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Abstract. Although tumor necrosis factor receptor 2 (TNFR2) 
may serve a protumor role in several types of tumors, the 
clinical significance of TNFR2, including the diagnostic and 
prognostic value in tumor (T) stage 2‑3 esophageal squamous 
cell carcinoma (ESCC), remains unclear. Therefore, the 
present study aimed to explore the clinical significance of 
TNFR2 in stage T2‑3 ESCC. The present study collected the 
mRNA expression data of TNFR2 from two databases and 
confirmed the high expression of TNFR2 in ESCC tissue. 
TNFR2 expression in stage T2‑3 ESCC tissue (n=404) was 
detected using immunohistochemistry and a stratified analysis 
was performed. For all patients with stage T2‑3 ESCC, TNFR2 
expression was associated with clinical stage, invasion depth 
and metastatic lymph nodes. Stage T3 and low differentiation 
was associated with an increase in the risk of lymph node 
metastasis, but older age was associated with a decrease. 
TNFR2 expression was associated with poor overall survival 
(OS) of all patients with stage T2‑3 ESCC and stratified patients 
with stage T3 ESCC. Moreover, TNFR2 expression and meta‑
static lymph nodes were independent prognostic factors for 
these patients. For stratified patients aged ≤60 years, TNFR2 
expression was associated with clinical stage and metastatic 
lymph nodes. In addition, TNFR2 expression was associated 

with poor OS in stratified patients with stage T2 ESCC. The 
presence of metastatic lymph nodes was also an independent 
prognostic factor for these patients. For stratified patients aged 
>60 years, TNFR2 expression was associated with invasion 
depth. TNFR2 expression was also associated with poor OS 
in all patients with stage T2‑3 ESCC and stratified patients 
with stage T3 ESCC. TNFR2 expression and metastatic lymph 
nodes were identified as independent prognostic factors for 
these patients. In conclusion, TNFR2 expression is associated 
with progression and poor prognosis in patients with stage 
T2‑3 ESCC as an independent prognostic factor, except in the 
subgroup of patients with stage T2‑3 ESCC aged ≤60 years.

Introduction

Esophageal cancer (ESCA) is a type of common malignant 
tumor of the digestive tract, with the incidence ranking seventh 
and the mortality ranking sixth globally among all cancer 
types (1). Esophageal squamous cell carcinoma (ESCC) is 
the main pathological type of ESCA, accounting for ~90% of 
cases (2). Despite the emergence of immunotherapy and the 
combination of several treatment methods such as surgery, 
radiotherapy and chemotherapy, the prognosis of advanced 
ESCC is not favorable with a 5‑year survival rate of <20%. This 
is largely attributed to the characteristics of ESCC, including 
the insidious early symptoms and the lack of specific markers 
for diagnosis and evaluating prognosis (3‑5). Therefore, it is 
essential to identify more efficient markers which can be used 
for the diagnosis, prediction of prognosis and treatment of 
patients with ESCC.

According to the invasion depth described in Tumor 
(T)‑Node (N)‑Metastasis (M) staging system (6), ESCC can be 
divided into T1‑4 stages. Moreover, a previous study reported 
that the proportions of 1,033 postoperative patients with ESCC 
at stages T1‑4 were 19.2, 23, 55.7 and 2.1%, with 5‑year survival 
rates of 74.6, 47.3, 32.8 and 15.6%, respectively (7). These 
data suggest that, in postoperative ESCC, stage T2‑3 ESCC 
accounts for the vast majority (~80%) of cases and the prog‑
nosis markedly deteriorates from stage T2 onwards. Therefore, 
it is of great clinical significance to perform comprehensive 
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research on stage T2‑3 ESCC to assess the potential prognostic 
markers and therapeutic targets.

Tumor necrosis factor (TNF) receptor (TNFR)2, also 
known as TNF receptor superfamily member 1b, is a member 
of the TNFR family and includes membrane‑binding TNFR2 
and soluble (s)TNFR2 (8). The role of TNFR2 in cancer has 
attracted increasing attention. Babic et al (9) reported that high 
sTNFR2 in the blood was associated with a poor prognosis in 
patients with colorectal cancer. Furthermore, Torrey et al (10) 
reported that targeting TNFR2 with antagonistic antibodies 
inhibited the proliferation of ovarian cancer cells and 
tumor‑associated regulatory T cells. However, in the current 
era of advocating precision therapy, the roles of TNFR2 in 
different subgroups of tumors need more detailed research as 
the clinical significance of TNFR2 in patients with stage T2‑3 
ESCC remains unclear.

The current study retrieved the mRNA expression data of 
TNFR2 from online databases and detected the expression of 
TNFR2 in esophageal tissues from 404 patients with stages 
T2‑3 ESCC and 40 healthy patients using immunohistochem‑
istry (IHC) staining. The association between TNFR2 with 
the clinical parameters and overall survival (OS) of patients 
with stage T2‑3 ESCC was then assessed. Further stratified 
analysis based on age and invasion depth was also performed 
to analyze the clinical significance of TNFR2 more deeply. 
The results of the present study will help clinicians to have a 
more accurate understanding of the role of TNFR2 in different 
subgroups of patients with ESCC, providing a basis for a more 
precise use of TNFR2 as a prognostic marker and therapeutic 
target.

Materials and methods

Database analysis of the expression of TNFR2 mRNA in 
human cancers. The Tumor IMmune Estimation Resource 
(TIMER; http://timer.cistrome.org/) and The Cancer Genome 
Atlas (TCGA; https://cancergenome.nih.gov/) databases were 
used to compare the expression of TNFR2 mRNA in tumor 
tissues of patients with ESCA and adjacent normal tissues 
from some of the ESCA cases. P<0.05 was considered to indi‑
cate a statistically significant difference.

Collection of tissue samples. The present study was performed 
in accordance with the principles of The Declaration of 
Helsinki and approved by the Ethics Committee of the 
Affiliated Hospital of Jining Medical University (Jining, 
China; approval no. 2017‑Research‑01). Tumor tissues 
from a total of 404 patients with stage T2‑3 ESCC between 
January 2008 and December 2014 diagnosed by pathologists 
were used in the present study for IHC staining. The inclusion 
criteria were as follows: i) Radical resection of ESCC, diag‑
nosed by pathologists; ii) stage T2 or 3 confirmed according to 
the TNM staging of esophageal cancer of the 7th edition of the 
American Joint Commission on Cancer (T2, tumor invading 
intrinsic muscularis; and T3, tumor exceeding muscularis 
and invading the esophageal fibrous membrane) (6,11); and 
iii) no administration of chemotherapy, radiotherapy or immu‑
notherapy before surgery. Normal esophageal tissues from 
40 healthy outpatients obtained by gastroscopy were used as 
controls.

IHC staining and scoring. The tissue specimens from 
patients with ESCC were fixed in 10% formalin for 6‑72 h 
at room temperature, followed by dehydration and paraffin 
embedding. ESCC tissue was cut into 4‑µm thick paraffin 
sections, then deparaffinized in xylene and rehydrated in 
graded ethanol. Antigen retrieval was performed by micro‑
waving in 10  mmol/l citrate buffer (pH 6.0) for 20  min. 
After treatment with 0.3% Triton X‑100 for 30  min at 
room temperature, sections were immersed in 3% H2O2 
for 10  min to block endogenous peroxidase and in goat 
serum (ready‑to‑use; AR0009; Wuhan Boster Biological 
Technology, Ltd.) for 15 min at room temperature to block 
nonspecific antigens. After incubation at room tempera‑
ture for 2 h with the primary antibody of TNFR2 (1:400; 
28746‑1‑AP; Proteintech Group, Inc.), sections were washed 
with phosphate‑buffered saline and incubated in horseradish 
peroxidase goat antirabbit/mouse IgG polymer (ready‑to‑use; 
KIT5010; Fuzhou Maixin Biotechnology Development Co., 
Ltd.) at room temperature for 30  min. Finally, sections 
were stained with 3,3'‑diaminobenzidine for 30 sec at room 
temperature and counterstained with hematoxylin for 3 sec at 
room temperature. The proportion score (0, 1, 2 or 3) repre‑
sented the estimated fraction of positive staining tumor cells 
(0, 0‑25%; 1, 26‑50%; 2, 51‑75%; and 3, >75% cell staining). 
The intensity score (0, 1, 2 and 3) represented the estimated 
average staining intensity of positive tumor cells (0, nega‑
tive; 1, weak; 2, moderate; and 3, strong). The expression of 
TNFR2 was evaluated using the product of the proportion 
score and the intensity score in five random fields at x400 
magnification under a light microscope (DM2500; Leica 
Microsystems GmbH), and the mean value was obtained 
(≤4, low expression; and >4, high expression).

Statistical analysis. The association between TNFR2 and 
clinical parameters was analyzed using the χ2 test. TNFR2 
expression detected by IHC and the numbers of metastatic 
lymph nodes were compared between two groups using the 
Mann‑Whitney U test. Factors which were associated with 
lymph node metastasis were identified using logistic regres‑
sion analysis. Factors which were associated with OS were 
identified using Cox regression analysis. The aforementioned 
statistical analyses were performed using SPSS 29.0 software 
(IBM Corp.). TNFR2 expression was compared between tumor 
tissue and normal tissue in TIMER and TCGA databases 
using the Wilcoxon rank sum test in R 4.2.1 software (The R 
Foundation). Survival analysis was performed using a log‑rank 
test in R 4.2.1 software. The correlation between two factors 
was analyzed using Spearman's correlation analysis in R 4.2.1 
software. P<0.05 was considered to indicate a statistically 
significant difference.

Results

TNFR2 is associated with clinical stage, invasion depth, 
metastatic lymph node and poor OS in patients with stage 
T2‑3 ESCC. Compared with those in normal tissues, the 
TIMER database revealed that the TNFR2 mRNA levels 
were significantly higher in ESCA, glioblastoma multi‑
forme (GBM), head and neck squamous cell carcinoma 
(HNSC), kidney renal clear cell carcinoma (KIRC), stomach 
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adenocarcinoma (STAD) and thyroid carcinoma (THCA) 
(Fig. 1A). TCGA revealed that TNFR2 mRNA levels were 
significantly higher in colon adenocarcinoma, GBM, HNSC, 
KIRC, rectum adenocarcinoma, STAD and THCA tumor 
tissues compared with normal tissues (Fig. 1B). In addition, 
TCGA revealed that TNFR2 mRNA levels in ESCA tissues 
were also higher than those in normal tissue, although 
the difference was not statistically significant (Fig.  1B). 
Furthermore, strong IHC staining of TNFR2 was detected 

in the cytoplasm and membrane of ESCC tissues, which 
was significantly higher than the weak staining observed in 
the normal esophageal tissues (P<0.001; Fig. 1C). All 404 
specimens from patients with stage T2‑3 ESCC were divided 
into two groups according to the expression level of TNFR2 
stained by IHC (Table I). Out of 223 cases with high expres‑
sion of TNFR2, 180 were at stage Ⅲ‑Ⅳ, compared with 
106/181 cases for the group with low expression of TNFR2 
(P<0.001). A total of 165/223  cases in the high TNFR2 

Figure 1. Expression of TNFR2 in tumor and normal tissues. mRNA expression of TNFR2 in different types of tumors and normal tissues in the (A) Tumor 
IMmune Estimation Resource and (B) The Cancer Genome Atlas databases. (C) Expression of TNFR2 in ESCC and normal esophageal tissues using IHC 
staining. *P<0.05, **P<0.01, ***P<0.001. TNFR2, tumor necrosis factor receptor 2; IHC, immunohistochemistry; ESCC, esophageal squamous cell carcinoma; 
TPM, transcripts per million.

https://www.spandidos-publications.com/10.3892/ol.2024.14638
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expression group had a stage T3 invasion depth, compared 
with 105/181  cases in the low TNFR2 expression group 
(P<0.001). Moreover, 163/223  cases in the high TNFR2 
expression group had metastatic lymph nodes, compared with 
107/181 cases in the group with low expression of TNFR2 
(P=0.008). There was no significant difference in sex, age, 
differentiation and tumor diameter between the two groups.

To evaluate the role of TNFR2 in predicting prognosis, 
survival curves were drawn and compared using the log‑rank 
test. For patients with stage T2‑3 ESCC, the OS rate in the 
group with high TNFR2 expression was much significantly 
worse than that in the group with low TNFR2 expression, 
beginning from ~12 months after surgery [hazard ratio (HR), 
1.769; 95% confidence interval (CI), 1.284‑2.436; P<0.001; 
Fig. 2A]. For patients with stage T2 ESCC only, the difference 
in OS between the two groups was not statistically significant; 
however, the OS rate of the group with high TNFR2 expres‑
sion was notably improved compared with the low expression 
group within 25 months after surgery (HR, 1.297; 95% CI, 
0.686‑2.455; P=0.417; Fig. 2B). For patients with stage T3 
ESCC only, the OS rate in the high TNFR2 expression group 
was significantly worse than that in the group with low expres‑
sion of TNFR2 (HR, 1.852; 95% CI, 1.278‑2.684; P=0.002; 
Fig. 2C), and the difference began earlier than in patients with 
stage T2‑3 ESCC.

Analysis of factors associated with lymph node metastasis 
in patients with stage T2‑3 ESCC and survival analysis. To 
further assess the factors affecting lymph node metastasis, 
logistic regression analysis was performed. Univariate logistic 
regression analysis revealed that an age of >60 years, low 
differentiation, an invasion depth of T3 and high expression of 
TNFR2 were significantly associated with lymph node metas‑
tasis (P=0.004, P<0.001, P<0.001 and P=0.008, respectively; 
Fig.  3A). Further multivariate logistic regression analysis 
demonstrated that low differentiation and an invasion depth 
of T3 significantly increased the risk of lymph node metas‑
tasis by 3.019‑fold and 11.929‑fold, respectively (P<0.001 and 
P<0.001, respectively; Fig. 3B); however, an age of >60 years 
significantly reduced the risk of lymph node metastasis by 
46.5% (P=0.019; Fig.  3B). Moreover, TNFR2 expression 
was not significantly associated with lymph node metastasis 
(P=0.318; Fig. 3B). To further assess the relationship between 
age, differentiation and invasion depth with lymph node 
metastasis, the association of these three factors with the 
number of metastatic lymph nodes was evaluated. The results 
revealed that the median number of metastatic lymph nodes 
in the group with T3 invasion depth was 2 (range, 1‑3), which 
was significantly higher than in the group with T2 invasion 
depth (median, 0; range, 0‑1; P<0.001; Fig. 3C). Moreover, the 
median number of metastatic lymph nodes in the group with 

Table I. Association of tumor necrosis factor receptor 2 expression with the clinical parameters of patients with tumor stage 2‑3 
esophageal squamous cell carcinoma.

	 TNFR2 expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinical parameter	 Low (n=181)	 High (n=223)	 P‑value

Sex			   0.588
  Male	 146 (80.66)	 175 (78.48)	
  Female	 35 (19.34)	 48 (21.52)	
Age			   0.537
  ≤60 years	 90 (49.72)	 104 (46.63)	
  >60 years	 91 (50.28)	 119 (53.37)	
Clinical stage			   <0.001a

  Ⅰ‑Ⅱ	 75 (41.44)	 43 (19.28)	
  Ⅲ‑Ⅳ	 106 (58.56)	 180 (80.72)	
Invasion depth			   <0.001a

  T2	 76 (41.98)	 58 (26.01)	
  T3	 105 (58.02)	 165 (73.99)	
Metastatic lymph node			   0.008a

  No	 74 (40.88)	 63 (28.25)	
  Yes	 107 (59.12)	 163 (71.75)	
Differentiation			   0.368
  Low	 86 (47.51)	 116 (52.02)	
  Moderate/high	 95 (52.49)	 107 (47.98)	
Tumor diameter			   0.328
  ≤4 cm	 107 (59.12)	 121 (54.26)	
  >4 cm	 74 (40.88)	 102 (45.74)

Data are presented as n (%). aP<0.05 was considered statistically significant. TNFR2, tumor necrosis factor receptor 2; T, tumor.
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low differentiation was 2 (range, 1‑3), which was significantly 
higher than in the group with moderate/high differentiation 
(median, 1; range, 0‑2; P<0.001; Fig. 3D). Furthermore, the 
Spearman's analysis demonstrated that age was significantly 
negatively correlated with the number of metastatic lymph 
nodes (R=‑0.153; P=0.002; Fig. 3E).

Survival analysis of TNFR2 and lymph node metastasis 
was performed and the results revealed that the group with 
low expression of TNFR2 and lymph node metastasis had a 
markedly worse OS compared with that in the group with high 
expression of TNFR2 and no lymph node metastasis, although 
the difference was not statistically significant (HR, 0.62; 95% 
CI, 0.38‑1.03; P=0.0679; Fig. 3F). With the exception of the 

comparison between the aforementioned two groups, groups 
with a high expression of TNFR2 demonstrated worse OS than 
the groups with low expression of TNFR2: The low TNFR2 
expression/lymph node metastasis group vs. the high TNFR2 
expression/lymph node metastasis group (HR, 1.57; 95% CI, 
1.09‑2.27; P=0.0161), the low TNFR2 expression/no lymph node 
metastasis group vs. the high TNFR2 expression/no lymph node 
metastasis group (HR, 1.87; 95% CI, 0.95‑3.67; P=0.0706) and 
the low TNFR2 expression/no lymph node metastasis group vs. 
the high TNFR2 expression/lymph node metastasis group (HR, 
4.96; 95% CI, 3.26‑7.54; P<0.0001; Fig. 3F). This revealed the 
association between TNFR2 expression combined with lymph 
node metastasis and prognosis of patients with ESCC.

Figure 2. Survival analysis of patients with stage T2‑3 ESCC. (A) Comparison of the survival probability between the high and low TNFR2 expression groups 
of patients with stage T2‑3 ESCC. Stratified comparison of survival probability between the high and low TNFR2 expression groups of patients with stage 
(B) T2 and (C) T3 ESCC. TNFR2, tumor necrosis factor receptor 2; ESCC, esophageal squamous cell carcinoma; HR, hazard ratio; T, tumor.

Figure 3. Analysis of factors associated with lymph node metastasis in patients with stage T2‑3 esophageal squamous cell carcinoma and survival analysis. 
(A) Univariate and (B) multivariate logistic regression analysis of factors associated with lymph node metastasis. Comparison of the number of metastatic 
lymph nodes between the (C) stage T2 and T3 patient groups and the (D) low differentiation and moderate/high differentiation groups. (E) Spearman's analysis 
of the correlation between age and the number of metastatic lymph nodes. (F) Comparison of survival probability between groups with different expression 
levels of TNFR2 and lymph node metastasis. TNFR2, tumor necrosis factor receptor 2; HR, hazard ratio; CI, confidence interval; T, tumor; N, node.

https://www.spandidos-publications.com/10.3892/ol.2024.14638
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TNFR2 is associated with clinical stage, lymph node metas‑
tasis and poor OS in patients with stage T2‑3 ESCC aged 
≤60 years. A total of 194 patients with stage T2‑3 ESCC 
aged ≤60 years were divided into a low TNFR2 expression 
group (n=90) and a high TNFR2 expression group (n=104) 
using IHC staining. In the group with high TNFR2 expres‑
sion, 85/104 cases had a clinical stage of Ⅲ‑Ⅳ, which was 
significantly greater than the 56/90 cases in the group with 
low TNFR2 expression (P=0.002). Moreover, 85/104 cases 
in the high TNFR2 expression group had metastatic lymph 
nodes, which was significantly higher than the 57/90 cases in 
the group with low expression of TNFR2 (P=0.004). However, 
there were no significant differences demonstrated for sex, 
invasion depth, differentiation and tumor diameter between 
the two groups (Table II).

To evaluate the role of TNFR2 in predicting the prognosis 
of patients with stage T2‑3 ESCC aged ≤60 years, a survival 
analysis was performed. The results revealed that the OS of 
the group with high TNFR2 expression was markedly worse 
than that of the group with low TNFR2 expression, begin‑
ning ~20 months after surgery; however, the difference was 
not statistically significant (HR, 1.593; 95% CI, 0.991‑2.56; 
P=0.05; Fig. 4A). For patients aged ≤60 years with stage 
T2 ESCC only, the OS rate of the high TNFR2 expression 
group was significantly worse than that of the group with 
low TNFR2 expression (HR, 3.121; 95% CI, 1.166‑8.355; 
P=0.017; Fig.  4B). However, for patients aged ≤60  years 

with stage T3 ESCC only, the OS rate in the high TNFR2 
expression group was notably poorer than that in the group 
with low TNFR2 expression, although the difference was 
not statistically significant (HR, 1.153; 95% CI, 0.67‑1.986; 
P=0.602; Fig. 4C).

TNFR2 is associated with clinical stage, lymph node metas‑
tasis and poor OS in patients with stage T2‑3 ESCC aged 
>60 years. A total of 210 patients with stage T2‑3 ESCC aged 
>60 years old were divided into a low TNFR2 expression 
group (n=91) and a high TNFR2 expression group (n=119) 
using IHC staining. In the group with high expression of 
TNFR2, 87/119 cases had a T3 invasion depth, which was 
significantly higher than the 49/91 cases in the low TNFR2 
expression group (P=0.004). However, there was no signifi‑
cant difference in sex, clinical stage, metastatic lymph node, 
differentiation and tumor diameter between the two groups 
(Table III).

To evaluate the role of TNFR2 in predicting the prog‑
nosis of patients with stage T2‑3 ESCC aged >60 years, a 
survival analysis was performed. The results demonstrated 
that the OS rate of the high TNFR2 expression group was 
significantly worse than that of the group with low expres‑
sion of TNFR2, beginning ~10 months after surgery (HR, 
1.92; 95% CI, 1.239‑2.975; P=0.006; Fig. 5A). However, for 
patients with stage T2 ESCC aged >60 years, the log‑rank 
test revealed no significant difference in OS between the 

Table II. Association of tumor necrosis factor receptor 2 expression with the clinical parameters of patients with tumor stage 2‑3 
esophageal squamous cell carcinoma aged ≤60 years.

	 TNFR2 expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinical parameter	 Low (n=90)	 High (n=104)	 P‑value

Sex			   0.791
  Male	 74 (82.22)	 87 (83.65)	
  Female	 16 (17.78)	 17 (16.35)	
Clinical stage			   0.002a

  Ⅰ‑Ⅱ	 34 (37.78)	 19 (18.27)	
  Ⅲ‑Ⅳ	 56 (62.22)	 85 (81.73)	
Invasion depth			   0.055
  T2	 34 (37.78)	 26 (25.00)	
  T3	 56 (62.22)	 78 (75.00)	
Metastatic lymph node			   0.004a

  No	 33 (36.67)	 19 (18.27)	
  Yes	 57 (63.33)	 85 (81.73)	
Differentiation			   0.596
  Low	 57 (63.33)	 62 (59.62)	
  Moderate/high	 33 (36.67)	 42 (40.38)	
Tumor diameter			   0.773
  ≤4 cm	 46 (51.11)	 51 (49.04)	
  >4 cm	 44 (48.89)	 53 (50.96)	

Data are presented as n (%). aP<0.05 was considered statistically significant. TNFR2, tumor necrosis factor receptor 2; T, tumor.



ONCOLOGY LETTERS  28:  505,  2024 7

group with high expression of TNFR2 and the group with low 
expression of TNFR2 (HR, 0.641; CI, 0.272‑1.511; P=0.297; 
Fig. 5B). Moreover, for patients aged >60 years with stage T3 
ESCC only, the OS rate of the group with high expression of 
TNFR2 was significantly worse than that in the group with 
low expression of TNFR2, beginning ~3 months after surgery 
(HR, 3.193; 95% CI, 1.919‑5.314; P<0.001; Fig. 5C).

Cox regression analysis of potential factors affecting the OS 
of patients with stage T2‑3 ESCC. To assess the potential 
factors which may affect the OS of patients with stage T2‑3 
ESCC, univariate and multivariate Cox regression analyses 
were performed. For patients with stage T2‑3 ESCC, univar‑
iate Cox regression analysis revealed that metastatic lymph 
node, low differentiation, clinical stage Ⅲ‑Ⅳ, invasion depth 
of T3 and high expression of TNFR2 were significantly asso‑
ciated with a poor OS (P<0.001, P=0.018, P<0.001, P<0.001 
and P<0.001, respectively; Fig. 6A). Moreover, multivariate 
Cox regression analysis demonstrated that metastatic 
lymph node and high expression of TNFR2 significantly 

increased the risk of death by 1.866‑ and 0.661‑fold, respec‑
tively (P<0.001 and P=0.003 respectively; Fig.  6B). For 
patients with stage T2‑3 ESCC aged ≤60 years, univariate 
Cox regression analysis revealed that metastatic lymph 
node, low differentiation, clinical stage Ⅲ‑Ⅳ and inva‑
sion depth of T3 were significantly associated with a poor 
OS (P<0.001, P=0.003, P<0.001 and P=0.019, respectively; 
Fig. 6C). Furthermore, multivariate Cox regression analysis 
demonstrated that only metastatic lymph node significantly 
increased the risk of death by 2.479‑fold (P<0.001; Fig. 6D). 
For patients with stage T2‑3 ESCC aged >60 years, univariate 
Cox regression analysis revealed that metastatic lymph node, 
clinical stage Ⅲ‑Ⅳ, invasion depth of T3 and high expres‑
sion of TNFR2 were significantly associated with a poor 
OS (P<0.001, P<0.001, P=0.014 and P=0.007, respectively; 
Fig.  6E). Moreover, multivariate Cox regression analysis 
demonstrated that metastatic lymph node and high expres‑
sion of TNFR2 significantly increased the risk of death by 
1.636‑ and 0.914‑fold, respectively (P<0.001 and P=0.008, 
respectively; Fig. 6F).

Figure 4. Survival analysis of patients with stage T2‑3 ESCC aged ≤60 years. (A) Comparison of survival probability between the high and low TNFR2 
expression groups of patients with stage T2‑3 ESCC aged ≤60 years. Stratified comparison of survival probability between the high and low TNFR2 expression 
groups of patients with stage (B) T2 and (C) T3 ESCC aged ≤60 years. TNFR2, tumor necrosis factor receptor 2; ESCC, esophageal squamous cell carcinoma; 
HR, hazard ratio; T, tumor.

Figure 5. Survival analysis of patients with stage T2‑3 ESCC aged >60 years. (A) Comparison of survival probability between the high and low TNFR2 
expression groups of patients with stage T2‑3 ESCC aged >60 years. Stratified comparison of survival probability between the high and low TNFR2 expression 
groups of patients with (B) T2 and (C) T3 ESCC aged >60 years. TNFR2, tumor necrosis factor receptor 2; ESCC, esophageal squamous cell carcinoma; HR, 
hazard ratio; T, tumor.
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Discussion

TNFR2 is a promising factor in terms of predicting prog‑
nosis and finding therapeutic targets of ESCC, as it is highly 
expressed in several types of tumor cells and normal cells 
such as interstitial fibroblasts, endothelial cells, immune 
cells and hematopoietic cells  (12‑14). In recent years, 
several studies reported the role of TNFR2 in tumor occur‑
rence and development in different manners: Gao et al (15) 

reported that TNFR2 can promote the proliferation, migra‑
tion and invasion of pancreatic cancer cells via the NF‑κB 
signaling pathway; Wang et al (16) reported that TNFR2 can 
promote the switch from fibroblasts to cancer‑associated 
fibroblasts in the microenvironment of colorectal cancer, 
which facilitates cancer metastasis; and Qu  et  al  (17) 
reported that activation of the TNF‑α/TNFR2 pathway 
promotes the immunosuppressive phenotype and function 
of Tregs in gastric cancer, resulting in cancer progression. 
Tumor heterogeneity is an important reason for poor treat‑
ment outcomes, which may exist among different types 
of tumors, different patients with the same type of tumor 
or even different parts of the same tumor (18). Although 
TNFR2 exhibits significant protumor effects, it is unclear 
whether its role in different subgroup patients is also the 
same. Therefore, the present study focused on assessing the 
role of TNFR2 in stage T2‑3 ESCC and further stratified 
subgroup patients to provide more accurate data on the role 
of TNFR2 in ESCC.

The present study demonstrated a high expression of 
TNFR2 both at the mRNA and protein level and revealed 
that high expression of TNFR2 was positively associated 
with advanced clinical stage, invasion depth and lymph node 
metastasis, which is in line with the role of TNFR2 in tumors 
reported by the aforementioned studies (15‑17). Moreover, 
age is an important factor in the occurrence and development 
of malignant tumors. Previous research has reported that 
the incidence of malignant tumors increases with age but, 
compared with young patients, the tumors of older patients 
tend to exhibit inert phenotypes and different patterns of 
management (19). Patel et al (19) reported that older patients 
with colon cancer had a decreased rate of distant metastasis 
and lymph node metastasis compared with younger patients. 
Recently, Lin et al (20) reported that 60 years was the optimal 
cut‑off age for differences in OS and progression‑free survival 
(PFS) in a study including 568 patients with ESCC. Moreover, 
several studies on ESCC used 60 years as the cutoff for age 
grouping and reported marked differences in variables, such 
as gene expression, biological behavior and prognosis (21‑25). 
Therefore, the present study performed a subgroup analysis 
based on the age of 60 years to further evaluate the clinical 
significance of TNFR2 in patients with stage T2‑3 ESCC. 
Notably, different to patients aged ≤60 years old, for patients 
aged >60 years old, high expression of TNFR2 was only 
associated with invasion depth, but not advanced clinical 
stage or lymph node metastasis. This demonstrates the hetero‑
geneity among subgroups and may be explained by the inert 

Table III. Association of tumor necrosis factor receptor 2 expression with the clinical parameters of patients with tumor stage 2‑3 
esophageal squamous cell carcinoma aged >60 years.

	 TNFR2 expression
	-----------------------------------------------------------------------------------------------
Clinical parameter	 Low (n=91) 	 High (n=119)	 P‑value

Sex			   0.383
  Male	 72 (79.12)	 88 (73.95)	
  Female	 19 (20.88)	 31 (26.05)	
Clinical stage			   0.237
  Ⅰ‑Ⅱ	 41 (45.05)	 44 (36.97)	
  Ⅲ‑Ⅳ	 50 (54.95)	 75 (63.03)	
Invasion depth			   0.004a

  T2	 42 (46.15)	 32 (26.89)	
  T3	 49 (53.85)	 87 (73.11)	
Metastatic lymph node			   0.237
  No	 41 (45.05)	 44 (36.97)	
  Yes	 50 (54.95)	 75 (63.03)	
Differentiation			   0.494
  Low	 37 (40.66)	 54 (45.38)	
  Moderate/High	 54 (59.34)	 65 (54.62)	
Tumor diameter			   0.224
  ≤4 cm	 61 (67.03)	 70 (58.82)	
  >4 cm	 30 (32.97)	 49 (41.18)	

Data are presented as n (%). aP<0.05 was considered statistically significant. TNFR2, tumor necrosis factor receptor 2; T, tumor.
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characteristics of malignant tumors in elderly patients reported 
previously (19). In addition, no association between TNFR2 
and tumor size was demonstrated in total T2‑3 cases or strati‑
fied subgroups split by age (60 years old). This result is not 
consistent with the promoting effect of TNFR2 in pancreatic 
cancer reported by Gao et al (15), and the difference may be 
explained by the heterogeneity derived from different tumor 
types. Further detailed cell experiments are required for vali‑
dation. Meanwhile, the present study confirmed that an age of 
>60 years reduced the risk of lymph node metastasis, and age 
was associated with the number of metastatic lymph nodes. 
This again reflects the inert characteristics of ESCC in elderly 
patients, in line with the report by Patel et al  (19).

The association between TNFR2 with prognosis has been 
reported in several types of tumors but at present it remains 
controversial. In 2021, Silva Raju et al (26) reported that 
patients in Malaysia with a high level of TNFR2 expression 
in ovarian cancer tissue exhibited no significant difference 
in PFS interval compared with patients with a low level of 
TNFR2. In 2019, Zhang et  al  (27) reported that TNFR2 
was expressed in non‑small cell lung cancer tissues and 

was related to the poor prognosis of patients in China. The 
present study demonstrated that a high expression of TNFR2 
is associated with the poor prognosis of patients with stage 
T2‑3 ESCC, but this was not associated with the presence 
of lymph nodes metastasis. This finding is in line with the 
report of Zhang et al (27) but inconsistent with the results 
of Silva Raju et al (26), which may be explained by differ‑
ences in tumor origin or ethnicity. Further stratified analysis 
revealed there was no significant effect of TNFR2 on OS 
of patients with stage T2 ESCC, patients with stage T2‑3 
ESCC aged ≤60 years old, patients with stage T3 ESCC 
aged ≤60 years old, or patients with stage T2 ESCC aged 
>60 years old. The aforementioned results indicate differ‑
ences in the role of TNFR2 in different subgroups of patients 
with stage T2‑3 ESCC, suggesting that TNFR2 may not 
be suitable as a potential prognostic marker for these four 
stratified subgroup patients.

The occurrence and development of tumors is a complex 
process and prognosis is influenced by a combination of 
different factors. Therefore, the independent prognostic factors 
among different subgroups may be different. For all patients 

Figure 6. Cox regression analysis of factors affecting OS. (A) Univariate and (B) multivariate Cox regression analysis of factors affecting OS of patients with 
stage T2‑3 ESCC. (C) Univariate and (D) multivariate Cox regression analysis of factors affecting OS of patients with stage T2‑3 ESCC aged ≤60 years. 
(E) Univariate and (F) multivariate Cox regression analysis of factors affecting OS of patients with stage T2‑3 ESCC aged >60 years old. OS, overall survival; 
TNFR2, tumor necrosis factor receptor 2; ESCC, esophageal squamous cell carcinoma; T, tumor.
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with stage T2‑3 ESCC, metastatic lymph nodes and a high 
expression of TNFR2 were independent prognostic factors. 
This was also demonstrated for patients with stage T2‑3 ESCC 
age >60 years. However, for patients with stage T2‑3 ESCC 
aged ≤60 years, only the presence of metastatic lymph nodes 
was an independent prognostic factor, whilst TNFR2 expres‑
sion did not exhibit a significant effect on prognosis even in 
univariate Cox regression analysis. These results further 
confirm the unsuitability of TNFR2 as a potential prognostic 
marker for patients with T2‑3 ESCC aged ≤60 years. Moreover, 
these different results may be related to age‑based biological 
differences of tumors; however, the impact of a limited number 
of cases on the result is also unavoidable, especially the limited 
number of cases in subgroups.

In addition to the limited number of cases considered, there 
are other limitations in the present study: Nearly all cases were 
from one area, so the data were regional and the universality of 
the results is limited. A larger number of cases from multiple 
centers will provide more reliable and universal results. In 
addition, the present study was retrospective and the results 
could have easily been influenced by bias and confounding 
effects; therefore, further validation in prospective studies is 
needed.

In conclusion, the results of the present study demonstrated 
the association of TNFR2 expression with progression and 
poor prognosis in patients with stage T2‑3 ESCC and different 
stratified subgroups. These findings will enrich the current 
knowledge of the roles of TNFR2 in tumors. Moreover, they 
will help clinicians have a more accurate understanding of 
the clinical significance of TNFR2 in different subgroups 
of patients with ESCC, providing a basis for more precise 
utilization of TNFR2 as a prognostic marker and therapeutic 
target.
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