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Background: The aim of the present study was to construct a nomogram model of high-risk stage III/IV
colorectal cancer (CRC).

Methods: Gene mutation and clinical information of 251 CRC patients were downloaded from The Cancer
Genome Atlas (TCGA). Targeted next-generation sequencing was performed on 44 patients to screen shared
mutation genes with frequency >5% between TCGA and clinical cohorts. Univariable and multivariable
logistic regression analyses were used to analyze the mutant genes and clinical indexes, and a high-risk stage
III/IV nomogram model was constructed. The nomogram model was further validated in the clinical cohort.
Results: SMAD family member 4 (SMAD#4), zinc finger homeobox 3 (ZFHX3), and phosphatidylinositol
3,4,5-trisphosphate-dependent Rac exchanger 2 (PREX?) mutations; pathological location; and preoperative
carcinoembryonic antigen (CEA) value were screened out to compose a high-risk III/IV nomogram model.
The nomogram had good calibration and discriminative ability, with an area under the curve of 0.76 [95%
confidence interval (CI): 0.69-0.84]. Hosmer-Leme show test indicated that the model had good goodness
of fit (P=0.83). The decision curve revealed this a nomogram model was feasible in clinical practice. In our
clinical cohort, the calibration curve did not show good calibration and discrimination.

Conclusions: We established a nomogram model, including the mutation status of SMAD4, ZFHX3, and
PREX2; pathological location; and preoperative CEA value, which showed accuracy in the risk prediction of
stage III/IV CRC patients.
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Introduction China Cancer Center in 2019, the incidence and mortality

Colorectal cancer (CRC) is one of the most widespread and of CRC ranks third and fifth, respectively, among malignant

fatal malignant tumors worldwide. Recent data indicate that tumors in China, and are still increasing (2). The survival

the incidence and mortality of CRC ranks third and second, time of CRC patients is closely related to prognosis (3).

respectively, among all cancers globally (1). In China, Tumor staging is defined as the scope, disease degree, and
CRC is one of the most common malignant tumors of the nature of malignant tumor, and is one of the most important
digestive system. According to the data released by the indicators for judging the prognosis of CRC. For example,
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previously published studies have confirmed that stage III-
IV CRC at the time of diagnosis is the main prognostic
factor affecting overall survival (4). Accurate pathological
staging is of significance for the selection of postoperative
therapeutic schemes and clinical research. However, the
present staging method is suboptimal due to the variation in
outcomes that occur among patients at the same stage (5).
Therefore, there is an urgent need for relevant indicators or
models that help tumor staging to predict CRC prognosis.

With widespread and thorough understanding of
molecular genetics, previously published studies have
indicated that the occurrence and development of CRC is
a complex process involving a series of genes and multistep
regulations (6). Genetic changes mainly include genome
instability, activation of oncogenes, and inactivation of tumor
suppressor genes (7,8). Detecting the mutations of these
genes has evaluation value for cancer occurrence, targeted
therapy, application and efficacy of immunotherapy, and a
guiding role for prognostic prediction. For example, the
mutation status of B-Raf proto-oncogene, serine/threonine
kinase (BRAF), NRAS proto-oncogene, GTPase (NRAS),
Human epidermal growth factor receptor 2 (HER2), and
KRAS proto-oncogene, GTPase (KRAS) has been proposed
as a potential prognostic factor (9). However, these four
above molecular markers are difficult to merge into the
present stage system. Because of individual differences
and the expense of gene detection, the number of mutant
genes that can be effectively applied for clinical use is
limited. Plasma ¢fDNA-based testing can capture tumor-
specific genetic changes, but a series of studies revealed
that ¢cfDNA signature does not reflect all characteristics
of tumor mutations. On the contrary, the DNA of tumor
tissue can reflect the whole picture and nature of gene
characteristics inside tumor. Accordingly, it is important
to detect more representative mutant genes and determine
their relationship with tumor stage.

Besides, different clinical features also lead to different
prognosis. There are many factors influencing the prognosis
of colorectal cancer, such as gender, age, tumor location,
surgical nature, pathological type, pathological stage and
tumor diameter, which are commonly used indicators in
the study of colorectal prognosis. Studies also found that
postoperative complications are important prognostic
factors for 1-year mortality of CRC patients. However,
most of previous studies only used genetic features or
clinical characteristics alone to predict CRC prognosis,
ignoring the importance of their combination. Hence, in
the present study, we identified both the somatic mutation
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characteristics and clinical indexes of CRC in The Cancer
Genome Atlas (TCGA) cohort, and then constructed a
nomogram model for staging. A clinical cohort was then
used to further study the nomogram model for the risk of
stage III/IV CRC to provide further insight into CRC and
to provide a more comprehensive reference for clinical
practice. We present the following article in accordance
with the TRIPOD reporting checklist (available at http://
dx.doi.org/10.21037/jgo-20-548).

Methods
TCGA data screening

Mutation data and clinical information of 536 CRC patients
were downloaded from TCGA database (https://tcga-data.
nci.nih.gov/docs/publications/tcga/). These comprised
137 cases of rectum cancer and 399 cases of colon cancer.
The exclusion criteria were tumor stage information and no
clinical information. The screening procedure is outlined
in Figure 1A4, and a total of 251 TCGA patients were finally
enrolled.

Patients and sample collection

From July 2015 to August 2019, 44 patients with CRC
were enrolled from Tianjin Medical University Cancer
Institute and Hospital (Tianjin, China). Tumor tissues
were sequenced with targeted next-generation sequencing
(NGS) by a 1,000-cancer gene panel; paracancerous tissues
or leukocytes were used as controls. Clinical information
of each patient was collected, such as sex, age, alcohol
consumption, pathological type, stage, hypertension history,
tumor size, tumor differentiation status, pathological
location, recurrence, metastasis, and preoperative serum
carcinoembryonic antigen (CEA). The present study was
approved by the Ethics Committee of Tianjin Medical
University Cancer Institute and Hospital. All participants
provided signed informed consent. All procedures
performed in this study involving human participants were
in accordance with the Declaration of Helsinki (as revised
in 2013).

Targeted NGS gene panel sequencing and mutation
analysis

The extraction and purification of DNA were performed
with the Genomic DNA extraction kit (Qiagen, Valencia,
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Figure 1 Gene mutation landscape in The Cancer Genome Atlas (TCGA) and validation samples. (A) Flowchart of the inclusion and

exclusion criteria for TCGA cases. (B) Comparison of the mutation frequencies of 11 genes with significant differences in mutation

frequencies between the clinical cohort and TCGA cases.

CA, USA) and Agencourt AMPure XP beads (Agencourt
Bioscience, Beverly, MA, USA), respectively. The adaptor
library was amplified and linked, and the total library
was precisely quantified by the Qubit DNA HS Assay
Kit (Invitrogen, Carlsbad, CA, USA) after purification.
SeqCap EZ MedExome Enrichment kits (Roche, Basel,
Switzerland) were used to capture target sequences, and
Roche custom 1,000 gene probes (Roche, Switzerland) were
used to capture and elute the hybridization library. After
polymerase chain reaction amplification, the constructed
library was sequenced using an Illumina HiSeq Xten
sequencer (Illumina Inc., San Diego, CA, USA).
SOAPnuke (BGI, Shenzhen, Guangdong, China) was
used to filter the sequencing data, removing the sequences
containing adapters and the low-quality data. Burrows-
Wheeler Aligner (Li H and Durbin R, Trust Sanger
Institute, Genome Campus, Cambridge, UK) was applied
to map the data to the human reference genome (hgl9.
fa). The Genome Analysis Toolkit (GATK) (version 2.3.9,
Program in Medical and Population Genetics, The Broad
Institute of Harvard and MIT, Cambridge, Massachusetts,
USA.) was used to re-compare the reads in the interval,
calibrate and rearrange the alkali matrix quality values,
and calculate the sequence depth and coverage. Insertion/
deletion, single-nucleotide variants, copy number variations,
and fusion were detected by the GATK, VarScan (version
2.3 8, The Genome Institute, Washington University,
Washington, USA), MuTect (version 1.1.4, The Broad
Institute of Harvard and MIT, Cambridge, Massachusetts,
USA.), CONTRA (Bioinformatics Core Facility, Peter
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MacCallum Cancer Centre, Victoria, Australia), and a self-
developed fusion program.

Kyoto Encyclopedia of Genes and Genomes (KEGG) and
Gene Ontology (GO) envichment analyses

The org.Hs.eg.db package (version 3.10.0, Bioconductor
Package Maintainer, bioconductor.org) in R (version
3.6.3, the Institute for Statistics and Mathematics of WU,
Austria) was regarded as reference data, and GO term and
KEGG pathway enrichment analyses were performed using
clusterProfiler package (version 3.14.3, Guangchuang Yu,
Southern Medical University, Guangzhou, Guangdong,
China). P values were adjusted by Benjamini-Hochberg
(BH) method; P<0.05 and q<0.05 were the cut-off criteria.

Construction of the nomogram model

In TCGA cohort, according to the generalized linear
model function in R software (version 3.6.3), univariate
logistic regression analysis was applied to screen out
the clinical indexes and mutation genes associated with
tumor stage (P<0.10). Significant factors were screened
out by multivariate logistic backward stepwise regression
(likelihood ratio) analysis using SPSS version 23.0 software
(SPSS, Chicago, IL, USA), and the screening criterion
was P<0.05. Based on the selected significant factors, a
nomogram model was built using the rms package (version
6.0-0, Frank E. Harrell Jr, Vanderbilt University, Nashville,
USA) in R (version 3.6.3).
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Table 1 Clinical information of validation samples
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Index Classification Case No. %
Sex Male 28 63.63
Female 16 36.36
Age (years) <65 29 65.91
>65 15 34.09
Tumor stage 1=l 13 29.55
-V 31 70.45
Pathological types Mucinous adenocarcinoma 9 20.45
Other adenocarcinoma 34 77.27
Nonet 1 2.27
Alcohol consumption Yes 22 50.00
No 22 50.00
Hypertension history Yes 11 25.00
No 33 75.00
Tumor size (cm) <5 25 56.82
>5 16 36.36
None' 3 6.82
Tumor differentiation status High 0 0
Medium 32 72.72
Low 8 18.18
None' 4 9.09
Pathological location Left 35 79.55
Right 5 11.36
None' 4 9.09
Recurrence and metastasis Yes 11 25.00
No 32 72.72
None' 1 2.27
Preoperative serum CEA <5 pg/L 18 40.90
>5 pg/L 6 13.64
None' 20 45.45

', indicates unclear or unknown. CEA, carcinoembryonic antigen.

Assessment of the nomogram model performance

The area under the receiver-operating characteristic (ROC)
curve (AUC) was used to assess the discrimination of the
nomogram model. The ROC curve was drawn through the

pROC package (version 1.16.2, the Proteome Informatics
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group, SIB Swiss Institute of Bioinformatics, Batiment
Amphipole, Lausanne, Switzerland) in the R software
(version 3.6.3). The greater the AUC value, the higher the
discrimination of the model. The calibration curve was
drawn by bootstrapping according to 1,000 resampling
procedures. To identify the goodness of fit of the nomogram
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Figure 2 Gene ontology term (A) and Kyoto Encyclopedia of Genes and Genomes enrichment analyses (B) of 31 shared genes between the

clinical cohort and The Cancer Genome Atlas (TCGA) cases.

model, Hosmer-Lemeshow test was conducted using the
ResourceSelection package (version 0.3-5) in R software
(version 3.6.3). P>0.05 indicated that the model had a good
goodness of fit.

Validation of the nomogram model

In the clinical cohort, the performance of the nomogram
model was also verified in terms of both discrimination and
calibration using the same methods described earlier.
Clinical practice of the nomogram model

To assess the clinical applicability of the constructed
nomogram model, the decision curve analysis (DCA) was
drawn using the rmda package (version 1.6) in R software
(version 3.6.3). Threshold probability represents the most

beneficial region of the nomogram model.

Statistical analysis

The Fisher exact test with R software (version 3.6.3) was
used to determine the statistical differences among groups.

Results
Patients’ characteristics

In total, 251 TCGA cases were downloaded; 124 (49.40%)
cases of colon cancer and 127 (50.60%) cases of rectum
cancer. Of these 74 (29.48%) were stage I/1I, and 177
(70.52%) were stage III/IV. Clinical information of
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44 clinical cases is shown in Zable 1.

Gene somatic mutation landscape

Briefly, 1,221 mutations in 239 genes were observed
in the clinical cases, and 69,710 mutations involving
15,900 genes were identified in TCGA cases. Additionally,
in the 2 cohorts, there were 31 shared mutation genes
with frequency >5%. The 31 genes were ARIDI1A, APC,
KMT2D, BRCA2, BRAF, FAT1, ATM, KMT2C, FBXW7,
POLE, PREX2, TP53, ZFHX3, BCOR, SMAD4, PTEN,
PTPRT, TCF7L2, TRRAP, LRPIB, LRP2, ROSI, GRIN2A,
KRAS, COL22A1, FAT4, PIK3CA, ERBB4, LPA, ZNF521,
and CTNNBI. Of these, the 3 most common genes in
the clinical cases were TP53 (57%), APC (52%), and
ARIDI1A (45%), for TCGA cases, these were APC (83%),
TP53 (71%), and KRAS (36%). However, 11 genes were
significantly different in mutation frequency between the
clinical cohort and TCGA cases, which could be associated
with differences in race, age, and sample size between 2 two

groups (Figure 1B).

GO term and KEGG pathway envichment analyses

GO term and KEGG pathway enrichment analyses were
performed on the 31 shared genes. These genes were
enriched in 588 GO terms, including 544 biologic processes
(BPs), 27 cellular components (CCs), and 17 molecular
functions (MFs). The top 10 BPs, CCs, and MFs are shown
in Figure 2A4. These genes were primarily enriched in 81
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pathways. The top 30 pathways are shown in Figure 2B.
Construction of the stage prediction nomogram model

According to the univariate and multivariate logistic
regression analyses, the residual variables were SMAD4,
ZFHX3, and PREX?2 mutation status; pathological location;
and preoperative CEA value, thereby establishing a
nomogram model of high-risk stage III/IV CRC (Figure 3).
Patients with SMAD#4 gene mutations had a higher score
than those without SMAD4 gene mutations. However,
the opposite was observed for ZFHX3 and PREX?2
gene mutations. All of the three genes were enriched in
the KEGG pathway of signaling pathways regulating
pluripotency of stem cells, indicating that pluripotency
of stem cells could be regulated in advanced patients
through these gene mutations. The score for right-sided
colon cancer was higher than that for left-sided colon
cancer. With the increase of preoperative CEA value, the
corresponding score showed an upward trend.

Assessment the performance of the nomogram model

In TCGA cohort, the calibration curve indicated that
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the probabilities of stage III/IV CRC, as predicted by
the nomogram, were in good agreement with the actual
probabilities (Figure 44). According to the Hosmer-
Lemeshow test, we obtained a P value of 0.83, which
indicating that perfect fit remained. Furthermore, the
ROC curve indicated that the nomogram model had good
discriminative ability (Figure 4B), with an AUC of 0.76 [95%
confidence interval (CI): 0.69-0.84].

Validation of the nomogram model

Cases lacking pathological location and preoperative CEA
information were removed, and 23 samples were retained
for model verification. In the clinical cohort, the AUC
value of the nomogram was 0.55 (95% CI: 0.28-0.63);
the Hosmer-Lemeshow test also showed statistically
significance (P=0.01). The calibration curve did not show
good calibration, possibly because we had insufficient
clinical samples.

Furthermore, in TCGA cohort, we compared the
prediction ability of the model in different types of CRC.
By scoring, patients with rectal cancer could be well staged
(P<0.001, Figure 4C), but there was no difference in the
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scores of colon cancer patients with different stages (P=0.14,
Figure 4C), indicating that the model had different staging
abilities in different clinical types.

Clinical applicability of the nomogram model

The DCA for the nomogram model demonstrated that, in
our study, the use of the nomogram to stratify the stage of
CRC patients was beneficial at all threshold probabilities
(Figure 4D).

Discussion

Predicting the risk of stage III/IV CRC in patients has
considerable clinical significance. It can assist with other
related examinations to adjust follow-up treatment
strategies, thereby prolonging patients’ survival time

© Journal of Gastrointestinal Oncology. All rights reserved.

and quality of life. In the present study, we established a
nomogram model of high-risk stage III/IV CRC based on
mutant genes and clinical information; that is, the mutation
status of SMAD4, ZFHX3, and PREX2; pathological
location; and preoperative CEA value. Furthermore, this
nomogram model was also validated in the clinical cohort.
SMAD4 is the central molecule of the transforming
growth factor-B (T'GF-p) signaling pathway, and participates
in the process of intracellular signaling. The inactivation or
low expression of SMAD4 can affect the signal transduction
of T'GF-B and participate in tumor formation (10). SMAD4
mutation or abnormal expression is most common in
pancreatic cancer, and its mutation frequency is about
50% (11), followed by gastric cancer and pancreatic cancer
(12,13). In CRC, the mutation frequency of SMAD4
is about 2-20% (14,15). Many studies have shown that
SMAD4 also plays an important role in the development
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and prognosis of CRC. For example, Huang ez #/. indicated
that SMAD4 mutations play vital roles in CRC metastasis,
and may be both potential biomarkers and therapeutic
targets of CRC metastasis (16). Mizuno ez a/. also found
that SMAD4 mutations are independently associated with
poor prognosis among patients undergoing resection of
colorectal liver metastases (17). In the present study, we
found that the mutation frequencies of SMAD4 in clinical
and TCGA cohorts were 23% and 14%, respectively, with
no significant difference between them. Univariable and
multivariable logistic regression analyses demonstrated that
SMAD4 mutations were an independent risk factor for stage
III/IV CRC. It could be seen from the nomogram model
that patients with SMAD4 mutations were at increased risk
of stage III/TV CRC.

Zinc finger homeobox 3 (ZFHX3), a large transcription
factor, contains 23 zinc finger domains, 4 homeodomains,
and multiple other motifs (18). It was initially regarded
as AT motif-binding factor 1 by Ninomiya er /., which
represses the transcription of a-fetoprotein through
binding to its promoter (19). ZFHX3 is considered a tumor
suppressor for human cancers, such as prostate and breast
cancers (20,21). Phosphatidylinositol-3,4,5-trisphosphate-
dependent Rac exchanger factor 2 (PREX2) can regulate
small guanosine triphosphatase Rac. It participates in the
process of inhibiting the activity of phosphatase and tensin
homolog (PTEN), therefore upregulating the activity of the
phosphoinositide 3-kinase signaling pathway (22). PREX2
has been observed to be involved in various types of cancer,
including gastric cancer, hepatocellular carcinoma, and
pancreatic cancer (23-25). The present research indicated
that ZFHX3 mutations occurred in 16% of clinical samples
and 8% of TCGA patients, and PREX?2 in 18% of the
clinical sample and 7% of TCGA patients. Moreover,
patients without ZFHX3 and PREX2 mutations were at
a higher risk of having stage III/IV CRC than those with
mutations. These results are different to those of other
cancers, and require further verification (20,21,23-25).

According to the location of the primary tumor, CRC
can be divided into right-sided and left-sided CRC. Patients
with different tumor locations have different pathogeneses,
molecular pathways, and outcomes (26). Patients with right-
sided colon cancer have more advanced tumor staging (27).
Previously published studies have indicated that right-sided
colon cancer has more mutations in BRAF, KRAS, SMAD4,
TGF-B, PIK3CA, PTEN, and AKT1 genes, and high
microsatellite instability (28). A prospective clinical analysis
based on stage III CRC patients who received adjuvant
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chemotherapy also demonstrated inferior disease-free
survival in right-sided colon cancer patients (29). Recent
research has indicated that right-sided and left-sided colon
cancer has different prognostic significance for recurrence
and overall mortality after curative resection, and tumor
location could be a prognostic biomarker in stage III
CRC (30). Consistent with the results of previous studies,
we found that the location of the primary tumor was an
independent risk factor for high-risk stage III/IV CRC, and
patients with right-sided colon cancer had a higher risk than
those with left-sided colon cancer.

Serum CEA is a common specific tumor marker for
CRC and is associated with prediction, efficacy of therapy,
and the recurrence of CRC (31). Elevated serum CEA
level is considered to be associated with reduced survival
in patients with CRC (32). Preoperative serum CEA level
>5 ng/mL seems to be a risk factor for the recurrence of
stage III CRC (33). Moreover, Sisik et al. found that a
positive level of CEA can be considered as advanced stage
CRC (34). In the current study, we also demonstrated that,
as the preoperative CEA value increases, the risk of stage
III/IV CRC also increases.

A shortage of this study is that the number of clinical
samples were relatively small, the constructed model has
not been well validated, and a large sample study should
be added for verification. The nomogram model based
on molecular biology and clinical information can fully
understand the important role of various risk factors in
CRC staging. Moreover, the nomogram can integrate more
clinicopathological parameters to achieve individualized
predictions. It is a calculation chart that replaces complex
mathematical formulas and can present the results of
regression analyses in an intuitive graphical form, which is
of significance for individualized and accurate predictions.
Therefore, we are aiming to collect more CRC patients
to make this model more accurate and credible, we will
continue to increase the number of clinical samples in
our further research on our relevant results. Besides, due
to the short follow-up time of some patients, the existing
survival information cannot be statistically analyzed. Since
our model had better staging ability in TCGA cohort, the
correlation of advance stage and the outcomes of CRC (such
as overall survival, progression-free survival, recurrence
and metastasis) based on molecular and clinical features is
also our upcoming study to guide the clinical treatment and
prognosis prediction of CRC.

The nomogram model of the SMAD4, ZFHX3,
and PREX? mutation status; pathological location; and

7 Gastrointest Oncol 2020;11(6):1214-1223 | http://dx.doi.org/10.21037/jgo-20-548
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preoperative CEA value could be applied to predict the risk
of stage III/IV in CRC patients.
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