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Abstract

BACKGROUND: Neuroendocrine neoplasm (NEN) is an epithelial cell neoplasm that can give a histopathological
appearance resembling high-grade colorectal adenocarcinoma. Immunohistochemical assays with specific
neuroendocrine markers of chromogranin A and synaptophysin are required to establish a definite diagnosis of NEN.

AIM: This study aimed to determine whether there was an expression of chromogranin A, synaptophysin and Ki67
which indicated the presence of neuroendocrine neoplasms in samples that have been diagnosed as high-grade
colorectal adenocarcinoma.

MATERIALS AND METHODS: A study of the expression of chromogranin A, synaptophysin and Ki67 in paraffin
blocks was carried out as a result of biopsy and tissue surgery of 70 samples of colorectal tumor specimens
diagnosed with colorectal adenocarcinoma. Descriptive analyses were used to assess the study results of the
amount of chromogranin A, synaptophysin, and sample characteristics.

RESULTS: We discovered that eight (8) samples (11.4%) were NEN from 70 previously diagnosed samples as
high-grade colorectal adenocarcinoma using immunohistochemical assay with neuroendocrine markers, namely
chromogranin A and synaptophysin.

CONCLUSION: The final diagnosis obtained from 8 samples diagnosed as NEN were Neuroendocrine tumor (NET)
G1, G2, and G3, respectively 1.4% and LCNEC 7.1% based on the specific neuroendocrine markers of chromogranin

A, synaptophysin and Ki67.

under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (CC BY-NC 4.0)

Introduction

Colorectal cancer is one of the most common
cancers globally and one of the top three leading causes
of cancer-related death in many Asian countries [1].
Neuroendocrine neoplasm (NEN) is a type of colorectal
cancer found in the gastrointestinal tract and consists of
cell proliferation thathas characteristics like nerve cells but
produces amine and/or peptide hormone products and
is functional or non-functional [2], [3], [4]. The incidence
of rectal and colonic NEN in the US is 1.2 and 0.2 new
cases per 100,000 person-years, respectively [5].

More than 90% of colorectal carcinomas
are adenocarcinomas which is one of the differential
diagnoses for NEN [6]. Several high-grade colorectal
adenocarcinomas showed neuroendocrine  cell
differentiation in various tumor parts [7]. There were also
some cases of Large Cell Neuroendocrine Carcinoma
(LCNEC), which were difficult to distinguish from high-
grade adenocarcinoma with a solid growth pattern.
It is challenging to diagnose neuroendocrine cell
differentiation or to differentiate LCNEC from high-grade

colorectal adenocarcinoma routinely with Hematoxylin-
Eosin (HE) staining, so special staining is required [8].

The immunohistochemical examination is
essential for establishing a definite diagnosis of NEN,
prognostic assessment, and therapy [9]. Currently,
various neuroendocrine markers have been widely used
toidentify neurosecretory granules found in the cytoplasm
of neuroendocrine tumor cells such as chromogranin
A, synaptophysin, neuron-specific enolase (NSE) and
Ki67 to determine tumor grade. Chromogranin A (CgA)
is an acidic glycoprotein that is exclusively expressed
on the secretory dense nuclear granules in normal
cells or neuroendocrine cell, and is the most specific
antibody detecting neuroendocrine cell differentiation
[10], [11]. Synaptophysin is an integral membrane
glycoprotein present in presynaptic neuronal vesicles
[10], which is a very effective tumor marker for identifying
neuroendocrine cells and has high sensitivity but lower
specificity compared to Chromogranin A antibodies [5].

The diagnosis of NEN requires a
comprehensive assessment between morphological
and cytomorphological assessment through HE staining
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and immunohistochemistry. Patients diagnosed with
NEN will be explicitly treated that is different from the
regimen for other gastrointestinal malignancies such as
adenocarcinoma [12]. Based on this, the researchers
intended to conduct a study on the expression of
chromogranin A and synaptophysin in detecting
neuroendocrine neoplasms in high-grade colorectal
adenocarcinoma. This research has never been done
in Makassar before.

Materials and Methods

This study was a descriptive study, in which 70
samples of high-grade colorectal adenocarcinoma were
collected from the Anatomical Pathology Laboratory,
Universitas Hasnuddin Hospital, Makassar, RSUP
DR. Wahidin Sudirohusodo, and Makassar Pathology
Diagnostic Center for the period of January 2015 to
December2019. Theywerediagnosed histopathologically
based on H&E stain. The collected samples that met the
inclusion criteria were paraffin block/slide originating from
colon and/or rectum tissue taken by biopsy or resection
and diagnosed histopathologically with an H&E stain as
high-grade colorectal adenocarcinoma then re-evaluated
by two pathologists and investigators for a definite
diagnosis of a high-grade colorectal adenocarcinoma
and assessed the growth pattern and cytomorphology of
the tumor cells. This research has been approved by the
Ethics Committee of the Faculty of Medicine, Universitas
Hasanuddin.

Examination of hematoxylin and eosin

HE staining method was modified from
standardized hematoxylin and eosin method for tissue
staining [13]. The collected paraffinized tissue blocks were
cut with a 4 ym thick microtome, put into a water bath,
and placed on a polysilane slide. The tissue slides were
deparaffinized with xylol for 5 minutes and rehydrated
with 95% and 70% alcohol. The next step was to rinse
the slides with tap water before soaked them in the
Hematoxylyn Mayer solution. The slides must be rinsed
again until the slides turn blue. The slides were gradually
immersed with 1% Eosin solution for 5 minutes, in 70%
and 95% alcohol for 2-5 minutes. Then, the slides were
soaked in carbol xylol and xylene solution for 2-5 minutes.
Finally, the slides were drained and covered with mounting
agents and cover glass.

Examination of IHC expression of
chromogranin A, synaptophysin and Ki67

Immunohistochemical staining (IHC) was
performed to observe and determine the expression of
chromograninA, synaptophysin and Ki67. ltwas evaluated
using paraffin blocks containing tumortissue that had been
cut and placed on glass slides. The tissue sections on

glass slides were deparaffinized with xylene and hydrated
in graded diluted alcohol. The immunohistochemical
assay was done by using the standard avidin-biotin-
peroxidase complex (ABC) method [14]. The unstained
slides were incubated with peroxidation-1 for 5 mins at
room temperature, followed by the ABC procedure. The
immunohistochemical assay used rabbit monoclonal
antibody chromogranin A (Medyasis, clone MD87R) with
1:50 dilution, synaptophysin (Medyasis, clone EP158,
RTU) and anti-Ki67 (Synthetic, clone Polyclonal, RTU).
The results of the immunohistochemical examination
were evaluated using a light microscope with a double-
blind method by two pathologists and researchers that
were judged positive if the cytoplasm of tumor cells
stains brown for chromogranin A and synaptophysin
staining and brown in the nucleus of tumor cells for Ki67
staining. They were reassessment of growth patterns and
cytomorphology of tumor cells.

Statistical analysis

From the results obtained, all data were
recorded and grouped based on the purpose and type of
data to be analyzed using univariate analysis. Univariate
analysis was performed to describe the characteristics
of the primary data in the form of IHC profile data of
chromogranin A, synaptophysin and Ki67.

Results

Samples characteristics

Afterthe use ofimmunohistochemistrytoassess
the expression of chromogranin A, synaptophysin, and
Ki67 to assess the neuroendocrine differentiation, sixty-
two samples (88.6%) were diagnosed with high-grade
colorectal adenocarcinoma, and 8 (11.4%) were NEN
from the total 70 samples.

Table 1 describes the clinical
associated with NENs.

Of the 8 patients diagnosed with NEN, 63%
were male and 37% were female. Regarding age
distribution, 63% were 50 years old and older and 37%
were younger than 50 years old. The most common
symptom (about 62.5%) was bloody stools. Other
symptoms include a lump in the stomach, intestinal
disorders, weight loss, abdominal pain, nausea,
vomiting, and pain in the anus - about 12.5% for each
symptom. Based on the tumor’s location, the majority of
neuroendocrine neoplasms were found in the rectum,
about 75% and only 25% were in the transverse colon
area. All of the tumor sizes were >2 cm in size, with
the largest size 10x8 cm and the smallest 3x2 cm.
The most common tumor growth patterns found were
glandular and undifferentiated patterns - about 37.5%
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Table 1: Clinical characteristics of the eight cases of IHC analysis of chromogranin A,

neuroendocrine neoplasms found in the study synaptophysin and Ki67
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Rectum
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Tumor Size (cm)
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Growth Pattern
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Figure  1:
immunohistochemically. (a) Negative (0 point), (b) Weak (1 point),
(c) Intermediate (2 point), (d) Strong staining (3 point) (Obj. x40)

Chromogranin A expression

for each pattern, then insular and trabecular patterns
- about 12.5% for each pattern. The most frequent
cytomorphological features were NEN with large cell
nuclei with 62.5%, followed by classical nuclei with
25.0%, and non-classical nuclei with 12.5%.

C

expression
immunohistochemically. (a) Negative (0 point), (b) Weak (1 point),
(c) Intermediate (2 point), (d) Strong staining (3 point) (Obj. x40)

Figure 2: Intensity of synaptophysin

was categorized in negative, weak, intermediate and
strong staining with 0-3 point. Meanwhile, Figures 3 and 4
show the positivity of chromogranin A and synaptophysin
expression in NEN. Figure 5 show the expression of Ki67
in a sample of neuroendocrine neoplasms. The growth
pattern and the cytomorphology of tumor cells in the
neuroendocrine neoplasm samples with Hematoxylin —
Eosin staining is shown in Figures 6 and 7.

The Ki67 proliferation index value is determined
by counting at least 500 cells in the regions of the highest
labeling (hot-spot) which are identified at scanning/
microscope magnification [5].

Figure 3: Expression of chromogranin A immunohistochemically
(Obj. x40) (a) Positive (b) Negative

(Obj. x40) (a) Positive (b) Negative

From the results of this study, all cases of
NEN showed positive expression for chromogranin A,
synaptophysin and Ki67. Six from eight (75%) of the
samples diagnosed with NEN were high-grade tumors
and the rest were low and intermediate tumors. The
grading of the tumors was based on the mitosis and
Ki67 criteria that were shown in Table 2. The high-grade
tumor also have higher mitotic activity (> 20) compared
to the low grade tumor (< 20). Table 3 shows the
classification and grading of neuroendocrine neoplasms
that associated with the sample characteristics.

Discussion

The data on the characteristics of the sample
showed that the incidence of NEN was most common
in males, especially in the diagnosis of LCNEC with a
median age of 51 years. This study is in accordance
with previous studies that the incidence of NEN in the
gastrointestinal tract is more common in males than
females [15]. NEN most often occurs at the age of
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Figure 5: Percentage of Ki67 expression immunohistochemistically (Obj. x40) (a) Ki67 <3% (b) Ki67 3—20% (c) Ki67 >20%. Arrow: Positively

stained

50 years which is also the most common in LCNEC
diagnoses; this is in accordance with the statement
that the incidence of NEN often occurs in the fifth to
the seventh decade due to the non-progressive nature
of NET growth so that after it enlarges and causes
atypical symptoms, cases are often diagnosed when
patients are over 50 years old [16].

Figure 6: Growth pattern of NEN. (a) Insular, (b) Trabecular,
(c) Glandular, (d) Undifferentiated (H&E stain, Obj. x10)

Figure 7: Cytomorphology of NEN. (a) Classic, (b) Non-classic,
(c) Large cell (H&E stain, Obj. x40)

Based on clinical symptoms, the most
frequent symptom was bloody stools that were usually
found in LCNEC followed by a lump in the abdomen,
bowel obstruction, weight loss, abdominal pain,
nausea and vomiting and rectal pain. These symptoms
are associated with non-functional neuroendocrine
tumors that are not caused by hormones but due to
the tumor progression. Bloody stool and painful bowel
movements are usually the results of mechanical
trauma associated with the passage of solid feces

over the tumor surface. The indolent nature of NET
causes many patients to be asymptomatic in the early
stages or present with only vague symptoms and the
most common symptoms are abdominal pain, weight
loss, as well as gastrointestinal obstruction such as
constipation and bloody stools [16], [17], [12].

The location of the tumor in this study indicated
that the rectum was the most frequent site of LCNEC
followed by the transverse colon. Colorectal cancer
mainly occurs on the left side of rectum [5]. NEN was
found more often in the rectum (94.5%) than in the colon
(3.9%) and appendix (1.6%) [18]. All tumor sizes in this
study were >2 cm surgically obtained. These results are
in contrast to previous studies where NEN tumors in
the rectum were smaller and usually detected as small
submucosal polypoid nodules on endoscopy. More
than half were < 1.0 cm in diameter, and only about 7%
were > 2 cm. The size of the NEN tumor mass in the
large intestine was larger than in the small intestine,
appendix, and rectum, with a reported average size of
4.9 cm [5]. In addition, other studies have also shown
that the symptoms of colorectal NEN are non-specific
so that clinically patients experience delays in diagnosis
and are often misdiagnosed, which results in patients
presenting with tumors that are >2 cm in size with
advanced stages even metastases [19], [20], [21].

The most common pattern in NEN diagnosis
in this study was the glandular pattern and the
undifferentiated pattern with a large cell type nucleus
that was difficult to distinguish from adenocarcinoma
by relying solely on HE staining. According to Takizawa,
NEN can have a morphological picture similar to high-
grade adenocarcinoma because both originate from the
epithelium and the location is also the same, namely
colorectal. It is suspected that they have the same
genetic mutation, namely in RB1, TP53, APC, KRAS,
PIK3CA, BRAF [8], [22], so that immunohistochemical
examination with neuroendocrine markers is very
important and crucial to establishthe diagnosis.

After performing an immunohistochemical
analysis to differentiate from adenocarcinoma,
the diagnosis of NEN was obtained, with the most
growth patterns being glandular and undifferentiated
patterns. Glandular growth patterns were found in
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Table 2: Diagnosis and grading of neuroendocrine neoplasms

No Chromogranin A Synaptophysin Mitosis (/10LPB) Ki67 (%) Diagnosis Grading

1 Positive Positive <2 <3 NET G1 Low

2 Positive Positive >20 >20 LCNEC High

3 Positive Positive >20 >20 LCNEC High

4 Positive Positive >20 >20 NET G3 High

5 Positive Positive > 20 >20 LCNEC High

6 Positive Positive >20 >20 LCNEC High

7 Positive Positive >20 >20 LCNEC High

8 Positive Positive 2-20 3-20 NET G2 Intermediate

Table 3: Classification and grading of neuroendocrine neoplasms associated with the sample characteristics (gender, age, clinical

symptoms and location)

Diagnosis Gender Age Clinical Symptoms Location
Males Females <50 =50 Lump in Bloody Defecation disorders, weight Pain at Transverse Rectum
years years stomach stool loss, abdominal pain, nausea the anus colon
old old and vomiting
NET G1 1 0 0 1 0 0 0 1 0 1
20% 0% 0% 20% 0% 0% 0% 100% 0% 16.7%
NET G2 1 0 0 1 1 0 0 0 0 1
20% 0% 0% 20% 100% 0% 0% 0% 0% 16.7%
NET G3 1 0 0 1 0 1 0 0 0 1
20% 0% 0% 20% 0% 20% 0% 0% 0% 16.7%
LCNEC 2 3 3 2 0 4 1 0 2 3
40% 100% 100% 40% 0% 80% 100% 0% 100% 50.0%
Total 5 3 3 5 1 5 1 1 2 6

100% 100% 100% 100%

100% 100% 100% 100% 100%

Table 4: Classification and grading of neuroendocrine neoplasms associated with the sample characteristics (tumor size, growth

pattern, and cytomorphological)

Diagnosis Tumor size Growth Pattern Cytomorphological

<1cm 1-2cm >2 cm Insular Trabecular Glandular Undifferentiated Classic Non classic Large cell
NET G1) 0 0 1 1 0 0 0 0 1 0

0% 0% 12.5% 100% 0% 0% 0% 0% 100% 0%
NET G2 0 0 1 0 0 0 1 1 0 0

0% 0% 12.5% 0% 0% 0% 33.3% 50% 0% 0%
NET G3 0 0 1 0 0 1 0 1 0 0

0% 0% 12.5% 0% 0% 33.3% 0% 50% 0% 0%
LCNEC 0 0 5 0 1 2 2 0 0 5

0% 0% 62.5% 0% 100% 66.7% 66.7% 0% 0% 100%
Total 0 0 8 1 1 3 3 2 1 5

0% 0% 100% 100% 100%

100% 100% 100% 100% 100%

NET G3 and LCNEC. Undifferentiated patterns were
found in NETs G2 and LCNEC, whereas insular and
trabecular patterns were found only in NETs G1 and
LCNECs, respectively. In tumor cytomorphology, the
most common cytomorphology was the large cell type
nucleus, followed by classical and non-classical nuclei.
The results of this study are in line with the pattern of
tumor growth and tumor cytomorphology which are
often found wherein LCNEC cytomorphology, tumor
cells were seen with a round nucleus, moderate-
severe pleomorphism, large size, real nucleus, and
relatively large cytoplasm, while in classical NET
cytomorphology, the picture shows tumor cells with
round nuclei, relatively small size, monotonous shape
with salt and pepper chromatin and eosinophilic
cytoplasm. Non-classical nuclear cytomorphology
provides an overview of tumor cells that can be spindle-
nucleated and bizarre [12], [5]. Table 2 shows that 75%
of the samples diagnosed with NEN were high-grade
tumors, namely NET G3 and LCNEC; the rest were
NET G1 and NET G2. This classification was made
based on the Ki67 index and the number of mitoses
in the histological material. Ki67 is one factor that
influences the prognosis of the disease [10]. This is in
accordance with the study that of the eight (8) samples,
histopathologically NEN was a G3 NET, and NEC was

a high-grade malignant tumor characterized by all
samples positive immunoexpression at Ki-67 >20%.

Based on the research that has been conducted
in this study during the 2015-2019 period, from a total of
70 samples of high-grade colorectal adenocarcinoma, 8
cases (11.4%) were neuroendocrine neoplasms with a
classification of 1 sample (1.4%) each of NET G1, NET
G2, NET G3 and five (5) samples (7.1%) of LCNEC
which can be seen in Table 1. The data obtained are
in accordance with a previous study by Stewart in the
United States [23] where the diagnosis of high-grade
colorectal adenocarcinoma is not always pure as high-
grade adenocarcinoma because it may be a NEN.

As a conclusion, the final diagnosis obtained
from 8 samples diagnosed as NENwere NET G1, G2, and
G3, with a percentage 0f1.4% respectively and LCNEC
with 7.1% based on chromogranin A, synaptophysin
and Ki67 specific neuroendocrine markers.
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