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Abstract
Purpose Colorectal neuroendocrine carcinomas (CRC-NECs) are rare, comprising < 1% of colorectal cancers. This study aimed
to assess the incidence, clinicopathologic characteristics, prognostic factors, and treatment outcomes of CRC-NEC.
Methods We analysed the Surveillance, Epidemiology, and End Results (SEER) database to identify patients from 20 to 74 years
old diagnosed with CRC-NEC or common CRC (non-NEC) during 2004–2013. Log-rank testing was conducted to assess
survival differences. A competing-risks regression model was used to adjust for covariate effects in the propensity score-
matched (PSM) cohort, and adjusted hazard ratios (HRs) were calculated for the raw and PSM cohorts.
Results We identified 67,484 patients (344 CRC-NEC and 67,140 non-NEC). Lymph node metastasis (LNM) was more com-
mon in CRC-NEC (75.29%, n = 259) than in non-NEC (51.53%, n = 34,600) (P < 0.001); 56.40% (n = 194) of CRC-NECs were
located on the right side, while 18.31% (n = 63) were located on the left side, with a statistically significant difference in
distribution (P < 0.001) compared to that in non-NEC CRC. Multivariate analysis indicated that a left-side location was an
independent adverse prognostic factor for CRC-NEC (P = 0.043). CRC-NEC had the poorest cancer-specific survival (median
CSS, 9.0 months) among assessed cancers, even poorer than that of signet ring cell cancer (median CSS, 24.0 months). However,
both radical operation (P = 0.007) and chemotherapy (P = 0.008) were beneficial for CSS.
Conclusion NEC is a rare and extremely aggressive tumour with a poor prognosis. Right-side NEC has a better prognosis than
left-side NEC. Early diagnosis, radical surgery, and chemotherapy are imperative for improving survival.

Keywords Neuroendocrine carcinomas . Colon and rectum . Survival analysis . Epidemiologic study characteristics . SEER
program

Background

Neuroendocrine neoplasms (NENs), originating from
peptidergic neurons and neuroendocrine cells, are a

heterogeneous group of rare tumours with distinct clinical behav-
iours [1]. According to the World Health Organization (WHO)
classification of 2010, neuroendocrine carcinomas (NECs) are
defined as poorly differentiated, high-grademalignant neoplasms
composed of small cells or intermediate to large cells. The cur-
rent grading system for NEC classification is based on the Ki-67
proliferation index or mitotic count. For the diagnosis of NEC,
the patient should have a Ki-67 index or mitotic count higher
than 20%. If the mitotic count and Ki-67 index are different, the
higher of the two is used [2]. The incidence of NEN has been
rising in recent decades [3–6]. Only approximately 5% of all
gastrointestinal NENs have a Ki-67 index higher than 20% [7,
8]. This frequencymight differ by organ, at approximately 7% in
the pancreas [8] and up to 40% in the colon [9]. NECof the colon
and rectum (CRC-NEC) is rare, comprising less than 1% of
colon and rectal cancers [10].
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NEC has a poor prognosis, and the survival ranges from
38 months for patients with localized disease to 5 months in
the metastatic setting [11]. The median survival of metastatic
NEC patients could be as short as 1 month for patients who
received only best supportive care and up to 12 to 19 months
for those treated with best available therapy [6, 12]. It has been
reported that only 5% of NEC patients are long-term survivors
[8]. The median overall survival of CRC-NEC patients is 13.2
to 14.7 months [13, 14], with 5-year overall survival (OS)
rates of 8 to 16.3% [14, 15]. However, previous publications
are limited to small retrospective series [10].

Due to the low incidence and the lack of large randomized
clinical studies of CRC-NEC, the prognostic factors and sur-
vival of CRC-NEC remain unclear. Therefore, the objective of
this study was to investigate the clinicopathologic character-
istics, prognostic factors, and treatment outcomes of patients
with CRC-NEC using data from the Surveillance,
Epidemiology, and End Results (SEER) database.

Methods

Study population

The best way to explore the prognostic factors of a rare dis-
ease, such as CRC-NEC, is to conduct a large population-
based study. In this study, we identified individuals diagnosed
with microscopically confirmed adenocarcinoma, mucinous
adenocarcinoma, and signet ring cell carcinoma (non-NEC)
or CRC-NEC of the colon or rectum from the SEER database
during the period from 2004 to 2013. The SEER dataset is
supported by the US National Cancer Institution and is an
authoritative source of information on cancer statistics from
the population-based cancer registries, which covers 28% of
the US population [16, 17]. It is publicly accessible for studies
in cancer epidemiology and health policy, and SEER Stat
software (SEER Stat 8.3.6) was used to access the data (ref-
erence number: 12296-Nov2018). Patients diagnosed after
2013 were excluded from the study to ensure adequate fol-
low-up. Data regarding clinicopathological variables, such as
age and year at diagnosis, marital status, race, sex, tumour
grade, tumour type, tumour site, adjuvant chemotherapy, in-
surance status, carcinoembryonic antigen (CEA), tumour de-
posit, peritoneum invasion, survival time, and cause of death,
were retrieved.

The specific inclusion criteria were as follows: (1) patients
were diagnosed from 2004 to 2013; (2) site record ICD-O-3
was limited to the colon and rectum with pathologically con-
firmed diagnosis (C18.0–18.7, C 18.9, C 19.9, C 20.9); (3)
histological type ICD-O-3 was limited to large cell neuroen-
docrine carcinoma, small cell carcinoma, neuroendocrine car-
cinoma, adenocarcinoma, mucinous adenocarcinoma, and
signet ring cell carcinoma (8013/3, 8041/3, 8246/3, 8140/3,

8480/3, 8490/3); (4) TNM staging was clear (staging based on
6th or 7th American Joint Committee on Cancer (AJCC) sys-
tem according to the version of the day); and (5) patient age
was limited to 20 to 74 years old. The exclusion criteria were
as follows: (1) patients without information of age or race at
diagnosis; (2) patients with multiple primary tumours; (3) pa-
tients with survival time less than 1 month; and (4) patients
with low-grade (well or moderately differentiated) neuroendo-
crine carcinoma [18] (Fig. 1).

Variable declaration

Age was grouped as less than 60 years old (< 60) and more
than 60 years old (≥ 60). Race was divided into black, white,
and other. Marital status was grouped as married, single, and
divorced. Histology was grouped as colorectal neuroendo-
crine carcinoma (CRC-NEC) and common colorectal adeno-
carcinoma, mucinous adenocarcinoma, and signet ring cell
carcinoma (non-NEC). Differentiation grades were divided
into well, moderately, and poorly differentiated and undiffer-
entiated. Tumour location was grouped as right-side colon and
left-side colon, whose cut-off was the splenic flexure, as well
as rectum. Operation methods were grouped as no surgery,
local excision, radical resection, and unknown. Insurance sta-
tus was grouped as insured, any Medicaid, uninsured, and
unknown. Chemotherapywas grouped as yes or no, regardless
of the sequence. CEA, tumour deposit, and peritoneum inva-
sion were all grouped as negative, positive, and unknown.

Statistical analyses

Survival curves were generated using the Kaplan-Meier meth-
od, followed by the log-rank test for detecting the differences
in survival. The duration from the date of diagnosis until death
due to cancer was calculated as the cancer-specific survival
(CSS), and CSS was the primary endpoint in this study. Death
due to other causes was defined as a censored observation. A
competing-risks regression model was applied to conduct the
multivariate analysis with backward, stepwise elimination of
variables. Hazard ratios (HRs) were adjusted for age (< 60 or
≥ 60), sex, race, marital status, tumour location, T classifica-
tion, N classification, staging, operation, chemotherapy, insur-
ance status, CEA, tumour deposit, and peritoneum invasion.
Variables that were believed to be associated with CSS or
those with P < 0.20 in the univariate analysis were enrolled
in multivariate analysis. The demographic and clinical char-
acteristics of the two cohorts are summarized in Table 1.

Moreover, propensity score matching (PSM) analysis was
performed to balance the differences for known potential
baseline confounding variables in the populations with
CRC-NEC and signet ring cell cancer (SRCC), which is con-
sidered a rare type of colorectal cancer with an extremely poor
prognosis. The MatchIt R package was used to perform
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bipartite-weighted propensity score matching with stratifica-
tion for stage, operation method, and chemotherapy [19].
Characteristics such as grade, CEA, tumour deposit, and peri-
toneum invasion, which did not have a counterpart between
the two groups, were excluded from the PSM procedure.
Thereafter, baseline variables of the two groups were com-
pared by a stratified logistic regression including covariates
of sex, race, age, marital status, staging, grade of differentia-
tion, T classification, N classification, tumour site, operation
method, chemotherapy, and insurance status. Finally, survival
curves were generated using the Kaplan-Meier method in the
two PSM cohorts. The adjusted cohort was used to validate
that CRC-NEC has a poorer prognosis than SRCC. All statis-
tical analyses were conducted using R3.6.2 software (http://
www.r-project.org/) or STATA/SE 15.0 software (Stata Corp
LP, College Station, TX, USA), and a two-sided value of
P < 0.05 was considered statistically significant.

Results

A total of 67,484 patients were identified from the SEER
database based on the aforementioned inclusion criteria.
Among all the identified patients, 344 (0.51%) were CRC-
NEC patients, and 61,057 (99.49%) were non-NEC patients.
The detailed clinicopathological characteristics of the two
groups are presented in Table 1. The median ages of the pa-
tients in the CRC-NEC and non-NEC cohorts were 58 (range,
24 to 74 years old) and 60 (range, 20 to 74 years old), respec-
tively. The proportion of female patients was 43.60% (n =
150) in the CRC-NEC group and 44.16% (n = 29,651) in the
non-NEC group (P = 0.835). Advanced stage, increased depth

of invasion, and greater risk of lymph node metastasis were
more common in CRC-NEC patients than in non-NEC pa-
tients (P < 0.001). The percentage of lymph node metastasis
(LNM) was 75.29% (n = 259) in CRC-NEC and higher than
51.53% (n = 34,600) in non-NEC (P < 0.001). In the CRC-
NEC cohort, N0 was found in 24.71% (n = 85), while N0
accounted for 48.47% (n = 32,540) of patients in the non-
NEC cohort. Patients with stage III/IV disease accounted for
a significantly larger proportion of CRC-NEC patients than
non-NEC patients (86.63% vs. 55.94%, P < 0.001). The ma-
jority of CRC-NECs (56.40%) were located on the right side
of the colon, which was different from the distribution of non-
NECs (P < 0.001). Chemotherapy is the main treatment for
CRC-NEC (66.18%) and non-NEC (55.50%). The median
CSS of CRC-NEC patients with chemotherapy was
10.0 months (interquartile range [IQR], 4.0 to 30.0 months),
while the median CSS of patients without chemotherapy was
8.0 months (interquartile range [IQR], 2.0 months to not
reached [NR]). There were still several significant differences
in the characteristics of the 688 propensity score-matched pa-
tients despite the effort (Table 1).

Table 2 summarizes the results of the univariate analysis
and multivariate competing-risks regression analysis of the
predictors of OS in CRC-NEC patients. In the univariate anal-
ysis, age, sex, race, marital status, tumour site, chemotherapy,
insurance status, CEA, tumour deposit, and peritoneum inva-
sion were not significantly associated with a poor prognosis in
CRC-NEC. However, advanced N classification (N1: HR,
2.08, 95% CI, 1.44–3.02, P < 0.001; N2: HR, 2.11, 95% CI,
1.48–3.02, P < 0.001) and stage IV (HR, 3.91, 95% CI, 1.56–
9.81, P = 0.004) were associated with a poor prognosis in
CRC-NEC (Table 2). The results of the multivariate analysis

Fig. 1 The inclusion and
exclusion criteria in the SEER
database
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Table 1 Descriptive characteristics of 67,484 patients of study population within the SEER Medicare-linked database and 688 propensity score-
matched patients

Characteristic Entire cohort (n = 67,484) Propensity score-matched cohort (n = 688)

CRC-NECs(n = 344) Non-NECs (n = 67,140) P value CRC-NECs (n = 344) SRCC (n = 344) P value

Age (years) 0.036 0.699

< 60 198 (57.56) 34,846 (51.90) 198 (57.56) 203 (59.01)

≥ 60 146 (42.44) 32,294 (48.10) 146 (42.44) 141 (40.99)

Gender 0.835 0.246

Female 150 (43.60) 29,651 (44.16) 150 (43.60) 135 (39.24)

Male 194 (56.40) 37,489 (55.84) 194 (56.40) 209 (60.76)

Race 0.009 0.806

White 283 (82.27) 51,383 (76.53) 283 (82.27) 286 (83.14)

Black 42 (12.21) 8771 (13.06) 42 (12.21) 37 (10.76)

Other 19 (5.52) 6986 (10.41) 19 (5.52) 21 (6.10)

Marital status 0.497 0.970

Married 219 (63.66) 40,899 (60.92) 219 (63.66) 222 (64.53)

Single 65 (18.90) 12,964 (19.30) 65 (18.90) 63 (18.32)

Divorced 60 (17.44) 13,277 (19.78) 60 (17.44) 59 (17.15)

Grade 0.000 NA

Well 0 (0.00) 4410 (6.57) 0 (0.00) –

Moderately 0 (0.00) 49,566 (73.82) 0 (0.00) –

Poorly 232 (67.44) 11,583 (17.25) 232 (67.44) –

Undifferentiated 112 (32.56) 1581 (2.35) 112 (32.56) –

Staginga 0.000 0.001

I 13 (3.78) 9921 (14.78) 13 (3.78) 20 (5.82)

II 33 (9.59) 19,657 (29.28) 33 (9.59) 29 (8.43)

III 90 (26.16) 23,862 (35.54) 90 (26.16) 136 (39.53)

IV 208 (60.47) 13,700 (20.40) 208 (60.47) 159 (46.22)

T classificationa 0.000 0.005

T1 33 (9.59) 5216 (7.77) 33 (9.59) 25 (7.27)

T2 44 (12.79) 8906 (13.26) 44 (12.79) 21 (6.10)

T3 171 (49.71) 41,063 (61.16) 171 (49.71) 173 (50.29)

T4 96 (27.91) 11,955 (17.81) 96 (27.91) 125 (36.34)

N classificationa 0.000 0.046

N0 85 (24.71) 32,540 (48.47) 85 (24.71) 75 (21.81)

N1 113 (32.85) 20,340 (30.29) 113 (32.85) 91 (26.45)

N2 146 (42.44) 14,260 (21.24) 146 (42.44) 178 (51.74)

Tumour site 0.000 0.410

Right-side colon 194 (56.40) 25,060 (37.33) 194 (56.40) 186 (54.07)

Left-side colon 63 (18.31) 27,443 (40.87) 63 (18.31) 77 (22.38)

Rectum 87 (25.29) 14,637 (21.80) 87 (25.29) 81 (23.55)

Operation methods 0.000 0.010

No surgery 92 (26.74) 4035 (6.01) 92 (26.74) 58 (16.86)

Local excision 3 (0.87) 169 (0.25) 3 (0.87) 1 (0.29)

Radical resection 248 (72.10) 62,460 (93.03) 248 (72.10) 283 (82.27)

Unknown 1 (0.29) 476 (0.71) 1 (0.29) 2 (0.58)

Chemotherapy 0.004 0.521

No 122 (35.47) 29,051 (43.27) 122 (35.47) 114 (33.14)

Yes 222 (64.53) 38,089 (56.73) 222 (64.53) 230 (66.86)

Insurance 0.464 0.859
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indicated that male sex (HR, 1.30, 95% CI, 1.01–1.68, P =
0.042), left-side colon location (HR, 1.44, 95% CI, 1.01–2.06,
P = 0.043), and stage IV (HR, 4.67, 95% CI, 1.65–13.22, P =
0.004) had a significant negative effect on the survival of
CRC-NEC patients. However, only radical surgery (HR
0.58, 95% CI 0.39–0.87, P = 0.007) and chemotherapy (HR
0.59, 95% CI 0.40–0.87, P = 0.008) had a positive significant
influence on the survival of CRC-NEC, as illustrated by the
multivariate analysis.

The CSS is illustrated in Figs. 2, 3. There was a significant
difference between CRC-NEC and non-NEC patients in terms of
cancer-specific survival (P < 0.001) (Fig. 2a). Moreover, there
was a significant difference in CSS between CRC-NEC, adeno-
carcinoma, mucinous adenocarcinoma, and signet ring cell car-
cinoma patients (P < 0.001) (Fig. 2b). Figure 3 shows that there
was a significant difference between CRC-NEC and SRCC pa-
tients in terms of CSS (P < 0.001) in both the raw cohort and the
PSM cohort. Kaplan-Meier survival curves illustrate how overall
mortality changed with histology. CRC-NEC had the poorest
CSS among the assessed tumour types (median CSS,
9.0 months), even poorer than SRCC (median CSS,
24.0 months). Interestingly, neither T classification nor N classi-
fication, which were grouped according to the TNM staging
system of the colorectal carcinoma of the day when the disease
was diagnosed, could well predict the CSS (Table 2, Fig. 4).
Figure 5 demonstrates how the operationmethod and chemother-
apy influence the CSS of CRC-NEC (Fig. 6).

Discussion

CRC-NECs are rare and extremely aggressive tumours, ac-
counting for approximately 0.6% of all colorectal cancers
[10], which is in agreement with our results. According to
histogenesis, NEC is a neuroendocrine tumour (NET). It lacks
specific clinical manifestations but shows a higher degree of
malignancy and a poorer prognosis than non-NEC CRC.
Poorly differentiated NEC usually leads to a poor prognosis
[20]. NEC is defined both by proliferative activity and mor-
phology, but it is reported tumour’s morphology was more
important to predict sensitivity to chemotherapy [21]. Due to
limitations in the current grading system for neuroendocrine
neoplasms, high-grade neuroendocrine carcinoma, which
comprise a subgroup of differentiated neuroendocrine tu-
mours (NET) with high proliferation rates (G3-NET), as well
as undifferentiated G3-NEC (large or small cell carcinomas),
is difficult to define in case of the lack of information onKi-67
or proliferation rate in seer database. Moreover, G3-NET is a
different subtype with a much lower response rate to chemo-
therapy compared to NEC [21]. So, we enrolled only NEC in
the current study to avoid the bias brought by G3-NET.
Meanwhile, the ICD-10 code C 18.1 (malignant Tumour of
the Appendix) was also included into the search algorithm,
raising a doubt that a better prognosis of appendix NECs
may probably explain the better prognosis of right-sided
NECs as a whole. However, only 816 patients were actually

Table 1 (continued)

Characteristic Entire cohort (n = 67,484) Propensity score-matched cohort (n = 688)

CRC-NECs(n = 344) Non-NECs (n = 67,140) P value CRC-NECs (n = 344) SRCC (n = 344) P value

Insured 286 (83.14) 54,505 (81.18) 286 (83.14) 281 (81.69)

Any Medicaid 38 (11.05) 8936 (13.31) 38 (11.05) 40 (11.63)

Uninsured 20 (5.81) 3699 (5.51) 20 (5.81) 23 (6.68)

CEA 0.000 NA

Negative 40 (11.63) 22,656 (33.74) 40 (11.63) –

Positive 19 (5.52) 20,103 (29.94) 19 (5.52) –

Unknown 285 (82.85) 24,381 (36.32) 285 (82.85) –

Tumour deposit 0.000 NA

Negative 23 (6.69) 28,542 (42.51) 23 (6.69) –

Positive 5 (1.45) 2610 (3.89) 5 (1.45) –

Unknown 316 (91.86) 35,988 (53.60) 316 (91.86) –

Peritoneum invasion 0.000 NA

Negative 29 (8.43) 28,385 (42.28) 29 (8.43) –

Positive 14 (4.07) 4787 (7.13) 14 (4.07) –

Unknown 301 (87.50) 33,968 (50.59) 0.036 301 (87.50) –

A value of P < 0.05 was considered statistically significant

AJCC, American Joint Committee on Cancer; CRC-NECs, neuroendocrine carcinoma of the colon and rectum; Non-NECs, adenocarcinoma, mucinous
carcinoma, and signet ring cell carcinoma; SRCC, signet ring cell carcinoma; NA, non-application
a Staging based on the 6th or 7th AJCC system of the colorectal carcinoma of the day when the disease was diagnosed
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diagnosed as malignant tumours of the appendix from the
SEER database initially, and the majority were non-NEC,
with only 2 patients diagnosed as large cell neuroendocrine

carcinoma and 1 patient diagnosed as small cell neuroendo-
crine carcinoma. After the data arrangement, no appen-
dix NEC was finally included in the current study, left

Fig. 2 Survival analysis of CRC-NEC and non-NEC patients in the entire cohort. aCSS between CRC-NEC and non-NEC patients. b The CSS between
CRC-NEC, adenocarcinoma, mucinous adenocarcinoma, and signet ring cell carcinoma patients

Fig. 3 Survival analysis of CRC-NEC and SRCC patients. a CSS be-
tween CRC-NEC and SRCC patients in the raw cohort. b CSS between
CRC-NEC and SRCC patients in the PSM cohort. c CSS between CRC-

NEC and SRCC patients of stage III disease in the raw cohort. d CSS
between CRC-NEC and SRCC patients of stage IV disease in the raw
cohort
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the hypothesis that the appendix may not be a frequent
localization for NEC, despite of the frequent neuroendo-
crine tumours of all grades.

In our study, we found that the median CSS of CRC-NEC
was only 9.0 (interquartile range [IQR], 4.0–30.0) months,
similar to that reported by previous studies [6, 12, 18]. The

Fig. 4 Predictive value of T and N classification for prognosis of NEC. a Predictive value of T classification for prognosis of NEC. b Predictive value of
N classification for prognosis of NEC

Fig. 5 CSS benefit of radical surgery and chemotherapy for CRC-NEC. a CSS benefit of radical surgery for CRC-NEC. bCSS benefit of chemotherapy
for CRC-NEC

753Int J Colorectal Dis (2021) 36:745–756



CSS of CRC-NEC was significantly poorer than that of ade-
nocarcinoma and signet ring cell carcinoma based on the
Kaplan-Meier survival curves (P < 0.001), and this was con-
firmed in PSM cohort. Unfortunately, after propensity score
matching, which was performed by stratification for staging,
operation method, and chemotherapy, there was still a statis-
tically significant difference in characteristics as shown in
Table 1, mainly in staging and operation methods. Any effort
to balance the characteristics seemed to be a vain attempt,
mainly due to the inherent difference between the two types
of tumours. As shown in Table 1, patients with stage IV dis-
ease accounted for a significantly larger proportion of CRC-
NEC patients than non-NEC patients (60.47% vs. 20.40%,
P < 0.001), indicating CRC-NEC as a more aggressive tumour
with a poor prognosis. Furthermore, CRC-NEC patients had
less opportunity to accept radical operation than non-NEC
patients (72.10% vs. 93.03%, P < 0.001). In our study,
86.63% of CRC-NEC patients were diagnosed in stage III or
IV, and surgical resection was the primary treatment for CRC-
NEC patients. However, for patients with metastatic CRC-
NEC, a previous study reported that patients would not benefit
from surgery and that surgery was not a prognostic factor for
CRC-NEC [22]. Moreover, a retrospective study of 126 high-
grade CRC-NEC patients reported that primary tumour resec-
tion did not improve the survival outcome [13]. In addition, a
recent population-based study found that operation is not a
prognostic factor in early-stage small cell CRC-NEC [15].
This result again proved that local surgery brought no benefit
in terms of survival (HR, 0.89; 95% CI, 0.23–3.47; P =
0.867). However, radical surgery seemed to improve the prog-
nosis, indicating that radical surgery is a necessary treatment,
which was in agreement with the results of Fields et al. [18].

Efficient chemotherapy treatment for CRC-NEC has yet to
be achieved [20, 23]. Our results showed that chemotherapy
improved the 5-year cancer-specific survival of CRC-NEC in

the univariate analysis (HR, 0.59; 95% CI, 0.40–0.87; P =
0.008); however, this finding was not significant in the multi-
variate analysis (HR, 1.22, 95% CI, 0.87–1.70; P = 0.252),
which may be attributed to the insufficient number of samples
and confounding factors. This finding agrees with results re-
ported by a previous study that also indicated that improve-
ment of the 5-year cancer-specific survival of CRC-NEC by
chemotherapy treatment was not satisfactory [22]. The role of
adjuvant chemotherapy needs further evaluation so that we
will be able to better understand the overall effectiveness of
chemotherapy treatment for patients with CRC-NEC, as
shown in Fig. 5c that adjuvant chemotherapy brought a ten-
dency of survival benefit without a statistic significance.
Therefore, further prospective research is needed to shed light
on the exact role of adjuvant chemotherapy in a large popula-
tion. Recently, studies have shown that immunotherapy is a
promising treatment for different types of cancers. Moreover,
the relationship between NEC of the digestive system
and the PD-L1 protein has been accounted for, indicat-
ing that immunotherapy may become a new treatment
direction for CRC-NEC [24].

In our study, we found that the proportion of LNM and
patients with stage III/IV disease was greater in CRC-NEC
than in non-NEC CRC (P < 0.001). The LNM and stage of
cancer are closely related to prognosis [4]. Therefore, it would
be better to diagnose NEC earlier for an improved prognosis.
Studies revealed that NEC did not benefit from advances in
the prevention and treatment of colorectal adenocarcinoma
over the past decade [15], which could be attributed to the fact
that we did not find the tumour at early stages. Currently, the
tumour, lymph node, metastases (TNM) staging system in
colorectal neuroendocrine carcinoma is referred to that of co-
lorectal adenocarcinoma; there have been a few studies
assessing the value of current TNM classification. Actually,
it is incredible indeed that patients with T3 CRC-NEC have
the best survival demonstrated in Fig. 4, and one probable
hypothesis is that patients with T3 CRC-NEC were the cohort
who were more likely to accept radical surgery. The extraor-
dinary finding was still probably or partially due to the small
number of patients with T1 and T2. We stratify by T and N
classification in Fig. 4 to call for the a modification of the
staging system of CRC-NEC, as the current staging system
may be impropriate that both the T and N classification cannot
predict prognosis precisely despite of limited sample, al-
though the conclusion may not be unshakable.

Our study showed that left-side colon NEC was an indepen-
dent adverse prognostic factor for CRC-NEC (P = 0.043) in the
multivariate analysis; however, left-side colon location in adeno-
carcinoma is a favourable prognostic factor accepted in routine
work. There is still a lack of research about the difference inNEC
in the left- and right-side colon. A previous study reported dif-
ferences in the molecular biological characteristics, pathological
features, clinical manifestations, and survival prognosis of left-

Fig. 6 Survival analysis of histological types in the NEC cohort
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and right-side colon adenocarcinoma [25]. Therefore, we think
that the different sensitivity to chemotherapy drugs in the left- or
right-side colon could be one of the reasons why chemotherapy
is an important part of treatment. Therefore, we suggest that the
location of NEC could be a predictive marker for the prognosis
of patients with NEC.

There are some limitations to our study. First, chemother-
apy or other antitumour drugs affect the prognosis of patients.
However, the SEER database lacks specific information on
patient medications. Second, the SEER database lacks mitotic
images and Ki-67 index-relevant information. Finally, this
study is only a retrospective analysis of clinical data, and the
number of NECs was small. Further study with a larger sam-
ple is desired for adequate evaluation.

Conclusions

NEC is a rare and extremely aggressive tumour with a poor
prognosis. Patients with NEC on the right side of the colon
have a better prognosis than those with NEC on the left side of
the colon. Early diagnosis, radical surgery, and chemotherapy
are imperative. Further investigations are necessary to under-
stand the differences in behaviour based on tumour morphol-
ogy and to develop novel targeted therapies to improve the
outcomes of rare and aggressive NEC.
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