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Abstract 
Colorectal cancer (CRC) is second most commonly diagnosed cancer with high morbidity and mortality. The heterogeneity of 
CRC makes clinical treatment tremendously challenging. Here, we aimed to comprehensively analyze the prognosis of CRC 
patients based on ANOIKIS- and immune-related genes. ANOIKIS-related genes were identified by differentially analysis of high 
anoikis score group (ANOIKIS_high group) and low anoikis score group (ANOIKIS_low group) divided by the cutoff value of anoikis 
score. Immune-related genes were screened by differentially analysis of high immune score group (ImmuneScore_high group) 
and low immune score group (ImmuneScore_low group) classified by the cutoff value of ImmuneScore. Prognostic ANOIKIS- 
and immune-related genes were identified by univariate Cox regression analysis. Multivariate Cox regression analysis were used 
for prognostic model construction. Ferroptosis expression profiles, the infiltration of immune cells, and the somatic mutation 
status were analyzed and compared. Univariate and multivariate Cox-regression analyses were performed to identify independent 
prognostic factors for CRC patient. Nomogram that contained the independent prognostic factors was established to predict 
1-, 3-, and 5-year OS probability of CRC patients. Three ANOIKIS- and immune-related signatures were applied to construct 
a prognostic model, which divided the CRC patients into high-risk and low-risk groups. The patients with high-risk scores had 
obviously shorter OSs than those with low-risk scores. The time dependent ROC curve indicated that the risk score model had a 
stable performance to predict survival rates. Notably, the age, pathologic T, and risk score could be used independent indicators 
for CRC prognosis prediction. A nomogram containing the independent prognostic factors showed that the nomogram accurately 
predicted 1-, 3-, and 5-year survival rates of CRC patients. In our research, a novel prognostic model was developed based on 
ANOIKIS- and immune-related genes in CRC, which could be used for prognostic prediction of CRC patients.

Abbreviations:  CRC = colorectal cancer, DEGs = differentially expressed genes, GO = gene ontology, KEGG = Kyoto 
Encyclopedia of Genes and Genomes, MSigDB = molecular signatures database, OS = overall survival, PTEN = phosphatase 
and tensin, ROC = receiver operating characteristic curve, TCGA = The Cancer Genome Atlas, VEGF = vascular endothelial 
growth factor.
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1. Introduction

Colorectal cancer (CRC) is ranked as the third most common 
malignant cancer worldwide, with an increasing incidence year 
by year. In 2020, a statistical study revealed approximately 
147,950 cases diagnosed with CRC and 53,200 deaths have 
died of CRC in United State, Unfortunately, the 5-year over-
all survival (OS) rate of advanced patients is less than 14%.[1] 
Effective prevention and control of CRC progression is in 
emergency. Effective prevention and control of CRC, which 
can greatly reduce the national and even global economic bur-
den. At present, system treatments including surgical, radio-
therapy and adjuvant chemotherapy have been applied to 

CRC. Comprehensive treatments for patients with CRC have 
improved the survival rate of some advanced patients.[2] One of 
the most possible reason for the poor prognosis is the lack of a 
potential early prognostic factor.[3–5] Thus, it is an urgent need to 
explore the potential prognostic biomarkers for clinical diagno-
sis and therapy of CRC.

Anoikis is a programmed cell death activated in the absence 
of attachment of cells to an appropriate matrix, which is often 
disturbed in cancer. Inhibition of anoikis is an essential mecha-
nism for the formation of metastases in cancer progression.[6–8] 
Anoikis resistance is the inherent characteristics of tumor cell. 
Without anoikis resistance, cancer cells will not survive after 
they detached from their primary site.[7,9] Recent researches have 
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indicated that anoikis resistance is an important mechanism of 
CRC metastasis and progression. Wang et al[10] proposed that 
CPT1A-mediated fatty acid oxidation promoted the metastasis 
of CRC cells by inhibiting anoikis. Paoli et al[9] demonstrated 
that subpopulations of micropapillary, sieve and solid structures 
of CRC resistant to anoikis, which is characterized by the lack 
of ECM exposure and low apoptosis rate. Emerging studies 
have revealed that immune-related genes may act as potential 
prognostic indicators for CRC.[10,11] However, there are no rel-
evant studies on the combination of Anoikis- and immune-re-
lated genes to predict the CRC prognosis.

Therefore, our study intended to develop a novel prognos-
tic model with the Anoikis- and immune-related genes for CRC 
based on bioinformatics method.

2. Materials and methods

2.1. Data acquisition and processing

RNA-sequencing (RNA-seq) data and their related clinical infor-
mation of CRC samples were obtained from The Cancer Genome 
Atlas (TCGA) official website (https://portal.gdc.cancer.gov/), of 
which 615 CRC patients with complete clinical information were 
used for our analysis (Table S1, Supplemental Digital Content, 

http://links.lww.com/MD/H668).[12] In addition, RNA-seq data 
and clinical data of GSE17536 data set for 177 CRC patients 
were extracted from the Gene Expression Omnibus (GEO) data-
base (https://www.ncbi.nlm.nih.gov/gds).[13]

A total of 47 ANOIKIS genes annotated by Gene Ontology 
(GO) were extracted from the Molecular signatures database 
(MSigDB).

2.2. CRC subtype analysis

Based on the 47 ANOIKIS genes, Gene set variation analysis 
algorithm of R was conducted to evaluate the anoikis score of 
each CRC patient. The cutoff value of anoikis score was deter-
mined by using survminer package in R, which divided the CRC 
patients into high anoikis score group (ANOIKIS_high group) 
and low anoikis score group (ANOIKIS_low group).

Estimate package of R was utilized to calculate the propor-
tion of stromal and immune cells of each CRC patient, and then 
obtained the infiltrating immune cell score (ImmuneScore). The 
cutoff value of ImmuneScore was determined by employing 
survminer package in R, which classified the CRC patients into 
high immune score group (ImmuneScore _high group) and low 
immune score group (ImmuneScore _low group).

Figure 1.  Identification of differentially expressed ANOIKIS-related genes based on CRC subtype analysis. (A) The anoikis score of each CRC patient by GSVA. 
The black dotted line is the optimal separation score. Green represents low anoikis score, red represents the high anoikis score. (B) the K-M analysis to compare 
the OS of the two subgroups. CRC patients with high anoikis score had an obviously better OS compared to low anoikis score group. P < .05 as significant. 
(C) Volcano plot showing the differentially expressed anoikis related genes in tumors versus normal tissue samples. Blue dots represent down-regulated anoikis 
related genes, and red dots represent up-regulated anoikis related genes. The gray dots represent that there are no significant differences between anoikis 
related genes. (D) Gene expression heat map of differentially expressed anoikis related genes in CRC. CRC = colorectal cancer, GSVA = gene set variation 
analysis.

https://portal.gdc.cancer.gov/
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2.3. Differentially expressed analysis

We employed the limma package to analyze the differen-
tially expressed genes (DEGs) of the ANOIKIS_high and the 
ANOIKIS_low subtypes. Using the same methods, the DEGs 
between ImmuneScore_high and ImmuneScore_low groups 
were screened, which was shown in a heatmap generated by 
heatmap package. The screening criteria of DEGs is |log2(fold 
change)| > 0.5 and adjusted P < .05.

2.4. Functional enrichment analysis and protein-protein 
interaction (PPI) network of differentially expressed 
ANOIKIS- and immune-related genes

Differentially expressed ANOIKIS- and immune-related genes 
were acquired by Venn analysis. Then, GO and the Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathway analysis 
of differentially expressed ANOIKIS- and immune-related genes 
were performed by using the clusterProfiler R package to explore 
their potential functions in CRC progression. Adjusted P < .05 
was considered as statistically significant. The PPI network of 
these ANOIKIS- and immune-related genes was constructed 
by Search Tool for Recurring Instances of Neighbouring Genes 

(STRING, https://string-db.org). The confidence degree was set 
to 0.4, and the PPI network was visualized by the Cytoscape 
software.

2.5. Development and validation of a prognostic model in 
CRC

Differentially expressed ANOIKIS- and immune-related genes 
were used to perform univariate Cox regression analysis in the 
TCGA database. The genes with P < .05 were subjected to a uni-
variate Cox regression analysis. Subsequently, these genes were 
entered into a stepwise multivariate Cox regression analysis 
tested by Akaike Information Criterion to adjust the prognos-
tic model. A risk score of each CRC patient was calculated by 
regression coefficient of univariate Cox regression analysis and 
the gene expression level. The CRC patients were divided into 
high- and low-risk groups based on the median risk score. The 
Kaplan–Meier (K-M) survival curves were generated to predict 
the differences of OS between high- and low-risk groups. The 
time-dependent receiver operating characteristic curve (ROC) 
analysis was performed by “timeROC” package in R to further 
predict the accuracy of this model for CRC prognosis. In our 
analysis, GSE17536 was used as an external validation set.

Figure 2.  Identification of differentially expressed immune-related genes based on CRC subtype analysis. (A) The ImmuneScore of each CRC patient by R 
estimate. The black dotted line is the optimal separation score. Green represents low anoikis score, red represents the high anoikis score. (B) The K-M analysis 
to compare the OS of the two subgroups. CRC patients with high ImmuneScore had an obviously better OS compared to low ImmuneScore group. P < .05 as 
significant. (C) Volcano plot showing the differentially expressed immuno related genes in tumors vs normal tissue samples. Blue dots represent down-regulated 
immuno related genes, and red dots represent upregulated anoikis related genes. (D) Gene expression heat map of differentially expressed immune related 
genes in CRC. CRC = colorectal cancer, OS = overall survival.

https://string-db.org
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2.6. The relationship of the risk score and clinic-
pathological features of CRC patients

The association between the OS and clinic-pathological fea-
tures including age, pathologic stage, pathologic T, pathologic 
M, pathologic N and risk score was investigated by univariate 
Cox analysis. The clinic-pathological features are associated 
with OS of CRC patients which was applied to conduct multi-
variate Cox regression analysis to screen the independent prog-
nostic factors for CRC. A nomogram containing independent 
prognostic factors were generated using the R package, and 
the corresponding calibration plots was conducted to assess its 
performance.

2.7. Statistical analysis

All analyses in the present study were conducted with R soft-
ware. The OS of the two subgroups were compared using the 
K-M analysis with a log-rank test. The significance of the differ-
ences in the risk score among different stage was assessed by the 

Wilcox on test. P < .05 was considered to be statistically signifi-
cant (*P < .05; **P < .01; ***P < .001; ****P < .0001).

3. Results

3.1. Identification of differentially expressed ANOIKIS-
related genes based on CRC subtype analysis

Based on the ANOIKIS genes, we evaluated the anoikis score 
of each CRC patient by gene set variation analysis, which ade-
quately divided the CRC patients of the TCGA database into 
high anoikis score (ANOIKIS_high) and low anoikis score 
(ANOIKIS_low) subtypes (Fig. 1A). Then, the K-M analysis was 
applied to compare the OS of the two subgroups. The results 
showed that CRC patients with high anoikis score had an obvi-
ously better OS compared to low anoikis score group (Fig. 1B, 
P = .011). Moreover, we identified a total of 161 differentially 
expressed ANOIKIS-related genes between ANOIKIS_high 
and ANOIKIS_low subtypes based on the screening criteria of 
log2(fold change) > 0.5 and adjusted P < .05, of which 156 were 

Figure 3.  Identification of differentially expressed ANOIKIS- and immune-related genes. (A) The intersection of targeting ANOIKIS DEGs and ImmuneScore 
DEGs. (B) Results of the gene ontology (GO) term enrichment study. (C) Results of the Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrich-
ment study. (D) 143 Hub genes of PPI network. The line represents the interaction between the genes. The darker the color, the bigger the degrees. DEGs = 
differentially expressed genes, PPI = protein-protein interaction.
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up-regulated and 5 were down-regulated genes (Fig. 1C and D, 
Table S2, Supplemental Digital Content, http://links.lww.com/
MD/H669).

3.2. Identification of differentially expressed immune-
related genes based on CRC subtype analysis

By using the cutoff value calculated ImmuneScore, we classified 
the CRC patients into high immune score (ImmuneScore_high 
group) and low immune score subtypes (ImmuneScore_low 
group) (Fig.  2A). Subsequently, we compared the OS of the 
two subgroups by K-M analysis. Interestingly, the CRC patients 
with high immune score showed a better OS than that of low 
immune score group (Fig. 2B, P = .011). Based on the two sub-
types, we obtained 227 differentially expressed immune-related 

genes, including 226 up-regulated and 1 down-regulated genes 
(Fig. 2C and D, Table S3, Supplemental Digital Content, http://
links.lww.com/MD/H670).

3.3. Identification of differentially expressed ANOIKIS- and 
immune-related genes

As a result, 147 ANOIKIS- and immune-related genes were 
acquired by overlapping the identified DEGs (Fig. 3A). To fur-
ther explore the biological functions of differentially expressed 
ANOIKIS- and immune-related genes in CRC, we performed 
GO and KEGG enrichment analysis by cluster Profiler R pack-
age. The differentially expressed ANOIKIS- and immune-related 
genes were significantly enriched in GO terms and KEGG path-
ways related to immune, such as response to interferon-gamma, 

Figure 4.  Construction of a prognostic model of ANOIKIS- and immune-related genes in CRC. (A) Univariate Cox regression analysis of ANOIKIS- and 
immune-related genes for CRC patients. (B) Multivariate Cox regression analysis of CYBB, CPAS, and SFRP2 genes for CRC patients. (C) The scatter plot of 
risk score distribution of CYBB, CPAS, and SFRP2 genes. One point refers to a sample, red point was sample with higher risk score, green point was sample 
with lower risk score, and the intersecting point represents the median of risk score. (D) The heat map of the mRNA expression of the three ANOIKIS- and 
immune-related genes. X-axis and Y-axis refer to genes and samples, respectively. (E) The Kaplan–Meier survival curve of three ANOIKIS- and immune-related 
genes. X-axis, time in days. Y-axis, survival probability. (F) Time-dependent (ROC) curve of the risk score in inferior prognosis prediction of three ANOIKIS- and 
immune-related genes for 1-, 3-, and 5-year overall survival. X-axis, false positive. Y-axis, true positive. CRC = colorectal cancer, ROC = receiver operating 
characteristic curve.

http://links.lww.com/MD/H669
http://links.lww.com/MD/H669
http://links.lww.com/MD/H670
http://links.lww.com/MD/H670
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neutrophil migration, myeloid leukocyte migration, leuko-
cyte chemotaxis (Fig.  3B and Table S4, Supplemental Digital 
Content, http://links.lww.com/MD/H671), and in Th17 cell dif-
ferentiation, Th1 and Th2 cell differentiation, Intestinal immune 
network for IgA production, and Antigen processing and pre-
sentation (Fig. 3C and Table S5, Supplemental Digital Content, 
http://links.lww.com/MD/H672). A PPI network containing 
143 nodes and 1527 edges revealed the complex interactions 
of these differentially expressed ANOIKIS- and immune-related 
genes in the development of CRC (Fig. 3D).

3.4. Construction of a prognostic model of ANOIKIS- and 
immune-related genes in CRC

To further demonstrate the significant prognostic relevance 
of ANOIKIS- and immune-related genes for CRC patients, 
we performed univariate Cox regression analysis, obtaining 
8 genes with P < .05. As shown in (Fig. 4A), 6 of these genes 
(CYBB, CXCL11, CPA3, MMP1, IGJ, MMP3) were protective 
factors for better prognoses in CRC patients (HR < 1). BGN 
and SFRP2 acted as risk factors in CRC (HR > 1) Then, the 
8 ANOIKIS- and immune-related genes was used to conduct 
multivariate Cox regression analysis. Ultimately, 3 ANOIKIS- 
and immune-related genes including CYBB, CPA3 and SFRP2 

were identified to construct a prognostic prediction model 
(Fig.  4B). Accordingly, the risk score of each CRC patient 
was calculated as follows: Risk Score = (−0.277884556) * 
Express Value of CYBB + (−0.181284872) * Express Value 
of CPA3 + 0.212002305 * Express Value of SFRP2. The 
CRC patients were assigned into high-risk (n = 307) and 
low-risk (n = 308) subgroups based on the median value of 
risk score (Fig. 4C). The expression of three ANOIKIS- and 
immune-related genes were significantly different between 
high-risk and low-risk groups (Fig.  4D). K-M survival 
analysis illustrated patients with high-risk scores had obvi-
ously shorter OSs than those with low-risk scores (Fig. 4E, 
P < .001). The time dependent ROC curve showed that the 
AUC of the three ANOIKIS- and immune-related genes in 
the prognostic model was greater than 0.6 (0.671 at 1 year, 
0.634 at 3 years, and 0.638 at 5 years), indicating that the 
risk score model had a stable performance to predict survival 
rates (Fig. 4F).

3.5. Validation of the prognostic model in CRC

To further validate the robustness of our constructed prog-
nostic model in an external cohort of CRC patients, a GEO 
cohort composed of 177 CRC patients was utilized to calcu-
late the risk score using the same formula. Ultimately, these 

Figure 5.  Validation of the prognostic model in CRC. (A) The scatter plot of risk score distribution of the samples and Distribution of the survival status, risk score 
and gene expression data of CRC patients in the training group. One point refers to a sample, red point was sample with higher risk score, green point was 
sample with lower risk score, and the intersecting point represents the median of risk score. (B) The heat map of the mRNA expression of the five IRGs. X-axis 
and Y-axis refer to genes and samples, respectively. (C) The Kaplan–Meier survival curve. X-axis, time in days. Y-axis, survival probability. (D) Time-dependent 
(ROC) curve of the risk score in inferior prognosis prediction for 1-, 3-, and 5-year overall survival. X-axis, false positive. Y-axis, true positive. CRC = colorectal 
cancer, ROC = receiver operating characteristic curve.

http://links.lww.com/MD/H671
http://links.lww.com/MD/H672
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Figure 6.  Correlation analysis between risk model and clinical factors. Violin represent the distribution of risk score in CRC samples stratified by different fac-
tors, including stage (A), pathologic T (B), pathologic N (C), pathologic M (D), age (E). P < .05 was considered to be statistically significant (*P < .05; **P < .01; 
***P < .001; ****P < .0001). CRC = colorectal cancer.

Figure 7.  Independent prognostic value of risk models. (A) Univariate Cox regression analysis in CRC. (B) Multivariate Cox regression analysis in CRC. P < .05 
is considered as statistically significant. (C) The nomogram using age, stage and risk score. For each patient, three lines are drawn upward to verify the points 
received from the three predictors of the nomogram. The sum of these points situates on the “Total Points” axis. Then a line is drawn downward to assess the 
1-, 3-, and 5-year overall survival of CRC. (D) The calibration plot to evaluate the nomogram predicted 1-, 3-, and 5-year overall survival of CRC. (E) The DCA 
curves for the risk score and combined nomogram model in prognosis prediction of CRC. CRC = colorectal cancer, DCA = the decision curve analysis, OS = 
overall survival.
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CRC patients in the GSE17536 cohort were categorized into 
the low-risk group (n = 89) and the high-risk group (n = 88) 
(Fig.  5A). Moreover, the expression of three prognostic bio-
markers was shown in Figure 5B. Consistent with the results 
of the TCGA dataset, the CRC patients with low risk score had 
significantly longer OSs (Fig.  5C, P = .031). In addition, the 
AUCs for OS were 0.702 at 1 year, 0.624 at 3 years, and 0.622 
at 5 years, indicating stable prognostic accuracy of our prog-
nostic model constructed by the 3 ANOIKIS- and immune-re-
lated genes (Fig. 5D).

3.6. Risk score is an independent prognostic factor for 
CRC patients

CRC patients in the TCGA dataset were classified by their age, 
Stage, pathologic T, pathologic M, pathologic N, respectively. 
The results indicated that the there was significantly differences 
of risk scores of CRC patients among different stage (Fig. 6A–D). 
However, we did not observed significantly different between 
different age (Fig. 6E).

Besides, multivariate Cox regression was performed to eval-
uate whether these clinico-pathological features (including age, 
Stage, pathologic T, pathologic M, pathologic N) and the risk 
score were independent factors for CRC prognosis (Fig. 7A and 
B). The results demonstrated that the age, pathologic T, and 
risk score could be used independent indicators for prognosis 
prediction of CRC patients. The independent prognostic factors 
included age, pathologic T, and risk score (Fig. 7C). The results 
illustrated that the nomogram accurately predicted 1-, 3-, and 
5-year survival rates of CRC patients (Fig.  7D). The decision 
curve analysis for risk score and nomogram model indicated 
that the reliability of the nomogram model containing clinical 
factors in prognosis prediction of CRC (Fig. 7E).

4. Discussion
CRC remains the leading cause of mortality in the worldwide. 
The incidence of CRC is increasing worldwide year by year. CRC 
has more high mortality and poor prognosis when diagnosed at 
advanced stages. A molecular marker (biomarker) is defined as 
a biological molecule which can be tested in blood, tissues and 
other fluids. It is alse can be iedentified in a special patholog-
ical or physiological process for some diseases. What is more, 
Biomarkers serve as valuable strategies for cancer detection, 
diagnosis, prognosis prediction and treatment choice. In clinical 
practice, biomarker is one of the best way to monitor the treat-
ment response and to help the doctor made the next treatment 
decision.[14] In order to improve the prognosis, many molecular 
biomarkers for CRC have been comprehensively explored to 
predict the prognosis in the past 20 years. Adenomatous polyp-
osis coli is highly expressed and predicted as a prognostic bio-
marker for CRC.[15] Vascular endothelial growth factor (VEGF) 
has been reported to be as one of the angiogenic factors in CRC. 
It is expressed in approximately 50% of CRCs, but it is hardly 
expressed in normal colonic tissues. So, VEGF-1 expression is 
considered as one of valuable prognostic biomarker in CRC.[16] 
PTEN (Phosphatase and tensin) homolog protein acts as a tumor 
suppressor gene in the regulation of the cell cycle, cell prolifer-
ation, differentiation and apoptosis.[17,18] A meta-analysis of five 
small clinical studies have indicated that PTEN loss in tumors 
is associated with poor prognosis in patients with local advance 
stage or metastatic CRC treated with cetuximab based therapy 
based on.[19] Until now, Carcinoembryonic antigen (CEA) and 
carbohydrate antigen 19-9 (CA19-9) are the most widely used 
biomarkers in clinical practices. Because of the poor sensitivity 
and specificity, the widely application of the two biomarker are 
limited.[20] Instead of single biomarker, combination of different 
biomarkers will help to predict the prognosis and avoid over 
treatment for CRC patients.

In our research, 6 of 147 ANOIKIS- and immune-related 
genes (CYBB, CXCL11, CPA3, MMP1, BGN, SFRP2, IGJ, and 
MMP3) were identified to be associated with the prognosis 
of CRC, of which CYBB (cytochrome b-245 beta chain gene), 
CPA3 (Carboxypeptidase A3), and SFRP2 (secreted frizzled-re-
lated protein) were used to construct a prognostic prediction 
model for CRC. The risk score of this prognostic model that 
divided the CRC patients into high-risk and low-risk groups was 
an independent factors for CRC prognosis.

Among the three prognosis genes signatures, the human 
SFRP2 gene is the member of secreted frizzled-related pro-
tein (SFRP) family that located on chromosome 4q31.3 and 
encoded a 295-aa protein.[21] Many studies have reported 
that SFRP2 was involved in of the pathogenesis of various of 
cancers. Co-hypermethylation of SFRP2 was also considered 
as independent prognostic predictors for postoperative CRC 
patients.[22] Also, methylated SFRP2 in plasma was critical for 
the prognosis and early detection of gastric cancer.[23,24] Li et 
al[25] found that SFRP2 modulated the apoptosis and metas-
tasis of non‑small cell lung cancer A549 cells by regulating 
mitochondrial fission via Wnt pathways. Recent study revealed 
that high expression of SFRP2was associated with primary 
tumor size, TNM stage, and lymph node metastases of breast 
cancer and lead to poor prognosis.[26] CYBB gene is located 
on the X-chromosome, and the mutation in this gene account 
for about 70% of Chronic Granulomatous Disease(CGD) 
cases.[27,28] CPA3 belongs to the metallocarboxypeptidase 
family, which contains a 16-residue signal peptide sequence, 
a 95-residue NH2-terminal activation segment, and a 310-res-
idue CP enzyme domain. It regulates the function of peptide 
hormones, which plays an important role in the growth and/
or differentiation of prostate epithelial cells.[29] However, the 
effect of CYBB and CPA3 on CRC has not clear.

Currently, several researchers have reported that there 
is a potential relationship between anoikis and immunity. 
Extracellular (Granzyme B) GrB contribute to pathogenesis 
in cases of immune dysregulation. It also cleaves extracellular 
matrix components,[30–33] and induces anoikis in susceptible cells 
in vitro.[34] Moreover, there was a specific association between 
NK cells infiltration and Anoikis in CRC patients.[35]

To the best of our knowledge, this is the first study to pay 
attention on the combination of Anoikis- and immune-related 
genes as prognostic signature for CRC. However, our study has 
some deficiency. On the one hand, it is necessary to further ver-
ify the results by clinical samples and experimental data. On 
the other hand, the biological function and mechanism of this 3 
anoikis and immune-related genes in CRC progression are need 
to be further explored.

In conclusion, we identified a novel prognosis prediction 
model constructed by 3 anoikis and immune-related genes for 
CRC, providing new insights into clinical prognosis value for 
CRC.
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