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Abstract

Introduction Patients with metastatic neuroendocrine tumor (NET) often have an indolent disease course yet the outcomes for
patients with metastatic NET undergoing surgery for non-hormonal (NH) symptoms of GI obstruction, bleeding, or pain is not known.
Methods We identified patients with metastatic gastroenteropancreatic NET who underwent resection from 2000 to 2016 at 8
academic institutions who participated in the US Neuroendocrine Tumor Study Group.

Results Of 581 patients with metastatic NET to liver (61.3%), lymph nodes (24.1%), lung (2.1%), and bone (2.5%), 332 (57.1%)
presented with NH symptoms of pain (n =223, 67.4%), GI bleeding (n = 54, 16.3%), GI obstruction (n =49, 14.8%), and biliary
obstruction (n =22, 6.7%). Most patients were undergoing their first operation (85.4%) within 4 weeks of diagnosis. The median
overall survival was 110.4 months, and operative intent predicted survival (p < 0.001) with 66.3% undergoing curative resection.
Removal of all metastatic disease was associated with the longest median survival (112.5 months) compared to debulking
(89.2 months), or palliative resection (50.0 months; p <0.001). The 1-, 3-, and 12-month mortality was 3.0%, 4.5%, and
9.0%, respectively. Factors associated with 1-year mortality included palliative operations (OR 6.54, p =0.006), foregut NET
(5.62, p=0.042), major complication (4.91, p=0.001), and high tumor grade (11.2, p <0.001). The conditional survival for
patients who lived past 1 year was 119 months.

Conclusions Patients with metastatic NET and NH symptoms that necessitate surgery have long-term survival, and goals of care
should focus on both oncologic and quality of life impact. Surgical intervention remains a critical component of multidisciplinary
care of symptomatic patients.
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Introduction

Neuroendocrine tumors (NETs) of the gastroenteropancreatic
(GEP) tract are a heterogeneous group of tumors with often
unknown rate of malignant progression and expected indo-
lent nature.! At the time of diagnosis, metastases to the
liver and lymph nodes are found in 40-50% of patients
upon presentation and 13% have no primary NET
identified.” Management of patients with metastatic dis-
case is complex as treatment options hinge on a variety
of factors including tumor characteristics, resectability, pa-
tient symptoms, and prior treatments.® The timing and use
of surgical resection in the metastatic setting has been de-
bated given the proven efficacy of medical therapies and
expected prolonged time before tumor progression.*” In
patients with liver-only metastasis, resection can provide
greater than 50% 10-year survival and upon recurrence,
subsequent regional therapies can similarly prolong
survival.® Furthermore, in patients with advanced
unresectable metastasis, aggressive surgical debulking of
tumor volume can achieve 10-year survival rates of 50—
70%.” While surgery can prolong survival for patients with
distant metastatic disease, it is rarely curative as 95% of
patients recur.”

NETs are classically defined by symptoms of excessive
hormonal production, and carcinoid syndrome is a poor
prognostic factor and often a sign of more advanced
disease.” Symptomatology, in fact, often drives decision-
making and is an impetus for surgical therapy when not
controlled by medical therapies. Outcomes based on NET
symptomatology alone have not been studied in depth. One
study has found symptomatic presentation of NET is asso-
ciated with more aggressive features and decreased recur-
rence free survival.'® The benefits of surgery in patients
with metastatic NET over other therapies include palliation
of symptoms in addition to any oncologic benefit in
prolonging progression."'!

Advanced metastatic disease from GI cancers is, in gen-
eral, a contraindication to surgical intervention as these
patients have short survival. However, years of survival
is expected even in patients with extensive extrahepatic
metastatic NET who benefit from a combination of
locoregional and systemic therapies to provide meaningful
symptom and progression control'> Symptoms of pain,
chronic obstruction, and bleeding from an indolent primary
and slowly progressing metastatic disease is a significant
clinical challenge. This study investigates the presentation
and outcomes of metastatic NETs with NH symptoms and
examines the utility of palliative operations.

Methods
Patient Population

This study is a retrospective study using a multi-institutional
database of all patients who had resected GEP-NET from
2000 to 2014. The eight participating centers in the database
are The Ohio State University Wexner Medical Center and
James Comprehensive Cancer Center, Columbus, OH;
Winship Cancer Institute, Emory University, Atlanta, GA;
Stanford University, Palo Alto, CA; Virginia Mason Medical
Center, Seattle, WA; University of Wisconsin School of
Medicine and Public Health, Madison, WI; Washington
University School of Medicine, St. Louis, MI; Vanderbilt
University, Nashville, TN; University of Michigan, Ann
Arbor, Michigan. The institutional review board from each
institution approved the study.

Patients with metastatic disease were identified by pre-
operative imaging or if at the time of operation metastatic
disease was found and final staging was coded as “M1” or
resection status “R2—distant or distant + local”, Fig. 1.
Patients with metastatic disease were grouped into subsets
based upon presence of pre-operative symptoms and symp-
toms related to hormonal excess or not. Non-hormonal GI
symptoms included GI bleeding, GI obstruction, biliary ob-
struction, jaundice, pancreatic obstruction, pancreatitis, or
pain with other non-specific symptoms such as nausea/

Surgery for NET
2016 Patients
2182 operations

Non-metastatic
1466 patients, 1503 operations

Unknown symptoms
10 patients, 16 operations

Metastatic NET
581 patients (29.3%)
679 operations

}

Asymptomatic
133 patients
169 operations

|

Hormonal only
116 patients
133 operations

Symptomatic
448 patients (22.2%)
494 operations

Non-hormonal symptoms
332 patients (16.4%overall, 57.1% metastatic)
361 operations

Fig. 1 Patient flow diagram
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vomiting, anorexia, and diarrhea without carcinoid syndrome
and hormonal-only symptoms (hypoglycemia, diarrhea with
carcinoid symptoms, carcinoid syndrome, carcinoid crisis,
carcinoid heart syndrome, known functional tumor). Patients
who were at any time symptomatic were included in the symp-
tomatic group even if they had an operation at a later time for
no symptoms. The patients who underwent multiple NET op-
erations, the first NH related operation was used as the index
time point.

Data Collection and Follow-Up

Standard patient demographics and clinicopathologic data
was compiled which included age, sex, ASA class, comorbid-
ities, genetic syndrome, location of operation, location of met-
astatic NET, location of primary NET, and standard pathologic
data of the resected tumor. Tumor location was grouped as
foregut if stomach or duodenum without pancreatic resection
was performed and hindgut if resection included the appendix,
colon, or rectum. Tumor differentiation and grade were com-
piled from the final pathology and in the case of multiple
tumors the highest category was used. Liver regional therapies
included bland embolization, chemoembolization, ablation,
and selective internal radiotherapy (Y90). Complications were
graded by the classification of Clavien-Dindo'? and consid-
ered a major complication if the grade was IIl or more.
Curative was defined as any RO/R1 resection with removal
of all known tumor, while non-curative involved both
“debulking” and “palliative” procedures. Debulking was de-
fined as intent to remove NET volume to increase survival or
control functional symptoms and palliative if the operative
plan was incomplete resection for symptom control only.
Survival was measured as time from first NH operation to
the date of last follow-up.

Statistical Analysis

Patient-specific demographics were reported as medians
and interquartile range for continuous variables and com-
pared using non-parametric Kruskal-Wallis test.
Categorical variables were reported as number (percent)
and analyzed using chi-square analysis. Survival calcula-
tions were performed using Kaplan-Meier curves and log-
rank tests. Logistic regression analysis was used to evalu-
ate any association among variables with 1-year mortality,
with coefficients reported as odds ratios (ORs) and corre-
sponding 95% confidence intervals (Cls). Variables with
clinical significance or a p value < 0.1 on univariable anal-
ysis were included in the final multivariable model. All
statistical calculations and graphing were performed using
SPSS (v21.0, IBM).
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Results

Demographics and Survival of Metastatic NET
by Symptomatology

There were 581 patients identified with metastatic neuroendo-
crine tumors who underwent resection—332 (57.1%) had NH
symptoms, 133 (27.7%) were asymptomatic, and 116 (20.0%)
had hormonal symptoms only (Table 1). Patients with
hormonal-only symptoms were younger at 54.5 years (IQR
33.3-75.7 years) compared to NH symptoms (59.0 years,
41.8-76.2 years) and asymptomatic (60.0 years, 42.4—
77.6 years; p=0.004). A known genetic syndrome was least
likely in NH symptom patients (n = 8, 2.4%) and highest in the
hormonal group (n =21, 18.4%; p < 0.001). Overall metastatic
disease was known at the time of resection in almost all patients
(n=518, 89.9%) and most commonly was found in the liver
(n=347, 61.3%) or lymph nodes (n = 140, 24.1%). NH symp-
toms were more likely to come from primary NETs within the
small intestine (34.9%), colon (7.5%), or stomach (4.2%) and
less likely to be associated with pancreatic primaries (38.0%,
p=0.006). NH symptoms were associated with nearly all of the
palliative (n =36, 10.8%) operations, and nearly half had the
only the primary resected (n =150, 45.2%). NH symptoms
were associated with an increased incidence of high-grade tu-
mors (n=31, 9.3%).

Symptomatology as an indication for resection was used to
categorized patients into three separate groups, and their surviv-
al outcomes were examined. All patients with metastatic spread
who underwent an operation had a median overall survival
(OS) of 132.3 months (95%CI 113.5-151.1). Survival between
groups was longest in the asymptomatic patients (median
139.1 months, 95%CI 132.5-142.5 months) compared to
hormonal-only (median not reached) and NH symptom groups
(median 110.4 months, 95%CI 88.3—136.7 months; p = 0.002)
(Fig. 2). There was no difference between groups in recurrence-
free survival (asymptomatic median 40.7 months, 95%CI 28.7—
52.7 months; hormonal only 47.9 months, 95%CI 30.5—
65.3 months; NH symptom 52.6 months, 95%CI 37.2—
68.1 months; p =0.418) or progression-free survival (asymp-
tomatic median 61.1 months, 95%CI 4.5-117.8 months; hor-
monal only 15.9 months,95% CI 2.0-29.8 months; NH symp-
tom 24.1 months, 95%CI 16.6-31.6 months; p =0.418).

Outcomes of Surgical Resection for Non-Hormonal
Symptomatic NETs

In the 332 patients with NH symptoms who underwent oper-
ation, the indications included curative resection in 220
(66.3%), debulking in 76 (22.9%), and almost all of the palli-
ative resections in 36 (10.8%) (Table 2). Symptoms were most
commonly pain with other non-specific symptoms in 223
(67.4%), diarrhea without carcinoid syndrome in 84
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Table 1 Clinical characteristics of patients with metastatic neuroendocrine tumors by symptom group
Patient variables, median All patients NH symptoms Hormonal only Asymptomatic p value
(IQR) or n (%) n=>581 n=332 n=116 n=133
Age 58.1 (49.4-67.0) 59.0 (41.8-76.2) 54.5 (33.3-75.7) 60.0 (42.4-77.6) 0.004
Sex, male 306 (52.7) 167 (50.3) 59 (50.9) 80 (60.2) 0.143
Race 0.028
White 458 (80.6) 244 (74.8) 97 (87.4) 117 (89.3)
AA 65 (11.4) 50 (15.3) 9(8.1) 6 (4.6)
Other 45(7.9) 32(9.8) 54.5) 8 (6.1)
Comorbidities
HTN 263 (45.6) 163 (49.2) 45 (39.8) 55 (41.4) 0.119
Diabetes 126 (21.8) 76 (22.9) 22 (19.3) 28 (21.1) 0.659
BMI 27.3 (23.8-31.5) 26.5 (19.4-33.6) 27.7 (15.9-39.5) 27.8 (19.5-36.1) 0.046
Genetic syndrome 35(6.0) 8(2.4) 21 (18.4) 6 (4.5) <0.001
Metastasis 0.444
Imaging 518 (89.9) 294 (88.8) 106 (93.0) 118 (90.1)
Operative 63 (10.1) 38 (11.1) 10 (7.0) 1509.9)
Metastasis location
Liver 347 (61.3) 189 (58.2) 79 (69.9) 79 (61.7) 0.086
Lung 12 (2.1) 9(2.8) 2 (1.8) 1(0.8) 0.397
Bone 14 (2.5) 9(2.8) 4(3.6) 1(0.8) 0.333
Lymph node 140 (24.1) 82 (24.7) 30 (25.9) 28 (21.1) 0.626
Other 47 (8.1) 27 (8.1) 9(7.8) 11 (8.3) 0.988
Location of primary NET 0.006
Pancreas 250 (43.0) 126 (38.0) 53 (45.7) 71 (53.4)
Small bowel 180 (31.0) 116 (34.9) 33 (28.4) 31(23.3)
Unknown 46 (7.9) 22 (6.6) 12 (10.3) 12 (9.0)
Colon/rectum 32 (5.5) 25(7.5) 434 3(2.3)
Duodenum 32 (5.5) 14 (4.2) 12 (10.3) 6 (4.5)
Stomach 15 (2.6) 14 (4.2) 0 1(0.8)
Other 26 (4.5) 15 (4.5) 2 (1.7) 9 (6.8)
Operative intent <0.001
Curative 396 (68.2) 220 (66.3) 72 (62.1) 104 (78.2)
Debulking 146 (25.1) 76 (22.9) 41(35.3) 29 (21.8)
Palliative 39 (6.7) 36 (10.8) 3 (2.6) 0
Operation location <0.001
Primary only 214 (36.8) 150 (45.2) 26 (22.4) 38 (28.6)
Primary + mets 222 (38.2) 113 (34.0) 62 (534) 47 (35.3)
Mets only 68 (11.7) 37 (11.1) 15 (12.9) 16 (12.0)
Local recurrence 14 (2.4) 4(1.2) 6(5.2) 4(3.0)
Mets recurrence 63 (10.8) 28 (8.4) 7 (6.0) 28 (21.1)
Tumor grade 0.069
Low 199 (34.3) 116 (34.9) 40 (34.5) 43 (32.3)
Intermediate 140 (24.1) 81 (24.4) 27 (23.3) 32 (24.1)
High 39 (6.7) 319.3) 54.3) 3(2.3)
Unknown 203 (34.9) 104 (31.3) 44 (37.9) 55 (41.4)

Italics used for significant variables

(25.4%), nausea and vomiting in 96 (29.0%), and anorexia in
57 (17.3%). GI bleeding (palliative n=9, 25.0%; debulking

n==6, 7.9%; curative n=39, 17.8%; p =0.043) and obstruc-
tion (palliative n =22, 61.1%; debulking n = 5, 6.6%; curative
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Overall Survival
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Fig. 2 Overall survival of patients with metastatic neuroendocrine tumor
patients by symptomatology, n=581. Table shows the number at risk
every 2 years

n=22,10.0%; p <0.001) were common and more likely to be
associated with palliative intent procedures. Resection for NH
symptoms was commonly performed shortly after diagnosis
(median 0.8 months, IQR 0.3-2.3 months) and was the first
NET operation in 275 (85.4%). Resection of multiple sites
was common (n =148, 46.1%) and the majority underwent
resection of the liver (n=151, 45.5%), pancreas (n= 136,
41.0%), or small bowel (n =99, 29.8%).

Patients who underwent palliative operations were more
likely to have emergent operations (n =15, 13.9%) and in in-
crease in major complication rates (n =11, 30.6%) (Table 3).
Adjuvant therapies were used more commonly in the non-
curative debulking and palliative groups including increased
use of chemotherapy, somatostatin analogs, and regional liver
therapies. Data regarding recurrence or progression after re-
section were limited as 47% had missing data and could not be
accurately reported. After recurrence or progression subse-
quent treatment with surgery (n =34, 21.8%), systemic treat-
ment (n =97, 61.8%), radiotherapy (n = 15, 9.7%), or regional
liver therapy (51, 33.6%) was common. One-year mortality
was highest in the palliative cohort at 33.3% (n=12).

With a median follow-up of 30.4 months (IQR 12.7—
66.6 months), curative intent surgery was found to clearly pro-
long survival (median 112.5 months, 95%CI 86.9—
138.1 months) compared to the non-curative options of
debulking (89.2 months, 27.9-150.5 months) and palliative
surgery (50.0 months, 1.6-98.4; p<0.001) (Fig. 3a). The 1-,
5-, and 10-year overall survival was 97%, 68%, and 45% in the
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curative group; 83%, 51%, and 42% in debulking group; and
65%, 38%, and not reached in the palliative group. The survival
curves demonstrated a sharp decline in the first 12 months and
then remain parallel. The symptomatology indication for oper-
ation also drove survival as the patients with biliary and pan-
creatic obstruction or pancreatitis had improved survival (me-
dian NR) compared to pain plus non-specific symptoms of
nausea/vomiting, diarrhea, anorexia (median 115.9 months,
95%CI 78.3—153.5 months), and GI obstruction or bleeding
(89.2 months, 62.9-115.4 months; p =0.025) (Fig. 3b).

The tumor differentiation and grade have previously been
described as strong prognostic factors in non-metastatic NET,
and we examined the effects of tumor biology in metastatic
patients with NH symptoms. Grade and differentiation were
found to still have prognostic value as those with high-grade
disease had poor survival (median 13.5 months, 95%CI 8.3—
18.7 months) compared to low (132.3 months, 95% CI 71.2—
193.4 months) and intermediate grade (62.3 months, 95%CI
50.0-74,6 months) (Fig. 4a). Differentiation was similarly
prognostic as well differentiated (median 115.9 months,
95%CI 77.8-154.0 months), and moderately differentiated
tumors (68.3 months, 95%CI 53.0-95.6) had the best survival
and poorly differentiated tumors survived only median
4.7 months (95%CI 2.7-6.7 months; p < 0.001) (Fig. 4b).

Risk of Early (1-Year) Mortality after Resection
in Metastatic NET

To determine if there was a group of patients who had poor
survival despite surgical resection, a multivariable logistic re-
gression analysis was performed in all patients with metastatic
NET for the risk of dying within the first year (Table 4). After
correcting for factors which were significant on univariable
analysis, palliative operations (OR 6.54, 95%CI 1.69-25.3;
p=0.006), foregut resection site (5.62, 1.06-29.8; p=
0.042), major complication (4.91, 1.98-12.1; p=0.001), and
high tumor grade (11.2, 3.06—40.9; p <0.001). Symptom
group and specific NH symptoms while prognostic for surviv-
al did not predict risk of early mortality. Upon examining
conditional survival of surviving for 1 year, the overall median
survival was 119.5 months (95%CI 87.5-151.5) and similar
between treatment groups (curative median 115.9 months,
95%CI 82.9—148.9 months; debulking 119.5 months, NR;
palliative NR; p = 0.676) (Supplemental Fig. 1).

Discussion

Decision-making in patients with metastatic NET is often
challenging as there are a variety of medical and less invasive
therapeutic options than surgery. Clinical course is often indo-
lent, however can be unpredictable, and the use of surgery in
the metastatic setting is rarely curative. Surgery however is the
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Table 2 Characteristics of
patients with metastatic Patient variables, Median All NH symptoms ~ Curative Debulking  Palliative p value
neuroendocrine tumors and (IQR) or 1 (%) n=332 n=220 n=76 n=36
non-hormonal symptoms by
operative intent Symptoms
GI bleeding 54 (16.3) 39 (17.8) 6(7.9) 9 (25.0) 0.043
GI obstruction 49 (14.8) 22 (10.0) 5(6.6) 22 (61.1) <0.001
Biliary obstruction 22 (6.7) 14 (6.4) 4(5.3) 4(11.4) 0.462
Pancreatic obstruction 11 (3.3) 9(4.1) 1(1.3) 1(2.9) 0.498
Pancreatitis 12 (3.6) 94.1) 3(3.9) 0 0.477
Pain 223 (67.4) 146 (66.4) 57 (75.0) 20 (57.1) 0.151
Diarrhea 84 (25.4) 50 (22.7) 22 (28.9) 12 (34.3) 0.247
Nausea/vomiting 96 (29.0) 58 (26.4) 22 (28.9) 16 (45.7) 0.064
Anorexia 57 (17.3) 37 (16.8) 13 (17.1) 7 (20.6) 0.863
Metastasis location <0.001
Liver only 159 (47.9) 91 (41.4) 51(67.1) 17 (47.2)
Liver and EHD 43 (13.0) 18 (8.2) 15 (19.7) 10 (27.8)
EHD only 92 (27.7) 80 (36.4) 7(9.2) 5(13.9)
Unknown 38(11.4) 31(14.1) 3(3.9) 4 (11.1)
Diagnosis to surgery (months) 0.8 (0.3-2.3) 0.7 (0-3.4) 0.8(0-3.4) 09 (0-2.6) 0.659
First NET operation 275 (85.4) 191 (87.2) 60 (84.5) 24 (75.0) 0.183
Neoadjuvant treatment
Somatostatin analog 35(11.3) 13 (6.2) 10 (14.3) 12 (40) < 0.001
Chemotherapy 27 (8.4) 12 (5.5) 8 (11.3) 7(21.9) 0.005
Radiotherapy 4 (1.3) 2(0.9) 1(1.4) 1(3.1) 0.573
Liver regional therapy 5(1.6) 3(1.4) 2(2.8) 0 0.531
Resection site
Multiple 148 (46.1) 83 (37.9) 46 (64.8) 19 (61.3) <0.001
Foregut 19 (5.7) 15 (6.8) 2 (2.6) 2(5.6) 0.399
Liver 151 (45.5) 84 (38.2) 51(67.1) 16 (44.4) <0.001
Pancreas 136 (41.0) 87 (39.5) 37 (48.7) 12 (33.3) 0.232
Small bowel 99 (29.8) 72 (32.7) 12 (15.8) 15 (41.7) 0.005
Hindgut 32(9.6) 17 (7.7) 8 (10.5) 7 (19.4) 0.083
Lymph node 16 (4.8) 9 (4.1) 5(6.6) 2 (5.6) 0.667
Peritoneum 12 (3.6) 6(2.7) 3(3.9) 3(8.3) 0.244

Italics used for significant variables

only potentially curative therapy and is also used to reduce
tumor bulk for symptom and cancer control.'*'* Survival with
NH symptoms from metastatic NET has not been well studied
nor has the use of surgery in the palliative setting. The
current study found that more than half of patients with
metastatic NET who have an operation have NH symp-
toms. NH symptoms are more likely to come from primary
NETs of the GI tract (small bowel, colon, stomach), less
likely from pancreatic NETs, and more likely to result in
palliative resection. These findings elucidate the natural
history of this cancer type and help us understand the pre-
sentation and treatment of patient with NH symptoms.
Patients with NH symptoms likely face many quality of
life issues that may be addressed with surgical interven-
tions. Health-related quality of life (HRQoL) has been

assessed in two major trials for medical treatment of NET
using EORTC QLQ-C30 and Functional assessment of
cancer therapy (FACT-G) questionnaires. These found no
overall difference in clinical symptom deterioration with
everolimus versus placebo (RADIANT-4) or global
HRQoL in sunitinib versus placebo.'®'” In surgical thera-
pies, QoL assessment in treatment of NET liver metastasis
found that diarrhea and flushing are the most common
symptoms found in 34.1-41.1% and that overall QoL did
not change dramatically with medical or surgical
treatments.'® Resection of liver metastasis was also found
to improve quality adjusted survival in symptomatic pa-
tients compared to intra-arterial therapies and subsequently
the overall health benefit of treatment.'® Though these val-
idated questionnaires were not used in this study, 77% of
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Table 3 Perioperative treatment

and outcomes of patients with Patient variables, n (%) All NH symptoms Curative Debulking Palliative p value
metastatic neuroendocrine tumors n=332 n=220 n=76 n=36
and non-hormonal symptoms by
operative intent Emergency operation 13 (3.9) 73.2) 1(1.3) 5(13.9) 0.004
Any complication 164 (49.5) 111 (50.5) 36 (47.4) 17 (48.6) 0.891
Major (CD >11I) 74 (22.3) 39(17.7) 24 (31.6) 11 (30.6) 0.020
Readmission 68 (20.7) 41 (18.6) 15 (20.5) 12 (34.3) 0.105
Adjuvant therapy
Chemotherapy 38 (11.8) 19 (8.8) 13 (17.1) 6(19.4) 0.060
mTOR inhibitor 12 (3.7) 5(2.3) 5(6.6) 2 (6.7) 0.162
Somatostatin analog 68 (21.1) 30 (13.8) 27 (35.5) 11 (36.7) <0.001
Radiotherapy 6(1.9) 3(1.4) 3(1.4) 0 0.260
Liver regional therapy 20 (6.7) 7(3.5) 9 (13.0) 4 (13.8) 0.006
Treatment after recurrence/progression
Operation 34 (21.8) 28 (33.3) 5(10.4) 1(4.2) 0.092
Systemic therapy 97 (61.8) 50 (58.8) 32 (66.7) 15 (62.5) 0.669
Radiotherapy 15(9.7) 8 (9.6) 7 (14.6) 0 0.143
Liver regional therapy 51 (33.6) 20 (23.8) 24 (51.1) 7(33.3) 0.007
Mortality
30-day 10 (3.0) 4(1.8) 339 3(8.3) 0.091
90-day 15 (4.5) 4 (1.8) 709.2) 4 (11.1) 0.004
1-year 30 (9.0) 6(2.7) 12 (15.8) 12 (33.3) <0.001

Italics used for significant variables

patients in our study had symptoms, and understanding
how surgical therapy alters symptomatology is important.
Questionnaires specific to this disease, such as the EORTC
QLQ-GINET21, may be used for defining clinical benefit
of surgery outside of oncologic benefit.?*!

Symptoms of gastrointestinal bleeding (16.3%), obstruc-
tion (14.8%), and biliary obstruction (6.7%) were found to
be clear indications for operation in a smaller group of pa-
tients. However, at least half of the patients had non-specific
NH symptoms of pain, nausea, vomiting, diarrhea, and an-
orexia. These symptoms contributed to nearly half receiving
only resection of their primary NET without resection of the
metastases, while a third received simultaneous resection.
Simultaneous resection of the primary NET and liver metas-
tases can safely be performed with low mortality, similar over-
all survival to staged resection, and 5-year symptom-free sur-
vival of 60%.7*** Small-bowel NETs metastasize to lymph
nodes in 80% of patients, and these nodes can be managed
with resection of bowel and mesentery until they become
unresectable when involving the SMA/SMV at the root of
the mesentery.>* These tumors often cause significant mesen-
teric fibrosis, likely through the same mechanism that results
in cardiac valve fibrosis, which can lead to GI symptoms of
obstruction and pain.?>*® NH symptoms in combination with
bulky lymphadenopathy and fibrosis may be an indication for
aggressive resection, though progression to acute bowel ische-
mia due is rare.’” In the common scenario of incurable but
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indolent well-differentiated metastatic NET, control of NH
symptoms should be a more relevant outcome when consid-
ering resection.

Surgery for NH symptoms was most commonly the first
treatment and was performed approximately a month after
initial diagnosis. This speaks to the natural history of NET
in contrast to other GI cancers as they often are not diag-
nosed until advanced tumor bulk causes symptoms.
Curative intent surgery was performed on two thirds of
patients, and those receiving non-curative resection had
higher rates of adjuvant chemotherapy (17%) and somato-
statin analog (34%) use. While data on recurrence and pro-
gression rates were limited, a wide variety of multimodal
interventions could be used as second-line therapies. Many
treatment options are available to NET patients, and
though consensus treatment guidelines are available, there
is little high-quality data guiding the best therapy.?®?°
Similar to quality of life outcomes, survival to receive sub-
sequent therapies may be an important measurement out-
come in this population. Ultimately, the biologic NET
properties, site of primary, and site of metastasis guide
the optimal treatment strategy”® Surgical therapy in this
study did not appear to impede subsequent treatments in-
cluding systemic therapies in two thirds and repeat opera-
tion in 20%. In fact, multimodal therapy using surgery and
somatostatin analogues has shown to improve disease-
specific survival over surgery alone after cytoreduction of
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Fig. 3 Overall survival of
metastatic neuroendocrine tumor
patients with non-hormonal
symptoms, n=332. a By
operation intent. b By specific
non-hormonal symptoms
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Fig. 4 Overall survival of
metastatic neuroendocrine tumor
patients with non-hormonal
symptoms, n=332. a By tumor
grade. b By tumor differentiation
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Table 4 Multivariable logistic

regression model of early (1-year) Variable OR (95%CT) p value
mortality in all patients with met-
astatic NET (n=581) Age (years) 1.00 (0.96-1.04) 0.875
Sex Male 1.10 (0.46-2.63) 0.828
ASA class 1.22 (0.73-2.04) 0.454
Genetic syndrome 0.45 (0.07-2.89) 0.400
Symptom group Asymptomatic Ref
Functional only 0.44 (0.08-2.37) 0.340
Non-hormonal 1.61 (0.44-5.87) 0.473
Non-hormonal symptoms Pain + symptoms Ref
Gl bleed/obstruction 0.90 (0.25-3.21) 0.875
Biliary/pancreatic 0.55 (0.01-3.13) 0.496
obstruction
Metastasis location Liver only Ref
Liver and EHD 1.36 (0.394.71) 0.633
EHD only 0.61 (0.17-2.20) 0.453
Neoadjuvant treatment 1.55 (0.59-4.06) 0.371
Operative intent Curative Ref
Debulking 1.65 (0.61-4.48) 0.327
Palliative 6.54 (1.69-25.3) 0.006
Resection site Foregut 5.62 (1.06-29.8) 0.042
Liver 0.65 (0.23-1.79) 0.400
Pancreas 1.44 (0.46-4.52) 0.535
Small bowel 0.47 (0.09-2.33) 0.355
Hindgut 1.59 (0.34-7.40) 0.552
Lymph node 1.80 (0.38-8.60) 0.462
Peritoneum 3.28 (0.49-22.2) 0.223
Major complication 491 (1.98-12.1) 0.001
Tumor grade Low (G1) Ref
Intermediate (G2) 1.63 (0.47-5.73) 0.445
High (G3/G4) 11.2 (3.06-40.9) <0.001

metastatic NET.?! Treatment plans for patients with meta-
static NET should be made as a multidisciplinary group as
surgery can be helpful in patients with symptoms and does
not exclude subsequent treatments.

Overall survival of patients with metastatic NET and NH
symptoms was 9.2 years, shorter than those with functional
symptoms and asymptomatic patients. This is certainly due to
the fact there were an increased proportion of patients with
high-grade tumors (9.3%) and increase use of non-curative
resection (33.7%). Survival in this patient population has not
been previously reported, and in contrast to previous studies,
we found that survival was different between symptom
groups.'® As expected, curative intent surgery provided the
longest survival at 112.5 months compared to non-curative
debulking and palliative resection. In patients with NH symp-
toms, the 5- and 10-year survival was 66 and 43%, which is
slightly higher than the 35-60% 5-year and 20-40% 10-year
survival reported in several large epidemiologic studies that
include all patients with metastatic neuroendocrine
tumors.*>> ¢ A higher prevalence of midgut small-bowel

carcinoids which typically have the best prognosis, and
lower prevalence of PNET which have poor prognosis,
likely contributed to the differences in overall survival. In
general, a long survival is expected in those who present
with symptoms and metastatic spread should not exclude
an operation for symptom control.

Independent risk factors for death at 1-year were palliative
resection, operations involving the stomach and duodenum,
major complications, and high-grade tumors, and these factors
help us understand which patients may not derive an oncolog-
ic benefit from surgery. High-grade neuroendocrine carcino-
ma (G3/G4) has a known median survival of 5 months in the
metastatic setting, and in this study, 31 patients underwent
surgery with half undergoing non-curative resection.®’
Though there are rare reports of extended survival in localized
tumors, surgery is rarely recommended for patients with met-
astatic high-grade and poorly differentiated NET and should
be managed with chemotherapy as the initial treatment.*®>°
Major postoperative complications are similarly a known risk
factor for decreased OS in resection of NET liver metastasis
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and other GI cancers such as pancreas and colon.**** Gastric
and duodenal operations were also at increased risk, possibly
related to the nutritional deficits that occur with these opera-
tions and re-routing of the GI tract. Interestingly, after
correcting for other factors, tumors of the colon and rectum
were not at increased risk of early death despite reports of
median 6-month survival.*? Ultimately, we can use this infor-
mation to make decisions on which patients may benefit from
other treatment options besides surgery.

Palliative surgery for GI cancers is performed with expected
survival of months, however with NETs symptom, management
was found to be associated with a 50-month median survival.
Surgery was used as a palliative therapy in 39 patients (6.7%)
and nearly all for NH symptoms. Palliative resection was more
likely to be an emergency (13.9%), and the major complication
rate was increased at 30%, resulting in a third of patients dying
in the first year. Resection has proven to be effective at relieving
mechanical obstruction and bleeding in this population and
should be considered in all patients.** *> However, in patients
with pain and non-specific symptoms, the use of palliative sur-
gery or radiation for symptom control has not been studied.
Radiographic response rates of 18% are seen with radiolabeled
somatostatin analogue Lutetium-177-Dotate in the NETTER-1
trial, and initial experience has shown improvement in
Karnofsky performance score in 58% of patients.***” Global
quality of life was specifically found to be increased after
6 weeks of treatment with decreased pain scores, and those with
disease progression had similar improvement in global quality
of life.*** As the experience with this therapy grows, under-
standing how it compares to surgery for control of non-
hormonal as well as hormonal symptoms will be important to
its utilization as a palliative therapy.

The current retrospective multi-institutional database study
has several limitations which includes missing data that may
bias the results. There is the potential for selection bias as
patients who had symptomatology yet were treated without
surgery were not included, and we do not know how their
survival compares to those who received surgery. This limits
the external validity of our findings to the broad group of
patients with NETs and may impose a bias for only the most
“fit” patients. We also cannot define the exact indication for
the operation, and the extent symptomatology may have
played a role in proceeding to surgery. The differentiation
between debulking and palliative intent operations therefore
may not be clear when reviewing the chart retrospectively.
Quality of life was not measured, and we do not have an
understanding of the degree of symptoms and whether symp-
toms resolved after the operation. While the data on survival is
robust, we do not have adequate progression or recurrence
data on 47% of patients and this limits the ability to accurately
determine their respective rates. Similarly, while we measured
overall survival as an outcome, death from cancer versus other
causes is not known.
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In conclusion, patients with NH symptoms make up half
of patients with metastasis undergoing an operation, have a
median 9-year survival after surgery, and 4-year survival
after palliative surgery. The overall clinical benefit of sur-
gical therapy in the metastatic setting should focus not only
on expected oncologic benefit but the improvement of
symptoms for these patients undergoing surgery.
Understanding the impact surgery has in these patients
should be studied more thoroughly with a focus on quality
of life. Surgery should not be excluded as a management
option of symptoms even in the face of widespread meta-
static disease and a palliative operation.
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