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Background: Esophageal cancer (EC) is an aggressive malignant tumor with poor prognosis and high
incidence. It is the sixth leading cause of cancer-related death in the world, and the 5-year overall survival (OS)
rate is only 12-20%. The rapid development of next-generation sequencing (NGS) has provided powerful
help for the treatment and management of EC patients.

Methods: Tumor tissue and blood samples of 43 Chinese patients with nonsurgical esophageal squamous
cell carcinoma (ESCC) were sequenced using a 425 gene-panel. Genomic profiling was explored and and
the Cox proportional hazards model was used to analyze the correlations between gene or signaling pathway
alterations and prognosis.

Results: In this study, the most common mutated genes were TP53 (90.5%), CCNDI (45.2%), FGF19
(38.1%), NOTCH1 (26.2%), PI3KCA (21.4%) and CDKN2A4 (19%). Among these mutations, PI3KCA and
NOTCH]I showed mutual exclusion to some extent. In the univariate model, mutations in NOTCH1I, CBLB
and TSC2 genes and tumor mutation burden (TMB) >7 were independent biomarkers of OS. NOTCHI
(P=0.007, HR =2.87), CBLB (P=0.011, HR =4.68) and T7SC2 (P=0.024, HR =3.7) were significantly associated
with poorer OS, and patients with TMB >7 had longer OS (P=0.151, HR =0.31). In addition, patients who
carried alteration in NOTCH signaling pathway had reduced OS (P=0.014, HR =2.54).

Conclusions: NOTCHI, CBLB and TSC2 alterations were found to be potential indicators of poor
prognosis in patients with ESCC. TMB was also positively correlated with the OS of ESCC patients,

providing valuable insights for their treatment strategies.
Keywords: Esophageal squamous cell carcinoma (ESCC); next-generation sequencing (NGS); tumor mutation

burden (TMB); overall survival (OS)

Submitted Oct 17, 2023. Accepted for publication Jan 12, 2024. Published online Mar 26, 2024.
doi: 10.21037/jtd-23-1601
View this article at: https://dx.doi.org/10.21037/jtd-23-1601

© Journal of Thoracic Disease. All rights reserved. 7 Thorac Dis 2024;16(3):1843-1853 | https://dx.doi.org/10.21037/jtd-23-1601


https://crossmark.crossref.org/dialog/?doi=10.21037/jtd-23-1601

1844 Zhou et al. Analysis of molecular characteristics and prognosis in ESCC

Introduction

Esophageal cancer (EC) is an aggressive malignant tumor
with poor prognosis and high incidence. It is the sixth
leading cause of cancer-related death in the world (1). About
35% of all patients with EC are in advanced stages at the
time of presentation, so these patients lose the opportunity
to receive radical treatment, which does not respond well,
with an overall 5-year survival rate ranging from 12% to
20% (2-4). Esophageal squamous cell carcinoma (ESCC)
occurs primarily in Asian populations, while esophageal
adenocarcinoma (EAC) is more common in North America
and Western Europe (1,5). Smoking and drinking alcohol
are two risk factors for ESCC (6), whereas obesity is a risk
factor for EAC (7).

Surgery is the primary treatment for resectable EC
without distant metastasis. In patients with locally advanced
EC, the RO excision rate is low (about 50%), leading to
early postoperative recurrence and thus long-term survival
remains low (8). Targeted therapeutic approaches have
also been investigated in EC patients, including human
epidermal growth factor receptor 2 (HER2)-targeted
therapy, anti-angiogenic therapy, and immunotherapy.
Anti-HER2 monoclonal antibody trastuzumab has been
approved by the U.S. Food and Drug Administration (FDA)
for use in patients with advanced HER2-positive EC (9).
Ramucirumab, a VEGF receptor 2 (VEGFR-2) antibody,
has received approval for the treatment of patients with
advanced or metastatic EAC, initially as monotherapy
and subsequently in combination with paclitaxel (10). In
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addition, pembrolizumab and camrelizumab have been
shown to improve survival better than chemotherapy
in second-line treatment of patients with advanced or
metastatic EC (11,12).

Recent advancements in next-generation sequencing
(NGS) studies have enhanced our understanding of genetic
alterations in EC genes (13). With the help of NGS
technologies, molecular characterization is emerging as a
new aspect of multidisciplinary treatment decision making
to develop holistic treatment plans for cancer patients (14).
Genes involved in the cell cycle, the RTK/PI3K/AKT
circuit, chromatin remodeling, and the NOTCH signaling
pathway are frequently altered (13). Genes with a high
frequency of mutations in EC, including TP53, NOTCH1,
PIK3CA, CDKN2A and RBI1, have been identified and
reported in different races (15,16), in which TP53 is the
most frequently mutated gene in ESCC, exhibiting a
mutation frequency of 93% (13). Associations between
these genetic alterations and prognosis have been reported.
In our study, we enrolled 43 patients with locally advanced
or metastatic ESCC, collected the clinical data of these
patients, and conducted NGS detection on their tumor
tissues and blood samples using 425 gene-panel. The aim
of this study was to analyze the molecular characteristics
and explore the relationship between genetic alterations
and prognosis of ESCC patients. Further studies on the
correlation between abnormalities in related signaling
pathways and survival provide a theoretical basis for the
subsequent extension of the survival of patients with ESCC.
We present this article in accordance with the REMARK
reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-23-1601/rc).

Methods
Patient cobort

According to the National Comprehensive Cancer Network
(NCCN) guidelines, 43 non-surgical patients with locally
advanced or metastatic ESCC were retrospectively recruited
from Zhejiang Cancer Hospital. The inclusion criteria were
as follows: (I) all patients were histologically confirmed
to have primary nonoperative ESCC, (II) patients
underwent treatment with either chemoradiotherapy or
immunotherapy. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013). The
study was approved by the Ethics Review Committee of
Zhejiang Cancer Hospital (IRB-2018-20) and informed
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Table 1 Basic information of 43 patients with esophageal squamous
cell carcinoma

Characteristics Patients (%)

Age (years)

<60 19 (44.2)

>60 24 (55.8)

Median [range] 61 [43-81]
Sex

Male 37 (86.0)

Female 6 (14.0)
Clinical stage

A 1(2.3)

1B 12 (27.9)

\% 30 (69.8)
Pathological subtype

Squamous cell carcinoma 43 (100.0)

Adenocarcinoma 0(0)
Metastasis

Yes 38 (88.4)

No 5(11.6)
Smoking status

Never-smoker 11 (25.6)

Former-smoker 32 (74.4)
Drinking status

No alcohol consumption 12 (27.9)

Alcohol consumption 31 (72.1)
Tumor location

Upper thoracic 10 (28.3)

Middle thoracic 32 (74.4)

Lower thoracic 1(2.3)

written consent was obtained from each participant.

DNA extraction and library construction

Genomic DNA was prepared using the QIAamp DNA
FFPE tissue Kit (Qiagen, Hilden, Germany) and the
QIAamp DNA Blood Mini kit (Qiagen). The amount of
extracted DNA was assessed using a Qubit 3.0 fluorometer
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and the quality of DNA was measured using a Nanodrop
2000 (Thermo Fisher Scientific, Waltham, USA). The
library for sequencing was prepared with the KAPA Hyper
Prep kit from KAPA Biosystems and was sequenced using a
targeted panel containing 425 cancer-related genes.

Bioinformatics analysis

The results of high-throughput sequencing were compared
with the genome data of Chinese hG19 to complete
gene mapping. Multiple gene mutations, such as gene
point mutation, insertion deletion mutation, gene copy
number change and chromosome structure abnormality,
were analyzed synchronously from the mapping results.
Furthermore, mutations were analyzed and generated
by comparison with 1000 Genome database and dbSNP
database. We estimated each patient’s tumor mutation
burden (TMB) by counting the somatic mutations in
coding regions, including single-nucleotide mutations and
insertions or deletions (indels), without counting driver
mutations and known germline changes.

Statistical analysis

Kaplan-Meier survival analysis was used to draw survival
curve and evaluate overall survival (OS). Cox proportional
risk model was used to analyze the relationship between
mutation gene and prognosis. In addition to age and sex,
non-significant confounding factors in univariate Cox
model were excluded from the multivariate Cox analysis.
Kaplan-Meier survival and Cox regression analysis were
executed using R package (R 3.6.0). A P value less than
0.05 was considered statistically significant. Medication
information for the ESCC patients was not used.

Results
Description of patient cobort

The clinicopathological features of 43 Chinese patients with
nonsurgical ESCC are shown in Table 1. The median age
of these patients was 61 years, ranging from 43 to 81 years.
More than 80% (86.0%) of the patients were male and the
remainders (14.0%) were female. All patients had squamous
cell carcinoma (SCC, 100%). There were 1 patient (2.3%)
in stage IIIA, 12 patients (27.9%) in stage IIIB and 30
patients (69.8%) in stage IV. Among them, 32 cases (74.4%)
were smokers, and more than half (72.1%) had drinking
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Patients of locally advanced or metastatic ESCC
with follow-up data
n=43

\

NGS was performed using a 425-gene panel,
followed by correlation analyses between genetic
alterations and prognosis

-------------------------- »| Patient without somatic alteration n=1

Y Y

Y

Patients with tissue and plasma

Patients with tissue only
n=23 n=12

Patients with plasma only
n=7

Figure 1 Schematic demonstration of the study design. ESCC, esophageal squamous cell carcinoma; NGS, next-generation sequencing.

history. All patients received radiotherapy, chemotherapy or
immunotherapy.

Genetic mapping of Chinese patients with ESCC

We obtained 35 tumor tissue samples and 31 blood samples
from 43 Chinese non-surgical ESCC patients, of which
23 patients had both tissue and blood samples, 12 patients
had tissue samples only, and eight patients had only tissue
samples. Blood samples, since only one germline mutation
was detected in one patient, were described only and not
included in subsequent survival analysis (Figure 1). The
somatic gene mutation maps of the other 42 patients
with ESCC were shown in Figure 2. The most commonly
mutated genes were TP53 (90.5%), CCNDI (45.2%),
FGF19 (38.1%), NOTCHI (26.2%), PI3KCA (21.4%) and
CDKN2A (19%). The most common gene amplifications
were CCND1, FGF19. Among these mutations, PI3KCA and
NOTCH]I exhibited a certain degree of mutual exclusion,
which is consistent with previous reports (17).

Univariate and multivariate Cox regression analysis of
prognostic factors

Genetic mutations in patients with EC can be a potential
predictor of prognosis during cancer treatment. In
this study, 43 patients with ESCC had a median OS of
16 months (Figure S1). We used univariate Cox regression
model to investigate the relationship between genes with
high mutation frequency and OS. Based on previous
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reports, we conducted univariate analysis of the relationship
between NOTCHI1, CBLB, TSC2, FBXW7, SOX2, TP53
and OS of these patients. As shown in Figure 3, NOTCHI
(P=0.007, HR =2.87, Figure 3B), CBLB (P=0.011, HR
=4.68, Figure 3C) and TSC2 (P=0.024, HR =3.7, Figure 3D)
were significantly associated with poorer OS. TP53, which
exhibited the highest mutation frequency, could not predict
OS (P=0.097, HR =4.64, Figure 3A), which may be due to
the limited number of patients with wild-type TP53.

Later, we conducted a univariate analysis of 35 patients
with tissue TMB (Figure 4A4), and the results showed
that when TMB =7 was divided as the boundary, patients
with TMB >7 had longer OS, HR =0.31, and P value was
significant (Figure 4B8). When TMB ranged from 14 to 17,
patients with TMB-H showed a trend of better OS, but
there was no statistical difference (Figure 4A4).

In the above univariate model, NOTCHI, CBLB, TSC2
gene mutations and TMB >7 were independent markers
of OS (Table 2). Multivariate Cox regression analysis was
performed for these four factors. Multivariate analysis
showed that CBLB was an independent factor, and patients
with CBLB gene mutation had worse OS (HR =5.24,
P=0.02), which was significant and is consistent with
previously reported results (16).

Alterations in signaling pathways and survival of EC
patients

NOTCH signaling is a contact-dependent cell-cell

communication event in multicellular organisms and
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Figure 2 Mapping of somatic alterations in 42 patients with ESCC. The axis on the right side of the mutational landscape represented the

number of patients carrying the corresponding gene alterations. SV, structural variation; CNV, copy number variation; ESCC, esophageal

squamous cell carcinoma.

plays a fundamental role in embryonic development,
differentiation, proliferation and apoptosis, and regulation
of cell fate (18,19). NOTCH signaling is frequently altered
in EC (20). Based on the fact that NOTCH]I is a common
mutant gene in the above studies, we conducted correlation
analysis between alterations in NOTCH signaling pathway
and OS in ESCC patients. Results as shown in Figure 5,
in this study, the OS of ESCC patients with NOTCH
signaling pathway abnormalities was significantly worse,
HR =2.54, P=0.014. Previous literature has shown that
abnormal NOTCH signaling pathway are associated with
EC development and poor prognosis, which is consistent
with our results (21,22). Meanwhile, we also studied the
relationship between genetic alterations in DNA damage
repair (DDR) and other important signaling pathways and
OS, but the results were not significant (Figure S2).

Discussion

EC is one of the most common cancers in China,
accounting for half of global cases (23). EC is primarily
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composed of SCC or adenocarcinoma (AC), which are
associated with anatomical location, natural history,
environmental risk factors, and treatment outcome (24).
ESCC mainly originates in the upper two-thirds of the
esophagus, and long-term exposure to tobacco and alcohol
increases the risk. Conversely, EAC tends to be distal to the
esophagus, closed to the gastroesophageal junction (GEJ),
and is associated with long-term acid reflux and Barrett’s
esophagus (25). Histopathologically, SCC progresses from
epithelial dysplasia to carcinoma in situ, and eventually
to invasive disease (26). AC appears in the background of
intestinal metaplasia, and its growth pattern is similar to
that of Lauren enteric stomach AC.

Based on the development of NGS, more and more
somatic mutations in EC genomes have been reported (27).
The mutation frequency of TP53, NOTCHI, NOTCH2,
NOTCH3, FBXW', MYCBP2, KIF16B and KIF21B is
higher in the North American and Western European
populations, while in the Chinese population, the mutation
frequency of TP53, PIK3CA, NOTCHI, FATI1, FAT2,
ZNF750 and KMT?2D is high (14,28). In this study,
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Figure 3 Analysis of the correlation between genetic mutations and OS. (A) Survival analysis of 42 ESCC patients with different genetic
mutations. The OS of patients with (B) NOTCHI mutation, (C) CBLB mutation, and (D) 7SC2 mutation was compared with those with
wild-type gene. HR, hazard ratio; CI, confidence interval; OS, overall survival; W', wild type; mut., mutated; ESCC, esophageal squamous

cell carcinoma.

we analyzed the molecular characteristics of 43 ESCC
patients in China using a pan-carcinomatous NGS panel
containing 425 genes. High frequencies of TP53, CCNDI,
FGF19, CDKN2A, PI3KCA and NOTCH]1 alterations were
detected. Meanwhile, we found that TP53, CCND1, FGF19,
CDKN2A and PI3KCA high-frequency mutations were
not associated with OS, while NOTCHI, CBLB and TSC2
were significantly associated with poor OS, consistent with
results from previous studies (16,29).

Based on our results, we identified the alteration of
NOTCHI, CBLB and TSC2 genes as adverse prognostic
factors. The NOTCH gene was firstly identified in fruit
flies in 1919 and gets its name from the fact that it
produces NOTCH on the edge of the fly’s wing (30).
NOTCH receptors are mainly composed of intracellular,
transmembrane and extracellular domains and are expressed

© Journal of Thoracic Disease. All rights reserved.

as heterodimer proteins on the cell surface. NOTCH
intracellular domain (NICD) consists of five parts: (I) the
RAM region, which binds DNA binding proteins; (II) six
anchor protein repeats (ANK), as enhancers of NOTCH,
mediate the interaction between NOTCH and other
proteins; (IIT) two nuclear localization signals (NLS); (IV)
trans-activation domains (TAD) that have not been defined
for NOTCH3 and NOTCH4; (V) a proline-glutamate-
serine-threonine domain (PEST) region associated with
the stability of NOTCH receptor (31). The extracellular
domain includes 29-36 epidermal growth factor (EGF)
-like repeats and three cysteine Lin NOTCH repeats
(LNRs). The main role of these regions is to bind ligands
and initiate NOTCH (31). NOTCH signaling pathway
controls differentiation, proliferation and apoptosis in
mammalian tissues. NOTCH signaling abnormalities,
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Figure 4 Association between TMB and OS. (A) Univariate analysis of the correlation between TMB and OS. (B) When TMB =7 was
used as the threshold, patients with TMB >7 had longer OS. TMB, tumor mutation burden; HR, hazard ratio; CI, confidence interval; OS,

overall survival.

Table 2 The correlation between NOTCHI, CBLB, TSC2, TMB >7 and OS was analyzed by multivariate analysis

Univariate analysis

Multivariate analysis

Variable

HR (95% Cl) P value HR (95% CI) P value
NOTCH1 mutation 2.87 (1.28-6.44) 0.007 2.31(0.93-5.79) 0.073
CBLB mutation 4.68 (1.25-17.40) 0.011 5.24 (1.30-21.12) 0.020
TSC2 mutation 3.70 (1.09-12.60) 0.024 2.54 (0.52-12.30) 0.248
TMB >7 0.31(0.116-0.82) 0.013 0.42 (0.12-1.47) 0.173

TMB, tumor mutation burden; OS, overall survival; HR, hazard ratio; Cl, confidence interval.

including gain of function (GoF) of NOTCHI alteration
and loss of function (LoF) of NOTCHI alteration, are
involved in the biological processes of multiple tumors,
such as GoF of NOTCH]1 alteration, which has been
found in chronic lymphocytic leukemia, T-cell acute
lymphoblastic leukemia (T-ALL), mantle cell lymphoma,
diffuse large B-cell lymphoma, breast cancer and non-small
cell lung cancer (NSCLC) (32-37), while LoF NOTCH1
has been found in tumors such as head and neck SCC
(HNSCC), cutaneous SCC (CSCC), and small cell lung
cancer (SCLC) (38-40). The role of NOTCH signaling
pathway in ESCC has not been studied until recently. A
study of exome sequencing in 12 ESCC patients showed
that NOTCH]1 inactivation mutations were present in 21%
of patients (28). Study by Martincorena ez 4/. has shown that
NOTCHI mutation occurred with much greater frequency
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in normal oesophagus compared to EC (41). In another
study, Wang et 4l. investigated the invasion and metastasis
of EC cell line EC-9706 by inducing NOTCHI-mediated
epithelial-mesenchymal transformation (EMT) in snail.
Results showed that inhibition of NOTCHI expression in
EC cell line EC-9706 inhibited EMT. It also diminished
the capacity for invasion and metastasis of EC-9706 cells,
suggesting that NOTCHI was involved in the invasion and
spread of EC through snail mediated EMT] and inhibition
of NOTCHLI signaling pathway can inhibit the invasion
and metastasis of tumor, suggesting that NOTCHI1 may
be an effective target for the prevention and treatment of
EC (42). This suggests that NOTCHI1 signaling has an
intrinsic tumorigenic effect. In this study, we conducted
a correlation analysis between abnormalities in NOTCH

signaling pathway and OS in ESCC patients, and found

7 Thorac Dis 2024;16(3):1843-1853 | https://dx.doi.org/10.21037/jtd-23-1601
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Figure 5 Analysis of the correlation between signaling pathways and OS. (A) Correlation analysis of signaling pathway alterations and OS in
patients with ESCC. (B) Alterations in NOTCH signaling pathway are associated with poorer OS in ESCC patients. HR, hazard ratio; CI,

confidence interval; OS, overall survival; WT, wild type; ESCC, esophageal squamous cell carcinoma.

that the alterations in NOTCH signaling pathway had poor
OS in ESCC patients, suggesting that abnormal NOTCH
signaling pathway are related to the development of ESCC
and may have an intrinsic tumorigenic effect, which is
consistent with previous reports. However, due to different
research methods and small sample size, the complexity
of NOTCHI1 signaling pathway in ESCC still needs to be
explored for a long time.

Ubiquitination is a post-translational modification that
targets cellular proteins for degradation (43). CBLB, a
second member of the E3 ubiquitin ligase CBL family, has
been found to be involved in ubiquitination regulation of
cell proliferation, migration, and drug sensitivity (44). It has
been reported that CBLB regulates multidrug resistance
of human gastric cancer cells through different signaling
pathways (45). In another study, Chen ez 4/. found that
Mir-27B-3p inhibits proliferation of breast cancer cells
by targeting CBLB/GRB2 and may reverse multidrug
resistance (46). However, the role of CBLB in chemotherapy
resistance of EC has been neglected. Recently, Yang et al.
conducted 7 vitro experiments on cisplatin-resistant EAC
cells OE19/CDDP and parental sensitive OE19 cells,
and found that CBLB was a direct target of Mir-181A-
5p and was reverse-regulated by Mir-181A-5p. Compared
with OE19 cells, CBLB was highly expressed in OE19/
CDDP cells, and the overexpression of CBLB aggravated
the resistance of EAC cells to cisplatin (47). These results
suggest that CBLB is a drug-resistant gene associated with

© Journal of Thoracic Disease. All rights reserved.

cisplatin therapy for EC. In this study, univariate and
multivariate Cox regression analysis showed that CBLB
mutation was associated with poor prognosis in patients
with ESCC. Multivariate analysis showed that CBLB was an
independent factor, and patients with CBLB gene mutation
had worse OS. TSC2 acts as a negative regulator upstream
of mMTOR, and the TSC2-mTOR signaling pathway is
crucial in the regulation of tumor autophagy (48). TSC2
inactivation mutations can lead to tuberous sclerosis
complex, an autosomal dominant syndrome that can lead to
the development of multi-organ tumors. 7SCI, TSC2 and
TBC1D7 together form the TSC protein complex, which
acts as a GAP of the GTPase RHEB and inhibits rapamycin
complex-1 (mTORCI1) (48). In a previous study, Chen
et al. found that active TSC2 inhibits mTOR through
RHEB by detecting differential phosphorylation of short
TSC2 or long TSC2 splicing variants and its effect on
mTOR signaling pathway, leading to continuous stimulation
of carcinogenic autophagy in ESCC cells (49). These
results suggest that 7SC2 gene is related to the occurrence
and development of tumor. In this study, 7SC2 mutation
was found to be significantly associated with shorter OS in
ESCC patients, which is consistent with previous reports.
TMB has been identified as a novel predictive biomarker
for the efficacy of immune checkpoint blockade (ICB).
Higher TMB is usually associated with better OS after ICB
treatment in multiple cancers, including NSCLC, bladder
cancer, colorectal cancer and melanoma (50). Programmed
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death-ligand 1 (PD-L1) expression in EC immunotherapy
cannot accurately predict the efficacy of PD-1 inhibitors in
EC patients (51). On this basis, TMB has gradually become
a biomarker for the immunotherapy of EC. In patients
who received a combination of nivolumab and ipilimumab,
and standard of care (SOC) chemotherapy, a therapeutic
benefit dependent on TMB but not PD-L1 expression
levels was observed (52). This condition is thought to exist
in tumors that have a high TMB, T cell infiltration and/or
activation regulated in a CTLA-4 dependent manner (53).
Pang et al’s study on TMB may indicate that high-risk EC
patients are more responsive to immunotherapy due to high
TMB (54). In our study, we also conducted a univariate
analysis of 35 patients with tumor TMB, and the results
showed that patients with TMB >7 had significantly longer
OS. However, when the threshold ranged from 14 to 17,
patients with TMB-H only showed a trend towards better
OS, but the difference was not statistically significant.
This is different from the high TMB reported previously
and may be related to the small sample size and clinical
follow-up. Nonetheless, this result could offer a more
comprehensive perspective for our subsequent research on
TMB in predicting the immune efficacy of ESCC, not just
confined to high TMB.

Conclusions

We studied the mutational landscape of 43 Chinese patients
with locally advanced or metastatic ESCC and discovered
the correlation between TMB and OS. We further explored
the relationship between NOTCH, DDR and other
important signaling pathway abnormalities and OS, as well
as the potential prognostic relationship of NOTCHI, CBLB
and 7SC2 mutations. However, the limitation of this study
lies in its small sample size and the difficulty in clinical
follow-up. Larger studies and more extensive clinical
follow-up are needed to confirm and extend our findings in
the future.
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