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ABSTRACT

Background. Esophageal neuroendocrine carcinoma
(ENEC) has a poor prognosis, and predicting the prognosis
by examining various markers may contribute to the
determination of treatment strategies. Therefore, a multi-
ple-institution retrospective study was performed to
identify biomarkers using diagnostic immunohistochem-
istry and serum tumor markers that predict the prognosis of
patients with ENEC.

Methods. The results of immunohistochemical examina-
tion and serum tumor markers were extracted from the data
of 141 ENEC patients at 39 institutions certified by the
Japan Esophageal Society. The study then examined cor-
relations between these data and prognosis or treatment
effects.

Results. The ENEC patients with positively for all
expression of synaptophysin (Syn), chromogranin A
(CgA), and CD56 had a significantly worse prognosis than
the patients with other expression patterns. Additionally,
surgery and chemoradiotherapy were significantly more
effective treatments than chemotherapy for the patients
who were not positive for all expressions of Syn, CgA, and
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CD56. In terms of serum tumor markers, the patients with a
high neuron-specific enolase (NSE) value had a signifi-
cantly worse prognosis than the patients with a normal
NSE value, and complete response (CR) cases treated with
chemotherapy were significantly fewer in the high-NSE
group. The results of multivariate analysis demonstrated
that high NSE levels were an independent poor prognostic
factor for esophageal endocrine cell carcinoma.
Conclusion. This study showed that positivity for all
expressions of Syn, CgA, and CD56, and a high NSE value
were significantly worse prognostic factors for ENEC
patients than other expression patterns and may be
important prognostic biomarkers of ENEC.

Esophageal neuroendocrine carcinoma (ENEC) is an
extremely rare type of malignant tumor characterized by
high malignant potential, rapid growth, and poor progno-
sis.! Compared with other types of esophageal cancer,
ENEC is more malignant, and due to the lack of sufficient
clinical data, no fixed treatment guidelines currently exist.

We previously reported a large-scale nationwide survey
of ENEC in Japan, demonstrating that the malignant
potential of ENEC is greater than that of other histologic
types of esophageal cancer. Additionally, we reported that
the survival benefit of surgery is limited, especially for
stages 3 and 4 ENEC.? Patients with ENEC have a poor
prognosis, and predicting the prognosis by examining
various markers may contribute to the determination of
treatment strategies.
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FIG. 1 A Comparison of prognosis by each immunostaining for the
patients with esophageal neuroendocrine carcinoma (ENEC). No
significant differences in prognosis between positivity and negativity
were found for any of the immunostaining methods. B Comparison of

Using immunostaining for diagnosis, the World Health
Organization (WHO) definition of neuroendocrine carci-
noma (NEC) includes positive endocrine markers such as
chromogranin A (CgA), synaptophysin (Syn), and CD56.
In addition, the diagnosis of NEC requires Ki67 or a
mitotic index of 20/10 high-power fields or more, and
tumors with a Ki67-positive rate of fewer than 20/10 high-
power fields are diagnosed as neuroendocrine tumors.*

The most common markers for confirming tumor cell
endocrine properties are CgA and Syn. Generally, CgA is
slightly expressed in poorly differentiated NEC, but Syn is
expressed in all neuroendocrine tumors (NETs).>° In this
study, immunohistochemical data of CgA, Syn, and CD56
were extracted and analyzed.

In terms of serum tumor markers, squamous cell carci-
noma antigen (SCC-Ag), carbohydrate antigen 19-9
(CA19-9), carcinoembryonic antigen (CEA), and cytoker-
atin 19 fragment antigen 21-1 are reported to be commonly
used in diagnosis and as prognostic predictors of esopha-
geal squamous cell carcinoma.” Although no known
prognostic biomarkers of ENEC have been found, Yan
et al.'” reported that a low pretreatment serum level of
neuron-specific enolase (NSE) is the most significant
independent predictor of good overall survival for patients
with esophageal small cell carcinoma.

prognosis between positivity for all and others in ENEC patients. The
5-year overall survival rates of the positivity for all and others were
respectively 45.46% and 23.38%.

In this study, we extracted immunostaining results and
serum tumor marker data from the large dataset of the
aforementioned nationwide survey and analyzed prognostic
factors and treatment effects. We performed this multiple-
institution retrospective study to identify biomarkers that
predict the prognosis for patients with ENEC.

PATIENTS AND METHODS

From January 2010 to December 2015, 141 patients with
ENEC were treated at 39 institutions certified by the Japan
Esophageal Society. We reviewed the patient records using
a questionnaire form.” The following data were extracted
from the database: demographic data, pathologic findings,
tumor progression, tumor location, macroscopic type,
serum tumor marker levels (CEA, SCC-Ag, NSE, CA19-9,
and ProGRP), and immunohistochemical profiles (synap-
tophysin, chromogranin A, and CD56). For serum tumor
marker levels, data for 127 cases of SCC-Ag, 125 cases of
CEA, 60 cases of CA19-9, 79 cases of NSE, and 45 cases
of ProGRP were included. The serum tumor markers were
divided into normal and high ranges and classified as
normal and high groups. Moreover, 81 patients who
underwent all immunohistochemical examinations were
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included in this study. The results of the immunohisto-
chemical examinations were assessed as positive or
negative at each facility.

Clinical staging and pathologic examination of resected
specimens were performed according to the Guidelines for
Clinical and Pathological Studies on Carcinoma of the
Esophagus of the Japanese Society for Esophageal Dis-
eases.'' Standard clinical measurements and radiologic
examinations were performed to assess the tumor response
according to the Response Evaluation Criteria in Solid
Tumors (RECIST) version 1.1."2 Overall survival (OS) was
calculated from the first day of initial treatment to the date
of death or the last follow-up day of survivors. The ethics
committee of each institution approved our retrospective
analysis.

Statistical Analysis

All statistical analyses were performed using JMP Pro
Version 14 software (SAS Institute Japan, Tokyo, Japan).
Continuous data were assessed using Student’s ¢ test or the
Mann-Whitney U test, whereas categorical data were
assessed using Person’s chi-square test, Fisher’s exact test,
or the Mann-Whitney U test as appropriate. Kaplan-Meier
analysis and log-rank tests were used to estimate the
association between eligible variables and survival time.
Independent prognostic factors were evaluated using Cox
hazard regression models. All p values lower than 0.05
were considered statistically significant.

RESULTS
Prognosis by Immunostaining in ENEC Patients

Figure la shows a comparison of prognosis by each
immunostaining (synaptophysin, chromogranin A, and
CD56) for the ENEC patients. No significant differences
were observed in prognosis between positivity and nega-
tivity for each immunostaining.

Subgroup Analysis of All Positive Cases
by Immunostaining

In the examination performed under the condition that
all the results of immunostaining for diagnosis were posi-
tive, the prognosis was significantly poor in all positive
cases compared with other cases (Fig. 1b). Based on this
result, a comparison of the background between all positive
cases and other cases by immunostaining results was per-
formed to investigate the factor influencing the poor
prognosis (Table 1). However, no significant differences
were observed between all the positive cases and the other

TABLE 1 Comparison of background between all positive patients
and other patients by immunostaining results

Variable All positive Others p value
(n=31) (%)  (n=50) (%)
Age [ mean + SEM ] 66.6+1.84 67.5+1.26 0.666
Sex
Male 24 (77.4) 39 (78.0) 0.375
Female 7 (22.6) 11 (22.0)
Location
Ce 13.2) 1(2.0) 0.608
Ut 13.2) 3 (6.0)
Mt 17 (54.9) 27 (54.0)
Lt 11 (35.5) 15 (30.0)
Ae 1(3.2) 4 (8.0)
Depth of invasion
1 5(16.1) 12 (24.0) 0.447
2 9 (29.0) 8 (16.0)
3 15 (48.4) 23 (46.0)
4 2 (6.5) 6 (12.0)
Unknown 0 (0.0) 1 2.0
Lymph node metastasis
0 5(16.1) 12 (24.0) 0.798
1 9 (29.0) 16 (32.0)
2 8 (25.8) 9 (18.0)
3 2 (6.5) 3 (6.0)
4 7 (22.6) 9 (18.0)
Unknown 0 (0.0) 1(2.0)
Distant metastasis (lymph)
0 21 (67.7) 40 (80.0) 0.278
1 10 (32.3) 10 (20.0)
Stage
I 2 (6.5) 7 (14.0) 0.603
I 5(16.1) 11 (22.0)
I 10 (32.3) 14 (28.0)
IVA 4 (12.8) 7 (14.0)
IVB 10 (32.3) 10 (20.0)
Unknown 0 (0.0) 1(2.0)

SEM standard error of the mean

cases in terms of patient characteristics and disease
progression.

Additionally, we performed comparative analysis of
prognosis by treatment type in all the positive cases and
other cases by immunostaining (Fig. 2). Regarding the
number of treatments in each group among all the positive
cases, 13 patients had surgery, 7 patients had chemora-
diotherapy (CRT), and 11 patients had chemotherapy (CT).
On the other hand, among the other cases, 26 patients had
surgery, 13 patients had CRT, and 11 patients had CT.
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FIG. 2 Comparison of prognosis by treatment type in all positive
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FIG. 3 Comparison of prognosis by each serum tumor marker for the
patients with esophageal neuroendocrine carcinoma (ENEC). The
high neuron-specific enolase (NSE) group had a significantly worse

None of the positive cases showed a significant differ-
ence in prognosis by treatment type (p = 0.263). However,
surgery and CRT were significantly more effective treat-
ments than CT in the other cases (p = 0.028). Moreover,
concerning the treatment effect by treatment type, none of
the positive cases differed significantly from the other
cases (data not shown).

Survival times (years)

prognosis than the normal NSE group. However, no significant
difference was observed between prognosis and other serum tumor
markers.

Comparison of Prognosis by Each Serum Tumor
Marker in ENEC Patients

Figure 3 shows the comparison of prognosis by each
tumor marker in ENEC patients. The patients in the high-
NSE group had a significantly worse prognosis than those
in the normal-NSE group (p = 0.0003), although there was
no significant difference between prognosis and the other
tumor marker levels.
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TABLE 2 Comparison of background between NSE normal and
NSE high group in ENEC patients

Variable Normal (£16.3) High (>16.3) p value
(n =351 (%) (n =28) (%)
Age [ mean = SEM ] 67.3%1.11 67.0+1.86 0.905
Sex
Male 40 (78.4) 22 (78.6) 0.642
Female 11 (21.6) 6 (21.4)
Location
Ce 2 (3.9) 0 (0.0) 0.608
Ut 3(5.9) 1 (3.6)
Mt 31 (60.8) 18 (64.3)
Lt 12 (23.5) 8 (28.5)
Ae 3(5.9) 1(3.6)
Depth of invasion
1 11 (21.6) 1 (3.6) 0.019
2 12 (23.5) 5(17.9)
3 23 (45.1) 13 (46.4)
4 5(9.8) 7 (25.0)
Unknown 0 (0.0) 2 (7.1)
Lymph node metastasis
0 14 (27.5) 4 (14.3) 0.038
1 18 (35.3) 4 (14.3)
2 11 (21.6) 8 (28.5)
3 2 (3.9) 4 (14.3)
4 6 (11.7) 8 (28.5)
Distant metastasis (lymph)
0 44 (86.3) 14 (50.0) <0.001
1 7 (13.7) 14 (50.0)
Stage
I 7 (13.7) 1 (3.6) 0.002
I 13 (25.5) 1(3.6)
I 18 (35.3) 9 (32.1)
IVA 6 (11.8) 3 (10.7)
IVB 7 (13.7) 14 (50.0)

SEM standard error of the mean

Based on the aforementioned result, the backgrounds of
the high- and normal-NSE groups were compared to
investigate the factors influencing a poor prognosis
(Table 2). There were significant differences between the
high-NSE group and depth of invasion (p = 0.019), lymph
node metastasis (p = 0.038), distant metastasis (p < 0.001),
and stage (p = 0.002).

Regarding the correlation between the NSE level and
therapeutic effect, there was no significant difference in
prognosis by treatment type in each group (Fig. 4). How-
ever, as shown in Fig. 4, non-operative treatment may be
recommended for normal-NSE patients. Conversely,

operative treatment may be recommended for high-NSE
patients.

Additionally, we performed correlation analysis
between treatment effects by the NSE value in each
treatment type. There was no significant difference
between treatment effects by the NSE value in the surgery
or CRT group. However, there was a significant difference
between treatment effects by the NSE value in the CT
group. CR The high-NSE group had significantly fewer
cases (Fig. 5). Table 3 details the factors that contributed to
survival, as identified in the multivariate analysis.
Accordingly, multivariate analysis identified high NSE
levels (>16.3 ng/mL) as an independent factor of poor
prognosis for esophageal neuroendocrine cell carcinoma.

DISCUSSION

In the current study, we extracted the results of
immunostaining and serum tumor marker data from a
previous large-scale study of esophageal NEC and exam-
ined the prognosis and effect of each treatment. Our study
included a large sample and analyzed protein expression of
specific markers determined by diagnostic immunohisto-
chemistry and pretreatment levels of several serum tumor
markers as well as their prognostic value for ENEC
patients.

Zhang et al."® showed the favorable prognostic value of
Syn, CgA, NSE, and TTF-1 for patients with esophageal
small cell carcinoma. Conversely, our data on Syn, CgA,
and CD56 implied an unfavorable prognostic value,
although no significant difference between each marker
and prognosis was found. These differences are difficult to
explain because the two studies did not differ significantly.
The background factors were different, and there was
insufficient information such as the degree of differentia-
tion. However, our data showed that the positivity of
patients for all expression of Syn, CgA, and CD56
immunostaining had a significantly worse prognosis than
that of patients with the other staining pattern. This result is
new data showing a significant difference and a new
finding that approaches the pathology of ENEC. Moreover,
it was interesting that no correlation was found between all
expression of Syn, CgA, and CD56 immunostaining and
tumor progression or various treatment effects. The ability
to predict prognosis by immunostaining for diagnosis is an
important finding, and it may be an important biomarker.

Regarding the serum tumor marker examination, the
high-NSE group had a significantly worse prognosis than
the normal-NSE group (Fig. 3). The results were similar to
those of a previous report'® indicating that NSE is an
important prognostic predictive marker for ENEC. Our
data showed that this result is attributable to the significant
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overall survival rates for the high NSE patients were 40.0% for the
surgery group and 0% for the non-surgery (CRT/CT) (insufficient
observation period).

stage. Examination of the other tumor markers also showed
a good prognosis in the normal group, but no significant
difference (Fig. 3).

Our study also showed that CRT may be recommended
for normal-NSE patients and that surgery may be recom-
mended for high-NSE patients, although the study had
insufficient cases to determine treatment strategy based on
NSE results alone. This report is not only a description
detailing the prognosis of NSE, but also the first report to
show that treatment policy is determined by the value of
NSE, and future case accumulation will further prove this.

Additionally, Yan et al.'’ reported that the effectiveness
of CRT was significantly associated with the serum levels
of NSE before treatment. Our data did not show a signifi-
cant difference between treatment effects by NSE value in
the CRT group. However, treatment effects differed sig-
nificantly by the NSE value in the CT group. Among the
high-NSE cases, CR cases were significantly fewer. Our
data showed that NSE may be a reliable surrogate marker
of CT efficacy for patients with ENEC. In previous reports,
including our previous report, CT did not show a sufficient
prognostic effect in ENEC patients.” Therefore, CT should

TABLE3 Univariate and Multivariate analysis of factors contributing to survival

Variable Reference Univariate analysis Multivariate analysis

OR 95% CI p value OR 95% CI p value
Depth of invasion (T1 vs T2-4) T1 T2-4 2.87 1.118-7.351 0.013 1.25 0.391-4.028 0.704
Lymph node metastasis (NO vs N1) NO N1 221 0.926-5.297 0.052 0.97 0.285-3.314 0.964
Distant metastasis (MO vs M1) MO Ml 2.07 1.040-4.101 0.038 1.39 0.600-3.216 0.443
Immunostainnig of Syn, cgA and CD56 other all positive 2.14 1.136-4.020 0.018 2.18 0.963-4.924 0.062
NSE =163 >16.3 2.66 1.235-5.715 0.012 2.25 1.006-5.043 0.049

OR odds ratio, CI confidence interval
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be avoided, especially for patients with high NSE, although
systemic CT has been recommended as a treatment for
ENEC." The high NSE group was correlated with tumor
progression, and local treatment such as surgery or CRT
cannot be applied in many cases. Furthermore, given that
multivariate analysis showed high preoperative NSE to be
an independent poor prognosis factor, the development of
effective treatment methods for patients with esophageal
neuroendocrine carcinoma presenting with high preopera-
tive NSE is imperative for further improvement of the
prognosis for overall esophageal endocrine cell carcinoma.

This study showed that positivity for all expression of
Syn, CgA, and CD56 and a high NSE value were signifi-
cantly worse prognostic factors for ENEC patients and may
be important prognostic biomarkers of ENEC. A large-
scale study is necessary because our study had many lim-
itations such as an insufficient number of cases in each
study and difficulty examining the details of each case due
to the questionnaire survey. However, because ENEC is a
disease with a small number of cases and a poor prognosis,
it is important to continue study of prognostic markers to
provide more effective treatment and prevent ineffective
treatment.
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