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ARTICLE INFO ABSTRACT
Article history: Background: The incidence, clinical characteristics, and long-term outcomes of patients with gastroen-
Accepted 15 September 2018 teropancreatic neuroendrocrine tumors and carcinoid syndrome undergoing operative resection have not

Available online 28 October 2018 been well characterized.

Methods: Patients undergoing resection of primary or metastatic gastroenteropancreatic neuroendrocrine
tumors between 2000 and 2016 were identified from an 8-institution collaborative database. Clinico-
pathologic and postoperative characteristics as well as overall survival and disease-free survival were
compared among patients with and without carcinoid syndrome.

Results: Among 2,182 patients who underwent resection, 139 (6.4%) had preoperative carcinoid syndrome.
Patients with carcinoid syndrome were more likely to have midgut primary tumors (44.6% vs 21.4%,
P < .001), lymph node metastasis (63.4% vs 44.3%, P < .001), and metastatic disease (62.8% vs 26.7%,
P < .001). There was no difference in tumor differentiation, grade, or Ki67 status. Perioperative carcinoid
crisis was rare (1.6% vs 0%, P < .01), and the presence of preoperative carcinoid syndrome was not asso-
ciated with postoperative morbidity (38.8% vs 45.5%, P = .129). Substantial symptom improvement was
reported in 59.5% of patients who underwent curative-intent resection, but occurred in only 22.7% who
underwent debulking. Despite an association on univariate analysis (P = .04), carcinoid syndrome was
not independently associated with disease-free survival after controlling for confounding factors (hazard
ratio 0.97, 95% confidence interval 0.64-1.45). Preoperative carcinoid syndrome was not associated with
overall survival on univariate or multivariate analysis.
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Conclusion: Among patients undergoing operative resection of gastroenteropancreatic neuroendrocrine
tumors, the prevalence of preoperative carcinoid syndrome was low. Although operative intervention
with resection or especially debulking in patients with carcinoid syndrome was disappointing and of-
ten failed to improve symptoms, after controlling for markers of tumor burden, carcinoid syndrome was
not independently associated with worse disease-free survival or overall survival.

© 2018 Elsevier Inc. All rights reserved.

Introduction

Neuroendocrine tumors (NETs) are a heterogeneous group of
neoplasms with a wide spectrum of clinical behavior. Although
rare, their incidence of diagnosis is increasing, with a 6-fold in-
crease from 1.09 per 100,000 persons in 1973 to 6.98 per 100,000
in 2012." NETs can present in numerous ways, such as incidental
findings on cross-sectional imaging, a mass effect from the pri-
mary tumor, or with symptoms from excess production of func-
tionally active hormones. Although some pancreatic NETs produce
specific hormones that result in well-defined clinical syndromes
(eg, insulinoma, gastrinoma), all gastroenteropancreatic (GEP) NETs
in advanced stages have the ability to oversecrete biologically ac-
tive hormones, resulting in carcinoid syndrome.

The reported incidence of carcinoid syndrome in patients with
GEP-NETs ranges from 3.2% to 18.7% but can vary considerably
based on the anatomic site of the primary tumor and overall dis-
ease burden.?® The poor survival outcomes observed in this popu-
lation are thought to be related primarily to the presence of more
advanced disease,” but a recent study demonstrats worse overall
survival for patients with carcinoid syndrome, even after control-
ling for tumor stage, grade, and primary site.” Whether or not this
survival difference results from a difference in tumor burden or tu-
mor biology is debatable.’®!! Nevertheless, the incidence, charac-
teristics, and impact of carcinoid syndrome on the patients with
GEP-NETs undergoing operative resection remains unclear. Most
previous investigations on carcinoid syndrome have focused on pa-
tients with advanced disease not amenable to operative therapy
involving either resection or debulking. Studies that included sur-
gical patients have been limited by their single-institution nature,
narrow inclusion criteria, or lack of clinical information owing to
the administrative nature of the dataset.!-*12

Therefore, the objective of the current study was to charac-
terize the frequency and clinicopathologic characteristics of carci-
noid syndrome among patients with GEP-NETs undergoing opera-
tive therapy (resection or debulking) and to assess its impact on
long-term outcomes using a large, multi-institutional database.

Methods
Data source and patient characteristics

The U.S. Neuroendocrine Study Group is a multi-institutional
collaboration among the following 8 centers: Emory University, The
Ohio State University, Stanford University Medical Center, Virginia
Mason Medical Center, the University of Wisconsin, Washington
University, Vanderbilt University, and the University of Michigan.
All centers collected data retrospectively on the clinicopathologic
factors and postoperative outcomes of patients with primary or
metastatic GEP-NETs who underwent operative therapy (resection
or debulking) from 2000 to 2016. Institutional review board ap-
proval was obtained at each participating institution.

For purposes of this study, patients with preoperatively di-
agnosed carcinoid syndrome were compared with patients with-
out evidence of carcinoid syndrome. Patients were identified by
each participating institution, and data were collected through

retrospective chart review using a universal template. Categorical
data fields had a predefined range of responses for standardized
coding. Central collation and review of the final dataset was per-
formed by a supervising institution. Data collected included patient
demographics; past medical history and comorbidities; symptoms
at presentation; baseline laboratory values; preoperative workup;
operative factors; final histopathology; any neoadjuvant or adju-
vant therapy; and outcomes, including complications, recurrence,
and survival.

Definitions

Carcinoid syndrome was defined clinically as the presence of
pathognomonic symptoms (including flushing, diarrhea, tachy-
cardia, shortness of breath, or purpura) attributable to the
GEP-NET. Most patients carried a documented diagnosis evident
on chart review; the determination of ambiguous cases was at
the discretion of the authors at each participating site. Although
symptomatic flushing alone was sufficient for the diagnosis of
carcinoid syndrome, isolated diarrhea or tachycardia, given their
nonspecific nature, were not considered diagnostic of carcinoid
syndrome. Tumor markers and biochemical confirmation of carci-
noid syndrome through levels of either serum serotonin or urinary
5-hydroxyindoleacetic acid were included whenever available, but
given the retrospective and multi-institutional nature of this study,
biochemical confirmation of carcinoid syndrome was not available
for most patients.

Postoperative morbidity encompassed any complication within
90 days of operation. Tracked complications included superficial
surgical site infections, intra-abdominal infections, wound dehis-
cence, carcinoid crisis (perioperative hypertensive emergency or
hemodynamic collapse attributable to hormone release), stroke,
cardiac arrest, myocardial infarction, pneumonia, respiratory fail-
ure, thromboembolic events, bleeding (requiring transfusion or
procedure/operation), pancreatitis, ileus, anastomotic leak, reoper-
ation, pancreatic fistula, acute kidney injury, renal failure, and uri-
nary tract infection. The Clavien-Dindo score for the most severe
complication was also reported. After resection, symptom improve-
ment was documented when a patient indicated subjective resolu-
tion of functional symptoms (diarrhea, flushing, tachycardia, etc.)
attributed to their tumor.

Statistical analysis

Categorical variables were expressed as whole numbers and
proportions and compared using the Pearson x?2 test or Fisher ex-
act test where appropriate. Normally distributed continuous data
were described as means with standard deviation and compared
using Student’s t test. Nonparametric continuous variables were re-
ported as medians with interquartile range and compared using
the Wilcoxon rank sum test. On univariate analysis, demographic,
clinical, and pathologic factors were compared. Clinically relevant
factors identified in the literature and select variables associated
with tumor burden on univariate analysis were incorporated into
a multivariable logistic regression model to test the hypothesis
that carcinoid syndrome was related to tumor location and disease
burden.’?
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Primary endpoints were overall survival (0S), disease-free sur-
vival (DFS), and progression-free survival (PFS). OS was measured
from the time of resection to death or last follow-up. DFS was
measured from time of resection to recurrence, death, or last
follow-up in patients who had macroscopically negative (RO/R1) fi-
nal resection margins. PFS was measured from time of resection
to first evidence of progression among patients with macroscop-
ically positive (R2) resection margins. Survival probabilities were
estimated using the Kaplan-Meier method and compared using the
log-rank test. Prognostic factors for survival were then evaluated
using the multivariable Cox proportional hazards regression model.
All statistical analysis was performed using SPSS, version 21 (2012).

Results
Patient characteristics and factors associated with carcinoid syndrome

Among 2,182 patients who underwent surgical operative
therapy (resection or debulking) for primary or metastatic GEP-
NETs, the frequency of carcinoid syndrome was low (6.4%, n=139).
Overall, the median age was 58.0 years (interquartile range 48.3-
66.3), most patients were white (76.3%, n = 1,664), and patients
were evenly divided between male (50.3%, n = 1,098) and female
(49.7%, n = 1,084). The pancreas was the most common site for
the primary tumor (57.1%, n = 1,247). Most patients had a good
functional status (Eastern Cooperative Oncology Group 0-1; 74.5%,
n = 1625), with no difference observed when stratified by the
presence of carcinoid syndrome. Additional comparison of clinical
and pathologic features among patients with and without carcinoid
syndrome is shown in Table 1. In general, patients with carcinoid
syndrome had increased tumor burden with a greater proportion
of metastatic disease (62.8% vs 26.7%, P < .001), liver metastasis
(54.5% vs 18.8%, P < .001), and lymph node involvement (42.4%
vs 30.2%, P = .002). No differences were observed across histo-
logic features, including size, differentiation, Ki67 status, or grade
(Table 2).

Patients with carcinoid syndrome were more likely to report
symptoms at presentation compared to patients without carcinoid
syndrome (91.4% vs 60.5%, P < .001). Overall, the most common
complaints were flushing and diarrhea, followed by tachycardia
(Table 1). Although these patients also had greater levels of pre-
operative serum serotonin and urinary 5-hydroxyindoleacetic acid,
these data were available for only a minority of patients. A greater
proportion of patients with carcinoid syndrome were on preoper-
ative somatostatin analogs (SSAs; 24.0% vs 3.7%, P < .001). Preop-
erative SSA use was not associated with decreased symptoms of
flushing (86% vs 87%, P=.911), although there was a greater fre-
quency of diarrhea (76% vs 53%, P=.028) and tachycardia (27.6% vs
12%, P=.041) among SSA users.

There was substantial variation in the frequency of carcinoid
syndrome according to the site of the primary tumor (Table 3).
The majority of patients with carcinoid syndrome had either re-
gional or distant metastatic disease (76.3%, n = 109).The great-
est frequency of carcinoid syndrome was observed with tumors
of the small bowel (ileum or jejunum, 14.7%), and in those pa-
tients with an unknown primary (25.3%). In contrast, pancreatic
neuroendocrine tumors (PNETs) had a much lower rate of carci-
noid syndrome (3.2%). Similarly, low rates of carcinoid syndrome
were observed with rectal, appendiceal, duodenal, and gastric pri-
maries. Among all gastric tumors, most were either type I (61.0%,
n = 47) or type IIl (28.6%, n = 22), and no individual subtype was
associated with carcinoid syndrome (P = .147).

On analysis of 1,896 patients with complete data available, sev-
eral factors were independently associated with carcinoid syn-
drome on multivariable logistic regression analysis (Table 4). Pa-
tients with carcinoid syndrome were more likely to be white and

have lymph node or liver metastases. Compared with pancreatic
tumors, most gastrointestinal sites had an increased likelihood of
carcinoid syndrome, with the greatest odds observed in midgut tu-
mors and patients with an unknown primary.

Perioperative and long-term outcomes

A greater proportion of the 139 patients with carcinoid syn-
drome underwent a debulking or palliative operation (31.2% vs 9%,
P < .001), with more R2 resections (21.6% vs 6.8%, P < .001). There
was no difference in postoperative morbidity based on the pres-
ence of preoperative carcinoid syndrome (38.8% vs 45.5%, P = .129;
Table 2). Only 2 patients (1.6%) in the carcinoid syndrome group
developed carcinoid crisis. Overall, there was no difference in
symptom improvement between carcinoid and noncarcinoid syn-
drome patients with and without after operative treatment (43.6%
vs 52.0%, P=.25). Patients with carcinoid syndrome were less likely
to show symptom improvement after debulking compared with
curative-intent operations (22.7% vs 59.4%, P=.012). For patients
without carcinoid syndrome, there was a similar rate of symptom
improvement after either curative or debulking operations (53.1%
vs 43.2%, P=.22).

Across the entire cohort, median OS was 144 months. Patients
with carcinoid syndrome experienced lower median DFS (76 vs 155
months, log rank=0.035; Fig 1, A), but had a similar median OS
(144 months vs not reached, log rank=0.561; Fig 1, B) compared
to patients without carcinoid syndrome. On Cox multivariable anal-
ysis controlling for age, race, primary location, liver metastases,
and lymph node involvement, carcinoid syndrome was not associ-
ated with DFS (hazard ratio 0.97, 95% confidence interval [CI] 0.64-
1.45). Factors associated with worse DFS included positive lymph
nodes (odds ratio [OR] 1.80, 95% CI 1.43-2.28), liver metastases (OR
4.34, 95% (I 3.43-5.56), and white race (OR 1.57, 95% 1.18-2.10).

On a subset analysis of patients with documented metastatic
disease to the liver, the presence of carcinoid syndrome was not
associated with decreased DFS (P = .191; Supplemental Fig 1, A) or
0S (P = .302; Supplemental Fig 1, B). Patients with liver metastases
that underwent debulking operations had worse OS compared
to those with curative-intent resection (median OS 89.0 vs 137.5
months, p <0.001). After a R2 resections, there was no difference
in PFS between patients either with or without carcinoid syndrome
(P = .547; Supplemental Fig 2).

Discussion

In this large, multi-institutional study investigating the influ-
ence of carcinoid syndrome on the clinicopathologic characteristics
and outcomes of patients undergoing operative therapy for GEP-
NETs, we found several notable observations. First, carcinoid
syndrome occurred infrequently and was associated typically with
markers of increased tumor burden, such as nodal or metastatic
disease, but not with tumor size, grade, or mitotic rate. Sec-
ond, the incidence of perioperative carcinoid crisis was low, and
the presence of preoperative carcinoid syndrome did not affect
perioperative morbidity or mortality. Third, although carcinoid
syndrome was a predictor of worse DFS, after controlling for
markers of disease burden, the presence of carcinoid syndrome
was not independently associated with DFS or OS. Fourth, most
patients with carcinoid syndrome do not experience substantial
symptom improvement after operative therapy, particularly after
debulking operations. These findings have important implications
for the selection and prognosis of patients with GEP-NETs being
considered for operative therapy.

The accurate identification of patients with carcinoid syndrome
is challenging, both in clinical practice and when performing high-
quality research. Regarding the latter, previous studies have relied
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Table 1
Demographics and preoperative characteristics.
Variable Carcinoid syndrome (n=139)  Non-carcinoid syndrome (n=2043) P value
Demographics
Sex (n =139) (n = 2043)
Male 59 (42.4%) 1039 (50.9%) .055
Female 80 (57.6%) 1004 (49.1%)
Age 56.2 + 12.2 (n = 139) 57.0 + 13.6 (n = 2038) 494
Body mass index 301 £ 71 (n = 131) 29.2 £ 7.0 (n = 1828) 158
ECOG 0 101 (84.2%) 1280 (82.5%) 404
1 15 (12.5%) 229 (14.8%)
2 3(2.5%) 34 (2.2%)
3 0 6 (0.4%)
4 1 (0.8%) 2 (0.1%)
ASA class
1 8 (6.1%) 90 (4.8%) 718
2 44 (33.6%) 715 (37.9%)
3 75 (57.3%) 1033 (54.8%)
4 4 (3.1%) 47 (2.5%)
Race (n =136) (n = 1984)
White 118 (86.8%) 1546 (77.9%) .007
Black 16 (11.8%) 260 (13.1%)
Other/unknown 2 (1.4%) 178 (9.0%)
Preop characteristics
Preop somatostatin 31/129 (24.0%) 65/1742 (3.7%) <.001
Functional tumor 16/139 (11.5%) 246/2012 (12.2%) .803
Symptomatic at presentation  127/139 (91.4%) 1215/2009 (60.5%) <.001
Any symptoms
Flushing 127/139 (91.4%) 0/2005 (0%) <.001
Diarrhea 85/139 (61.2%) 247/2004 (12.3%) <.001
Tachycardia 28/139 (20.1%) 9/2004 (0.4%) <.001
Carcinoid heart 2/139 (1.4%) 0/2006 (0%) .004
Pain 84/139 (60.4%) 815/2002 (40.7%) <.001
Location of primary (n =139) (n = 2042)
Ampulla 0 37 (1.8%) <.001
Appendix 1 (0.7%) 64 (3.1%)
Colon (midgut) 5 (3.6%) 50 (2.4%)
Colon (hindgut) 1(0.7%) 5 (0.2%)
Duodenum 9 (6.5%) 128 (6.3%)
Gallbladder 0 8 (0.4%)
Pancreas 40 (28.8%) 1207 (59.1%)
Rectum 3 (2.2%) 65 (3.2%)
Small bowel 56 (40.3%) 324 (15.9%)
Stomach 5 (3.6%) 99 (4.8%)
Unknown 19 (13.7%) 56 (2.7%)
Metastatic disease 86/137 (62.8%) 516/1929 (26.7%) <.001
Liver metastasis 73/134 (54.5%) 340/1806 (18.8%) <.001
Serotonin level (ng/mL) 1107 £ 949 (n = 9) 357 £ 472 (n = 74) .046
Urinary 5-HIAA (mg/day) 20.5 + 18.2 (n = 20) 9.9 + 121 (n = 91) .021
Chromogranin A (ng/L) 2059 + 7635 (n = 48) 545 + 1684 (n = 617) 177
5-HIAA, 5-hydroxyindoleacetic acid; ECOG, Eastern Cooperative Oncology Group.
on a number of definitions, including clinical diagnosis, biochemi- Patients with carcinoid syndrome

C.W. Kimbrough et al./Surgery 165 (2019) 657-663

cal testing, or administrative coding.2>-> In our study, we relied
on a clinical definition, but our classification of carcinoid syndrome
agrees with previously published results. The overall frequency of
carcinoid syndrome of 6.4% in our study falls within the 1.7% to
18.7% range previously reported in the literature.”> Given that car-
cinoid syndrome is associated typically with advanced disease, it
may not be surprising that the overall frequency of carcinoid syn-
drome in this cohort of patients undergoing operative therapy was
toward the lower end of this range. In a review of 11,057 cases
from a large clinical registry, Soga reported a similar overall inci-
dence of carcinoid syndrome of 7.7%.° Recent estimates from a sur-
vey of the Surveillance, Epidemiology, and End Results-Medicare
database determined a rate of 19%, although pancreatic tumors
(which typically are less likely to result in carcinoid syndrome)
were excluded.” In a review of 336 patients with gastrointestinal
NETs who underwent biochemical testing, Onaitis et al reported 44
patients (13.1%) who presented with carcinoid syndrome. Exclud-
ing pancreatic tumors, the incidence of carcinoid syndrome among
patients with gastrointestinal NETs in our study was 10.6%.

demonstrated a similar pattern of anatomic distribution as
reported previously reported. Specifically, small-bowel NETs (ileum
and jejunum) or from unknown primary sites were most likely
to exhibit carcinoid syndrome, consistent with prior studies.*!4:16
Often these unknown primaries represent small, occult ileal tu-
mors.””"19 In contrast, although pancreatic tumors represented a
large proportion of the carcinoid syndrome patients in this series
(28.8%), this likely reflects the large number of PNETs in our study,
as the development of carcinoid syndrome in PNET patients alone
was relatively rare (3.2%). The biologic reasons underlying the
differing incidence of carcinoid syndrome at different sites of the
primary tumor is not well understood. Carcinoid syndrome has
been linked to the excess production of serotonin, which may
differ based on anatomic location.'*1>20 For instance, midgut
carcinoids have been shown to be greater producers of serotonin
than foregut or hindgut tumors.'6

Although carcinoid syndrome is associated with increased tu-
mor burden (ie, increased rates of metastatic disease, liver metas-
tases, and positive lymph nodes), a substantial number of patients
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Table 2
Histopathology and perioperative course.
Variable Carcinoid syndrome (n=139)  Noncarcinoid syndrome (n=2043) P value
Operation (n=138) (n = 2039)
Curative intent 95 (68.8%) 1856 (91.0%) <.001
Debulking/palliative 43 (31.2%) 183 (9.0%)
Histopathology
Tumor size (largest lesion, cm) 2.70 £ 2.22 (n=102) 2.81 &+ 2.65 (n = 1728) .682
Tumor differentiation (n=89) (n = 1489)
Well dif. 79 (88.8%) 1321 (88.7%) 754
Mod dif. 9 (10.1%) 135 (9.1%)
Poorly dif. 1(11%) 33 (2.2%)
Tumor grade (n=71) (n = 1252)
Gl 51 (71.8%) 814 (65.0%) 330
G2 19 (26.8%) 383 (30.6%)
G3 1 (1.4%) 55 (4.4%)
Ki67 (%) 3.6 + 4.1 (n = 52) 5.6 + 10.1 (n = 687) 149
Lymph node (n =139) (n = 2043)
NO 34 (24.5%) 774 (37.9%) .002
N1 59 (42.4%) 616 (30.2%)
Nx 46 (33.1%) 653 (32.0%)
Margins (n =102) (n =1726)
RO 70 (68.6%) 1371 (79.4%) <.001
R1 10 (9.8%) 237 (13.7%)
R2 22 (21.6%) 118 (6.8%)
Postop course
Any complication 54 (38.8%) 918 (45.5%) 129
Highest Clavien-Dindo classification
I-11 527 (58.1%) 31 (56.4%) 814
m-v 382 (41.9%) 24 (43.6%)
Myocardial infarct 1 (0.8%) 7 (0.4%) 410
Respiratory failure 3 (2.3%) 56 (2.9%) 1.000
Carcinoid crisis 2/128 (1.6%) 0/1910 (0%) .004
Postoperative symptom improvement  24/55 (43.6%) 184/354 (52.0%) 25
Readmission 20 (14.4%) 373 (18.4%) 231
Recurrence 28/102 (27.5%) 355/1808 (19.6%) 55
Region of recurrence (n = 28) (n = 357)
Locoregional 5 (17.9%) 88 (24.6%) 713
Locoregional/distant 3 (10.7%) 38 (10.6%)
Distant only 20 (71.4%) 231 (64.7%)
Death 25/139 (18.0%) 305/2039 (15.0%) 335
Other therapies
Chemotherapy 6 (4.3%) 104 (5.4%) .687
Radiotherapy 1 (0.7%) 24 (1.2%) 1.000
Somatostatin analog 45 (32.8%) 164 (8.2%) <.001
Liver-directed* 8 (5.8%) 30 (1.5%) <.001
Table 3 Table 4
Frequency of carcinoid syndrome and association with regional/metastatic disease, Multivariable model: Factors associated with carcinoid syndrome.
by primary site.
Factor OR 95% Cl P value
Primary site Carcinoid syndrome  CS with regional/metastatic disease Age 0988 0.975-1.002 105
Ampulla 0/37 (0%) n/a Sex
Appendix 1/65 (1.5%) 1/1 (100%) Female Reference
Colon (midgut)  5/55 (9.1%) 5/4 (80%) Male 0.751 0.509-1.106 147
Colon (hindgut)  1/6 (16.7%) 0/1 (0%) Race
Duodenum 9/137 (6.6%) 4/9 (44.4%) Nonwhite Reference
Gallbladder 0/8 (0%) n/a White 1.803 1.031-3.153 .039
Pancreas 40/1247 (3.2%) 24/40 (60%) Location
Rectum 3/68 (4.4%) 1/3 (33.3%) Pancreas Reference
Small bowel 56/380 (14.7%) 51/56 (91.1%) Foregut 2.297 1.061-4.973 .035
Stomach 5/104 (4.8%) 1/5 (20.0%) Midgut 3.454 2.195-5.436 <.001
Unknown 19/75 (25.3%) 19/19 (100%) Hindgut 2594 0.735-9.153 138
Unknown primary 7.438 3.795-14.578 <.001
Liver metastasis
No Reference
with carcinoid syndrome in our study had no signs of regional or Ly:;e;h node 3.984 2686-5.910 <001
distant disease (25.9%, n = 36). This finding is consistent with re- NO/Nx Reference
cent findings from the Surveillance, Epidemiology, and End Results- N1 1.613 1.063-2.449 025

Medicare database, where 27% of patients with carcinoid syndrome
presented with localized disease.> Although the exact reasons for
this observation are unclear, one possibility is that these pa-
tients had undiagnosed occult metastatic disease,>2!*2 which
emphasizes the importance of thoroughly evaluating patients with

carcinoid syndrome for metastatic disease, including the use of
molecular imaging or intraoperative evaluation of the liver.



662 C.W. Kimbrough et al./Surgery 165 (2019) 657-663
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Fig 1. Kaplan-Meier analysis of (A) disease-free survival after complete macroscopic
resection (RO/R1 patients) and (B) overall survival of all patients with and without
carcinoid syndrome.

One unexpected finding was that only a minority (43.6%) of pa-
tients with carcinoid syndrome reported substantial symptom im-
provement after operative therapy. In fact, the low rate of symptom
improvement observed after debulking operations suggests that re-
liable control of carcinoid syndrome symptoms should no longer
be the sole indication for operative intervention with a noncurative
(palliative) intent. The difficulty observed in achieving complete or
even substantial relief of symptoms underscores the importance of
careful patient selection before considering resection and the role
of surgical therapy within broader multimodality strategies.?*> Fu-
ture studies should aim to identify preoperative factors that predict
symptom improvement with operative therapy to aid in optimal
patient selection.

Although estimates of perioperative carcinoid crisis vary from
3.4% to 24% in the literature,2*26 only 2 patients with carcinoid
syndrome experienced a perioperative carcinoid crisis in this study
(1.4%). Similarly, the presence of carcinoid syndrome did not affect
the frequency or severity of postoperative complications, includ-
ing cardiovascular events. Although our study did not address the
role for intraoperative octreotide, the consequences of carcinoid
crisis and the minimal downsides to perioperative octreotide have
led to its increasing use before operative intervention. Overall, the
presence of preoperative carcinoid syndrome does not appear to

influence the risk of perioperative complications and, therefore,
should not independently represent a contraindication to operative
therapy (resection or debulking).

The impact of carcinoid syndrome on the long-term outcomes
of patients with GEP-NETs has been the subject of debate. The
increased hormone production by carcinoid tumors presumably
serves as a marker of increased tumor burden, and therefore, not
surprisingly, carcinoid syndrome has been linked to worse survival.
In our study of patients with clinically resectable disease, the pres-
ence of carcinoid syndrome was not independently associated with
either DFS or OS after controlling for other markers of disease bur-
den. Furthermore, there was also no difference in tumor size, dif-
ferentiation, Ki67 status, or grade to suggest that patients with
carcinoid syndrome have more aggressive tumor biology on final
pathology. These findings suggest that the presence of carcinoid
syndrome, in and of itself, is not independently associated with
worse oncologic outcomes and thus should not be an absolute con-
traindication to operation for otherwise appropriate patients.

There were several limitations to this study. First, despite a
large multi-institutional dataset, the sample size of 139 patients
with the carcinoid syndrome was limited given the relative low
prevalence of patients with carcinoid syndrome. Although we
chose to study a diverse population with both primary and sec-
ondary disease, subset analyses of patients with only liver metas-
tases as well as those who solely underwent debulking were con-
gruent with our primary findings. Second, as a retrospective study
over a 17-year period, complete records were not available for all
patients, and therefore it is possible that missing data may have
obscured unmeasured differences between the groups. Third, al-
though all operations were performed by experienced surgical on-
cologists, there was no standardization in the evaluation, multidis-
ciplinary management, histopathologic review, or selection for op-
erative therapy. Fourth, carcinoid syndrome was defined clinically
and identified through retrospective chart review, but biochemical
confirmation was not available for all patients. Given that over 25%
of patients labeled with carcinoid syndrome in this study had no
signs of metastatic disease, clinical diagnosis may have overesti-
mated the true prevalence of carcinoid syndrome in this surgical
population.

In conclusion, among patients undergoing operative resection of
GEP-NETs, the incidence of carcinoid syndrome was low and typ-
ically associated with markers of increased tumor burden. Preop-
erative carcinoid syndrome was not associated with increased pe-
rioperative morbidity or mortality, but most patients with carci-
noid syndrome do not experience substantial improvement of their
symptoms after operative therapy, particularly those who undergo
debulking operations. After controlling for measures of tumor bur-
den, carcinoid syndrome was not independently associated with
worse DFS or OS. These findings may have important implications
for the selection and prognosis of patients with GEP-NETs being
considered for operative therapy.

Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.surg.2018.09.008.
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