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ABSTRACT

Background. Colorectal neuroendocrine tumors are a rare
malignancy, yet their incidence appears to be increasing.
The optimal treatment for the high-grade subset of these
tumors remains unclear. We aimed to examine the rela-
tionship between different treatment modalities and
outcomes for patients with high-grade neuroendocrine
carcinomas (HGNECsS) of the colon and rectum.
Methods. The National Cancer Database (2004-2015)
was used to identify patients diagnosed with colorectal
HGNECs. The primary outcome was overall survival.
A Cox Proportional hazard model was used to identify risk
factors for survival.

Results. Overall, 1208 patients had HGNECs; 452
(37.4%) patients had primary tumors of the rectum, and
756 (62.5%) patients had primary tumors of the colon. A
total of 564 (46.7%) patients presented with stage IV dis-
The median survival was 9.0 months [95%
confidence interval (CI) 8.2-9.8]. In multivariable analysis,
surgical resection [hazard ratio (HR) 0.54, 95% CI
0.44-0.66; p < 0.001], chemotherapy (HR 0.74, 95% CI
0.69-0.79; p < 0.001), and rectum as the primary site of
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tumor (HR 0.62, 95% CI 0.51-0.76; p < 0.001) were
associated with better overall survival, while older age (HR
1.01, 95% CI 1.00-1.01; p = 0.02) and the presence of
metastatic disease (HR 3.34, 95% CI 2.69-4.15;
p < 0.001) were associated with worse survival.
Conclusions. Patients with colorectal HGNECs selected
for chemotherapy and surgical resection of the primary
tumor demonstrated better overall survival than those
managed without resection. Patients who were able to
undergo systemic chemotherapy may benefit from poten-
tially curative resection of the primary tumor.

Neuroendocrine tumors of the colon and rectum repre-
sent a rare malignancy, which has previously been poorly
characterized, and exhibit a wide range of histologies with
differing clinical behaviors. Although neuroendocrine
tumors are rare, accounting for < 1% of colorectal tumors,
the incidence may be increasing.'”> While prior studies
have focused on the well-differentiated subset of these
malignancies, little is known about the optimal treatment of
high-grade neuroendocrine carcinomas (HGNECs) of the
colon and rectum.’

In 2010, the World Health Organization presented a
classification system for Neuroendocrine Neoplasms of the
Digestive System, where histology was separated into three
grades. Grade 3, also designated as neuroendocrine carci-
nomas (NECs), is defined by the presence of a mitotic count
> 20 per high-power field and/or Ki-67 index > 20%, with
large and small cell subtypes.* In prior reports, large and
small cell subtypes have been shown to behave similarly,
without significant differences in survival.>> Colorectal
HGNECs behave aggressively, with the majority of
patients presenting with metastatic disease at the time of
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diagnosis, and low reported median survival of
5-11 months.® While the past few decades have shown
improvement in survival from colorectal adenocarcinomas,
the same survival benefits have not been seen with NECs.?
Given the paucity of data available for colorectal NECs,
treatments have generally been extrapolated from that of
pulmonary NECs, with platinum-based chemotherapy as a
cornerstone.*” Unlike colorectal adenocarcinomas, sur-
gery alone is rarely curative for HGNECs, and its utility in
prolonging survival has been questioned in prior stud-
ies. 1011 However, much of the available data have resulted
from single-institution studies evaluating outcomes of
small patient populations.'' ™"

Our aim was to evaluate the treatments and outcomes
for patients with HGNECs of the colon and rectum using
the National Cancer Database (NCDB), a national,
prospectively collected, cancer-specific database. Our goal
was to better understand the association between different
treatment modalities and survival in HGNECs of the colon
and rectum.

MATERIALS AND METHODS
Data

The NCDB Participant User Files from 2004 to 2015
were utilized for this study. The NCDB is jointly supported
by the American College of Surgeons and American
Cancer Society, and is able to capture more than 70% of
new cancer diagnoses in the US. Oncologic data are
recorded from Commission on Cancer sites nationwide.
NCDB data collection methodology and auditing practices
have been previously described.'” Briefly, local registrars
extract de-identified patient data and pass this data to the
national office. This investigation was reviewed and
deemed exempt by the Brigham and Women’s Hospital
Institutional Review Board.

Population

The NCDB was queried to identify patients who were
diagnosed with colorectal neuroendocrine tumors. The
International Classification of Diseases for Oncology codes
for small cell neuroendocrine tumors (8041) and large cell
neuroendocrine tumors (8013) were used. Patients were
included if they had high-grade (poorly differentiated or
undifferentiated) NECs, but were excluded if they had low-
grade tumors (well or moderately differentiated) or had
missing follow-up data.

Study Variables

Patient demographics, clinical characteristics, and tumor
features were analyzed, and treatment data with surgery,
chemotherapy, and radiation were collected. The primary
outcome was overall survival. Secondary outcomes inclu-
ded risk factors for survival (i.e. chemotherapy, surgical
resection) and predictors of survival following surgery,
such as lymph node status and margin positivity.

Statistical Analysis

Descriptive statistics are presented as medians with
interquartile ranges (IQRs), as well as totals with propor-
tions. A Cox proportional hazard model was used to
determine risk factors for overall survival. Factors included
in the multivariate model were age, surgery, chemotherapy,
radiation therapy, the presence of metastatic disease, and
primary site (rectum vs. colon), which were determined a
priori based on clinical knowledge. Survival was estimated
using the Kaplan—Meier method. Two sided p values
< 0.05 were considered significant for all tests run. All
statistical analyses were conducted using the Statistical
Package for the Social Sciences (SPSS), Version 20.0
(IBM Corporation, Armonk, NY, USA).

RESULTS
Baseline Characteristics

A total of 1208 patients were identified (Fig. 1). The
demographics, tumor characteristics, and treatment are
summarized in Table 1. Overall, 452 patients (37.4%) had
primary tumors of the rectum, and 756 (62.5%) had pri-
mary tumors of the colon. The median age at diagnosis was
65 years (IQR 54-76), 50% of patients were female, and
the majority of patients were White; 652 patients (54.0%)
had small cell histology, and 556 (46.0%) patients had
large cell histology. The most prevalent disease stage was
stage 4. With regard to treatment modalities, 741 patients
(61.3%) underwent surgery, 778 patients (64.4%) under-
went chemotherapy, and 256 patients (21.2%) underwent
radiation therapy.

Survival

The median survival for patients with HGNECs in this
cohort was 9.0 months [95% confidence interval (CI)
8.2-9.8]; 3-year survival was 17.8% and 5-year survival
was 13.3%. Median survival was 18.0 months (95% CI
13.7-22.4) in patients without metastatic disease at diag-
nosis, and 5.9 months (95% CI 4.7-7.0) in patients with
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FIG. 1 Patient selection

TABLE 1 Patient

o Variable
characteristics

Tumor location

Colon (N = 756) Rectum (N = 452)

Age, years [median (IQR)]
Female sex
Race
White
Black
Other
Histology
Nee
LCC
AJCC stage
1
I

1
v
LVI

Tumor size, cm [median (IQR)]

Surgery
Chemotherapy

Radiation

67 (57-76) 62 (51-74)
380 (50.3) 224 (49.6)
661 (88.0) 392 (87.7)
70 (9.3) 43 (9.6)

20 (2.7) 12 2.7)

327 (43.3) 325 (71.9)
428 (56.7) 127 (28.1)
21 (3.5) 17 (10.9)

49 (8.1) 11 (7.1

202 (33.3) 58 (37.2)
335 (55.2) 70 (44.9)
245 (32.5) 62 (13.7)
6.0 (4.0-8.0) 4.6 (3.0-7.0)
593 (78.6) 148 (32.8)
430 (58.7) 348 (78.9)
35 (4.7) 221 (41.5)

Data are expressed as n (%) unless otherwise specified

IQR interquartile range, SCC small cell carcinoma, LCC large cell carcinoma, AJCC American Joint
Committee on Cancer, LVI lymphovascular invasion

metastatic disease (p < 0.001). In patients without meta-
static disease, 3-year survival was 36.2% and 5-year
survival was 29.8%, while in patients with metastatic dis-
ease, 3-year survival was 5.9% and 5-year survival was
4.1%.

Patients who underwent surgical resection had a median
survival of 10.5 months (95% CI 9.4-11.6) compared with

6.9 months (95% CI 62-7.6) for patients who did not
undergo surgery (p < 0.001) (Fig. 2). Patients with nega-
tive lymph nodes had a median survival of 23.9 months
(95% CI 15.0-32.9) compared with 8.9 months (95% CI
7.9-10.0) for patients with positive lymph nodes
(p < 0.001) (Fig. 3a). Furthermore, patients with negative
surgical margins had a median survival of 12.3 months
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FIG. 3 Adjusted survival stratified by a lymph node status or
b resection margin status

(95% CI 10.5-14.1) compared with 4.5 months (95% CI
3.0-5.9) for patients with positive surgical margins
(p < 0.001) (Fig. 3b).

We further compared survival among patients who
received no chemotherapy or surgery, only surgery, only
chemotherapy, or both chemotherapy and surgery. In
patients with localized disease, 5-year survival was 0% for
patients not receiving chemotherapy or surgery, 15.9% for
patients receiving only chemotherapy, 31.7% for patients
receiving only surgery, and 37.0% for patients receiving
both surgery and chemotherapy (p < 0.001) (Fig. 4a). In
patients with metastatic disease, 5-year survival was 0% for
patients not receiving chemotherapy or surgery, 1.6% for
patients receiving only chemotherapy, 3.7% for patients
receiving only surgery, and 6.1% for patients receiving
both surgery and chemotherapy (p < 0.001) (Fig. 4b).

Predictors of Survival

In a Cox proportional hazard model, older age [hazard
ratio (HR) 1.01, 95% CI 1.00-1.01; p = 0.02] and the
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presence of metastatic disease (HR 3.34, 95% CI
2.69-4.15; p < 0.001) were associated with worse overall
survival (Table 2). Surgical resection (HR 0.54, 95% CI
0.44-0.66; p < 0.001), chemotherapy (HR 0.74, 95% CI
0.69-0.79; p < 0.001), and rectum as the primary site of
tumor (HR 0.62, 95% CI 0.51-0.76; p < 0.001) were
associated with better overall survival. Radiation therapy
was not a significant predictor of overall survival (HR 1.11,
95% CI 0.88-1.40; p = 0.39).

In a subgroup analysis of patients with metastatic dis-
ease, surgical resection (HR 0.51, 95% CI 0.41-0.64;
p <0.001) and chemotherapy (HR 0.68, 95% CI
0.68-0.74; p < 0.001) remained associated with better
overall survival.

DISCUSSION

This study of 1208 patients with HGNECs of the colon
and rectum is the largest study to date that examines the
association between different treatment modalities and
survival. We showed that both chemotherapy and surgical
intervention are associated with improved overall survival,
whereas radiation therapy is not. Additionally, we
demonstrated that for patients undergoing surgery, positive
margins and lymph nodes are associated with decreased
overall survival.

The role of surgical resection in treating HGNEC:s of the
colon and rectum has been unclear.'® In their review of 503
cases of small cell carcinoma of the colon, Balasubra-
manyam et al.'” demonstrated that surgery was not
associated with improved survival in either limited-stage
disease or extensive-stage disease patients. Smith et al."’
reviewed 126 cases of colorectal HGNECs from a single
institution and also found that resection of the primary
tumor had no significant association on survival for either
localized or metastatic disease. In a study of 100 cases of
colorectal HGNECs, Conte et al."’? found that patients who
received perioperative multimodal treatment had better
survival than those who had resection alone. Recommen-
dations have been varied with respect to surgical resection,
however the North American Neuroendocrine Tumor
Society (NANETS) recently released guidelines that only
recommend surgical resection followed by adjuvant

chemotherapy for high-grade extrapulmonary NECs staged
as T1/T2NO."® Our results demonstrate that surgical
resection is associated with better survival; however, sur-
gical resection of the primary tumor is also associated with
survival in the setting of metastatic disease, which implies
this association may be due to selection bias rather than a
true effect of treatment.

Chemotherapy has been a cornerstone of treatment for
extrapulmonary HGNECs, given its histopathologic simi-
larities to small cell lung cancer; the standard regimen for
small cell lung cancer includes platinum-based agents.>'?
Although the response of colorectal HGNECs varies with
Ki-67 level, with values < 55% showing poorer respon-
siveness to systemic chemotherapy, NANETS guidelines
recommend chemotherapy for all patients with high-grade
disease.'® Prior studies have shown that the majority of
patients with colorectal HGNECs undergo chemotherapy,
with proportions of patients receiving systemic treatment
ranging from 49 to 90.5% in patients with localized dis-
ease, and 55-100% in patients with metastatic disease.>!!
Our study demonstrates that 64.4% of patients undergo
chemotherapy, which is consistent with prior reports. In our
study, chemotherapy administration was associated with
better survival for patients with both localized and meta-
static disease.

It is important to note that while surgery and
chemotherapy each independently appear to be associated
with better survival, and that the combination of surgery
and chemotherapy results in the highest overall survival,
the S5-year survival for patients with localized disease
undergoing both surgery and chemotherapy remains low, at
37%, which is similar to the 5-year survival for the same
cohort who undergo surgery alone, at 32%. However,
surgery alone is associated with an 11% 1-year survival in
the metastatic setting and should be discouraged for
asymptomatic patients. This prognostic information can be
used when surgical and medical oncologists discuss treat-
ment options with patients. It is essential that patients
understand upfront, even when criteria are met for surgical
resection (i.e. local disease) and chemotherapy (i.e. ability
to tolerate chemotherapy), that survival is poor.

TABLE 2 Cox proportional

X Hazard ratio 95% confidence interval p value
hazards regression model to
predict death Age 1.01 1.00-1.01 0.03
Surgery 0.54 0.44-0.66 <0.001
Chemotherapy 0.73 0.68-0.79 <0.001
Radiation 1.13 0.89-1.44 0.30
Metastatic disease 3.36 2.71-4.18 <0.001
Primary site, rectum 0.63 0.51-0.77 <0.001
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As 90% of extrapulmonary HGNECSs are non-hormone-
secreting tumors, many patients present with advanced- or
late-stage disease due to the lack of early symptoms.'® In
an early series review, Hung described 80% of patients
presenting with metastases.”’ Later studies continued to
demonstrate the majority of patients presenting with late-
stage disease, with nearly 70% of patients having meta-
static disease at diagnosis.'’ Our data are in line with
these prior reports, showing the majority of patients pre-
senting with stage 3 or 4 disease at the time of diagnosis.

Our study has several strengths. With a total of 1208
patients, this is the largest study to date that evaluates
patients with colorectal HGNECs and their treatment out-
comes. With these data, we were able to show that surgical
resection of primary tumors, negative surgical margins, and
chemotherapy treatment are associated with survival in a
large, national cohort. However, there are some limitations
to consider when interpreting our results. This was a ret-
rospective review, and the NCDB only collects data for
overall survival as opposed to disease-specific survival.
Moreover, we do not have detailed information on patient
comorbidities or the extent of metastatic disease, both of
which can influence treatment offered. Furthermore, we
were unable to determine the specific regimens of systemic
chemotherapy administered to patients.

CONCLUSIONS

Although colorectal HGNEC is a rare disease compris-
ing < 1% of colorectal malignancies, the incidence appears
to be increasing.'” Given the disease’s aggressive behav-
ior, it is crucial for clinicians to recognize the pathology
and understand the implications of treatment. Although the
data available for this disease are sparse, there have been
improvements in understanding and defining the pathology
in recent years, with new grading criteria and consensus
guidelines released in the past 10 years;*'® however, much
of these data do not focus on HGNECS, but rather low-
grade neuroendocrine tumors. Our study, the largest study
to date examining the outcome of patients with small and
large cell HGNECs, demonstrates that surgical resection
and chemotherapy are associated with improved overall
survival, especially when combined, although survival still
remains low. In the absence of randomized controlled tri-
als, carefully selected patients, who are also able to
undergo systemic chemotherapy, may benefit from poten-
tially curative resection of the primary tumor; however, we
were unable to identify patient or tumor factors from these
data, which can aid in this selection process.”'
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