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Simple Summary: Intraoperative carcinoid crisis (CC) is thought to be a potentially lethal compli-
cation for patients with neuroendocrine tumors (NET). Though perioperative octreotide is often
recommended for prevention, recent NET society guidelines raised concerns regarding limited data
supporting the use of perioperative octreotide to prevent CC. The aim of our meta-analysis was to
evaluate the existing evidence characterizing CC and the efficacy of prophylactic octreotide. We
found that CC occurs frequently in patients having midgut NETs surgery, specifically those with
NET liver metastasis, and is associated with worse postoperative outcomes. Our findings did not
show a decreased risk in CC with prophylactic octreotide and questioned the advantage of routine
prophylactic octreotide.

Abstract: Background: Surgery is the only curative option for patients with neuroendocrine tu-
mors (NET) and is also indicated for debulking of liver metastasis. Intraoperative carcinoid crisis
(CQ) is thought to be a potentially lethal complication. Though perioperative octreotide is often
recommended for prevention, recent NET society guidelines raised concerns regarding limited data
supporting its use. We sought to evaluate existing evidence characterizing CC and evaluating the
efficacy of prophylactic octreotide. Methods: A systematic review was performed on studies includ-
ing patients having surgery for well-differentiated NET and/or NET liver metastasis (2000-2021),
and reporting data on the incidence, risk factors, or prognosis of CC, and/or use of prophylactic
octreotide. Meta-analysis was performed using random-effects models. Results: Eight studies met
inclusion criteria (n = 943 operations). The pooled incidence of CC was 19% (95% CI [0.06-0.36]).
Liver metastasis (odds ratio 2.85 [1.49-5.47]) and gender (male 0.58 [0.34-0.99]) were the only signifi-
cant risk factors. The occurrence of CC was associated with increased risk of major postoperative
complications (2.12 [1.03-4.35]). The use of prophylactic octreotide was not associated with decreased
risk of CC (0.73 [0.32-1.66]). Notably, there was no standard prophylactic octreotide strategy used.
Conclusions: Intraoperative carcinoid crisis is a common complication occurring in up to 20% of
patients with midgut NET and/or liver metastasis undergoing surgery. Prophylactic octreotide may
not provide an efficient way to prevent this complication. Future studies should focus on prospective
evaluation of well-defined prophylactic protocols using a standardized definition for CC.
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1. Introduction

Neuroendocrine tumors (NET) encompass a heterogenous but histologically defined
tumor type that can originate from different organs, most commonly the small bowel, lungs,
and rectum [1,2]. In the US, the estimated incidence of NETs was 6.98 per 100,000 in 2012, a
six-fold increase from 1973 [3]. Similarly, the 20-year limited-duration prevalence of NETs
was estimated to be 171,321 in 2014, a significant increase from the estimate of 103,312 in
2004 [3]. For well-differentiated NETs with locoregional and/or resectable distant disease,
surgery is the only potentially curative treatment [4-7]. Debulking surgery for unresectable
liver metastases is also indicated for symptom management and improves outcomes
(overall survival) for a selected group of patients [8,9]. Patients with gastroenteropancreatic
(GEP) NETs (in particular those with midgut NET, i.e., small bowel), and/or those with
metastatic disease to the liver, are at risk of intraoperative carcinoid crisis at time of
surgery, which is characterized by sudden onset of hemodynamic instability that can be
accompanied by other findings such as flushing or bronchospasms [10]. Intraoperative
carcinoid crisis is a potentially lethal event that has been associated with postoperative
complications [2]. Despite the serious impact of carcinoid crisis, the reported incidence
ranges significantly, and data on risk factors, prevention, and prognosis varies across
studies, with many aspects of its presentation and management still undefined and driven
by dogma [11].

A common hypothesis about the cause of carcinoid crisis is that it has a similar
pathophysiology as carcinoid syndrome, which is thought to be related to the release of
large amounts of vasoactive compounds including serotonin, histamine, and bradykinin,
among others [12,13]. This results in a constellation of symptoms including flushing,
diarrhea, bronchospasms, and hemodynamic instability [14]. The predominant strategy
for carcinoid crisis prevention has therefore been the use of perioperative octreotide, a
somatostatin receptor analog used to treat carcinoid syndrome [15,16]. However, there is
no standard scheme for the dose, timing, or administration method of octreotide to prevent
carcinoid crisis. Preventative strategies vary widely and range from a single preoperative
dose of short-acting octreotide to more complex strategies that span the perioperative
period and can even include long-acting somatostatin analogues (SSAs). Further, at this
point it is unclear if prophylactic octreotide is effective in preventing carcinoid crisis [2,10]
and recent NET society guidelines, including the 2017 European Neuroendocrine Tumor
Society (ENETS) guidelines and the 2020 North American Neuroendocrine Tumor Society
(NANETS) guidelines, have both drawn attention to the paucity of data surrounding the
effectiveness of prophylactic octreotide, and the inconsistent use of the term carcinoid
crisis, emphasizing the need for higher-level data before prophylactic octreotide can be
recommended [10,17].

Given the above considerations, the objective of the current meta-analysis was to
systematically evaluate the available data on intraoperative carcinoid crisis from studies
in adult patients with midgut NETs and/or NET liver metastases, having an operation.
Our goal was to examine available data and characterize different aspects of intraoperative
carcinoid crisis including incidence, risk factors, and prognosis, while focusing primarily
on the available data examining effectiveness of octreotide on preventing carcinoid crisis.
Our working hypothesis is that prophylactic octreotide does not prevent the occurrence of
intraoperative carcinoid crisis.

2. Materials and Methods
2.1. Data Sources

We performed an electronic search of PubMed, Embase, and Cochrane Library on
30 June 2021. For Embase the search terms were: (neuroendocrine AND tumor OR (car-
cinoid AND tumor) OR carcinoids) AND (surgery OR operation) AND (hemodynamic
AND instability OR (intraoperative AND carcinoid AND syndrome) OR (carcinoid AND
crisis) OR (intraoperative AND hypotension) OR (intraoperative AND hypertension) NOT
pheochromocytoma in All Fields. For PubMed the search terms were: (neuroendocrine tu-
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mor OR carcinoid tumor OR carcinoids) AND (surgery OR operation) AND (hemodynamic
instability OR intraoperative carcinoid syndrome OR carcinoid crisis OR intraoperative
hypotension OR intraoperative hypertension) NOT Pheochromocytoma. For Cochrane
Library, the search terms were: neuroendocrine tumor OR carcinoid tumor OR carcinoids
in All Text AND surgery OR operation in All Text AND hemodynamic instability OR
intraoperative carcinoid syndrome OR carcinoid crisis OR intraoperative hypotension OR
intraoperative hypertension in All Text NOT pheochromocytoma in Keyword. A filter for
records from 1 January 2000 through 30 June 2021 was applied. We compiled the search
results from the three databases and discarded duplicates. Additionally, we hand-searched
the reference lists of the North American Neuroendocrine Tumor Society (NANETS) and
the European Neuroendocrine Tumor Society (ENETS) guidelines from 2015 or later, for
related manuscripts. This systematic review and meta-analysis follow established PRISMA
and MOOSE guidelines (see Figure A1) and were registered in the PROSPERO database
(CRD42022330309).

2.2. Study Selection Criteria

Two reviewers (AX and PS) independently reviewed the titles and abstracts of unique
references for study relevance and then performed the full text review to identify included
studies. Discrepancies were resolved by consensus with a third reviewer (DAA). References
were included in the systematic review if they described a randomized or nonrandomized
study which enrolled adults (age 18 or older) with low-to-intermediate grade neuroen-
docrine tumors (NETs) of the midgut, and/or patients with NET liver metastasis, and
evaluated the incidence, risk factors, prevention, or outcomes of carcinoid crisis.

References were excluded if they were (1) not a study in humans, (2) were not pub-
lished in English, (3) did not report findings from a primary study (i.e., a systematic review,
meta-analysis, review, editorial/letter, case report, description of study protocol, or guide-
lines), or (4) enrolled less than 40 participants. For studies that had multiple publications,
the most up-to-date and complete publication was kept.

2.3. Data Extraction and Tabulation

Two reviewers (AX and PS) independently performed the data extraction using a
standardized data extraction form. Any disagreement between the two reviewers was
resolved by a third reviewer (DAA). Data extracted from studies included general study
characteristics (e.g., authors, institution type, study design, and enrollment period), study
population characteristics (e.g., tumor types and stages, carcinoid syndrome, carcinoid
heart disease, primary tumor location, and surgery types), definition of carcinoid crisis,
incidence of carcinoid crisis, rate of prophylaxis use (i.e., administration and dosage of
octreotide), and risk factors (e.g., age, gender, primary tumor location, carcinoid syndrome,
carcinoid heart disease, and presence of liver metastases). When available, we extracted
data on the total number of individuals evaluated and total number with event. When
counts were not provided, we used percentages reported in the study and total number
evaluated to estimate the number of events.

2.4. Risk of Bias/Assessment of Confounding

The Newcastle-Ottawa Quality Assessment Scale for assessment of risk of bias in
case—control studies was used to assess the risk of bias in the eligible studies [18].

2.5. Data Analysis and Statistical Methods

The proportion of patients who developed carcinoid crisis was computed for each
study. Proportions from individual studies were pooled under the random-effects model.
The proportion and 95% confidence interval (CI) are reported. Furthermore, to evaluate
the association between use of prophylaxis and other risk factors and the incidence of
carcinoid crisis, odds ratios were computed for each study with available data. When
data were available from studies with similar populations, and methods of measurement
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for exposures and outcomes, they were included in a meta-analysis. Odds ratios from
individual studies were pooled under the random-effects model and the pooled odds
ratios, 95% Cls, and p-values are reported. Heterogeneity of pooled studies was evaluated
using the 12 statistic. An 12 < 30% was considered low heterogeneity, 12 < 60% moderate
heterogeneity, and 12 > 60% high heterogeneity. To explore possible sources of heterogeneity
of pooled studies and to test the robustness of the results, we performed a subgroup
analysis according to the definition of carcinoid crisis used by the authors. Additionally,
we performed a sensitivity analysis according to the timing of prophylaxis treatment. All
meta-analyses were conducted using STATA 16 [19]. This work is reported according to the
Meta-Analysis of Observational Studies in Epidemiology (MOOSE) guidelines; see MOOSE
checklist in Appendix A Figure Al.

3. Results
3.1. Search Result

Our search identified 354 references. The study selection process is reported in
Appendix A Figure A2. Two records passed abstract review but were conference abstracts.
Authors were contacted and did not have full texts, so the two records were excluded.
Eight studies which enrolled 864 patients (943 operations) met all inclusion criteria [20-27].

3.2. Study and Patient Characteristics

The patient enrollment period from the studies included ranged from 1983 to 2017,
with a total of 864 unique patients and 943 operations included. Three studies reported on
patients having more than one operation [22,23,25]. Though all studies examined surgical
patients with NETs, other study population characteristics varied (Table 1). All studies
included patients with neuroendocrine tumors of gastrointestinal origin (midgut), with 1 of
the 8 studies also including patients with history of lung NET as the primary site and now
presenting with liver metastasis [26]. In 5 studies, all patients had metastatic disease, with
4 studies selecting patients with liver metastasis (with or without other sites) [20,25-27],
while the 5th study included patients with metastasis not exclusive of the liver (i.e., metasta-
sis could be at other sites and not include the liver) [23]. All studies included patients with
carcinoid syndrome, with 6 studies reporting the proportion of patients presenting with
carcinoid syndrome, ranging between 46.7 and 85.2% [21-24,26,27]. One study excluded
patients with carcinoid heart disease [26], and another did not specify whether carcinoid
heart disease patients were included [23]. Otherwise, carcinoid heart disease was present
in 2.1-20.2% of patients in the remaining studies [20-22,24,25,27]. One study did not have
detailed information regarding the specific operative procedure/s performed [23]. For the
other 7 studies, surgical procedures were all intra-abdominal, gastrointestinal operations
with the extent ranging from a simple cholecystectomy to primary tumor resection (e.g.,
small bowel/mesenteric resection) or hepatectomy, and in some cases including patients
having debulking single- and multi-organ procedures [20-22,24-27].
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Table 1. Study characteristics, definition, and incidence of carcinoid crisis (CC) across included studies.

Study Study Design Study Population N * Definition of CC Incidence of CC Comments
Tumor Type: Metastatic carcinoid tumors
Ca1:c1n01d 'Syndrome: Not spec'lfle'd, 8 patients had
patients with preoperative carcinoid intraoperative
Retrospective syndrome symptoms included Flushing, urticaria, ventricular fibrillation, com lli)ca tion
Kinney Single institution ~ Carcinoid Heart Disease: 20.2% (24/119) 119 SBP < 80 mmHg for >10 min, 6.7% (8/119) 15 ftien ts he; d
(2001) [20] January 1983- Surgical Procedures: Hepatic arterial bronchospasm, acidosis (pH < 7.2), e eﬁo crative
December 1996 ligation, resection or biopsy of hepatic tachycardia (pulse > 120 bpm). Eom }fica tion or
metastases, hepatic carcinoid cryotherapy, p .
! postoperative death.
and small or large bowel resection or
diversion—alone or combined
Tumor Type: Gastrc?mtestmal carcinoid SBP < 80 mmHg for >10 min, report of .
tumors, metastases included .. ol . 18 patients had
Retrospective Carcinoid Syndrome: 58.8% (57/97) Ssg;ﬁizgimlceftl;ﬁﬁt};flgf}? tig:é?;’ not prolonged
Massimino Single institution =~ Carcinoid Heart Disease: 2.1% (2/97) P ’ yeare o hypotension. 5 patients
. . 97 due to acute blood loss or other obvious 24% (23/97) .
(2013) [21] January 2007- Surgical Procedures: Abdominal . . . . had hemodynamic
January 2011 operations including hepatic resection causes, or if anesthesiologist or attending instability consistent
! bowel resection, cholecystectom ’ surgeon declared carcinoid crisis occurred with carc}i,noid crisis
resection of mesfenteric}r,nass am}:l,, others in anesthesia record or operative report. .
Tumor Type: Carcinoid tumors, SBP < 80 or > 180 mmHg, heart
Prospective metastases included rate > 120 beats per minute, or if patient
rospective Carcinoid Syndrome: 74% (111/150) displayed physiology that would be
Condron Single institution . 150 Lo
(2016) [22] January 2011 Carcinoid Heart Disease: 3% (5/150) (127 patients) expected to cause end organ dysfunction if 30% (45/150) -
Augus¥201 4 Surgical Procedures: Bowel resection, p sustained. Not attributable to other causes.

hepatic resection, resection of mesenteric
nodal mass, and others

Consensus of the surgeon and attending
anesthesiologist necessary to declare crisis.
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Table 1. Cont.
Study Study Design Study Population N * Definition of CC Incidence of CC Comments
Tumor Type: Small bowel SBP < 80 mmHg for >10 min that could not
. neuroendocrine tumors with be explained by other factors. . .
Wolterin gg??;ﬁggﬁion distant metastases 179 Anesthesia or surgical record noting 3.49 ;H?;aféizss‘i?sl;bed
& & Carcinoid Syndrome: 85.2% (150/176) . intraoperative hemodynamic instability i yrores
(2016) [23] May 2006— “ e 1y .. (150 patients) . . . (6/179) surgeries.” No
March 2012 potential” carcinoid syndrome (hypertension, hypotension, or tachycardia) additional details
Carcinoid Heart Disease: N/A or containing the word “crisis” was further ’
Surgical Procedures: Not specified reviewed for possible carcinoid crisis.
Highly probable intraoperative carcinoid
. . (< . . .
Tumor Type: Small bowel syndrome (1.0CS) Rapid (< 5 min) heart Mam outcome is
. rate or arterial blood pressure changes intraoperative
neuroendocrine tumors, o . . . e
. >40%, not explained by surgical/anesthetic carcinoid syndrome
metastases included
Carcinoid Syndrome: 60.4% (49/81) management and regressive >20% after (i0CS). Multiple
Retrospective Carcinoid H};art Dise.ase.' 806"/ (7/81) octreotide bolus injection. 10CS: 55.6% instances of ioCS
Fouché Single institution Sureical Procedures: Sm(:;lll.bo(;vel 81 Probable ioCS: Did not meet all criteria of ( 45‘ / 81.) ? recorded (139 instances
(2018) [24] January 2007- neufoen docrine tum;)r resections highly probable ioCS. CC: 0% (0/81) for 45 patients).
December 2015 (operations for other neuroendocrine Suspected i0CS: Anesthesia record has e Authors note
P . - octreotide injection due to manifestation octreotide protocol
tumor location or for hepatic metastases - o .
that did not meet criteria for highly was respected for
only were excluded); 12/81 had . . ) .
liver resection probable or probable ioCS. 64 patients; 11 patients
Carcinoid crisis: Life-threatening ioCS had lower doses.
refractory to octreotide boluses.
Tumor Type: Neuroendocrine tumors Sudden onset of at least 2: Flushing or 26 patients did not
yp g P
with liver metastases urticaria not explained by an allergic qualify as having a
Retrospective Carcinoid Syndrome: Yes (no % given) reaction, bronchospasm or bronchodilator carcinoid crisis because
Kinney Single institution ~ Carcinoid Heart Disease: 8.3% (14/169) 196 administration, SBP < 80 mmHg for >10 0% they experienced only
(2018) [25] January 1997- Surgical Procedures: Partial (169 patients)  min not explained by volume status or (0/196) 1 of the criteria.
June 2015 hepatectomy (major and minor)/ablation, hemorrhage and treated with pressors, Tachycardia was the

+/—small bowel resection, +/—hepatic
artery ligation

dysrhythmia not explained by volume
status or hemorrhage, or pulse > 120 bpm.

most common
criteria met.
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Table 1. Cont.
Study Study Design Study Population N * Definition of CC Incidence of CC Comments
Tumor Type: Small bowel or lung
carcinoid tumor with liver metastases SBP < 80 or > 180 mmHg, pulse > 120 bpm,
Carcinoid Syndrome: 65.2% (30/46) or if patient displayed physiology expected
Prospective Carcinoid Heart Disease: Excluded to cause end organ dysfunction if sustained.
Condron . e . . . . 35%
(2018) [26] Single institution =~ Surgical Procedures: Elective abdominal 46 Not attributable to other causes. (16/46)
2015-2017 operations including hepatic debulking,
prophylactic cholecystectomy, resection Consensus of the surgeon and attending
of primary tumor, resection of mesenteric anesthesiologist necessary.
nodal mass
Tumor Type: Neuroendocrine tumors
with liver metastases S .
Retrospective Carcinoid Syndrome: 46.7% (35/75) gér;mzf C:;s;iifc)hD;Z;?entatlon of 1 patient had CC alone.
Kwon Single institution ~ Carcinoid Heart Disease: 10.7% (8/75) y any treating py . . o 21 patients had HDI
. . . 75 Hemodynamic instability (HDI): >10 min of 32% (24/75) .
(2019) [27] June 2012- Surgical Procedures: Liver resection, SBP < 80, > 180 mmHe. or pulse > 120 bpm alone. 2 patients had
December 2016 other (thermal ablation, bland hepatic 4 & Orp p both CC and HDI.

artery embolization, chemoembolization,
Yttrium-90 radioembolization)

not attributed to blood loss or other causes.

* Number of operations.
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3.3. Risk of Bias of Studies Included

All studies were single-center; 6 were retrospective [20,21,23-25,27] and 2 were prospec-
tive studies [22,26]. Since all studies reported outcomes according to carcinoid crisis status,
we classified all studies as case—control. The overall risk of bias of the 8 studies included is
summarized in Appendix A Table A1 (Newcastle-Ottawa Quality Assessment Scale—risk
of bias assessment). Briefly, the case status (carcinoid crisis) was clearly defined in 87.5%
(7/8) of studies. Fifty percent (4/8) of the studies included all consecutive patients with
carcinoid crisis and thus were judged to have a representative sample of cases. It is not clear
if the remaining 4 studies enrolled all consecutive patients. The controls (i.e., individuals
without carcinoid crisis) were recruited from the same population as the cases in all studies
and the definition of controls was clearly stated in 87.5% (7/8) of studies. Seventy-five
percent (6/8) of the studies ensured that the cases and controls were comparable to each
other through matching or adjustment. The ascertainment of exposure was completed
using secure records for both cases and controls in all studies and thus was judged to be at
low risk of bias for all studies. Most patients in all studies had complete data, so risk of
non-response/attrition bias is low across all studies.

3.4. Outcomes

All studies included hemodynamic changes as the primary finding supporting the diag-
nosis of carcinoid crisis (Table 1); in 7 studies, a systolic blood pressure (SBP) <80 mmHg, was
used as the threshold for diagnosis, while in the eighth study the definition was based on
a change in SBP representing a drop >40% [24]. In all but one study, it was an explicit
pre-requisite to rule out other causes of hemodynamic instability to confirm carcinoid crisis
as the predisposing event [20]. In 5 studies, a time-dependent effect was necessary to define
carcinoid crisis, only if the findings lasted for 10 min or longer [20,21,23,25,27] while for
2 studies no time limit was used [22,26]. The eighth study used 4 different levels of certainty
for diagnosing carcinoid crisis ranging from physiologic changes treated with octreotide to
life-threatening changes refractory to treatment, and no time-limit was included [24]. In
all 8 studies, other physiologic changes were also included as alternatives for diagnosis
of carcinoid crisis including tachycardia (HR > 120/min), hypertension (>180 mmHg),
bronchospasm, flushing, urticaria, and acidosis [20-27]. Lastly, in 3 studies, carcinoid crisis
could also be declared if the physiologic changes during surgery were considered due to
carcinoid crisis by the treating surgeon and/or anesthesiologist [21,23,27], while in 2 other
studies this was a pre-requisite to define carcinoid crisis occurrence [22,26].

Two studies had narrow definitions for carcinoid crisis but included broader criteria
when defining the main study outcome [24,27]. This analysis used the broadest definitions
from these 2 studies as carcinoid crisis because they were more comparable to the definition
of carcinoid crisis used across the other studies. In the context of these differences, the
incidence of carcinoid crisis when using the definitions presented in each study ranged
from 0 to 35%. When considering carcinoid crisis occurrence based on hemodynamic
changes for all studies, the range was 0-56%.

3.4.1. Incidence of Carcinoid Crisis

The pooled incidence of carcinoid crisis (8 studies, 943 surgeries) was 19% (95% CI,
6-36%). The level of heterogeneity was high (12 = 97.2%). The pooled incidence of carcinoid
crisis in studies using hemodynamic instability of at least 10 min as part of the definition
(5 studies, 666 surgeries) was 10% (95% CI, 1-24%). The pooled incidence of carcinoid
crisis in studies using no time limit as part of the carcinoid crisis definition (2 studies,
196 surgeries) was 31% (95% ClI, 25-38%). The incidence of carcinoid crisis in the single
study (81 surgeries) which used 4 levels of certainty of intraoperative carcinoid syndrome
was 56% (95% CI, 44-67%). (Figure 1). The test of interaction between the definition
subgroups was significant (p < 0.001).
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Study cc Total ES (95% Cl) Weight
(%)

Hemodynamic instability = 10 min

Kinney 2018 0 196 &= 0.00(0.00, 0.02) 12.71
Woaltering 2016 6 179 - 0.03(0.01,0.07) 12.69
Massimino 2013 23 97 —_— 0.24(0.16,0.33) 1250
Kwon 2019 24 75 S —— 0.32(0.22,0.44) 12.38
Kinney 2001 8 119 —— : 0.07(0.03,0.13) 12.58
Subtotal (12=96.1%, p=<001) -{::::_-__,::3—- 0.10(0.01,0.24) 6286
:
Other definition of CC :
Fouche 2018 45 81 ' —_—— 0.56(0.44,0.67) 1242
'
'
:
Hemodynamic instability with no time limit H
Condron 2019 16 46 : * 0.35(0.21,0.50) 12.07
Condron 2016 45 150 i —_— 0.30(0.23,0.38) 1265
H ¢- 0.31(0.25,0.38) 2472
:
'
'

Heterogeneity between groups: p=<0.01

Overall (12 =97.22%, p=<0.01) -<>— 0.19 (0.06, 0.36) 100.00

Figure 1. Forest plot evaluating incidence of carcinoid crisis [20-27].

Sensitivity analysis was conducted by excluding a study that included patients with
lung primary NETs [26], which resulted in a pooled incidence of 17% (95% CI, 5-36%).

3.4.2. Risk Factors for Carcinoid Crisis

Six studies evaluated risk factors associated with carcinoid crisis, which is summarized
in Table 2.

Three studies (271 surgeries) assessed the effect of gender on development of carcinoid
crisis. Male gender compared to female gender was associated with lower pooled odds of
developing carcinoid crisis in 3 studies [OR = 0.58 (95% CI, 0.34-0.99); p = 0.04]. There was
no heterogeneity between studies (12 = 0%) (Figure 2A). Sensitivity analysis was conducted
by excluding a study that included patients with lung primary NETs [26], which resulted
in gender no longer having a significant association with carcinoid crisis [OR 0.63 (95% CI,
0.35-1.12); p = 0.12].

Three studies (328 surgeries) assessed the effect of liver metastasis on development
of carcinoid crisis. Liver metastasis compared to no liver metastasis was associated with
higher pooled odds of developing carcinoid crisis [OR 2.85 (95% CI, 1.49-5.47); p < 0.01].
There was no heterogeneity between studies (I2 = 0%) (Figure 2B).

Six studies (624 surgeries) assessed the effect of carcinoid syndrome on development
of carcinoid crisis. Carcinoid syndrome compared to no carcinoid syndrome was not
associated with higher pooled odds of developing carcinoid crisis [OR = 1.38 (95% CI,
0.81-2.33); p = 0.23]. The heterogeneity between studies was low (12 = 27.2%) (Figure 2C).
Sensitivity analysis was conducted by excluding a study that included patients with lung
primary NETs [26], which showed that carcinoid syndrome remained not significantly
associated with developing carcinoid crisis [OR 1.39 (95% CI, 0.75-2.59); p = 0.29].

Two studies (231 surgeries) assessed the effect of carcinoid heart disease on develop-
ment of carcinoid crisis. Carcinoid heart disease compared to no carcinoid heart disease
was not associated with higher pooled odds of developing carcinoid crisis [OR 1.78 (95%
CI, 0.20-15.99); p = 0.61]. The heterogeneity between studies was moderate (12 = 50.1%)
(Figure 2D).

Three studies (351 surgeries) assessed the effect of long-acting somatostatin synthetic
analogs (SSA) use on development of carcinoid crisis. Long-acting SSA use compared to no
long-acting SSA use was not associated with higher pooled odds of developing carcinoid
crisis [OR 0.92 (95% CI, 0.47-1.81); p = 0.81]. There was no heterogeneity between studies
(I2 = 0%) (Figure 2E).
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Table 2. Risk factors of carcinoid crisis.

Study

Risk Factors Evaluated

Risk Factors Associated

Massimino (2013) [21]

Unadjusted: Carcinoid syndrome, epidural catheter, epidural infusion, induction agents (propofol,
etomidate, thiopental), hepatic metastases, hepatic resection, outpatient octreotide
Adjusted: Age, gender, hepatic metastases, hepatic resection, epidural catheter

Unadjusted: Hepatic metastases (p < 0.01), hepatic resection
(p = 0.03), epidural catheter (p = 0.04)
Adjusted: Hepatic metastases (p-value not specified) *

Condron (2016) [22]

Unadjusted: Age, estimated blood loss (EBL), duration of anesthesia, sex, carcinoid syndrome,
carcinoid heart disease, location of primary tumor, hepatic metastases, mesenteric metastases,
peritoneal metastases, ASA

Adjusted: Age, ASA-3, ASA-4, carcinoid syndrome, carcinoid heart disease, duration of anesthesia,
sex, hepatic metastases, mesenteric metastases, other metastases, primary tumor location, EBL

Unadjusted: EBL (p = 0.005), duration of anesthesia (p = 0.001),
carcinoid syndrome (p = 0.006), hepatic metastases (p = 0.02)
Adjusted: Age (p = 0.045), carcinoid syndrome (p = 0.014),
duration of anesthesia (p = 0.022), hepatic metastases

(p =0.037)

Woltering (2016) [23]

Unadjusted: Hypertension, heart condition, potential carcinoid syndrome, preoperative
SSA therapy

Unadjusted: Hypertension (CC 100% vs. no CC 55%) **

Fouché (2018) [24]

Unadjusted: Carcinoid syndrome, preoperative diarrhea, preoperative cutaneous flush, carcinoid
heart disease, hepatic metastases, elevated preoperative output of 5-hydroxylindoleacetic acid,
premedication with antihistamine, intraoperative vasopressor use (ephedrine, phenylephrine,
noradrenaline), hepatic resection

Adjusted: N/A

Unadjusted: None significant

Condron (2018) [26]

Unadjusted: Age, sex, carcinoid syndrome, operative procedures, resection of mesenteric nodal
mass, volume of hepatic metastases, estimated volume debulked, duration of anesthesia, estimated
blood loss, preincision hemodynamics, preincision serotonin, preincision histamine, preincision
kallikrein, preincision bradykinin, dose of octreotide LAR at time of operation, duration of
long-acting SSA treatment prior to operation

Adjusted: Age, anesthesia time, estimated blood loss, preincision serotonin, preincision histamine,
preincision kallikrein, preincision bradykinin

Unadjusted: Preincision serotonin (p = 0.0064)
Adjusted: Preincision serotonin (OR 1.1 [95% CI 1.01-1.19],
p =0.015)

Kwon (2019) [27]

Unadjusted and adjusted: Age, sex, Eastern Cooperative Oncology Group Performance Status
(ECOG), primary tumor location, tumor grade, extent of hepatic involvement by metastases, history
of carcinoid syndrome, CGA greater than 2 x upper limit of normal and Urine 5-HIAA greater than
2 x upper limit of normal, long-acting SSA use in prior month

Unadjusted and adjusted: None significant ***

* Presence of hepatic metastases was perfect predictor, after removing hepatic metastases from the model, no other variables were significant. ** No statistical tests. *** No clinicopathologic

or procedural factors were associated with CC/HDL
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Male Female Odds Ratio Weight
Study CC MNeoCC CC MNoCC with 95% CI (%)
Kwon 2019 10 26 14 25 —_——5 [0.26, 1.83] 29.93
Condron 2019 4 14 12 16 It 0.38 [0.10. 1.45] 16.01
Condron 2016 15 48 30 57 e i a— 053 [029. 123] 5406
Overall e 058 [034 099
Heterogeneity: 12=0.00, ?=0.00%, H*=1.00
Testof ©=0:2=-2.01,p=0.04
0.13 025 0.5 1
Random-effects REML model
(A)
Liver Metastasis Control Qdds Ratio Weight
Study CC  NocCC CC NoCC with 95% CI (%)
Fouche 2018 ¥k 23 9 13 — — 226 [0.83, 613 4256
Massimino 2013 23 52 0 22 2014 [1.17.  346.26] 524
Condron 2016 3% 69 73 —1 283 [115 698 5220
Overall P 285 [149.  547)
Heterogeneity: 12=0.00, F=0.00%, H*=1.00
Testof §=0:z=3.15p=<0.01
1 4 16 64 256
Random-effects REML model
(B)
Carcinoid syndrome Control QOdds Ratio Weight
Study CC NoCC CC NoCC with 95% CI (%)
Woltering 2016 5 145 125 0.86  [0.10, 7.69] 530
Fouche 2018 28 21 17 15 118  [048, 2.88) 2222
Massimino 2013 12 45 1129 _— 070 [027. 180] 2081
Kwon 2019 13 22 1 28 1] 150 [0.57, 4.00]  19.78
Condron 2019 1" 19 5 1" —— 127 [035,  4.64] 13.12
Condron 2016 40 7 5 34 —{—383 [139, 1058] 18.78
Overall i 138 [081, 233
Heterogeneity: 12=0.12, 12=27.20%, H*=1.37
Testof @=0:z=119,p=023
0.13 05 2 8
Random-effects REML model
©
CHD Control QOdds Ratio Weight
Study CC MNoCC CC NoCC with 95% CI (%)
Fouche 2018 6 1 39 35 . 538  [062, 46.95] 5062
Condron 2016 1 4 44 101 —_—— 057 [006 528 4938
Overall -.- 178 [0.20, 15.99]
Heterogeneity: 12 =1.25, 12=50.06%, H*=2.00
Testof©=0:2=10.52, p=0.61
r T T T
0.06 05 4 32
Random-effects REML model
(D)
SSA Control Qdds Ratio Weight
Study CC __ NoCC CC__NoCC with 95% CI (%)
Woltering 2016 5 129 = 101 [011, 894] 957
Massimino 2013 16 7 2 0.85 [0.30, 2.36] 4337
Kwon 2019 14 10 21 0.98 [037, 262] 47.06
Overall 0.92 [047, 181]
Heterogeneity: 72=0.00, I’=0.00%, H*=1.00
Testof 8=0.2=-024, p=081
013 05 2 8
Random-effects REML model
(E)

Figure 2. (A) Forest plot evaluating risk factors—gender; (B) Forest plot evaluating risk factors—liver
metastasis; (C) Forest plot evaluating risk factors—carcinoid syndrome; (D) Forest plot evaluating
risk factors—carcinoid heart disease (CHD); (E) Forest plot evaluating risk factors—long-acting
somatostatin analogues [21-24,26,27].
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3.4.3. Prevention of Carcinoid Crisis with Octreotide

All studies used a prophylactic octreotide strategy on at least a portion of their study
population, but the strategies consisted of different combinations of preoperative and
intraoperative boluses or infusions, and not all studies had a clear comparison group
(control group). Table 3 provides a summary of the prophylactic strategies using octreotide
in each study and their corresponding results. Appendix A Table A2 lists other octreotide
uses in each study in addition to the prevention strategy, including long-acting SSA as well

as treatment use for carcinoid crisis.

Table 3. Prevention of carcinoid crisis with octreotide.

Risk Reduction (Y/N)

Prophylactic Prophylactic Octreotide Strategy .
Study Octreotide and % Patients Other Octreotide Use an[;:l Stre.ng'th of Comments
ssociation
Intraoperative Bolus: 38% FDA approved octreotide in
P PP
(45/119), median 350g (range 1988. Analysis on 1988-1996
. . hgo 30-4000 pg). Intraoperative data only (not all patients
gggi?{zol Yes Pmr:giirzgge BOI(I;ZhZi /1(5)0(311(;0101 o), ) Unclear if intraoperative bolus octreotide: Yes included), and
HE/ & HE was administered as part of (p =0.023) intraoperative octreotide
prevention technique or reduced risk (p = 0.010). No
as treatment. predictors of efficacy.
. . ono Intraoperative Bolus: 52%
Massim PreoPeratlve Bolus: 90% (87/97), (50/97), median 350 g (range ) ‘
assimino median 500 pg (range 100-1100 pg) Preoperative bolus: No . )
Yes . o o 100-5500 p.g). - No predictors of efficacy.
(2013) [21] Intraoperative Infusion: 8% (8/97), I e bol dabl (p=0.77)
d ified ntraoperative bolus available
ose unspecifie as therapy.
Preoperative Bolus: 100% (150/150),
500 pg Intraoperative Bolus: % o, . .

Condron Yes Intraoperative Infusion: 100% not specified 122 /(iloﬁiiit:;egcttsrzicﬁecli\éfno

(2016) [22] (150/150), 500 pg/h Intraoperative bolus described }c)o n]f ayrison rou

86% (129/150) compliance of as part of crisis management. P group-

octreotide protocol

Preoperative Bolus: 100% (179/179), Intraoperative boluses are kept e of oati )
Woltering 500 ug on hand and administered as 100% of patients received

Yes Preoperative, intraoperative, and prophylactic octreotide—no

(2016) [23] L L o necessary. Unclear what would )

postoperative infusion: 100% trigger administration comparison group.

(179/179), 500 pg/h :

40 pg/h (80 pg/h if prior carcinoid Octreotide protocol was

syndrome, hepatic metastases, or Intraoperative Bolus: respected in 64 patients and

Fouché carcinoid heart disease) infusion 0.5-2 ug/kg (if patient 11 patients had lower doses.

(2(31%) Tz 4 Yes 1248 h prior to operation. San_qe has ioCS). ) No d‘et.ails a‘bout octreot_id‘e

dose continued for intraoperative Intraoperative boluses were administration for remaining
infusion. 79% (64/81) compliance administered to treat IoCS. 6 patients. No clear
of octreotide protocol control group.
Intraoperative Bolus: 23%
P
(39/169), median 500 pug (IQR .. oo
) ] . 250, 650). Did not evaluate The clinical availability and
Kinney Preoperative Bolus: 77% (130/169), el . . use of SA and LAR
Yes Unclear if intraoperative bolus efficacy of -

(2018) [25] 500 pg . . . octreotide changed over
was administered as part of prophylactic octreotide duration of stud
prevention technique or ¥
as treatment.

Preoperative Bolus: 100% (46/46), 100% of patients received

Condron Yes 500 ug ) o None. prophyl.actlc octreotide—no

(2018) [26] Intraoperative Infusion: 100% comparison group. No

(46/46),500 ug/h predictors of efficacy.
Preoperative Bolus: 28% (21/75), . . . S
median 150 pg (range 100-300 11g) Intraoperatlvg Bolus: 27% Preope_ratlve octreotide:
P . A (20/75), median 150 pg (range No (p = 0.52)
reoperative Infusion: 36% (27/75), X
Kwon median 150 pg/h (range 20-510 ug). Intraoperative
Yes Unclear if intraoperative bolus octreotide: No (p =0.85)  No predictors of efficacy.

(2019) [27]

50-300 pg/h)

Intraoperative Infusion: 64%
(48/75), median 150 pug/h (range
50-300 png/h)

was administered as part of
prevention technique or
as treatment.

Preoperative or
Intraoperative
octreotide: No (p = 0.60)

Three studies (290 surgeries) assessed the effect of prophylactic octreotide on devel-
opment of carcinoid crisis. Use of prophylactic octreotide compared to no prophylactic
octreotide was not associated with lower pooled odds of developing carcinoid crisis [OR
0.73 (95% CI, 0.32-1.66); p = 0.45]. There was no heterogeneity between studies (12 = 0%)
(Figure 3A). Sensitivity analysis was conducted using each of the two dominant strategies
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(preoperative versus intraoperative) discretely evaluated by Kwon et al. [27], with the
pooled efficacy found to remain non-significant (Figure 3B,C).

Prophylaxis Control Odds Ratio Weight
Study cc No CC cc No CC with 95% CI (%)
Massimino 2013 21 66 2 8 127 [0.25. 6.47] 2579
Kwon 2019 15 35 9 16 0.76 [028, 211] 65.98
Kinney 2001 0 45 8 65 = 0.08 [0.00, 1.50] 8.23
Overall ‘ 0.73 [0.32, 1.66]
Heterogeneity: 12=0.00, 1*=0.00%, H*=1.00
Testof ©8=0:2=-0.76,p=0.45
T T T T
0.01 0.08 0.5 4
Random-effects REML model
(A)
Prophylaxis Control Odds Ratio Weight
Study CC NoCC cc No CC with 95% CI (%)
Massimino 2013 2 66 2 8 127 [0.25, 647] 2577
Kwon 2019 8 2 16 30 0.71 [0.26, 1.97] 66.01
Kinney 2001 0 45 8§ 65 . 0.08 [0.00, 1.50] 822
Overall ‘ 0.70 [0.30. 1.59]
Heterogeneity: 72=0.00, *=0.00%. H*=1.00
Testof ©6=0:2z=-0.86,p=0.39
T T T T
0.01 0.06 0.5 4
Random-effects REML model
(B)
Prophylaxis Control Odds Ratio Weight
Study CC MoCC cc No CC with 95% Cl (%)
Massimino 2013 2 66 2 8 127 [0.25, 647] 2546
Kwon 2019 15 33 9 18 0.91 [0.33, 2.49] 66.42
Kinney 2001 0 45 8 65 I 0.08  [0.00, 1.50] 8.13
Overall ‘ 082 [0.36 1.85]

Heterogeneity: 72=0.00, ’=0.00%. H*=1.00

Testof 6=0:z=-048, p=063

Random-effects REML model

0.01 0.06 0.5 4

©

Figure 3. (A) Forest plot evaluating efficacy of octreotide in prevention of carcinoid crisis, all

strategies included (pre- and intraoperative bolus/infusion); (B) Forest plot evaluating efficacy of

octreotide in prevention of carcinoid crisis, preoperative octreotide (dominant strategy); (C) Forest

plot evaluating efficacy of octreotide in prevention of carcinoid crisis, intraoperative octreotide
(dominant strategy) [20,21,27].

3.4.4. Prognosis of Carcinoid Crisis

A total of 5 studies reported on postoperative outcomes in relation to carcinoid crisis

(Table 4) [21,22,24,26,27].
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Table 4. Prognosis of carcinoid crisis.

Incomplete
Study Mortality Rate Post-Operative Complication Rate Operation/Aborted Average Length of Stay Comments
Procedure Rate
Unadjusted: Postoperative period = 30 days
Unadjusted: Any complication: CC 60.9% vs. No Also significant different between minor
Massimino (2013) [21] CC0/23 ) CC2/74 CC31.1% (p = 0.01) N/A N/A and major complications for CC and no
VS. no . o
Major complication: CC (p=0.02)
CC 39.1% vs. No CC 14.9% Major complication = Dindo Grade III+
Unadjusted:
Major complication: p = 0.481 Unadjusted: . . i
Condron (2016) [22] N/A Adjusted: CC 3/45 vs. no CC N/A ﬁ’s.t"perahvl‘.’ pf.“"d_l%‘gtg o sf;eciﬁed
Major complication: OR 0.94 [95% CI ~ 0/105 ajor complication = ndo furade 1
0.23-3.67] p = 0.93
Unadjusted: CC 1/45 vs. . . o
Fouché (2018) [24] no CC 0/36 N/A N/A N/A E‘i‘;ﬁ’zﬁ‘gffﬁfd length not specified
Adjusted: N/A ysts
Unadjusted:
Any: CC 50% vs. No CC 46.7%
(p =0.829) Unadjusted:
Condron (2018) [26] N/A Clavien-Dindo I-II: CC 37.5% vs. No N/A Mean LOS: CC 11.6 vs. Postoperative period length not specified
CC26.7% (p = 0.447) no CC 8.3 (p = 0.315)
Clavien-Dindo HI-IV: CC 12.5% vs.
No CC 20% (p = 0.523)
Unadjusted: Postoperative period not specified
Clavien-Dindo II-IV: CC 42% vs. No Other outcomes evaluated that did not
CC16% (p=0.01) . have association: hypotension requiring
Postoperative pulmonary embolism: Unadjusted: vasopressors, bleeding or coagulopathy
Kwon (2019) [27] N/A © N/A Median LOS: CC 5.5 vs. !

CC 8% vs. No CC 0% (p = 0.04)
Postoperative tachyarrhythmia
requiring nodal blocker: CC 8% vs.
No CC 0% (p = 0.04)

no CC 4.0 (p =0.13)

requiring transfusions, hypoxemia
requiring intensive care, infection, acute
kidney injury, endoscopic or radiologic
procedure, surgery, other
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Two studies (178 surgeries) assessed the effect of carcinoid crisis on postoperative
mortality. Carcinoid crisis compared to no carcinoid crisis was not associated with higher
pooled odds of postoperative mortality [OR 1.19 (95% CI, 0.13-11.02); p = 0.88]. There was
no heterogeneity between studies (12 = 0%) (Figure 4A).

cc No CC Odds Ratio Weight
Study Dead  Alive Dead Alive with 95% ClI (%)
Fouche 2018 1 44 0 36 . 246 [0.10, 62.23] 47.49
Massimino 2013 0 23 2 72 . 0.62  [0.03, 13.32] 52.51

Overall e 119 [0.13, 11.02]

Heterogeneity: 1=0.00, ’=0.00%, H*=1.00

Testof©=0:2=0.15,p=0.88

Random-effects REML model
(A)
cc No CC Odds Ratio Weight
Study Event No event Event Mo event with 95% ClI (%)
Massimino 2013 14 9 23 51 _._ 345  [131, 911 5567
Condron 2019 8 8 14 16 114 [0.34, 3.89] 4433
Overall 21 [0.72, 6.20]
Heterogeneity: 12=0.30, ’=48.41%, H*=1.94
Testof©=0:2=1.36,p=017
T T T T
0.5 1 2 4 8
Random-effects REML model
(B)
cc No CC Odds Ratio Weight
Study Event  No event Event Mo event with 95% ClI (%)
Massimino 2013 9 14 1 63 + 368 [1.28, 1057] 28.06
Kwon 2019 10 14 8 43 + 384 127, 1163] 2639
Condron 2019 2 14 6 24 I 0.57  [0.10, 3.23] 13.88
Condron 2016 8 a7 14 91 _.._ 141 [054, 363] 3168

Overall o 212 [103, 435

Heterogeneity: 12=0.19, 1>=35.65%, H*=1.55

Testof©=0:z=2.05p=0.04

Random-effects REML model
©

Figure 4. (A) Forest plot evaluating prognosis of carcinoid crisis—postoperative mortality;
(B) Forest plot evaluating prognosis of carcinoid crisis—any postoperative complication; (C) Forest
plot evaluating prognosis of carcinoid crisis—major postoperative complication [21,22,24,26,27].

Two studies (143 surgeries) assessed the effect of carcinoid crisis on having any post-
operative complication. Carcinoid crisis compared to no carcinoid crisis was not associated
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with higher pooled odds of having any postoperative complication [OR 2.11 (95% CI,
0.72-6.20); p = 0.17]. There was moderate heterogeneity between studies (I12 = 48.4%)
(Figure 4B).

Four studies (368 surgeries) assessed the effect of carcinoid crisis on having a ma-
jor postoperative complication. In this analysis, “major” complication was defined as
the highest Clavien-Dindo grade category evaluated by a study. Three studies classi-
fied Clavien-Dindo grade III and above as major complication [21,22,26] and one study
classified Clavien—-Dindo type II and above as major complication [27]. Carcinoid crisis
compared to no carcinoid crisis was associated with higher pooled odds of having a major
postoperative complication [OR 2.12 (95% CI, 1.03—4.35); p = 0.04]. There was moderate
heterogeneity between studies (12 = 35.7%) (Figure 4C). Sensitivity analysis was conducted
by excluding a study that included patients with lung primary NETs [26], which resulted
in a stronger association between carcinoid crisis and major postoperative complications
[OR 2.59 (95% CI, 1.31-5.12); p = 0.01].

4. Discussion

The prevalence of patients with NETs continues to increase [28], with surgery being a
critical treatment option for locoregional and/or metastatic disease [4,6,7,9]. Intraoperative
carcinoid crisis, though felt to be common, has only been studied by a few groups and
much of the current knowledge and/or management approach is still guided by dogma
and small case reports [11,12,29,30]. We performed a systematic review and meta-analysis
pooling the available data to inform critical aspects of carcinoid crisis, and specifically to
examine the efficacy of prophylactic octreotide-based regimens for preventing carcinoid
crisis. Eight studies met our inclusion criteria encompassing a total of 943 operations. We
found carcinoid crisis to be common, occurring in 1 in 5 patients (incidence = 19%) in the
pooled data. The risk of carcinoid crisis was increased in patients with liver metastases
and decreased in male patients. Other characteristics that were traditionally thought
to be risk factors, including carcinoid syndrome and carcinoid heart disease, were not
significantly associated with an increased risk of carcinoid crisis. Multiple prophylactic
regimens using octreotide were identified, with varying doses and strategies (routes and
timing) for administering octreotide, with no standardized approach tested across studies.
Despite this variability, none of the individual or pooled data showed a significant decrease
in carcinoid crisis with use of prophylactic octreotide. Lastly, patients with carcinoid crisis
had a higher risk of developing major postoperative complications. The findings of this
systematic review are noteworthy as they clarify important aspects related to the incidence,
risks, prognosis, and prevention of carcinoid crisis, while also bringing to light important
challenges with existing data—specifically related to lack of standardization in terms and
treatment approaches, guiding focused efforts and future needs.

This analysis included studies with surgical patients that had midgut NETs and/or
those with neuroendocrine liver metastasis. As expected, data published on intraopera-
tive carcinoid crisis was also primarily available for patients with midgut NET and NET
liver metastasis from other sites—including lung and pancreas, representing the high-risk
population. The incidence of carcinoid crisis ranged from 0 to 56%, depending on the
study. This wide range may be due to differences in study populations; in 5 studies, having
metastatic disease was part of the inclusion criteria, while other studies included only
patients with small bowel primary tumors, and others included patients with other primary
tumor locations, such as the pancreas or lungs. Additionally, though all studies included
surgical patients, the types of procedures performed varied. Differences in the definition
were primarily based on primary signs, duration of signs, and assignment method (i.e.,
requirement by anesthesiologist/surgeon—ruled out other causes). As expected, studies
that included a minimum time requirement to define carcinoid crisis had a lower pooled
incidence (10%) than studies that did not have a time requirement to define carcinoid crisis
(31%). Fouché et al. had the broadest outcome definition by including probable events and
had the highest incidence (56%) [24]. Our findings further support the published findings
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that carcinoid crisis is a common occurrence, and that CC definition should be guided by
the presence of hemodynamic changes not otherwise explained by surgical or anesthetic
treatments. Other cited signs and symptoms can help further characterize the event.

When examining populations at risk of carcinoid crisis, our results support the long-
standing observation that patients with liver metastases are at highest risk of experiencing
intraoperative carcinoid crisis [2]. Interestingly, other characteristics thought to be associ-
ated with intraoperative carcinoid crisis from previous reports [10,13,31] were not found to
be associated with an increased risk of carcinoid crisis, specifically carcinoid syndrome and
carcinoid heart disease. These results may be related to potential misclassification bias, as
none of the studies focused on collecting and confirming occurrence of these risk factors
in a standardized manner. However, these findings may also be explained by a difference
in pathophysiology pathways for each of these two different syndromes. Notably, though
carcinoid crisis is typically associated with carcinoid tumors, especially small bowel tumors,
we found that patients with NETs and liver metastases from other primary tumor locations,
such as the pancreas, can present with carcinoid crisis. Future studies aimed to examine
features of carcinoid crisis and prevention strategies, should include all patients at risk,
including those with NET liver metastasis and those with GEP tumors with or without
liver metastases.

The primary goal of this study was to examine the efficacy of prophylactic octreotide
for preventing carcinoid crisis. Four studies could not be included in the pooled analysis
because there was no control group for comparison with all patients intended to receive
prophylactic octreotide [22-24,26], and a 5th study was excluded as it was not focused on
the prevention of carcinoid crisis [25]. Importantly, 2 of these studies [22,26] compared
their data to historic controls treated within the same setting and standards, with the
consistent observation of no benefit of octreotide use. Three studies were included in
the pooled analysis; with different strategies for octreotide administration, that varied by
timing (pre- and intra-operative) and dose (bolus ranging from 50 to 1100 pg, and infusions
ranging from 50 to 300ug/hour) between studies [20,21,27]. Kwon et al. examined the
use of preoperative octreotide or intraoperative octreotide use, and a pooled analysis
or both strategies (preoperative and intraoperative) on preventing carcinoid crisis [27].
We conducted a pooled analysis using all strategies from the 3 studies and performed
sensitivity analysis by pooling only the studies with the preoperative octreotide as the
dominant strategy and with intraoperative octreotide as the dominant strategy. None of
the pooled results were significant. These findings provide additional evidence supporting
the concept that use of prophylactic octreotide may not prevent carcinoid crisis and hence
its routine use must be further studied and reconsidered. A recent study by Wonn et.
al. [32] from Oregon Health and Science University examined their group’s transition
to a “no-perioperative octreotide” approach in 171 patients and the authors reported
an incidence of carcinoid crisis of 25%—within the same range when compared to their
previous approaches using octreotide prophylaxis [22,26]. Future efforts should focus
on alternative protocols for carcinoid crisis prevention, including multi-drug regimens
and/or other “targeted” therapies; prior studies have shown an association between
preoperative serum serotonin levels before incision and carcinoid crisis, which has led
to investigators considering preventive strategies with serotonin synthesis inhibitors (i.e.,
preoperative telotristat ethyl) [11,32,33]. Most importantly, these efforts should be led
within the framework of a randomized trial, including patients at risk, and following a
standardized approach that can be appropriately examined and systematically replicated
if successful.

Despite differences in the NET studies, we were able to conduct a meta-analysis to
assess the impact and clinical significance of a carcinoid crisis event. Our findings showed
that though carcinoid crisis was not associated with higher odds of postoperative mortality,
it was associated with higher odds of major postoperative complications. One study
examined specific postoperative complications and found that carcinoid crisis patients had
higher risk of postoperative pulmonary embolism and tachyarrhythmia requiring nodal
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blockers [27]. However, these results could not be pooled with any other studies. Several
studies also identified potential risk factors that could not be included in the pooled analysis
but may be worth considering in future studies including preoperative hypertension [23],
use of epidural catheter [21], estimated blood loss [22], duration of anesthesia [22], and
pre-incision serotonin [26]. Although these findings are limited by the heterogeneity of the
populations included, these findings have important implications in selecting patients in
future studies.

This study has several limitations, including the non-randomized nature of the in-
cluded studies and potential for publication bias. Similarly, it should be noted that our
primary outcome (efficacy of octreotide on preventing carcinoid crisis) was ultimately
derived from only 3 studies appropriately addressing this question, with the need for
additional well-conducted trials to further study this association. However, the quality
of the studies and risk of bias were assessed with a validated approach and revealed an
overall fair quality of the studies. Further, it is possible that our exclusion criteria may have
omitted important results, although this appears unlikely as the drivers for exclusion were
primarily based on relevance to the primary question and sample size of the studies. This
meta-analysis included a study with lung NETs with liver metastasis [26]. Existing studies
have found that lung NETs may have distinct characteristics compared to GEP NETs [34,35].
To further assess this, sensitivity analysis was conducted excluding the study, which did
not affect the major findings of this meta-analysis. Lastly, the findings may be limited by
the variability in the preventive strategies used, including short-acting octreotide regimens
for prevention and long-acting SSA for symptom and/or tumor control, yet we attempt
to account for these limitations by conducting sensitivity analyses and reporting on the
heterogeneity of the population. Further, these findings emphasize an important gap in the
field and guides efforts for future research approaches.

5. Conclusions

In summary, this meta-analysis found that carcinoid crisis is common in patients with
midgut neuroendocrine tumors—occurring in 1 in 5 patients having abdominal operations,
and that the risk is particularly increased for those with liver metastasis. Similarly, we
found evidence regarding the questionable role of prophylactic octreotide for preventing
carcinoid crisis, and the need for future appropriately designed studies to better define
the role of perioperative octreotide in this population. These findings contribute as a first
step to evidence-based practices as opposed to dogma-driven approaches to managing
NET patients during surgery. Given the high incidence of carcinoid crisis and its clinical
implications, future efforts to identify preventive and management strategies for carcinoid
crisis should continue. Findings from this study emphasize the importance to frame these
efforts in the context of a standardized definition for carcinoid crisis and a systematic
approach for prevention.
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Appendix A

Reporting Criteria

Reported [Yes/Mo)

Reported on Page No.

Reporting of Background

studies where appropriate

Problem definition Yies - 2

Hypothesis statement Yas - .

Description of Study Outcome(s) Yas - 2

Type of exposure or intervention used Yos - 2

Type of study design used Yes - | 2

Study population Yos o 2
Reporting of Search Strategy =

Qualifications of searchers (eg, librarians

Yes - 1

and investigators) ]

Search strategy, including time period

included im the synthesis and keywords Yes M :

Effort to include all available studies,

including contact with authors Yes — 4

Databases and registries searched Yas - 3

Search software used, name and

version, including special features used Yas - 3

(eg, explosion) -

Use of hand searching (eg, reference

lists of obtained articlas) Yes M 3

List of citations located and those

excluded, including justification Yes M 2

Method for addressing articles

published in languages other than Yes - 3

English

Method of handling abstracts and Yos - 3

unpublished studies _

Description of any contact with authors Yas - 4
Reporting of Methods

Description of relevance or

appropriateness of studies assembled for Yas - 3

assessing the hypothesis to be tested -

Rationale for the selection and coding of

data (eg, sound clinical principles or Yias 7 3

convenience)

Documentation of how data were

classified and coded (2g, multiple raters, Yos = 3

blinding, and interrater reliability] =

Assessment of confounding (eg,

comparability of cases and controls in Yas - 3

Figure A1l. Cont.
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Reporting Criteria

Reported [Yes/MNo)

Reported on Page No.

Azsessmient of study quality, including

Figure A1. MOOSE (Meta-Analysis of Observational Studies in Epidemiology) checklist.

blinding of quality assessors; Yo - B
stratification or regression on possible S
predictors of study results
Aszsessment of heterogeneity Yas - 4
Description of statistical methods (eg,
complete description of fixed or random
effects models, justification of whether
the chosen models account for predictors s il 3
of study results, dose-response models,
or cumulative meta-analysis) in sufficient
detail to be replicated
Provision of appropriate tables and
eraphics Yes hd 517
Reporting of Results
Table giving descriptive information for
each study included Yes — A1
Results of sensitivity testing (eg,
subgroup analysis) res - 19
Indication of statistical uncertainty of
findings Yes — 6
Reporting of Discussion
Quantitative assessment of bias (eg, Yas - p
publication bias) =
Justification for exclusion (g, exclusion
of non—Englizsh-language citaticns) Ves — .
Assessment of guality of included studies Yas o 4
Reporting of Conclusions —
Consideration of alternative explanations
Yes - 18
for cbserved results o)
Generalization of the conclusions [ig,
appropriate for the data presented and Yes — 20
within the domain of the literature review|
Guidelines for future research Yes - 20
Disclosure of funding source Yas - mn
—_
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|

Records identified through

(n=330)

Additional records identified

database searching through other sources
(n=283)

Identification

|

)

Screening

Eligibility

Included

Records after duplicates removed
(n=354)

h

Records screened

¥

(n=354)

v

Full-text articles assessed

Records excluded
(n=343)

- Mon-human study (n=0)

- Mon-English [n=23)

- Mot a primary study (n=162)

- Less than 40 cases [n=50)

- Mot the most updated/complete
publication of study (n=8)

- Topic was not carcinoid crisis in
adults with low-to-intermediate
grade NETs of the midgut (n=100)

for eligibility
(n=11)

h J

Studies included in
gualitative synthesis
(n=8)

!

Studies included in
quantitative synthesis
(meta-analysis)
(n=8)

L4

Full-text articles excluded
(n=3)

-Article did not evaluate incidence,
risk factors, prevention, or
prognosis of carcinoid crisis

Figure A2. PRISMA flow diagram for study selection.
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Table A1l. Risk of bias assessment.
Comparability of Same Method of
Is the Case . . . . . Non-
. Representativeness Selection of Definition of Cases and Controls Ascertainment  Ascertainment for
Study Definition . Response
of the Cases Controls Controls on the Basis of the of Exposure Cases and
Adequate? . . Rate
Design or Analysis Controls

Kinney . . . . . . . .
(2001) [20] Low Risk Low Risk Low Risk Unclear Unclear/High Risk Low Risk Low Risk Low Risk
lzggisg)n[l;?? Low Risk Unclear/High Risk Low Risk Low Risk Low risk Low Risk Low Risk Low Risk

Condron . . . . . . . . .
(2016) [22] Low Risk Unclear/High Risk Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk
gg;r[l;% Low Risk Unclear/High Risk Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk
(21(:)(1)181; }[126 4] Unclear/High Risk Low Risk Low Risk Unclear/High Risk Unclear/High Risk Low Risk Low Risk Low Risk

Kinney . . . . . . . .
(2018) [25] Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk

Condron . . . . . . . . .
(2018) [26] Low Risk Unclear/High Risk Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk

Kwon . . . . . . . .
Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk

(2019) [27]
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Table A2. Summary of octreotide use across studies. Includes use of long-acting somatostatin receptor analogues, short-acting octreotide prevention, and treatment
regimens (dose and route).

Ak . Preoperative Bolus of Preoperative Infusion Intraoperative Bolus Intraoperative Infusion of
Long-Acting Release (LAR) Octreotide Octreotide of Octreotide of Octreotide Octreotide
Study o Comments
% (n/d) . % (n/d) % (n/d) . . % (n/d) % (n/d) .
Patients Dose Duration Patients Dose Patients Infusion Rate Duration Patients Dose Patients Infusion Rate
Median .
. Median
Kinney o 300 ng 38% B
(2001) [20] 26% (31/119) (range (45/119) 3§8j§0gan<‘5)e
50-1000 pg) Mg
Intraoperative bolus
and intraoperative
Massimino Median 500 Median infusion frequencies
(2013) [21] 72% (70/97) 90% (87/97) 500 pg (range (50/9"7) 350 pg (range 8% (8/97) and percentages are
100-1100 pg) 100-5500 pg) calculated, not
directly stated
in article.
Condron Yes (% 100% 500 pg Yes (% not 100% 500 pg/h igrﬁé}igné 15(?2
(2016) [22] not specified) (150/150) specified) (150/150) octreotide protocol.
Woltering 83% 100% 100% 100%
2016) [23] (149/179) (179/179) 500 ng (179/179) 500 ug/h (179/179) 500 pg/h -
40 png/h .
: . 40 ug/h 80 ug/h Difficult to
80 u}i{ C}l‘lljfril::)artlent if patient had understand how the
Fouché Yes (% not carcinoid Yes (% not 0'5._2 H.g/ kg Yes (% not prior carcmmd' 'hourly dose was
(2018) [24] specified) syndrome, hepatic 12-48h specified) (if patient specified) syndrome, hepatic  given preoperatively.
P ym tasta’ses Ii)r i3 has i0CS) P metastases, or 79% (64/81)
ecarcinoi c,l carcinoid compliance of
heart disease heart disease octreotide protocol.
. Overlapping short-
: Median "
Kinney o 77% 23% and long-acting;
(o1s)[25] 287 (48/169) (130/169) 500 ug @9/169) 000 w8 (IQR unclear % receivin:
250, 650) &
’ prophylaxis.
30 mg
(3 patients
ived
Condron o recetve At least o 100%
(2018) [26] 100% (46/46) 120 mg, 28 days 100% (46/46) 500 pg (46/46) 500 ug/h
patient
received
10 mg)
Median Median Median 150 Median 150 pg/h .
Kwon 27% 64% Other strategies
59% (44/75) 28% (21/75) 150 pg (range 36% (27/75) 150 pg/h (range ug (range (range . y
(2019) [27] 100-300 1g) 50-300 pg/h) (20/75) 20510 1g) (48/75) 50-300 g /h) included H-blockers.
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