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Neuroendocrine carcinoma of esophagus: ===

systematic review and meta-analysis of case
series

Seyed Morteza Pourfaraji', Amirmohsen Jalaeefar?, Fatemeh Ojaghi Shirmard', Dorsa Salabat’,
Sara Mohammadi' and Narjes Mohammadzadeh®”

Abstract

Background Neuroendocrine carcinoma of the esophagus is a highly aggressive and rare type of cancer, making
diagnosis and treatment challenging for clinicians. The current guidelines provide conflicting recommendations,

and no standardized treatment protocol is available. We aim to deliver a systematic review of esophageal neuroendo-
crine carcinoma, including patient characteristics, treatment options, and prognostic factors.

Methods PubMed, Web of Science, Scopus, and Embase were searched up to May 2025 to retrieve the relevant
studies containing at least 5 cases that reported treatment details, survival outcomes, or patient characteristics. Meta-
analysis was conducted using a random-effects model for prognostic factors reported in at least three studies. We
calculated survival information using the Kaplan—-Meier method and estimated the median 1, 3, and 5-year survival
rates in studies with available individual data that did not directly report the survival outcomes.

Results Overall, 24 articles with 1618 cases were included. The median overall survival of patients was 22.5 months,
with median 1-, 3-, and 5-year survival rates of 76%, 47%, and 34%, respectively. Distant metastasis (HR, 2.68; 95% Cl:
2.10t0 341; P<.01) and lymph node involvement (HR, 1.44; 95% Cl: 1.04 to 1.99; P=.02) were significantly associ-
ated with poor prognosis. Surgery in selected cases improved the survival outcomes with an HR of 0.36 (95% Cl, 0.28
to 0.46; P= <.01).

Conclusion The current study demonstrates that distant metastasis and lymph node involvement are signifi-
cant predictors of poor prognosis in esophageal neuroendocrine carcinoma. Survival outcomes were comparable
between patients with resectable tumors undergoing surgery and those receiving definitive chemoradiotherapy,
both of which outperformed chemotherapy alone or no treatment. While adjuvant therapy may improve survival
in node-positive cases post-surgery, this evidence remains limited by small sample sizes in existing studies. Further
large-scale, prospective studies are needed to validate optimal treatment strategies, particularly the role of muilti-
modal therapy in advanced disease.
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Background

Esophageal neuroendocrine carcinoma (ENEC) is a rare
and highly aggressive malignancy, first described as
small cell carcinoma of the esophagus by Dr. McKeon
in 1952 [1]. Recent World Health Organization (WHO)
classification systems categorize neuroendocrine neo-
plasms into well-differentiated neuroendocrine tumors
(NET) and poorly differentiated (high-grade) neuroen-
docrine carcinoma (NEC) [2-4]. NECs typically have
TP53 or RB1 mutations and are poorly differentiated
neuroendocrine neoplasms characterized by a Ki-67
proliferation index greater than 20% and a mitotic index
over 20 per mm?. NECs can be categorized into small-
cell type (SCNEC), large-cell type (LCNEC), and mixed
neuroendocrine neoplasm when combined with adeno-
carcinoma or squamous cell carcinoma (SCC) [5, 6].
ENEC is extremely rare, accounting for 0.05% to 7.6% of
all esophageal cancers [3, 6—8]. Their rarity, combined
with an aggressive clinical course, makes diagnosis and
management challenging [6]. NECs were associated
with a worse prognosis than esophageal adenocarcino-
mas and SCCs [9, 10]. Previous studies reported that
the 5-year survival rate for localized or regional ENEC
was approximately 25% and was correlated with tumor
location, invasion depth, and differentiation [10-12].
However, the 5-year survival rate in metastatic cases
was less than 5% [12, 13].

The epidemiology and clinicopathological features of
ENEC remain poorly defined due to the limited and het-
erogeneous available data. The majority of tumors were
identified in the distal or middle segments of the esopha-
gus and mainly affected male patients aged 66 to 72 years.
[6, 8, 11, 12, 14—19]. The most common manifestations
were dysphagia and weight loss, while the diagnosis was
frequently made at an advanced stage when significant
luminal obstruction and local invasion occurred [19].
Definitive diagnosis of ENEC is often challenging when
relying solely on endoscopic evaluation. Histopathologi-
cal differentiation from poorly differentiated SCC and
basaloid SCC is challenging, particularly when only small
biopsy samples are available [8, 9, 20]. Immunohisto-
chemistry (IHC) and neuroendocrine markers such as
synaptophysin (Syn), chromogranin A (CgA), and CD56
can help with accurate diagnosis. However, their sensi-
tivities and specificities were not optimal, and more accu-
rate diagnostic markers are still needed [9, 19]. Currently,
there is no standardized treatment protocol for ENEC,
and guidelines are conflicting, especially regarding the
role of surgery. While some recommend resection only in
selected cases, others support surgery except in advanced
disease. Chemoradiotherapy, either alone or as adjuvant
therapy, has demonstrated survival benefits in several
studies. [9, 11, 12, 21, 22].
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Given the rarity and complexity of ENEC tumors, high-
quality evidence to guide management is limited. To
address this gap, our systematic review and meta-anal-
ysis comprehensively synthesize the current literature
on ENEC, focusing primarily on the impact of surgical
resection with or without adjuvant therapy on long-term
survival. Additionally, we aimed to investigate patient
characteristics and prognostic factors in ENEC.

Method

This systematic review and meta-analysis followed
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines. The study
protocol was prospectively registered in PROSPERO
(CRD42023456447). A comprehensive literature search
was performed across PubMed, Web of Science, Sco-
pus, and Embase to identify relevant studies published
up to May 2025. The search strategy employed the key-
words “neuroendocrine carcinoma” AND ‘“esophagus’ The
complete search queries for each database are presented
in Supplemental Table 1. The primary objective of this
systematic review and meta-analysis was to evaluate the
impact of surgical treatment (surgery alone and surgery
combined with adjuvant therapy) on long-term survival,
compared to no treatment or non-surgical management.
Secondary objectives included investigating prognostic
factors associated with survival outcomes and describ-
ing the clinicopathological characteristics of ENEC cases
reported in the literature.

Eligibility criteria

The following inclusion criteria were applied to select
eligible studies: (1) the study includes at least five defini-
tive cases with ENEC, and (2) the survival outcomes (e.g.,
overall survival, progression-free survival) or provided
comprehensive patient characteristics and treatment
details. We excluded case reports, reviews, book chap-
ters, expert opinions, conference abstracts, and non-Eng-
lish language publications.

Data extraction

Two reviewers (S.M.P and F.O.) independently screened
the titles and abstracts of retrieved studies. Studies meet-
ing the inclusion criteria underwent full-text review. We
extracted the following data from each eligible study:
patient demographics and tumor characteristics, sur-
vival outcomes including median survival and 1-, 3-,
and 5-year survival rates, and hazard ratios with 95%
confidence intervals for prognostic factors. Prognostic
factors extracted included lymph node involvement, dis-
tant metastasis, tumor location, gender, and treatment
modalities. Treatment-related data collected explicitly
for surgical interventions (including type and extent of
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surgery), neoadjuvant and adjuvant therapies, chemo-
therapy regimens, chemoradiotherapy protocols, and
use of somatostatin analogs where reported. Clinico-
pathological and treatment data from all relevant stud-
ies were consolidated for comprehensive analysis. Data
derived from the SEER database were analyzed separately
to avoid duplication. When overlapping variables were
reported in multiple sources, cumulative values pro-
vided a more complete overview. Percentages for specific
characteristics were calculated based on the number of
patients with available data for each variable rather than
the total study population, ensuring an accurate repre-
sentation of clinicopathological and treatment features.
Survival data were calculated using survival analysis and
the Kaplan—Meier method when individual patient data
were available, while the study did not report overall sur-
vival. We contacted the corresponding authors to request
the necessary information for studies that did not directly
report the survival statistics. If no response was received,
we extracted data from Kaplan—Meier curves using Web-
PlotDigitizer, enabling estimation of median survival and
1-, 3-, and 5-year survival rates.

Quality assessment

Quality assessment was performed using the Newcas-
tle—Ottawa Scale (NOS) checklist to evaluate the overall
quality of included studies based on key elements such
as patient selection, comparability, and outcomes [23].
Two reviewers (S.M.P. and F.O.) performed the assessing
process separately, and disagreements were resolved by
another reviewer (N.M.). The quality of each study was
classified as very good (score of 9-10), good (score of
7-8), satisfactory (score of 5-6), or unsatisfactory (score
of 0-5).

Statistical analysis

Meta-analysis was performed for any prognostic factor
reported by more than two studies. The inverse variance
method with a Random effect model was used to synthe-
size the cumulative result for each variable. Heterogene-
ity Was examined through both quantity methods, using
the DerSimonian-Laird and Cochrane heterogeneity
tests. Heterogeneity was classified based on the I? values
as follows: low (I2< 25%), moderate (25% <I%< 50%), and
high (I>> 50%). The sensitivity analysis using the leave-
one-out method was performed to evaluate the robust-
ness of the results. Statistical analysis was conducted in
R (version 4.3.3) using the"meta"package and SPSS (IBM
version 27.0). Statistical significance was assessed based
on 2-tailed tests, with a threshold of P value less than
0.05 to report statistical significance.
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Results

Literature search and screening results

A total of 3805 records were found in a primary search
through PubMed (n= 491), Web of Science (n= 496),
Scopus (n= 1204), and Embase (n= 1614). After remov-
ing 1944 duplicate articles, 1861 studies were evaluated
based on the title and abstract. After excluding 1774 arti-
cles, the full texts of 87 articles were investigated. Over-
all, 24 [7-9, 14, 15, 24—42] articles were included in the
current review. Figure 1 shows the PRISMA flow diagram
of the inclusion process.

The included articles were published between 2008
and 2025, and their study design was retrospective. The
studies were primarily conducted in China (n=9), Japan
(n=10), and the USA (n= 2). The sample size of articles
ranged from 7 to 604 cases. The quality assessment of
included studies is shown in Supplemental Table 2. The
majority of the articles demonstrated very good quality
(n=14), with the remaining articles categorized as good
(n=6) and satisfactory (n = 4) in terms of quality. Table 1
indicates detailed information on the baseline character-
istics of included articles, reported survivals and sum-
mary of treatment approaches used or suggested by each
article.

Demographic and pathological features

A total of 1618 cases with ENEC were included in the
current review, 604 cases from the SEER database and
1014 patients were found from other published case
series. Supplemental Table 3 demonstrates the detailed
characteristics of all selected patients. The mean age
of patients was 63.93 years, and the average size of the
tumor was 4.16 cm for patients with reported values. The
tumor location was the lower segment of the esopha-
gus in half (50.7%) of the cases, followed by the mid-
dle segment in 39.9% of patients. The histopathology of
tumors was a small cell in most patients (80.2%), and only
19.8% of cases had a large cell type of cellularity pattern.
Regarding the homology of cancer, ENEC cases mainly
had a pure-type tumor (68.2%) rather than the mixed-
type (31.8%). Syn, CgA, CD56, Neuron-specific enolase,
P53, and Cytokeratin 5/6 were the most reported diag-
nostic immunohistochemical markers, respectively. Syn-
aptophysin and CD56 were positive in more than 80% of
patients with ENEC. The patients mainly were found to
have stage I-III of cancer (72.4%). Lymph node involve-
ment was observed in 61.2% of patients, while only 20.8%
of cases had distant metastases. Lymphovascular inva-
sion (LVI) and Perineural invasion (PNI) were reported
for a limited number of cases. LVI and PNI were invaded
only in 35.8% and 21.7% of patients with reported sta-
tus. The liver (49.0%) was the most common site of
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Fig. 1 The PRISMA flow diagram of selected studies

metastasis, followed by distant Lymph nodes (37.0%),
bone (15.0%), lung (15.0%), and brain (9%). Dysphagia
was the primary clinical symptom in patients with ENEC
cancer, and other common symptoms are shown in Sup-
plemental Table 3.

Survival outcomes

Supplemental Table 4 indicates summary of survival out-
comes. The median overall survival of ENEC was 22.5
months, ranging from 8.3 to 46 months in 19 studies
that reported median OS. Of these, 12 articles reported
1-year survival (median 76.0%, range 50%-—93%), 11
studies reported 3-year survival (median 47.0%, range
14%—79.0%), and 10 studies reported 5-year survival
(median 34%, range 8%—52.0%). The patients with
mixed-type tumors (37.25 months) had better median
survival than pure-type tumors (19.25 months), based
on the eight [8, 9, 24, 2628, 30, 42] studies that reported
this outcome (Fig. 2A). Lymph node involvement wors-
ened the survival of ENEC cases in five (7, 8, 26, 29, 40]

studies that reported the difference in survival (19 vs
33 months) (Fig. 2B). The median survival of patients
with middle-segment tumors (24.8 months) was slightly
higher than cases with ENEC tumors in the lower seg-
ment (20.1 months) or upper segment (21.36 months).
In three [26, 35, 40] studies, the survival of patients who
received adjuvant therapy was compared with those who
did not. The results showed that patients who underwent
adjuvant therapy had a higher median survival time of 39
months, compared to 16.3 months for those who did not
receive adjuvant therapy (Fig. 2C).

Meta-analyses of prognostic factors

Seven studies [7, 26, 29, 33, 35, 39, 41] that reported the
HR of lymph node involvement were included. The over-
all HR of lymph node involvement was 1.44 (95% CI: 1.04
to 1.99; P= 0.02), and the between-study heterogeneity
was Moderate (I>= 39.6%; P= 0.12) (Fig. 3A). The sensi-
tivity analysis revealed that the pooled HRs ranged from
1.27 (95% CI: 0.95 to 1.71) (omitting Liu’s [35] study) to



Page 5 of 14

(2025) 25:462

Pourfaraji et al. BMC Gastroenterology

A1DIX01 2160]

-0leWaYy 210w Ing sisouboid Ja31aq pamoys
$95€2 pa1eall 14-3D /(4 0€/4D 09) 1Y Yum
N4-G+ dD 10 (4 0€/4D 09) 1Y UM 91-dA+
wnupeld buisn Ajuo [4op g7 2AISUIXT
JUSWIESI} UOIDS3I-150d plepuris sem

1D Adeiay 1uean(py ‘(sased ajqesadoul 1o}
K12bins aAneljjed buipnipul ‘syuaiied ajge
-1ado Joj 21040 354y) A196INnS :Adesayl Alewiid

S35E2 YSH-ybIy/2An1sod-apou Ul pasn
(suigelnaded,/unediiexo 1o 91-dA/dD) Adesayy
1ueAN(pY pasn saydeoidde [eJ164NS 150U Sy}
2Iam Awo1>abeydoss |e1elysuell JO dDeIOYIS
-Uel] ‘91-dA/dD+ (AD #05-05) LY JO [oxeyed
/8D + (A0 ¥'1p) Ly Buisn 1y ueanfpeoau a1
sjuaned aAnisod-spou Joy

papusWWLoday :Adeayl JueAn(py (sased
9|ge12953l |[e 10y) A19BINS :JusuIeas) Aleullld
‘(ueds | AQ pawyuod) | N 9|qe1dasal Jo

'ON “€-LL[B21UI]D *euR1d Aujige1dasay

SUETTTEEY
1ueANfpeoau Aue Inoyim Awoidauspeyd
-WA| pue uodasal [ed1bins pey siuaped ||y

Ued3I0ULI/N4-G JO UBDSI0ULI/dD) YIM
uole ||| pue | abeis ul auole A1sbins g7
35eD | U] [0J3U0D

woydwiAs 10§ 14D {(N4-5/9 L -dA/UBd10ULI)

1D paseg-wnuped ‘sased / ur Ajuo | a3
UoISeAu|

1ejnd>seroyduA| JO SIUSWSAJOAUL YdWA| yum
syuaned 9z Ul YD 10 ‘1Y ‘1D :Adesayy 3uean(py
'$DINT 1I/] 26e1s 3|qe1dasal 1oy (Adesayy Juen
-nfpeoau ou) Ajuo A136ING :JusWILaIL [BIU|

4D pue ueda30Uull Yim | D Jo
N4-G pue ¢D yum 1D yum Adesayy pauiquiod
‘Jown] padurApe a10W Ul Auoldabeydos3
‘0N-ON PUE Lpdap || Yum Jown] Joj YA

dN

SOPOU PAAJOAU +

Arewiid 01 4 §2/AD 105 10 4 7/AD Gt :250p
uonelpey ‘(1D paseg-wnune|d) Adesayy
DIWRISAS :gA| 961G ‘auoje A1abins 1o (£126ins
F) 14D WAI/III/1 s2be1s ‘Ajuo A1sbuns ;) abeig

/201N

82DV

2olN

LY

8201V

LDV

LOO(Y

BEDE
LDV

922V

%0% S

Jedh-g

%G€

%0%'8¢

%07'6¢
%S¢

%€ES

Jedk-¢

%05

%07 €E

%v 1L

%0€'S¢

%088~
%19

%0/'58 SLE

o78/9€°CY

1eak-1 SO uelpapy

%LL LE

%S/ Sl

%05 ol

%067~ e

%0006 G'Ge
%€6 §'8¢

- 4

(18-15) 79 4!

96/ F (665 Se
«90y ou‘aep

S6F679 9l

£€8F L'6S SS

(S/-¥¥) '8 ¥

€6+ S€0L Ll

(8F 78S 53

CLLF 819 6

(6/=L¥) T9 €€

(¢8-¥¢€) €9 13

44

€S
ou ‘azis s|dwes

@A

A%

4

6%

[4%

oy

610¢

610¢
1ea)

810¢

810¢

£10C

£10C

910¢

¥710¢
€10¢

800¢

ueder [67] pWUOH

(871 2A
loyiny

eulyd
uoljedon

SPUBISUYISN  [/7] USSA J9p UeA

eulYyd [o7] BuaQ

eulyD [£] BuoH

uedef [S1] edyseb3

eulyd [S2] Buaq

ueder
eulys

6] emezexy
[8] bueny

SN [vcl niew

sa1bajenys Juawieal|

wid)shs buibeyg

1eak-g

Jedk-¢

1eak-1 SO uelpapy

aby ou‘slep

ou ‘azis sjdwes

Jeap

uone’o loyiny

S9WI0D)NO |eAIAING

soydesbowsap sjdwes

uonewJoyul Apnis

eUIOUIDIED ULDOPUS0INAU [eabeydoss JO $a1691.J1S JUSWSHBRURW PUR ‘SSLIODINO [BAIAINS ‘SDISHI1dRIRYD) [edibojoyiedodiulD) L djqgeL



Page 6 of 14

(2025) 25:462

Pourfaraji et al. BMC Gastroenterology

14D 10 1D aAlel|ed (Al d1eIseIs ‘suondo
13430 0} paledwod [eAIAINS Ja19q Ajpuedylubis
pey Yiog ‘aAlieuIRl|e 9yl sem A1abins pue
"L4DP sem uondo Is1y (||-) [euoibay/pazi[ed0T

40

/dD+ 9l-dAsuawibal | D 'auofe |3 40 14D Al
2be1s 14D yum A1abing 4o 19D 1| 96e1s (1Y)
Adesayi yuean(pe ¥ A136Ins :|/| abe1s Jown|

UBD10UMI/dD 40 9L-dA

/dD buisn yuean(pe paseg-wnuie|d paAladal
syuaned Al-|| abe3s Jo 1sow Ul 14D Adesayy
JueAn(py ‘AwoidauspeydwA| play-¢ 1o -z Yum
Auwl01296eyd0osa Jamo|/|e101gNns) AUI0l
-d3beydoss [esipel Jusmispun sjusned ||y
dN

dN

<IN

(142/1D)

Adeiay JuAN(PE YIM PAUIGUIOD {(DAISUDIXD
2J0W) U0ID3SSIP apouU YdwiA| play-¢ + d1dods
-0JeJIOY ] JO UOND3sSIp apou YdwiA| play-z +
Awo129beydoss d1oe1oy1 3ybul 10 d1deIoy)
197 :buisn AwoidauspeydwA| [euoibal yim
Awo129beydoss [edIpel JUSMISPUN S1UDIled

dN
dN

(AD GS) 1Y Yum (91-dA+

daad) 91-dA+ dD Buisn [4Dp :25e3sia Al
abe1s ‘saydeoidde auoe | D 10 (91-dA/dD F AD
GS) 14D Se yans suoido [ed1bins-uou ‘sA A6
-INS 10} SSUWIODINO Jua|eAINb3 :3seasi ||| abeis

91-dA+ dD :@oUa1Nnd3l D1IeISeIDN
‘91-dA+ dD Yam (YAI-gIl) sobels paoueape 10
9A1IS0d-9pON 10 :Adeiay] 1ueAn(pY (YAl
9be1s Jo ssajpiebal 'sased e 10y (Awoidaiiseb
|e103 JO AW01dabeydOSa [eI01gNS) :AIabINg

9l-d/\pue g3 10 9l-dA pue dd
Buisn 15 yim pauIquiod 4 8z Ul A9 105 :bulisn
1YDP :siowni 3|ge1dasal ||/| 9bels [esiuld)

dN

LDV

£20IN

820V
82DV

8201V
8200V

L1530

822IN

£20IN
82DV

%SY'8

%0/'LS

%0197

%0£°0¢

%00 te

a%LS1

%08'LS

%089

%0 e

- €l

- L'y
%0588 -
%0¢'S8 o

%019L [43
%09 €l

%069 8y'8l

- See

- [43
- €8

- 6ty

(LL-9%) ¥9 9

9F 579 9C
(8/-¥) 59 As
(£8-9v) 99 61

0L+ 9C /9 €€

SL'/F69¢€9 LS
L9LLFLLL9 L
9CLF¥1'L9 €9

88F /'[9 [

88F /9 8l

(7/=9%) 0L 9
69 8

09

(8

9¢
68
8¢
6¢

[9

il

[44

L
ol

GC0C oseqerep yi3s [r1] Buex

€70¢C eulyd [1¥] Bueyz

ueder
euIYD
eulyD
eulyD

€¢0¢
€¢0¢
€¢0¢
[qdir4

[or] BINWNYO
[6€]1 noyz
[8€] noH

[£€] Busyd

Lcoc
1coc
Lcoc

[selnn
[ev] usyD
(€€l epyos

euiys
VSN
ueder

120 ueder [¥€l epyos

020C ueder [cel eaion

020t ueder

610¢

[L€] epeiey

ueder [0g] esewi(n

sa169jel)s Juswiieal]

wid)shs buibeys

1eah-g

Jeak-¢

1eak-1 SO uelpapy

aby ou ‘sjey

ou ‘azis |dweg

Jeap uone’o loyny

S9W0D]NO |eAIAINS

sJiydesbowsap sjdwes

uonew.oyul Apnis

(panunuod) L ajqey



Page 7 of 14

(2025) 25:462

Pourfaraji et al. BMC Gastroenterology

paniodas sem [eAlaINs Jeak-g Ajuo
Aj9An29dsai ‘Jowny paxiw pue aind JO [BAIAINS UBIPIA ,

Ja5Ued [EaBRYdOSa JO UoeDYISSe|d dsaueder DI 4adURD IsuleBY UOIUN [eUOBUIIU| DD/ 43dUBD UO 991HWWOD) JUI0f UedLRWY JDrY ‘ulzejdogue) g) ‘ap1sodol] 9/-dA ‘unneldsi) 4D ‘aseasip
DAISURIXT (JF ‘DSeISIP PaHWIT @7 ‘Uol3dasal [esodnw didodsopul YT ‘Aein AD ‘suoiidel 4 ‘Adesayy uoneipelowayd aauyaq YOp ‘Adesaylolpey 1y ‘Adesayioway) 1) ‘Adelayy uoneipeloway) (¥ ‘pariodal I0N YN

dN L1D3Dr €C (¥8-G¥) 69 s <l Srdvr4 ueder [¢y] euysewe
1eaf-g Jedk-g¢ Jeak-| SO uelpapy aby ou‘sjep ou ‘azis 9jdwes Jedp uones’o loyiny
salbajesys juswieal] walsAs buibels S3WO02INO0 |[RAIAING soydesbowsap sjdwes uonewJoyul Apnis

(PanuNUOd) | 3jqey



Pourfaraji et al. BMC Gastroenterology ~ (2025) 25:462

100
90
80
70
60

50

37.5 37
40 32.8
28 25
30 215
18
20 15
’ . l I .
0
Maru 2008 Huang 2013 Akazawa 2014 Deng 2018
M Pure
(B) Lymph node involvement
80 71.2
60
60
40 33

37.5
32.8 325
24.5
17 I

19
l 10.7
. L
Huang 2013 Hong 2017 Deng 2018 Honma 2019 Okumura 2023
M Involved © Free

(A) Pure vs mixed type tumor

Page 8 of 14
84
45 42.3
38
20.5
17
11.56
. =
Van der Veen 2018 Ye 2019 Fujimasa 2019 Yamashita 2025
Mix
(C) Adjuvant therapy
80
60
60
37.9 39 37
40
16.3
. . .
, R 1
Deng 2018 Liu 2021 Okumura 2023
M Adjuvant (+) Adjuvant (-)

Fig. 2 Summary of median survival of ENEC cancer patients based on the (A) Histological homology (B) Lymph node involvement (C) Receiving

adjuvant therapy

1.60 (95% CI: 1.06 to 2.40) (omitting Zhou’s [39] study).
The association remained statistically significant in most
scenarios except when any of Liu’s [35], Sohda’s [33], or
Zhang’s [41] studies were removed. The heterogene-
ity (I?) ranged from 21.8% to 49.4% across the analyses,
suggesting low to moderate heterogeneity (Supplemental
Fig. 1). Cumulative results based on the six [7, 14, 29, 33,
38, 39] studies that reported the HR of distant metastasis
revealed that distant metastasis was significantly associ-
ated with poor prognosis in ENEC cases (HR, 2.68; 95%
CI: 2.10 to 3.41; P< 0.01) (Fig. 3B), with moderate and
non-significant between-study heterogeneity (1= 33.4%;
P= 0.18). The leave-one-out analysis indicated signifi-
cant pooled HR by omitting any included articles (Sup-
plemental Fig. 2). Hong’s [7] study had the most impact
on observed heterogeneity (I>= 8.7% by removing Hong’s
study). The pooled results ranged from 2.61 (95% CI: 2.04
to 3.33) by removing Honma’s [29] study to 3.82 (95% CI:
1.58 to 9.27) by removing Yang’s [14] study (SEER data-
base). Four [14, 26, 29, 35] articles were included in the
meta-analysis of tumor location (Supplemental Fig. 3).

The polled result showed no significant difference in the
survival of patients with lower-segment tumors com-
pared with upper-segment tumors (HR, 0.82; 95% CI,
0.62 to 1.07; P= 0.14), and selected studies were homo-
geneous (I>= 0%, P= 0.77). The sensitivity analysis dem-
onstrated that removing any included articles did not
significantly change the synthesized results (Supplemen-
tal Fig. 4). Removing Yang’s [14] study (SEER database)
achieved the highest pooled HR (1.00; 95% CI: 0.42 to
2.40). Eight [7, 14, 26, 29, 35, 38, 39, 41] articles reported
the HRs for males compared to females (Supplemen-
tal Fig. 5). The subsequent meta-analysis indicated a
non-significant difference in survival between male and
female patients diagnosed with ENEC (HR, 0.94; 95% CI,
0.80 to 1.10; P= 0.43). The included studies were homo-
geneous with I>= 0.0% (P= 0.64). The leave-one-out
analysis revealed no significant changes by omitting any
study (Supplemental Fig. 6). The pooled HR was lowest
(HR, 0.92; 95% CI, 0.78 to 1.08) when Zhang’s [41] study
was removed and highest (HR, 1.02; 95% CI, 0.75 to 1.37)
when Yang’s [14] study (SEER database) was excluded.



Pourfaraji et al. BMC Gastroenterology (2025) 25:462 Page 9 of 14

(A) Study HR 95%-ClI Hazard Ratio Weight
Hong 2017 14.74 [1.26; 172.41] 1.7%
Deng 2018 0.65 [0.23; 1.83] — 8.5%
Honma 2019 1.22 [0.37; 4.02] —— 6.6%
Liu 2021 2.34 [1.21; 4.53] il 17.8%
Sohda 2021 2.21 [0.92; 5.30] - 11.4%
Zhang 2023 1.31 [0.78; 2.20] . 25.0%
Zhou 2023 1.13 [0.71; 1.79] I 29.0%
Random effects model 1.44 [1.04; 1.99] * 100.0%
Heterogeneity: /% = 39.6%, t° = 0.0388, p = 0.1273 ‘ ' '
Meta-analysis for Lymph node involvement 0.01 0.1 1 10 100

(B) Study HR 95%-Cl Hazard Ratio Weight
Hong 2017 33.13 [2.02; 543.40] 0.8%
Honma 2019 15.15 [2.10; 109.39] T 1.5%
Sohda 2021 2.07 [1.04; 4.11] = 12.6%
Zhou 2023 1.52 [0.30; 7.67] S L 2.3%
Hou 2023 4.32 [1.03; 18.15] — 2.9%
Yang 2025 2.63 [2.00; 3.45] 79.9%
Random effects model 2.68 [2.10; 3.42] 0 100.0%
Heterogeneity: 12 = 33.4%, t> < 0.0001, p = 0.1852 ! ' ' !
Meta-analysis for Metastasis 0.01 01 1 10 100

Fig. 3 Forest plots representing meta-analysis results of (A) Lymph node involvement and (B) Distant metastasis

Four [14, 26, 35, 38] articles reported the HR of surgery
compared to no treatment in the ENEC cases mortality.
The pooled HR was 0.36 (95% CI, 0.28 to 0.46; P= <0.01),

representing the beneficial role of surgery in selected
cases (Fig. 4). The heterogeneity between included stud-
ies was low (I*= 0.0%, P= 0.83), and sensitivity analysis
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Fig. 4 Forest plots representing meta-analysis results of surgical intervention and subgroup analysis of surgery alone and combined with adjuvant
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indicated that the significance of pooled results remained
similar by omitting any study (Supplemental Fig. 7). The
findings of subgroup analyses of studies with surgery
alone (HR, 0.35; 95% CI, 0.26 to 0.47; P< 0.01) or surgery
with adjuvant therapy (HR, 0.40; 95% CI, 0.25 to 0.64; P<
0.01) were also statistically significant.

Discussion

In this systematic review and meta-analysis, we evaluated
the clinicopathological features, prognostic factors, and
treatment outcomes of ENEC based on the available lit-
erature. Our main objective was to investigate the impact
of surgical resection, with or without adjuvant therapy,
on long-term survival compared to non-surgical manage-
ment. Based on the four articles, our meta-analysis con-
firmed that surgical resection, combined with adjuvant
therapy, is a significant protective factor for survival in
ENEC patients. Additionally, we analyzed prognostic var-
iables and summarized the clinicopathological character-
istics of ENEC cases from diverse populations.

Clinicopathological and prognostic heterogeneity

The incidence of ENEC, consistent with patterns
observed in most gastrointestinal cancers, was higher in
males (74.3%) [8, 44]. This finding aligns with the global
esophageal cancer incidence, especially esophageal SCC,
where nearly 70% of cases were reported in men [45]. The
findings of the current meta-analysis showed no signifi-
cant difference in the OS between male and female cases.
The anatomical distribution of primary tumors differed
between the two patient groups. The lower segment of
the esophagus was the most common site in the SEER
database (based on the white population). In contrast,
cumulative results from other articles that mainly inves-
tigated the Chinese and Japanese populations identified
the middle segment as the predominant location of the
tumors [8, 12]. Several theories have been suggested to
explain the distribution of tumor location. The predomi-
nance of ENEC in the lower esophagus may be related to
neuroendocrine or amine precursor uptake and decar-
boxylase (APUD) cells in this section of the mucosa [25,
35]. Several hypotheses have been proposed to explain
the variation in tumor location. The predominance of
ENEC in the lower esophagus may be related to neu-
roendocrine or amine precursor uptake and decarboxy-
lase cells in this part. Conversely, the high incidence of
ENEC in the middle esophageal segment has been linked
to the possible presence of synchronous esophageal SCC
and the potential involvement of Merkel cells, which
are primarily found in the middle esophagus [25, 28].
The findings from the current meta-analysis indicated
no significant differences in OS among patients based
on the involvement of different esophagus segments.
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The prevalence of pure-type NEC was higher than that
of mixed-type NEC in the published case series. The
prognostic role of a tumor’s purity remains ambiguous.
Several studies revealed no significant difference in the
survival and relapse rates between pure and mixed types
[8, 25, 26, 35, 40]. However, the cumulative results pre-
sented in our study showed that patients with the pure-
type tumor probably had worse survival than those with
mixed-type. The finding may be attributed to the NEC
component’s worse response to chemotherapy (CT) than
the squamous carcinoma response, which was reported
as a mixed component in many cases [25, 28].

The clinicopathological staging system varied across
the studies. The primary method utilized in the included
articles was the American Joint Commission on Cancer
(AJCC) TNM staging system. The combined incidence of
stage IV ENEC from all studies was 27.6%. In 2025, Yang
et al. [14] identified 31.4% of ENEC cases were stage IV
disease in the SEER database. Yoshinori Kikuchi’s study
[46] reported a 36% incidence of stage IV cases based
on the cumulative results of Japanese case reports. The
incidence of stage IV disease was comparable among
patients diagnosed with ENEC and those with esopha-
geal SCC [7, 28, 35, 46]. Reports based on the SEER
data revealed a significant disparity in metastatic tumor
incidence among ENEC patients compared to other lit-
erature. According to the SEER database, 63.9% of ENEC
cases had distant metastasis, while other reports indi-
cated a pooled distant metastasis rate of 20.1%. Although
the available data on sites of metastasis were limited, our
accumulative results showed that the liver was the most
common site, followed by distant lymph nodes, bone,
and lung. The distant metastasis pattern of ENEC was
almost similar to that of other esophageal cancers, espe-
cially esophageal adenocarcinoma. This phenomenon
may be because NEC and adenocarcinoma were mainly
located in the distant esophagus, and venous drainage of
the distal part is supplied by the left gastric vein, which
drains directly into the liver [47, 48]. The role of the over-
all TNM stage as a prognostic factor is still controversial.
Some articles found ENEC patients with stage III or IV
tumors had significantly worse survival [25, 28, 34, 41,
49]. In contrast, several studies did not reveal the overall
stage as a significant prognostic factor, while they found
lymph node involvement and distant metastasis status
to predict long-term survival [7, 8, 29, 35, 36, 50]. Our
meta-analysis confirmed the poor prognosis of distant
metastasis or lymph involvement in ENEC cases.

Role of immunohistochemical and neuroendocrine
markers in the diagnosis and prognosis

According to WHO recommendations, three neuroen-
docrine markers, Syn, CgA, and CD56, are widely used
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in studies of ENEC tumors. Syn, a peptide of small syn-
aptic vesicles, was positive in most cases with ENEC
because this vesicle is found in almost all neuroendo-
crine cells. This finding aligns with previous research
indicating the presence of Syn in high-grade NENs [33,
51, 52]. Another marker is CD56 (also known as neural
cell adhesion molecule), which was demonstrated as a
sensitive marker in NET, particularly in small-cell type
ENEC [53]. Since most ENEC cases were small-cell type,
the CD56 staining was positive in most patients with
reported CD56 staining status [53]. We recommend con-
tinuing to use IHC analysis for Syn and CD56 to provide
a more accurate histological diagnosis of ENEC. CgA is
a protein found in neurosecretory vesicles. In our study,
CgA staining was positive only in half of patients. This
observation may be related to the poorly differentiated
nature of ENEC tumors, which limits the number of vesi-
cles within the tumor structure [52]. In 2023, Yao Zhang
et al. [41] reported that patients positive for CgA exhib-
ited improved survival, potentially due to higher CgA
expression in well-differentiated tumors. However, most
studies demonstrated no significant relation between
these immunohistochemical markers and prognosis [15,
28, 35]. Novel markers such as neuron-specific enolase
(NSE), typically expressed in poorly differentiated neu-
roendocrine tumors, have been investigated. Honma
et al. and Sohda et al. [29, 33] reported that an elevated
NSE level was a significant prognostic factor for worse
survival outcomes. Nevertheless, prospective studies are
needed to confirm the possible role of NSE in determin-
ing the prognosis of ENEC.

Available treatment options

Due to the rarity of ENEC, no randomized controlled tri-
als have evaluated optimal treatment strategies. However,
recent larger studies have provided better insight into
therapeutic approaches. The surgical intervention rate
was 18.9% among ENEC cases in the SEER database. In
contrast, cumulative reports from case series showed a
significantly higher rate (73.6%). Historically, ENEC can-
cers were considered to behave like small-cell lung can-
cer, which was usually treated non-surgically. Therefore,
experts limited the role of surgery for ENEC patients in
the past [11]. Another reason Yang et al. [14] suggested
was the comparable outcomes of definitive CRT and sur-
gery in the SEER database patients. These may have con-
tributed to the low rate of surgery in the SEER database.
Surgical resection combined with adjuvant therapy (CT
or CRT) has improved survival in well-selected ENEC
patients, particularly those with localized or regional dis-
ease (stage I/II) [11, 22, 25, 28, 32, 35, 36, 46, 54]. Sev-
eral studies showed that surgery with lymphadenectomy,
followed by cisplatin-etoposide-based adjuvant therapy,
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significantly prolonged survival in node-negative cases,
while lymph node metastasis remained a poor prognostic
factor [25, 26, 32]. In a study by Ye et al., surgery was per-
formed in all operable cases regardless of the stage of the
disease. The median survival of patients ranged between
42 and 84 months, which was relatively higher compared
to other studies [28]. Liu et al. defined resectable cases
based on the absence of distant metastasis and revealed
the same findings about the benefit of esophagectomy
combined with adjuvant therapy [35]. The SEER database
analysis [14] confirmed surgery as an independent pro-
tective factor in selected cases, while limited surgical rate
(< 20%) and undefined resectability criteria may biased
their findings. Despite the abovementioned studies sup-
porting the role of surgery in the management of stage
I or IT ENEC patients, some studies proposed definitive
CRT as a leading treatment, even in resectable cases [14,
46]. Two relatively large studies revealed that stage I-III
cases who underwent CRT had a better prognosis than
those who received other treatments [14, 46]. Honma
et al. reported a 5-year survival rate of 45.4% in locally
advanced ENEC patients treated with definitive CRT
using cisplatin plus etoposide and radiotherapy, with
this regimen outperforming cisplatin plus 5-fluoroura-
cil in progression-free survival outcomes [29]. Similarly,
a nationwide study by Sohda et al. found no significant
survival differences among surgery, chemotherapy, and
CRT for early-stage disease. However, they demonstrated
superior 5-year survival for stage III/IV patients treated
with CRT compared to surgery. Moreover, neoadjuvant
chemotherapy (NAC) was associated with worse survival
in stage II/III ENEC, except when cisplatin plus etopo-
side was used [34]. Some data suggest that delaying sur-
gery for NAC may worsen outcomes due to the tumor’s
aggressive nature. Van der Veen et al. reported shorter
median survival across cases who underwent NAT com-
pared to those who did not, despite most cases treated
with CRT [27]. In contrast, Kikuchi et al. reported better
survival in patients who received NAT compared to cases
with surgery alone treatment [46]. Therefore, the role of
NAT in managing ENEC patients is still unclear.

Limitations

While this systematic review and meta-analysis provide
valuable insights into ENEC, several limitations must
be acknowledged. All included studies were retrospec-
tive, which may have risks of selection bias, incomplete
data, and unmeasured confounding variables. The rarity
of ENEC resulted in a small pooled sample size (1,618
cases), with heterogeneity in patient demographics, treat-
ment strategies, and staging systems across studies. Such
variability may affect the generalizability of our findings.
Most studies’lack of individual patient data restricted
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our ability to perform more granular subgroup analyses
or adjust for confounding factors like comorbidities, per-
formance status, or detailed treatment regimens. Some
studies extracted Survival outcomes from Kaplan—Meier
curves, which may introduce estimation errors. The
meta-analysis was limited by the few studies reporting
hazard ratios for certain prognostic factors (e.g., only
four studies for the role of surgery). Finally, no RCTs or
prospective cohort studies preclude definitive conclu-
sions about optimal treatment strategies.

Conclusions

To the best of our knowledge, this systematic review and
meta-analysis is the first to investigate ENEC specifically.
Our findings demonstrate that ENEC predominantly
affected males in their seventh decade of life, with tumors
frequently located in the middle esophagus. Dysphagia
was the most common presenting symptom, and the liver
was the primary metastatic site. The median overall sur-
vival was 22.5 months, with a 5-year survival rate of 34%.
Distant metastasis and lymph node involvement were
significantly associated with a worse prognosis, while
adjuvant therapy showed potential survival benefits in
node-positive cases after surgery. Survival outcomes were
similar between resectable tumors treated with surgery
or definitive chemoradiotherapy, both outperforming
chemotherapies alone or no treatment. However, these
conclusions are restricted by the limited sample sizes and
heterogeneity observed in studying this rare malignancy.
Future large-scale, prospective studies are needed to vali-
date optimal treatment strategies, particularly the role of
multimodal therapy in advanced ENEC, and to establish
standardized management guidelines.

Abbreviations
NEC Neuroendocrine carcinoma

ENEC Esophageal neuroendocrine carcinoma
WHO World Health Organization

SCC Squamous cell carcinoma

HR Hazard ratio

@] Confidence interval

AJCC American Joint Commission on Cancer
TNM Tumor, Node, Metastasis

LN Lymph node

LVI Lymphovascular invasion

PNI Perineural invasion

APUD Amine precursor uptake and decarboxylase
NANETS  North American Neuroendocrine Tumor Society
ENETS European Neuroendocrine Tumor Society
IHC Immunohistochemistry

Syn Synaptophysin

CgA Chromogranin A

NSE Neuron-specific enolase

CcK Cytokeratin

SEER Surveillance, Epidemiology, and End Results
oS Overall survival

CRT Chemoradiotherapy

NAT Neoadjuvant therapy

NAC Neoadjuvant chemotherapy

CE Cisplatin plus Etoposide

Page 12 of 14

RCT Randomized controlled trial

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512876-025-04078-5.

[ Supplementary Material 1. }

Acknowledgements
Not Applicable.

Authors’ contributions

SMP, AJ, and N.M. conceptualized the project. SM.P, FO.S, D.S, and S.M.
completed the methodology. SSM.P, FO.S, D.S., and S.M. contributed to the
data extraction. S.M.P. performed the data analysis. SM.P, AJ, FOS, DS,
and S.M. contributed to the writing of the manuscripts. All authors read and
approved the final manuscript.

Funding
No Funding.

Data availability
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'School of Medicine, Tehran University of Medical Sciences, Tehran, Iran.
’Department of General Surgery, School of Medicine, Cancer Research Center,
Cancer Institute, Tehran University of Medical Sciences, Tehran, Iran. 3Departf
ment of General Surgery, School of Medicine, Imam Khomeini Hospital
Complex, Tehran University of Medical Sciences, Tehran, Iran.

Received: 8 January 2025 Accepted: 9 June 2025
Published online: 01 July 2025

References

1. McKeown F. Oat-cell carcinoma of the oesophagus. J Pathol Bacteriol.
1952,64(4):889-91.

2. Nagtegaal ID, Odze RD, Klimstra D, Paradis V, Rugge M, Schirmacher P,
et al. The 2019 WHO classification of tumours of the digestive system.
Histopathology. 2020;76(2):182-8.

3. Bosman FT, Carneiro F, Hruban RH, Theise ND, Bosman FT, Carneiro F,
Hruban RH, Theiseeditors ND. Heiseeditors, 20113051318, English, Book,
Switzerland, 9789283224327, (Ed. 4). Geneva: WHO classification of
tumours of the digestive system, World Health Organization, WHO clas-
sification of tumours of the digestive system; 2010. p. 417.

4. Rindi G, Mete O, Uccella S, Basturk O, La Rosa S, Brosens LAA, et al.
Overview of the 2022 WHO classification of neuroendocrine neoplasms.
Endocr Pathol. 2022;33(1):115-54.

5. WulC, Chu Y=Y, Wang Y-K, Tsai C-L, Lin J-C, Kuo C-H, et al. Clinicopatho-
logical features and outcome of esophageal neuroendocrine tumor: A
retrospective multicenter survey by the digestive endoscopy society of
Taiwan. J Formosan Med Assoc. 2021;120(1 Part 2):508-14.


https://doi.org/10.1186/s12876-025-04078-5
https://doi.org/10.1186/s12876-025-04078-5

Pourfaraji et al. BMC Gastroenterology

20.

21.

22.

23.

24.

(2025) 25:462

Giannetta E, Guarnotta V, Rota F, de Cicco F, Grillo F, Colao A, Faggiano

A. A rare rarity: Neuroendocrine tumor of the esophagus. Crit Rev Oncol
Hematol. 2019;137:92-107.

Hong L, Zhang Y, Liu Z. Neuroendocrine carcinoma of esophageal and
gastric cardia: clinicopathologic and immunohistochemistry study of
80 cases. Oncotarget. 2018;9(12):10754-64.

Huang Q, Wu H, Nie L, Shi J, Lebenthal A, Chen J, et al. Primary high-
grade neuroendocrine carcinoma of the esophagus: a clinicopatho-
logic and immunohistochemical study of 42 resection cases. Am J Surg
Pathol. 2013;37(4):467-83.

Akazawa N, Kawachi H, Kitagaki K, Seki T, Kawaragi S, Yuzawa M, et al.
Neuroendocrine carcinoma of the esophagus: clinicopathologic study
of 10 cases and verification of the diagnostic utility of mASH1, Neu-
roD1, and PGP9.5. Esophagus. 2014;11(4):245-57.

. Dasari A, Mehta K, Byers LA, Sorbye H, Yao JC. Comparative study

of lung and extrapulmonary poorly differentiated neuroendocrine
carcinomas: A SEER database analysis of 162,983 cases. Cancer.
2018;124(4):807-15.

. Dasari A, Shen C, Devabhaktuni A, Nighot R, Sorbye H. Survival accord-

ing to primary tumor location, stage, and treatment patterns in locore-

gional gastroenteropancreatic high-grade neuroendocrine carcinomas.

Oncologist. 2022;27(4):299-306.

. CaiW, Ge W, Yuan 'Y, Ding K, Tan Y, Wu D, Hu H. A 10-year population-

based study of the differences between NECs and carcinomas of
the esophagus in terms of clinicopathology and survival. J Cancer.
2019;10:1520-7.

. Wang Q, Zhou T, Sun H, Li B. Metastasis of esophageal small cell carci-

noma to the appendix: a case report and literature review. Cancer Biol
Ther. 2017;18(9):666-9.

. YangT,Yang P, Li H, Sun M, Zhang J, Li Y, Zhu B. Association of treat-

ment methods and survival in esophageal neuroendocrine carcinoma
population of surveillance, epidemiology, and end results database: a
retrospective cohort study. Dis Esophagus. 2025;38(1):doaf008.

. Egashira A, Morita M, Kumagai R, Taguchi KI, Ueda M, Yamaguchi S,

et al. Neuroendocrine carcinoma of the esophagus: Clinicopatho-
logical and immunohistochemical features of 14 cases. PLoS ONE.
2017;12(3):0173501.

. Casas F, Ferrer F, Farrds B, Casals J, Biete A. Primary small cell carcinoma

of the esophagus: a review of the literature with emphasis on therapy
and prognosis. Cancer. 1997;80(8):1366-72.

. Babu Kanakasetty G, Dasappa L, Lakshmaiah KC, Kamath M, Jacob LA,

Mallekavu SB, et al. Clinicopathological profile of pure neuroendocrine
neoplasms of the esophagus: a South Indian center experience. J
Oncol. 2016,2016:2402417.

. Brennan SM, Gregory DL, Stillie A, Herschtal A, Mac Manus M, Ball DL.

Should extrapulmonary small cell cancer be managed like small cell
lung cancer? Cancer. 2010;116(4):888-95.

. Geng Z-H, Liu Y-L, Xu C, Zhu Y, Zhou P-H, Cai M-Y. Neuroendocrine

carcinomas of the esophagus: clinicopathological and immunohisto-
chemical features of 43 cases. Clin Cancer Bullet. 2023;2(1):5.

Serrano MF, El-Mofty SK, Gnepp DR, Lewis JS Jr. Utility of high molecu-
lar weight cytokeratins, but not p63, in the differential diagnosis of
neuroendocrine and basaloid carcinomas of the head and neck. Hum
Pathol. 2008;39(4):591-8.

Strosberg JR, Coppola D, Klimstra DS, Phan AT, Kulke MH, Wiseman
GA, Kvols LK. The NANETS consensus guidelines for the diagnosis and
management of poorly differentiated (high-grade) extrapulmonary
neuroendocrine carcinomas. Pancreas. 2010;39(6):799-800.
Garcia-Carbonero R, Sorbye H, Baudin E, Raymond E, Wiedenmann

B, Niederle B, et al. ENETS Consensus guidelines for high-grade
gastroenteropancreatic neuroendocrine tumors and neuroendocrine
carcinomas. Neuroendocrinology. 2016;103(2):186-94.

GA Wells BS, D O'Connell, J Peterson, V Welch, M Losos, P Tugwell. The
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonran-
domised studies in meta-analyses [Available from: https://www.ohri.
ca/programs/clinical_epidemiology/oxford.asp.

Maru DM, Khurana H, Rashid A, Correa AM, Anandasabapathy S,
Krishnan S, et al. Retrospective study of clinicopathologic features and
prognosis of high-grade neuroendocrine carcinoma of the esophagus.
Am J Surg Pathol. 2008;32(9):1404-11.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 13 of 14

Deng HY, Ni PZ, Wang YC, Wang WP, Chen LQ. Neuroendocrine carci-
noma of the esophagus: clinical characteristics and prognostic evalua-
tion of 49 cases with surgical resection. J Thorac Dis. 2016;8(6):1250-6.
Deng HY, Li G, Luo J, Li XR, Alai G, Lin YD. The role of surgery in treating
resectable limited disease of esophageal neuroendocrine carcinoma.
World J Surg. 2018;42(8):2428-36.

van der Veen A, Seesing MFJ, Wijnhoven BPL, de Steur WO, van Berge
Henegouwen M, Rosman C, et al. Management of resectable esophageal
and gastric (mixed adeno)neuroendocrine carcinoma: a nationwide
cohort study. Eur J Surg Oncol. 2018;44(12):1955-62.

Ye L, Lu H,Wu L, Zhang L, Shi H, Wu HM, et al. The clinicopathologic
features and prognosis of esophageal neuroendocrine carcinomas: a
single-center study of 53 resection cases. BMC Cancer. 2019;19(1):1234.
Honma Y, Nagashima K, Hirano H, Shoji H, Iwasa S, Takashima A, et al.
Clinical outcomes of locally advanced esophageal neuroendocrine carci-
noma treated with chemoradiotherapy. Cancer Med. 2020;9(2):595-604.
Fujimasa K, Ohike N, Norose T, Isobe T, Kikuchi K, Otsuka K, et al. Frequent
and specific involvement of changes of the p16-RB pathway in esopha-
geal neuroendocrine carcinoma. Anticancer Res. 2019;39(4):1927-34.
Katada C, Komori S, Yoshida T, Kawakami S, Watanabe A, Ishido K, et al.

A retrospective study of definitive chemoradiotherapy in patients with
resectable small cell neuroendocrine carcinoma of the esophagus.
Esophagus. 2020;17(2):135-40.

Morita M, Taguchi K, Kagawa M, Nakanoko T, Uehara H, Sugiyama M, et al.
Treatment strategies for neuroendocrine carcinoma of the upper diges-
tive tract. Int J Clin Oncol. 2020;25(5):842-50.

Sohda M, Saeki H, Kuwano H, Miyazaki T, Yokobori T, Sano A, et al.
Diagnostic immunostaining and tumor markers predict the prognosis
of esophageal neuroendocrine cell carcinoma patients. Ann Surg Oncol.
2021,28(12):7983-9.

Sohda M, Kuwano H, Saeki H, Miyazaki T, Sakai M, Kakeji Y, et al.
Nationwide survey of neuroendocrine carcinoma of the esophagus: a
multicenter study conducted among institutions accredited by the Japan
Esophageal Society. J Gastroenterol. 2021;56(4):350-9.

Liu S, Ge X, Gao Z, Zhou Q, Shi, Jiang W, et al. Clinicopathological analy-
sis of 67 cases of esophageal neuroendocrine carcinoma and the effect
of postoperative adjuvant therapy on prognosis. Medicine (Baltimore).
2021,100(43):e27302.

Chen C, Hu H, Zheng Z, Yang Y, Chen W, Qiao X, et al. Clinical char-
acteristics, prognostic factors, and survival trends in esophageal
neuroendocrine carcinomas: A population-based study. Cancer Med.
2022;11(24):4935-45.

Cheng Y, Zhang X, Zhou X, Xu K, Lin M, Huang Q. Differences in clinicopa-
thology and prognosis between gastroesophageal junctional and gastric
non-cardiac neuroendocrine carcinomas: a retrospective comparison
study of consecutive 56 cases from a single institution in China. Am J
Cancer Res. 2022;12(10):4737-50.

Hou G, Zhao N, Li F, Jing H, Zheng R. Prognostic value of pretreatment
(18)F-FDG PET/CT metabolic parameters in esophageal high-grade
neuroendocrine carcinoma: A bicenter retrospective study. Front Oncol.
2023;13:1145557.

Zhou'Y, Song L, Xia J, Liu H, Xing J, Gao J. Radiomics model based on
contrast-enhanced CT texture features for pretreatment prediction of
overall survival in esophageal neuroendocrine carcinoma. Front Oncol.
2023;13:1225180.

Okumura T, Fujii T, Terabayashi K, Kojima T, Takeda S, Kashiwada T, et al.
MicroRNAs associated with postoperative outcomes in patients with
limited stage neuroendocrine carcinoma of the esophagus. Oncol Lett.
2023;26(1):276.

Zhang Y, Liao JT, Lin'Y, Liu C, Wu ZH, Yu B, et al. Clinicopathological
features, treatment modalities, and prognosis of esophageal neu-
roendocrine carcinoma: A single-center retrospective study. J Dig Dis.
2023;24(8-9):472-9.

Yamashita T, Fujimasa K, Otsuka K, Saito A, Kohmoto M, Motegi K,

et al. Efficacy of esophagectomy following neoadjuvant chemo-

therapy for esophageal neuroendocrine carcinoma. Anticancer Res.
2025;45(5):2051-8.

Chen |, Zhang D, Velez M, Kovar S, Liao X. Poorly differentiated neuroen-
docrine carcinomas of the gastrointestinal tract: A single-institute study
of 43 cases. Pathol Res Pract. 2021,226:153614.


https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp

Pourfaraji et al. BMC Gastroenterology =~ (2025) 25:462

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

Liu CQ, Ma YL, Qin Q Wang PH, Luo'Y, Xu PF, Cui Y. Epidemiology of
esophageal cancer in 2020 and projections to 2030 and 2040. Thorac
Cancer. 2023;14(1):3-11.

Uhlenhopp DJ, Then EOQ, Sunkara T, Gaduputi V. Epidemiology of esopha-
geal cancer: update in global trends, etiology and risk factors. Clin J
Gastroenterol. 2020;13(6):1010-21.

KikuchiY, Shimada H, Yamaguchi K, Igarashi Y. Systematic review of case
reports of Japanese esophageal neuroendocrine cell carcinoma in the
Japanese literature. Int Cancer Conf J. 2019,8(2):47-57.

Verstegen MH, Harker M, van de Water C, van Dieren J, Hugen N,
Nagtegaal ID, et al. Metastatic pattern in esophageal and gastric

cancer: Influenced by site and histology. World J Gastroenterol.
2020;26(39):6037-46.

Wu SG, Zhang WW, Sun JY, Li FY, Lin Q He ZY. Patterns of distant metas-
tasis between histological types in esophageal cancer. Front Oncol.
2018;8:302.

Li Z, Hu J, Chen P, Zeng Z. Incidence, treatment, and survival analysis in
esophageal neuroendocrine carcinoma population. Transl Cancer Res.
2020,9(7):4317-29.

Zhang G, Wu B, Wang X, Li J. A competing-risks nomogram and recursive
partitioning analysis for cause-specific mortality in patients with esopha-
geal neuroendocrine carcinoma. Dis Esophagus. 2019;32(11):doy129.
Hirabayashi K, Zamboni G, Nishi T, Tanaka A, Kajiwara H, Nakamura N. His-
topathology of gastrointestinal neuroendocrine neoplasms. Front Oncol.
2013;3:2.

Capelli P, Fassan M, Scarpa A. Pathology - grading and staging of GEP-
NETs. Best Pract Res Clin Gastroenterol. 2012;26(6):705-17.

W. S. CD56. PathologyOutlines.com website. Accessed May 24th. [Avail-
able from: https://www.pathologyoutlines.com/topic/cdmarkerscd56.
html...

Lin Z, Chen YY, Liu CH, Panzuto F, Ramirez RA, Lang M, et al. Com-
parison of clinicopathological features and survival analysis between
esophageal neuroendocrine carcinoma and esophageal squamous

cell carcinoma based on the SEER database, alongside nomogram
analysis for esophageal neuroendocrine carcinoma. J Gastrointest Oncol.
2023;14(6):2309-23.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 14 of 14


https://www.pathologyoutlines.com/topic/cdmarkerscd56.html
https://www.pathologyoutlines.com/topic/cdmarkerscd56.html

	Neuroendocrine carcinoma of esophagus: systematic review and meta-analysis of case series
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Method
	Eligibility criteria
	Data extraction
	Quality assessment
	Statistical analysis

	Results
	Literature search and screening results
	Demographic and pathological features
	Survival outcomes
	Meta-analyses of prognostic factors

	Discussion
	Clinicopathological and prognostic heterogeneity
	Role of immunohistochemical and neuroendocrine markers in the diagnosis and prognosis
	Available treatment options
	Limitations

	Conclusions
	Acknowledgements
	References


