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6BSTRACT

Background. High-grade neuroendocrine carcinomas are
rare in the gastrointestinal tract. However, treatment pat-
terns and outcomes have not been well described.
Subjects, Materials, and Methods. The National Cancer
Database was analyzed. The primary objective was to
describe the clinical outcomes and identify prognostic fac-
tors. Univariate and multivariate analyses were done to
identify factors associated with patient outcome.

Results. A total of 1,861 patients were identified between
2004 and 2013. The mean age was 63 years (standard
deviation +13). The majority of the patients (78.1%) were
non-Hispanic whites. The most common primary sites were
pancreas (pancreatic neuroendocrine tumor [PNET] = 19.4%),
large intestine (18.1%), esophagus (17.8%), and rectum
(15.5%). Stage at presentation was | (6.6%), Il (10.5%), IlI
(18%) and IV (64.6%). Only 1.6% of the patients had brain
metastases. Surgical resection was the primary therapy in
27.9%, and their median overall survival (OS) was
13.3 months. Patients treated with palliative chemotherapy

had a median OS of 11.2 months, compared with 1.7 months
for untreated patients. The median OS for high-grade PNET
was 6 months, compared with 9.9 months for other high-
grade gastrointestinal neuroendocrine carcinomas (HG Gl
NEC). On univariable analysis, age < 65 years (hazard ratio
[HR] 0.72; 0.66—0.8; p < .001) and treatment at an academic
center (HR 0.88; 0.79-0.99; p < .034) were associated with
improved survival. Multivariable analysis confirmed prog-
nostic advantage of treatment at an academic center.
Conclusion. This is the largest series of HG GI NEC. Most
patients present with metastatic disease, and overall survival
remains poor. Treatment at an academic center, younger age,
and use of chemotherapy were associated with improved sur-
vival. Multiagent chemotherapy was found to be associated
with superior survival compared with single-agent chemother-
apy, which was superior to no chemotherapy. Temporal
sequences of chemotherapy, surgery, and radiation administra-
tion were not found to be associated with survival differences
on multivariable analysis. The Oncologist 2019;24:911-920

Implications for Practice: Management of patients with high-grade gastrointestinal neuroendocrine carcinomas (HG Gl
NEC) is based on experience with small-cell lung cancer. In this retrospective review, most patients had advanced disease
and pancreatic primary had worse outcomes. Treatment at an academic center, younger age, and use of chemotherapy are
associated with improved survival. Patients with early-stage disease treated with resection alone had inferior outcomes
compared with patients who received neoadjuvant or adjuvant therapy, suggesting that micrometastases contribute to
poor surgical outcomes. The relatively high proportion of positive surgical margin favors downstaging with neoadjuvant
therapy to improve resection and lower the risk of systemic recurrence.

INTRODUCTION

High-grade poorly differentiated neuroendocrine carcino-
mas (HG NEC) are rare cancers. The incidence of high-grade
gastrointestinal neuroendocrine carcinomas (HG Gl NEC) is
increasing [1-6]. These tumors are nonsecretory and
demonstrate aggressive clinical behavior [1, 7]. The pub-
lished literature regarding the molecular and biologic

alterations in gastrointestinal HG NEC is very limited and is
mostly based on single institutional series with small num-
ber of patients [8-10]. Although the biology and clinical
behavior of these tumors are unique, current treatment
paradigms are extrapolated from management guidelines
for small-cell lung cancer (SCLC) [2]. Metastatic disease is
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treated with systemic chemotherapy, with a doublet
combination of etoposide and a platinum agent reported in
a retrospective analysis [11]. HG GI NEC are also associated
with variable clinical response [12]. The true response to
etoposide-based regimens is unknown, with reported
response ranging from 30% to 67% in the first-line setting
[13]. Long-term survival for patients with metastatic HG Gl
NEC remains poor. Surgery and radiation are typically
reserved for select cases with limited extent of disease [9,
14]. Unfortunately, even patients with early-stage disease
invariably recur with minimal response on further lines of
treatment [15].

The largest published series of advanced gastrointestinal
neuroendocrine carcinomas have been the hospital-based
NORDIC NEC study [13]. A total of 252 patients who were
diagnosed between 2000 and 2009 were retrospectively
reviewed at 12 Nordic hospitals. Factors found to positively
influence survival were performance status, colorectal pri-
mary, and elevated platelet counts and LDH levels. The
median overall survival (0S) for patients with metastatic
disease treated with a platinum-etoposide doublet was
11 months. Given the rarity of these tumors and the com-
plexity of their management, designing and conducting pro-
spective randomized trials has been limited. Understanding
the clinical presentation, management, prognostic factors,
and outcomes of HG GI NEC is central to defining treatment
guidelines and designing future trials. The National Cancer
Database (NCDB) obtains data from all U.S. hospitals that
contribute to this national cancer registry, capturing about
70% of incident cancer cases in the U.S. from more than
1,500 Commission-on-Cancer-accredited cancer programs.
In order to address these questions, the NCDB was used to
evaluate current pattern and predictors of different treat-
ment modalities for patients with HG GI NEC.

SuBJECTS, MATERIALS, AND METHODS

The NCDB contains clinical and demographic information
and is a joint quality improvement initiative of the
American College of Surgeons Commission on Cancer and
the American Cancer Society.

Eligible patients were defined as high-grade NET
(International Classification of Diseases for Oncology, third
edition) with morphological codes for high-grade NET, small-
cell-like, or poorly differentiated NET (8002/3, 8041/3)
involving various parts of the gastrointestinal tract from the
esophagus to the anus (C15, C16, C17, C18, C19, C20, C21,
C22, C23, C24, C25, C26), between the years 2004 and 2013.
The primary outcome was overall survival of patients with
HG GI NEC. Patient-specific covariates included age, gender,
race, histology, insurance status, presence of metastatic
disease and comorbid medical conditions, year of diagnosis,
and location where treatment was received. The cancer
staging manual (fifth and sixth editions) of the American
Joint Committee on Cancer (AJCC) were used for coding by
the contributing hospitals and were used for clinical and
pathologic staging in the database. Ethical approval was not
required for the study because patient information in the
database is completely deidentified and the database is
legally accessible to the public.
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Table 1. Descriptive statistics

Variable Level n =1,861, n (%)
Sex Male 991 (53.3)
Female 870 (46.7)
Race Group White 1,454 (78.1)
Black 233 (12.5)
Hispanic 100 (5.4)
Al/API/Other 74 (4.0)
Year of 2004-2008 866 (46.5)
giagriasis 2009-2013 995 (53.5)
AJCC analytic ~ Stage 0 6 (0.3)
stage group  gia00 | 123 (6.6)
Stage Il 195 (10.5)
Stage Il 335 (18.0)
Stage IV 1,202 (64.6)
Primary site Esophagus 330 (17.8)
Gastric 157 (8.4)
Pancreas 361 (19.4)
Liver 18 (1.0)
Gallbladder 138 (7.4)
Small bowel 35 (2)
Appendix 7 (0.4)
Large bowel 495 (26.6)
Anal 139 (7.5)
Others 181 (9.5)
Metastatic Liver 415 (22.3)
site Bone 93 (5.0)
Lung 89 (4.8)
Brain 29 (1.6)
Primary Not insured/unknown 126 (6.8)
payor Private 743 (39.9)
Medicaid 147 (7.9)
Medicare/other 845 (45.4)
government
Median <$30,000 250 (14.0)
;”lf:r'gl‘i . $30,000-$35,999 357 (19.9)
$36,000-545,999 540 (30.2)
>$46,000 643 (35.9)
Missing 71
Diagnostic Positive histology 1,759 (94.5)
B Positive cytology 91 (4.9)
Other diagnostic methods 11 (0.6)
Age at Mean 63.28
diagnosis Median 63.00
Range 24-90
Standard deviation 13.25
Facility Community cancer program 1,001 (53.8)
RIE Academic/research program 604 (32.5)
Integrated network 181 (9.7)
cancer program
Unknown 75 (4.0)

Abbreviations: Al, American Indians/Native Americans; AJCC,
American Joint Committee on Cancer; API, Asian-Pacific Islander.
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Figure 1. Kaplan-Meier plots. (A): Survival curves by year of diagnosis group (2004-2008 vs. 2009-2013; (B): primary (pancreatic

origin vs. others; (C): chemotherapy treatment.

Statistical Analysis

The clinical and demographic characteristics of the patients
were summarized using descriptive statistics as appropriate
for variable type and distribution. All clinically meaningful
variables were included and subsequently eliminated based
on level of significance. Univariate and multivariate analyses
were conducted to identify factors associated with patient
outcome. To assess the association between patient charac-
teristics and survival, Cox proportional hazards models were
fitted with a backward elimination method (removal criteria
p = .05). Likelihood ratio test (LRT) was used to compare the
model with the covariate being assessed, both added with
the model and with the assessed covariate dropped. An
alpha level of .05 was used, and any covariate with LRT
p value > .05 was removed from the final multivariate model.
We used backward elimination to automate the LRTs, and
determine the final model with the covariates presented.
Kaplan-Meier curves were generated for overall survival. All
analyses were done using SAS 9.4 (SAS Institute, Inc., Cary,
NC) with a significant level of 0.05.

RESULTS

Patient Demographics

A total of 1,861 patients were identified for the 10 years of
the study. The mean age was 63 years (standard deviation
+13), with a male preponderance (53.3%). About 78% were
non-Hispanic whites (Table 1). The most common primary
sites were pancreas (pancreatic neuroendocrine tumor
[PNET] = 19.4%), followed by large intestine (18.1%), esopha-
gus (17.8%), and rectum (15.5%). Distribution across AJCC
stages |-V was 6.6%, 10.5%, 18%, and 64.6% consecutively.
The most common sites of metastatic spread were liver
(22.3%), bone (5%), lung (4.8%), and brain (1.6%). PNET was
the most common primary site of brain metastasis
(12 patients; 41%). About 53% of the patients were treated at
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community practices, whereas 32.5% were treated at aca-
demic or research cancer centers. Insurance coverage was
mostly Medicare (45.4%) or private insurance policies
(39.9%). The median interval from diagnosis to treatment was
21 days. At the time of data analysis, the mean follow-up
period was 15 months, with the longest follow-up being
137 months. A higher number of patients were diagnosed
between 2009 and 2013 (53.5%) compared with the
2004-2008 treatment period (46.5%). However, there was no
difference in survival between these two treatment periods,
with equal overall median survival of 9.3 months (hazard ratio
[HR] 0.9996; 0.91-1.10; p = .9996; Fig. 1A).

Surgical Treatment

About 28% of the study population were treated with
surgical resection (Table 2). An equal number of patients
(9 each) refused or died before planned surgical resection,
and 67 patients (3.6%) had comorbid medical conditions
prohibiting surgery. The median inpatient hospital stay was
7 days (range: 1-74), and 2.5% of the patients had
unplanned readmission within 30 days following discharge.
Median OS for patients who underwent surgical re-
section was 13.3 months, with 21.5% alive at 5 years.
About a quarter of the patients who underwent re-
section had positive margins on pathologic evaluation, with
unknown margin status in 6.8% of the resected cases. Posi-
tive margin at resection (HR 1.95; 1.56-2.44; p < .001) was
associated with worse outcomes.

The median number of lymph nodes sampled was
14, with a positive rate of about 50%. There was no associa-
tion between number of resected lymph nodes and survival
(HR 0.98; 0.78-1.21; p = .824). An association between
number of positive lymph nodes and survival was observed.
Patients who had fewer than five positive lymph nodes
demonstrated improved overall survival compared with
patients with more than five positive lymph nodes (HR 0.58;
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Figure 1. (Continued)

0.45-0.74; p < .001). Chemotherapy was administered pre-
operatively in about 3% of the patients, whereas 12%
received postoperative chemotherapy. Nine patients (0.5%)
received both preoperative and postoperative chemother-
apy. Preoperative radiation was administered in 2.5% of the
patients, and 5.7% received postoperative radiation ther-
apy. Although the number of patients involved was rather
small, preoperative chemotherapy administration (n = 54,
HR 0.40; 0.29-0.56; p < .001), postoperative chemotherapy
(n = 224, HR 0.58; 0.49-0.68; p < .001), and peri-operative
administration (n = 9, HR 0.44; 0.20-0.98; p = .043) were all
associated with improved rates of survival.

Unresectable and Metastatic Disease

Seventy-two percent of the patients had unresectable
(7.4%) or metastatic disease (64.6%). These patients had

© AlphaMed Press 2018

worse overall outcomes when compared with those with
resectable disease (HR 1.8; 1.6-2.02; p < .001). The most
common site of metastases was liver (22.3%), followed
by bone (5.0%) and lungs (4.8%). Less than 2% (1.6%) of
the patients had brain metastases. Seventy-six patients
(4.1%) were treated with single-agent chemotherapy,
whereas 1,127 patients (60.6%) received multiagent or
combined chemotherapy. Details of the specific chemo-
therapy agents are not reported in the database. Twenty-
eight patients (1.5%) died before planned chemotherapy,
and 61 (3.3%) refused chemotherapy. Patients treated
with chemotherapy had improved survival (HR 0.43;
0.39-0.48; p < .001), with a median OS of 11.2 months
compared with 1.7 months for those who did not
(Fig. 1B). When stratified by primary origin, patients with
PNET (HR 0.27; 0.22-0.35; p < .001) and non-PNET
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Table 2. Treatment pattern

Variable Level n =1,861, n (%)
Surgery at No 1,340 (72.0)
PR S Yes 519 (27.9)
Unknown 2 (0.1)
Surgical margin Negative 353 (19.0)
Positive 133 (7.1)
Unknown 35 (1.9)
No surgery 1,340 (72.0)
Number of Mean 7.17
regional lymph .
nodes positive e BiLY
Standard deviation 6.93
Number of Mean 15.10
regional lymph .
nodes examined Median 14.00
Standard 11.60
deviation
Chemotherapy No 548 (29.4)
Yes 1,277 (68.6)
Unknown 36 (1.9)
Types of No 548 (29.4)
chemotherapy Chemotherapy 74 (4.0)
administered;
type and number of
agents not documented
Single-agent 76 (4.1)
chemotherapy
Multiagent 1,127 (60.6)
chemotherapy
Unknown 36 (1.9)
Radiation No 1,234 (66.3)
Yes 623 (33.5)
Unknown 4(0.2)
Treatment Median 21.00
]’Eta“e"': days Missing 0.00
rom diagnosis
Last contact or Mean 15.72
e 8.84
from diagnosis
Minimum 0.00
Maximum 137.33
Standard deviation 22.22
Missing 0.00

(HR 0.39; 0.33-0.45; p < .001) both benefitted from
chemotherapy.

Prognostic Factors

Patients younger than 65 years of age had significantly
improved survival when compared with those older than
65 years (HR 0.72; 0.66-0.8; p < .001; Table 3). Treatment
at an academic center (HR 0.88; 0.79-0.99; p < .034) was
also associated with improved survival. Multivariable analy-
sis of interaction between younger age and treatment at
an academic medical center was found to be statistically
significant (Table 4). Patients 65 years and younger had
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improved survival when treated at an academic program
compared with a community cancer center (HR 1.23;
1.05-1.44; p = .012).

The income levels of the patients also correlated with
overall survival. The highest income quartile ($46,000+)
was associated with improved survival compared with
patients earning less than $30,000 in the lowest income
quartile (HR 0.77; 0.66-0.90; p < .001). The same trend
was found with patients within the next highest income
quartile ($36,000-$45,999) when compared with the low-
est quartile (HR 0.81; 0.69-0.96; p = .012). Unresectable
disease (HR 1.8; 1.6-2.02; p < .001) was associated with
worse outcomes, and patients who had fewer than five
lymph nodes positive for malignancy had improved overall
survival (HR 0.58; 0.45-0.74; p < .001). There were, how-
ever, no survival outcome differences between gender
(HR 0.91; 0.82-1.00; p = .057), racial groups, or geographic
location of treatment facility on sensitivity analysis. Finally,
multivariable analysis confirmed prognostic advantage of
surgical resection, treatment with chemotherapy or radia-
tion, and care at an academic center (Table 5). In addition,
multiagent chemotherapy was found to be associated with
superior survival when compared with single-agent chemo-
therapy, which was superior to no chemotherapy. Temporal
sequences of chemotherapy, surgery, and radiation admin-
istration were not found to be associated with survival
differences on multivariable analysis.

Compared with other histologic subtypes, PNET was
associated with less bone metastasis, but more brain, liver,
and lung metastases. Pancreatic NET has statistically signifi-
cantly worse outcomes when compared with other HG Gl
NEC on univariate analysis (HR 1.58; 1.40-1.78; p < .001).
The median OS for high-grade PNET was 6 months, com-
pared with 9.9 months for other HG GI NEC (Fig. 1C). One-
year and 5-year survival rates were 27.5% vs. 41% and 4.5%
vs. 12.3%, respectively. Although PNET histology was associ-
ated with lower surgical resection rate on univariate ana-
lyses (6.09% vs. 33.1%; p < .001), it was significantly less
associated with positive margins (0.83% vs. 8.67%;
p < .001). When compared with other HG Gl NEC types,
PNET was also associated with lower rates of use of chemo-
therapy (59.8% vs. 70.7%; p < .001) and radiation treatment
(18.9% vs. 37%; p < .001). PNET was associated with higher
rate of diagnosis by cytology rather than core biopsy (17.5%
vs. 1.9%; p < .001). There was no survival difference on mul-
tivariable analysis between patients with high-grade pancre-
atic neuroendocrine carcinoma and other HG GI NECs.

DiscussioN

The incidence of HG Gl NEC between the two treatment
periods (2009-2013 vs. 2004-2008) has increased signifi-
cantly. This observation confirms previously reported series
using different registries [13]. The increase could be a
reflection of the increasing awareness of the pathologic
diagnosis of HG NEC, or a true rising incidence [9, 15]. The
survival of patients with HG GI NEC has not, however, signif-
icantly changed over the study period. This may be a reflec-
tion of the limited research in this area and the lack of
randomized trials aimed at identifying novel therapies.

© AlphaMed Press 2018



916 Treatment of High-Grade GI Neuroendocrine Carcinoma

Table 3. Univariate association with overall survival (from diagnosis)

Survival from diagnosis, months

HR Log-rank
Covariate Level n HR (95% Cl) p value p value
Age at 18-65 1,030 0.72 (0.66—0.80) <.001 <.001
diagnosis, years 66-90 831 REF _
Sex Female 870 0.91 (0.82-1.00) .057 .056
Male 991 REF -
Race group Unknown 16 0.85 (0.47-1.55) .603 402
Al/API/Other 58 1.11 (0.84-1.47) 454
Hispanic 100 0.86 (0.68-1.09) 224
Black 233 1.09 (0.94-1.27) .231
White 1,454 REF -
Pancreatic Yes 361 1.58 (1.40-1.78) <.001 <.001
origin No 1500  REF -
Facility type Academic/research program 604 0.88 (0.79-0.99) .034 .002
Integrated network cancer program 181 0.87 (0.73-1.03) .106
Suppressed for patients aged 0—39 at diagnosis 75 0.61 (0.47-0.80) <.001
Community cancer program 1,001 REF =
Facility location West 251 1.11 (0.94-1.32) .228 .024
Midwest 441 1.05 (0.91-1.22) 494
South 691 1.06 (0.92-1.21) 422
Northeast 403 REF —
Primary payor Not insured/unknown 126 1.26 (1.02-1.55) .032 <.001
Medicaid 147 1.35 (1.12-1.63) .002
Medicare/other government 845 1.43 (1.29-1.60) <.001
Private 743 REF =
Median income >$46,000 643 0.77 (0.66-0.90) <.001 .010
quartiles $36,000-$45,999 540 0.81 (0.69-0.96) 012
$30,000-535,999 357 0.84 (0.71-1.00) .056
<$30,000 250 REF -
Year of 2009-2013 995 0.9996 (0.91-1.10) .9996 .9996
CRELEEE 2004-2008 866 REF -
AJCC analytic Stage 0 6 0.43 (0.18-1.04) .061 <.001
stage group Stage | 123 0.25 (0.19-0.32) <.001
Stage Il 195 0.36 (0.30-0.43) <.001
Stage Il 335 0.39 (0.34-0.45) <.001
Stage IV 1,202 REF —
Su_rgery at No 1,340 1.80 (1.60-2.02) <.001 <.001
primary site Yes 519 REF _
Surgical margin Negative 353 REF —
Positive 133 1.95 (1.56-2.44) <.001
Unknown 35 1.03 (0.68-1.57) .876
Chemotherapy Yes 1,277 0.43 (0.39-0.48) <.001
No 548 REF -
Systemic/ Systemic therapy before and after surgery 9 0.44 (0.20-0.98) .043 <.001
z:ggueerche Systemic therapy after surgery 224 0.58 (0.49-0.68) <.001
Systemic therapy before surgery 54 0.40 (0.29-0.56) <.001
Sequence unknown 13 0.98 (0.56-1.74) .952
No systemic therapy and/or no surgery 1,240 REF -

© AlphaMed Press 2018
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Table 3. (continued)
Survival from diagnosis, months
HR Log-rank
Covariate Level n HR (95% Cl) p value p value
Number of Below median (14) 231 0.98 (0.78-1.21) .824 .824
regional lymph . _
nodes examined Above median 193 REF
Number of Below median (5) 168 0.58 (0.45-0.74) <.001 <.001
regional 'V.”?F’h Above median 158 REF -
nodes positive
Bolded p values are statistically significant.
Abbreviations: —, not applicable; Al, American Indians/Native Americans, AJCC, American Joint Committee on Cancer; API, Asian-Pacific
Islander; Cl, confidence interval; HR, hazard ratio; REF, reference.
Table 4. Multivariable survival analysis of overall survival—interaction of age and facility type
Survived from diagnosis, months
Covariate Level HR (95% Cl) HR p value p value
Comparisons stratified Facility type — — .045
by age at diagnosis
18-65 Community cancer program vs. 1.23 (1.05-1.44) .012
academic/research program
Integrated network cancer program vs. 0.84 (0.64-1.09) 191
academic/research program
Suppressed for patients aged 0-39 at diagnosis REF =
vs. academic/research program
66—90 Community cancer program vs. 1.01 (0.85-1.21) .902
academic/research program
Integrated network cancer program vs. 1.12 (0.86-1.46) .384

academic/research program

Number of observations in the original data set = 1,861. Number of observations used = 1,861. Backward selection with an alpha level of
removal of .05 was used. No variables were removed from the model.The estimated stratified treatment effect was controlled by American
Joint Committee on Cancer analytic stage group, chemotherapy, diagnostic confirmation, facility location, pancreatic origin, primary payor, race
group, radiation, radiation/surgery sequence, sex, surgery at primary site, systemic/surgery sequence, and year of diagnosis.

Bolded p values are statistically significant.

Abbreviations: —, not applicable; Cl, confidence interval; HR, hazard ratio; REF, reference.

Chemotherapy has been the mainstay of treatment in unre-
sectable or advanced HG Gl NEC [13], with combination of
platinum compounds (such as cisplatin or carboplatin) and
etoposide accepted as the first-line standard of care in these
patients [13]. The response to etoposide-based regimens
can range from 30% to 67% in the first-line setting. How-
ever, patients invariably recur with minimal response on
further lines of treatment. There are no established second-
or subsequent-line therapies, although several studies have
evaluated, or are currently evaluating, different anticancer
agents such as irinotecan and cisplatin (NCT00353015), pac-
litaxel/carboplatin/etoposide (NCT00193531), and FOLFIRI-
NOX chemotherapy (NCT03042780).

Overall, treatment modalities are patterned after expe-
rience with the more common SCLC. The morphology and
immunohistochemical pattern of both SCLC and extrapul-
monary small cell carcinomas (EPSCCa) have traditionally
led to adoption of the same treatment paradigms. They
both respond initially to platinum chemotherapy, with fre-
quent relapses and shortened survival. However, the appro-
priateness of this comparison is unknown given emerging
differences in disease presentations, tumor biology, and
treatment outcomes. Clinically, SCLC tends to metastasize
to brain, which has led to routine prophylactic cranial
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irradiation [16, 17]. This contrasts with the incidence of
brain metastases in patients with HG Gl NEC in this study,
which was extremely low. An example of difference in biol-
ogy is the expression of programmed death (PD)-1 and its
ligands (L) in 94 cases of small-cell carcinomas (61 pulmo-
nary—SCLC; and 33 extrapulmonary—EPSCCa). The analysis
showed differential correlations of PD-L1+ tumor-
associated macrophages and PD-1+ tumor-infiltrating lym-
phocytes between the SCLC and EPSCCa groups [18].

The PD-1 receptor-ligand interaction is a major pathway
exploited by tumors to suppress the body’s natural immune
control [19]. It has been shown to be expressed on
activated lymphocytes including peripheral CD4+ and CD8+
T cells, B cells, T regs, and natural killer cells. Although
healthy organs express little (if any) PD-L1, aberrant expres-
sion of PD-L1 has been demonstrated in various types of
cancers. Previously published data show that the PD-1/PD-
L1 pathway plays a critical role in tumor immune evasion
and is a very attractive target for therapeutic intervention.
An analysis of 32 metastatic gastroenteropancreatic (GEP)-
NEC cases showed a subgroup of 7 of 17 grade 3 GEP-NECs/
EPSCC (41.2%) patients with tumor expression of PD-L1
[20]. In that analysis, PD-L1 was significantly associated with
high-grade World Health Organization (WHO) classification
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Table 5. Multivariable survival analysis of overall survival (main effect)

Survival from diagnosis, months

Covariate Level HR (95% CI) HR p value  p value
Age at diagnosis, years 18-65 0.80 (0.72—-0.90) <.001 <.001
66-90 REF =
Pancreatic origin Yes 1.04 (0.91-1.18) .565 .565
No REF —
Facility type Academic/research program 0.89 (0.79-0.99) .046 .023
Integrated network cancer program 0.86 (0.72-1.03) .100
Community cancer program REF =
Primary payor Not insured/unknown 1.02 (0.82-1.26) .872 .036
Medicaid 1.23 (1.02-1.49) .034
Medicare/other government 1.18 (1.02-1.37) .022
Private REF —
AJCC analytic stage group Stage 0 0.54 (0.22-1.33) .182 <.001
Stage | 0.25 (0.19-0.32) <.001
Stage I 0.42 (0.34-0.50) <.001
Stage Il 0.50 (0.43-0.58) <.001
Stage IV REF —
Surgery at primary site No 1.92 (1.61-2.29) <.001 <.001
Yes REF —
Radiation No 1.50 (1.31-1.72) <.001 <.001
Yes REF =
Chemotherapy No 2.04 (1.55-2.67) <.001 <.001
Chemotherapy administered; type and number 0.96 (0.68-1.36) .819
of agents not documented
Multiagent chemotherapy 0.72 (0.56-0.93) .012
Single-agent chemotherapy REF —
Systemic/surgery Systemic therapy before surgery 0.99 (0.63-1.55) .958 .043
sequence Systemic therapy before and after surgery 1.37 (0.58-3.21) 474
Sequence unknown 0.77 (0.37-1.60) .489
Unknown if had systemic therapy 0.69 (0.54-0.87) .002
Systemic therapy after surgery REF —
Radiation/surgery No radiation therapy and/or surgical procedures 0.97 (0.73-1.30) .846 <.001
sequence Radiation therapy before surgery 1.06 (0.62-1.81) .845
Radiation therapy both before and after surgery 0.00 (0.00-8.51E197) .964
Intraoperative radiation therapy with other 2.15 (0.28-16.26) .459
therapy administered before or after surgery
Sequence unknown 4.49 (2.43-8.32) <.001
Radiation therapy after surgery REF -
Facility location South 1.04 (0.90-1.20) .586 .052
Midwest 1.10 (0.94-1.28) 231
West 1.08 (0.90-1.29) .392
Northeast REF =

Number of observations in the original data set = 1,861. Number of observations used = 1,861.Backward selection with an alpha level of
removal of .05 was used. The following variables were removed from the model: sex, year of diagnosis, and race group.

Bolded p values are statistically significant.
Abbreviations: —, not applicable, AJCC, American Joint Committee on Cancer; Cl, confidence interval; HR, hazard ratio; REF, reference.

(grade 3; p = .008). Clinical trials have established the effi-
cacy and benefit of immune-targeting agents in patients
with SCLC and other malignancies who have progressed on
standard chemotherapy, leading to U.S. Food and Drug
Administration (FDA) approval in some of those disease
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subtypes. An objective response of 10% was achieved in the
98 recurrent small-cell lung cancer patients who received
single-agent nivolumab 3 mg/kg on the CheckMate 032 trial
[21]. These patients had previously been treated and
become refractory to platinum-based chemotherapy. More
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importantly, landmark analysis at 12 and 18 months showed
that 20%—-30% of patients were still alive, leading to the
recent FDA approval. There are currently several trials
evaluating pembrolizumab in econd-and-beyond lines of
therapy in EPSCCa (NCT03290079, NCT03136055, and
NCT03190213). Therefore, trials aimed at defining optimal
management strategies for HG GI NEC are needed.

Factors contributing to poor outcomes in HG GI NEC
patients include advanced unresectable or metastatic dis-
ease. However, the stage at presentation is not the only
factor driving poor outcomes, because patients with early-
stage disease who underwent surgical resection in our
series also had a relatively dismal median OS. Patients who
received neoadjuvant or adjuvant therapy had better over-
all survival, suggesting that high incidence of micrometasta-
sis contributes to the poor surgical outcomes. In addition,
the relatively high proportion of margin-positive re-
section raises the question of whether there is a role of
downstaging with neoadjuvant therapy, aimed at enhanc-
ing resection and lowering risk of systemic recurrence.
Clinical trials focused on multimodality management of
early-stage HG Gl NEC are needed to establish best stan-
dards of care. Although small-bowel NETs are the most
common type of gastrointestinal neuroendocrine tumors
[5], the low incidence of small-bowel NEC (2%) in our series
was consistent with previous reports [22].

The pancreas is the most common primary site of HG
Gl NECs and is associated with inferior median overall sur-
vival, 1-year, and 5-year survival rates compared with other
Gl NEC primaries. The reason for the poor outcome of pan-
creatic HG NEC could relate to the lower use of different
treatment modalities (surgical resection, chemotherapy,
and radiation) as shown in this study. Previously reported
detrimental tumor biology of PNET invariably plays a cru-
cial role in the disease course as well [23]. The widespread
adoption of genomic profiling in Gl malignancies may sig-
nificantly improve our understanding of the differences in
the biology of pancreatic HG NEC compared with HG Gl
NEC. This characterization may also provide new
approaches for rational targeted treatment modalities
[20, 24-26].

Higher median income was associated with improved
survival as previously shown in a variety of clinical condi-
tions [27]. Gender, racial groups, or geographic location of
treatment facility were not shown to be associated with
worse outcomes in patients with HG GI NEC. The other fac-
tors confirmed on multivariable analysis to be of prognostic
advantage were surgical resection, treatment with chemo-
therapy or radiation, and care at an academic center. More
than half the patients included in the analyses were trea-
ted at community cancer centers, but the prognostic
advantage of care at an academic center follows previously
reported trends for different rare diseases [28, 29]. Aca-
demic centers have a higher level of specialization and
expertise in rare tumors. In addition, physicians in aca-
demic centers tend to rely more on multidisciplinary
models of care, which have been shown to improve sur-
vival [30, 31]. On the other hand, potential for selection
bias also exists in this analysis. Patients who seek care at
academic institutions may have better performance status,
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higher levels of health literacy, or more resources (higher
economic/income class), all of which could be impacting
the better outcome in this setting.

Our analysis is the largest detailed review of the man-
agement approach employed for patients with HG GI NEC.
Nonetheless, our findings have important limitations that
should be considered. The retrospective nature of this
work limits our ability to fully control for potential biases
and confounders. The most recent (2017) WHO guidelines
that include well-differentiated G3 category are not
included in NCDB data under analysis. Specific chemother-
apy agents received by the patients cannot be identified
from the database. However, chemotherapy options are
limited for patients with HG Gl NEC, and response patterns
in clinical practice are similar across multiple regimens.
Cancer-specific survival can also not be calculated because
the database does not capture the cause of the patient’s
death, and patterns of recurrence/progression-free survival
are not obtainable from the records. However, given the
aggressive nature of this disease and short overall survival,
it is plausible that the majority of the mortality is due to
HG Gl NEC. In clinical practice, treatment decisions are
often based on the locoregional extent of the disease.
Patients are classified as having limited or extensive/
advanced stage, rather than the AJCC stages described in
the database. However, the AJCC staging system allows for
less interobserver variability because of the detailed tumor
size, lymph node involvement, and metastatic status (TMN)
ascribed to each case. Lastly, we observed that a significant
number of cases had missing data regarding the specific
surgical procedure employed.

COoNCLUSION

Our study established the pattern of disease presentation
and treatment outcomes for patients with HG GI NECs.
These findings will guide future prospective research in this
area, especially multi-institutional/international studies that
will prospectively define appropriate management strate-
gies in early- and advanced-stage HG GI NEC.
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