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Abstract: Background: Colorectal mixed adenoneuroendocrine carcinoma (MANEC) and adenocarcinoma with neu-
roendocrine differentiation (ANED) are recognized as different tumors pathologically and clinically. In a population-
based study, the clinicopathologic characteristics and treatment strategies of the two tumors were comparatively 
analyzed. Methods: Patients with colorectal adenocarcinoma (ADEC), neuroendocrine carcinoma (NEC), MANEC 
and ANED were identified diagnosis from 2010 to 2014 using the Surveillance, Epidemiology, and End Results 
(SEER) database. The clinicopathologic data were analyzed by Chi-square test, univariable and multivariable Cox 
regression. Nomogram was performed to provide a prognostic evaluation for colorectal MANEC and ANED. Re-
sults: Totally 82121 patients were recruited in this cohort. There was no difference between MANEC and ANED in 
clinicopathologic characteristics and prognosis (P>0.05). The survival data showed that 1-year and 3-year survival 
rates were 84.70% and 67.83% for ADEC, 66.83% and 51.98% for NEC, and 54.27% and 37.68% for MANEC and 
ANED, respectively. Stage and surgery were independent prognostic factors of colorectal MANEC/ANED. We also 
found that the prognosis was significantly different without vs with chemotherapy (P=0.000) in stage III colorectal 
MANEC/ANED; without vs with surgery (P=0.007), and without vs with chemotherapy (P=0.000) in stage IV colorec-
tal MANEC/ANED. Radiation did nothing for improving the prognosis of colorectal MANEC/ANED in stage III and 
stage IV (P=0.557, 0.677). Conclusions: MANEC and ANED should be merged into the same category pathologi-
cally and clinically, and had the poorest prognosis. Stage and surgery were independent prognostic risk factors for 
colorectal MANEC/ANED. The prognosis of MANEC/ANED could not benefit from radiation. 

Keywords: Colorectal mixed adenoendocrine carcinoma, adenocarcinoma with neuroendocrine differentiation, 
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Introduction

According to the World Health Organization 
(WHO) 2010 classification, the neuroendocrine 
tumors of digestive system are divided into 
three categories as neuroendocrine tumor 
(NET), neuroendocrine carcinoma (NEC), and 
mixed adenoendocrine carcinoma (MANEC) [1]. 
NEC consists of small cell NEC and large cell 
NEC. In the colon and rectum, large cell NEC 
accounted for 75% of cases, whereas in the 
anus most are small cell NEC [2]. NEC express-
es one or more neuroendocrine markers, such 
as CgA, Syn and CD56, PGP9.5 and GFAP. 
MANEC are composed of NEC and exocrine 
component, each representing at least 30% of 

the tumor [3, 4]. NEC component expresses 
neuroendocrine markers, such as chromo-
granin, synaptophysin and CD56, but adenocar-
cinoma component does not (Figure 1). When 
the tumor is mainly composed of adenocarci-
noma, and the NEC component presents less 
than 30%, it is defined as adenocarcinoma  
with neuroendocrine differentiation (ANED) [5]. 
Pathologists need to determine whether the 
final diagnosis is MANEC or ANED based on the 
proportion of NEC in mixed tumors, which com-
posed of morphologically recognizable adeno-
carcinoma and NEC components.

Several reports have found that the prognosis 
of NEC and MANEC is poorer than adenocarci-
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noma (ADEC) in colorectal cancer [6-9]. It was 
reported that colorectal NEC is a highly aggres-
sive tumor with about 40%-50% metastases at 
diagnosis, and most common metastases 
occur in liver [10, 11]. The median survival of 
NEC is 10.4 months, and 3-year survival is 
17.2% [1, 12]. Massimo Milione [3] reported 
that the median overall survival (OS) of colorec-
tal MANEC was 12.2 months. However, because 
ANED cases are rare, relevant reports are 
almost absent. In addition, there is no relevant 
study on the comparative analysis of clinico-
pathologic data and treatment strategy for 
colorectal MANEC and ANED. How does MANEC 
differ from ANED except for the proportion of 
morphologic components? Should they be 
treated differently? 

Materials and methods

Study cohort

Incidence-SEER 18 Regs Custom Data (with 
additional treatment fields, Nov 2016 Sub, 
1973-2014 varying) from SEER*Stat 8.3.4 
database was used. We selected patients diag-
nosed as colon cancer (“ICD-O-3 Hist/behav, 
malignant”, including 8140/3 (Adenocarcino- 
ma, NOS, n=612115), 8246/3 (Neuroendo- 
crine carcinoma, NOS, n=3728), 8013/3 (Large 
cell neuroendocrine carcinoma, n=216, which 
was classified as neuroendocrine carcinoma), 
8041/3 (Small cell carcinoma, NOS, n=723, 

which was classified as neuroendocrine carci-
noma), 8042/3 (Oat cell carcinoma, n=7, which 
was classified as neuroendocrine carcinoma), 
8244/3 (Mixed adenoneuroendocrine carcino-
ma, n=557), 8574/3 (Adenocarcinoma with 
neuroendocrine differentiation, n=325)) from 
2010 to 2014 (n=617671). Patients with exact 
tumor size (range, 0-989 mm), age (16-108 
years), race (white, black and others), site (right 
colon, including cecum, ascending colon, 
hepatic flexure and transverse colon; left colon, 
including descending colon, splenic flexure and 
sigmoid colon; rectum, including rectosigmoid 
junction and rectum), tumor cell differentiation 
(well, moderately, poorly and undifferentiated), 
AJCC 7th Stage (0+I, II, III, IV), bone metastases 
(yes or no), brain metastases (yes or no), liver 
metastases (yes or no), lung metastases (yes 
or no), marital status (married, unmarried and 
single, divorced and separated, widowed), che-
motherapy (yes or no/unknown), radiation (yes 
or no), cause-specific death classification (over-
all-cause survival, OS, including alive and dead) 
and survival time data (0-59 months) were 
included in the cohort. Patients with unknown 
surgery (including “Recommended, unknown if 
performed” and “Unknown; death certificate; or 
autopsy only”) were excluded. Finally, 82121 
patients were recruited in the study cohort. 

X-tile, a statistical model [13], was used to 
develop optimal cut-off points for age and 
tumor size. According to the X-tile program, the 

Figure 1. H&E. staining and immunohistochemical staining of CgA and Syn for NEC and MANEC/ANED.
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Table 1. Clinicopathologic data of different histologic types of colorectal cancer

Variable No. MANEC (%) ANED (%) p value No. ADEC (%) NEC (%) MANEC/ANED 
(%)

Total  
p value

p value
ADEC vs 

NEC
ADEC vs 

MANEC/ANED
NEC vs  

MANEC/ANED
Age (years) 0.249 0.000 0.000 0.654 0.003
    ≤70 79 39 (49.37) 40 (50.63) 46500 45721 (56.41) 700 (74.15) 79 (60.31)
    71-80 29 10 (34.48) 19 (65.52) 19351 19175 (23.66) 147 (15.57) 29 (22.14)
    >80 23 8 (34.78) 15 (65.22) 16270 16150 (19.93) 97 (10.28) 23 (17.56)
Tumor size (mm) 0.544 0.000 0.000 0.009 0.000
    ≤34 31 16 (51.61) 15 (48.39) 24875 24369 (30.07) 475 (50.32) 31 (23.66)
    35-59 49 21 (42.86) 28 (57.14) 34967 34689 (42.8) 229 (24.26) 49 (37.40)
    >59 51 20 (39.22) 31 (60.78) 22279 21988 (27.13) 240 (25.42) 51 (38.93)
Race 0.512 0.000 0.000 0.278 0.077
    White 109 45 (41.28) 64 (58.72) 65164 64354 (79.40) 701 (74.26) 109 (83.21)
    Black 15 8 (53.33) 7 (46.67) 9223 9055 (11.17) 153 (16.21) 15 (11.45)
    Others 7 4 (57.14) 3 (42.86) 7734 7637 (9.42) 90 (9.53) 7 (5.34)
Sex 0.871 0.196 0.192 0.211 0.475
    Male 61 27 (44.26) 34 (55.74) 42700 42168 (52.03) 471 (49.89) 61 (46.56)
    Female 70 30 (42.86) 40 (57.14) 39421 38878 (47.97) 473 (50.11) 70 (53.44)
Site 0.586 0.000 0.000 0.000 0.000
    Right colon 88 41 (46.59) 47 (53.41) 37136 36606 (45.17) 442 (46.82) 88 (67.18)
    Left colon 18 7 (38.89) 11 (61.11) 23307 23217 (28.65) 72 (7.63) 18 (13.74)
    Rectum 25 9 (36.00) 16 (64.00) 21678 21223 (26.19) 430 (45.55) 25 (19.08)
Differentiation 0.094 0.000 0.000 0.000 0.000
    Well 2 2 (100) 0 (0) 5629 5258 (6.49) 369 (39.09) 2 (1.53)
    Moderately 17 9 (52.94) 8 (47.06) 60413 60290 (74.39) 106 (11.23) 17 (12.98)
    Poorly 87 32 (36.78) 55 (63.22) 13567 13184 (16.27) 296 (31.36) 87 (66.41)
    Undifferentiated 25 14 (56.00) 11 (44.00) 2512 2314 (2.86) 173 (18.33) 25 (19.08)
Stage 0.138 0.000 0.000 0.000 0.000
    0+I 8 6 (75.00) 2 (25.00) 14367 14104 (17.4) 255 (27.01) 8 (6.11)
    II 21 9 (42.86) 12 (57.14) 26691 26584 (32.8) 86 (9.11) 21 (16.03)
    III 52 25 (48.08) 27 (51.92) 27661 27345 (33.74) 264 (27.97) 52 (39.69)
    IV 50 17 (34.00) 33 (66.00) 13402 13013 (16.06) 339 (35.91) 50 (38.17)
Marital status 0.182 0.000 0.000 0.593 0.006
    Married 67 34 (50.75) 33 (49.25) 45536 44887 (55.38) 582 (61.65) 67 (51.15)
    Unmarried and single 21 10 (47.62) 11 (52.38) 13219 13025 (16.07) 173 (18.33) 21 (16.03)
    Divorced and Separated 19 5 (26.32) 14 (73.68) 9060 8943 (11.03) 98 (10.38) 19 (14.50)
    Widowed 24 8 (33.33) 16 (66.67) 14306 14191 (17.51) 91 (9.64) 24 (18.32)
Bone metastases 0.805 0.000 0.000 0.000 0.991
    Yes 4 1 (25.00) 3 (75.00) 499 466 (0.57) 29 (3.07) 4 (3.05)
    No 127 56 (44.09) 71 (55.91) 81622 80580 (99.43) 915 (96.93) 127 (96.95)
Brain metastases 1.000 0.000 0.000 0.000 0.541
    Yes 2 1 (50.00) 1 (50.00) 151 140 (0.17) 9 (0.95) 2 (1.53)
    No 129 56 (43.41) 73 (56.59) 81970 80906 (99.83) 935 (99.05) 129 (98.47)
Liver metastases 0.411 0.000 0.000 0.000 0.597
    Yes 37 14 (37.84) 23 (62.16) 10013 9688 (11.95) 288 (30.51) 37 (28.24)
    No 94 43 (45.74) 51 (54.26) 72108 71358 (88.05) 656 (69.49) 94 (71.76)
Lung metastases 0.182 0.073 0.821 0.023 0.034
    Yes 9 2 (22.22) 7 (77.78) 2722 2683 (3.31) 30 (3.18) 9 (6.87)
    No 122 55 (45.08) 67 (54.92) 79399 78363 (96.69) 914 (96.82) 122 (93.13)
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optimal cut-off points were 70 and 80 (years) 
for age, 34 and 59 (mm) for tumor size. Then 
patients were divided into three groups for age 
(≤70, 71-80, >80 years) and tumor size (≤34, 
35-59, >59 mm), respectively. 

Statistical analysis

Statistical analysis was performed using SPSS 
version 23.0 (IBM Corporation, Armonk, NY, 
USA), and R software version 3.03. Chi-square 
test was used to evaluate the clinicopathologic 
data of the four different histological types of 
colorectal cancer. In this study, Kaplan-Meier 
(log-rank test) and Cox Regression (univariable 
and multivariable) analyses assessed risk fac-
tors for OS prognosis. Hazard ratio (HRs) were 
presented with there 95% CIs [14]. Selected 
variables were incorporated in the nomogram 
created by R software using “rms” package to 
predict the probability of 1-year and 3-year OS. 
The Concordance index (C-index) was used to 
quantify the predictive accuracy [15]. Cali- 
bration plots were generated to examine the 
performance characteristic of the predictive 
nomogram. A two-tailed P<0.05 was consid-
ered significant. 

Results

Clinicopathologic characteristics of four differ-
ent histologic types of colorectal cancer

This study was comprised of 42700 males and 
39421 females, with a male-female ratio of 
1.08:1. The ages of the patients ranged  
from 16 to 108 years (median age, 68 years). 
The mortality rate for OS was 26.21% 

difference between MANEC and ANED in  
age (P=0.249), tumor size (P=0.544), race 
(P=0.512), sex (P=0.871), site (P=0.586),  
differentiation (P=0.094), stage (P=0.138), 
marital status (P=0.182), bone metastases 
(P=0.805), brain metastases (P=1.000), liver 
metastases (P=0.411) and lung metastases 
(P=0.182). The survival data showed that there 
was no statistically significant difference 
between MANEC and ANED in the prognosis 
(P=0.606, Figure 2A). So, we merged MANEC 
and ANED into one category in the subsequent 
study. Comparative analysis within every two 
groups among the three histological types of 
colorectal cancer (ADEC, NEC and MANEC/
ANED) showed that the proportion of the 
patients with age >80 years in MANEC/ANED 
was 17.56% (23/131), higher than NEC 
(10.28%, 97/944, P=0.003), and there was no 
difference between MANEC/ANED and ADEC 
(P=0.654) in age. The proportion of MANEC/
ANED in tumor size >59 mm was 38.93% 
(51/131), higher than that of ADEC (27.13%, 
21988/81046, P=0.009) and NEC (25.42%, 
240/944, P=0.000). The proportion of MANEC/
ANED in right colon was 67.18% (88/131),  
also higher than that of ADEC (45.17%, 
36606/81046, P=0.000) and NEC (46.82%, 
442/944, P=0.000). The proportion of MANEC/
ANED with poorly differentiation was 66.41% 
(87/131), significantly higher than that of ADEC 
(16.27%, 13184/81046, P=0.000) and NEC 
(31.36, 296/944, P=0.000). The proportion of 
MANEC/ANED in stage III and IV were 39.69% 
(52/131) and 38.17% (50/131), both hig- 
her than that of ADEC (stage III, 33.74%, 
27345/81046; and stage IV, 16.06%, 

Figure 2. Kaplan-Meier (log-rank test) analysis of different histologic types 
of colorectal cancer. A. Kaplan-Meier (log-rank test) analysis of colorectal 
MANEC and ANED. B. Kaplan-Meier (log-rank test) analysis of colorectal 
ADEC, NEC and MANEC/ANED.

(21526/82121). The study co- 
hort was composed of ADEC 
(n=81046), NEC (n=944), MA- 
NEC (n=57) and ANED (n=74). 
The result showed that the 
median age of ADEC, NEC, 
MANEC and ANED was 68 
years (16-108 years), 60 years 
(18-95 years), 66 years (30-
89 years) and 69 years (28-94 
years), respectively. The tumor 
size of ADEC, NEC, MANEC and 
ANED was 45 mm (0-989 
mm), 33.5 mm (1-989 mm), 
50 mm (3-989 mm) and 50 
mm (11-350 mm), respective-
ly. Chi-square test (Table 1) 
revealed that there was no  
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Table 2. Univariable and Multivariable Cox Regression for all-cause mortality among patients with 
colorectal MANEC/ANED

Variables Total
Univariable Multivariable

HR (95% CI) p value HR (95% CI) p value
Age (years) NA 0.658
    ≤70 79
    71-80 29
    >80 23
Size (mm) 1.420 (1.015-1.986) 0.041
    ≤34 31 1 [Reference] NA
    35-59 49 NA 0.863
    >59 51 NA 0.390
Race NA 0.588
    White 109
    Black 15
    Others 7
Sex NA 0.592
    Male 61
    Female 70
Site NA 0.095
    Right colon 88
    Left colon 18
    Rectum 25
Differentiation 1.535 (1.031-2.287) 0.035
    Well 2 1 [Reference] NA
    Moderately 17 NA 0.150
    Poorly 87 NA 0.873
    Undifferentiated 25 NA 0.111
Stage 3.192 (2.162-4.710) 0.000
    0+I 8 1 [Reference] NA
    II 21 1.526 (0.153-15.229) 0.719
    III 52 7.842 (1.015-60.616) 0.048
    IV 50 18.688 (2.493-140.110) 0.004
Marital status NA 0.534
    Married 67
    Unmarried and single 21
    Divorced and Separated 19
    Widowed 24
Bone metastases 6.132 (2.141-17.565) 0.001
    No 127 1 [Reference] NA
    Yes 4 NA 0.088
Brain metastases 7.066 (1.654-30.176) 0.008
    No 129 1 [Reference] NA
    Yes 2 NA 0.086
Liver metastases 3.609 (2.169-6.003) 0.000
    No 94 1 [Reference] NA
    Yes 37 NA 0.928
Lung metastases 4.154 (1.922-8.981) 0.000
    No 122 1 [Reference] NA
    Yes 9 NA 0.334
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13013/81046, P=0.000) and NEC (stage III, 
27.97%, 264/944; and stage IV, 35.91%, 339/ 
944, P=0.000). The rate of patients in widowed 
with MANEC/ANED was 18.32% (24/131), high-
er than that of NEC (9.64%, 91/944, P=0.006). 
The rate of MANEC/ANED with bone metasta-
ses, brain metastases, liver metastases and 
lung metastases were 3.05% (4/131), 1.53% 
(2/131), 28.24% (37/131) and 6.87% (9/131), 
all significantly higher than that of ADEC (0.57%, 
466/81046, P=0.000; 0.17%, 140/81046, 
P=0.000; 11.95%, 9688/81046, P=0.000; 
3.31%, 2683/81046, P=0.023, respectively). 
The proportion of MANEC/ANED with lung 
metastases was also higher than that of NEC 
(3.18%, 30/944, P=0.034). In addition, there 
were no significant differences between 
MANEC/ANED and ADEC in race (P=0.278), sex 
(P=0.211) and marital status (P=0.593), and 
there were no statistically significant differenc-
es between MANEC/ANED and NEC in race 
(P=0.077), sex (P=0.475), bone metastases 
(P=0.991), brain metastases (P=0.541), and 
liver metastases (P=0.597). The survival curve 
showed that there was significant difference 
between ADEC, NEC and MANEC/ANED in prog-
nosis (ADEC vs NEC, P=0.000; ADEC vs MANEC/
ANED, P=0.000; NEC vs MANEC/ANED, P= 
0.001, Figure 2B). The 1-year and 3-year sur-
vival rates were 84.70% and 67.83% for ADEC, 
66.83% and 51.98% for NEC, and 54.27% and 
37.68% for MANEC/ANED, respectively.

Univariable and multivariable cox regression 
and predictive nomogram for OS in patients 
with colorectal MANEC/ANED 

The univariable analysis showed that tumor 
size, cell differentiation, stage, bone metasta-
ses, brain metastases, liver metastases, lung 
metastases and surgery were related with 

prognosis of colorectal MANEC/ANED. The mul-
tivariate analysis demonstrated that TNM stage 
and surgery were independent prognostic fac-
tors of colorectal MANEC/ANED. By multivari-
able analysis, it displayed that stage III (vs 
stage 0+I; HR, 7.842; 95% CI, 1.015-60.616; 
P=0.048, Table 2), stage IV (vs stage 0+I; HR, 
18.688; 95% CI, 2.493-140.110; P=0.004), 
without surgery (vs surgery; HR, 2.592; 95% CI, 
1.327-5.061; P=0.005) were associated with 
significantly poorer prognosis. The nomogram 
(Figure 3A) to predict OS was created based on 
2 independent prognostic factors, stage (0+I, II, 
III or IV) and surgery (yes or no). Higher total 
points based on the sum of the assigned num-
ber of points for each factor in the nomogram 
was associated with a worse prognosis. For 
example, a patient with Stage (IV) and Surgery 
(no) would have a total of 13 points (10 points 
for stage, 3 points for surgery), for a predicted 
1-year and 3-year OS of 50% and 15%, respec-
tively. For internal validation, calibration plots 
of the nomogram predicting 1- and 3-year sur-
vival performed well with the ideal model 
(Figure 3B). The C-index of the multivariate 
prognostic model based on 2 independent 
prognostic factors was 0.742.

Analysis of treatment strategies for colorectal 
MANEC/ANED in different stages

Predict OS based on surgery, chemotherapy 
and radiation (Table 3) showed that among 
patients with colorectal MANEC/ANED in stage 
III, all the patients implemented surgery (n=52), 
33 patients among them taken chemotherapy, 
and only 6 patients adopted radiation. By multi-
variable analysis, it displayed that patients 
without chemotherapy (vs with chemotherapy) 
in stage III colorectal MANEC/ANED have worse 
prognosis (HR, 4.377; 95% CI, 1.958-9.786; 

Surgery 3.319 (1.847-5.961) 0.000
    Yes 114 1 [Reference] NA
    No 17 2.592 (1.327-5.061) 0.005
Chemotherapy NA 0.216
    Yes 76
    No 55
Radiation NA 0.218
    Yes 10
    No 121
Abbreviations: HR, hazard ratio; NA, not applicable.
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P=0.000). The mortality of the patients with 
chemotherapy in stage III colorectal MANEC/
ANED was 33.33% (11/33), and that of patients 
without chemotherapy was 73.68% (14/19, 
P=0.000). In stage IV colorectal MANEC/ANED 
(n=50), 35 patients underwent surgery (vs with-
out surgery, n=15), 33 patients took chemo-
therapy (vs without chemotherapy, n=17), and 
1 patient had radiation (vs without radiation, 
n=49). By multivariable analysis, among pati- 
ents with stage IV colorectal MANEC/ANED, 
going without surgery (vs with surgery; HR, 
2.627; 95% CI, 1.297-5.322; P=0.007), or with-
out chemotherapy (vs with chemotherapy; HR, 
4.396; 95% CI, 2.059-9.384; P=0.000) were 
associated with significantly poorer prognosis. 
The mortality of the patients with surgery in 
stage IV colorectal MANEC/ANED was 68.57% 
(24/35), and that of patients without surgery 
was 93.33% (14/15, P=0.007). The mortality of 
the patients with chemotherapy in stage IV 

ference between MANEC and ANEC in clinico-
pathologic characteristics and survival (Table 1 
and Figure 2A). 

The study demonstrated that the tumor size in 
patients with MANEC/ANED was comparatively 
larger than ADEC and NEC, and the tumor cell 
differentiation in patients with MANEC/ANED 
was relatively poorer than ADEC and NEC. The 
TNM stage of MANEC/ANED patients at diagno-
sis was comparatively later than with ADEC and 
NEC patients. Several reports suggested that 
the prognosis of NEC and MANEC is poorer 
than ADEC in colorectal cancer [6-9, 12]. Our 
survival data indicated that the prognosis of 
MANEC/ANED was the poorest, compared with 
ADEC and NEC, and the prognosis of NEC 
patients was poorer than ADEC patients (Figure 
2B), which was consistent with the references. 
Our study also found that there was no differ-
ence between the prognosis of MANEC patients 

Figure 3. Nomogram Predicting Survival in Patients with colorectal MANEC/
ANED. A. The nomogram to predict OS was created based on 2 indepen-
dent prognostic factors. Notes: AJCC 7th Stage (0+I, II, III and IV) and Surgery 
(Yes and No). B. Calibration Plot Comparing Predicted and Actual Survival 
Probabilities at 1-year and 3-year survival. The blue line represents the per-
formance of an ideal nomogram. The black line indicates the performance 
of proposed nomogram. Black circles are sub-cohorts of the data set; X is 
the bootstrapped corrected estimate of nomogram with 1000 resamples. 
Vertical bars represent 95% CI. It seemed that the nomogram predicted ac-
curately 1- and 3-year OS.

colorectal MANEC/ANED was 
72.73% (24/33), and that of 
patients without chemothera-
py was 82.35% (14/17, P= 
0.000). It seemed that radia-
tion was of no use to improve 
the prognosis of colorectal 
MANEC/ANED in stage III 
(P=0.557) and stage IV 
(P=0.677). 

Discussion

According to the World Health 
Organization (WHO) 2010 
classification [1], the diagno-
sis of MANEC or ANED is de- 
termined by higher than or 
less than 30% NEC compo-
nent in mixed tumors, that are 
composed of adenocarcino- 
ma and NEC components. Is 
ANED totally different from 
MANEC? What is the differ-
ence between the two types  
of colorectal cancer besides 
morphologic proportions? No 
prior study reported on com-
paring MANEC and ANED. 
After thorough comparative 
analysis, our data showed that 
MANEC and ANED should be 
merged into the same catego-
ry, because there was no dif-
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Table 3. Multivariable Cox Regression for all-cause mortality among colorectal MANEC/ANED patients 
with different treatment in stage III and stage IV

Stage III Stage IV
Total Dead (%) HR (95% CI) p value Total Dead (%) HR (95% CI) p value

Surgery NA NA
    Yes 52 25 (48.08) 35 24 (68.57) 1 [Reference] NA
    No 0 0 (0) 15 14 (93.33) 2.627 (1.297-5.322) 0.007
Chemotherapy
    Yes 33 11 (33.33) 1 [Reference] NA 33 24 (72.73) 1 [Reference] NA
    No 19 14 (73.68) 4.377 (1.958-9.786) 0.000 17 14 (82.35) 4.396 (2.059-9.384) 0.000
Radiation NA 0.557 NA 0.677
    Yes 6 3 (50) 1 1 (100)
    No 46 22 (47.83) 49 37 (75.51)
Abbreviations: HR, hazard ratio; NA, not applicable.

and ANED patients. It suggested MANEC/ANED 
was a malignant tumor with higher malignancy 
and poorer prognosis, compared with ADEC 
and NEC. It seemed that the NEC component in 
MANEC was related to poor prognosis, no mat-
ter how much proportion it counted. So, we sug-
gest that the pathologic diagnosis for this kind 
of tumor should be united to one category. We 
recommend MANEC other than ADEC with  
neuroendocrine differentiation. And objective 
description about the proportion of each com-
ponent is also recommended for a complete 
diagnosis. 

In addition, the study indicated that stage and 
surgery were important independent prognos-
tic factors of colorectal MANEC/ANED patients, 
as showed in Table 2. The nomogram in this 
study (Figure 3) to predict OS was created 
based on 2 independent prognostic factors 
(stage and surgery), which could be used to 
guide the prognosis of patients with colorectal 
MANEC/ANED. It showed the most significant 
impact on the prognosis of colorectal MANEC/
ANED was stage. Furthermore, the C-index of 
the multivariate prognostic model was 0.742, 
which performed well on internal validation. 

Surgery is recommended for the treatment of 
Stage 0-II colorectal cancer. Treatment of Stage 
III colorectal cancer includes surgery and che-
motherapy, and that of Stage IV contains sur-
gery, chemotherapy, radiation and targeted 
therapy [16]. Excluding other factors, we only 
consider the effect of treatment on the progno-
sis of MANEC/ANED patients. Predicting OS 
based on surgery, chemotherapy and radiation 

respectively (Table S1) showed that patients 
could benefit from surgery and chemotherapy, 
no matter which stage of colorectal ADEC. 
Radiation could improve the prognosis of the 
patients with stage III and IV of colorectal ADEC, 
but radiation should not be recommended to 
the stage 0+I patients (without surgery vs  
with surgery; HR, 0.720; 95% CI, 0.547-0.948; 
P=0.019), but the data showed that totally 
about 13172 stage 0+I colorectal ADEC 
patients were treated with radiation. Surgery is 
the preferred treatment for colorectal NEC as 
reported before [12, 17]. NEC patients can be 
treated with chemotherapy and radiation [18-
27], particularly when surgical resection is dif-
ficult. However, radiotherapy is still controver-
sial for improving the prognosis of patients with 
NEC [28, 29]. Our study showed that surgery 
and chemotherapy could improve NEC patient 
prognosis in stage IV (without surgery vs with 
surgery; HR, 1.566; 95% CI, 1.186-2.068; 
P=0.002; without chemotherapy vs with che-
motherapy; HR, 1.350; 95% CI, 1.025-1.778; 
P=0.033). Prognosis of colorectal NEC would 
be made poorer by chemotherapy in stage 0+I/
II/III (without chemotherapy vs with chemother-
apy in stage 0+I; HR, 0.043; 95% CI, 0.009-
0.200; P=0.000; without chemotherapy vs with 
chemotherapy in stage II; HR, 0.285; 95% CI, 
0.098-0.829; P=0.021; without chemotherapy 
vs with chemotherapy in stage III; HR, 0.441; 
95% CI, 0.298-0.652; P=0.000). Our data also 
demonstrated that radiation was of no use to 
improve the prognosis of colorectal NEC in all 
stages. It remains unclear to medical oncolo-
gists if a tumor with both exocrine and endo-
crine differentiation (MANEC) should be treated 
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based on protocols for conventional ADEC or 
NEC [30]. The treatment of MANEC is mostly 
adopted from therapeutic strategies of ADEC 
and NEC [31, 32]. It was reported that chemo-
radiotherapy can benefit MANEC patients [7]. 
Colorectal ANED is rare and an effective che-
motherapy has not yet been established, 
according to previous report [33]. To date, 
researchers have no idea about the therapeu-
tic effect of ANED. For MANEC/ANED patients, 
surgery was helpful to improve the prognosis of 
stage IV patients, and chemotherapy was use-
ful to improve the prognosis of stage III and 
stage IV patients (Table 3), according to our 
analysis. It showed that surgery and chemo-
therapy were not helpful to improve the progno-
sis of MANEC/ANED patients in stage 0+I and 
stage II, which might due to the early progress 
of stage 0+I/II patients itself. In addition, radia-
tion was of no use to improve the prognosis of 
MANEC/ANED patients in all stages (Table S1).

With the development of molecular biology 
techniques, the treatment of colorectal cancer 
is no longer confined to surgery, chemotherapy 
and radiation. More targeted therapy is used to 
treat patients with colorectal cancer; for exam-
ple, VEGF inhibitor, EGFR inhibitor, PD-1 inhibi-
tor, Ziv-aflibercept and so on [16]. However, 
unfortunately there were no relevant data 
about targeted therapy for MANEC/ANED in the 
SEER database,and we had no exact informa-
tion about chemotherapy for MANEC/ANED 
either. 

Conclusions

Colorectal MANEC and ANED could be merged 
into the same category, because of their  
similar clinicopathologic and prognosis data. 
Pathologic diagnosis for this tumor should put 
emphasis on NEC components, with objective 
description of the exact proportion of both 
components. The prognosis of colorectal 
MANEC/ANED was the poorest, compared with 
ADEC and NEC. The nomogram of this paper 
could provide a prognostic evaluation of colo- 
rectal MANEC/ANED. Stage and surgery were 
independent prognostic risk factors for colorec-
tal MANEC/ANED. For example, a patient with 
Stage (IV) and Surgery (no) would have a total 
of 13 points (10 points for stage, 3 points for 
surgery), for a predicted 1-year and 3-year OS  

of 50% and 15%, respectively. Radiation was 
unhelpful to MANEC/ANED.
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Table S1. Multivariable Cox regression for all-cause mortality among patients with different treatment in colorectal cancer
Multivariable Cox Regression Multivariable Cox Regression Multivariable Cox Regression

With Surgery Without Surgery  
HR (95% CI) p value With Chemotherapy Without Chemotherapy 

HR (95% CI) p value With Radiation Without Radiation 
HR (95% CI) p value

Stage 0+I

    ADEC 1 [Reference] 9.669 (8.521-10.971) 0.000 1 [Reference] 1.952 (1.565-2.434) 0.000 1 [Reference] 0.720 (0.547-0.948) 0.019 

    NEC 1 [Reference] NA 0.256 1 [Reference] 0.043 (0.009-0.200) 0.000 1 [Reference] NA 0.384 

    MANEC/ANED 1 [Reference] NA 0.317 1 [Reference] NA 0.083 1 [Reference] NA NA

Stage II

    ADEC 1 [Reference] 5.788 (5.133-6.527) 0.000 1 [Reference] 2.263 (2.091-2.449) 0.000 1 [Reference] NA 0.612 

    NEC 1 [Reference] NA 0.671 1 [Reference] 0.285 (0.098-0.829) 0.021 1 [Reference] NA 0.542 

    MANEC/ANED 1 [Reference] NA NA 1 [Reference] NA 0.316 1 [Reference] NA 0.378

Stage III

    ADEC 1 [Reference] 3.063 (2.704-3.469) 0.000 1 [Reference] 3.505 (3.325-3.695) 0.000 1 [Reference] 1.184 (1.087-1.290) 0.000 

    NEC 1 [Reference] NA 0.186 1 [Reference] 0.441 (0.298-0.652) 0.000 1 [Reference] NA 0.331 

    MANEC/ANED 1 [Reference] NA NA 1 [Reference] 4.377 (1.958-9.786) 0.000 1 [Reference] NA 0.557 

Stage IV

    ADEC 1 [Reference] 1.982 (1.878-2.092) 0.000 1 [Reference] 3.196 (3.050-3.350) 0.000 1 [Reference] 1.282 (1.160-1.417) 0.000 

    NEC 1 [Reference] 1.566 (1.186-2.068) 0.002 1 [Reference] 1.350 (1.025-1.778) 0.033 1 [Reference] NA 0.547 

    MANEC/ANED 1 [Reference] 2.627 (1.297-5.322) 0.007 1 [Reference] 4.396 (2.059-9.384) 0.000 1 [Reference] NA 0.677
Abbreviations: HR, hazard ratio; NA, not applicable.


