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Neuroendocrine differentiation is common in ade-
nocarcinomas of the stomach and colon and may be
associated with a slightly better prognosis in gastric
adenocarcinoma. We studied neuroendocrine dif-
ferentiation in esophageal adenocarcinomas and
associated Barrett’s esophagus (BE) to determine
association with patient outcome. Fifty-eight cases
of esophageal adenocarcinoma (15 biopsies, 43 re-
sections) from 52 patients were stained with a
monoclonal antibody to chromogranin (CG). Medi-
cal records were reviewed for tumor stage, response
to therapy, and patient survival. Thirty-two patients
received radiation and chemotherapy, and four re-
ceived radiation. Twelve of 58 (20.7%) esophageal
adenocarcinomas contained scattered CG-positive
cells. Tumors with CG-positive cells were moder-
ately to poorly differentiated, and many consisted of
large cribriform glands, similar to intestinal-type
adenocarcinomas. One case of small cell carcinoma
of the esophagus was weakly CG positive; another
was negative. Neuroendocrine differentiation was
retained in lymph node metastases in two cases but
lost in three other cases. In 10 CG-negative primary
tumors, lymph node metastases were also negative.
For five of six patients with paired biopsy/resection
specimens, no CG-positive cells were seen in either
specimen; one patient had CG-positive cells only in
the resection. There was no difference in tumor
stage at surgery or survival time between CG-
positive and CG-negative tumors. BE was present in
34 cases and contained CG-positive cells in 21 of 34
(61.8%). Low-grade dysplasia contained CG-positive
cells in 11 of 14 cases (78.6%) and high-grade dys-

plasia in 3 of 6 cases. Fourteen of 21 (66.7%) ade-
nocarcinomas associated with CG-positive BE were
negative for CG. In summary, neuroendocrine dif-
ferentiation is common in BE and is retained in low-
and high-grade dysplasia but is usually lost in
esophageal adenocarcinoma. The presence of scat-
tered neuroendocrine cells does not affect patient
outcome.
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Neuroendocrine differentiation in gastrointestinal
(GI) neoplasms may occur in one of several patterns.
Most GI tumors with diffuse neuroendocrine differ-
entiation can be classified as carcinoids, neuroendo-
crine carcinomas, or small cell undifferentiated carci-
nomas. Tumors with mixed phenotype can usually be
classified as mixed tumors, which contain both ade-
nocarcinoma and neuroendocrine cells, intimately
intermixed; “collision” tumors, with localized areas of
carcinoid or neuroendocrine carcinoma abutting an
adenocarcinoma or adenoma; and amphicrine tu-
mors, rare tumors showing neuroendocrine and glan-
dular differentiation within the same cell. Probably
the most common pattern of neuroendocrine differ-
entiation in GI neoplasms, however, is the presence of
scattered tumor cells showing neuroendocrine differ-
entiation in an otherwise typical adenocarcinoma.
The presence of neuroendocrine cells in colonic ad-
enocarcinomas (1–5) and gastric adenocarcinomas
(6) has long been recognized. Although up to 42% of
typical colon adenocarcinomas contain scattered
chromogranin (CG)-positive cells (4), this finding
does not seem to influence prognosis, and these tu-
mors are not classified as mixed adenocarcinoma/
neuroendocrine tumors. In contrast, gastric adeno-
carcinomas with neuroendocrine differentiation may
be associated with a slightly better prognosis than
those without neuroendocrine features (6).
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Neuroendocrine cells have been described in the
metaplastic mucosa of Barrett’s esophagus (BE)
and in esophageal carcinomas. Studies have shown
that 65 to 90% of cases with BE and approximately
30% of adenocarcinomas of the lower esophagus
contain argyrophil cells (7, 8). In addition, cases of
esophageal small cell carcinoma (9) and carcinoid
in the presence of an adenocarcinoma (10) have
been described. However, the significance of neu-
roendocrine differentiation in esophageal adeno-
carcinomas has not been studied.

Because of the possibility that neuroendocrine
differentiation in adenocarcinomas of the GI tract,
especially those of the upper GI tract, may affect
prognosis in a site-specific manner, we examined
the prevalence and pattern of CG expression in
esophageal adenocarcinomas and the effect of neu-
roendocrine differentiation on patient survival.

MATERIALS AND METHODS

Case Selection
Fifty-eight cases of esophageal adenocarcinoma

(15 biopsies, 43 resections) from 52 patients were
retrieved from the files of Vanderbilt University
Medical Center and the Nashville Veterans Affairs
Medical Center. Hematoxylin and eosin–stained
sections from routinely processed formalin-fixed,
paraffin-embedded tissues were examined for each
case. Squamous cell carcinoma cases were ex-
cluded, as were cases judged to be of gastric pri-
mary (i.e., when the bulk of the tumor was in the
subcardiac stomach). Paired biopsy/resection spec-
imens containing adenocarcinoma were available
for six patients, all of whom had received preoper-
ative chemoradiation. Of the 43 resection speci-
mens, 26 were from patients who had received pre-
operative chemoradiation, 3 were from patients
who had received preoperative radiation only, 1
was from the patient who underwent thermal abla-
tion, and 13 were from patients who did not receive
preoperative therapy. Of the nine patients whose
biopsies but not resection specimens were available
for study, one had no postbiopsy therapy at
Vanderbilt or the Nashville VA, seven underwent
chemoradiation or radiation without subsequent
resection (three patients) or had resection speci-
mens negative for carcinoma (four patients), and
information concerning postbiopsy therapy was
not available for one patient. Thus, a total of 32
patients were treated with radiation and chemo-
therapy, 4 received radiation alone, and 1 received
thermal ablative therapy. Fourteen received no
postbiopsy chemotherapy or radiation.

BE was defined as columnar epithelium contain-
ing goblet cells in the tubular esophagus. Dysplasia
was diagnosed and graded according to published

criteria (11). The adenocarcinomas were graded as
well, moderately, or poorly differentiated, and the
tumor pattern was also classified as large gland,
medium gland, small gland, solid sheets or nests,
and single cells, according to the predominant pat-
tern. Two cases of poorly differentiated carcinoma
were best classified as small cell neuroendocrine
carcinoma. Lymph node metastases were examined
in 14 cases.

Immunohistochemical Staining and
Interpretation

Four-micron-thick sections of paraffin-embedded,
formalin-fixed tissues were stained for CG A using the
monoclonal antibody DAK-A3 (Dako, Carpinteria,
CA) at 1:100 dilution. Adenocarcinomas and Barrett’s
mucosa were evaluated for cytoplasmic CG positivity
and were scored on a scale of 0 to 3, according to the
number of positively staining cells, with 31 having
strong cytoplasmic staining in most cells (.50%), 21
having strong cytoplasmic staining in many cells (10
to 50%), 11 showing patchy staining (,10% of cells)
with reduced intensity, and 0 with no staining or trace
staining only. The basally located polypeptide-
secreting cells in adjacent gastric mucosa served as
internal positive controls.

Clinical Information and Statistical Analysis
Medical records for each patient were reviewed for

tumor stage, pre- or postoperative therapy, time to
recurrence, and survival. The staging system used by
the American Joint Committee on Cancer (12) was
used for assigning clinical stage. Staging was based on
the presence of viable tumor cells in the resected
esophagus specimen, after preoperative therapy, and
was not based on preoperative clinical staging. Sur-
vival was compared using Kaplan-Meier estimates.

RESULTS

Barrett’s Esophagus
Thirty-four of 58 cases contained areas of BE

(Table 1). In 21 of these cases, the Barrett’s mucosa
contained CG-positive cells, most numerous at the

TABLE 1. Expression of Chromogranin in Barrett’s

Esophagus

Dysplasia Total Cases Chromogranin-Positive BE

No dysplasia 13 6/13 (46.2%)
Nondysplastic mucosa, in cases

with dysplasia elsewhere
13 9/13 (69.2%)

Low grade 14 11/14 (78.6%)
High grade 6 3/6 (50.0 %)
Intramucosal carcinoma 6 1/6 (16.7 %)
Total cases of BEa 34 21/34 (61.8%)

BE, Barrett’s esophagus.
a Some cases contained more than one grade of dysplasia.
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base of crypts, and sometimes occurring in small
clusters (Fig. 1A). CG-positive cells located near the
basement membrane (Fig. 1B) showed abluminally
oriented positive granular staining. In some cases,
generally in dysplastic mucosa, the CG-positive
cells were located higher in the crypt, in the middle
portion of the mucosa, in a pattern similar to neu-
roendocrine hyperplasia sometimes seen in gastric
mucosa, and were not confined to the base of the
crypt (Fig. 2). CG-positive cells were most often
found in low-grade dysplasia and nondysplastic
Barrett’s mucosa in specimens with dysplasia else-
where. All cases with both low-grade dysplasia and
nondysplastic Barrett’s mucosa showed concor-
dance for CG positivity in dysplastic and nondys-
plastic mucosa. However, CG positivity was lost in
three cases of high-grade dysplasia in which low-
grade dysplasia or nondysplastic mucosa contained
CG-positive cells (Fig. 3).

In 13 cases with CG-negative Barrett’s mucosa,
only one associated adenocarcinoma (7.7%) con-
tained CG-positive tumor cells. In 21 cases with
CG-positive Barrett’s mucosa, 7 (33.3%) adenocar-
cinomas contained CG-positive cells; in other
words, CG expression was lost in two thirds of in-
vasive tumors arising in the setting of BE containing

CG-positive cells. In 15 of 27 (55.6%) cases with
CG-negative tumors and associated BE, the Bar-
rett’s mucosa contained CG-positive cells. The ma-
jority of the CG-positive adenocarcinomas (7 of 11
cases [63.6%]) were associated with Barrett’s mu-
cosa in the resection or biopsy specimen.

Esophageal Adenocarcinoma
Twelve of 58 cases of esophageal adenocarci-

noma expressed CG (Table 2), with CG-positive
cells scattered throughout the tumors. Nine tumors
were scored as 11 and three as 21. Most CG-
positive tumor cells were located at the periphery of
neoplastic glands, away from the luminal surface.
Expression of CG was not related to tumor grade.
One of two cases of small cell carcinomas was
weakly CG positive. All growth patterns were seen
in the CG-positive cases, although the large gland
pattern (Fig. 4), morphologically similar to colonic
adenocarcinoma, was most common (five cases). In
four cases, the predominant growth pattern was
small to medium glands, and in four other cases,
solid nests and single cells. The only tumor with 31
staining, not included in the total number of CG-
positive cases, was an unusual microscopic carci-

FIGURE 1. A, scattered chromogranin-positive cells, most numerous at the base of crypts, are present in Barrett’s epithelium in this case. B, the
chromogranin-positive cells in Barrett’s mucosa are basally located, with abluminal positive staining, similar to the usual location of neuroendocrine
cells in normal intestinal mucosa.
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noid tumor (Fig. 5) arising in Barrett’s mucosa in a
resected esophagus with a poorly differentiated ad-
enocarcinoma. This small carcinoid was separate
from the main tumor, which was CG negative. The
carcinoid was well differentiated and similar in
morphology to small carcinoids arising in the stom-
ach, and arose in an area of Barrett’s mucosa con-
taining numerous neuroendocrine cells. The carci-
noid infiltrated the muscularis mucosae and
involved the esophageal submucosa but did not
extend into the muscularis propria.

Of the 14 cases with lymph node metastases, 5
had CG-positive primary tumors; CG staining was
retained in the lymph node metastases in 2 of these
cases (Fig. 4).

Paired biopsy specimens and resection speci-
mens with residual adenocarcinoma were available
for six patients, all of whom had received preoper-
ative radiation and chemotherapy. For five of six
patients, no CG-positive cells were seen in either
specimen; one patient had CG-positive cells only in
the resection. When the 43 resection specimens
were separated by preoperative therapy, a similar
percentage of specimens from patients who had
received preoperative chemoradiation and those

who had not received preoperative therapy showed
11 and 21 positivity for CG (Table 3).

Although tumors with scattered CG-positive cells
were more likely to be Stage III at resection (Table
2), this finding was not statistically significant and
thus the presence of CG-positive tumor cells was
not significantly related to tumor stage. When the
tumors were examined using Kaplan-Meier esti-
mates, the presence of CG-positive tumor cells was
not significantly related to patient survival.

Clinical Features
Forty-nine of the patients were male, and 3

were female. Mean age was 62 years (median,
62.5 years; range, 37 to 92 years). All tumors ex-
amined arose in the distal esophagus. Seven tu-
mors were classified as Stage I, 12 as Stage IIA, 7
as Stage IIB, 13 as Stage III, and 11 as Stage IV.
Staging information was not available for two
patients who had been treated with preoperative
radiation and chemotherapy but who did not un-
dergo surgery. One patient whose biopsy was in-
cluded in the study had a complete pathologic
response to preoperative chemoradiation (Stage
0). Neither of the two patients with small cell
neuroendocrine carcinoma received preoperative

FIGURE 2. In this example of Barrett’s esophagus with high-grade
dysplasia, chromogranin-positive cells are more numerous than in
nondysplastic mucosa, are present in clusters, and occur high up the
crypt axis.

FIGURE 3. Nondysplastic Barrett’s mucosa in this case contains
scattered chromogranin-positive cells; adjacent dysplasia is negative.

478 Modern Pathology



chemoradiation; both patients were classified as
having Stage III disease, and survival after surgery
was 4 and 9 months.

DISCUSSION

A subset of GI adenocarcinomas and poorly dif-
ferentiated carcinomas express CG, indicative of
differentiation along neuroendocrine lines, and it
seems that the significance of this neuroendocrine

differentiation in GI tumors is pattern and site de-
pendent. For instance, poorly differentiated carci-
nomas of the colon with diffuse neuroendocrine
differentiation exhibit highly aggressive behavior
analogous to that of small cell carcinoma of the
lung, with widespread metastases at the time of
diagnosis (13). In contrast, in gastric carcinomas,
neuroendocrine differentiation may have a slightly
better prognosis compared with typical gastric ad-
enocarcinoma (6). Carcinomas that display diffuse
neuroendocrine differentiation are relatively rare,
however, compared with otherwise typical adeno-
carcinomas that contain scattered tumor cells
showing neuroendocrine differentiation. Such ade-
nocarcinomas of the colon have been the subject of
several relatively large studies (1–5). Most of these
studies found that the presence of these scattered
tumor neuroendocrine cells had no detectable in-
fluence on stage or prognosis and no association
with tumor grade (2– 4). In other studies, the effect
was of marginal statistical significance (1, 5), indi-
cating that any effect of this pattern of neuroendo-
crine differentiation on clinical outcome is likely to
be small at best. Although de Bruine and colleagues
(5) suggested that patients who have Stage III car-

TABLE 2. Expression of Chromogranin in Esophageal Adenocarcinoma

Cases (n; %) Tumor Grade (n; %) Stage (n; %)
Survival

(mo)

CG positive (12/58; 20.7) Well (0/12; 0) I (1/12; 8.3) 23.1 (mean)
Moderate (5/12; 41.7) IIA (2/12; 16.7) 9 (median)
Poor (7/12; 58.3) IIB (3/12; 25.0)

III (5/12; 41.7)
IV (1/12; 8.3)

CG negative (46/58; 79.3) Well (4/46; 8.7) I (6/38;a 15.8) 19.6 (mean)
Moderate (17/46; 37.0) IIA (10/38; 26.3) 13 (median)
Poor (25/46; 54.3) IIB (4/38; 10.5)

III (8/38; 21.1)
IV (10/38; 26.3)

CG, chromogranin.
a 38 refers to number of patients, not cases. Staging information was not available for two patients; one patient whose biopsy was CG negative had

no residual invasive carcinoma in the resection specimen (Stage 0).

FIGURE 4. In the gland-forming adenocarcinomas that were
chromogranin-positive, the positive tumor cells displayed abluminal
staining. In this case, metastatic carcinoma in a lymph node (shown)
and the primary tumor both contained chromogranin-positive cells.

FIGURE 5. This incidental microscopic carcinoid tumor arising in
Barrett’s esophagus is strongly positive for chromogranin. A poorly
differentiated adenocarcinoma elsewhere in the specimen was negative
for chromogranin.
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cinomas that contain numerous neuroendocrine
cells might have a worse outcome, Foley et al. (4)
reported that CG positivity did not correlate with
disease-free or overall survival in 48 patients who
had Stage III cancer. Although it is possible that a
small subset of patients who have colonic adeno-
carcinoma that contains numerous neuroendo-
crine cells (defined as .11 cell per square millime-
ter) may have a poorer prognosis, these patients are
relatively uncommon and no significant conclu-
sions can be drawn from the published data. In our
study of esophageal adenocarcinomas, scattered
CG-positive cells were relatively common, occur-
ring in approximately 22% of cases, similar to the
reported frequency in adenocarcinoma of the colon
(3, 5). Similarly, in our study of esophageal adeno-
carcinomas, expression of CG was not related to
tumor grade or stage, and the presence of CG-
positive cells had no significant effect on patient
survival.

In normal gastric and intestinal mucosa, CG-
positive endocrine cells are located relatively deep
in the mucosal crypts or glands, adjacent to the
basement membrane. In esophageal adenocarcino-
mas, scattered CG-positive tumor cells generally
were located at the periphery of neoplastic glands,
away from luminal surfaces, in a position analogous
to the basal location of CG-positive cells in non-
neoplastic mucosa. This basal location was most
evident in cases in which the adenocarcinoma re-
sembled colonic or intestinal adenocarcinoma.

CG-positive cells were common in Barrett’s mu-
cosa and were located in the lower portion of the
crypt, in a position analogous to neuroendocrine
cells in normal GI mucosa. Neuroendocrine cells
were most often found in low-grade dysplasia,
where they were often particularly numerous, in a
pattern similar to that seen in neuroendocrine cell
hyperplasia in the stomach. In dysplastic Barrett’s
mucosa, the CG-positive cells often extended
higher up the crypt axis than in nondysplastic mu-
cosa. However, the presence or absence of neu-
roendocrine cells and their pattern of distribution
cannot be used as a diagnostic criterion for dyspla-
sia in BE, as CG-positive cells were present in non-
dysplastic and dysplastic mucosa. CG expression
was less commonly present in higher grades of dys-
plasia and was lost in invasive adenocarcinoma in

two thirds of cases. It was distinctly uncommon for
an invasive adenocarcinoma to acquire neuroendo-
crine differentiation if the associated Barrett’s mu-
cosa did not contain neuroendocrine cells and was
common for neuroendocrine differentiation to be
lost in invasive adenocarcinoma. Most CG-positive
esophageal adenocarcinomas arose in the setting of
BE.

Some cases of esophageal adenocarcinoma re-
spond dramatically to neoadjuvant radiation and
chemotherapy, with no histologic evidence of via-
ble tumor cells in the resected esophageal speci-
men (14). The tumor staging in this study was based
on histologic evidence of tumor involvement and
not on pretreatment clinical and radiologic staging
data. Although some lymph nodes sampled con-
tained areas of scar or xanthogranulomatous in-
flammation and may represent lymph nodes previ-
ously involved by metastatic carcinoma, these
changes may also be due to previous infection or
other causes of reactive lymphadenopathy, and
those lymph nodes were considered negative. The
effect that radiation and chemotherapy may have
on CG expression in GI carcinomas is not known,
and because of the limited numbers of paired
biopsy-resection specimens, we are unable to draw
any related conclusions from this study. However,
comparison of resection specimens from patients
who received no preoperative therapy and those
who received preoperative chemoradiation showed
no statistically significant difference in the preva-
lence of CG-positive tumor cells, providing indirect
evidence that the presence of cells showing neu-
roendocrine differentiation in these tumors is af-
fected only slightly, if at all, by treatment.

In summary, neuroendocrine cells are common
in BE; the observed frequency with staining for CG
(61.8%) in this study is similar to that reported for
argyrophil staining (65 to 90%) (7, 8). Neuroendo-
crine differentiation is usually lost in the associated
invasive adenocarcinoma, although scattered neu-
roendocrine tumor cells were found in low num-
bers in 20% of cases. The presence of scattered
neuroendocrine cells had no discernible effect on
patient outcome, although examination of CG ex-
pression in a larger series of cases is desirable to
confirm this observation.

TABLE 3. Expression of Chromogranin in Esophageal Resection Specimens

Chromogranin
Positivity in Tumor

No Preoperative
Treatment

(n; %)

Preoperative
Chemoradiation

(n; %)

Preoperative
Radiation

(n; %)

Preoperative
Thermal Ablation

0 (11/13; 84.6)a (20/26; 76.9) (2/3; 66.7) 1/1
11 (1/13; 7.7) (4/26; 15.4) (1/3; 33.3) 0
21 (1/13; 7.7) (2/26; 7.7) (0; 0) 0

a One resection specimen contained adenocarcinoma (negative for chromogranin expression) and a microcarcinoid (31 chromogranin expression).
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Book Review

Laskaris G: Color Atlas of Oral Disease in Chil-
dren and Adolescents, New York, Thieme,
352 pp, 1999 ($129).

The strength of this text is the large number of
excellent color images of oral and cutaneous dis-
eases. There are 495 illustrations, most in color
and of superb quality. Some are accompanied by
pertinent radiographs, as well as photomicro-
graphs. Unfortunately, for the surgical patholo-
gist, the photomicrographs number fewer than
30 and are not of the same quality as the clinical
photographs. In addition, many of the photomi-
crographs show only the classic features seen in
all pathology texts and would be of limited value
in making a diagnosis in controversial cases. A
few classic immunofluorescence images of mu-
cosal diseases are also included, but one is in-
correctly labeled. Some diseases have accompa-
nying written histopathologic descriptions, but
these are very general and would be of limited
value in difficult histopathologic diagnoses. Of
the same general quality are short descriptions of
etiology, clinical features, treatment, and differ-
ential diagnoses.

Topics in the atlas include developmental
and reactive lesions, infections, systemic dis-
eases, mucocutaneous diseases, and both benign
and malignant tumors. It is curious that for an
atlas of oral diseases, only a few odontogenic
cysts and no odontogenic tumors are included. A
comprehensive and current bibliography is in-
cluded but is referenced only to chapters and not
to specific diseases. This makes it difficult for the
reader to find key references for the disease in
question.

I do not recommend this atlas for surgical
pathologists; however, I highly recommend the
excellent clinical photographs of both common
and rare diseases for dermatologists, otolaryn-
gologists, pediatricians, and family practice phy-
sicians as well as for all those in dentistry who
see pediatric patients. These images alone are
worth the price of this text.

Bruce F. Barker
University of Missouri–Kansas City
School of Dentistry
Kansas City, Missouri
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