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Abstract

Background Venous thromboembolism (VTE) occurs at high incidence in abdominal cancer surgery; therefore, a 4-week
postoperative VTE prophylaxis is advocated. However, most patients with neuroendocrine tumors (NETs) have more favorable
prognoses. This study aimed to determine the incidence of VTE in patients with abdominal NETs, compare these rates to other
abdominal malignancies, and identify VTE risk factors.

Methods The ACS-NSQIP database was queried to identify patients with abdominal NETs and other abdominal malignancies
who underwent surgery from 2008 to 2015. A 30-day postoperative VTE incidence for each group was compared. Univariable
and multivariable analyses were used to identify VTE risk factors.

Results Of the 7226 operations for patients with benign (2154) and malignant (5072) abdominal NETS, 144 patients experienced
a VTE without significant differences between groups. Subgroup analysis revealed a spectrum of VTE rates. Compared to VTE
rates of other abdominal malignancies, patients with benign (1.1% vs. 2.4%, p < 0.001) or malignant (1.7% vs. 2.4%, p <0.001)
non-pancreatic abdominal NETs had significantly lower rates, malignant pancreatic NETs (PNETSs) (3.4% vs. 2.4%, p = 0.03) had
significantly higher rates, and benign PNETs (3.2% vs. 2.4%, p = 0.21) had comparable rates. Multivariable analysis identified
pre-operative albumin (p < 0.001), bleeding disorders (p <0.001), operative time (p <0.001), and having a PNET (p =0.04) as
risk factors for VTE in abdominal NET patients.

Conclusion Routine extended VTE prophylaxis after surgery may be necessary in PNETS, but probably unnecessary in other
abdominal NETs. However, clinicians should use risk factors identified in this study when considering to forego extended VTE
prophylaxis in NET patients.

Keywords Neuroendocrine tumors - Venous thromboembolism - NSQIP

Introduction
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NETs arise from neural crest cells and account for 0.5% of
malignancies.'” They are found in multiple organs, most com-
monly the lung, pancreas, and gastrointestinal tract, and have
a wide range of aggressiveness. Tumor extent and grade have
shown to be the most important prognostic variables for pa-
tients with NETs, although primary tumor site is an important
prognostic marker as well. According to one large study, pa-
tients with well-differentiated NETs have a far better survival
than patients with moderately differentiated and poorly differ-
entiated NETs, and by organ, patients with pancreatic NETs
have especially poor survival and often present with advanced
disease.'® Regardless of stage and grade, most patients with
NETs have a better prognosis than their counterparts with
adenocarcinomas with 5-year survival rates of 65% and 32%
respectively.'*

Since NETs appear to have different tumor biology, pa-
tients with NETs may have different rates of VTE and may
not need the same postoperative VTE prophylaxis as patients
with other cancers.'® The primary objective of this study was
to investigate the incidence of postoperative VTE in patients
with abdominal NETs and compare it to a contemporaneous
cohort of patients with other abdominal malignancies. The
secondary objective was to identify risk factors associated
with VTE in NET patients to assist clinicians in selecting
patients that could safely forego extended VTE prophylaxis.

Methods

The American College of Surgeons (ACS) National Surgical
Quality Improvement Program (NSQIP) is a nationally vali-
dated program that prospectively collects detailed clinical data
of surgical patients from the pre-operative phase to 30 days
postoperatively in the USA.'> Approval for the use of the
NSQIP patient-level data in this study was obtained from the
institutional review board of Rush University Medical Center
and NSQIP. The NSQIP dataset used for this study included
data from the years 2008-2015.

International Classification of Diseases (ICD) codes ver-
sion 9 were utilized to identify patients with NETs as well as
other abdominal malignancies. The pediatric population is not
accounted for, since NSQIP does not collect data on patients
under the age of 18. Patients with NETs were identified using
ICD codes 209-209.29, malignant NETs; 209.3, poorly differ-
entiated NETs, which were considered malignant; and 209.4-
209.69, benign NETs. Patients with abdominal NETs were
then extracted from this group using ICD codes 209-209.17;
209.23-209.27; 209.4-209.57; 209.63-209.67 and
subcategorized into benign (ICD codes 209.4-209.57,
209.63-209.67) and malignant (ICD codes 209-209.17,
209.23-209.27). For the remaining patients with an ICD code
that did not specify a location, the “principal operative proce-
dure CPT code description” listed in the NSQIP database was

used to determine if the NET was benign or malignant.
Patients with abdominal NETs, both benign and malignant,
were further subcategorized into patients with pancreatic
NETs (PNETs) vs. non-pancreatic abdominal NETs using
the “principal operative procedure CPT code description” as
well. Patients with abdominal malignancies other than NETs
were identified using ICD codes 150-159.99 which includes
malignant neoplasms of the esophagus, stomach, small intes-
tine, colon, rectum, anus, liver, intrahepatic bile ducts, gall-
bladder and extrahepatic bile ducts, pancreas,
retroperitoneum, and peritoneum.

The term VTE was defined as having a PE or DVT. The
rates of postoperative VTE during hospitalization and follow-
ing hospital discharge were examined. A Fisher exact test was
used to evaluate whether a significant difference in VTE inci-
dence existed between patients with benign and malignant
NETs. Fisher exact tests were also used to determine the dif-
ference in VTE between patients with non-pancreatic abdom-
inal NETs and PNETs, whether benign or malignant.
Differences in VTE were also investigated with Fisher exact
tests between patients with abdominal malignancies and pa-
tients with malignant abdominal NETs, malignant non-
pancreatic abdominal NETs, and malignant PNETs as well
as for patients with benign abdominal NETs, benign non-
pancreatic abdominal NETs, and benign PNETs.

Welch’s ¢ tests were conducted to determine if significant
differences existed between patients with and without VTE
based on age, body mass index, pre-op white blood cell count,
pre-op albumin, pre-op hematocrit, pre-op platelets, pre-op
INR, pre-op PTT, pre-op PT, red blood cell count, and opera-
tive time. Fisher exact tests and nested logistic regression
models with likelihood ratio tests were used to examine the
same question for sex, race, type of anesthesia, diabetes,
smoking, alcohol use, functional status, history of chronic
obstructive pulmonary disease, history of congestive heart
failure, history of myocardial infarction, history of hyperten-
sion requiring medication, history of cerebrovascular acci-
dent, history of renal failure, dialysis, wound infection, steroid
use, bleeding disorder, pre-op blood transfusion, pre-op sep-
sis, pregnancy, operation in the previous 30 days, emergency
surgery, wound class, ASA class, and lesion type benign or
malignant as well as non-pancreatic abdominal NET or PNET.
These same variables, with the exception of lesion type (be-
nign or malignant), were then investigated in the same manner
to determine if significant differences existed between patients
with benign and malignant neoplasms. Given the large num-
ber of variables examined, the false discovery rate was con-
trolled at 0.05 using the Benjamini-Hochberg procedure.
Variables found to be significantly different when comparing
patients with both benign versus malignant lesions and pa-
tients with VTE versus no VTE were included in nested mul-
tivariable regression models to predict VTE. All analyses were
conducted in R 3.3.2 (Austria, R Core Team).16
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Results

Our NSQIP database review found 8104 patients with NETs,
and 7226 had abdominal NETs subcategorized as benign
(2154) or malignant (5072). Of the patients with malignant
NETs, 1163 had PNETs, while 3909 had non-pancreatic ab-
dominal NETs. We also found 169,350 patients that had other
abdominal malignancies.

The overall incidence of 30-day post-procedure VTE for
patients with abdominal NETs was 2.0%. No significant dif-
ference in VTE rate was found when comparing patients with
benign, malignant, and poorly differentiated NETs to each
other (1.7% vs. 2.0% vs. 2.5% respectively, p =0.38). There
was, however, a significant difference between patients with
non-pancreatic abdominal NETs and PNETs (1.5% vs. 3.3%,
»<0.001) whether they were benign (1.1% vs. 3.2%, p =
0.001) or malignant (1.7% vs. 3.4%, p < 0.001). These results
are summarized in Fig. 1. Of patients with non-pancreatic
abdominal NETs, 49.4% of the VTE events were PEs, this
rate was 54.1% for patients with PNETs.

Patients with malignant NETs were also compared to pa-
tients with other malignant abdominal tumors, and did not
have significantly different rates of VTE (2.1% vs. 2.4%,
p=0.16). When subcategorized, however, patients with ma-
lignant non-pancreatic abdominal NETs did have a signifi-
cantly lower rate of VTE compared to patients with other
abdominal malignancies (1.7% vs. 2.4%, p <0.001).
Conversely, patients with malignant PNETs had significantly

higher incidence of VTE than patients with other abdominal
malignancies (3.4% vs. 2.4%, p=0.03).

Patients with benign NETs were also compared to patients
with other abdominal malignancies, and did have significantly
lower rates of VTE (1.7% vs. 2.4%, p=0.03). When
subcategorized, patients with benign non-pancreatic abdomi-
nal NETs did have a significantly lower rate of VTE compared
to patients with other abdominal malignancies (1.1% vs.
2.4%, p<0.001). However, patients with benign PNETs did
not have significantly different incidence of VTE than patients
with other abdominal malignancies (3.2% vs. 2.4%, p=0.21).

When comparing NET patients with and without VTE via
univariable analysis, older age, lower pre-op hematocrit, lon-
ger operative time, lower pre-op albumin, having a bleeding
disorder, higher ASA class, and having a PNET were associ-
ated with an increase in 30-day post-procedure VTE (Table 1).
On multivariable analysis, four variables were associated with
a significant increase in VTE: (1) longer operative time, (2)
lower pre-operative albumin, and (3) diagnosis of a bleeding
disorder (4) having a PNET (Table 2).

Discussion

This is the first study to analyze the incidence of VTE in
patients with abdominal NETs in a large prospective contem-
porary database and it shows that patients with benign or
malignant non-pancreatic NETs have significantly lower

4.0
p<0.001 p<0.001
35 p=0.001
34 |
33
3.0 32
p=0.44
25
s
m
S 20 2.1
G
=]
8
51
g 1s 1.7
1.0
0.5
0.0
Benign Malignant ~ Non-Pancreatic PNETs Malignant Non- ~ Malignant Benign Non-  Benign PNETs  Abdominal
Abdominal Abdominal Abdominal (N =1,828) pancreatic PNETs pancreatic (N =0665) Malignant
NETs NETs NETSs Abdominal (N =1,163) Abdominal Neoplasms
(N =2,154) (N =5,072) (N =5,398) NETs NETs (N =169,350)
(N =3,909) (N=1,489)

Fig. 1 Venous thromboembolism (VTE) rate for patients by type of neuroendocrine tumor (NET). The p value listed is for comparison between
particular NET groups; VTE rate of patients with other abdominal malignant neoplasms is shown for reference
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Table1 Significant predictive variables of venous thromboembolism (VTE) in neuroendocrine tumor (NET) patients on univariable analysis as well as
benign versus malignant versus poorly differentiated NETs
Variable No VTE VTE p value
Age 59.5 (14.0) 62.7 (12.8) 0.02
Pre-op hematocrit 39.6 (5.2) 38.3(6.2) 0.01
Operative time (min) 184.3 (118.0) 264.7 (169.1) <0.001
Pre-op albumin 4.0 (0.6) 3.7(0.7) <0.001
Steroid 0.02
No 98.2% 1.8%
Yes 94.6% 5.4%
Bleeding disorder <0.001
No 98.2% 1.8%
Yes 92.6% 7.4%
ASA class <0.001
ASA class 1 99.6% 0.4%
ASA class 2 98.6% 1.4%
ASA class 3 97.9% 2.1%
ASA class 4 100% 0%
ASA class 5 100% 0%
Pancreatic neuroendocrine tumor <0.001
Other neuroendocrine tumors 98.5% 1.5%
Pancreatic neuroendocrine tumor 96.7% 33%
Malignancy of neuroendocrine tumor 0.38
Benign 98.3% 1.7%
Malignant 98.0% 2.0%
Poorly differentiated 97.5% 2.5%

Means and standard deviations are presented for all numeric variables. Bleeding disorder, ASA class, and steroid use are given as proportions

VTE rates than patients with benign or malignant PNETs or
patients with other abdominal malignancies. The differences
identified suggest that extended VTE prophylaxis could po-
tentially be relaxed in benign and malignant non-pancreatic
NETs.

PNETs often present with more advanced disease by stage
and malignancy than non-pancreatic NETs and may contrib-
ute to higher rates of VTE among patients with NETs."?
Although patients with malignant NETs have a VTE rate of
2.1%, the rate falls to 1.7% and is significantly lower than that
of patients with other abdominal malignancies (2.4%) when
patients with malignant PNETs (3.4%) are excluded. The rea-
son why VTE rate for patients with benign NETs (1.6%) was
not significantly different than for patients with malignant
NETs (2.0%) is likely because the benign NET group included
patients with benign PNETs that have a VTE rate of 3.2%.
This study suggests that non-pancreatic vs. PNET type may be
as or more important as having a benign vs. malignant NET in
terms of patient risk of developing VTE. PNET was also
shown to be an independent risk factor for VTE on multivar-
iable analysis.

There is a progressive range of VTE rates as patient tumor
type progresses from benign non-pancreatic abdominal NET

to malignant PNET. On the low end of the spectrum, the VTE
incidence of 1.1% for patients with benign non-pancreatic
abdominal NETs is equivalent to the “high risk” general sur-
gery VTE group that does not receive extended (i.e., 4 weeks)
VTE prophylaxis as described in a previous study that vali-
dated the Caprini Score and its VTE risk levels (low, moder-
ate, high, and highest).” Conversely, malignant PNETs had a
significantly higher VTE rate (3.4%) compared to other ab-
dominal malignancies (2.4%), a rate that falls into the “highest
risk” Caprini Score category in the same validated study.’
When compared to other NSQIP studies, PNETs have a sim-
ilar or higher VTE rate than patients undergoing hepatecto-
mies and pancreatectomies (2.8-3.2%), GI oncologic surgery
(2.6%), and surgery for IBD and malignant colon cancer
(2.74% and 1.74%) for all of which extended VTE prophy-
laxis has been advocated.'”2° Therefore, although guidelines
suggest all malignant cancers receive extended VTE prophy-
laxis, some patients with malignant NETs may be at less risk,
like patients with malignant non-pancreatic abdominal NETs,
while other patients with benign NETs may be more at risk,
like patients with benign PNETs.

Our secondary aim was to identify risk factors associated
with increased VTE rates in patients with abdominal NETs

@ Springer



792

J Gastrointest Surg (2019) 23:788-793

Table2  Odds ratios (OR) for significant predictive variables of venous
thromboembolism in neuroendocrine tumor patients on multivariable
analysis

Variables OR 25% 97.5% p value
Operative time (h) 127 1.19 136 <0.001
Pre-op albumin (decreasing, per 1 unit) 2.12 1.60 2.81 <0.001
Bleeding disorder (yes) 354 195 643 <0.001
Pancreatic neuroendocrine tumor (yes) 1.53 1.01 2.31 0.04

undergoing surgery. Low pre-operative albumin and having a
bleeding disorder were independent risk factors identified on
multivariable analysis. Pre-operative albumin is a surrogate
marker for the patient’s depleted nutritional state, may lead
to venous stasis, and is a known risk factor for VTE.2!*2
Having a bleeding disorder has also previously been shown
to elevate risk of VTE in surgical patients in general.”* Since
the NSQIP database does not provide information specifying
the type of bleeding disorder or whether adequate treatment
has been provided, this finding is difficult to further interpret.
However, extra consideration for VTE prophylaxis should be
taken for patients with these risk factors since they were
shown to increase the odds of VTE in NETs by 2.12 (low
pre-operative albumin) and 3.54 (bleeding disorder).

Increased operative time was also identified as an indepen-
dent risk factor. Increased operative time can lead to increase
venous stasis which causes endothelial injury from venous
wall distension.”® Surgery also causes a hypercoagulable state
due to inflammation and endothelial damage that triggers the
clotting cascade.”* In this study, the odds of VTE increased by
1.27 with each additional hour in the operating room.
Therefore, all other things being equal, the calculated inci-
dence of VTE in benign non-pancreatic abdominal NETs
would equal that of other malignant neoplasms after an addi-
tional 3.3 h in the operating room.

This study has multiple limitations. First, the NSQIP data-
base does not provide information on perioperative or postop-
erative use of sequential compression devices or pharmaco-
logic prophylaxis. We assumed that because this study includ-
ed patients from 2008 to 2015 and modern guidelines for
extended VTE prophylaxis in cancer patients were published
in 2004 and 2007 by the ACCP and ASCO respectively, that
many patients received some amount of VTE prophylaxis as
corroborated by Henke et al. and likewise assumed in other
similar studies.”**2® We attempted to overcome this limita-
tion in our study by comparing the rate of VTE in all patients
with abdominal NETs to the rates of VTE in all patients with
malignant abdominal neoplasms presuming that they received
a comparable treatment in the same time period. Second, we
cannot completely exclude a surveillance bias, as clinicians
could have considered patients with NETs less prone to VTE
and therefore surveille them less frequently. Third, NSQIP
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does not clarify how VTEs were discovered and if they were
symptomatic or not; however, this systematic bias applies to
both the NET and control group. Fourth, ICD 9 codes limit
describing NETs as benign, malignant, or poorly differentiated
without direct information on tumor stage or grade.”’
Regardless, even with the assumption that, per the ICD coding
system, “benign” NET means localized disease, “malignant”
NET means metastasized disease (to lymph nodes or distant
sites), and “poorly differentiated” NET means high-grade
morphology, and we found no statistically significant differ-
ences among these subtypes. Finally, the NSQIP database
limits the assessment of complications to the 30-day postop-
erative period, but VTE events may occur beyond the 30-day
mark.

Conclusion

Patients with malignant non-pancreatic abdominal NETs ap-
pear to have a significantly lower rate of VTE while patients
with malignant PNETSs have a significantly higher rate of VTE
when compared to patients undergoing surgery for other ab-
dominal malignancies. Clinicians can use this information and
the risk factors identified in this study when considering indi-
vidualizing extended post-operative VTE prophylaxis in pa-
tients with abdominal NETs.
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