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Background: The gastroenteropancreatic neuroendocrine tumors (GEPNET) have a characteristic
histologic appearance unrelated of the exact site of origin. However the behavior of these tumors are
different in each of these sites. In this article we study the clinicopathological features of GEPNET. These
tumors were classified and graded according to WHO 2010 criteria. The immunohistochemical (IHC)
features were evaluated and the grade of the tumor was correlated with Ki67.

Methods: A total of 40 cases of GEPNET diagnosed on biopsies as well as resected specimens were
analyzed from January 2012 to June 2015.

Results: There were 28 resected specimens and 12 biopsies. Majority of the gastric neuroendocrine tumors
(NET) showed classic morphology of cells arranged in islands. There were 3 cases each of grade 1 and grade
2 and one was diagnosed as mixed adenoneuroendocrine carcinoma (MANEC). All the duodenal NET were
well differentiated (grade 1). There were 8 cases in colon and rectum, of which 4 cases were grade 3 and
3 cases were grade 2. Majority of the pancreatic tumors were grade 1. The mean mitotic count along with
ki67 had good correlation in NET of stomach, duodenum colon and rectum.

Conclusions: The most common site was small intestine followed by pancreas. Majority of the tumors
were NET G1. Tumors from colorectal region were mostly NEC G3. There was a strong correlation by
spearman correlation analysis between Ki67 and mitotic count and moderate correlation between ki67 and

tumor grade as well as mitotic rate and tumor grade. Ki67 was helpful in grading these tumors.

Keywords: Neuroendocrine tumors (NET); grade; Ki67

Submitted Aug 31, 2016. Accepted for publication Oct 27, 2016.
doi: 10.21037/jg0.2016.12.08
View this article at: http://dx.doi.org/10.21037/jg0.2016.12.08

Introduction with variety of clinical symptoms. They can be functional

. . or nonfunctional. All the NET have malignant potential
Neuroendocrine tumors (NET) of the gastroenteropancreatic & P

(GEP) system are epithelial neoplasm with predominantly and the malignant potential further depends on tumor

neuroendocrine differentiation and originate from diffuse site, degree of differentiation and extension of the tumor.

endocrine system located in the gastrointestinal (GI) tract GEP tumors are heterogeneous tumors and it is difficult to

and in the pancreas (1). It represents 2% of all GI tumors.
This is a heterogeneous group of tumors which present
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predict their behavior and prognosis. It has been seen that

incidence of NETs are steadily increasing. It is important
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Table 1 Clinical features of neuroendocrine tumors (NET)

Symptom Number of cases Percentage (%)
Pain abdomen 15 37.5
Gl bleeding 2 5.0
vomiting 7 17.5
jaundice 7 17.5
Loss of weight 13 32.5
Loss of appetite 11 27.5

Gl, gastrointestinal.

to publish the clinical and pathologic details of these
tumors to better understand the variations with respect to
location, grading and behavior. However there are very
few dedicated studies on the occurrence and grading of
these tumors. Their behavior is better in comparison to
GI conventional adenocarcinomas (2). In the present study
we have tried to compile the clinicopathological profile of
the NETs which were diagnosed on biopsy or resection
according to WHO 2010 criteria (3). We have analyzed the
immunohistochemical (IHC) features along with Ki67 index
and also tried to correlate the grade of the tumor with Ki67
labeling index.

Methods

All the cases of gastroenteropancreatic neuroendocrine
tumors (GEPNET) diagnosed at Department of Pathology,
Nizam’s Institute of Medical Sciences from January 2012
to June 2015 were analyzed. The demographic data and
clinical details were retrieved from the medical records.
The location, size, color and consistency of the tumors
were examined in all the resected specimens on gross
examination. The hematoxylin and eosin (H & E) stained
sections were reviewed and histomorphological features
including the cellular arrangement and cell morphology
pertaining to the various sites were analyzed in all the cases.
The diagnosis of neuroendocrine tumor was made on both
biopsies as well as resected specimens. The classification
and grading of these tumors were done according to WHO
2010 classification (3). IHC was done with chromogranin,
synaptophysin and pancytokeratin in 40, 24 and 13 cases
respectively. Ki67 was done in all cases. All the primary
antibodies (chromogranin, synaptophysin, pancytokeratin
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and Ki67) were ready to use, mouse monoclonal antibodies
supplied by Bio Genex, CA. IHC were performed on fully
automated immunostainer (i6000; Bio Genex) by using poly
horse radish peroxide (HRP) technique.

Statistical analysis

Socio demographic data features and characteristics of
tumors were expressed as number, percentage and mean
value. Spearman correlation analysis was used to assess the
correlation between mitotic count and Ki67, tumor grade
and mitotic count as well as tumor grade and Ki67.

Results

There were 40 cases of NE'T diagnosed in the study period
which included 22 male and 18 female patients in the age
range of 24 to 80 years (mean: 60.1 years) Majority of them
(33 cases, 82.5%) were >40 years of age. The diagnosis
was made on endoscopic biopsies in 12 cases and resected
surgical specimens were available in 28 patients. Biopsy
diagnosis was mostly made in NETs of GI tract whereas all
the pancreatic and periampullary lesions were diagnosed on
resected specimens.

Clinical features

All the cases were non-functional and most common
presentation was abdominal pain, loss of weight and loss
of appetite. The pancreatic and periampullary lesions
presented with obstructive jaundice for which Whipple’s
resection was done. None of the cases presented with
carcinoid syndrome or symptoms related to hormonal
secretion. All were sporadic cases of NET and syndromic
association with MEN was not identified. The clinical
features are summarized in 7able 1.

Location

GI NETs were identified in 29 patients whereas 11 were
pancreatic NETs. In GIT, the commonest location was
duodenum and periampullary region (n=9, 22.5%) followed
by stomach (7 cases, 17.5%) rectum (6 cases, 15%) ileum
(4 cases, 10%) and colon (2 cases, 5%). Only a single
case of jejunal NET was identified. Out of the 11 cases
of pancreatic NET, 7 were arising from head of pancreas,
2 from the body of pancreas and 2 from tail of the pancreas.
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Figure 1 Gross photograph of (A) well circumscribed nodule in pyloric antrum; (B) a case of ulcerative colitis with growth in the descending

colon showing features of adenocarcinoma. The adjacent colon had multiple mucosal elevations with features of well differentiated

neuroendocrine tumors, multiple micro carcinoids; (C) Whipples resection specimen presenting as multiple polyps [44] in small intestine

in a case of well differentiated neuroendocrine tumor; (D) gross photograph of a well circumscribed mass in a case of pancreatic well

differentiated NET; (E,F) mass in the uncinated process of pancreas.

The gross photographs of the excised specimens are
depicted in Figure 1.

Histopathology

The most frequent pattern of cellular arrangement was that
of islands and lobules (23 cases, 57.5%).The cells showed
characteristic monomorphic nuclei with stippled chromatin
and granular eosinophilic cytoplasm. Trabeculae and sheets
were identified infrequently (9 cases, 22.5% and 5 cases,
12.5% respectively) whereas true gland formation was the
least frequent pattern (3 cases, 7.5%). Majority of cases
from small intestine and pancreas had shown islands as
predominant histologic pattern (7 cases, 17.5% and 6 cases,
15% respectively). Trabecular pattern was observed mostly
in pancreas and rectum (4 cases, 10% and 3 cases, 7.5%).
Glandular pattern was observed only in duodenum (3 cases,
7.5%).The histomorphological features of tumors in the
resected specimens are summarized in Table 2. IHC with
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chromogranin was positive in 38 out of 40 cases (95%) and
synaptophysin in 20 out of 24 cases (83.3%). NSE was done
in four cases and all were positive whereas pancytokeratin
was done in 13 cases of which 11 were positive.

Grading of the NETs

The grading according to the WHO criteria included 14 cases
of grade 1, 9 cases of grade 2 and 5 cases of grade 3 tumors.
The grading varied according to the location as summarized
in Table 3. All the duodenal tumors were grade 1 (Figure 2)
whereas 50% of colorectal tumors were grade 3 (Figure 3).
The mean mitotic count and ki67 was in concordance with
the grading of the tumors at various sites. The grading
as well as the mean mitotic count and mean Ki67 are
summarized in Table 3. There was a single case of gastric
mixed adenoneuroendocrine carcinoma (MANEC). The
adenocarcinoma was signet ring cell type whereas the NET
was G2 (Figure 4).
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Table 2 Histomorphology of the resected cases

Uppin et al. Clinicopathological study of neuroendocrine tumors

Parameters Duodenum Ampulla lleum Jejunum  Stomach Colon Rectum Pancreas
Total cases, n=28 2 2 2 1 6 2 2 1
Mean tumor size (cm) 5 2.5 1.8 3 3 2.8 2.3 3.5
Histopathology pattern Islands, nests, Islands, nests  Island, Nests, Nests  Solid nests Nests, Solid nests
glandular cords nests sheets trabeculae trabeculae
Mean mitotic count (/10 hpf) 1 2 2 2 7 50 11 3.3
Mean Ki67 1 10.5 1 7 7 24.5 8 3.6
Chromogranin 2/2 2/2 2/2 11 6/6 2/2 6/6 10/11
Synaptophysin 2/2 0/1 11 0/1 4/4 11 2/2 6/6
CK - - 11 11 3/4 11 1/2 2/2
NSE - - - - 2/2 - 11 11
Extent of invasion Subserosa Muscularis  subserosa Muscularis subserosa subserosa Perirectal Duodenal
propria propria adipose tissue wall
Perineural invasion 1 1 1 - 1 1 1 2
Lymphovascular invasion 1 0 2 - 4 2 - 2

Table 3 Grading, mean mitotic count and mean Ki67 of the gastrointestinal (GI) NETs

Location NET G1, n (%) NET G2, n (%) NET G3,n (%) MANEC (%) Mean mitotic count(/10 hpf)  Mean Ki67 (%)
Stomach 3 (42.85) 3 (42.85) - 1(14.28) 7 7.0
Duodenum 7 (100.00) - - - 1 1.0
Ampulla 1(50.00) 1(50.00) - - 2 10.5
lleum 2 (50.00) 1(25.00) 1(25.0) - 6 16.0
Jejunum - 1 (100.00) - - 2 7.0
Colon and rectum 1 (12.50) 3 (37.50) 4 (50.0) - 40 30.0
Spearman’s correlation analysis Discussion

Spearman’s correlation coefficient is a statistical measure
of the strength of a monotonic relationship between paired
data. It is denoted by r* and is by -1< 1’ <1.

The variables mitotic count and Ki67 show very strong
correlation using spearman correlation analysis with r° value
of 0.88 (Figure 5). Whereas spearman correlation analysis
with tumor grade and Ki67 show moderate correlation with
r’ value of 0.524 (Figure 6). Similarly correlation coefficient
between mitotic count and tumor grade was 0.51 indicating
moderate correlation between the two variables (Figure 7).

© Journal of Gastrointestinal Oncology. All rights reserved.

The nomenclature and classification of NET has undergone
significant change in last few years. The GEPNETS are rare
tumors accounting for 2.5 to 5 cases per 100, 000 (4). The
incidence of these tumors is on rise especially the gastric
and the rectal tumors. However there are very few concise
reports which give the entire spectrum and prevalence of
these tumors in the GI tract and pancreas. In this study we
attempt to put forward our experience of NET of GEP tract.

The increasing use of endoscopic study and rising trend
of performing endoscopic biopsies from suspicious foci
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Figure 2 Duodenal grade 2 neuroendocrine tumor. (A) Lesion in the submucosa of the duodenum [hematoxylin and eosin (H & E) x40]; (B)
cells are arranged in island and lobules (H & E x100); (C) cells have stippled nuclear chromatin (H & E x400); (D,E) immunohistochemical
(IHC) positivity for chromogranin and synaptophysin (IHC chromogranin and synaptophysin x400); (F) Ki67 labeling index -1% (IHC
Ki67 x40).

Figure 3 Neuroendocrine tumor grade 3. (A) Cells arranged in sheets [hematoxylin and eosin (H & E) x100]; (B) Ki67 labelling index -30%
(THC Ki67 x100).
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Figure 4 Histopathology and immunohistochemical IHC) of mixed adenoneuroendocrine carcinoma. (A-C) Mixed adenoneuroendocrine

carcinoma (MANEC) of stomach [hematoxylin and eosin (H & E) x40 (A) and x100 (B,C)]; (D) adenocarcinoma component show signet

ring cell morphology (H & E x100). Intracytoplasmic mucin is highlighted in the inset (Alcian PAS stain x400); (E) cytokeratin positivity

in adenocarcinoma component (IHC cytokeratin x400); (F,G) neuroendocrine component showing positivity for chromogranin and
synaptophysin (IHC chromogranin x100 and synaptophysin x400); (F) high Ki67 labeling index in both the components (IHC Ki67 x40).
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Figure 5 Correlation between Ki67 and mitotic count.

with easy availability of IHC stains perhaps have useful
in documenting more and more number of GI NETs.
In the present study surgical resection was performed in
28 patients and 8 of these were diagnosed on biopsies.
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Figure 6 Spearman correlation analysis between Ki67 and tumor grade.

Similar to our study, Maggard et /. and Modlin et al.
observed that the average age for NETs at diagnosis were
60.9 and 61.4 years respectively (5,6).

All the cases diagnosed in the present study were
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Figure 7 Correlation between mitotic count and tumor grade.

sporadic and we did not identify any case in association with
MEN syndrome which is a common syndromic association
of these tumors. All the patients presented with nonspecific
symptoms of abdominal pain and vomiting. Similar findings
have been noted by Amarapurkar ez a/. who reported 74 cases
of NETs of GIT-pancreas (2). Earlier ileum and appendix
have been reported as the most common sites for NET (7).
However in the present study the GI tumors were more
frequently encountered in comparison to pancreatic
NETs with commonest location being duodenum and
periampullary region. Similar findings were also noted by
Maggard er al. small intestine was the most common site
accounting for 44.7% (5). This is in contrast to the study by
Amarapurkar et 4/. where stomach (30.2%) was found to be
the most common site followed by pancreas (23.3%) (2).

The gastric carcinoids are divided into three types and
the most frequent subtype is type I arising in the fundus
or body and these are associated with chronic atrophic
gastritis. In our study most of the gastric carcinoids were
type II (78.5%) followed by type I (28.5%). The third type
of gastric NET comprises of sporadic tumors and do not
show any evidence of atrophy or hyperplasia. These tumors
unlike the other two subtypes are more often large with a
higher grade, and have a worse prognosis (8).

The duodenal carcinoids are indolent tumors and natural
history of these tumors is not well established. They are usually
smaller than 2 cm and identified on endoscopic evaluation.
Five of the 7 duodenal NETs were identified on endoscopic
biopsies. The mean age (63.5 vs. 57 years), mean mitotic count
(1/10 HPF), Ki67 (1%) and grade of the tumor (NET G1)
were comparable with the study done by Ishido et al. (9).
The clinical course of the ampullary NETS are different from
duodenal NETs, as they have a more aggressive phenotype,
with generally higher-grade tumor (10).

© Journal of Gastrointestinal Oncology. All rights reserved.
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There was a single case of small bowel carcinoid
presenting with 44 polyps in the duodenum. Multiplicity in
small intestinal carcinoids is reported in 20-30% cases and
the significance of multiplicity is not well established. These
patients are seen to be younger and have more propensities
for carcinoid syndrome. However in our study the patient
was 68 years old and presented with obstructive symptoms
for which Whipple’s resection was performed. These tumors
are generally associated with synchronous adenocarcinomas
and to have poor prognosis as compared to solitary tumors.
Another case of total proctocolectomy specimen had
adenocarcinoma and multiple carcinoids (grade 1) in the
background of ulcerative colitis. MANECs of the upper GI
tract are rare, and in the small intestine these tumors are most
commonly located in the ampullary region. These constitute
a morphologically distinct population (30%) of mucin-
producing adenocarcinoma or rarely squamous cell carcinoma,
intimately admixed intermixed or adjacent to a neuroendocrine
component. The neuroendocrine component is generally
low grade and is rarely high grade (11). MANECs should be
considered as carcinomas. Grassia et 4/. almost reported two
similar cases in colorectal region with ki67 50% and 90% and
thus were labelled as grade 3 tumors (12).

Colorectal carcinoids account for 4-8% of the GIT
NETs. The incidence was slightly higher in our study
(8 cases, 27.5%) These are regarded as “low-grade malignant”,
even in the presence of metastasis. Furthermore, the WHO
classification defines colorectal carcinoids as “benign” if the
tumors are localized in the sub mucosa, measuring 20 mm or
less and lack vascular invasion (3).

NET exhibit varied morphologic patterns. However
the well differentiated NETs show characteristic cellular
arrangement in the form of islands and lobules. The
neuroendocrine nature of cells can be identified by
stippled nuclear chromatin and granular cytoplasm. Poorly
differentiated tumors however require help of IHC for
the diagnosis (7). According to Joseph ez 4l. and Simpson
et al. NSE is diffusely expressed in the cytoplasm of all the
GEPNETs (13,14). In our study NSE was done in four
cases and was positive in all the cases.

A comparative analysis of the pancreatic NETs is
summarized in Table 4. Grading of the NETs is a very
important issue and one of the most important prognostic
parameters. The proliferative rate provides significant
prognostic information for NETs (7). Use of mitotic count
for exact grading is problematic since it shows subjective
variations. Moreover in biopsy exact mitosis cannot be
documented because of limited tissue. The proliferation
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Table 4 Comparison of pancreatic neuroendocrine tumors

Parameters Goodell et al. (15) Nadler et al. (16) Present study

Age 59.4 [28-79] 52 46.77 [24-62]
Male:female 1.04:1 1:11 1:1.2
Grading
Grade 1 13 (28.89%) 18 (47%) 9 (81.81%)
Grade 2 26 (57.77%) 16 (42%) 2(18.18%)
Grade 3 6 (13.33%) 3 (8%) -

markers like Ki67 index have thus emerged as an important
basis for grading. The proliferation rates are reported as
percentage positivity after assessing the positive nuclei in
100 cells. This has been shown to have good interpersonal
and inter institutional reproducibility in a study by Nadler
et al. (16).

Yamaguchi ez al. reported metastatic deposits in 7 out of
the 45 cases whereas in our study 3 out of 40 cases showed
metastasis to distant lymph nodes and one case to liver (17).
We found that majority of the tumors were grade 1 (G1).
However the grading varied as per the location of the
tumor. The colorectal tumors were found to be more poorly
differentiated (G3) in comparison to the tumors at other
locations in GI'T and pancreas. The same has been reported in
literature. In general, the well-differentiated NE'T$ are much
more common than the poorly differentiated counterparts.
However, at certain locations such as the esophagus or
colon the poorly differentiated NETs were more frequently
encountered. Estrozi B noted stomach followed by small
intestine and pancreas as common sites with majority being
G1 tumors (18). In the present study majority of tumors in
pancreas were grade 1 (81.81%) and the rest grade 2 (18.18%).
Goodell et al. found that 57.77% of the cases belonging
to grade 2 followed by G1 and G3. There was a strong
correlation between mitotic count and ki67 labelling index (15).
In a study done by Kimiloglu Sahan et 4/ on 21 cases of
GEPNET showed a significant correlation with spearman
correlation analysis with r=0.684 whereas our study has shown
a moderate correlation with r=0.524 (19).

Apart from grading and location, staging of the primary
tumor is an important prognostic parameter in NETs.
These tumors also are staged according to the TNM staging
system. Of the 28, resected specimens, it was found that
39% were already stage T'3 with infiltration into subserosa.
The localized disease was found in 43% of tumors and
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57% had regional lymph node metastasis. However distant
metastasis was seen in only one case. The stage of the
tumor and the location did not show any correlation. The
tumors with metastasis are referred to as neuroendocrine
carcinomas irrespective of the grade of the tumor. Levi er al.
in their report have used the basis of local infiltration and/or
existence of metastasis to classify benign and malignant
NETs (20). But the concept of “benign” NET is not
followed anymore and all NETs are treated as potentially
malignant tumors. A single case of MANEC of stomach
was identified. According to 2010 WHO classification
system the tumors that show an additional non-endocrine
component (usually adenocarcinoma) comprising of at least
30% of all tumor cells are called as MANEC (3). Literature
describes very early reports of tumors showing mixed
adenocarcinoma component with focal neuroendocrine
features. However these tumors were previously sub
classified as collision tumors, combined tumors, and
exocrine tumors. Both the components of the tumor show
features of malignancy. These are very rare tumors and
the adenocarcinoma component can show features of
any morphologic type. In gastric MANEC; however the
adenocarcinoma component is frequently signet ring cell
type similar to that seen in our patient. The prognosis
depends on the stage and metastasis. The present tumor
was a T3 tumor with extensive perineural and perivascular
invasion with lymph node metastasis. Park er a/. evaluated
presence of perineural invasion and lymphovascular emboli
as one of the prognostic variables (21).

Conclusions

The small intestines followed by pancreas were found to be
the most common sites of NET of GI tract and pancreas.
Majority of the tumors are NET G1 and were classified
based on WHO classification. Tumors from colorectal
region were mostly NEC G3. This study had a significant
correlation with respect to Ki67 LI and the mitotic count
and moderate correlation with respect to Ki67 and tumor
grade. Thus Ki67 was helpful in grading these tumors and
elucidation of these features will facilitate early diagnosis
and improve the accuracy of grading of tumors to predict
the therapy and outcome of the disease.
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