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Abstract
BACKGROUND
Colorectal high-grade neuroendocrine neoplasms (HGNENs) are rare and
constitute less than 1% of all colorectal malignancies. Based on their
morphological differentiation and proliferation identity, these neoplasms present
heterogeneous clinicopathologic features. Opinions regarding treatment
strategies for and improvement of the clinical outcomes of these patients remain
controversial.
AIM
To delineate the clinicopathologic features of and explore the prognostic factors
for this rare malignancy.
METHODS
This observational study reviewed the data of 72 consecutive patients with
colorectal HGNENs from three Chinese hospitals between 2000 and 2019. The
clinicopathologic characteristics and follow-up data were carefully collected from
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their medical records, outpatient reexaminations, and telephone interviews. A
survival analysis was conducted to evaluate their outcomes and to identify the
prognostic factors for this disease.
RESULTS
According to the latest recommendations for the classification and nomenclature
of colorectal HGNENs, 61 (84.7%) patients in our cohort had poorly differentiated
neoplasms, which were categorized as high-grade neuroendocrine carcinomas
(HGNECs), and the remaining 11 (15.3%) patients had well differentiated
neoplasms, which were categorized as high-grade neuroendocrine tumors
(HGNETs). Most of the neoplasms (63.9%) were located at the rectum. More than
half of the patients (51.4%) presented with distant metastasis at the date of
diagnosis. All patients were followed for a median duration of 15.5 mo. In the
entire cohort, the median survival time was 31 mo, and the 3-year and 5-year
survival rates were 44.3% and 36.3%, respectively. Both the univariate and
multivariate analyses demonstrated that increasing age, HGNEC type, and
distant metastasis were risk factors for poor clinical outcomes.
CONCLUSION
Colorectal HGNENs are rare and aggressive malignancies with poor clinical
outcomes. However, patients with younger age, good morphological
differentiation, and without metastatic disease can have a relatively favorable
prognosis.
Key words: Colon; Rectum; Neuroendocrine; Neoplasm; Metastasis; Prognosis
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Core tip: Colorectal high-grade neuroendocrine neoplasms (HGNENs) are aggressive
malignancies with an extremely low incidence. Many issues, such as their classification
and therapy strategies, have been controversial for a long time. We conducted this study
to delineate their clinicopathologic features and clinical outcomes. There is a trend to
categorize colorectal HGNENs with good morphological differentiation as a subgroup
different from high-grade neuroendocrine carcinomas in the newest World Health
Organization classification. We introduced this classification into our study and
compared the prognoses of different subgroups.

Citation: Wang ZJ, An K, Li R, Shen W, Bao MD, Tao JH, Chen JN, Mei SW, Shen HY, Ma
YB, Zhao FQ, Wei FZ, Liu Q. Analysis of 72 patients with colorectal high-grade
neuroendocrine neoplasms from three Chinese hospitals. World J Gastroenterol 2019; 25(34):
5197-5209
URL: https://www.wjgnet.com/1007-9327/full/v25/i34/5197.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i34.5197

INTRODUCTION
Colorectal high-grade neuroendocrine neoplasm (HGNEN) is a rare malignancy
originating from neuroendocrine cells in the colon and rectum, and it constitutes less
than 1% of all colorectal carcinomas[1,2]. Based on the 2010 World Health Organization
(WHO) classification, neuroendocrine neoplasms with a high mitotic rate (over 20/10
high power fields) or Ki-67 labeling index (over 20%) were defined as HGNEN or
neuroendocrine neoplasm (NEN) G3, including small-cell and large-cell subtypes. All
colorectal high-grade neuroendocrine neoplasms (HGNENs) were regarded as poorly
differentiated. Therefore, the term HGNEN was synonymous with high-grade
neuroendocrine carcinoma (HGNEC)[3]. However, the histological grade is not always
in line with the degree of morphological differentiation; in some patients, tumors are
high grade but present good differentiation [4] . These patients show significantly
different tumor biology, behavior, and prognosis compared with those with poorly
differentiated HGNENs. Therefore, the consensus has been that colorectal HGNENs
are not a homogenous entity[5]. In the 2017 WHO classification for pancreatic NEN,
neuroendocrine tumor G3 (NET G3) was put forward as a new term and was defined
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as a new subgroup of pancreatic HGNENs with good differentiation, whereas
neuroendocrine carcinoma (NEC) only refers to poorly differentiated G3 pancreatic
HGNENs. HGNEN or NEN G3 included both NET G3 and NEC. There is a trend
towards introducing this new classification system into the management of colorectal
HGNENs in the near future[6]. At the 16th annual European Neuroendocrine Tumor
Society (ENETS) Conference in 2019, Professor Aurel Perren presented “New WHO
Classification-Important News”, stating that the terminology of NET G3 is extended
to other primary sites, including the colon and rectum. According to the latest updates
on the classification and grading of colorectal NENs, all cases in the present study
were categorized as well-differentiated subtype (NET G3) and poorly differentiated
subtype (NEC) on the basis of histomorphology.
Similar to small cell lung cancer, colorectal HGNENs are highly aggressive with a
dismal prognosis, and over half of the patients have distant metastasis at the time of
diagnosis[7]. The clinical manifestations are nonspecific, including hematochezia,
abdominal pain, changes in bowel habits, and obstruction. Carcinoid syndrome is rare
because most colorectal HGNENs are nonfunctional[8]. For early and small lesions,
colorectal HGNENs usually present typical endoscopic features that are different
from colorectal adenocarcinomas. They arise in the deeper layers of the intestinal
mucosa and appear as smooth sessile lesions with normal overlying mucosa. Yellow
mucosal discolouration might be observed in cases with positive expression of
chromogranin[9,10]. However, most cases present large and advanced lesions at the date
of diagnosis, and these lesions show no significantly different endoscopic
presentations compared with other colorectal tumors. Therefore, it is difficult to
distinguish HGNENs from common adenocarcinoma by a routine diagnostic
technique. Immunohistochemical evaluation is necessary since HGNENs have special
neuroendocrine markers, such as synaptophysin, chromogranin A, and neuronspecific enolase[11]. Due to the extremely low incidence rate of HGNENs, there are very
few related prospective clinical studies; most studies are case reports or retrospective
studies with small samples from single institutions in Western countries. As a
consequence, no standard treatment guidelines have been made, and the efficacy of
surgery and chemotherapy remains controversial.
Since most previous studies are case reports or small sample reports from single
centers and Western countries, we conducted a multicenter prospective study and
enrolled 72 patients from three different Chinese hospitals, aiming to improve our
understanding of the clinicopathologic features and oncologic prognosis of patients
with colorectal HGNENs.

MATERIALS AND METHODS
Patients
Our study was approved by the ethics committee of the National Cancer Center and
was performed according to the Helsinki Declaration of the World Medical
Association. All patients signed an informed consent form before the study. We
reviewed the electronic medical records from three different Chinese institutions and
enrolled 72 consecutive colorectal HGNEN patients from January 2000 to January
2019, including 47 from the Cancer Hospital Chinese Academy of Medical Sciences, 20
from China-Japan Friendship Hospital, and 5 from Beijing Hospital. Information
regarding patient demographics, clinicopathologic features, treatment modalities, and
oncologic outcomes was carefully collected and analyzed. All cases were definitively
diagnosed with colorectal HGNEN through colonoscopy, abdominal and pelvic
enhanced computed tomography scans, tissue biopsy, pathological examination, and
immunohistochemical evaluation. All patients were confirmed to have a high mitotic
rate (over 20/10 high power fields) and/or Ki-67 labeling index (over 20%).
Moreover, cases with a component of adenocarcinoma or squamous carcinoma were
excluded.

Statistical analysis
Our study received statistical review by one biomedical statistician in our institution.
All data were analyzed using the Statistical Package for the Social Sciences (SPSS
version 24.0, IBM Corp., Armonk, NY, United States). Quantitative data that followed
the normal distribution are expressed as the median ± standard deviation, while
quantitative data that did not follow the normal distribution are expressed as median
and range. Qualitative data and ordinal data are presented as the number of cases and
percentages. Survival time was defined as the time interval between the date of
pathological diagnosis and death. Survival rates were calculated by the Kaplan-Meier
method and further compared through the log-rank test. In addition, multivariate
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analysis was performed using the Cox proportional hazards regression model to
identify the independent prognostic factors. A P-value < 0.05 was considered
statistically significant.

RESULTS
Patients’ characteristics
The patients’ characteristics are presented in Table 1. A total of 72 patients with a
median age of 59.5 years old (range, 18-82 years old), including 52 (72.2%) males and
20 (27.8%) females, were enrolled in our study. The average body mass index (BMI)
was 23.8 ± 3.4 kg/m 2 . The common symptoms were hematochezia (37, 51.4%),
abdominal pain (23, 31.9%), changes in bowel habits (23, 31.9%), abdominal distention
(5, 9.6%), weight loss (3, 4.2%), and anemia (2, 2.8%). Two patients were
asymptomatic, and cancer was detected through routine health examinations. No
patients had functional tumors or presented with carcinoid syndrome. The rectum (n
= 46, 63.9%), especially low rectum, was the most common primary site. Among the
46 patients with rectal HGNENs, 28 (60.9%) were located in the low rectum. More
than half of the patients (51.4%) presented metastatic diseases at the date of diagnosis,
and the liver and distant lymph nodes were the two most common metastatic sites.

Pathological features
The pathological features and immunohistochemical results are listed in Table 2. Of
the 72 patients, 61 (84.7%) had poorly differentiated tumors classified as NECs, and
the remaining 11 patients had well differentiated tumors classified as NETs G3.
Among the 61 NEC patients, 18 (29.5%) and 18 (29.5%) had large cell and small cell
subtypes, respectively. Cancers of the remaining 25 (41%) patients were not further
categorized in the medical records. Regarding the general shape of neoplasms in the
58 evaluable patients, one half were ulcerative, and the other half were the protruding
type. All the patients received immunohistochemical evaluation, and the median
value of the Ki67 index was 70% in our cohort. Synaptophysin, chromogranin,
neuron-specific enolase, and CD 56 were positive in 94%, 57.6%, 64.3%, and 82.4%,
respectively, of all evaluable cases. CDX-2 and TTF-1 were evaluated in 29 and 13
patients, respectively, and the positive rates were 62.1% and 15.4%, respectively.
Extramural vascular invasion (EMVI) and perineural invasion were observed in 76.3%
and 21.6% of evaluable patients, respectively.

Treatment management
Of the 35 patients without distant metastasis, 1 received only chemotherapy. This
patient underwent a cycle of combination chemotherapy of cisplatin and etoposide
and two cycles of single-agent irinotecan. However, the neoplasm progressed, and the
patient died in the hospital 3 mo after the date of diagnosis. The other 34 patients
underwent surgical resection of tumors, including 2 patients who underwent local
excision. Six patients received surgery alone. Five patients received neoadjuvant
therapy, and all responded to therapy, with one achieving a pathologic complete
response and surviving free from recurrence for 14 mo by the end of follow-up.
Twenty-eight patients received adjuvant therapy. Five patients received both
neoadjuvant and adjuvant treatment (Table 3).
Of the 37 patients with distant metastasis at the date of diagnosis, 17 underwent
surgery and received primary site resection, 17 received palliative chemotherapy
and/or radiotherapy alone, and 3 did not receive any oncological treatment. The
details of palliative chemotherapy were evaluable for 28 cases. Twenty-eight cases
received first-line palliative chemotherapy, and 9 (32.1%) cases were responsive.
Twelve of 28 (42.9%) patients received fluorouracil (5-FU)-based chemotherapy
[capecitabine plus oxaliplatin (n = 5), oxaliplatin, leucovorin, and fluorouracil (n = 3),
oxaliplatin plus fluorouracil (n = 1), irinotecan plus tegafur/gimeracil/oteracil
potassium (S-1) (n = 1), capecitabine plus temozolomide (TemCap) (n = 1), and S-1 (n
= 1)], and 1 patient (8.3%) responded. The remaining 16 (57.1%) patients received
platinum-based chemotherapy [cisplatin plus etoposide (EP) (n = 14), oxaliplatin plus
etoposide (n = 1), carboplatin plus etoposide (n = 1)], and 8 (50%) cases responded.
Thirteen and 9 cases received second-line and third-line palliative chemotherapy, and
the responsive rates were 23.1% and 22.2%, respectively.
Of the three patients who did not receive any oncological treatment, one survived
for only 1 mo, one survived for 3 mo, and one was lost to follow-up.

Oncological prognosis
All patients were followed for a median duration of 15.5 mo (range, 1-190 mo). A
median survival of 31 mo was achieved in the whole cohort, and the 3-year and 5-year
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Table 1 Patient characteristics
Characteristic

Patients (n = 72)

Sex, n (%)
Male

52 (72.2)

Female

20 (27.8)

Age [yr, median (range)]

59.5 (18-82)

BMI (kg/m2, mean ± SD)

23.8 ± 3.4

Symptoms, n (%)
Hematochezia

37 (51.4)

Abdominal pain

23 (31.9)

Changes in bowel habits

23 (31.9)

Obstruction

12 (16.7)

Abdominal distention

5 (9.6)

Weight loss

3 (4.2)

Anemia

2 (2.8)

Carcinoid syndrome

0

Asymptomatic

2 (2.8)

Family history of cancer, n (%)
Yes

11 (15.3)

No

60 (83.3)

Unrecorded

1 (1.4)

History of colorectal polyps, n (%)
Yes

24 (33.3)

No

27 (37.5)

Unrecorded

21 (29.2)

Smoking history, n (%)
Yes

28 (38.9)

No

42 (58.3)

Unrecorded

2 (2.8)

Drinking history, n (%)
Yes

24 (33.3)

No

45 (62.5)

Unrecorded

3 (4.2)

Primary sites, n (%)
Rectum

46 (63.9)

Rectosigmoid junction

2 (2.8)

Sigmoid

5 (6.9)

Descending colon

4 (5.6)

Transverse colon

2 (2.8)

Ascending colon

9 (12.5)

Cecum

4 (5.6)

Distance of tumor from the anal verge [(for rectal carcinoma, n = 46), n (%)]
0-5 cm

28 (60.9)

5-10 cm

14 (19.4)

10-15 cm

2 (2.8)

Unrecorded

2 (2.8)

Tumor size [median (range), cm]

5.0 (1.0-15.0)

Tumor stage, n (%)
I

4 (5.6)

II

4 (5.6)

III

27 (37.5)

IV

37 (51.4)

Site of distant metastases, n (%)
Liver
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Liver only

12 (16.6)

Distant lymph nodes

15 (20.8)

Peritoneum

5 (6.9)

Bone

5 (6.9)

Lung

1 (1.4)

Pancreas

1 (1.4)

Increase of pretreatment blood LDH, n (%)
Yes

10 (13.9)

No

29 (40.3)

Unrecorded

33 (45.8)

BMI: Body mass index; SD: Standard deviation; LDH: Lactic dehydrogenase.

survival rates were 44.3% and 36.3%, respectively. A significantly decreased median
survival of 13 mo was observed for the patients with metastatic disease. Since more
than half of the patients without distant metastasis (67%) survived through the end of
follow-up, the median survival of these patients could not be calculated. Univariate
analysis demonstrated that age (P < 0.001), pathologic type (P = 0.033), neoplasm
macroscopic type (P = 0.037), distant metastasis (P < 0.001), positive EMVI (P = 0.047),
elevation of pretreatment serum lactate dehydrogenase (P = 0.015), and resection of
the primary site (P < 0.001) were associated with the overall survival of patients with
colorectal HGNEC (Figure 1). For unclear reasons, no significant survival advantage
was found in patients with a low Ki-67 index (<55%), as reported in previous studies.
To identify the independent prognostic factors, multivariate analysis was
subsequently performed. Based on previous studies and knowledge, we enrolled 6
variables: Gender, age, tumor location, pathological type, distant metastasis, and
resection of the primary site. Given the missing data for the pretreatment level of
serum lactate dehydrogenase, tumor macroscopic type, EMVI, and Ki-67 index, these
variables were not included in the multivariate analysis. Consequently, age ≥ 70
[hazard ratio (HR) = 3.926, 95% confidence interval (CI): 1.740-8.858, P = 0.001],
pathologic type of NEC (HR = 6.647, 95%CI: 1.759-25.119, P = 0.005), and distant
metastasis (HR = 6.356, 95%CI: 2.543-15.889, P < 0.001) were confirmed to be
independent risk factors for poor prognosis (Table 4).

DISCUSSION
Colorectal HGNEN is an extremely rare malignancy with an incidence rate ranging
from 1 to 2 per million, constituting less than 1% of all colorectal malignancies.
However, its incidence rate has been increasing in the past decades, and the reported
annual increase rate ranges from 2.2% to 9.4%[12,13]. Moreover, its clinical prognosis is
much worse compared to colorectal adenocarcinoma. It seems that the advances in the
study of colorectal adenocarcinoma did not benefit the prevention and treatment of
colorectal HGNENs. Our multicenter retrospective study delineated the
clinicopathologic features, clinical outcomes, and prognostic factors for this rare
tumor.
In previous reports, rectal HGNEN was the most frequent and accounted for 26.5%
to 64% of all colorectal HGNEN cases[13,14]. In line with these prior studies, 63.9% of the
cases in our study were rectal HGNEN. More notably, 60.9% of these rectal cases were
located in the low rectum. Similar to small cell lung cancer, colorectal HGNEN
presented a high degree of malignancy and a high risk of distant metastasis compared
to colorectal adenocarcinoma. More than half of the patients had metastatic disease at
diagnosis. One investigation based on the Survey of Epidemiology and End Results
database analyzed the data from 1367 cases of colorectal HGNEN and 72533 cases of
colorectal adenocarcinoma. A significantly higher rate of distant metastases was
observed in the HGNEN group (57.9%) than in the adenocarcinoma group (25.2%)[13].
In the present study, 51.4% of the patients presented with distant metastasis at the
date of diagnosis. The liver and distant lymph nodes were the most common sites of
metastases. There was a trend showing that patients with colonic HGNEN (61.5%)
were more likely to develop metastatic disease than those with rectal HGNEN
(45.7%). This might be because patients with rectal HGNEN could have rectal
bleeding and changes in bowel habits at a relatively early stage, which promoted the
early detection of cancer [15] . In contrast to small cell lung cancer, the clinical
presentation of colorectal HGNEN is not specific. Carcinoid syndromes can hardly be
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Table 2 Pathological features
Histology, n (%)

Patients (n = 72)

NEC

61 (84.7)

NET G3

11 (15.3)

General classification of tumor, n (%)
Ulcerative type

29 (40.3)

Protruding type

29 (40.3)

Unrecorded

14 (19.4)

Synaptophysin, n (%)
Positive

63 (87.5)

Negative

4 (5.6)

Unrecorded

5 (6.9)

Chromogranin, n (%)
Positive

38 (52.8)

Negative

28 (38.9)

Unrecorded

6 (8.3)

Neuron specific enolase, n (%)
Positive

9 (12.5)

Negative

5 (6.9)

Unrecorded

58 (80.6)

CD56, n (%)
Positive

42 (58.3)

Negative

9 (12.5)

Unrecorded

21 (29.2)

CDX-2, n (%)
Positive

18 (25)

Negative

11 (15.3)

Unrecorded

43 (59.7)

TTF-1, n (%)
Positive

2 (2.8)

Negative

11 (15.3)

Unrecorded

59 (81.9)

Ki 67 (median, range)

70% (25%-95%)

EMVI, n (%)
Yes

29 (40.3)

No

9 (12.5)

Unrecorded

34 (47.2)

Perineural invasion, n (%)
Yes

8 (11.1)

No

29 (40.3)

Unrecorded

35 (48.6)

NEC: Neuroendocrine carcinoma; NET: Neuroendocrine tumor; EMVI: Extramural vascular invasion.

seen as most of these tumors are nonfunctional and cannot secrete 5-hydroxytryptamine [16] . To date, only several cases with hormonal symptoms have been
reported in the literature. These patients presented symptoms such as facial flushing,
sweating, and diarrhea due to excessive production of hormones[15,17]. In our study, no
patients presented with carcinoid syndromes. In most cases, there was no difference
in the symptoms or signs between colorectal HGNEN and adenocarcinoma.
Hematochezia, abdominal pain, and changes in bowel habits were the most common
presentations.
Given the difficulty of distinguishing colorectal HGNEN from adenocarcinoma
through clinical manifestation, pathological examination and immunohistochemical
evaluation are necessary. In the 2010 WHO classification for gastroenteropancreatic
NEN, NENs with a mitotic count greater than 20 per high power field or Ki-67 index
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Table 3 Management of patients with localized disease
Treatment strategy

Patients (n = 35)

Nonsurgical treatment

1

Surgery alone

6

Surgery + adjuvant treatment

23

Neoadjuvant treatment + surgery + adjuvant treatment

5

greater than 20% are considered poorly differentiated, including small cell and large
cell subtypes. Therefore, patients who meet this standard are diagnosed with G3 NEC
or HGNEC[18]. However, the histological grade is not always in line with the degree of
tumor differentiation[19]. There are some HGNEN cases that show good differentiation,
biological behavior similar to that of G2 NETs, and good prognosis. In the 2017 WHO
classification for pancreatic NET, well-differentiated G3 pancreatic NENs were
categorized as a new subgroup called NET G3, whereas NEC only refers to poorly
differentiated G3 pancreatic NENs. Both NET G3 and NEC together were referred to
as NEN G3 [20,21] . There is a general tendency for this new grading system to be
introduced into the classification of colorectal NETs. In the 16 th annual ENETS
Conference in 2019, Professor Aurel Perren presented “New WHO ClassificationImportant News”, stating that the terminology of NET G3 is extended to other
primary sites, including the colon and rectum. Based on the latest updates on
classification and grading of colorectal NENs, all cases in the present study were
categorized as well-differentiated subtype (NET G3) and poorly differentiated
subtype (NEC) on the basis of histomorphology. However, it was challenging to
distinguish NET G3 from NEC based on morphology differentiation alone in many
cases. Therefore, genetic status and proliferative activity can be referenced in the
updated classification. Cases with mutations of KRAS, BRAF, p53, and Rb1, or with
Ki67 index greater than 70%-80% tended to be classified as NEC. A total of 61 cases in
our research were confirmed to be NEC. The remaining 11 cases were categorized as
NET G3 and constituted 15.3% of all cases, which was higher than previous reports
(5.5%-8.7%)[19,22].
Colorectal HGNEN can present characteristic manifestations through
immunohistochemical examination. In one retrospective study of 100 colorectal
HGNEN cases, synaptophysin was the most sensitive biomarker in the diagnosis of
colorectal HGNEN and showed a sensitivity of 93%, which was evidently higher than
that of chromogranin (58%) and neuron-specific enolase (87%) [23] . Similarly,
synaptophysin demonstrated the highest sensitivity (94%), followed by CD56 (82.4%),
neuron-specific enolase (64.3%), and chromogranin (57.6%) in the evaluable cases in
our research. Moreover, EMVI was extremely common in colorectal HGNEN and was
positive in 76.3% of the evaluable patients. This might help explain the fact that
colorectal HGNEN was more prone to distant metastasis at the time of diagnosis.
Due to the rarity of colorectal HGNEN, most published studies are limited to case
reports or retrospective studies with small samples. The treatment regimen for this
malignancy remains controversial because there is no acknowledged therapeutic
schedule. The present treatment regimens are usually extrapolated from evidence on
small cell lung cancer and colorectal adenocarcinoma. For patients with localized
disease, surgery remains the most common choice in most cases in clinical practice.
However, it is still debatable whether patients can benefit from the surgical resection
of primary tumors [24,25] . In one retrospective report with 126 colorectal HGNEC
patients, surgery did not offer a survival benefit for patients without metastatic
disease (median survival, 27.4 mo with surgery vs 20.3 mo without surgery, P =
0.17)[15]. In another retrospective study based on the Survey of Epidemiology and End
Results database, the survival outcomes for patients who received surgery differed by
histologic subcategory. In the non-small cell group, surgery improved the oncological
prognosis (median survival, 21 mo with surgery vs 6 mo without surgery, P < 0.001).
In the small cell group, surgery was not associated with superior outcomes (median
survival, 18 mo with surgery vs 14 mo without surgery, P = 0.95). This finding is in
line with the experience for small-cell lung cancer[13]. In the present study, 34 of 35
(97.1%) patients with localized disease received radical surgery. As only 1 patient did
not receive surgery, we could not evaluate the efficacy of surgery. Systemic
chemotherapy is regarded as the mainstay for treatment of patients with metastatic
disease. Based on the 2010 WHO classification, for all patients with NENs of grade
G3, the EP regimen was recommended as the choice for palliative first-line
chemotherapy. However, based on the newest classification and grading for NENs
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Figure 1

Figure 1 Univariate analysis of the survival rates of colorectal high-grade neuroendocrine neoplasm. A: Overall survival rate of the entire cohort; B: The
cohorts with or without metastatic disease; C: The cohorts categorized by pathologic type; D: The cohorts of age < 70 or ≥ 70. NEC: Neuroendocrine carcinoma; NET:
Neuroendocrine tumor; NET G3: Neuroendocrine tumor G3.

G3, the EP regimen was recommended only for patients with NECs, while patients
with NETs G3 might benefit from the medical strategy used in NETs G2. Therefore,
the TemCap regimen (temozolomide plus capecitabine) is now recommended as a
first-line palliative treatment for NETs G3. However, both the retrospective and
prospective data related to palliative chemotherapy for NETs G3 were scarce[26]. In the
present study, 28 cases received palliative first-line chemotherapy, and the overall
response rate was 32.1%. Twelve of 28 (42.9%) patients received 5-FU-based
chemotherapy, and 1 (8.3%) patient responded. The remaining 16 (57.1%) patients
received platinum-based chemotherapy and showed a response rate of 50%, which is
in line with previously reported response rates (ranging from 30% to 50%)[26]. The
statistical analysis demonstrated that HGNENs were significantly more sensitive to
platinum-based chemotherapy than fluorouracil 5-FU-based chemotherapy (P =
0.039).
Many previous studies of prognosis have delineated poor clinical outcomes of
colorectal HGNENs, with a median overall survival (OS) ranging from 9 mo to 20.6
mo, 3-year OS rates ranging from 8.7%-35%, and 5-year OS rates ranging from 8%13.3%[2,15,17,25,27]. However, most of these reports only enrolled patients with NECs, and
survival data for colorectal NETs G3 were scarce. To the best of our knowledge, our
study has had the largest sample size enrolling both colorectal NECs and NETs G3
cases to date. As we included many cases with good differentiation, a better prognosis
was observed in our cohort, with a median OS of 31 mo and 3-year and 5-year OS
rates of 44.3% and 36.3%, respectively. Moreover, unlike previous studies that
enrolled some cases diagnosed before 2000, all cases in our study were diagnosed
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Table 4 Survival analysis of overall survival
Univariate analysis

Multivariate analysis

Median OS

P-value

HR (95%CI)

P-value

0.095

1.374 (0.664-2.845)

0.392

<0.001

3.926 (1.740-8.858)

0.001

<0.001

0.778 (0.338-1.792)

0.555

0.386

1.592 (0.738-3.434)

0.236

<0.001

6.356 (2.543-15.889)

<0.001

0.033

6.647 (1.759-25.119)

0.005

Variable
Sex
Male

39

Female

18

Age (yr)
<70

47

≥70

8

Radical surgery
Yes

39

No

8

Tumor location
Colon

15

Rectum

35

Gross type

0.037

Ulcerative

18

Protruding

imponderable

Distant metastasis
Yes

13

No

imponderable

Pathologic type
NEC

25

NET G3

imponderable

Ki67 index

0.893

<55%

39

≥55%

35

EMVI

0.047

Yes

26

No

Imponderable

Perineural invasion

0.944

Yes

26

No

39

Pretreatment bloodLDH level

0.015

Elevated

7

Not elevated

26

OS: Overall survival; CI: Confidence interval; NEC: Neuroendocrine carcinoma; NET: Neuroendocrine
tumor; EMVI: Extramural vascular invasion; LDH: Lactic dehydrogenase; HR: Hazard ratio; NET G3:
Neuroendocrine tumor G3.

after 2000. The advances in the management of colorectal NENs might contribute to
the improved clinical outcomes that were observed in our reports. Both the univariate
analysis (P = 0.033) and multivariate analysis (P = 0.005) demonstrated a better
prognosis of NETs G3 compared to NECs. For patients with NETs G3, the median OS
could not be calculated as over half of the patients survived through the end of
follow-up, and the 3-year and 5-year OS rates were 87.5% and 58.3%, respectively. For
patients with NECs, the median OS was 25 mo, and the 3-year and 5-year OS rates
were 36.4% and 33.1%, respectively. Significant differences in clinical outcomes
between NETs G3 and NECs showed that colorectal NETs G3 were less malignant
and should not be treated with the same strategies as NECs. Metastatic disease is also
an important prognostic factor. In previous reports, 57.9%-67% of patients with
colorectal HGNEN presented with distant metastasis at the date of diagnosis[13,15].
However, they accounted for only 51.4% in our study, which might be another reason
that our cohort showed a better prognosis than previous studies. These patients had a
median OS of only 13 mo, with 3-year and 5-year OS rates of 20.9% and 0,
respectively, which was significantly worse than patients without metastatic disease
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based on both the univariate analysis (P < 0.001) and multivariate analysis (P < 0.001).
In addition, we observed a strong trend towards a worse prognosis associated with
increasing age. Patients over 70 years old showed a much poorer median survival
time (7 mo in patients ≥ 70 vs 47 mo in patients < 70, P < 0.001). This trend was also
observed in several prior reports, although the underlying mechanisms have not been
well illuminated[13,23]. Elderly patients are usually in poor physical conditions due to
their comorbidities, such as diabetes, coronary heart disease, and hepatic and renal
dysfunction. This can both decrease their antitumor abilities and constrain the choices
of therapy strategies, which subsequently leads to a poor prognosis. Moreover,
univariate analyses demonstrated that patients with ulcerative neoplasms, EMVI, and
elevated pretreatment blood LDH levels were associated with worse clinical
outcomes. However, we did not enroll these factors in the multivariate analysis since
these data were not available for all of our cases. Further studies can explore the
association between these variables and prognosis so that we can predict survival
outcomes through pretreatment examinations.
Our study had several limitations. First, it is a retrospective study, and the bias
from patient selection and information collection is unavoidable. Second, the period
of our study is within a span of nearly 20 years, the nomenclature and classification of
colorectal NETs has been changing, and the early pathological reports are not as
normative as they are now. This leads to the lack of vital information, such as the Ki67 index and pathological type (small cell or large cell), in some patients and makes it
difficult to evaluate their value in predicting prognosis.
In conclusion, colorectal HGNENs are rare and heterogeneous groups of
malignancies. They present distinct clinicopathologic characteristics with colorectal
adenocarcinoma and show a dismal prognosis. Patients with pathologic type NETs
G3, younger age, and without distant metastasis might have relatively good clinical
outcomes.

ARTICLE HIGHLIGHTS
Research background
Colorectal high-grade neuroendocrine neoplasms (HGNENs) are aggressive malignancies with a
dismal prognosis. Due to the rarity of this disease, there are still no related large multicenter
prospective randomized studies. Therefore, no standard management recommendations have
been established.

Research motivation
Most previous reports are case reports and retrospective studies with small samples from single
center of Western countries, and few data from multicenter studies or China can be found.
Moreover, there is a trend that colorectal HGNENs will be classified as neuroendocrine
carcinomas (NECs) and neuroendocrine tumors G3 (NETs G3) based on their morphological
differentiation. In prior studies, all colorectal HGNENs were considered NECs.

Research objectives
Based on the latest classification and grading recommendations, we aimed to improve our
understanding of this rare disease through multicenter data from China.

Research methods
We performed an observational study and enrolled patients with colorectal HGNENs from three
Chinese hospitals. Information regarding the clinicopathologic features and clinical outcomes
was collected and delineated. The prognostic factors were analyzed using the Kaplan-Meier
method and the Cox proportional hazards regression model.

Research results
Colorectal HGNENs are highly aggressive, and more than half of the patients have developed
distant metastasis at the date of diagnosis. It is difficult to distinguish HGNENs from
adenocarcinoma through clinical presentations, and immunohistochemical evaluation is
necessary. Survival analysis demonstrated that colorectal NETs G3 had a significantly better
prognosis than NECs. Therefore, colorectal HGNENs were not a homogenous group of
malignancies, and colorectal NETs G3 should be treated with different strategies from NECs.
Moreover, increasing age and distant metastasis were statistically confirmed to be independent
risk factors for poor clinical outcomes.

Research conclusions
Colorectal HGNENs are aggressive and heterogeneous groups of malignancies. Patients with
younger age, good morphological differentiation, and without metastatic disease can have a
relatively favorable prognosis.

Research perspectives
More large prospective multicenter clinical studies need to be performed so that standard
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management recommendations can be established. Moreover, colorectal NETs G3 is an emerging
term for colorectal HGNENs with good differentiation and that present significantly different
biological behavior from NECs. Distinguishing colorectal NETs G3 from NECs is not always
easy. It is imperative to further explore their respective molecular mechanisms and genetic
changes so that better diagnostic and treatment strategies can be achieved in the future.
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