondowah ankyrin repeat domain family member
A (SOWAHA), solute carrier family 4 member 2
(SLC4A2), ankyrin repeat domain 16 (ANKRD16),
C-type lectin domain containing 16A (CLEC16A),
kinesin family member 15 (KIF15), mitochondrial
intermediate peptidase (MIPEP), ring finger protein
113A (RNF113A), gap junction protein beta 6 (GJB6),
ribonuclease P/MRP subunit p14 (RPP14), hypocre-
tin receptor 1 (HCRTRI1), tubulin alpha 1c
(TUBA1C), phosphomannomutase 2 (PMM2),
jagged canonical Notch ligand 2 (JAG2), and ribo-
phorin II (RPN2). Our 15-gene prognostic signature
was established using the expression value of each
gene and its corresponding regression coefficient,
and we used the following formula: (ZBTB34 *
0.527) + (SOWAHA * (~0.292)) + (SLC4A2 * 0.861)
+ (ANKRD16 * 0.474) + (CLECI6A * (-1.512)) +
(KIF15 * (-0.449)) + (MIPEP * (-0.336)) +(RNF113A
* 0.603) + (GJB6 * 0.150) + (RPP14 * (~0.463)) +
(HCRTR1 * 0.144) + (TUBAIC* (-0.609)) + (PMM2
* 0.837) + (JAG2 * 0.342) + (RPN2 * (=0.780)). In
addition, using our 15-gene prognostic signature,
each patient achieved a risk score in the training and
validation sets.
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A 15-gene signature for survival prediction in
advanced CRC

The 15-gene signature was applied to the training
and validation sets for estimation of its predictive
value. The results demonstrated that the prognostic
score can classify advanced CRC patients into either
the high-risk group or the low-risk group, including
the training set, the validation set, and the whole set

(Figure 1(a)). For the 5-year survival prediction, the
AUC values of the 15-gene signature were 0.883 in
the training set, 0.777 in the validation set, and 0.804
in the whole set (Figure 1(b)). The AUC value was
>0.75 in each set, indicating a good performance of
our 15-gene signature for predicting survival.
Kaplan-Meier survival curves demonstrated that
patients in the high-risk group had significantly
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Figure 1. A 15-gene prognostic risk signature in advanced colorectal cancer (CRC) for a TCGA training set, a validation set, and the
whole set. (a) Samples sorted by risk score and the corresponding survival status. (b) ROC curve of the 15-gene prognostic risk
signature. (c) The Kaplan—-Meier curves of the 15-gene prognostic risk signature (the high- and low-risk groups). TCGA: The Cancer
Genome Atlas; ROC: the receiver operating characteristic curve; AUC: area under the curve.



worse prognosis than patients in the low-risk group
in each set (all Pvalues < 0.001) (Figure 1(c)).

A 15-gene signature is an independent
prognostic factor

To evaluate the independent prognostic value of the
15-gene signature, univariate and multivariate Cox
regression analyses were conducted in the training
and validation sets (Table 2). Univariate Cox analy-
sis showed that the high-risk group was significantly
correlated with poor prognosis in advanced CRC
(the TCGA training set: HR = 8.00, 95%
CI = 4.35-14.73, P < 0.001; the validation set:
HR = 3.85, 95% CI = 2.58-5.74, P < 0.001). After
multivariate adjustment using the clinical variables,
the results showed that our 15-gene signature was
still an independent prognostic factor (the TCGA
training set: HR = 8.19, 95% CI = 4.32-15.54,
P < 0.001; the validation set: HR = 3.21, 95%
CI = 2.14-4.84, P < 0.001).

Stratification analyses

According to available clinical variables such as age
(260 years and <60 years), gender (male and female),
stage (stage 3 and stage 4), and distal metastasis status
(yes and no), the stratification analyses of our 15-gene
signature were conducted in the entire set. The results
demonstrated that the 15-gene signature was closely
linked with worse survival in older (HR = 4.931, 95%
CI = 3.366-7.223, P < 0.001) or younger patients
(HR =4.727, 95% CI = 2.521-8.861, P < 0.001), male
(HR = 3.592, 95% CI = 2.35-5.491, P < 0.001) or
female patients (HR = 7.112, 95% CI = 4.262-11.87,
P <0.001), stage 3 (HR = 5.328, 95% CI = 3.475-8.168,
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P < 0.001) or stage 4 patients (HR = 3.685, 95%
CI = 2.229-6.094, P < 0.001), and patients with distal
metastasis (HR = 3.685, 95% CI = 2.229-6.094,
P < 0.001) or without distal metastasis (HR = 4.928,
95% CI = 3.171-7.659, P < 0.001) (Figures 2-3).
Additionally, the AUC value with >0.75 was very
good for the 5-year survival prediction in each stratum
(Figure S3). These findings indicated that the 15-gene
signature was still powerful for predicting survival in
each stratum of age, gender, stage, and distal metas-
tasis status.

The 15-gene signature-related biological
processes and pathways

We further explored the potential biological
function and mechanism of 15-gene signature
through GO analysis and KEGG pathways. The
results showed that signal transduction involved
in DNA integrity checkpoint/DNA damage
checkpoint/cell cycle checkpoint, regulation of
centrosome cycle, chromosome segregation, and
DNA replication etc. were enriched (Figure 4),
which implied that our 15-gene signature may
mainly involve in DNA replication, DNA
damage, and cell cycle.

Discussion

CRC is reported to be the second deadliest solid
malignancy in the world in 2018 [1]. Despite
some significant improvements in the treatment
of CRC in recent years, advanced CRC, which is
closely linked with spread to distant organs,
remains incurable, with an unsatisfactory 5-year
survival rate (about 13.1%) [2-4]. Numerous

Table 2. Univariate and multivariate Cox regression models of the 15-gene signature in predicting survival of advanced CRC.

HR (95% Cl)

Factors

Univariate Cox analysis

TCGA training set

Risk score (high vs. low)

Age (=60 vs. <60 years)

Gender (male vs. female)

Distal metastasis (positive vs. negative)
Validation set

Risk score (high vs. low) 3.85 (2.58-5.74)
Age (=60 vs. <60 years) 1.37 (0.89-2.11)
(
(

8.00 (4.35-14.73)
1.79 (1.08-2.98)
0.97 (0.62-1.50)
2.53 (1.60-4.00)

Gender (male vs. female) 1.40 (0.95-2.05)
Distal metastasis (positive vs. negative) 4.15 (2.74-6.27)

HR (95% CI)
P Multivariate Cox analysis P
<0.001 8.19 (4.32-15.54) <0.001
0.025 1.98 (1.14-3.43) 0.015
0.879
<0.001 2.61 (1.65-4.15) <0.001
<0.001 3.21 (2.14-4.84) <0.001
0.152
0.088
<0.001 3.55 (2.34-5.38) <0.001

TCGA: The Cancer Genome Atlas; CRC: colorectal cancer; HR: hazard ratio; Cl: confidence interval.
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Figure 2. The prognosis of the 15-gene signature for advanced colorectal cancer (CRC) based on age and gender. (a) = 60 years; (b)

< 60 years; (c) Male patients; (d) Female patients.

studies reveal genetic alterations play important
roles in the development and progression of
CRC [12,13]. Some studies have reported that
gene alterations could be considered as promis-
ing biomarkers for the prediction of the prog-
nosis in CRC. For example, HVEM is associated
with CRC progression and could serve an inde-
pendent prognostic biomarker in CRC [14].
Solute carrier family 12 member 5 (SLC12A5)
contributes to disease progression and metasta-
sis, and is an independent prognostic factor in
CRC [19]. Additionally, the prognostic value of
the gene signature for predicting prognosis of
patients with CRC has been reported [17,18].
However, in advanced CRC, the predictive

value of the gene signature is still unclear.
Thus, we developed and validated a new 15-
gene signature for predicting prognosis of
patients with advanced CRC.

Natural killer-like signature is shown improved
survival in locally advanced CRC [20]. A DNA
methylation signature is reported to predict prog-
nosis in locally advanced CRC [21], but the pre-
dictive accuracy of this methylation signature is
undetermined. In the present work, we con-
structed a novel 15-gene signature in advanced
CRC. Our results found that the 15-gene signature
was closely linked with worse prognosis and could
classify advanced CRC into high- and low-risk
groups in each cohort. In addition, the AUC
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value of this gene signature was significantly
higher in advanced CRC (stage 3-4) than in early
CRC (stage 1-2) (0.883 vs. 0.74) (Figure S4), sug-
gesting that our 15-gene signature was very good
for the predictive accuracy of prognosis in
advanced CRC. These suggested that our 15-gene
signature was reliable and effective for survival
prediction of advanced CRC.

Our signature included 15 genes. The biological
roles of these genes in this prognostic signature are
partly explored in tumor. KIF15 mediated pancreatic
cancer proliferation through regulating the cell cycle
and apoptosis [22]. KIF15 may be a potential prog-
nostic biomarker in bladder cancer [23]. RNF113A
expression is correlated with a poor prognosis of

esophageal squamous cell carcinoma [24]. GJB6
involves in glioma cell growth and proliferation,
and DNA damage. GJB6 expression adversely
affected the prognosis of glioma [25]. TUBAIC
involves in hepatocellular carcinoma cell migration
and proliferation, probability through cell cycle
pathway. And TUBAIC is a potential prognostic
biomarker of hepatocellular carcinoma [26]. PMM2
expression is significantly correlated with poor prog-
nosis in renal cell carcinoma [27]. JAG2 promotes
the motility and invasion of CRC cells [28,29]. RPN2
regulates cell proliferation of CRC cells [30]. RPN2 is
a promising prognostic factor in gastric cancer [31].
SLC4A2 (anion exchanger 2, also termed AE2) may
contribute to cell cycle progression via mTOR/
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p70S6K1 pathway. SLC4A2 expression is associated
with the shortened survival of ovarian cancer
[32,33], which is consistent with our results showed
that SLC4A2 upregulation was linked to worse sur-
vival of advanced CRC. Here, we pooled 15 genes
and found that our 15-gene signature was an inde-
pendent prognostic molecular marker for patients
with advanced CRC. We also showed that our 15-
gene signature mainly involved in DNA replication,
DNA damage, and cell cycle.

Approximately 20% of patients with CRC pre-
sent with distant metastasis even at the time of
initial diagnosis. Besides, advanced CRC is signifi-
cantly related to spread to distant organs. The distal
metastasis significantly contributes to the high
death rate [3,34]. In this work, we showed that our
15-gene signature remained a vigorous tool for the
stratification of the risk of patients with distal
metastasis or without distal metastasis. In addition,
other stratification analyses also demonstrated that
the prognostic power of our 15-gene signature was
strong in stage 3 or stage 4 patients, male or female
patients, and older or younger patients.

Conclusion

In summary, we constructed and validated a 15-
gene signature for advanced CRC. Our 15-gene

signature contributes to the clinical implications
for prognosis prediction and could become an
effective prognosis classification for advanced
CRC, which could facilitate the management of
individualized therapy of patients with advanced
CRC. Further investigation and validation are
needed in the future.

Article highlights

e Our signature was associated with worse sur-
vival for advanced colorectal cancer (CRC).

e QOur signature was an effective prognosis clas-
sification for advanced CRC.

e QOur signature involved in DNA replication,
DNA damage, and cell cycle.
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