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A risk model constructed using 14 N6-methyladenosine-related 
lncRNAs as a new prognostic marker that correlates with the 
immunomodulatory effect and drug sensitivity in colorectal cancer
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Background: Colorectal cancer (CRC) remains the most common gastrointestinal malignancy. Despite 
multimodal therapy, its mortality is high due to recurrence and metastasis. This study developed and verified 
a risk model consisting of 14 N6-methyladenosine (m6A) long noncoding RNAs (lncRNAs) to assess the 
prognosis of patients with CRC and investigated its relevance to immune regulation and drug sensitivity.
Methods: The gene expression profiles and clinical data of 446 patients with CRC were retrieved from 
The Cancer Genome Atlas (TCGA). 14 lncRNAs were screened using the Gene Co-expression Network 
(corFilter =0.5, P<0.001), and univariate and least absolute shrinkage and selection operator (LASSO) Cox 
regression analysis to construct the optimal risk model. The predictive performance and clinical applicability 
of the model were next verified. In addition, we performed Gene Ontology (GO) enrichment analysis to 
identify potential biological functions and detected the difference in tumor mutational burden (TMB), 
immune function, and sensitivity to immunotherapy and other drugs between the high- and low-risk groups 
to evaluate the application of the constructed risk model in depth.
Results: The model was found to be an appropriate marker for predicting the prognosis of patients 
with CRC, independent of other clinical features, and demonstrated good precision and broad clinical 
applicability. It correlated with pathways in the development of cancer and immune-related functions, 
and patients in the high-risk group had higher tumor immune dysfunction and escape (TIDE) scores. 
Furthermore, we found significant differences in the overall survival (OS) between patients in the high- and 
low-tumor mutation burden (TMB) groups, which may work in conjunction with the constructed model to 
better predict patients’ prognosis. Finally, we identified 12 drugs, including A-443654 and sorafenib, with 
lower half maximal inhibitory concentration (IC50) values in the high-risk group. Conversely, 21 drugs, 
including gemcitabine and rapamycin, had lower IC50 values in the low-risk group. 
Conclusions: We constructed a risk model based on 14 m6A-related lncRNAs that could predict the 
prognosis of patients with CRC and provided additional therapeutic ideas for their treatment. These findings 
may additionally serve as a foundation for further studies on regulating CRC via m6A-related lncRNAs.
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Introduction

In the latest global cancer statistics, colorectal cancer 
(CRC) ranks firmly in third in incidence among 36 cancers. 
It remains the most common gastrointestinal malignancy 
in both males and females worldwide. Conventional 
treatments such as surgery, chemotherapy, and radiotherapy, 
can be applied to treat CRC. Nonetheless, its mortality 
rate remains high, ranking second (1), and recurrence and 
metastasis contribute to a cumulative 5-year survival rate 
of only 60.8% for patients with CRC (2). The emerging 
targeted therapies and immunotherapy, while valuable, 
are only highly effective in select patients (3). In addition, 
the frequency of mutations in tumors (4,5) and tumor 
drug resistance (6) are common factors affecting patients’ 
prognoses. Therefore, in clinical practice, there is a need 
to identify new factors that may affect the prognosis of 
those with CRC and develop effective treatment strategies. 
In particular, the genomic characteristics of CRC can be 
exploited in developing effective treatments and predicting 
the risk of recurrence and survival.

N6-methyladenosine (m6A) methylation modification 
is present in various types of RNA. Since its discovery 

in the 1920s, m6A has been considered to be a common 
modification in messenger RNA (mRNA) and noncoding 
RNA. It affects the splicing, translation, stability, and 
epigenetic features of some noncoding RNAs (7,8). 
The formation of m6A is a reversible and dynamic RNA 
epigenetic process in mammalian cells. The process 
is regulated by the reader (m6A binding protein), 
writer (methyltransferase), and eraser (demethylase) 
proteins responsible for m6A function, methylation, and 
demethylation, respectively (9). An increasing amount 
of evidence suggests that the abnormal expression and 
regulation of m6A are related to the progression of 
CRC. YTHDC2 (an m6A binding protein) was found to 
be upregulated in CRC, and it promoted metastasis by 
inducing the expression of metastasis-related genes (10).  
Additionally, knockdown of the methyladenosine reader 
IGF2BP3 was reported to result in the inhibition of 
DNA replication, cell proliferation, and angiogenesis 
in CRC (11). Modifications induced by the m6A writer 
m6A methyltransferase-like 3 (METTL3) maintain the 
stability of chromo box protein homolog 8 (CBX8), thereby 
increasing the stemness of CRC and reducing its chemical 
sensitivity (12). Besides, m6A modification could increase 
the expression of PD-L1, thus playing an important role 
in tumor immune escape. Deletion of methyltransferases 
METTL3 and METTL14 inhibited this modification and 
enhanced the response to anti PD-1 treatment (13).

Numerous studies have shown that long noncoding 
RNAs (lncRNAs) are non-protein-coding genes with 
complex structures and a length of over 200 bp, and these 
have been proven to play a critical regulatory role in 
epigenetics (14). lncRNAs participates in various biological 
processes such as cell growth and differentiation, as well 
as the occurrence and development of tumors. Abnormal 
lncRNA expression is closely related to CRC. Huang  
et al. (15) found that SNHG15 could independently affect 
the prognosis of patients with CRC and act as a cancer-
promoting factor. Furthermore, overexpression of RP11-
708H21.4 was found to cause CRC cell cycle arrest in the 
G0 and G1 phase; inhibit its proliferation, migration, and 
invasion; and, additionally, improve the therapeutic efficacy 
of fluorouracil (5-FU) (16). Finally, the lncRNA CCAT2 was 
reported to promote the development of CRC by inducing 
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chromosome instability (17).
T h e  r o l e  o f  m 6A  i n  m o d i f y i n g  l n c R N A s  a n d 

thereby regulating their expression to influence tumor  
development (18), immune regulation (19), and drug 
resistance (20) has been confirmed. m6A modification led 
to LINC00958 upregulation, which aggravated HCC 
malignant phenotypes in vitro and in vivo (21). The m6A 
dependent lnc-Dpf3 feedback-controlled DC migration 
and inflammatory response (22). In esophageal cancer, 
m6A modification exacerbated the enrichment of lncRNA 
CASC8, thereby promoting cancer invasiveness and 
chemical resistance (23). In addition, m6A-related lncRNAs 
could help determine the prognosis to a certain extent (24). 
However, the significance of m6A-related lncRNAs in CRC 
has not been comprehensively examined. Therefore, in this 
study, data from 446 patients with CRC were analyzed using 
bioinformatics and statistical tools to construct an optimal 
risk model consisting of 14 m6A-related lncRNAs. Through 
a series of analyses, we validated the constructed risk model’s 
predictive accuracy, reliability, clinical applicability, and 
grouping ability. Additionally, we investigated its correlation 
with tumor mutation burden (TMB), immune function, 
and drug sensitivity and performed Gene Ontology (GO) 
enrichment analysis to explore the potential regulatory 
mechanisms. Finally, to improve clinical practice, we built 
a nomogram to help physicians predict the overall survival 
(OS) of patients with CRC. We present this article in 
accordance with the TRIPOD reporting checklist (available 
at https://jgo.amegroups.com/article/view/10.21037/jgo-
23-412/rc).

Methods

Data acquisition and preprocessing

The transcriptomic and mutation data of patients with CRC 
were retrieved from The Cancer Genome Atlas (TCGA) 
database (25). All gene IDs in the TCGA-CRC datasets 
were matched with the Genome Reference Consortium 
Human genome build 38 (GRCh38) from GENCODE 
to distinguish mRNAs and lncRNAs. The corresponding 
clinical information was also downloaded from this database. 
Patients with no survival information in their clinical 
data were excluded from further evaluation to reduce the 
statistical deviation. Ultimately, TCGA datasets of 446 
patients with CRC were obtained for in-depth analysis in 
this study. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013).

Identification of m6A-related lncRNAs in CRC

From previous studies, 23 regulatory factors acting as 
switches in m6A methylation were identified for subsequent 
analysis (26,27). The genes were classified into 3 categories 
according to their roles in the methylation process, 
including 13 readers (YTHDC1, YTHDC2, YTHDF1, 
YTHDF2 ,  YTHDF3 ,  HNRNPC ,  FMR1 ,  LRPPRC , 
HNRNPA2B1, IGFBP1, IGFBP2, IGFBP3, RBMX), 8 
writers (METTL3, METTL14, METTL16, WTAP, VIRMA, 
ZC3H13, RBM15, RBM15B), and 2 erasers (FTO and 
ALKBH5). We implemented gene coexpression analysis 
(|Pearson R| >0.5 and P<0.001), through which the 
lncRNAs associated with the m6A methylation regulation 
genes in TCGA-CRC datasets were mined. These lncRNAs 
were defined as m6A-related lncRNAs (available online: 
https://cdn.amegroups.cn/static/public/jgo-23-412-1.xlsx).

Construction and verification of the risk model based on 
m6A-related lncRNAs in CRC

We randomly assigned 446 patients to the training and test 
groups at a 1:1 ratio, and further compared the information 
on patients included in both groups (Table 1), which is 
sufficient to demonstrate comparability. We constructed 
the risk model using documentation from patients in the 
training group and validated it in the test group and the 
whole group. Afterward, univariate Cox regression analysis 
was carried out to determine the m6A-related lncRNAs with 
prognostic values in combination with the training patient’ 
clinical data. Hazard ratios (HRs) were used classify these 
prognostic lncRNAs into risk (HR >1) or protective (HR <1)  
indicators. We subsequently conducted least absolute 
shrinkage and selection operator (LASSO) Cox regression 
analysis to further identify 14 appropriate lncRNAs to 
build the optimal risk model. Based on the obtained risk 
coefficients of these lncRNAs (Table S1), the risk score of 
each patient was calculated as follows:

( )( )1
Risk score= n 14n

i ii
Coef X

=
∗ =∑  [1]

where Coefi represents the coefficients, and Xi is the 
fragments per kilobase of exon model per million reads 
mapped (FPKM) value of each modeled lncRNA.

We thus calculated the median risk score value of the 
patients in the training group to define whether the patients 
belonged to the high- or low-risk group (available online: 
https://cdn.amegroups.cn/static/public/jgo-23-412-2.xlsx). 
With additional use of patients’ clinical prognostic data, we 
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analyzed the survival differences between patients in the 
high- and low-risk groups. Subsequently, we plotted the risk 
curve, survival status map, and risk heat map. All the above 
analyses were accomplished synchronously in the test group 
and the whole group.

Independent prognostic and precision verification analysis 
of the risk model

To determine whether the constructed model could be used 
as a prognostic factor independently of other clinical traits, 
we conducted univariate and multivariate Cox regression 
analyses based on the information of those patients 
with CRC in TCGA database. Next, we plotted the risk 
model’s receiver operating characteristic (ROC) curves for 
predicting patient survival at 1, 3, and 5 years. Moreover, 
we compared the ROC curves and concordance indexes 

(C-indexes) of the risk score with other clinical variables 
(age, gender, stage) to verify the reliability and precision of 
the risk model.

Construction and verification of the nomogram

The risk model was subsequently combined with additional 
independent prognostic factors (age and stage) to construct 
a nomogram using the “rms” package in R software (The 
R Foundation of Statistical Computing). Meanwhile, the 
nomogram’s calibration curves for predicting the 1-, 3- and 
5-year OS in patients with CRC were plotted to assess the 
consistency between the real outcomes and the survival 
predicted by the nomogram.

Clinical applicability and grouping verification of the risk 
model

The clinical applicability of the model was evaluated. We 
distinguished patients in different clinical subgroups (female 
and male, age <65 years and age ≥65 years, stage T1–2 
and stage T3–4, stage N0 and stage N1–2, and stage M0 
and stage M1) and then performed a differential survival 
analysis in each subgroup between the high-risk and low-
risk groups to ascertain whether the constructed risk model 
could be applied to patients in different clinical subgroups. 
Additionally, using principal component analysis, we 
verified the ability of the modeled lncRNAs to distinguish 
between the high- and low-risk groups of patients.

GO enrichment analysis and immuno-reactivity of the risk 
model

Using the “limma” package in R software, we obtained 
the differentially expressed genes (DEGs) (Table S2) 
between patients in the high and low-risk groups. GO 
gene enrichment analysis related to biological process 
(BP), molecular function (MF), and cellular component 
(CC) was conducted us to clarify the potential functions of 
the risk model. We collated the gene files associated with 
13 immune functions and obtained the immune scoring 
for each sample using single-sample gene set enrichment 
analysis (ssGSEA). Then, we merged the risk files and 
immune scoring files, cycled each immune-associated 
function, and performed statistical analysis to observe 
which immune functions differed between the high- and 
low-risk groups. Finally, we calculated the tumor immune 
dysfunction and exclusion (TIDE) score for patients in the 

Table 1 The clinical information of patients included in the 
training and test groups

Variables Training group Test group Total P value

Age 0.7130

<65 90 93 183

≥65 134 129 263

Gender 0.2991

Female 101 111 212

Male 123 111 234

Stage 0.2974

Stage I–II 120 130 250

Stage III–IV 100 85 185

Unknown 4 7 11

T 0.5986

T1–2 41 45 86

T3–4 183 177 360

N 0.2399

N0 127 138 265

N1 97 84 181

M 0.6021

M0 161 168 329

M1 34 27 61

Unknown 29 27 56

T, tumor; N, node; M, metastasis. 
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high- and low-risk groups, and based on the scores, we 
could observe which group of patients had better outcomes 
from immunotherapy.

Tumor mutation burden analysis for the risk model

We calculated each patient with CRC’s tumor mutation 
burden (TMB) (available online: https://cdn.amegroups.cn/
static/public/jgo-23-412-3.xlsx) in TCGA database via Perl 
script. The top 15 genes with the most mutations in the 
high- and low-risk groups and the total mutation frequency 
were visualized separately with waterfall plots. With 
the assistance of the “limma” package in R software, we 
performed a differential analysis of the TMB between the 
high- and low-risk groups. The result was visualized with a 
violin plot drawn by the “ggpubr” package in R. Based on 
the TMB of patients obtained from previous calculations, 
we divided patients with CRC into high- and low-TMB 
groups. The Kaplan-Meier method was used to calculate 
the survival differences between the 2 groups and evaluate 
the association of the risk model combined with TMB on 
patient survival.

Drug sensitivity analysis for the risk model

To identify potential therapeutic agents using the risk 
model, we collected information on drug treatments 
from the Cancer Genome Project (CGP). We used the 
“pRRophetic” package in the R software to perform a 
round-robin comparison of drug half maximal inhibitory 
concentration (IC50) in order to determine which drugs had 
differing sensitivities in the high-risk versus low-risk groups. 
The difference results were visualized with box plots drawn 
by the “ggplot2” package in R (P<0.05).

Statistical analysis

Univariate  and LASSO regress ion analyses  were 
implemented to identify factors affecting the prognosis 
of patients with CRC and to develop the optimal risk 
model. Pearson correlation coefficient analysis was used 
to assess the correlation between m6A-regulated genes and 
14 modeled lncRNAs. Kaplan-Meier curves and log-rank 
tests were used to calculate the differences in OS between 
different subgroups, while the chi-squared test was used 
to determine the distribution of the 14 modeled lncRNAs 
in the high- and low-risk groups. The results of the above 
statistical analyses were completed using R software (version 

4.0.4; https://cran.r-project.org/). The statistical values in 
this study were 2-sided, and a P value <0.05 was considered 
to be statistically significant.

Results

Identification of m6A-related lncRNAs in CRC

The flowchart in Figure 1A displays the construction and 
verification process of the risk model based on the m6A-
related lncRNAs and subsequent analyses. We downloaded 
transcriptomic data from TCGA-GDC (https://portal.
gdc.cancer.gov/) for CRC. Expression files for 14,086 
lncRNAs and 23 m6A-regulated genes were used for the 
analysis work in this study. Based on the gene co-expression 
analysis network, we identified those lncRNAs that were 
significantly associated with the expression of m6A-
regulated genes as m6A-related lncRNAs (|Pearson R| >0.5 
and P<0.001) and visualized the results in a Sankey diagram 
(Figure 1B).

Construction of a valuable risk model based on  
m6A-related lncRNAs in CRC

With reference to the clinical information of the patients 
(data from TCGA-GDC), we performed a univariate 
Cox regression analysis of previously obtained m6A-
related lncRNAs in the training group, of which 38 were 
significantly associated with OS in CRC (Figure 2A). We 
then proceeded to perform LASSO Cox regression analysis 
and further selected 14 m6A-related lncRNAs (Figure 2B,2C)  
to construct the optimal risk model. In addition, we 
visualized the expression correlation of 14 modeled m6A-
related lncRNAs with 23 m6A-regulated genes (Figure 2D).

Verification of the risk model in the different groups

We calculated patient’ risk scores based on the resulting 
risk coefficients of the 14 lncRNAs. They were then 
classified into a high-risk and low-risk group according to 
the median risk score of patients in the training group. The 
Kaplan-Meier survival analysis showed that in the training 
group, patients in the high-risk group had a significantly 
worse prognosis than did those in the low-risk group 
(Figure 3A1). Risk curves, survival status diagrams, and 
risk distribution heat maps were subsequently drawn. The 
results demonstrated that the frequency of deaths increased 
significantly with the increase in patient’ risk scores  

https://cdn.amegroups.cn/static/public/jgo-23-412-3.xlsx
https://cdn.amegroups.cn/static/public/jgo-23-412-3.xlsx
https://cran.r-project.org/
https://portal.gdc.cancer.gov/
https://portal.gdc.cancer.gov/
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Figure 1 Identification of m6A-related lncRNAs in CRC. (A) The flowchart of the study. (B) A Sankey diagram demonstrating the 
coexpression network between 23 m6A-regulated genes and m6A-related lncRNAs in CRC. |Pearson R| >0.5, P<0.001. m6A, N6-
methyladenosine; lncRNAs, long noncoding RNAs; TMB, tumor mutation burden; CRC, colorectal cancer; TCGA, The Cancer Genome 
Atlas; OS, overall survival; PCA, principal component analysis; LASSO, least absolute shrinkage and selection operator.
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Figure 2 Construction of a risk model based on m6A-related lncRNAs in CRC. (A) The forest plot showed the 38 m6A-related lncRNAs 
identified by univariate Cox regression analysis as significantly associated with OS in patients with CRC. (B) The tuning parameters of OS-
related proteins were selected to cross-validate the error curve. The number of variables in the model is the point where the vertical line 
of the dashed line intersects with the horizontal coordinate above. (C) The LASSO coefficients of 14 OS-related lncRNAs selected by the 
model. (D) The heatmap of the expression correlation between 14 modeled m6A-related lncRNAs with 23 m6A-regulated genes. *, P<0.05; 
**, P<0.01; ***, P<0.001. m6A, N6-methyladenosine; lncRNAs, long noncoding RNAs; CRC, colorectal cancer; OS, overall survival; LASSO, 
least absolute shrinkage and selection operator. 

(Figure 3A2,3A3). Moreover, in the heat maps, we observed 
the expression of AP006621.2, AL590369.1, ITGB1-DT, 
AC013652.1, AC016394.3, AC092944.1, AL513550.1, 
AC007128.1, AC245041.1, and LRP4-AS1 to be more 
abundant in patients with high risk, suggesting that they 
may act as risk factors in CRC. In contrast, AC099850.4, 
AC073896.3, TNFRSF10A-AS1, and AL137782 were more 
concentrated in patients with low risk, indicating their high 
expression may have a beneficial effect (Figure 3A4). We 
performed the same analyses as in the training group to 
verify the risk model in both the test group (Figure 3B) and 
the whole group (Figure 3C). The final results revealed that 
the trends were consistent with those of the training group.

Independent prognostic and precision verification analysis 
of the risk model

Using univariate Cox regression analysis, we probed 
the relationship between the clinical traits, risk scores, 
and OS of patients with CRC (Figure 4A). Multivariate 
Cox regression analysis was then performed to verify 
whether the risk model developed in this study could be 
an independent predictor of prognosis for patients with 
CRC (Figure 4B). The results showed that the P value 
of the risk score (univariate Cox regression analysis: HR 
1.297, 95% CI: 1.192−1.41; multivariate Cox regression 
analysis: HR 1.189, 95% CI: 1.090−1.298) was less than 

 P value Hazard ratio
AP006621.2 0.002 1.195 (1.069–1.336) 
MIR600HG 0.045 1.361 (1.006–1.840) 
AL590369.1 0.038 2.779 (1.056–7.311) 
ITGB1-DT 0.004 2.125 (1.264–3.571) 
ZKSCAN2-DT <0.001 1.382 (1.193–1.601) 
AC013652.1 0.032 1.581 (1.041–2.400) 
AC027682.1 0.024 3.403 (1.172–9.881) 
AL391684.1 0.027 1.828 (1.069–3.126) 
AC008764.8 0.030 2.193 (1.080–4.452) 
AC009404.1 0.048 1.684 (1.004–2.823) 
LINC02175 0.024 2.755 (1.143–6.642) 
AC016394.3 0.020 1.176 (1.026–1.349) 
AC010463.3 0.020 1.716 (1.088–2.706) 
AP001619.1 0.006 1.577 (1.137–2.187) 
AL355388.1 0.047 1.821 (1.007–3.293) 
AC092944.1 0.021 4.306 (1.250–14.836) 
AC137932.3 0.039 1.825 (1.030–3.235) 
WARS2-AS1 0.038 1.321 (1.016–1.717) 
AL138921.1 0.010 4.855 (1.448–16.275) 
AC012360.3 0.019 1.658 (1.087–2.527) 
AL161729.4 0.001 1.388 (1.141–1.689) 
MRPS9-AS1 0.021 1.966 (1.105–3.497) 
AC099850.4 0.044 0.949 (0.902–0.999) 
AC018653.3 0.019 1.246 (1.037–1.497) 
AL513550.1 0.028 1.329 (1.030–1.713) 
AC073896.3 0.031 0.609 (0.388–0.955)
SNHG26 0.018 1.466 (1.067–2.014) 
TNFRSF10A-AS1 0.030 0.878 (0.780–0.987) 
AC007128.1 0.024 1.431 (1.048–1.953) 
AC079336.5 0.050 2.094 (1.000–4.385) 
NCBP2-AS1 0.033 1.493 (1.032–2.160) 
AC245041.1 <0.001 1.420 (1.161–1.737) 
AC025171.4 0.048 1.703 (1.005–2.886)
LRP4-AS1 0.047 1.179 (1.002–1.387) 
AC092910.3 0.029 1.669 (1.052–2.646) 
AC069222.1 0.004 4.398 (1.592–12.150) 
AL137782.1 0.033 0.521 (0.287–0.947) 
PRKAR1B–AS2 0.006 1.974 (1.210–3.220)

 −5.0 −4.5 −4.0 −3.5 −3.0 −2.5
Log(λ)

ZC3H13
YTHDF3
YTHDF2
YTHDF1
YTHDC2 
YTHDC1 

WTAP
VIRMA
RBMX

RBM15B 
RBM15

METTL3
METTL16
METTL14
LRPPRC
IGFBP3
IGFBP2
IGFBP1

HNRNPC 
HNRNPA2B1

FTO 
FMR1

ALKBH5

*** P<0.001 
** P<0.01
* P<0.05

0.50 

0.25 

0.00 

−0.25

AC00
71

28
.1

AC01
36

52
.1

AC09
98

50
.4

AL5
90

36
9.1

AC07
38

96
.3

AL1
37

78
2.1

ITG
B1-

DT

AC01
63

94
.3

AC24
50

41
.1

AP00
66

21
.2

AC09
29

44
.1

AL5
13

55
0.1

LR
P4-

AS1

TN
FR

SF1
0A

-A
S1

Correlation

0 5 10 15
Hazard ratio

 −5.0 −4.5 −4.0 −3.5 −3.0 −2.5
Log lambda

30 29 27 24 20 19 17 16 14 14 13 12 11 6 3 0
 27 20 16 13 7 0

13.5

13.0

12.5

12.0

11.5

11.0

10.5

10.0

3

2

1

0

−1

P
ar

tia
l l

ik
el

ih
oo

d 
de

vi
an

ce

C
oe

ffi
ci

en
ts

B

D

CA



Journal of Gastrointestinal Oncology, Vol 14, No 3 June 2023 1367

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2023;14(3):1360-1377 | https://dx.doi.org/10.21037/jgo-23-412

Figure 3 Verification of the risk model in the different groups. (A1) In the training group, the Kaplan-Meier survival curve demonstrated 
the differences in OS between the high- and low-risk groups of patients with CRC. (A2) Distribution of the risk scores for patients in the 
training group. (A3) Distribution of the survival status for patients in the training group. (A4) A heat map for the training group showing the 
differences in the expression of the modeled lncRNAs between the high- and low-risk groups of patients with CRC. (B,C) The verification 
analysis was performed in the test group (B1-B4) and the whole group (C1-C4). OS, overall survival; CRC, colorectal cancer; lncRNAs, long 
noncoding RNAs. 

0.001, which demonstrated that the risk model developed 
in our study could predict the prognosis of patients with 
CRC independently of other clinical traits. In addition, 
our results simultaneously identified age and stage as 
independent predictors of prognosis in CRC (P<0.001). 
Next, we applied the area under the ROC curve (AUC) 
of the risk score and the C-index to verify the precision of 
the risk model in predicting the prognosis of patients with 
CRC. The AUCs of our risk model were 0.715, 0.763, 
and 0.749 for survival at 1, 3, and 5 years, respectively, 
indicating the high accuracy of our model (Figure 4C). 
Furthermore, the AUC of our risk model was the most 

significant compared to the other independent prognostic 
factors (Figure 4D). Similar findings were evident when 
we plotted the C-index curve (Figure 4E), demonstrating 
that our model had the best precision in predicting the 
prognosis of patients with CRC.

Construction and verification of the nomogram

From the above analysis, age, stage, and risk score were 
identified as independent prognostic factors for CRC, which 
we used to construct the nomogram, a visual, quantitative 
tool to predict patient’ OS. The nomogram showed the 
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Figure 4 Independent prognostic and precision verification analysis of the risk model. (A,B) Univariate and multivariate Cox regression 
analyses were used to identify age, stage, and risk score as independent factors in the prognosis of patients with CRC. (C) The ROC 
curves for assessing the precision of the risk model to predict survival at 1, 3, and 5 years. (D) The ROC curves of the risk model and 
clinicopathological characteristics. (E) The C-index curves of the risk model and clinicopathological characteristics. CRC, colorectal cancer; 
ROC, receiver operator characteristic curve; AUC, the area under the ROC curve. 

predicted outcome of the patient with ID TCGA-CM-6164, 
a low-risk patient aged 46 years with stage II disease  
(Figure 5A). By matching the information, the final expected 
survival rates for this patient were 0.988, 0.971, and 0.952 
at 1, 3, and 5 years, respectively. According to the clinical 
information collected, the patient was still alive at the end 
of the data count, with a tracked survival time of 883 days, 
which is consistent with our predicted outcome. In parallel, 
we plotted the calibration curves for the nomogram to 
predict OS in patients with CRC (Figure 5B). The results 
showed that the predicted calibration curves at 1, 3, and 
5 years were in good agreement with the standard curve, 
verifying that the nomogram had good prediction accuracy.

Clinical applicability and grouping verification of the risk 
model

We then classified patients by age, gender, and tumor- 

node-metastasis (TNM) stages to determine the population 
to which the risk model could be applied. Kaplan-Meier 
survival analysis showed that patients identified as high-
risk in all subgroups had a significantly worse prognosis 
than did low-risk patients (P<0.001) (Figure 6A-6E), which 
demonstrated the solid clinical applicability of our risk 
model. Moreover, we used principal component analysis 
(PCA) to verify whether the 14 lncRNAs involved in the 
risk model could better classify patients as high and low 
risk. As shown in Figure 6F-6I, the 14 lncRNAs in the risk 
model distinguished more clearly between high- and low-
risk patients than did the all genes, the m6A-related genes, 
and the m6A-related lncRNAs.

GO enrichment analysis and immuno-reactivity of the risk 
model

In the following step in the study, we further investigated 
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Figure 5 Construction and verification of the nomogram. (A) A nomogram was constructed to predict patients’ OS at 1, 3, and 5 years based 
on age, stage, and risk score, with the result indicating the predicted outcome of a patient with ID TCGA-CM-6164. (B) The calibration 
curves for the nomogram. ***, P<0.001. OS, overall survival. 

the impact of the potential biological function of the 
risk model. We first identified 18 genes significantly 
differentially expressed between patients the high- and low-
risk groups (|log fold change| >1 and false-discovery rate 
<0.05) and then used GO enrichment analysis to determine 
which biological functions they were enriched in, thus 
clarifying the underlying physical processes involved in 
the risk model. According to the analysis, the model was 
significantly correlated with humoral immune response, 
aging, response to chemokine, and positive regulation of 
neutrophil migration in the enrichment of BPs. Among the 
CCs, we observed keratin filament. The MF enrichment 
further suggested that the risk model was associated 
with signaling receptor activator activity, peptidoglycan 
binding, structural constituent of cytoskeleton, and cyclin-
dependent protein serine/threonine kinase inhibitor activity  
(Figure 7A).

In the abovementioned results, there were correlations 
between the risk model and immunity. Therefore, 
to investigate whether the risk model had promising 
applications in immunotherapy, we analyzed the differences 
in immune function between patients in the high- and low-
risk groups. As demonstrated in the heatmap in Figure 7B, 
there was a statistical difference in the distribution of antigen 
presenting cell (APC) co-inhibition among the 13 immune-
related functions between the high- and low-risk groups. 
There was also a significant difference between the 2 groups 
in the TIDE scores, evincing the efficacy of immunotherapy 
(Figure 7C). Patients in the high-risk group had higher 
TIDE scores, indicating that in patients in the high-risk 
group, there is a greater potential for immune escape and 
lower efficacy of immunotherapy than in patients in the low-
risk group. The results thus indicated that the risk model 
may be particularly valuable in relation to immunotherapy.
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Figure 6 Clinical applicability and grouping verification of the risk model. (A-E) The Kaplan-Meier survival curves of patients in the high- 
and low-risk groups between different clinical subgroups. Gender: female or male; age: <65 or ≥65 years; T stage: T1–2 or T3–4; N stage: 
N0 or N1–2; M stage: M0 or M1. (F-I) The principal component analysis assessed the performance of all genes (F), m6A-related genes (G), 
m6A-related lncRNAs (H), and risk lncRNAs (I) in differentiating high- and low-risk patients. m6A, N6-methyladenosine; lncRNAs, long 
noncoding RNAs. 

TMB analysis of the risk model

In addition, the waterfall plots (Figure 8A,8B) were created 
to clarify whether there was a difference in TMB between 
patients in the high-risk and low-risk groups and show the 
mutation frequencies and mutation information for the 15 
genes with the highest mutation frequencies in the 2 groups, 
respectively. The results showed that patients in the high-
risk group had a slightly higher frequency of mutations than 
did those in the low-risk group; however, the violin plot 
showed that this difference was not statistically significant 
(Figure 8C). However, further survival analysis suggested 
that patients in the high TMB group had a statistically 
significant shorter OS than did those in the low TMB group 
(P=0.021) (Figure 8D). Furthermore, when we considered 
the bivariate effect on patient prognosis, patients with both 
low risk and low TMB had the best prognosis (P<0.001) 
(Figure 8E). These results suggest that our risk model 

correlated with TMB and could consistently predict the 
prognosis of patients with CRC.

Drug sensitivity analysis for the risk model

Finally, we performed a drug sensitivity analysis based on 
a risk model that provided a theoretical basis for treatment 
recommendations. We used the “pRRophetic” package in R, 
which can detect the responsiveness of the expression matrix 
to drugs by combining information on drug sensitivity and 
risk expression to determine which drugs have different 
sensitivities between the high- and low-risk groups. The 
results showed that A-443654, AS605240, bortezomib, 
erlotinib, HG-6-64-1, LAQ824, phenformin, salubrinal, 
sorafenib, WH-4-023, WZ3105, and YM155 had lower 
IC50 values in patients in the high-risk group, indicating that 
patients in the high-risk group were more sensitive to these 
drugs (Figure 9A). In contrast, BAY 61-3606, BMS345541, 
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Figure 7 GO enrichment analysis and immuno-reactivity of the risk model. (A) The GO enrichment analysis of differential genes between 
the high- and low-risk groups. (B) The heatmap of the distribution of differences in immune-related functions between the high- and low-
risk groups. (C) The violin plot of the difference in TIDE scores between the high- and low-risk groups. *, P<0.05; **, P<0.01. GO, Gene 
Ontology; TIDE, tumor immune dysfunction and escape.

FMK, FR-180204, FTI-277, gemcitabine, Genentech 
Cpd 10, ispinesib mesylate, JW-7-52-1, LY317615, 
NPK76-l1-72-1, NSC-87877, NSC-207895, QL-Xll-47, 
rapamycin, ruxolitinib, STF-62247, VX-11e, XL-184, 
XMD14-99, and Z-LLNle-CHO had lower IC50 values in 
patients in the low-risk group, suggesting that these drugs 
would have better therapeutic effects in patients in the low-
risk group (Figure 9B).

Discussion

CRC is a common malignant tumor for which there are 
many treatment options, such as surgery, chemotherapy, 
radiotherapy, targeted therapy, immunotherapy, and others. 
However, there is a lack of personalized treatment during 
actual diagnosis and treatment, and the overall mortality 
rate of patients with CRC remains high due to recurrence 
and metastasis (2). Finding novel targeted therapeutic 
molecules or obtaining accurate prognoses of patients with 

CRC may be helpful for individual-centric clinical decision-
making, thus increasing the clinical benefits to patients.

lncRNA has a specific and complex secondary spatial 
structure, which can provide ample binding sites for 
various molecules (28). It has been reported that lncRNA 
is involved in chromatin modification (29), transcriptional 
activation (30), transcriptional interference (31), and 
regulation of cancer (32). In addition, m6A is considered 
the most common epigenetic modification of RNA, which 
also plays a critical regulatory role in cancer biology. A few 
recent, studies found that some m6A regulators can control 
tumor occurrence and development by modifying specific 
lncRNA. For example, Xue et al. indicated that METTL3 
induced a high expression of ABHD11-AS1 in non-small 
cell lung cancer, thereby promoting proliferation and the 
Warburg effect (33). METTL3 regulator also upregulated 
LINC00958  by promoting the stability of its RNA 
transcript, which fosters the animation of breast cancer  
cells (34). As a cofactor of IGF2BP3 ,  the lncRNA 
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Figure 8 TMB analysis for the risk model. (A,B) The mutation frequencies and mutation information for the 15 genes with the highest 
mutation frequencies in the high- and low-risk groups, respectively. (C) The violin plot of the TMB differences between the high- and low-
risk groups. (D) The Kaplan-Meier survival curves for patients in the high TMB and low TMB groups. (E) The Kaplan-Meier survival 
curves showing the association of the bivariate (TMB combined risk model) on patients’ OS. TMB, tumor mutation burden; OS, overall 
survival. 

DMDRMR stabilizes the target gene in an m6A-dependent 
manner, thus playing an essential carcinogenic role in clear 
cell renal cell carcinoma (ccRCC) (35). However, the role 
of m6A-related lncRNAs in CRC progression has not been 
adequately studied.

We therefore aimed to discover whether m6A-related 
lncRNAs play a unique regulatory role in CRC to identify 
potential therapeutic targets or prognostic indicators. We 
screened 14 suitable m6A-related lncRNAs to construct the 
optimal risk model and validated their value and reliability. 
The correlation between the constructed risk model and 
immune regulation, TMB, and drug sensitivity was further 
investigated, and finally, the potential biological processes 
involved in this model were identified. Through this study, 

we hope to provide an effective prognostic prediction 
tool for patients with CRC and provide a theoretical 
basis for clinicians to evaluate the disease status and select 
appropriate treatment methods.

Our study involved 446 patients with CRC identified 
from TCGA database. Through univariate Cox regression 
analysis, we first determined 38 m6A-related lncRNAs 
with prognostic values. Then, 14 prognostic m6A-
related lncRNAs (AP006621.2, AL590369.1, ITGB1-DT, 
AC013652.1, AC016394.3, AC092944.1, AC099850.4, 
AL513550.1, AC073896.3, TNFRSF10A-AS1, AC007128.1, 
AC245041.1, LRP4-AS1, and AL137782.1) were further 
screened to establish the optimal risk model using LASSO 
Cox regression analysis for predicting the prognosis of 
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Figure 9 Drug sensitivity analysis for the risk model. (A) The drugs had lower IC50 values in patients in the high-risk group. (B) The drugs 
had lower IC50 values in patients in the low-risk group. IC50, half maximal inhibitory concentration. 

patients with CRC. Some lncRNAs found in our study 
have also been reported in previous studies. For instance, 
AP006621.2 was recognized to independently predict 
the prognosis of ccRCC (36). ITGB1-DT can act as a 
carcinogenic lncRNA by activating the ITGB1-DT/ITGB1/
Wnt/β-catenin/MYC pathway (37), which is related to 
prognosis in lung adenocarcinoma (LUAD) and could 
be used as an independent survival predictor (38). The 
targeted competition between AC099850.4 and miR-664b-
3p is important in advanced serous ovarian cancer (39). 
AC007128.1 is a key factor affecting the survival of patients 
with esophageal cancer (40). In addition, AL513550.1 is 
considered to be an immune-related lncRNA and may 
predict the prognosis of patients with colon cancer (41). 
Interestingly, the autophagy-related lncRNAs, AC073896.3 
and TNFRSF10A-AS1, were shown to be protective factors 
in CRC, which is consistent with our results. The expression 
of these 2 kinds of lncRNAs was more common in the low-
risk group and positively correlated with a good prognosis, 
indicating that our prediction was reliable. Nevertheless, of 

these 14 lncRNAs, AL590369.1, AC016394.3, AC092944.1, 
and LRP4-AS1 have never been reported, even for model 
building. Our study is the first to mine these molecules, 
serving as a foundation for future research. Consequently, 
more studies need to demonstrate their role and mechanism 
in tumors.

Subsequently, we validated the predictive ability of the 
risk model constructed based on the screened 14 m6A-
related lncRNAs for patients with CRC. First, patients 
included in the study were randomized equally into the 
training group and test group, and all analyses were matched 
in the test group and the whole group for synchronization 
verification. As defined by the median risk score of patients 
in the training group, patients with CRC were distinguished 
into high- and low-risk groups. Fortunately, the results 
of all groups were consistent. High-risk patients had 
significantly worse OS than did low-risk patients. Then, 
through combination with the clinical data, the risk score 
was confirmed to be an independent prognostic factor in 
CRC. The ROC and C-index analysis further indicated that 
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the risk model was the best predictor. The characteristics 
of advanced age and late tumor stage were also strongly 
relevant to poor prognosis, consistent with previous 
research (42). Following this, we integrated the risk score, 
age, and stage to build a nomogram. Calibration curves 
showed that the nomogram-predicted 1-, 3-, and 5-year 
survival rates of patients with CRC were close to those of 
the actual clinical situation. Overall, the 14 m6A-related 
lncRNAs identified in this study present strong prognostic 
ability and have potential value for further exploration of 
the mechanism underlying the occurrence and development 
of CRC. The nomogram also shows an excellent capability 
to predict the survival rate of patients. For clinicians, it 
is a good practical tool for clinical application and can 
provide a reference for analyzing patients’ conditions and 
formulating appropriate treatment strategies. The survival 
differences between the high- and low-risk groups in the 
different subgroups and the principal component analysis 
further validated our constructed risk model's broad clinical 
applicability and clear grouping ability.

To further explore the potential biological functions of 
the risk model, we screened the differentially expressed 
genes from the high- and low-risk patients for GO 
enrichment analysis. These differential genes were 
enriched in the functions related to tumorigeneses, such 
as response to chemokine, signaling receptor activator 
activity, structural constituent of cytoskeleton, and cyclin-
dependent protein serine/threonine kinase inhibitor activity. 
In addition, they were also mainly enriched in immune-
related functions such as peptidoglycan binding, humoral 
immune response, and positive regulation of neutrophil 
migration. Peptidoglycan is an immune enhancer of the 
human immune system, stimulating immune cells to release 
immunomodulatory substances such as tumor necrosis factor 
α (TNF-α), interleukins (ILs; IL-1, IL-6, IL-8, IL-12),  
and interferon α. With this in mind, we went on to 
investigate the relevance of this model for immunotherapy.

Immunotherapy is efficacious for certain refractory 
patients in a variety of cancers (43,44), but there is no clear 
delineation of the population for which it is indicated. In 
our study, patients in the high- and low-risk groups differed 
significantly in immune function APC coinhibition, which 
is an important factor in suppressing immune function. 
Moreover, the difference in TIDE scores in the 2 groups 
further validated their different sensitivity to immune 
checkpoint inhibitors (ICIs). Patients in the high-risk group 
had a greater probability of immune escape, and their 
immunotherapy outcomes were worse. Therefore, the risk 

model we constructed could provide a reference basis for 
determining whether patients with CRC should receive 
immunotherapy or not.

TMB is an emerging biomarker for predicting response 
to ICI therapy (45). Tumor cells in patients with high TMB 
produce a large number of a variety of antigens that provide 
the immune system with the opportunity to recognize them 
and, therefore, a greater the probability of killing these 
tumor cells after the application of ICIs (46). Unfortunately, 
TMB did not show a difference between patients in the 
high and low-risk groups in this study. We further analyzed 
whether OS differences existed between patients with high 
and low TMB. The results showed that patients with high 
TMB had a significantly worse prognosis than did those 
with low TMB and that patients with both low TMB and 
low risk had the best prognosis. Therefore, TMB could be 
used as a prognostic indicator for the survival of patients 
with CRC together with our risk model.

Finally, we investigated the relationship between the 
constructed model and the sensitivity of other anticancer 
therapeutic agents, including chemotherapeutic and 
targeted therapeutic agents. The results showed that the 
12 drugs had lower IC50 values in the high-risk group, 
suggesting that these 12 drugs, including A-443654 and 
sorafenib, are more suitable for patients in the high-risk 
group. In comparison, 21 drugs, including gemcitabine and 
rapamycin, had lower IC50 values in the low-risk group, 
suggesting that the patients in the low-risk group were 
more sensitive to these 21 drugs and experienced better 
antitumor effects with these drugs, which may also be one 
of the reasons for the worse prognosis of patients in the 
high-risk group. In short, our model may also help to select 
treatment options for patients with CRC.

Compared to other models, our model has a more 
comprehensive set of assessment metrics. We conducted a 
multivariate comparison and demonstrated that the model 
we developed had the greatest predictive power relative 
to other prognostic factors. Aside from the test group, we 
also added the entire population of patients to validate the 
model and used PCA to verify that the model is capable of 
discriminating among the population as a whole. With the 
intention of examining the constructed model in relation 
to immune function, we have also added an assessment 
of the TMB (which has been considered a marker of 
immunotherapy in recent years) and found that it can 
be used as a helpful prognostic predictor in conjunction 
with our model. As a result of our study, we were able to 
discover all the drugs that the model could distinguish, 
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including chemotherapies, targeted therapies, etc., and 
not only immunotherapy, thus providing a reference for 
the clinical treatment of colorectal cancer and for future 
research. It is important to note that the therapeutic 
drugs they recommend vary considerably as a result of the 
different molecules involved in constructing the model. 
Thus, in summary, the model we have constructed is more 
comprehensive than other models and has proven to be 
a superior predictor of prognosis for colorectal cancer 
patients compared to other factors.

The important role of m6A-related lncRNAs in different 
cancers is now gradually being explored (47,48). In this 
study, we developed a prognostic risk model and validated 
its accuracy and reliability from various aspects. In addition, 
we investigated the potential biological significance of 
this risk model and its relationship with immunotherapy, 
chemotherapy, targeted therapies, and TMB, providing 
a comprehensive account of the implications of the 
constructed risk model. Nevertheless, there are still some 
limitations to this study. Although the training and test 
groups were different populations, the model was only 
validated in TCGA database. More external data are needed 
in the future to assess its accuracy and utility. In addition, 
more biological studies are needed regarding the specific 
mechanisms of how the 14 m6A-related lncRNAs affect 
the prognosis and differences in drug sensitivity in patients  
with CRC.

Conclusions

In any case, our study identified a risk model based on 14 
m6A-related lncRNAs that could be the most appropriate 
biomarker independently of other clinical traits for 
predicting the prognosis of patients with CRC. Moreover, 
this study may serve as the basis for further studies on 
regulating CRC using m6A-related lncRNAs.
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Table S1 The risk coefficients of 14 lncRNAs

Gene Coef

AP006621.2 0.080625191

AL590369.1 0.943370712

ITGB1-DT 0.674312339

AC013652.1 0.132492235

AC016394.3 0.099422829

AC092944.1 1.558696937

AC099850.4 −0.036462077

AL513550.1 0.296482356

AC073896.3 −0.655491862

TNFRSF10A-AS1 −0.079711559

AC007128.1 0.03146985

AC245041.1 0.074254937

LRP4-AS1 0.150206033

AL137782.1 −0.335651208

Table S2 The DEGs in the high- and low-risk groups

Gene Low mean High mean logFC P value FDR

REG1A 520.62766 208.711771 −1.31873998976008 0.00868142 0.02818453

RNA5SP383 0.81742774 2.5766383 1.65632693 0.00315067 0.01301231

EEF1A2 0.84311722 2.50878565 1.57318408 0.00407908 0.01590618

CDKN2A 1.56511682 3.23301847 1.04661141 0.00398524 0.01562694

REG1B 72.7147996 25.3915608 −1.5178999451226 0.01007801 0.03173523

DKK1 0.84165342 1.73726478 1.04551948 0.00030671 0.00214479

EPHB6 1.04424242 2.34710695 1.16842691 1.14E-05 0.00016869

CST6 0.74731565 2.00010459 1.42028581 0.00314691 0.01300129

KRT5 1.22918855 4.93199962 2.00446645 0.00772583 0.02586971

VGF 1.40602569 3.89894732 1.47146171 0.00174431 0.00829052

C7 1.32699805 2.66760723 1.00738002 0.00703338 0.02398819

PLIN4 0.66800041 3.11847949 2.22292187 0.00519277 0.01910147

COMP 4.7195529 11.2456984 1.25265116 0.00085103 0.00480146

CXCL8 80.0270785 36.4405966 −1.13494166171531 3.65021419605745E-06 7.03E-05

CCL19 3.17685667 7.02636538 1.1451786 0.01596173 0.04482656

S100A2 4.7648246 9.7841678 1.03802604 0.00040813 0.00270214

KRT14 0.08776144 4.14600262 5.56199001 0.00059089 0.00360451

H3P16 1.91661241 0.93487364 −1.03571533109378 0.00395678 0.01553065
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