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Background: Radiotherapy or concurrent chemoradiotherapy is the standard treatment for patients with 
locally advanced or inoperable cervical squamous cell carcinoma and endocervical adenocarcinoma (CESC). 
However, treatment failure for CESC patients treated with radical radiotherapy still occurs due to local 
recurrence and distant metastasis. The previous prediction models were focused on all CESC patients, 
neglecting the prognostic differences under different treatment modalities. Therefore, there is a pressing 
demand to explore novel biomarkers for the prognosis and sensitivity of radiotherapy in CESC patients 
treated with radical radiotherapy. As a single biomarker has limited effect in stratifying these patients, our 
objective was to identify radioresponse-related mRNAs to ameliorate forecast of the prognosis for CESC 
patients treated with radical radiotherapy.
Methods: Sample data on CESC patients treated with radical radiotherapy were obtained from The Cancer 
Genome Atlas (TCGA) database. We randomly separated these patients into a training and test cohorts using a 
1:1 ratio. Differential expression analysis was carried out to identify radioresponse-related mRNA sets that were 
significantly dysregulated between complete response (CR) and radiographic progressive disease (RPD) groups, 
and univariate Cox regression analyses, least absolute shrinkage and selection operator (LASSO) method and 
multivariate Cox regression were performed to identify the radioresponse-related signature in the training 
cohort. we adopted survival analysis to measure the predictive value of the radioresponse-related signature both 
in the test and entire cohorts. Moreover, we developed a novel nomogram to predict the overall survival (OS) 
of CESC patients treated with radical radiotherapy. In addition, immune infiltration analysis and Gene Set 
Enrichment Analysis (GSEA) were conducted to preliminarily explore possible mechanisms. 
Results: This study included a total of 92 CESC patients subjected to radical radiotherapy. We developed 
and verified a risk score model based on radioresponse-related mRNA. The radioresponse-related mRNA 
signature and International Federation of Gynecology and Obstetrics (FIGO) stage were served as 
independent prognostic factors for CESC patients treated with radical radiotherapy. Moreover, a nomogram 
integrating radioresponse-related mRNA signature with FIGO stage was established to perform better 
for predicting 1-, 3-, and 5-year survival rates. Mechanically, the low-risk group under the risk score of 
this model had a better survival status, and the distribution of CD4 T cells was potentially involved in the 
regulation of radiotherapy response in CESC, leading to a better survival outcome in the low-risk group.
Conclusions: This study presents a new radioresponse-related mRNA signature that shows promising 
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Introduction

Cervical cancers (CCs) are one of the most common 
malignant tumors among women. It is estimated that in the 
United States in 2023, 1,958,310 people were diagnosed 
with cancer, among them, with 13,960 diagnosed with  
CC (1). Among CCs, cervical squamous cell carcinoma and 
endocervical adenocarcinoma (CESC) comprise 10–15% of 
all female cancer-related mortalities and are the second most 
fatal malignancy in women (2). In most instances, patients 
have already progressed into locally advanced stages when 
the diseases were first definitely diagnosed. Radiotherapy 
or concurrent chemoradiotherapy is the standard treatment 
for patients with locally advanced or inoperable disease (3). 
Local recurrence and distant metastasis are still the main 
causes of treatment failure for CESC patients treated with 

radical radiotherapy (3,4). Thus, there is an urgent need to 
investigate novel biomarkers for prognosis and sensitivity 
of radiotherapy in these patients. However, the previous 
prediction models were focused on all CESC patients, 
neglecting the prognostic differences under different 
treatment modalities, leading to poor predictive accuracy 
(5-7). Consequently, a multivariate tool is necessary for 
predicting the prognosis and sensitivity of radiation to guide 
suitable treatment for CESC patients undergoing radical 
radiotherapy.

The Cancer Genome Atlas (TCGA) database is an 
extensive tumor database that comprises over 30 multi-omics 
whole-genome sequencing datasets of various tumors, such 
as CESC multi-omics datasets, along with accompanying 
clinical records. Until now, it has served as a significant 
global research database (8,9). The aim of this investigation 
was to develop an mRNA prognostic model associated 
with radioresponse using a comprehensive bioinformatics 
analysis. The model is designed to forecast the prognosis of 
CESC patients who undergo radical radiotherapy. Initially, 
mRNAs correlating with radiotherapy response were 
obtained from 92 TCGA-CESC patients with mRNAs 
expression profiles. The precision and reliability of a 
radioresponse-related signature comprised of five genes 
were then confirmed in several cohorts. In addition, we also 
analyzed the prognostic value of these five genes in CESC 
patients receiving radical radiotherapy, respectively. Finally, 
immune infiltration analysis and Gene Set Enrichment 
Analysis (GSEA) were conducted to preliminarily explore 
possible mechanisms. The flow chart of this research is 
displayed in Figure 1. We present this article in accordance 
with the TRIPOD reporting checklist (available at https://
tcr.amegroups.com/article/view/10.21037/tcr-23-1772/rc).

Methods

Datasets and processing

The mRNA seq expression profiles of TCGA-CESC and 
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their associated clinical data were gathered from the TCGA 
project (https:/portal.gdc.cancer.gov/). The gene expression 
screening condition were “Project: TCGA-CESC”, “Data 
Category: Transcriptome profiling”, “Data Type: Gene 
Expression Quantification”, “Experimental Strategy: RNA-
Seq”, “Workflow Type: STAR - Counts”. The clinical 
information screening condition were “Project: TCGA-
CESC”, “Data Category: Clinical”, and “Data Type: Clinical 
Supplement”. The transcriptional profiles and clinical data of 
CESC are publicly accessible and offered on an open-access 
basis. Hence, authorization from a local ethics committee was 
deemed unnecessary. The gene annotation information for 
all genes was sourced from the human GENCODE project 
(https://www.gencodegenes.org/).

This study included a total of 92 CESC patients 
subjected to radical radiotherapy. The inclusion criteria 
for all cases were as follows: (I) all patients were diagnosed 
with CESC histologically; (II) radiotherapy was performed 
as the radical treatment for CESC patients; (III) expression 
profiles were available; and (IV) the patient’s overall survival 
(OS) time was more than 30 days. It should be mentioned 
that only 57 individuals had the curative effect evaluation. 
Thirty-six patients were evaluated as complete response 
(CR), seven patients were evaluated as partial response (PR), 
two patients were classified as stable disease (SD), and 12 
patients were classified as radiographic progressive disease 

(RPD). The details of the clinical sample in the dataset were 
shown in Table S1. 

The research procedures of this study were as follow: 
firstly, we obtained radioresponse-related mRNAs in 
CESC patients treated with radical radiotherapy. Secondly, 
we screened five radioresponse-related mRNAs in the 
training set and established a robust five-gene prognostic 
signature. Then, we employed both the test cohort and 
the entire cohort to validate the prognosis outcomes of 
our signature. Additionally, we formulated a nomogram 
model by integrating the signature with other relevant 
clinical factors. Finally, immune infiltration analysis and 
GSEA were conducted to preliminarily explore possible 
mechanisms. The study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013).

Identification and analysis of differentially expressed genes 
(DEGs)

To acquire radioresponse-related mRNAs in CESC, we 
scrutinized the differential expression of mRNAs between 
CR and RPD patients. We utilized the edgeR (R version 
4.2.1) package to normalize and evaluate significantly 
differentially expressed mRNAs [log2fold change (FC) 
≥1 and false discovery rate (FDR) less than 0.05] (10). 
Radioresponse-related genes with differential expression 

mRNA seq data and clinical information 
of CESC cases with radical radiotherapy 

from TCGA database

Differentially expressed radioresponse-related genes

Univariate Cox regression analysis

LASSO Cox regression analysis

Multivariate Cox regression analysis

Kaplan-Meier survival analysis Single gene prognosis

Analysis of differentially expressed mRNA by edgeR

Radioresponse related 
genes signature

ROC analysis Immune infiltration analysis

Figure 1 The flowchart of the whole study. CESC, cervical squamous cell carcinoma and endocervical adenocarcinoma; TCGA, The 
Cancer Genome Atlas; LASSO, least absolute shrinkage and selection operator; ROC, receiver operating characteristic.

http://portal.gdc.cancer.gov/
https://www.gencodegenes.org/
https://cdn.amegroups.cn/static/public/TCR-23-1772-Supplementary.pdf
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were depicted on volcano plots and heatmaps utilizing the 
ggplot2 and pheatmap packages.

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

GO and KEGG pathway analyses were carried out by 
using the clusterProfiler package of R (11). The GO 
included molecular function (MF), biological process (BP), 
and cellular component (CC). Differences were deemed 
significant when P value less than 0.05.

Identification of radioresponse-related genes risk score model

We randomly separated the 92 cases into a training and test 
set using a 1:1 ratio to obtain the optimal radioresponse-
related genes risk score model. Within the training set, 
probable prognostic mRNAs were initially evaluated 
using the univariate hazard Cox method that relied on 
radioresponse-related mRNAs. The glmnet R package was 
then used to conduct a least absolute shrinkage and selection 
operator (LASSO) Cox regression analysis to select the genes 
associated with the prognosis of CESC (12). Then, the genes 
mentioned above were further optimized by the multivariate 
Cox regression method. The genes risk score, associated 
with radioresponse, was calculated based on the chosen genes 
using the following formula: risk score = (exp radioresponse-
related gene 1 × coef1) + (exp radioresponse-related gene 2 × 
coef2) + (exp radioresponse-related gene 3 × coef3) + … + (exp 
radioresponse-related gene n × coefn). The exp means the 
mRNA expression value of each radioresponse-related gene 
and the coef is the coefficient of each radioresponse-related 
gene generated by the multivariate Cox regression. Upon 
analyzing the median value of the risk score, all 92 CESC 
patients who received radical radiotherapy were segregated 
into low-risk and high-risk groups based on their scores. 
Subsequently, the differences in survival outcomes were 
assessed via Kaplan-Meier analysis (13). We also performed 
receiver operating characteristic curve (ROC curve) analysis 
using 1, 3 and 5 years as the predicted time to assess the 
predictive value of the outcome (nsROC package of R). The 
areas under the ROC curve, sensitivity and specificity were 
used to describe predictive values.

Nomogram construction

The radioresponse-related risk signature was integrated 
into patients’ clinical information, and the multivariate 

Cox regression analysis was conducted to identified the 
independent factors of CESC patients who underwent 
radical radiotherapy. In order to forecast the prognosis of 
patients, the nomogram was also constructed based on risk 
scores and other clinicopathological characteristics (14).  
The nomogram’s calibration curve was then obtained, 
and the correlation between the predicted probability of 
nomogram and the actual incidence rate was observed. 
P<0.05 was considered statistically significant.

Immune infiltration analysis

In order to investigate disparities in immune infiltration and 
the tumor immune microenvironment between the high- 
and low-risk groups, we conducted following analyses. 
Firstly, we used the CIBERSORT algorithm to evaluate 
dissimilarities in immune cell infiltration for each sample 
between the two groups (by CIBERSORT package) (15). 
To differentiate the vital functional phenotypes between the 
high- and low-risk groups, GSEA was executed using the 
clusterProfilter package (11).

Statistical analysis

All statistical evaluations were conducted utilizing R software 
version 4.2.1. Survival curves were plotted using the Kaplan-
Meier analysis and the log-rank test was applied to analyze the 
difference survival groups. Univariate and multivariate Cox 
regression were performed to evaluate the independence of our 
risk model. Furthermore, the reliability of the risk model was 
evaluated through ROC analysis. P value <0.05 was considered 
statistically significant for each analysis performed.

Results

Identification of radioresponse-related genes in CESC 
patients treated with radical radiotherapy

The study’s infographic flowchart is displayed in Figure 1.  
A total of 92 cases of CESC patients underwent radical 
radiotherapy were selected for the analysis. It should be 
noted that only 57 people received an evaluation of the 
curative impact. Of these, 36 patients were evaluated as 
CR, seven patients were evaluated as PR, two patients were 
classified as SD, and 12 patients were classified as RPD. We 
used edgeR (R software version 4.2.1) package to compare 
the differential expression of mRNAs between the CR group 
and RPD group (|log2FC| >1.0 and FDR <0.05) in order 
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Figure 2 Determination of differentially expressed radioresponse-related mRNAs. (A) Volcano plot of differentially expressed radioresponse-
related mRNA in CESC patients treated with radical radiotherapy. (B) Heat map of differentially expressed radioresponse-related mRNA in 
CESC patients treated with radical radiotherapy. FDR, false discovery rate; CR, complete response; RPD, radiographic progressive disease; 
CESC, cervical squamous cell carcinoma and endocervical adenocarcinoma.

to identify radioresponse-related mRNAs in CESC patients 
treated with radical radiotherapy. As a result, 49 mRNAs with 
high expression and 359 mRNAs with low expression were 
identified (available online: https://cdn.amegroups.cn/static/
public/10.21037tcr-23-1772-1.pdf). The radioresponse-
related mRNAs between the CR and RPD groups differed 
significantly, as shown in Figure 2A,2B.

Functional analysis of DEGs

ClusterProfiler was performed to analyze the 408 DEGs. 
The result showed that DEGs were mostly enriched in the 
BP of muscle system process, muscle contraction and muscle 
tissue development (Figure 3A). Furthermore, the main 
MFs of these DEGs were related to channel activity, passive 
transmembrane transporter activity, and receptor ligand 
activity (Figure 3B). With regard to CCs, the DEGs were 
primarily enriched in the basal part of the cell, transporter 
complex, and basal plasma membrane (Figure 3C).  
The KEGG pathway analysis showed that DEGs were 
mainly enriched in Wnt signaling pathway (Figure 3D).

Construction of the radioresponse-related genes risk score 
model

Given the close association between radiotherapy response 
and prognosis for CESC patients, we constructed a 

prognostic model based on the radioresponse-related genes. 
Initially, the all cases were divided randomly into a training 
cohort (n=46) and a test cohort (n=46). Subsequently, 
using the univariate Cox method on the training cohort, 
we identified 194 representative prognostic radioresponse-
related genes that were significantly correlated with 
survival (Table S2). These genes were chosen for LASSO 
Cox regression analysis, and the top-performing model 
comprised of ten genes, namely protein sprouty homolog 
4 (SPRY4), pentraxin-3 (PTX3), leucine-rich repeat-
containing protein 66 (LRRC66), prokineticin-2 (PROK2), 
prolyl 4-hydroxylase subunit alpha-3 (P4HA3), ceramide 
synthase 4 (CERS4), protein naked cuticle homolog 2 
(NKD2), phorbolin-2/3 (APOBEC3B), solute carrier family 
4 member 11 (SLC4A11), and fibromodulin (FMOD). Then, 
these ten genes were further optimized by the multivariate 
Cox regression method, and five genes (PTX3, LRRC66, 
CERS4, SLC4A11, and FMOD) were finally obtained  
(Figure 4A-4C). The risk score model was established 
as follows: risk score = 0.7590697 × PTX3 + 3.4636239 
× LRRC66 + (−1.6841630) × CERS4 + (−1.1667508) × 
SLC4A11 + 1.0525174 × FMOD. Then, all patients were 
classified into high- and low-risk score groups using the 
median risk value. Figure 4D showcases the arrangement of 
the risk score and OS of CESC patients treated with radical 
radiotherapy in the two risk groups. As showed in Figure 4E,  
our survival analysis revealed a significant difference 

https://cdn.amegroups.cn/static/public/10.21037tcr-23-1772-1.pdf
https://cdn.amegroups.cn/static/public/10.21037tcr-23-1772-1.pdf
https://cdn.amegroups.cn/static/public/TCR-23-1772-Supplementary.pdf
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Figure 3 GO and KEGG analysis of differentially expressed radioresponse-related genes. (A) The biological process analysis differentially 
expressed radioresponse-related mRNA in CESC patients treated with radical radiotherapy. (B) The molecular function analysis 
differentially expressed radioresponse-related mRNA in CESC patients treated with radical radiotherapy. (C) The cellular component 
analysis differentially expressed radioresponse-related mRNA in CESC patients treated with radical radiotherapy. (D) The KEGG pathway 
analysis differentially expressed radioresponse-related mRNA in CESC patients treated with radical radiotherapy. BP, biological process; 
MF, molecular function; CC, cellular component; KEGG, Kyoto Encyclopedia of Genes and Genomes; TGF, transforming growth factor; 
GO, Gene Ontology; CESC, cervical squamous cell carcinoma and endocervical adenocarcinoma.

between the two risk groups in CESC patients who received 
radical radiotherapy, with the low-risk group exhibiting 
more favorable outcomes compared to the high-risk group. 
The ROC plots were utilized to assess the dependability 
of the model, and it was indicated that the area under the 
ROC curve (AUC) values for 1-, 3-, and 5-year OS rates 
were 0.983, 0.987, and 0.966 respectively, indicating the 
strong predictive potential of the signature, as demonstrated 
in Figure 4F.

To evaluate  the  va l id i ty  and re l iabi l i ty  of  the 
radioresponse-related genes risk score model, Kaplan-
Meier analysis and ROC analysis were also performed on 
both the test cohort and the entire cohort. The risk score 
distribution and OS outcomes between the high- and low-
risk groups in both the test cohort and the entire cohort are 
displayed in Figure 5A,5B, respectively. The results were 
consistent with those from the training cohort, with the 

low-risk group having a better survival outcome compared 
to the high-risk group, as illustrated in the test cohort 
(Figure 5C) and the entire cohort (Figure 5D). Additionally, 
the AUC values for both the test cohort and the entire 
cohort are shown in Figure 5E,5F, respectively, further 
emphasizing the robustness of the predictive signature. 

Furthermore, we evaluated the performance of this 
radioresponse-related gene risk score model with additional 
patient cohorts. The results revealed that the low-risk group 
had significantly better survival outcomes than the high-
risk group for all CC patients (Figure 5G), and the AUC of 
1-, 3-, and 5-year OS rates were 0.733, 0.697, and 0.697, 
respectively (Figure 5H). However, no statistically significant 
difference was observed between the two groups in patients 
who did not receive radical radiotherapy (Figure 5I).  
These results also further confirmed the specificity of our 
risk score in patients receiving radical radiotherapy.



Translational Cancer Research, Vol 13, No 4 April 2024 1727

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2024;13(4):1721-1736 | https://dx.doi.org/10.21037/tcr-23-1772

1.
00

0.
75

0.
50

0.
25

0.
00

10
 

12
 

14

Survival probability

0 
2 

4 
6 

8
Fo

llo
w

 u
p 

tim
e,

 y
ea

rs

 P
<

0.
00

1

H
ig

h 
ris

k
Lo

w
 r

is
k

15 10 5 05 0

−
5

−
10

10
 

20
 

30
 

40

10
 

20
 

30
 

40

Survival time, yearsRisk score

00

P
at

ie
nt

s 
(in

cr
ea

si
ng

 r
is

k 
sc

or
e)

P
at

ie
nt

s 
(in

cr
ea

si
ng

 r
is

k 
sc

or
e)

H
ig

h 
ris

k

D
ea

th

R
is

k 
ty

pe

S
ta

tu
s

Lo
w

 r
is

k

A
liv

e

1.
00

0.
75

0.
50

0.
25

0.
00

True positive rate

0.
00

 
0.

25
 

0.
50

 
0.

75
 

1.
00

Fa
ls

e 
po

si
tiv

e 
ra

te

80 60 40 20

Partial likelihood deviance

−
5 

−
4 

−
3 

−
2 

−
1

26
 

26
 

24
 

25
 

23
 

25
 

21
 

13
 

12
8 

4

Lo
g 

(λ
)

15 10 5 0

−
5

Coefficients

−
5 

−
4 

−
3 

−
2 

−
1

25
 

24
 

22
 

11
0

Lo
g 

(λ
)

0.
1 

0.
5

# 
E

ve
nt

s:
 1

6;
 G

lo
ba

l P
 v

al
ue

 (l
og

-r
an

k)
: 3

.5
85

5e
−

10
A

IC
: 6

5.
54

; C
on

co
rd

an
ce

 In
de

x:
 0

.9
5

N
ot

e:
 *

*:
 P

<
0.

01
; *

**
: P

<
0.

00
1

1 
5

10
 

50
10

0 
50

0

P
TX

3 

LR
R

C
66

C
E

R
S

4

S
LC

4A
11

 

FM
O

D

(N
=

46
)

(N
=

46
)

(N
=

46
)

(N
=

46
)

(N
=

46
)

0.
00

8*
*

0.
00

4*
*

<
0.

00
1*

**

0.
00

6*
*

<
0.

00
1*

**

2.
14

(1
.2

22
–3

.7
3)

H
R

 (9
5%

 C
I)H

az
ar

d 
ra

tio

P
 v

al
ue

G
en

e

31
.9

3
(2

.9
73

–3
42

.9
4)

0.
19

(0
.0

77
–0

.4
5)

0.
31

(0
.1

36
–0

.7
1)

2.
86

(1
.6

04
–5

.1
2)

A
B

C

D
E

F

A
U

C
 a

t 1
-y

ea
r 

=
0.

98
3 

(9
5%

 C
I: 

0.
96

2–
0.

99
7)

 

A
U

C
 a

t 3
-y

ea
r 

=
0.

98
7 

(9
5%

 C
I: 

0.
96

6–
0.

99
8)

 

A
U

C
 a

t 5
-y

ea
r 

=
0.

96
6 

(9
5%

 C
I: 

0.
93

4–
0.

99
6)

Fi
gu

re
 4

 I
de

nt
ifi

ca
tio

n 
of

 th
e 

ra
di

or
es

po
ns

e-
re

la
te

d 
m

R
N

A
s 

si
gn

at
ur

e 
in

 th
e 

tr
ai

ni
ng

 c
oh

or
t. 

(A
,B

) L
A

SS
O

 r
eg

re
ss

io
n 

an
al

ys
is

 o
f p

ro
gn

os
tic

 r
ad

io
re

sp
on

se
-r

el
at

ed
 m

R
N

A
s.

 
(C

) F
iv

e 
ra

di
or

es
po

ns
e-

re
la

te
d 

m
R

N
A

s 
w

er
e 

id
en

tifi
ed

 b
y 

m
ul

tiv
ar

ia
te

 C
ox

 r
eg

re
ss

io
n 

an
al

ys
is

. (
D

) A
na

ly
si

s 
of

 r
is

k 
sc

or
es

 (u
pp

er
) a

nd
 s

ur
vi

va
l s

ta
tu

s 
(b

el
ow

) i
n 

th
e 

tr
ai

ni
ng

 
co

ho
rt

. (
E

) K
ap

la
n-

M
ei

er
 c

ur
ve

s 
w

er
e 

cl
as

si
fie

d 
by

 a
 m

ed
ia

n 
va

lu
e 

of
 r

is
k 

fo
r 

C
E

SC
 p

at
ie

nt
s 

un
de

rw
en

t 
ra

di
ca

l r
ad

io
th

er
ap

y 
w

ith
 t

he
 e

st
ab

lis
he

d 
si

gn
at

ur
e.

 (F
) R

O
C

 c
ur

ve
s 

re
ve

al
 t

he
 r

el
ia

bi
lit

y 
of

 t
he

 s
ig

na
tu

re
 f

or
 p

re
di

ct
in

g 
th

e 
pr

og
no

si
s 

of
 C

E
SC

 p
at

ie
nt

s 
un

de
rw

en
t 

ra
di

ca
l r

ad
io

th
er

ap
y.

 H
R

, h
az

ar
d 

ra
tio

; C
I,

 c
on

fid
en

ce
 in

te
rv

al
; A

U
C

, a
re

a 
un

de
r 

th
e 

R
O

C
 c

ur
ve

; 
L

A
SS

O
, 

le
as

t 
ab

so
lu

te
 s

hr
in

ka
ge

 a
nd

 s
el

ec
ti

on
 o

pe
ra

to
r;

 R
O

C
, 

re
ce

iv
er

 o
pe

ra
ti

ng
 c

ha
ra

ct
er

is
ti

c;
 C

E
SC

, 
ce

rv
ic

al
 s

qu
am

ou
s 

ce
ll 

ca
rc

in
om

a 
an

d 
en

do
ce

rv
ic

al
 a

de
no

ca
rc

in
om

a.



He et al. Signature for CC patients treated with radical radiotherapy1728

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2024;13(4):1721-1736 | https://dx.doi.org/10.21037/tcr-23-1772

15

10

5

0

15

10

5

0

10

5

0

−5

−10

10

5

0

−5

−10

10 20 30 40 25 50 75

10 20 30 40 25 50 75

S
ur

vi
va

l t
im

e,
 y

ea
rs

S
ur

vi
va

l t
im

e,
 y

ea
rs

R
is

k 
sc

or
e

R
is

k 
sc

or
e

0 0

0 0

Patients (increasing risk score) Patients (increasing risk score)

Patients (increasing risk score) Patients (increasing risk score)

High risk High risk

Death Death

Risk type Risk type

Status Status

Low risk Low risk

Alive Alive

1.00

0.75

0.50

0.25

0.00

1.00

0.75

0.50

0.25

0.00

1.00

0.75

0.50

0.25

0.00

1.00

0.75

0.50

0.25

0.00

1.00

0.75

0.50

0.25

0.00

1.00

0.75

0.50

0.25

0.00

1.00

0.75

0.50

0.25

0.00

10 12 14 16

10 12 14 16

10 12 14 16 10 12 14

S
ur

vi
va

l p
ro

ba
bi

lit
y

S
ur

vi
va

l p
ro

ba
bi

lit
y

S
ur

vi
va

l p
ro

ba
bi

lit
y

S
ur

vi
va

l p
ro

ba
bi

lit
y

Tr
ue

 p
os

iti
ve

 r
at

e

Tr
ue

 p
os

iti
ve

 r
at

e
Tr

ue
 p

os
iti

ve
 r

at
e

0 2 4 6 8

0 2 4 6 8

0 2 4 6 8 0 2 4 6 8

0.00 0.25 0.50 0.75 1.000.00 0.25 0.50 0.75 1.00

0.00 0.25 0.50 0.75 1.00

Follow up time, years

Follow up time, years

Follow up time, years Follow up time, years

False positive rateFalse positive rate

False positive rate

 P<0.001

 P<0.001

 P<0.001 P=0.59

High risk

High risk

High risk High risk

Low risk

Low risk

Low risk Low risk

AUC at 1-year =0.715 (95% CI 0.549–0.833) 

AUC at 3-year =0.730 (95% CI 0.610–0.875) 

AUC at 5-year =0.746 (95% CI 0.657–0.865)

AUC at 1-year =0.733 (95% CI 0.662–0.816) 

AUC at 3-year =0.697 (95% CI 0.639–0.772) 

AUC at 5-year =0.697 (95% CI 0.638–0.771)

AUC at 1-year =0.906 (95% CI: 0.843–0.959) 

AUC at 3-year =0.837 (95% CI: 0.797–0.923) 

AUC at 5-year =0.833 (95% CI: 0.794–0.909)

A B C

D E F

G H I

Figure 5 Verification of the radioresponse-related mRNAs signature. Analysis of risk scores and survival status in the test cohort (A) and 
the entire cohort (B). Kaplan-Meier curves of radioresponse-related mRNAs signature in the test cohort (C) and the entire cohort (D). 
ROC curves of radioresponse-related mRNAs signature in the test cohort (E) and the entire cohort (F). Kaplan-Meier curves (G) and ROC 
curves (H) were performed in the cohort of all CESC patients. No statistically significant difference was observed between the two groups 
in patients who did not receive radical radiotherapy (I). AUC, area under the ROC curve; CI, confidence interval; ROC, receiver operating 
characteristic; CESC, cervical squamous cell carcinoma and endocervical adenocarcinoma. 

The correlation between the signature and clinical 
characteristics in CESC patients treated with radical 
radiotherapy

To assess the clinical potential of our signature, clinical 

association analysis was conducted. The heatmap exhibited 
that the risk score signature was significantly associated 
with patient status (P=1.7e−07) and radiotherapy response 
(P=4.3e−06), as shown in Figure 6A-6E. Our results 
indicated that cases of death and radiographic progression 
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exhibited significantly higher risk scores compared to cases 
of survival and CR, respectively (Figure 6D,6E).

Univariate and multivariate Cox regression analyses

Univariate and multivariate Cox regression analyses 
were performed to examine whether our signature was 
an independent prognostic signature for CESC patients 
treated with radical radiotherapy. The factors considered 
in the analysis included age, International Federation of 
Gynecology and Obstetrics (FIGO) stage, and the risk 
score. The results showed that the risk score and FIGO 
stage were the independent risk factors, indicating that 
the risk score could predict the prognosis of CESC 
patients treated with radical radiotherapy independently  
(Figure 7A,7B).

Nomogram construction

Then, a nomogram model was formulated on the basis of 

significant independent prognostic signatures comprising 
the FIGO stage and risk score, as illustrated in Figure 7C. 
The outcomes revealed that our nomogram exhibited 
impressive capability in anticipating the 1-, 3-, and 5-year 
OS of CESC patients subjected to radical radiotherapy, 
depicted in Figure 7D.

Expression profiles and prognostic capability of the five 
radioresponse-related mRNAs

We preliminary evaluated the expression patterns and 
prognostic potential of these five radioresponse-related 
mRNAs. As exhibited by Figure 8, PTX3, LRRC66 and 
FMOD were significantly upregulated in the RPD group 
(Figure 8A-8C), whereas CERS4 and SLC4A11 were 
significantly downregulated in the RPD group (Figure 8D,8E). 
Based on the dataset of CESC patients who underwent radical 
radiotherapy, Kaplan-Meier analysis indicated that PTX3, 
LRRC66, and FMOD were unfavorable prognostic factors 
(Figure 8F-8H), while CERS4 and SLC4A11 were favorable 
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prognostic factors (Figure 8I,8J).

Immune infiltration analysis

A comprehensive analysis was conducted to examine 
i m m u n e  i n f i l t r a t i o n  a n d  t h e  t u m o r  i m m u n e 
microenvironment in 92 CESC patients who had 
undergone radical radiotherapy. The CIBERSORT 
package was employed to analyze the immune infiltration 
of 22 immune cells. Results revealed that T cells CD4 
memory resting was comparatively up-regulated, whereas 
macrophages M2, T cells CD4 memory activated, and T 
cells gamma delta were down-regulated in the high-risk 
group (Figure 9A). Correlation analysis revealed that the 
risk score was significantly associated with T cells CD4 
memory resting, T cells CD4 memory activated, and 
T cells gamma delta (Figure 9B-9E). Macrophages M2  
(Figure 9F )  and T cel ls  gamma delta (Figure 9G ) 

demonstrated no prognostic value in CESC patients 
who had undergone radical radiotherapy. However, high 
infiltration of T cells CD4 memory activated (Figure 9H) or 
low infiltration of T cells CD4 memory resting (Figure 9I)  
was associated with favorable survival outcomes. These 
findings indicated that the inhibition of T cell immunity 
may impact the prognosis of the high-risk group in these 
patients. Finally, we used GSEA to explore the immune-
related BP between the high- and low-risk groups. As 
shown in Figure 10A-10E, negative regulation of immune 
response, innate immune response, T cell proliferation, 
CD4 positive T cell activation and CD4 positive T cell 
proliferation were significantly enriched in high-risk group.

Discussion

CC is a prevalent malignancy among women, with cervical 
squamous cell carcinoma (CESC) comprising 10–15% of 
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Figure 9 Relationship of the radioresponse-related mRNAs signature with immune infiltration patterns in CESC patients underwent radical 
radiotherapy. (A) The difference of 22 kinds of immune cells in high- or low-risk groups. Correlation between signature and macrophages 
M2 (B), T cells CD4 memory activated (C), T cells CD4 memory resting (D), and T cells gamma delta (E). Kaplan-Meier curves for 
macrophages M2 (F), T cells gamma delta (G), T cells CD4 memory activated (H), and T cells CD4 memory resting (I) in CESC patients 
underwent radical radiotherapy. *, P<0.05; **, P<0.01; ***, P<0.001; TME, tumor microenvironment; NK, natural killer; CESC, cervical 
squamous cell carcinoma and endocervical adenocarcinoma.

all female cancer-related mortalities and being the second 
most fatal malignancy in women (1,2). The primary 
treatment options for CC include surgery, radiation 
therapy, and chemotherapy. For patients with locally 
advanced or inoperable disease, radiotherapy or concurrent 
chemoradiotherapy is the standard radical treatment 
(3,16). Despite this, the prognosis for CESC patients 
treated with radical radiotherapy remains poor, with local 
recurrence and distant metastasis being the primary causes 
of treatment failure (3,4,17). Hence, there is a pressing 
need for the identification of novel biomarkers for the 
prediction of prognosis and sensitivity to radiotherapy in 
these patients. mRNAs, which encode proteins involved 
in numerous cellular processes, hold a pivotal position in 
the progression, relapse, and spreading of cancerous cells. 

Given their central role in cellular metabolic processes, the 
selection of appropriate mRNA biomarkers is of significant 
importance (18-20). Single biomarker may not fully capture 
the heterogeneity and complexity of the tumor, and thus 
a multi-parameter approach is necessary to achieve more 
accurate predictions. However, the previous prediction 
models were focused on all CESC patients, neglecting 
the prognostic differences under different treatment 
modalities, leading to poor predictive accuracy. In addition, 
considering other studies that take into account additional 
functional backgrounds such as immune-related factors, 
tumor microenvironment-related factors, DNA damage 
repair-related factors, and necroptosis-related factors 
when screening candidate genes, these selected genes may 
not possess the most optimal prognostic predictive effect  
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Figure 10 Immune-related signal pathways enriched in the high-risk group of radioresponse-related signature in CESC patients underwent 
radical radiotherapy. Negative regulation of immune response (A), innate immune response (B), T cell proliferation (C), CD4 positive T 
cell activation (D) and CD4 positive T cell proliferation (E) were significantly enriched in high-risk group. CESC, cervical squamous cell 
carcinoma and endocervical adenocarcinoma.

(5-7). In this study, we have constructed a multivariate tool 
to predict the prognosis and sensitivity of radiation therapy 
and to guide appropriate treatment for CESC patients 
treated with radical radiotherapy.

We carried out a thorough analysis of the TCGA 
datasets to develop a novel radioresponse-related mRNAs 
signature that is able to precisely identify patients at 
high risk among CESC patients who undergo radical 
radiotherapy. Firstly, we obtained 408 radioresponse-
related mRNAs with differential expression from 92 CESC 
patients who received radical radiotherapy. Using univariate 
Cox regression analysis, LASSO Cox regression analysis, 
and multivariate Cox regression analysis, we screened 
five radioresponse-related mRNAs in the training set and 
established a robust five-gene prognostic signature (PTX3, 
LRRC66, CERS4, SLC4A11, and FMOD). Kaplan-Meier 
analysis revealed a significant difference between the two 
risk groups, with the high-risk group exhibiting more 

unfavorable outcomes compared to the low-risk group. 
We employed both the test cohort and the entire cohort 
to validate the aforementioned outcomes. Additionally, we 
formulated a nomogram model by integrating the signature 
with other relevant clinical factors. Our risk score possessed 
an advantageous conformity and superior predictive 
ability in comparison to other clinical features validated 
by the calibration plots. We also found that the low-risk 
group had significantly better survival outcomes than the 
high-risk group for all CC patients, but no statistically 
significant difference was observed between the two groups 
in patients who did not receive radical radiotherapy. In 
addition, we preliminary evaluated the prognostic potential 
of these five radioresponse-related mRNAs, Kaplan-Meier 
analysis indicated that PTX3, LRRC66, and FMOD were 
unfavorable prognostic factors, while CERS4 and SLC4A11 
were favorable prognostic factors.

Among these five genes mentioned above, PTX3 
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plays an important role in various biological mechanisms 
including regulation of inflammation, immunity response, 
angiogenesis, and tumor progression (21-23). It had 
been reported that PTX3 contributes to tumorigenesis 
and metastasis of human CC cells (24). Despite the lack 
of studies examining the effects of the remaining four 
genes on CC, they have been shown to be involved in the 
development of other types of cancer. FMOD is known 
to exert significant influence on the modulation of various 
BPs such as angiogenesis, transforming growth factor-β 
(TGF-β) activity, human fibroblast differentiation into 
pluripotent cells, inflammatory mechanisms, apoptosis, 
and metastatic-related phenotypes (25). FMOD drives oral 
squamous cell carcinoma progression by the activation of 
the EGFR signaling axis (26). CESR4 mRNA levels have 
been found to be decreased in advanced, metastatic tumors 
of head and neck squamous cell carcinoma, melanoma, 
and renal cell carcinoma patients (27). However, CESR4 
overexpression promotes the progression and invasiveness 
of breast cancer by activating multiple signaling pathways 
associated with cancer, including Akt/mTOR, NF-κB, 
and β-catenin, as well as inducing epithelial-mesenchymal 
transition (28). While there is no direct research on the 
role of LRRC66, another member of this family, leucine-
rich repeat-containing protein 59 (LRRC59), has been 
found to be associated with the metastatic potential of 
breast cancer (29). And LRRC59 has also been reported 
to be a poor prognosis factor for breast cancer (30). 
The expression of SLC4A11 has been recognized as a 
potential risk factor in ovarian cancer and recent study 
found evidence of an association between high expression 
of SLC4A11 and poor outcomes in colon cancer (31).  
The association of these genes with CESC still needs 
further study. However, further investigation is required to 
explore the correlation between these genes and CESC.

For patients with inoperable or locally advanced CC, 
radical radiotherapy or concurrent chemoradiotherapy 
represents the standard radical treatment. Despite 
this approach having remained unchanged for several 
decades, the prognosis for these patients remains poor. 
Immunotherapy, which represents an effective cancer 
treatment, may offer an alternative to traditional  
therapy (32). The integration of radiotherapy and 
immunotherapy has exhibited enhanced therapeutic results, 
attributed to the pivotal contribution of the immune 
microenvironment in cancer pathogenesis along with the 
response of cancer patients to radiotherapy (33-35). Our 
immune infiltration analysis showed increased activated 

memory CD4 T cells and decreased resting memory 
CD4 T cells in the low-risk group, which had a superior 
prognosis compared to the high-risk group based on the 
risk score using five radioresponse-related genes in CESC 
patients treated with radical radiotherapy. Previous research 
has revealed that the distribution level of CD4 T cells is 
predictive of radiotherapy response (36-38). Therefore, 
CD4 T cells are potentially involved in the regulation 
of radiotherapy response in CESC, leading to a better 
survival outcome in the low-risk group. However, an in-
depth investigation is warranted to elucidate the underlying 
mechanism between memory CD4 T cells and the 
prognosis of CESC patients who undergo radiotherapy.

Our study has certain limitations that deserve attention. 
Firstly, the research cohorts employed in this study 
were exclusively sourced from the TCGA database. 
Consequently, it is imperative to authenticate our signature 
using comprehensive clinical cohort data or other external 
datasets. Moreover, the screening of the radioresponse-
related module was based on a limited sample size of 57 
individuals with clear records of radiotherapy response. 
Therefore, further investigations involving larger sample 
sizes and more comprehensive information regarding 
radiotherapy response are warranted.

Conclusions

In conclusion, the present study has identified five genes 
that exhibit a potential correlation with the radiotherapy 
response of CESC patients. The risk score model, based 
on the expression levels of five radioresponse-related genes 
(PTX3, LRRC66, CERS4, SLC4A11, and FMOD), has 
demonstrated its reliability in predicting the prognosis of 
CESC patients who have undergone radical radiotherapy. 
This prognostic model provides a valuable tool for 
predicting the prognosis of CESC patients with radical 
radiotherapy.
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Table S1 The details of the clinical sample in the dataset

Characteristics
Group

P value Test
Test (n=46) Train (n=46) Total (n=92)

OS, median (IQR), years 1.7 (1.2, 3.2) 2 (0.5, 3.6) 1.7 (1, 3.3) 0.662 Rank-sum test

Status, n (%) >0.99 Chi-square test

Alive 30 (65.2) 30 (65.2) 60 (65.2)

Dead 16 (34.8) 16 (34.8) 32 (34.8)

Age, n (%), years 0.4 Chi-square test

>50 22 (47.8) 18 (39.1) 40 (43.5)

≤50 24 (52.2) 28 (60.9) 52 (56.5)

Stage, n (%) 0.552 Chi-square test

Stage I 14 (30.4) 10 (21.7) 24 (26.1)

Stage II 13 (28.3) 20 (43.5) 33 (35.9)

Stage III 11 (23.9) 8 (17.4) 19 (20.7)

Stage IV 7 (15.2) 6 (13.0) 13 (14.1)

Unknown 1 (2.2) 2 (4.3) 3 (3.3)

Radiation response, n (%) 0.753 Fisher’s exact test

Complete response 18 (39.1) 18 (39.1) 36 (39.1)

Partial response 3 (6.5) 4 (8.7) 7 (7.6)

Radiographic progressive disease 5 (10.9) 7 (15.2) 12 (13.0)

Stable disease 2 (4.3) 0 (0) 2 (2.2)

Unknown 18 (39.1) 17 (37) 35 (38)

Supplementary



Table S2 The gene names of univariate cox analysis results in the 
training cohort

Gene name

MYH7B

NKD1

NOTUM

PTGDR2

AGT

GPR83

TPH1

BEST3

CACNA1E

ABHD12B

NPTX1

TNFRSF11B

GALNT8

SLCO1C1

ASCL5

GRM8

AL590560.2

FRMPD1

PCDH18

C1orf127

AXIN2

SYN2

ETV1

KCNH8

KRT81

MT1A

DUSP4

FGF9

OPRD1

SLC12A1

NKAIN3

PTPRO

FAM189A1

SLC8A3

ADAMTS18

PROX1

FCAR

LIN7A

PRUNE2

SPRY4

PADI4

DDIT4L

SPRY1

FGD5

DNAH9

CDH17

IL23A

NFE2

ADAMTSL1

MFAP4

PI16

NODAL

MANSC4

RCOR2

MSX2

SHH

KCNE3

RIMBP2

PCDHGB5

CLIC5

ITGA9

POSTN

BMP4

ACSS3

SEC61G

AVPR2

PTPRD

PTX3

SUSD2

MICU3

SAXO1

B3GALT2

SCN5A

KCNMA1

NXPH3

ALPK2

TSPAN32

IL17C

SERPINI1

TUBB2B

SCN3B

PDE3A

MXRA8

H6PD

LGR6

DIRAS2

AP2A2

ZNF423

SLC35D3

CHGB

GABRA3

ETV5

ALOX12B

LDB2

POU3F2

AOC3

Table S2 (continued)

Table S2 (continued)

Gene name

PPEF1

DIRAS3

TBX2

TMEM98

F10

SGCD

CASQ2

KCNA2

MTUS2

DACH1

LRRC66

FBN1

TNF

SPRY2

CHRM5

IGFL4

TNNC1

KCNQ1

CABP7

PROK2

PPP1R14A

CADM1

DKK4

GJB1

CDH2

GRIK3

TMEM158

TMEM233

RASL11B

TET1

PRKG1

CDHR5

TNN

GRIK2

PRSS35

KRT83

CLDN2

MT1F

DACT1

CKMT2

SH2D6

REEP6

STC1

IQCH

CROCC2

INPP1

P4HA3

CATIP

CERS4

MLLT11

MYL9

TAGLN3

CPXM2

C8orf34

G0S2

SEZ6

GJC2

COL3A1

CSRNP3

CNTN1

SORBS1

CXCR4

LHX9

SLC16A4

BRSK1

CPA2

SP5

TMEM163

LSAMP

GYG2

NACAD

NKD2

LRMDA

ATL1

SIX2

PALD1

NEB

APOBEC3B

SLC4A11

BEX5

SLIT3

CXCL8

ZNF660

PKD1L3

EFR3B

ADAMTS14

ENC1

DENND2A

TNFSF11

TWIST1

SLC52A1

PCOLCE

NFATC4

FMOD

WNT16

PCCA

TUBB4A

STK33
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