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Abstract
Objective: Colorectal neuroendocrine carcinoma (CRNEC) is rare and little is known about survival bene�t between
lymph node ratio (LNR) and improved overall survival (OS), and so is the adjuvant chemotherapy (AC). We aim to
evaluate the survival bene�t of LNR and AC in patients with nonmetastatic CRNEC following resection.

Methods: Patients with resected nonmetastatic CRNECs were identi�ed in Surveillance, Epidemiology, and End
Results (SEER) during year 1992 to 2016. A Log-rank test was conducted to determine the survival difference. The
survival bene�t was evaluated using a competing-risks regression model and propensity score-matched (PSM)
techniques were used to reduce the selection bias.

Results: A total of 251 patients met the inclusion criteria, of which, 152 patients (60.56%) received AC. The age of
60 (P=0.848) and number of 12 of resected regional lymph nodes (P=0.082) acted as an optimal cutoff value in
terms of survival, failing to reach a signi�cance. Chemotherapy failed to bring survival bene�t (hazard ratio [HR],
0.959; 95% con�dence interval [CI], 0.649-1.416; P=0.832). Current N classi�cation was not a signi�cant predictor
of patient survival (N1: P = 0.174; N2: P=0.028, compared to N0, respectively). Multivariate analyses explored the
revised Nr classi�cation, based on LNR of 0.30 and 0.75 as cutoff value (Nr0: LNR£0.30; Nr1: 0.3<LNR£0.75; Nr2:
LNR >0.75), as an independent prognostic factor (Nr1: P = 0. 003; Nr2: P<0.001, compared to Nr0, respectively).
With the foundation of revised Nr classi�cation, a revised TNrM was proposed for nonmetastatic CRNEC: stage I
(T1–2Nr0), stage II (T1-2Nr1 or T3Nr0–1 or T4Nr0), and stage III (TxNr2 or T4Nr1). TNrM stage had better
strati�cation according to Kaplan-Meier survival curves (P <0.001).

Conclusions: AC seems invalid for improving the survival of patients with nonmetastatic CRNECs following
resection. The LNR more accurately predict survival of CRNEC patients than current N classi�cation.

Background
Neuroendocrine carcinomas (NECs) are frequent in the lung but rare in the gastrointestinal (GI) tract[1] while
colorectal neuroendocrine carcinoma (CRNEC) is an even rare type of malignancy of extremely negative
prognosis[2]. The poorly differentiated NECs are distinguished into small or large cells carcinoma according to
2010 WHO classi�cation[3, 4].

Due to the rarity of CRNEC and the resulting di�culty to accumulate a large cohort for evaluation, there are few
retrospective studies and almost no prospective studies to evaluate its prognostic value of adjuvant
chemotherapy (AC)[2], resulting in the fact that most of the suggested guidelines is consulted to that of SCLC[1].
In clinical practice, relevant features addressing the optimal management strategy of NECs consists of clinical
behavior, mitoses, Ki-67 expression, morphology and so on[5], but no standard clinical management are
recommended to date according to the tumor location of origin[6]. It is suggested that ‘‘most clinicians would
advocate platinum-based adjuvant therapy’’ after curative surgery, similar to the treatment guidelines for small
cell lung cancer[2], which is considered as the current consensus from the European Neuroendocrine Tumor
Society (ENETS)[7]. This is also accepted by guidelines of Neuroendocrine Tumor Society (NANETS) as well as
National Comprehensive Cancer Network (NCCN)[8]. However, evidence supporting current guidelines are
extremely limited, with the lack of large studies reported to improve survival associated with adjuvant
chemotherapy for resectable CRNECs following resection. Rui Mao, et al[8] stated that patients with
nonmetastatic CRNECs may bene�t from AC, knowing that they included carcinoid tumor (8240), argenta�n
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carcinoid tumor (8241), enterochroma�n cell tumor (8242) et al with grade codes 3 (poorly differentiated) or 4
(undifferentiated; anaplastic) as NECs. According to 2010 WHO classi�cation, the including criteria[9] that the
International Classi�cation of Diseases for Oncology codes for small cell neuroendocrine carcinoma and large
cell neuroendocrine carcinoma is more precise for the diagnosis and meaningful for further analysis.

On the other hand, the Tumor, Lymph node, Metastases classi�cation (TNM) is currently proposed as a dynamic
and the most powerful prognostic instrument to tailor optimal prediction of cancer speci�c survival (CSS)[10].
Signi�cantly, TNM staging system in colorectal neuroendocrine carcinoma is referred to that of colorectal
adenocarcinoma, despite of the few studies assessing the value of current TNM classi�cation for NECs[10].
Lymph node (LN) metastasis was demonstrated as a negative factor in small intestinal neuroendocrine tumors,
and the lymph node ratio optimized the staging[1]. However, neither large-scale retrospective studies nor
prospective studies have well demonstrated the prognostic value of lymph node ratio (LNR) in patients with
nonmetastatic CRNECs. Therefore, by using a large-scale database, we performed the study to evaluate the
survival bene�t of AC and the current AJCC TNM staging system of CRNECs to further propose revised TNM
staging systems based on the revised N classi�cation.

Methods

Study population
A total of 251 patients with Colorectal Neuroendocrine Carcinoma (CR-NEC) were enrolled from The Surveillance,
Epidemiology, and End Results (SEER) database, which was established by the National Cancer Institute with the
aim of collecting information about cancer incidence and survival. The current SEER 18 database collects and
publishes cancer data including cancer incidence and survival from 18 population-based cancer registries among
14 states across the United States, about 26% of the United States population (http://seer.cancer.gov/). The
SEER*Stat software version 8.3.6 (http://seer.cancer.gov/seerstat) was used to identify patients microscopically
con�rmed as Colorectal Neuroendocrine Carcinoma from January 1992 to December 2016. Patients diagnosed
after 2016 were excluded to ensure an adequate duration of follow-up. We obtained permission to access the
research data (Reference Number: 12005-Nov2019). This study was approved by the review board of XXX. We
retrieved records of year and age at diagnosis, gender, race, marital status, histological type, differentiated grade,
tumor location, TNM staging, Chemotherapy, insurance status, CEA, cause of death and survival time from the
SEER database.

The speci�c inclusion criteria were as follows: (1) site record ICD-O-3 was limited to colon and rectum (C18, C19,
C20); (2) histological type ICD-O-3 was limited to large cell neuroendocrine carcinoma, small cell carcinoma and
neuroendocrine carcinoma (8013/3, 8041/3, 8246/3); (3) year of diagnosis was limited from 1992 to 2016; (4) the
age at diagnosis was limited from 20 to 80; (5) patients were not multiple primary tumors.

The exclusion criteria were as follows: (1) patients were lacking documentation of race, sex, tumor location,
number of resected regional lymph nodes or marital status; (2) the grade of tumor was unknown or G1 or G2; (3)
patients who survived less than one month; (4) patients did not receive radical surgery.

Figure 1. The inclusion and exclusion criteria in SEER.

Variable Declaration
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Age at diagnosis was regrouped as < 60 years old and ≥ 60 years old. Gender was classi�ed as male and female.
Marital status was grouped as married, single or divorced. Race was divided into white, black and others.
Differentiated grades were grouped as poorly differentiated and undifferentiated. Histology was grouped as large
cell neuroendocrine carcinoma, small cell carcinoma and neuroendocrine carcinoma. Tumor location was
grouped as right-side colon, left-side colon and rectum. Chemotherapy was divided into “yes” and “no”. Insurance
status was classi�ed as insured, any Medicaid, uninsured and unknown.

Statistical Analyses
The distribution of clinicopathological characteristic in different groups was analyzed using Chi-Squared tests.
The restrictive cubic spline graph (RCS) was used to determine reasonable cutoff values of regional lymph nodes
and lymph node ratio. Propensity score matching method (PSM) was used to balance differences of
characteristics between groups. The propensity score was calculated by logistic regression. The “Matchit”
package in R software was used as the nearest method with ratio 1:1 and caliper = 0.01. The cancer-speci�c
survival (CSS), the primary endpoint, was calculated from the date of diagnosis to the date of death of tumor.
Death attributed to other causes was de�ned as a censored observation. Survival curves were generated using the
Kaplan-Meier method, and the log-rank test was carried out to evaluate the differences between groups. The 1-
year, 3-year and 5-year CSS rates were calculated by Life-Table method. The hazard ratio (HR) of the variables for
CSS was estimated using Cox proportional hazard regression model. And univariate and multivariate analysis
was also conducted using the Cox proportional hazards regression model with backward, stepwise elimination of
variables. The cumulative incidence of cancer-speci�c death (CSD) and non-CSD were calculated by the Fine and
Gray model.

The differences were considered statistically signi�cant when the two-sided P-value was less than 0.05. R3.6.3
software (http://www.r-project.org/) was used to perform the statistical analyses.

Results
Clinicopathological characteristics of matched patients with Colorectal Neuroendocrine Carcinoma

We identi�ed 251 eligible patients with Colorectal Neuroendocrine Carcinoma from SEER, and the average age of
them was 62.8 (standard deviation SD, ± 11.0) years old. Median follow-up time was 22.0 months (range, 1.0-234
months). After PSM according to age at diagnosis, there were 105 patients in young group (< 60 years old) and
old group (≥ 60 years old), respectively. And there were 99 patients in chemotherapy group and observation
group, respectively after PSM according to chemotherapy status. All covariates were well balanced between
groups (all p > 0.05). The detail information was indicated in Table 1.
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Table 1
Descriptive characteristics of 251 patients of Study Population within the SEER Medicare-linked database and

Propensity Score-Matched patients
characteristic N(%)

(n = 251)

Propensity score-matched cohort

(n = 210)

Propensity score-matched cohort

(n = 198)

Age < = 
60(N = 
105)

Age > 60

(N = 105)

P
Value

Observation

(N = 99)

chemotherapy

(N = 99)

P
Value

Age(years)       NA     0.366

60 105(41.83) - -   30(30.30) 36(36.3636)  

≥ 60 146(58.17) - -   69(69.70) 63(63.64)  

Gender       0.890     0.776

Female 121(48.21) 51(48.57) 50(47.62)   48(48.48) 46(46.46)  

Male 130(51.79) 54(51.43) 55(52.38)   51(51.52) 53(53.54)  

Race       0.787     0.907

White 215(85.66) 88(83.81) 91(86.67)   86(86.87) 86(86.86)  

Black 22(8.76) 12(11.43) 9(8.57)   10(10.10) 9(9.09)  

Other 14(5.58) 5(4.76) 5(4.76)   3(3.03) 4(4.04)  

Marital status       0.300     0.887

Married 152(60.56) 69(65.71) 70(66.67)   60(60.61) 57(57.58)  

Single 39(15.54) 21(20.00) 14(13.33)   13(13.13) 13(13.13)  

Divorced 60(23.9) 15(14.29) 21(20.00)   26(26.26) 29(29.29)  

Grade       0.238     0.536

Poorly 166(66.14) 67(63.81) 75(71.43)   71(71.72) 67(67.68)  

Undifferentiated 85(33.86) 38(36.19) 30(28.57)   28(28.28) 32(32.32)  

Histology       0.874     0.573

Large cell 40(15.94) 19(18.10) 18(17.14)   13(13.13) 15(15.15)  

Small cell 29(11.55) 12(11.42) 10(9.53)   9(9.09) 13(13.13)  

Neuroendocrine
carcinoma

182(72.51) 74(70.48) 77(73.33)   77(77.78) 71(71.72)  

a Staging based on the 8th AJCC system of the colorectal carcinoma. P < 0.05: the differences were
considered statistically signi�cant.

AJCC: American Joint Committee on Cancer;

NA: Nonapplication
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characteristic N(%)

(n = 251)

Propensity score-matched cohort

(n = 210)

Propensity score-matched cohort

(n = 198)

Age < = 
60(N = 
105)

Age > 60

(N = 105)

P
Value

Observation

(N = 99)

chemotherapy

(N = 99)

P
Value

T classi�cation a       0.934     0.535

T1 15(5.98) 5(4.76) 3(2.86)   8(8.08) 5(5.05)  

T2 19(7.57) 10(9.53) 8(7.62)   7(7.07) 9(9.09)  

T3 141(56.18) 58(55.24) 60(57.14)   57(57.58) 53(53.54)  

T4 54(21.51) 23(21.90) 24(22.86)   17(17.17) 25(25.25)  

Unknown 22(8.76) 9(8.57) 10(9.52)   10(10.10) 7(7.07)  

N classi�cation
a

      0.875     0.302

N0 51(20.32) 20(19.06) 23(21.91)   29(29.29) 20(20.20)  

N1 100(39.84) 45(42.86) 43(40.95)   38(38.38) 40(40.40)  

N2 100(39.84) 40(38.10) 39(37.14)   32(32.33) 39(39.40)  

Staging a       0.868     0.327

I 13(5.18) 4(3.81) 5(4.76)   8(8.08) 5(5.05)  

II 38(15.14) 16(15.24) 18(17.14)   21(21.21) 15(15.15)  

III 200(79.68) 85(80.95) 82(78.10)   70(70.71) 79(79.80)  

Tumor site       0.757     0.584

Right side colon 151(60.16) 59(56.19) 60(57.14)   65(65.66) 65(65.66)  

Left side colon 52(20.72) 21(20.00) 24(22.86)   25(25.25) 21(21.21)  

Rectum 48(19.12) 25(23.81) 21(20.00)   9(9.09) 13(13.13)  

Chemotherapy       0.186     NA

NO 99(39.44) 30(28.57) 39(37.14)   - -  

YES 152(60.56) 75(71.43) 66(62.86)   - -  

Insurance       0.109     0.455

Insured 136(54.18) 53(50.48) 55(52.38)   57(57.58) 51(51.52)  

a Staging based on the 8th AJCC system of the colorectal carcinoma. P < 0.05: the differences were
considered statistically signi�cant.

AJCC: American Joint Committee on Cancer;

NA: Nonapplication
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characteristic N(%)

(n = 251)

Propensity score-matched cohort

(n = 210)

Propensity score-matched cohort

(n = 198)

Age < = 
60(N = 
105)

Age > 60

(N = 105)

P
Value

Observation

(N = 99)

chemotherapy

(N = 99)

P
Value

Any medicaid 14(5.58) 10(9.52) 4(3.81)   8(8.08) 5(5.05)  

Uninsured 6(2.39) 5(4.76) 1(0.95)   3(3.03) 2(2.02)  

Unknown 95(37.85) 37(35.24) 45(42.86)   31(31.31) 41(41.41)  

a Staging based on the 8th AJCC system of the colorectal carcinoma. P < 0.05: the differences were
considered statistically signi�cant.

AJCC: American Joint Committee on Cancer;

NA: Nonapplication

Exploration of the impact on CSS of resected regional lymph
nodes
The end of follow-up time was November, 2016. The 1-, 3- and 5-year CSS rates for patients with resected regional
lymph nodes ≥ 12 (60.9%, 33.0%, 22.3% respectively) were higher than those with resected regional lymph nodes 
< 12 (53.7%, 24.1%, 20.3% respectively) with P = 0.082. With resected regional lymph nodes as a continuous
variable, the HR of CSS for regional lymph nodes < 12 decreased, but started to increase when regional lymph
nodes ≥ 12 (Fig. 2B). Therefore, a total of 12 was chosen as an optimal cutoff value of regional lymph nodes. CR-
NEC patients who with resected regional lymph nodes ≥ 12 had similar CSS with the patients with resected
regional lymph nodes < 12 (P = 0.082) (Fig. 2).

Figure 2 Impact of resected regional lymph nodes on CSS in CRNEC. A The overall cancer-speci�c survival (CSS)
between in patients with CRNEC. B CSS between resected regional lymph nodes < 12 and resected regional lymph
nodes ≥ 12 in the patients. C Restrict cubic spline for resected regional lymph nodes.

Exploration of the impact on CSS of age at diagnosis
The age of 60 was chosen as an optimal cutoff value according to the RCS method (Fig. 3A). After the univariate
and multivariate analyses for age, we found that there was no direct relationship between age and CSS (Table 2).
There was no statistically signi�cant difference between younger group (age ≤60) and older group (age > 60) in
the raw cohort for either CSD or CSS (p value, 0.879 and 0.848, respectively) (Fig. 3B, 3C). Besides, the same
phenomenon was proved in the PSM cohort with p = 0.939 (Fig. 3D).
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Table 2
Univariate and Multivariate Analyses of Predictors of CRC-NEC In the Study Population

Characteristic N

(251)

1-
year
CSSa

3-
year
CSSa

5-
year
CSSa

Univariate analysis b Multivariate analysis b

(n = 344) HR 95%CI P
value

HR 95%CI P
Value

Age                    

60 105 57.14 33.33 25.71 1     1    

≥ 60 146 60.96 29.45 19.18 1.015 0.730–
1.411

0.928 1.032 0.689–
1.5459

0.879

Gender                    

Female 121 65.29 24.79 13.30 1     1    

Male 130 53,85 28.46 19.23 1.148 0.831–
1.586

0.403 1.127 0.777–
1.636

0.528

Race                    

White 215 59.53 30.23 20.93 1     1    

Black 22 50.00 36.36 22.73 1.109 0.614–
2.003

0.731 1.387 0.736–
2.615

0.311

Other 14 71.43 35.71 28.57 0.924 0.457–
1.868

0.826 0.830 0.329–
2.096

0.693

Marital status                    

Married 152 63.82 36.84 26.97 1     1    

Single 39 46.15 17.95 5.13 1.188 0.738–
1.913

0.477 1.058 0.620–
1.803

0.837

Divorced 60 56.67 25.00 20.00 1.097 0.756–
1.593

0.627 0.963 0.616–
1.507

0.870

Grade                    

Poorly 166 65.66 36.75 27.11 1     1    

Undifferentiated 85 47.06 20.00 11.76 1.479 1.051–
2.080

0.025 1.585 1.057–
2.377

0.026

Histology                    

Large cell 40 52.50 10.00 10.00 1     1    

Small cell 29 55.17 24.14 17.24 1.251 0.730–
2.146

0.415 1.138 0.560–
2.314

0.721

a Five-year overall survival rate was calculated using Kaplan-Meier methods; b univariate and multivariate
analyses were conducted using competing-risks regression model; c staging based on the 8th AJCC system of
the colorectal carcinoma. AJCC, American Joint Committee on Cancer; CSS, cancer speci�c survival; HR,
hazard ratio. P < 0.05: the differences were considered statistically signi�cant.
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Characteristic N

(251)

1-
year
CSSa

3-
year
CSSa

5-
year
CSSa

Univariate analysis b Multivariate analysis b

(n = 344) HR 95%CI P
value

HR 95%CI P
Value

Neuroendocrine
carcinoma

182 61.54 34.62 25.27 0.836 0.535–
1.306

0.432 0.988 0.442–
2.205

0.976

T classi�cationc                    

T1 15 86.67 40.00 33.33 1     1    

T2 19 89.47 47.37 26.32 0.907 0.341–
2.409

0.844 1.098 0.397–
3.041

0.857

T3 141 65.96 36.88 24.82 1.518 0.687–
3.353

0.302 1.504 0.598–
3.784

0.386

T4 54 42.59 20.37 16.67 2.745 1.189–
6.337

0.018 2.472 1.000-
6.107

0.050

Unknown 22 13.64 0.00 0.00 3.274 1.270–
8.438

0.014 3.303 1.167–
9.355

0.024

N
classi�cationc

                   

N0 51 90.20 68.63 41.18 1     1    

N1 100 63.00 26.00 22.00 3.910 2.120–
7.211

0.000 2.242 0.701–
7.169

0.174

N2 100 40.00 17.00 12.00 6.682 3.640-
12.265

0.000 3.804 1.151–
12.572

0.028

Staging a                    

I 13 92.31 69.23 38.46 1          

II 38 89.47 68.42 42.11 0.922 0.264–
3.228

0.899 - - -

III 200 51.50 21.50 17.00 4.766 1.635–
13.892

0.004 - - -

Tumor site                    

Right side colon 151 61.59 33.77 21.85 1     1    

Left side colon 52 48.08 25.00 21.15 1.483 0.950–
2.315

0.083 1.614 0.992–
2.625

0.054

Rectum 48 64.58 33.33 20.83 1.148 0.788–
1.673

0.471 0.922 0.589–
1.444

0.722

a Five-year overall survival rate was calculated using Kaplan-Meier methods; b univariate and multivariate
analyses were conducted using competing-risks regression model; c staging based on the 8th AJCC system of
the colorectal carcinoma. AJCC, American Joint Committee on Cancer; CSS, cancer speci�c survival; HR,
hazard ratio. P < 0.05: the differences were considered statistically signi�cant.
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Characteristic N

(251)

1-
year
CSSa

3-
year
CSSa

5-
year
CSSa

Univariate analysis b Multivariate analysis b

(n = 344) HR 95%CI P
value

HR 95%CI P
Value

Chemotherapy                    

NO 99 60.61 39.39 27.27 1     1    

YES 152 58.55 25.66 18.42 1.334 0.936–
1.903

0.111 0.959 0.649–
1.416

0.832

Insurance                    

Insured 136 59.56 33.09 20.59 1     1    

Any Medicaid 14 35.71 14.29 7.14 1.237 0.496–
3.083

0.649 0.630 0.231–
1.715

0.366

Uninsured 6 50.00 16.67 0.00 1.144 0.378–
3.464

0.811 1.350 0.386–
4.721

0.638

Unknown 95 63.16 30.53 26.32 1.365 0.982–
1.898

0.064 1.321 0.874–
1.998

0.187

a Five-year overall survival rate was calculated using Kaplan-Meier methods; b univariate and multivariate
analyses were conducted using competing-risks regression model; c staging based on the 8th AJCC system of
the colorectal carcinoma. AJCC, American Joint Committee on Cancer; CSS, cancer speci�c survival; HR,
hazard ratio. P < 0.05: the differences were considered statistically signi�cant.

Figure 3 Impact of age at diagnosis on CSD and CSS in CR-NEC. A Restrict cubic spline for age at diagnosis. B
The CSD and non-CSD between younger group (age ≤60) and older group (age > 60). C The CSS between younger
group and older group in the raw cohort. D The CSS between younger group and older group in the PSM cohort.

Exploration of the impact on CSS of chemotherapy after radical
surgery
The 1-, 2- and 5-year CSS rates for patients with chemotherapy (58.55%, 25.66% and 18.42%,respectively) were
similar with those without chemotherapy (60.61%, 39.39% and 27.27% respectively) with P = 0.832 (Table 2). The
CSD and CSS between chemotherapy and non-chemotherapy groups in the raw cohort were no statistically
signi�cant difference (p value, 0.832 and 0.119, respectively) (Fig. 4A, 4B). And in the PSM cohort, there was still
no statistically signi�cant difference between chemotherapy and non-chemotherapy groups with p = 0.259
(Fig. 4C).

In the CR-NEC patients with stage I, patients who received chemotherapy had worse CSS than those did not
received chemotherapy with p = 0.020 (Fig. 5A). However, in stage II and stage III, patients with chemotherapy did
not obtain better CSS than those without chemotherapy (Fig. 5B, 5C).

Figure 4 Impact of chemotherapy on CSD and CSS in CRNEC. A The CSD and non-CSD between chemotherapy
and non-chemotherapy groups in the raw cohort. B The CSS between chemotherapy and non-chemotherapy
groups in the raw cohort. C The CSS between chemotherapy and non-chemotherapy groups in the PSM cohort.
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Figure 5 Impact of chemotherapy on CSS in CRNEC patients with different stage. A The CSS between
chemotherapy and non-chemotherapy groups in patients with stage I. B The CSS between chemotherapy and
non-chemotherapy groups in patients with stage II. C The CSS between chemotherapy and non-chemotherapy
groups in patients with stage III.

The impact of different stages according to 8th AJCC TNM
staging system on CSS
According to 8th AJCC TNM staging system (Fig. 6A), Kaplan-Meier survival analysis showed that patients with
stage III had worse CSS than stage I and stage II with statistically signi�cant difference (p < 0.001), however,
patients with stage I and stage II had similar CSS without statistic difference (Fig. 6B).

The impact of Lymph node ratio (LNR) on CSS
Lymph nodes ratio, the ratio of the number of positive lymph nodes to the number of resected regional lymph
nodes, was a new concept that we proposed in this study. The 0.3 and 0.75 were chosen as optimal cutoff values
of LNR according to the RCS method (Fig. 6C), then LNR was regrouped as Nr0 (LNR≤0.3), Nr1 (0.3 < LNR≤0.75)
and Nr2 (LNR > 0.75). And further Kaplan-Meier survival analysis according to different LNR groups veri�ed the
rationality of these two cutoff values. The results showed that Nr0 had a better CSS than Nr1, while Nr1 had a
better CSS than Nr2, with statistically signi�cant differences (p = 0.003) (Fig. 6D).

Figure 6A The current TNM staging system of AJCC-8. B The CSS among different stages in patients with CR-
NEC. C Restrict cubic spline for lymph nodes ratio (LNR). D The CSS among different LNR groups in patients with
CR-NEC.

Revised TNM staging system according to the combination of 8th AJCC TNM staging system and LNR.

According to the combination of 8th AJCC TNM staging system and LNR, we rebuilt a new TNM staging system,
and the detail information was indicated in Fig. 7A. Multivariate analyses showed that Nr1 and Nr2 were
associated with a worse CSS with p = 0.003 and p < 0.001, respectively (Table 3). And the predictive value of the
current TNM staging system in the patients with CRNEC was shown in Fig. 7B. The results revealed that patients
with stage III had worse CSS than stage II, while patients stage II had worse CSS than those with stage I. The
difference between them were statistically signi�cant both with p < 0.001.
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Table 3
Multivariate Analyses of Revised Nr classi�cation

Characteristic Multivariate analysis a

HR 95%CI P value

Age 1.002 0.987–1.0187 0.758

Grade      

Poorly 1    

Undifferentiated 1.475 1.044–2.086 0.028

T classi�cation b      

T1 1    

T2 0.857 0.321–2.286 0.758

T3 1.181 0.535–2.608 0.680

T4 2.278 0.992–5.235 0.052

Unknown 1.966 0.717–5.394 0.189

Nr classi�cation b      

Nr0 1    

Nr1 1.839 1.231–2.747 0.003

Nr2 2.824 1.768–4.509 0.000

Tumor site      

Right side colon 1    

Left side colon 1.473 0.948–2.287 0.085

Rectum 1.049 0.680–1.619 0.827

a Multivariate analysis were conducted using competing-risks regression model; b staging based on the 8th
AJCC system of the colorectal carcinoma; The Nr status was based on LNR: 0 < = LNR < = 0.3 (Nr 0), 0.3 < LNR 
< = 0.75 (Nr 1), LNR > 0.75 (Nr 2). AJCC, American Joint Committee on Cancer; HR, hazard ratio. P < 0.05: the
differences were considered statistically signi�cant.

Figure 7Revised TNM staging system and its prognostic capability A Revised TNM staging system according to
the combination of 8th AJCC TNM staging system and lymph node ratio. B The CSS among different stages
according to revised TNM staging system.

Discussion
Population-based analysis provide a �ghting chance to improve our interpretations of this kind of rare
malignancy due to the lack of prospective study in CRNECs. Using the SEER cancer registry, a total of 251
patients met the inclusion criteria, of which, 152 patients (60.56%) received AC. With propensity score-matched
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techniques, the analysis gave a robust conclusion by reducing the selection bias and improving the validity. We
demonstrated that AC was invalid for improved CSS in patients with nonmetastatic CRNECs regardless of tumor
stages. To the best of our knowledge, it is the �rst study with more than 250 patients to provide evidence to reject
AC for patients with resectable CRNECs. Of interest, patients with left-sided CRNECs may had a poorer prognosis
compared to those with right-sided disease, although it failed to reach a statistic signi�cance (HR, 1.614; 95% CI,
0.992–2.235; P = 0.054). In addition, our �ndings demonstrated that current N classi�cation was not a signi�cant
predictor of patient survival. Multivariate analyses explored the revised Nr classi�cation, based on LNR of 0.30
and 0.75 as cutoff value (Nr0: LNR≤0.30; Nr1: 0.3 < LNR≤0.75; Nr2: LNR > 0.75), as an independent prognostic
factor. With the foundation of revised Nr classi�cation, a revised TNrM was proposed for nonmetastatic CRNEC:
stage I (T1–2Nr0), stage II (T1-2Nr1 or T3Nr0–1 or T4Nr0), and stage III (TxNr2 or T4Nr1). TNrM stage had better
strati�cation according to Kaplan-Meier survival curves (P < 0.001).

In the present study, we found that the age of 60 (P = 0.848) and number of 12 of resected regional lymph nodes
(P = 0.082) acted as an optimal cutoff value in terms of survival, failing to reach a statistic signi�cance. It is well
known that resection of more than 12 lymph nodes is associated with better prognosis in common colorectal
carcinoma besides its pivotal role in accurate staging[11, 12], however it failed to reach a signi�cance in CRNECs,
which consisted of small cell neuroendocrine carcinoma and large cell neuroendocrine carcinoma. As an
important indicator of treatment quality and therapeutic implications in early-stage patients, total LN yield in
colon cancer resection specimens is in�uenced critically by extent of surgical resection and the following
pathological evaluation[12], and a low LN yield in a resection specimen may indicate an inadequate surgical
resection or unsatisfactory pathological examination[12, 13]. Better survival may be achieved even in patients
with positive LN in case of a higher number of recovered nodes[12]. Alternatively, a low LN yield may also be a
re�ection of a unique biological characteristics of the tumors such as the MSI phenotype, instead of the situation
mentioned above[12]. Despite of the lack of a statistic signi�cance, number of more than 12 of resected regional
LN was associated with a better survival, showing in Fig. 3A, and further validation should be organized in the
future in a larger sample of patients.

Incidence of NECs is rare, with a poor prognosis and commonly arising in the esophagus and large bowel[14],
approximately 1000 cases annually[15]. As the most common site of extrapulmonary NECs with an increasing
incidence, gastro-entero-pancreatic neuroendocrine carcinomas (GEP-NECs) represents less than 1% of all GI
malignancies[1, 9, 16], with about 7% in the pancreas[1], and about to 40% in the colon[1, 8, 17]. Poorly
differentiated neuroendocrine carcinomas, re�ected by the number of mitoses or the Ki-67–positive fraction of > 
20%[18], are distinguished into large or small cells in 2010 WHO classi�cation[3, 4]. High-grade neuroendocrine
carcinomas (HGNECs) are characterized by a high mitotic rate and a worse prognosis than common
neuroendocrine tumors[19], and show neuro-endocrine marker expression, such as synaptophysin or
chromogranin A[20]. Despite of an increase in the incidence over recent years, CRNECs is still a rare and
aggressive type of malignancy of dismal prognosis[2, 8, 17], less than 1% of colorectal carcinomas[2, 7]. Many
studies illustrated a poorer prognosis of colorectal compared to pancreatic NEC[21], despite of the similar
response to chemotherapy[22, 23]. Still, many HGNECs patients were present with advanced- or late-stage
disease, approximately 50% of the NEC patients with synchronous metastatic disease[5, 24], due to the lack of
early symptoms[1], and there is a lack of the optimal treatment HGNECs of the colon and rectum[9].

NECs is quite another malignancy, and it did not bene�t from improvement achieved in colorectal carcinoma over
the past decade[20, 24]. The majority of published data regarding chemotherapy for NECs is derived from patients
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with advanced disease. Evidence to support clinical managements for CRNEC is scarce. Due to the rarity of
CRNEC and the resulting di�culty to accumulate a large cohort for evaluation, there are few retrospective studies
and almost no prospective studies to evaluate its prognostic value of AC[2], resulting in the fact that, due to the
histological and clinical resemblance, treatment is more likely in analogy to the much more common SCLC[1, 20],
with platinum-based chemotherapy as a cornerstone[9]. In clinical practice, relevant features addressing the
optimal management strategy of NECs consists of clinical behavior, mitoses, Ki-67 expression, morphology and
so on[5]. Bearing the high relapse rate following radical surgery in mind, platinum-based AC in this setting would
be advocated, although it was not supported by su�cient evidence, with no randomized studies ever addressing
the effect[1]. The 5-year overall survival (OS) rate varied from 50.1–54.5% for patients with localized disease,
compared to 20.0–29.2% for patients with regional disease, and the best treatment strategy for patients with
nonmetastatic CRNECs remains controversial[8]. Many CRNEC patients recurred rapidly after surgery, implying a
role for adjuvant chemotherapy[8, 20]. One retrospective study including 132 patients with nonmetastatic CRNECs
received operation treatment from the SEER database that has compared AC versus observation for CRNECs,
demonstrated that no signi�cant improvement in survival achieved for patients receiving AC compared with those
with observation[2], despite of the different regimens selected for chemotherapy. Although it was in
correspondence with our �ndings, this conclusion may be limited due to the small sample of patients, so we
enrolled more patients to further con�rm it. The present study demonstrated that AC was invalid for improved
CSS in patients with nonmetastatic CRNECs regardless of tumor stages. Furthermore, it was notable that the 5-
year survival (37%) for patients undergoing both radical surgery and adjuvant chemotherapy remains low, similar
to that for the same cohort undergoing surgery alone, at 32%[9], implying the limited bene�t of adjuvant
chemotherapy[25]. Differentiation and Ki-67 is able to determine prognostic groups[1, 26]. A multicenter,
retrospective study identi�ed higher objective response but poorer survival associated with higher Ki-67 index
whose cut-off was 55% (P < 0.001) [5, 23, 27], coming to the conclusion that NEC with Ki-67 > 55% may bene�t
from combination therapies[8]. There are no studies with satisfactory inclusion evaluating the e�cacy of
adjuvant chemotherapy in patients with CRNECs. Notably, we �rst assessed the e�cacy of AC in nonmetastatic
CRNEC of large, small cell patients and precisely diagnosed CRNECs. In our study, only 152 patients (60.56%)
received AC, suggesting a poor compliance with the guidelines, one major reason for which is probably attributed
to a lack of consensus regarding the role of adjuvant therapy, as no evidence supporting the e�cacy of AC
existed.

Our study went further to validate the prognostic effects of current T and N classi�cation to advocate a more
tailored TNM staging system. With the population-based analysis, our result surprisingly demonstrated that both
the current N classi�cation and the T classi�cation failed to precisely predict the CSS, which was in
correspondence with the conclusion from study of Wu Z et al[2]. We suggest that the LNR-based Nr classi�cation
is more useful in the CRNECs staging system than the current N classi�cation system consulted to that of
common colorectal carcinoma. LNR-based classi�cation has been proved to be helpful in terms of the breast,
stomach, colorectum and so on[10]. Based on the number of positive LNs, the classic N classi�cation can be
affected by the LNs yield, which may be in�uenced by the extent of surgical resection, the following pathological
evaluation as well as the characteristics of the tumor. To the best of our knowledge, this is the �rst study to
investigate the role of LNR and the corresponding TNM stage on CSS of CRNEC, and further successfully to
advocate the LNR-based classi�cation (Nr) as a better predictor of the CSS. Based on the new advocated Nr
classi�cation, a re�ned TNrM stage was proposed.
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By using the PSM method, which has a number of potential advantages over more common matching techniques
such as retaining all the samples, the analysis gave a robust conclusion by reducing the estimation bias and
improving validity. Despite of the inherit defects, our study has several strengths. With a total of 251 patients who
were identi�ed as nonmetastatic CRNEC of large, small cell patients and precisely diagnosed CRNECs, this is the
largest study to date that evaluates patients with CRNECs and their treatment outcomes. With these data, we are
able to show that AC are not associated with survival in a large, national cohort.

However, our analysis is subject to limitations related to the nature of registry-derived data and the inherent
selection bias given by the retrospective study when interpreting the �ndings. Unmeasured confounders still exist,
despite of the effort that a PS-matched technique and a competing-risks model were used to minimize the bias.
However, to the best of our knowledge, no randomized study is recruiting for this purpose which the effect of AC
in patients with CRNECs is explored. Second, poorly differentiated NECs are characterized by a Ki-67 index > 50–
60%[8]. However, the grading of NECs in the SEER database is mainly evaluated by tumor differentiation instead
of on Ki-67 index which could not be identi�ed. Third, there is no coding for recurrence as well as the types of
chemotherapy in the SEER database, and the effect of AC may be in�uenced bearing it in mind that
chemotherapy was classi�ed even if it was interrupted before completion. So, it is unknown whether shortened or
prolonged therapy may affect survival. Forth, there was a signi�cant number of patients had < 12 lymph nodes
examined in our cohort and SEER only collects data for overall survival (OS) rather than disease-speci�c survival
(DFS).

In summary, by using the SEER dataset, our study revises survival based on the LNR and subsequently propose a
new evidence-based stage grouping for CRNECs. The new TNrM stage more accurately predict survival of
patients with CRNECs than the current AJCC N classi�cation. Furthermore, the present study argues that AC was
invalid for improving the survival of patients with nonmetastatic CRNECs following resection. Nevertheless, future
work is still needed to externally verify the validation of the revised TNrM stage and the certain role of AC.

Conclusions
AC seems invalid for improving the survival of patients with nonmetastatic CRNECs following resection. The LNR
more accurately predict survival of CRNEC patients than current N classi�cation. Further clinical studies are
required to validate the favorable effect of the current N classi�cation as well as the revised TNrM staging
system.
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Figures

Figure 1

Inclusion and exclusion criteria in SEER.
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Figure 2

poor prognosis of NEC and in�uence of N classi�cation.

Figure 3
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In�uence of age on CSS.

Figure 4

In�uence of chemotherapy on CSS.
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Figure 5

in�uenc of chemotherapy on different stage.
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Figure 6

predictive value of current stage and revised Nr stage.
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Figure 7

Revised stage and its predictive value.


