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Abstract

BACKGROUND

Neuroendocrine tumors (NETs) frequently occur in the gastrointestinal tract,
lung, and pancreas, and the rectum and appendix are the sites with the highest
incidence. Epidemiology statistics show that an estimated 8000 people every year
in the United States are diagnosed with NETSs occurring in the gastrointestinal
tract, including the stomach, intestine, appendix, colon, and rectum. The
pathological changes and clinical symptoms of NETs are not specific, and
therefore they are frequently misdiagnosed.

AIM

To investigate the clinical symptoms, pathological characteristics, treatment, and
prognosis of rectal neuroendocrine tumors (RNETs) by analyzing the clinical and
pathological data of 132 RNET cases at our hospital.

METHODS

All RNETs were graded according to Ki-67 positivity and mitotic events. The
tumors were staged as clinical stages I, II, IlI, and IV according to infiltrative
depth and tumor size. COX proportional hazard model was used to assess the
main risk factors for survival.

RESULTS

These 132 RNETs included 83 cases of G1, 21 cases of G2, and 28 cases of G3
(neuroendocrine carcinoma) disease. Immunohistochemical staining showed that
89.4% of RNETs were positive for synaptophysin and 39.4% positive for
chromogranin A. There were 19, 85, 23, and 5 cases of clinical stages I, II, III, and
IV, respectively. The median patient age was 52.96 years. The diameter of tumor,
depth of invasion, and pathological grade were the main reference factors for the
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treatment of RNETs. The survival rates at 6, 12, 36, and 60 mo after operation were
98.5%, 94.6%, 90.2%, and 85.6%, respectively. Gender, tumor size, tumor grade,
lymph node or distant organ metastasis, and radical resection were the main
factors associated with prognosis of RNETs. Multivariate analysis showed that
tumor size and grade were independent prognostic factors.

CONCLUSION

The clinical symptoms of RNETs are not specific, and they are easy to
misdiagnose. Surgery is the main treatment method. The grade and stage of
RNETs are the main indices to evaluate prognosis.

Key words: Neuroendocrine tumors; Prognosis; Univariate analysis; Tumor size; Tumor
grade; Neuroendocrine carcinoma

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Tumor size and grade were the most significantly associated factors, and tumor
size was the sole factor that was independently related to survival in a multivariate
analysis. Patients with tumors larger than 2 cm had a ten-fold higher risk of death. Patients
with advanced neuroendocrine carcinomas had a significantly decreased 5-year overall
survival compared to patients with grades 1 and 2 disease.

Citation: Yu YJ, Li YW, Shi Y, Zhang Z, Zheng MY, Zhang SW. Clinical and pathological
characteristics and prognosis of 132 cases of rectal neuroendocrine tumors. World J
Gastrointest Oncol 2020; 12(8): 893-902
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DOI: https://dx.doi.org/10.4251/wjgo.v12.i8.893

INTRODUCTION

Neuroendocrine tumors (NETSs) frequently occur in the gastrointestinal tract, lung, and
pancreas, and the rectum and appendix are the sites with the highest incidencel'.
Epidemiology statistics show that an estimated 8000 people every year in the United
States are diagnosed with NETs occurring in the gastrointestinal tract, including the
stomach, intestine, appendix, colon, and rectum. Most NETs follow a benign course.
However, some display malignant characteristics. NETs are believed to arise from
various neuroendocrine cells and are graded histologically according to markers of
cellular proliferation.

Rectal NETs (RNETs) only account for 1% to 2% of rectal tumors, but represent a
high proportion of gastrointestinal NETs. Compared to gastrointestinal NETs in other
locations, RNETs have a relatively small average volume and unique biological
behavior!*’. RNETSs are more common in patients from 40-60 years of age, most occur
as a single tumor, and the clinical symptoms and signs of RNETs are not typically
observed in RNETs!*’l. Although surgical treatment is still the first choice for the
treatment of RNETs, with the continuous development of endoscopic technology, as
well as endoscopic treatment with less trauma, faster recovery, and decreased cost,
more people choose endoscopic treatment!’l.

In this study, we retrospectively analyzed the pathological characteristics and
prognosis of 132 patients with RNETs at our hospital according to the classification
and nomenclature of NETs of the digestive system, and investigated the
clinicopathological characteristics and treatment of RNETs.

MATERIALS AND METHODS

Patients

The study was approved by the Ethics Committee of Tianjin Union Medical Center in
January 2015. The Ethics Committee approved related screening, treatment, data
collection, and follow-up of these patients, and all subjects signed a written informed
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consent form. All research was undertaken following the provisions of the Declaration
of Helsinki. Patients with the following criteria were included: (1) Confirmed RNETs
according to the 2006 European NET Association gastrointestinal NETs grading
recommendations and 2010 World Health Organization (WHO) digestive system
tumor classification criteria; (2) Complete clinical examination and case data; (3) Age at
least 18 years; and (4) Available resected samples.

Pathological grade of RNETs

NETs were graded histologically according to Ki-67 IHC staining and mitosis!’l. The
grades were defined as follows: G1, < 2 mitotic events per 10 high power fields (HPFs)
and Ki-67 index < 3%; G2, 2 2 and < 20 mitotic events per 10 HPFs, and Ki-67 index =
3% and <20%; G3: > 20 mitotic events per 10 HPFs, and Ki-67 index > 20%. G3 is also
sometimes referred to as neuroendocrine carcinoma (NEC).

Clinical stage of RNETs

Currently, there is no staging system for NETs of all locations. Based on anatomical
location, RNETs were staged as clinical stages I, II, III, or IV according to infiltrative
depth and tumor size as follows!'™": Stage I, invasion into the lamina propria or
submucosa with the greatest dimension < 2 cm; stage II, invasion into the muscularis
propria, or the greatest dimension > 2 cm with invasion of the lamina propria or
submucosa, or invasion through the muscularis propria into the subserosal tissue
without penetration of the overlying serosa; stage III, invasion into the visceral
peritoneum (serosal) or other organs or adjacent structures, or lymph node
involvement!"’; and stage IV, distant metastasis.

Immunohistochemical staining and analysis

Resected samples were fixed in 4% formaldehyde solution. After conventional
dehydration and paraffin embedding, samples were sectioned at a thickness of 4 pm.
Hematoxylin and eosin (HE) staining and immunohistochemical staining were
performed. Primary antibodies against synaptophysin (Syn) (Zhongshan Golden
Bridge Biotechnology, Beijing, China; ZM-0246, dilution 1:100), chromogranin A (CgA)
(Zhongshan Golden Bridge Biotechnology; ZA-0076, dilution 1:100), and Ki-67
(Zhongshan Golden Bridge Biotechnology; ZM-0167, dilution 1:200) were used.
Positive and negative controls were used for each antibody. Ten unique fields of each
section under a light microscope (400 x) were selected for image analysis, and the
numbers of positive cells and total cells were counted. In this study,
immunohistochemical staining for Syn and CgA was used to validate the diagnosis of
RNET. Positive expression of Syn and CgA was defined as > 30% of positive cells. The
percentage of Ki-67 positive cells was defined as the number of positive cells in 100
tumor cells.

Data collection and follow-up

Patient data, including tumor size, lymph node and distant metastasis, endoscopic
morphology characteristics, treatment, pathological diagnosis, postoperative
complications, and the survival rate, were retrospectively analyzed. All patients were
followed by outpatient visits or telephone, and June 30, 2012 was employed as the end
of the follow-up.

Data analysis

SPSS 19.0 statistical software (IBM Corporation, United States) was used for data
analyses. Count data are expressed as ratios. COX proportional hazard model was
used for analyzing tumor prognostic factors. P < 0.05 was considered statistically
significant. Survival time of patients with RNETs was analyzed using the Kaplan-
Meier method and differences were assessed using the log-rank test.

RESULTS

Clinical characteristics

From December 2005 to May 2012, a total of 132 patients were diagnosed with RNETs
at our hospital. The median patient age was 52.96 years. In addition, 62.9% (83)
patients were male and 37.1% (49) were female. The main clinical symptoms included
anal bulge discomfort, blood in the stool, and bowel habit change. Approximately 1/3
of the patients did not exhibit any symptoms, and RNETs in these patients were
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discovered by colorectal cancer screening.

Operation and postoperative grading

One hundred and eighteen (89.4%) tumors occurred mainly in the middle and upper
rectum (the distal margin of the tumor was more than 8 cm from the anal margin) and
four (3%) occurred near the anal dentate line. All of the tumors were located in the
rectum and were 15 cm from the anal verge. Tumor diameter was 0.2-1.0 cm in 60
cases, 1.1-2.0 cm in 45 cases, and > 2.0 cm in 27 cases. Most G1 and G2 RNETs
displayed as a protruded mass on colonoscopy (Figure 1A, a and b), and ulcers were
detected in some cases, as is common in NECs (Figure 1A, c). There were 19, 85, 23,
and 5 cases of clinical stages I, I, III, and IV disease, respectively, according to the 2006
European NET Society of Gastrointestinal NET classification and the 2010 WHO
digestive system tumor classification. All 132 patients received surgical treatment,
including 113 patients who underwent endoscopic local tumor resection, in whom
pathological results confirmed that 12 cases were basal positive. Eight cases of
laparotomy and 11 cases of endoscopic surgery were performed. Miles surgery was
performed in 4 patients, 14 patients underwent anterior resection, and 1 patient
received combined rectal and metastatic liver resection.

In the treatment of RNETs, the diameter of tumor, depth of invasion, and
pathological grade were the main factors used for comprehensive evaluation.
Ultrasound endoscopy was often used to detect the tumor size and depth of invasion.
The tumor less than 1 cm in diameter had a lower probability of metastasis, and most
of them were G1/G2 RNETs. Endoscopic resection of tumor was used if the tumor has
not invaded the muscularis propria. If the tumor infiltrated into the muscularis
propria, local surgical removal was required. For patients with RNETs more than 2 cm
in diameter, the probability of distant metastasis was greatly increased. Imaging
examination was used to exclude distant metastasis. Presacral resection or total
mesorectal excision was feasible for those patients without distant metastasis. For
tumors with a diameter of 1-2 cm, local resection of tumor was used for those patients
whose tumor did not metastasize and the invasive depth did not reach the muscularis
propria. For patients whose tumor invasive depth reached or exceeded the muscularis
propria, presacral resection or total mesorectal excision should be used. For NEC
patients without distant metastasis, it should be treated as adenocarcinoma regardless
of the diameter of the tumor. After surgery, adjuvant radiotherapy and chemotherapy
were given according to the pathological stage. For RNET patients with distant
metastasis, surgery was only used for relieving local symptoms, such as obstruction
and bleeding.

Pathologic and immunohistochemical features

The typical morphological characteristics of RNETs included adenoid, trabecular, and
papillary structures. The tumor cells were small and regular based on the HE staining
(Figure 1B, a-c). Based on Ki-67 index and mitotic events per 10 HPFs, it was showed
that 83 cases were G1 (Figure 1B, d), 21 were G2 (Figure 1B, e), and 28 were NEC
(Figure 1B, f). One hundred and eighteen (89.4%) cases were positive for Syn by
immunohistochemical staining (Figure 2A and B), and 52 were positive for CgA
(Figure 2C and D). Four cases were found to have a single distant organ metastasis,
and 1 case had multiple distant organ metastases. Thirteen cases were postoperatively
confirmed to have lymph node metastases (Figure 2E), and intravascular tumor
thrombus was found in 2 cases (Figure 2F).

Follow-up

The follow-up period of the 132 patients ranged from 3 to 60 mo, and effective follow-
up was completed in 102 (77.3%) patients. Thirty patients were lost to follow-up. The
survival rates at 6, 12, 36, and 60 mo after operation were 98.5%, 94.6%, 90.2%, and
85.6%, respectively. The 5-year survival rates of patients with NETs and
neuroendocrine carcinoma were 96.2% and 25.0%, respectively. Twenty-eight patients
with NECs received postoperative adjuvant therapy, 9 received postoperative
chemotherapy alone, 4 received radiotherapy alone, and 15 received both radiotherapy
and chemotherapy. At least one follow-up was performed in 25 patients with NECs
and the follow-up rate was 89.28%. The average follow-up time was 38 mo. As of June
30, 2012, 19 patients died of NECs. Metastasis including 9 cases of liver metastasis
occurred in 13 patients.

COX regression analysis
Univariate COX regression analysis showed that gender, tumor size, lymph node
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Figure 1 Representative rectal neuroendocrine tumor morphology and histochemistry. A: a. Gross morphology of a G1 rectal neuroendocrine
tumor (RNET) (black arrow heads the tumor); b. Gross morphology of a G2 RNET (black arrow heads the tumor); c. Gross morphology of a neuroendocrine
carcinoma (black arrow heads the tumor). The diameter of the rectal tumor was approximately 2.0 cm, and it was 11 cm away from the anus. Pathological
examination confirmed that it was a neuroendocrine carcinoma. B: a. Hematoxylin and eosin (HE) staining of a G1 RNET (x 100); b. HE staining of a G2 RNET (x
100); c. HE staining of a rectal neuroendocrine carcinoma (x 100); d. Ki-67 staining in a G1 RNET (black arrow heads the positive staining; x 100); e. Ki-67 staining in
a G2 RNET (black arrow heads the positive staining; x 100); f. Ki-67 staining in an rectal neuroendocrine carcinoma (black arrow heads the positive staining; x 100).

JBaishideng®

metastasis, radical resection, and pathological grade influenced the prognosis of
RNETs (P < 0.05), while age, distant metastasis, and Syn and CgA expression had no
influence on the prognosis of RNETs (P > 0.05) (Table 1). Of these independent
variables, age, gender, tumor size, lymph node metastasis, radical resection, and
pathological grade (P < 0.01) were considered as potential independent variables that
can be used for multivariate COX regression analysis. When controlling for factors
such as age and gender, tumor size was an independent factor for prognosis, the risk
of death in patients with tumors = 2 cm was 10.173 times that of patients with tumors
<2 cm (P > 0.05, Table 2). In addition, Kaplan-Meier survival analysis was used to
compare the differences of 5-year survival rate in 132 cases of patients with RNETs,
which showed that gender, tumor size, lymph node metastasis, radical excision, and
pathological grade had statistical significance. Male patients (y*> = 4.327, P = 0.038),
tumors with a diameter more than 2 cm (y? = 64.98, P = 0.000), positive lymph node
metastasis (y* = 22.37, P = 0.000), non-radical excision (y* = 25.89, P = 0.000), and
patients with NECs (x> = 71.79, P = 0.000) were associated with poor 5-year survival
(Table 3).
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Table 1 Single factor COX regression analysis

B SE Wald df  Pvalue RR 95%Cl

Age (yr) <55 0.847 0.458 3.415 1 0.065 2.332 0.950 5.723
=55

Gender Male 0.850 0.429 3.918 1 0.048 2.340 1.008 5.429
Female

Tumor size <2cm 3.177 0.748 18.046 1 0.000 23.984 5.537 103.895
>2cm

Lymph node metastasis No 2.290 0.480 22.743 1 0.000 9.878 3.854 25.320
Yes

Distant metastasis No 0.806 0.552 2129 1 0.144 2.239 0.758 6.608
Yes

Radical excision No -1.970 0.424 21.612 1 0.000 0.139 0.061 0.320
Yes

Pathological grade Gl1+G2 2.648 0.630 17.657 1 0.000 14.121 4.107 48.552
NEC

Syn Negative -0.295 0.547 0.291 1 0.589 0.744 0.255 2175
Positive

CgA Negative -0.049 0.456 0.012 1 0.914 0.952 0.389 2.326
Positive

Syn: Synaptophysin; CgA: Chromogranin A; NEC: Neuroendocrine carcinoma.

Table 2 Multivariate COX regression analysis

B SE Wald df P value RR 95%ClI

Gender

Tumor size

Lymph node metastasis
Radical excision

Pathological grade

0.331 0.476 0.481 1 0.488 1.392 0.547 3.541

2.320 1.151 4.065 1 0.044 10.173 1.067 97.012

0.613 0.628 0.954 1 0.329 1.846 0.539 6.320

-0.581 0.488 1.416 1 0.234 0.559 0.215 1.456

-0.048 1.009 0.002 1 0.962 0.953 0.132 6.889

JBaishideng®
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DISCUSSION

NETs occur in various parts of the body, and the rectum is a high incidence area of
NETs. The incidence of RNETs has risen in recent years!"*“l. The incidence of rectal
NETs (carcinoid tumors) in an Asian population, including Chinese patients, is 4.99
times that of non-Asian populations!™"l. In our study, the occurrence of RNETs was
higher in men than in women. Moreover, RNETSs are more common in patients 40-60
years old, and the median age of our study participants was 52.96 years old, which is
consistent with literature reports'‘l.

The pathological changes and clinical symptoms of NETs are not specific, and
therefore they are frequently misdiagnosed. However, despite the heterogeneity of
NECs, advanced tumors are often accompanied by metastasis and high mortality!'>'**).

In our study, there was a significant difference in prognosis in patients with NETs
and NECs. Pathological morphological observation and immunohistochemical
staining are the most accurate methods to identify RNETSs. The typical morphological
characteristics of G1 and G2 NETs in the gastrointestinal tract include adenoid,
trabecular, and papillary structures, and the tumor cells are small and regular.
Eosinophilic granules can be seen in the cytoplasm. Most tumor cell nuclei are round
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Table 3 Difference in 5-year survival rate in 132 patients with neuroendocrine tumors by age, gender, tumor size, lymph node

metastasis, distant metastasis, radical excision, pathological grade, and synaptophysin and chromogranin A expression

n 5-yr survival rate X P value

Age (yr) <55 73 83.6 0.554 0.457
255 59 88.1

Gender Male 83 80.7 4.327 0.038
Female 49 93.9

Tumor size <2cm 105 98.1 64.98 0.000
> 2cm 27 37

Lymph node metastasis No 111 919 22.37 0.000
Yes 21 524

Distant metastasis No 127 86.6 2.765 0.096
Yes 5 60

Radical excision No 16 43.8 25.89 0.000
Yes 116 914

Pathological grade Gl1+G2 104 99 71.79 0.000
NEC 28 35.7

Syn Negative 14 78.6 0.629 0.428
Positive 118 86.4

CgA Negative 80 83.8 0.568 0.451
Positive 52 88.5

Syn: Synaptophysin; CgA: Chromogranin A; NEC: Neuroendocrine carcinoma.
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and of similar size, and mitotic events are rare. Rectal adenocarcinoma and RNETs are
not always easy to distinguish, and accurate diagnosis depends on the detection of
tumor markers, such as CgA and Syn, by IHC. In our study, 89.4% and 39.4% of
tumors were positive for Syn and CgA, respectively.

Surgical resection is the main treatment option for RNETSs, although the
postoperative long-term prognosis is different between different grades and stages.
The European Society for Medical Oncology guidelines state that surgery is the first
treatment choice for gastrointestinal NETsI”l. Five-year survival rates of patients with
RNETSs can reach 80%-100%"**1. In our study, the 5-year survival rate was 96.2%,
which is consistent with previous studies. The pathological grade of RNETs was based
on the cell proliferation index (Ki-67 IHC staining) and the number of mitotic events
per 10 HPFs, and the stage was based on infiltrative depth and tumor size. We did not
observe any significant differences in survival between patients with stage I disease
receiving local therapy and those who underwent radical surgery. Therefore, for
patients with stage I RNETs, we recommend less invasive local surgery for treatment.
For patients with stage II RNETs, due to the invasive depth of the tumor, there is a
potential risk of lymph node metastasis. Therefore, we suggest curative resection. For
patients with stages III and IV disease, due to the existence of obvious lymph node
metastasis and distant organ metastasis, radical surgery might be the best choice.

Early NETs could obtain good benefit through endoscopic resection”’. Another
study performed in Chinese patients found that endoscopic submucosal resection and
surgical treatment achieved satisfactory results and good prognosis in patients with
RNETs. However, other reports indicate that mucosal stripping has a higher rate of
complete resection than mucosal resection in early RNETs. The selection of operation
mainly depends on the size of the tumor. Endoscopic resection can be performed in
mucosal or submucosal layer NETs when the maximum diameter is <1 ¢m, and
transanal resection, low rectal anterior resection, and mesorectal excision should be
performed in patients with metastasis to the broad base or myometrial invasion or in
patients with lymph node metastasis when the maximum tumor diameter is > 2 cm/™!.

The prognosis of NETs is associated with many factors. The single factor analysis in
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Figure 2 Immunohistochemical features. A: Positive synaptophysin immunohistochemical staining in a G2 rectal neuroendocrine tumor (RNET) (black arrow
heads the positive staining; x 100). B: Negative synaptophysin immunohistochemical staining in an RNEC (x 100); C: Positive chromogranin A immunohistochemical
staining in a G1 RNET (black arrow heads the positive staining; x 100); D: Negative chromogranin A immunohistochemical staining in an RNEC (x 100); E: Lymph
node metastasis of a G2 RNET (black arrow shows the tumor tissue; hematoxylin and eosin staining, x 100); F: Black arrow shows a thrombus in the lymph vessel

(hematoxylin and eosin staining, x 100).

JBaishideng®

our study showed that the prognosis of RNETs was correlated with tumor size, tumor
stage, lymph node and vascular metastasis, and the degree of radical resection. A
multivariate analysis showed that tumor size was an independent prognostic factor for
RNETs. Zhang et al! found that the prognosis of colorectal NETs was closely related
to WHO classification. They indicated that metastasis and the overall survival rate
were statistically different in differently graded groups. Shields’s study found that
tumor size was an independent risk factor affecting lymph node metastasis of
colorectal NETs and was closely related to the prognosis of colorectal NETs. Another
Chinese study reached a similar conclusion, but it also concluded that the focal depth
of invasion and lymphatic invasion were important prognostic factors for colorectal
NETs. Consistent with their conclusion, for the 12 patients who received endoscopic
partial resection with positive basement in our study, metastasis occurred in 3
patients, and 2 patients died from the disease.

In conclusion, different grades and stages of RNETs have obviously different
prognoses. The main treatment option is surgical excision. Determining the proper
surgical methods is based on the size of the primary tumor. Endoscopic therapy can be
used at early stages, and the operative method for late stage RNETs is similar to other
malignant tumors. There are many factors influencing the long-term prognosis of
RNETs. Early detection and radical surgery are still the best choices for the treatment
of RNETs.

ARTICLE HIGHLIGHTS

Research background

Epidemiology statistics show that an estimated 8000 people every year in the United
States are diagnosed with NETs occurring in the gastrointestinal tract, including the
stomach, intestine, appendix, colon, and rectum. The pathological changes and clinical
symptoms of NETs are not specific, and therefore they are frequently misdiagnosed.
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Research motivation
The aim of this study was to investigate the clinical symptoms, pathological
characteristics, treatment, and prognosis of rectal NETs (RNETs).

Research objectives
To analyze the clinical and pathological data of 132 RNET cases at our hospital.

Research methods

All RNETSs were graded according to Ki-67 positivity and mitotic events. The tumors
were staged as clinical stages I, II, III, and IV according to infiltrative depth and tumor
size. COX proportional hazard model was used to assess the main risk factors for
survival.

Research results

These 132 RNETs included 83 cases of G1, 21 cases of G2, and 28 cases of G3
(neuroendocrine carcinoma) disease. Immunohistochemical staining showed that
89.4% of RNETs were positive for synaptophysin and 39.4% positive for chromogranin
A. There were 19, 85, 23, and 5 cases of clinical stages I, II, III, and IV, respectively. The
median patient age was 52.96 years. The diameter of tumor, depth of invasion, and
pathological grade were the main reference factors for the treatment of RNETs. The
survival rates at 6, 12, 36, and 60 mo after operation were 98.5%, 94.6%, 90.2%, and
85.6%, respectively. Gender, tumor size, tumor grade, lymph node or distant organ
metastasis, and radical resection were the main factors associated with prognosis of
RNETs. Multivariate analysis showed that tumor size and grade were independent
prognostic factors.

Research conclusions

Different grades and stages of RNETs have obviously different prognoses. The main
treatment option is surgical excision. Determining the proper surgical methods is
based on the size of the primary tumor. Early detection and radical surgery are still the
best choices for the treatment of RNETs. Gender, tumor size, tumor grade, lymph node
or distant organ metastasis, and radical resection of RNETs are the main indices to
evaluate prognosis.
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