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Abstract. Esophageal neuroendocrine carcinoma (ENEC) is
a rare and highly aggressive malignancy. The present study
investigated the expression of BRAF V600E and programmed
death ligand 1 (PD-L1) and analyzed prognostic factors
affecting patient outcomes. A total of 56 patients diagnosed
with ENEC at the Affiliated Hospital of North Sichuan
Medical College between January 2019, and September 2024
were retrospectively analyzed. Among them, 39 patients
received surgery and were tested for BRAF V600OE and PD-L1
expression using immunohistochemistry. Survival outcomes
were estimated using the Kaplan-Meier method, and prog-
nostic factors were assessed using Cox regression models.
BRAF V600E mutations were identified in 12.8% (5/39) of
cases, and PD-L1 expression was positive in 15.4% (6/39).
In the mixed neuroendocrine carcinoma and squamous cell
carcinoma (MiNEC-SCC), the positivity rates for both BRAF
V600E and PD-L1 were 33.3% (3/9). Across the entire cohort,
the 1-year overall survival (OS) and progression-free survival
(PFS) rates were 79.7 and 43.1%, respectively, while the 3-year
OS and PFS rates were 49.5 and 25.1%, respectively. Clinical
lymph node stage and surgery were notably associated with
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both OS and PFS. Patients with tumor thickness >1 cm and
length >3 cm had markedly worse PFS. Multivariate analysis
identified surgery as an independent predictor of improved
PFS (P=0.015). Among patients who underwent surgery, post-
operative adjuvant therapy was independently associated with
improved PFS (P=0.026). In conclusion, BRAF V600E and
PD-L1 were more frequently expressed in the MiNEC-SCC
compared with small cell neuroendocrine carcinoma. Surgery
and postoperative adjuvant therapy were notably associated
with improved PFS.

Introduction

Esophageal neuroendocrine carcinoma (ENEC) is a rare
and highly aggressive extrapulmonary neuroendocrine
malignancy, characterized by low incidence and notable
challenges in clinical diagnosis and treatment. It is considered
one of the most lethal forms of extrapulmonary neuroendocrine
carcinoma, with globally reported median survival times
ranging from 14 to 28 months (1-3). Even in patients diagnosed
atalocalized stage and treated with comprehensive multimodal
therapy, the global 5-year overall survival (OS) rate remains as
low as 8.2% (4). Owing to its rarity, large-scale, multicenter
studies are lacking, and treatment strategies for ENEC remain
controversial.

The RAS-RAF-MEK-ERK signaling cascade is one of the
most critical oncogenic pathways involved in tumorigenesis (5).
BRAF, as a key protein in this pathway, serves an essential role
in the regulation of cellular proliferation, differentiation and
apoptosis (6,7). Previous research has shown that dysregulation
of this pathway is closely associated with the development and
progression of neuroendocrine tumors, suggesting that BRAF
inhibitors or RAF-1 activators may represent viable therapeutic
targets (8). In colorectal neuroendocrine carcinomas, the
prevalence of BRAF V600E mutations has been reported to
range from 28 to 46.7% (9-11). However, the expression status
and clinical implications of BRAF V600E mutations in ENEC
remain unclear due to limited available data.

Programmed cell death protein 1 (PD-1) and programmed
death ligand 1 (PD-L1) are critical immune checkpoints that
regulate antitumor immunity and immune tolerance (12). In
previous years, PD-1/PD-L1 inhibitors have demonstrated
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notable therapeutic efficacy across various malignancies,
including esophageal and lung cancers (13-16). Several
clinical trials have demonstrated that the combination of
chemotherapy with PD-1/PD-L1 inhibitors markedly improves
OS and progression-free survival (PFS) in patients with small
cell lung cancer (SCLC) (17-19). However, the suitability of
immunotherapy for ENEC remains uncertain.

Emerging evidence suggests that the BRAF V600E
mutation may contribute to immune evasion by upregulating
PD-L1 expression, a phenomenon observed in several tumor
types, including melanoma, colorectal cancer and non-small
cell lung cancer (20). If this mutation is also present in ENEC,
it may influence tumor immunogenicity and modulate the
response to immunotherapy.

In the present study, a comprehensive analysis of the
clinical characteristics and histopathological features of ENEC
was performed. For the first time, the expression status of
both BRAF V600E mutation and PD-L1 were simultaneously
assessed in this rare carcinoma, contributing novel insights
into the molecular landscape of ENEC. Additionally, potential
clinical and pathological factors associated with patient
prognosis were investigated, aiming to provide a theoretical
and practical foundation for future therapeutic strategies.

Materials and methods

Patients. In the present study, clinical data from 3,816 patients
with esophageal cancer who were admitted and treated at
the Department of Thoracic Surgery, Affiliated Hospital of
North Sichuan Medical College (Nanchong, China) between
January 2019 and September 2024 were reviewed. The
study was reviewed and approved by The Ethics Committee
of Affiliated Hospital of North Sichuan Medical College
(approval no. 2024ER682-1).

The patient selection process is illustrated in Fig. 1. A
total of 66 patients with a pathological diagnosis of ENEC
were identified based on the diagnostic criteria outlined in
the 2019 World Health Organization Classification of Tumors
of the Digestive System (21). Among these, 6 patients were
initially suspected of having neuroendocrine carcinoma
based on biopsy findings but were later confirmed to have
different pathological types after surgical resection: A total
of 5 cases were diagnosed with squamous cell carcinoma
and 1 case with melanoma and 1 patient was found to have
synchronous primary tumors, with squamous cell carcinoma
in the middle esophagus and neuroendocrine carcinoma at
the esophagogastric junction. Another patient had previously
been diagnosed with esophageal squamous cell carcinoma
and received definitive radiotherapy. Subsequently, 3 years
later, post-surgical pathology revealed a mixed-type ENEC
consisting of 30% squamous cell carcinoma and 70% large-cell
neuroendocrine carcinoma components. Additionally,
2 patients with confirmed ENEC refused treatment. After
excluding the aforementioned cases, a total of 56 patients were
included in the final analysis, of whom 39 underwent surgical
treatment and 17 received non-surgical management.

Follow-up and definitions.Patient follow-up data were collected
through regular outpatient visits and telephone interviews,
including information on tumor progression and survival

status. All patients were followed up at 3-month intervals
for a minimum of 6 months from the initiation of treatment.
PFS was defined as the time from the start of treatment to
the first confirmed disease progression or mortality from any
cause. OS was defined as the time from the start of treatment
to mortality from any cause. RO resection was defined as a
complete tumor resection with no microscopic residual tumor
at the surgical margins.

Immunohistochemical staining. A total of 39 patients
who underwent surgical resection and were confirmed to
have ENEC based on postoperative pathological diagnosis
were included in the immunohistochemical analysis with
PD-L1 and BRAF V600E. Postoperative tumor specimens
were retrieved from the Pathology Specimen Bank of the
Affiliated Hospital of North Sichuan Medical College.
The primary antibodies were anti-PD-L1 (cat. no. #13684;
1:100; Cell Signaling Technology, Inc.) and anti-BRAF
V600E (cat. no. ab228461; 1:100; Abcam). Antibodies used
for immunohistochemical identification of neuroendocrine
differentiation and proliferative activity were as follows:
Cytokeratin (CK; cat. no. HA721455; 1:200), chromogranin
A (CgA; cat. no. ET1703-08; 1:1,000), synaptophysin (Syn;
cat. no. HA723196; 1:200), CD56 (cat. no. HA722755; 1:1,000)
and Ki-67 (cat. no. HA721115; 1:5,000; all Hangzhou Huaan
Biotechnology Co., Ltd.).

Immunohistochemical staining was performed using the
UltraSensitive™ S-P IHC kit (mouse/rabbit; Fuzhou Maixin
Biotechnology Development Co., Ltd.) according to the
manufacturer's instructions. Briefly, specimens were fixed
in 10% neutral buffered formalin, embedded in paraffin,
and sectioned at a thickness of 4 ym. Primary antibody
incubation was performed at room temperature, followed by
secondary antibody and detection reagent application using
the UltraSensitive™ S-P system with DAB as the chromogen.
The secondary antibodies were included in the detection
kit. Microscopic examination and image acquisition were
performed using a light microscope with Olympus cellSens
Entry software (version 4.2; Olympus Corporation).Human
tonsil tissue was used as the positive control for PD-L1
staining, while thyroid tissue known to harbor the BRAF
V600E mutation served as the positive control for BRAF
V600E staining. For negative controls, phosphate buffered
saline was substituted for the primary antibodies.

All slides were independently evaluated by two experienced
pathologists with intermediate or senior professional titles. In
cases of discordant interpretation, a joint review was performed,
and final decisions were made by consensus. PD-L1 expression
was evaluated based on membranous staining of tumor cells.
Following criteria established in previous studies (22,23), a
tumor was considered PD-L1 positive when =1% of tumor cells
(tumor proportion score, TPS) demonstrated membranous
staining with an intensity clearly above background levels.
BRAF V600E expression was assessed based on cytoplasmic
staining. Tumor cells were considered positive if distinct
cytoplasmic staining was observed.

Statistical analysis. All statistical analyses were performed
using IBM SPSS software (IBM Corp.; version 27.0).
Continuous variables with normal distribution are expressed
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Figure 1. Flowchart of the present study.

as mean + standard deviation and compared between groups
using an independent samples t-test. Categorical variables
were presented as frequency and percentage, and differences
between groups were analyzed using a y” test or Fisher's exact
test, as appropriate. For ordinal categorical variables and
continuous variables not conforming to normal distribution,
non-parametric comparisons were performed using a rank
sum test.

Survival outcomes, including PFS and OS, were estimated
using the Kaplan-Meier method with corresponding 95%
confidence intervals (CI). Differences in survival between
groups were assessed using the log-rank test. Kaplan-Meier
survival curves were generated using MedCalc software
(MedCalc Software Ltd.; version 22.018). To further identify
independent prognostic factors in patients with ENEC,
univariate and multivariate Cox proportional hazards
regression models were constructed. All statistical tests were
two-tailed, and P<0.05 was considered to indicate a statistically
significant difference.

Results

Baseline characteristics. A total of 56 patients were included
in the analysis. Baseline characteristics are summarized in
Table I. The mean age of the patients was 67.1+8.3 years.
The majority of patients were male (69.6%). Tumors were
predominantly located in the middle (50.0%) and lower
(41.1%) esophagus. The most common presenting symptom
was dysphagia (60.7%), followed by subxiphoid pain (21.4%).

In most cases (69.6%), the disease duration ranged from
1 to 6 months at the time of diagnosis.

Based on upper gastrointestinal imaging and contrast-
enhanced chest computed tomography, tumor length was
stratified into >3 and <3 cm, while tumor thickness was
categorized as >l and <1 cm. Among all patients, 73.2%
had tumors >3 cm in length, and 58.9% had tumors >1 cm
in thickness. Clinical staging revealed that 60.7% of patients
were at tumor (T)3/T4 stage, and 46.4% were at lymph node
(N)1-N3 stage. Distant metastasis was observed in 2 patients
(3.6%) at initial diagnosis.

Patients were divided into surgical and non-surgical groups
based on treatment strategy. Significant differences were
observed between the two groups in tumor length and thickness
and clinical T and clinical N stage. No statistically significant
differences were noted for other baseline characteristics, and
the groups were otherwise comparable (Table I).

Surgical data. In the present study cohort, a total of 39 patients
received surgery. As shown in Table SI, the RO resection rate was
97.4% (n=38), and minimally invasive surgery was performed
in 79.5% (n=31) of cases. The number of lymph nodes that
were intraoperatively excised was 15 (range, 4-50). The mean
operative time was 210 min (range, 133-365 min), and the
mean intraoperative blood loss was 80 ml (range, 10-500 ml).
The median postoperative hospital stay was 10 days (range,
7-42 days). Postoperative complications were most common
with pulmonary infection with an incidence of 28.2% (n=11),
followed by anastomotic fistula (5.1%, n=2). A total of 79.4%
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Characteristic Total (n=56) Non-surgery (n=17) Surgery (n=39) P-value
Age, mean = SD 67.1+8.3 67.4+7.8 67.0+8.6 0.893
BMI, mean + SD 22.3+33 21.5+24 22.7£3.5 0.197
Sex 0.463
Female 17 (30.4) 4(23.5) 13 (33.3)
Male 39 (69.6) 13 (76.5) 26 (66.7)
Smoking 0.270
No 26 (46.4) 6 (35.3) 20 (51.3)
Yes 30 (53.6) 11 (64.7) 19 (48.7)
Drinking 0.075
No 33 (58.9) 7(41.2) 26 (66.7)
Yes 23 (41.1) 10 (58.8) 13 (33.3)
Hypertension 0.800
No 44 (78.6) 13 (76.5) 31 (79.5)
Yes 12 (214) 4(235) 8 (20.5)
Diabetes 0.908
No 53 (94.6) 16 (94.1) 37 (94.9)
Yes 354 1(59) 2(5.1)
Tumor location 0.302
Upper 354 1(5.9) 2(5.1)
Middle 28 (50.0) 11 (64.7) 17 (43.6)
Lower 23 (41.1) 5(94) 20 (51.3)
Length of tumor 0.023
<3cm 15 (26.8) 1(59) 14 (35.9)
>3 cm 41 (732) 16 (94.1) 25 (64.1)
Thickness of tumor 0.003
<10 mm 23 (41.1) 2(11.8) 21 (53.8)
>10 mm 33 (58.9) 15 (88.2) 18 (46.2)
Symptom 0.179
Dysphagia 34 (60.7) 12 (70.6) 22 (56.4)
Subxiphoid pain 12 (214) 1(59) 11 (28.2)
Dysphagia with pain 6 (10.7) 3(17.6) 3(7.7)
Medical screening 4 (7.1 1(5.9) 3(7.7)
Disease duration 0.308
<1 month 14 (25.0) 4(23.5) 10 (25.6)
1-6 months 39 (69.6) 13 (76.5) 26 (66.7)
>6 months 3654 0(0.0) 3(7.7)
Clinical T stage 0.005
T1/T2 22 (39.3) 2(11.8) 20 (51.3)
T3/T4 34 (60.7) 15 (88.2) 19 (48.7)
Clinical N stage <0.001
NO 30 (53.6) 1(59) 29 (744)
N+ 26 (46.4) 16 (94.1) 10 (25.6)
Clinical M stage 0.088
MO 54 (96.4) 15 (88.2) 39 (100.0)
Ml 2 (3.6) 2(11.8) 0(0.0)

Data presented as n (%). T, tumor; N, lymph node; M, metastasis.

(n=31) of patients did not receive preoperative neoadjuvant
therapy and 25 (64.1%) did not receive postoperative adjuvant

therapy.

As presented in Table II, postoperative pathological analysis
revealed that the most common macroscopic tumor type was

ulcer type (53.8%; n=21), while the narrowing type was the
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Table II. Pathological results.

Pathological result Surgical group (n=39)

Morphological subtype

Mushroom type 6(154)

Ulcer type 21 (53.8)

Medullary type 6(154)

Narrowing type 1(2.6)

Mucosal abnormality 5(12.8)
CK

©) 4(10.3)

+) 20 (51.3)

Absent 15 (38.5)
CgA

) 23 (59.0)

+) 13(33.3)

Absent 3(7.7)
Syn

) 4(10.3)

+) 35 (89.7)
CD56

) 6 (15.4)

+) 33 (84.6)
Ki-67, %

<55 10 (25.6)

>55 29 (74.4)
PD-L1 (+) 6 (15.4)
BRAF V600E (+) 5(2.8)
Pathological T stage

Tla 2(5.1)

T1b 13 (33.3)

T2 10 (25.6)

T3 14 (35.9)
Pathological N stage

NO 18 (46.2)

N1 11 (28.2)

N2 7(17.9)

N3 3(7.7)
Vascular invasion 8 (20.5)
Perineural invasion 3(71.7)
Preoperative diagnosis

Squamous cell carcinoma 13 (33.3)

Neuroendocrine carcinoma 15 (38.5)

Diagnosis uncertain 11 (28.2)
Postoperative diagnosis

Small cell neuroendocrine carcinoma 28 (71.7)

Large cell neuroendocrine carcinoma 1(2.6)

MiINEC-SCC 9(23.1)

MiINEC-AC 1(2.6)

Data presented as n (%). (+), positive; (-), negative; MiNEC-SCC,
mixed neuroendocrine carcinoma and squamous cell carcinoma;
MiINEC-AC, mixed neuroendocrine carcinoma and adenocarcinoma;
CK, cytokeratin; CgA, chromogranin A, Syn, synaptophysin; PD-L1,
programmed death ligand 1; T, tumor; N, lymph node.
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least frequent (2.6%; n=1; Table II). Immunohistochemical
staining showed positive expression of cytokeratin in 51.3%
of cases, chromogranin A in 33.3%, synaptophysin in 89.7%
and CD56 in 84.6%. A high proliferative index, defined as
Ki-67 >55%, was observed in 74.4% of patients. The incidence
of perineural invasion was 7.7%, and vascular invasion was
identified in 20.5% of cases.

According to the pathological T, N, metastasis (M)
staging, 64.1% of patients were classified as T1-T2, while
35.9% were staged as T3. Lymph node metastasis was
observed in 53.8% of patients. A, 74.3% of tumors were
classified as pure neuroendocrine carcinoma, with small cell
neuroendocrine carcinoma (SCNEC) being the predominant
subtype (71.7%). Additionally, 23.1% of tumors were identified
as mixed neuroendocrine carcinoma and squamous cell
carcinoma (MiNEC-SCC), and 2.6% were classified as mixed
neuroendocrine carcinoma and adenocarcinoma.

Expression and clinical characterization of PD-LI and
BRAF V600E. Immunohistochemical staining for PD-L1
and BRAF V600E was performed in patients who received
surgery to evaluate their expression profiles in ENEC
and to explore the clinical characteristics associated with
biomarker positivity. As shown in Fig. S1, PD-L1 was
normally expressed on the cell membrane, while BRAF
V600E is normally expressed in the cytoplasm (Fig. S1).
As shown in Table II, the BRAF V600E mutation was
detected in 12.8% of cases (5/39), while PD-L1 positivity
was observed in 15.4% (6/39).

To further investigate potential clinical associations,
patients were stratified into biomarker-positive and -negative
groups. As shown in Table SII, a significant difference in
presenting symptoms was identified between the PD-L1
positive and negative groups. In the PD-L1 positive group,
subxiphoid pain was the most common initial symptom
(50%), and 83.3% of patients reported pain-related symptoms.
By contrast, the PD-L1 negative group predominantly
presented with dysphagia (63.6%). Tumor length also differed
significantly between the BRAF V600E positive and negative
groups. In the positive group, 80% of tumors were <3 cm
in length, whereas 70.6% of tumors in the negative group
measured >3 cm.

As summarized in Table SIII, a pooled analysis of patients
with positive PD-L1 and BRAF expression was performed.
Among the 9 patients with positive biomarker expression,
88.9% (8/9) were >60 years of age. The most common
pathological subtype in this group was MiNEC-SCC,
accounting for 50.0% (3/6) of PD-L1-positive cases and 60.0%
(3/5) of BRAF V600E-positive cases. This was followed by
SCNEC, observed in 33.3% (2/6) of PD-L1-positive cases and
40.0% (2/5) of BRAF V600E-positive cases. Notably, two
patients with MiNEC-SCC were found to co-express both
PD-L1 and BRAF V600E.

Survival outcomes. As illustrated in Fig. 2, the median
follow-up duration for the entire cohort was 16.8 months. In
the overall population, the median OS was 28.3 months and
the median PFS was 10.6 months. The 1-year OS and PFS rates
were 79.7 and 43.1%, respectively, while the 3-year OS and
PFS rates were 49.5 and 25.1%, respectively.
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Figure 2. OS and PFS of the entire cohort. (A) OS of the entire cohort. (B) PFS of the entire cohort. (C) OS of clinical NO and N+ groups. (D) PFS of clinical NO
and N+ groups. (E) OS of surgery and non-surgery groups. (F) PFS of surgery and non-surgery groups. (G) OS of more aggressive and less aggressive groups.
(H) PFS of more aggressive and less aggressive groups. PFS, progression-free survival; OS, overall survival; N, node; HR, hazard ratio; CI, confidence interval.

Survival analysis by clinical N stage showed that patients
with NO disease had significantly improved outcomes
compared with those with N1-N3 disease. Specifically, NO
patients exhibited longer OS [hazard ratio (HR), 0.295, 95%
CI, 0.109-0.800] and PFS (HR, 0.450; 95% CI, 0.214-0.975).
Patients who received surgery demonstrated significantly
improved survival compared with those who did not. OS was
significantly longer in the surgical group (HR, 0.274; 95% ClI,
0.089-0.846) and PFS was also significantly prolonged (HR,
0.208; 95% CI, 0.083-0.522). Tumors with a thickness >1 cm

and length >3 cm were defined as more aggressive. Patients
with less aggressive tumors showed improved PFS compared
with those with more aggressive disease (HR, 0.431; 95% CI,
0.208-0.893), while no statistically significant difference in
OS was observed.

As shown in Table III, univariate Cox regression analysis
identified clinical N stage and surgery as prognostic factors for
OS; however, these were not retained as independent predictors
in the multivariate model. For PFS, univariate analysis revealed
that clinical N stage, tumor aggressiveness and surgery were
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Table III. Univariate and multivariate Cox regression analysis in the overall population.

(0N

PFS

Univariate analysis

Multivariate analysis

Univariate analysis Multivariate analysis

Characteristic HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value
Clinical N stage
NO
NI1-3 3.208 0.023 2.469 0.200 2.040 0.050 0916 0.860
(1.173,8.775) (0.619,9.853) (0.999,4.163) (0.344,2.435)
Tumor size and length
Thickness <1 cm or
length <3 cm
Thickness >1 cm and 2.005 0.172 0.958 0.948 2.244 0.030 1.956 0.133
length >3 cm (0.739,5.441) (0.265,3.462) (1.084,4.648) (0.816,4.689)
Surgical treatment
No
Yes 0.346 0.031 0.557 0315 0314 0.002 0.345 0.015

(0.132,0.910)

(0.178, 1.743)

(0.152,0.650) (0.146,0.816)

N, lymph node; CI, confidence interval; HR, hazard ratio; OS, overall survival; PFS, progression-free survival.

significantly associated with prognosis. Multivariate analysis
demonstrated that surgery was an independent predictor of
improved PFS (HR, 0.345; 95% CI, 0.146-0.816).

In the surgical cohort, survival analysis was performed
with a median follow-up duration of 15 months. As shown
in Fig. 3, the median OS was not reached, while the median
PFS was 12.7 months. The l-year OS and PFS rates were
93.6 and 51.8%, respectively, while the 3-year OS and PFS
rates were 58.1 and 31.2%, respectively.

Patients who received postoperative adjuvant therapy
demonstrated significantly improved survival outcomes
compared with those who did not. Specifically, adjuvant
therapy was associated with prolonged OS (HR, 0.233; 95%
CI, 0.057-0.952) and improved PFS (HR, 0.316; 95% CI,
0.121-0.822). As shown in Table SIV, Cox regression analysis
further demonstrated that postoperative adjuvant therapy was
an independent prognostic factor for PES in the surgical cohort
(HR, 0.252; 95% C1,0.081-0.781).

Discussion

ENEC most commonly exhibits small cell morphology,
resembling SCLC, rather than the large-cell morphology
typically seen in other gastrointestinal neuroendocrine
carcinomas (GINECS). In the present study, 71.7% (28/39) of
patients had tumors classified as SCNEC. Molecular analyses
have revealed notable overlap between ENEC and SCLC in
terms of genomic alterations and molecular subtypes (24,25).
Due to the lack of disease-specific treatment guidelines, ENEC
is currently managed using protocols extrapolated from either
SCLC or other gastrointestinal neuroendocrine tumors.
PD-L1 expression has been reported in >70% of SCLC
cases and is considered a favorable prognostic biomarker (26).

This success has prompted interest in the potential role of
immunotherapy for ENEC. However, data on PD-L1 expression
in ENEC are limited and inconsistent. Yamashita et al (27)
reported a PD-L1 positivity rate of 33% in a small ENEC
cohort. In another study, Huang et al (28) similarly found a
PD-L1 positivity rate of 33% (3/9). By contrast, Xing et al (29)
reported a notably lower PD-L1 positivity rate of 9.1% in
ENEC, compared with 29% in GINEC, raising concerns about
the applicability of PD-1/PD-L1 monotherapy in ENEC. These
discrepancies highlight the potential need for combination
therapy strategies in this patient population.

The BRAF V600E mutation may upregulate PD-L1
expression, thereby promoting immune evasion (20).
Preclinical studies have shown that combining immune
checkpoint inhibitors with BRAF-targeted therapy may
enhance treatment efficacy in BRAF-mutated tumors (30,31).
Tian et al (20) reported that the combination of PD-1, BRAF
and MEK inhibitors results in a notably higher objective
response rate (25.0%; 95% CI, 10.7-44.9%) compared with
BRAF and MEK inhibition alone (7.0%; 95% CI, 1.5-19.1%),
highlighting the potential synergistic benefit of incorporating
immunotherapy into targeted therapy regimens.

In the present study, the expression profiles of PD-L1 and
BRAF V600E mutations were analyzed in ENEC to explore
potential targets for such combination strategies. The results
revealed a relatively low prevalence of BRAF V600E mutations
(12.8%; 5/39) and PD-LI positivity (15.4%; 6/39), suggesting
that ENEC may lack the features of a highly immune-infiltrated
tumor microenvironment and instead represents an ‘immune
cold’” phenotype distinct from SCLC. Consistent with the
present findings, Zhang et al (32) previously demonstrated that
ENEC tumors exhibited sparse immune cell infiltration, which
may contribute to reduced antitumor immune responses and
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limited immunotherapeutic efficacy. However, the expression
of PD-L1 in ENEC needs to be further clarified in studies with
larger samples.

Furthermore, the present results corroborate previous
studies showing that the BRAF mutation rate in ENEC is
markedly lower compared with in other GINECs (9). These
observations imply that BRAF V600E is unlikely to be a
principal oncogenic driver in ENEC, and its clinical phenotype
may not be associated with mutation status. The present study
observed that clinical symptoms differed between the PD-L1
positive and negative groups, while tumor length showed a
significant difference between the BRAF V600E-positive
and negative groups. However, due to the limited number of
positive cases, potential bias cannot be ruled out, and these
associations should be interpreted with caution.

Notably, however, PD-L1 and BRAF V600E expression
was notably more frequent in MiNEC-SCC subtypes, with a
positivity rate of 33.3% (3/9) for both markers. This raises the
possibility that BRAF V600E mutation and PD-L1 expression
may be involved in the phenotypic plasticity or lineage
conversion between neuroendocrine and squamous histology.
Therefore, screening for relevant markers in patients with
MiNEC-SCC is recommended, who are more likely to benefit
from immunotherapy or targeted therapy.

ENEC is characterized by its high aggressiveness and
early propensity for metastasis (33). In the present cohort, two
patients presented with distant metastases at initial diagnosis,
and 46.4% were clinically staged as N1 or higher. Among
the surgical population, 74.4% of tumors exhibited a Ki-67
proliferation index >55%, indicating a high proliferative
potential. The incidences of perineural invasion and vascular
invasion were 7.7 and 20.5%, respectively. Although 64.1% of

patients were pathologically staged as T1 or T2, the lymph node
positivity rate reached 53.8%, suggesting a strong tendency for
early lymphatic spread and vascular invasion even in tumors
classified as early-stage.

Patients with ENEC have an extremely poor
prognosis (34,35). A large systematic review including
1,176 patients with esophageal SCNEC reported a median
OS of only 11.1 months (36). In the present study cohort,
the median OS reached 28.3 months, and the median
PFS was 10.6 months. The 1-year OS and PFS rates were
79.7 and 43.1%, respectively, while the 3-year OS and PFS
rates were 49.5 and 25.1%. Subgroup analysis revealed that
advanced N stage and more aggressive tumor characteristics
(thickness >1 cm and length >3 cm) were associated with worse
PFS outcomes, consistent with the findings of Zou et al (37).
Surgery significantly improved survival outcomes. Patients
who underwent surgery exhibited longer OS and PFS
compared with those who did not receive surgery. Moreover,
multivariate Cox regression analysis identified surgery as an
independent prognostic factor for PFS. Although potential
selection bias cannot be excluded-due to certain patients
being ineligible for surgery due to advanced disease-the
survival advantage associated with surgical intervention
remains evident. Similar findings have been reported in
previous studies. Erdem er al (38) found that the 2-year
OS was significantly higher in the surgical group (57.3%)
compared with the non-surgical group (35.2%). Xu et al (4)
demonstrated that patients with stage I or IIA esophageal
SCNEC who underwent surgery alone had improved
survival compared with those who did not (median OS, 29.0
vs. 17.4 months; P=0.031). Chen et al (34) also reported a
survival benefit associated with surgery (P=0.003).
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In the present surgical cohort, the median PFS was
12.7 months. The 1-year OS and PFS rates were 93.6 and 51.8%,
respectively, while the 3-year OS and PFS were 58.1 and 31.2%.
Although limited by a relatively short follow-up period and
small sample size, the modest 1-year PFS highlights the
aggressive nature of ENEC and its tendency toward early
progression. Postoperative adjuvant therapy emerged as
another key factor influencing prognosis. Patients who received
adjuvant therapy after surgery had a significantly reduced risk
of disease progression, by nearly 70%. Although the OS benefit
was not statistically significant in multivariate Cox analysis,
Kaplan-Meier curves revealed a trend toward prolonged OS
in the adjuvant therapy group. Several previous studies have
demonstrated that surgery combined with adjuvant therapy
markedly improves outcomes in ENEC (37,39-41). However,
some reports suggest that definitive chemoradiotherapy
may provide superior survival benefits in patients with
esophageal SCNEC compared with surgery combined with
chemotherapy (42). Zhu et al (43) further indicated that patients
with tumors located in the lower third of the esophagus or those
with tumors >5 cm derived greater OS benefit from surgery plus
chemotherapy, while chemoradiotherapy was more effective in
tumors located in the middle third or <5 cm in length. More
large-sample studies are needed in the future to determine the
best treatment for patients with ENEC.

A notable limitation of the present study is the relatively
small sample size, with only 39 patients available for analysis.
No formal power analysis was conducted, as the rarity of ENEC
inherently restricted case accrual, which may have limited the
statistical power. In addition, immunohistochemical images for
CK, Syn, CgA, and Ki-67 were not available, as these data were
retrieved from electronic medical records rather than original
pathological slides. Nevertheless, to the best of our knowledge,
this represents one of the largest single-institution cohorts
to date that systematically evaluated PD-L1 expression and
BRAF V600E mutation in ENEC. While the findings should
be interpreted with caution, they provide valuable preliminary
evidence and may serve as a reference point for future
multi-center studies with larger cohorts to validate these results.

In conclusion, PD-L1 expression and BRAF V600E mutations
are rare in ENEC but more common in MiNEC-SCC. Due to the
overall poor prognosis of ENEC, surgery combined with adjuvant
therapy may offer clinical benefit for selected patients.
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