ORIGINAL ARTICLE

Annals of Gastroenterology (2021) 34, 588-593

Thrombotic risk in gastroenteropancreatic neuroendocrine tumor
patients: a single-center experience

Sara Massironi®®, Federica Cavalcolic, Andrea Artoni?, Valentina Sciola¢, Alessandra Zillie,
Clorinda Ciafardini¢, Roberta Elisa Rossif?

San Gerardo Hospital and University of Milano-Bicocca, Monza; Istituti Clinici Zucchi, Monza; Fondazione IRCCS Ca’
Granda - Ospedale Policlinico, Milan; Fondazione IRCCS Istituto Nazionale dei Tumori, Milan; Universita degli Studi

di Milano, Italy

Abstract

Background Only scanty specific studies are available on venous thromboembolism (VTE)
in neuroendocrine neoplasms (NEN). We retrospectively assessed the incidence of VTE in
gastroenteropancreatic (GEP) NEN patients.

Methods Between 2000 and 2016, GEP-NEN patients were retrospectively evaluated for VTE.
Major thrombotic events included deep venous thrombosis (DVT) and pulmonary embolism
(PE). 160 patients were included. The primary tumor site was: the gut in 99, pancreas in 54, and
unknown in 7. A total of 93 patients had grade (G) 1 tumor, 36 G2, 4 G3; G was not available in 27
patients. TNM stage was I in 76 patients, Il in 17, IIT in 23, and IV in 44.

Results Twelve patients developed VTE: 9 had DVT and 3 PE. The primary site of the tumor
was located in the pancreas in 9 patients, in the gut in 2, and it was unknown in one patient. Two
patients had a functioning tumor. Grading was G1 in 3 patients, G2 in 6, G3 in 2 cases, and not
available in one. The TNM stage was IV in 5 patients, IIl in 2, Il in 3, and I in 2. Two patients died
during the study period, one of whom died from PE.

Conclusion GEP-NEN patients harbor a considerable risk of VTE, particularly high for pancreatic NEN

patients, for patients with moderate-poorly differentiated neoplasms, and at an advanced tumor stage.
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Introduction

Gastroenteropancreatic (GEP) neuroendocrine neoplasms
(NENs) comprise a heterogeneous group of neoplasms
that have peculiar and specific characteristics, often
different from other neoplasms. Venous thromboembolism
(VTE), which comprises deep vein thrombosis (DVT) and
pulmonary embolism (PE), is a frequent complication in
cancer patients especially in the GEP area [1]. Among the
gastrointestinal neoplasms, pancreatic cancer (e.g., pancreatic
ductal adenocarcinoma) is well-known to carry an elevated
thrombotic risk, with a 1-year cumulative incidence of 6-16%,
dependent on cancer stage and treatment [2]. Whether or not
NENSs have the same risk of VTE as do the other GEP cancers,
has not been systematically evaluated yet.

Cancer patients have a several-fold increased risk of venous
thrombosis compared with the general population or patients
without cancer, with relative risks ranging from 4-7 [1]. VTE is
associated with increased morbidity and mortality and hinders
its clinical management. The mechanisms underlying the
association between VTE and cancer are far from being clearly
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understood. Firstly, it has been reported that the expression of
tissue factor on tumor cells and the pro-thrombotic properties
of mucins contribute to the thrombotic risk in malignancy.
Furthermore, there is evidence that tissue factor expression,
which may result from proto-oncogene expression and tumor-
suppressor gene inhibition, confers a pro-angiogenic state,
which may enhance the aggressiveness and invasiveness of
cancer [2].

VTE is a complex multifactorial disease, which involves the
interaction between acquired or inherited predispositions to
thrombosis and various risk factors. Even if VTE occurrence
has been described as associated with neoplastic disease, and
some independent risk factors and predictors for incidental
and recurrent VTE have been identified, no specific data are
available in the literature in the specific setting of NENs, except
for functioning glucagon-secreting neoplasms. Glucagonoma
is a very rare functioning pancreatic tumor and its incidence
rate is approximately 2.4/100,000,000 [3,4]. Glucagonoma
may clinically manifest with the so-called “4D syndrome”
i.e., diabetes, dermatitis, DVT, and depression [5]. Even
in this setting, the mechanism for coagulopathy is poorly
understood [6]. Furthermore, only recently, a single study
assessed the incidence of VTE in patients with abdominal
NENs who underwent surgery from 2008-2015 [7], suggesting
that routinely extending VTE prophylaxis after surgery may be
necessary for pancreatic NENs, whilst it is probably unnecessary
for all the NENS patients [7]. The present study aimed to assess
the actual incidence of venous thromboembolism in a cohort
of GEP-NEN patients at a single referral center.

Patients and methods

Study design

This study is a retrospective, single-center cohort study
conducted in the Academic Hospital of Fondazione IRCCS
Ca Granda Ospedale Maggiore Policlinico, Milan, Italy. The
retrospective analysis of a database of patients prospectively
collected at a single tertiary referral center was performed.
Demographic, clinical, surgical, and pathological data
were collected and analyzed. All the patients or their legal
representatives provided written informed consent for the
anonymous review of their data for research purposes.
This retrospective study was approved by the local Ethics
Committee.

The primary endpoint of this study was the assessment of
the incidence of VTE in a series of GEP-NEN patients. The
secondary aim was the investigation of risk factors for VTE.

Study population
From January 2000 to December 2016 all the patients

diagnosed with functional and non-functional GEP-NENs
at Fondazione IRCCS Ca Granda Ospedale Maggiore
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Policlinico, Milan, Italy were retrospectively evaluated. Data
were collected from medical records. All the patients were
asked to complete a risk factors questionnaire and the history
of thrombosis was taken. The Khorana score [8] was calculated
for each patient. A minimum 3-month follow up was required.
Inclusion criteria were: age >18 years, histologically confirmed
GEP-NENS, availability of minimal histological parameters
(classification according to WHO, Ki-67) [9], availability
of clinical parameters (TNM staging), availability of
instrumental morphologic parameters (ultrasound/ computed
tomography [CT]/ magnetic resonance imaging/ nuclear
medicine), availability of biochemical data (chromogranin
A, 5-Hydroxyindoleacetic acid, vasoactive intestinal peptide,
glucagon, somatostatin, and gastrin). The exclusion criteria
were the presence or previous history of other malignancies
and pre-existing thrombophilic conditions (i.e., factor V
Leiden mutation, prothrombin mutation, antithrombin
III deficiency, protein C deficiency, protein S deficiency, and
antiphospholipid syndrome).

Each tumor was classified according to the site of origin,
presence/absence of clinical syndrome, WHO 2010 classification
based on Ki-67 index, identifying well-differentiated grade
(G) 1 and 2 neuroendocrine tumors (NETs G1 and G2), and
poorly differentiated G3 neuroendocrine carcinomas [9],
and presence/absence of nodal or distant metastases (staged
according to the TNM staging system) [10,11].

Index events

DVT and PE were considered major thrombotic events.
Lower-limb compression ultrasonography and/or pulmonary
angiography CT were performed in all the cases of suspected
DVT and PE, respectively. The primary outcome was the
composite of symptomatic or incidentally diagnosed distal or
proximal lower extremity DVT or PE objectively confirmed
by imaging tests. Incidental (unsuspected) VTE was defined
as VTE detected on imaging tests performed for other
reasons, mainly for staging the disease. Major VTE was
considered tumor-related if it occurred within 1 year before
the GEP-NEN diagnosis, being 10% the risk prevalence of
undiagnosed cancer in patients with unprovoked VTE at 12
months [12].

Statistical analysis

Baseline data were summarized using standard descriptive
statistics. Categorical variables were expressed as number
(percentage). The results of continuous variables were
presented as medians and ranges or interquartile ranges. All the
data were tested for normal distribution by the Kolmogorov-
Smirnov test. Any differences between percentages were
evaluated using Fisher’s exact test. Differences between
groups were evaluated by means of the Mann-Whitney, and
Kruskal-Wallis tests, followed by Dunn’s multiple comparison
test whenever appropriate. The survival rate and the overall
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cumulative incidence of VTE were measured using the Kaplan-
Meier method. A P-value <0.05 was considered statistically
significant. The analyses were performed by software using
GraphPad Prism Version 5.00 for Windows (GraphPad
Software, San Diego, California, USA).

Results

During the study period, 160 patients (72 male, median
age 68 years) with GEP-NEN were included in the study; the
median follow up was 62 (range 8-196) months. The site of the
primary tumor was the gut in 99 patients, the pancreas in 55,
and unknown in 7. The tumor grading was G1 in 93 patients,
G2 in 35, G3 in 4, and not available in 27. The TNM stage was:
Tin 76 patients, I in 17, IIT in 23, and IV in 44.

Among them, during a median follow-up duration of 62
months,12 patients (7.5%) (8 males and 4 females, median
age 64 [range 54-71] years) developed DVT or PE (Fig. 1),
corresponding to an estimated 6, 12 and 24 months overall
cumulative incidence of 3.3, 4.7 and 6.8% (Fig. 2). The clinical

GEP NEN
patients

PE DVT
N=3 N=8

[ ]
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Figure 1 Flowchart of the patients enrolled in the study

VTE, venous thromboembolism; GEP NEN, gastroenteropancreatic
neuroendocrine neoplasm; PE, pulmonary embolism; DVT, deep vein
thrombosis
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Figure 2 Risk of deep vein thrombosis or pulmonary embolism in
patients with gastroenteropancreatic neuroendocrine neoplasms in
the study period
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features of the 12 patients who developed VTE in comparison
to the whole cohort of 160 GEP-NEN patients are provided in
Table 1.

Nine patients (75%) had DVT, symptomatic in all cases.
The main symptoms at presentation were unilateral inferior
limb swelling (67%), cramping pain (56%), and cutaneous
dyschromia (33%). Three patients (25%) had PE, symptomatic
in 2 cases and asymptomatic in 1, and 1 patient was diagnosed
with concomitant PE and DVT. In 9 patients the primary
tumor was located in the pancreas (75%), in 2 cases in the
gut (17%), and in the remaining one, the primary tumor site
remained unknown. Two patients had a functioning tumor
(gastrinoma in one, glucagon-secreting neoplasm in the other).
The tumor grading was G1 in 3 patients, G2 in 6, G3 in 2 cases,
and not available in one case. Five patients were at stage IV
of the disease, 2 at stage III, 3 at stage II, and 2 at stage I. In 3
cases VTE developed after surgery for GEP-NEN, and no cases
of VTE for surgery unrelated to GEP-NEN were observed. In
10 patients VTE developed after or concurrently the GEP-
NEN diagnosis (median 12 months), whilst in 2 patients VTE
developed 4 and 6 months before diagnosis, respectively.
Seven patients underwent surgical intervention: in 2 cases
an RO resection was obtained, whereas in the other 5 patients
surgery was not curative and the patients received further
therapy (namely, somatostatin analogs (SSAs), chemotherapy;,
and radio-targeted therapy (PRRT)]. The 5 patients who were
not eligible for surgery received SSAs alone or in combination
with chemotherapy, PRRT, or targeted therapies (everolimus,
sunitinib). In 3 patients VTE developed during GEP-NEN
therapy, in 2 during SSA therapy, and in 1 during SSA plus
everolimus therapy.

Regarding other risk factors besides surgery, 1 patient had
aprevious DVT, and another one had atrial fibrillation. All the
patients presented with no significant alteration in the platelet
count, hemoglobin, or coagulation tests and did not have
bone fractures, trauma, or were on estroprogestinic therapy.
None of the patients had a Khorana score >2, so that none
was considered at “high risk” according to this score. All the
patients developing VTE received anticoagulant treatment for
at least 6 months after VTE. During anticoagulant therapy,
one patient had gastrointestinal bleeding requiring blood
transfusion.

The rate of pancreatic localization was significantly higher
in the cases of GEP-NEN with VTE than those without VTE
(75% vs. 34%, P=0.002, Fisher’s exact test) (Fig. 3). Moreover, a
significantly higher proportion of G2-G3 neoplasms vs. G1 ones
was observed in NENs with VTE compared to the proportion
of G2-G3 in the whole cohort of NEN patients (67% vs. 39%,
P=0.006, Fisher’s exact test) (Fig. 4). No significant statistical
difference was observed with regard to age, sex, functioning
status, and stage distribution, even if there was a trend to
higher disease staging in GEP-NENs with VTE.

Two of 12 (16.6%) patients died during the study period
(for one patient death was related to PE), similar to the death
rate for the whole cohort of 160 GEP-NENSs patients (20 deaths
among 160 patients, 12.5%). The overall survival was similar in
the VTE subgroup compared to the one observed in the entire
study population (log-rank test P=0.12).



Table 1 Characteristics of GEP-NEN vs. GEP-NEN with VTE patients
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Characteristics GEP-NEN patients (N=160) GEP-NEN patients with VTE (N=11) P-value
Age, median (range) 68 (18-83) 64 (54-71) n.s.
Male/female, N (% of male) 72/88 (45) 8/3 (73) n.s.
BMI (kg/m?) (median, IQR) 24.6 (22.1-27.3) 24.5 (21.5-27.6) n.s.
Platelet count (10°/L), median (IQR) 220 (175-259) 232 (147-308) n.s.
Leukocytes count (10°/L), median (IQR) 5.8 (4.6-8.3) 6.5 (3.9-8.6) n.s.
Hemoglobin (mmol/L), median (IQR) 12 (10.8-13.8) 13.7 (11.1-14.9) n.s.
Functioning/non- functioning, n (%) 44/116 (38) 2/9 (22) n.s.
Site, N (%)

Pancreas 55 (34) 8 (73) 0.002

Gut 99 (62) 2(18)

Unknown 7 (4) 1(9)
Staging

1 76 (48) 2(18) n.s.

11 17 (11) 3(27)

I 23 (14) 2(18)

I\ 44 (27) 4(37)
Grading

Gl 93 (58) 3(27) 0.006

G2/G3 39 (24) 7 (64)

n.a. 27 (17) 1(9)

VTE, venous thromboembolism; GEP-NEN, gastroenteropancreatic neuroendocrine neoplasm; n.s., not significant; n.a., not available; IQR, interquartile range;

BMI, body mass index

mm gut
mm pancreas
NEN without
VTE
*
NEN and VTE
0 50 100 150
Patients (N)

Figure 3 Distribution of the patients according to the primary tumor
site (pancreas vs. gut) in the neuroendocrine neoplasm (NEN) patients
with venous thromboembolism (VTE) and in all the NEN patients
(P=0.002, Fisher’s exact test)

Discussion

According to the present study, patients with GEP-NENs,
either functioning or non-functioning, harbor a considerable
risk of venous thrombosis, which seems to be higher than the
average population risk [13-16]. The risk of thrombosis seems
particularly high in the case of pancreatic NEN, in patients with
G2 or G3 neoplasms, and in those at an advanced tumor stage.
However, the clear mechanism underlying the association
between GEP-NENSs and the increased risk of developing VTE
is still unclear, also taking into account the huge heterogeneity
which represents a hallmark for all types of NENG.

The association between cancer and thrombosis is well
established. Several mechanisms may explain why cancer

- G1
NEN without @l G2-3
VTE
*
NEN and VTE

0 20 40 60 80 100
Patients (N)

Figure 4 Distribution of the patients according to the grade of the
primary tumor (Gl vs. G2-G3) in the neuroendocrine neoplasm
(NEN) patients with venous thromboembolism (VTE) and all the
NEN patients (P=0.006, Fisher’s exact test)

increases the propensity to develop VTE. Besides the
hypercoagulable status, which usually characterizes neoplastic
patients, malignancy itself, surgery, indwelling intravenous
catheters, chemo-radiotherapy, and intercurrent medical
complications, such as infection, all contribute to the increased
risk of thrombosis in cancer patients [2]. Several tumor sites,
including the pancreas, stomach, lungs, brain, ovaries, and
kidneys, and also lymphoma have the strongest reported
association with thrombosis development [17,18].

In the present series, the risk of thrombosis appears
particularly high for pancreatic NEN patients and those with
higher Gs. This is in line with the data reporting on the exocrine
counterpart, as pancreatic cancer is one of the tumors with the
highest association with VTE (approximately 20 events per
100 patient-years). Moreover, patients with high grade and an

Annals of Gastroenterology 34



592 S. Massironi et al

advanced tumor stage are more likely to continue receiving
medications for their disease, so one can speculate that each
drug class such as SSAs, chemotherapy, PRRT, or target therapy
may play a role. However, due to the small number of index
events (DVT and PE) in the current series, it was not possible
to carry out more structured and solid statistical analyses..
Further studies with larger samples are needed to draw more
solid conclusions.

No specific risk factors as platelet/coagulation alterations,
estroprogestinic therapy, trauma, or prolonged immobilization
have been observed in our patients besides the presence
of NEN and surgery in 3 patients. Of note, the risk of VTE
appears to be independent of hospitalization as 3 patients only
(25%) in our present series developed VTE in the perioperative
phase. Moreover, none of the patients had a Khorana score >2,
so that none was considered at “high risk” according to this
score. One patient had a previous DVT, treated with low-
weight heparin for 6 months, 3 years before NEN diagnosis
and another patient had atrial fibrillation and was on warfarin
treatment when VTE occurred.

Concerning the interval between GEP-NEN diagnosis and
VTE occurrence, we have observed the higher incidence of
VTE in the first 2 years from the tumor diagnosis, as reported
in the literature for all types and stages of cancer [19-21].

It has been reported that the thromboembolism rate was
4-13 times higher among the cases with metastatic disease
than those with localized disease [19,22]. In line with these
findings, a trend for higher risk of developing VTE has been
observed, in the present series, for those patients at a more
advanced disease stage. However, statistically significant results
were not achieved in the present series, probably because of
the relatively small number of events observed in the cohort of
patients considered.

According to some previous studies, the development of
VTE has been a significant predictor of death within 1 year for
all cancer types analyzed [19-21,23-26]. In the current series,
2 of 12 (16.6%) patients died during the study period and for
one patient the death was related to PE, similar to the death
rate for the whole cohort of 160 GEP-NENSs patients (20 deaths
among 160 patients, 12.5%). A possible explanation may be
the different and heterogeneous natural history of GEP-NENs
compared to the exocrine counterpart.

All the patients developing VTE received anticoagulation
for at least 6 months after the diagnosis of VTE, even if no
specific treatment protocols are available in this setting.
According to the available guidelines on VTE associated with
cancer, the initial treatment should be carried out with low-
weight heparin for 6 months, if tolerated [27]. Warfarin and
other new oral anticoagulants are acceptable alternatives if
heparin is impractical and anticoagulation is indicated [28,29].
In the presence of active malignancy, the guidelines suggest
carrying on with the anti-coagulation, also taking into account
the individual patient’s status and any bleeding risk [2]. This
prophylaxis has been shown to be effective for myeloma,
pancreatic ductal adenocarcinoma but in absolute numbers,
these cancers lead to a few venous thromboembolic events. At
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present, VTE risk scores cannot be used as a discriminatory
criterion to select a high-risk population that could really benefit
from this prevention, as we observed in the present study. In
this series, 3 patients continued their anticoagulation therapy
for a longer period: 7 and 2 years for 2 patients, respectively,
and long-term therapy for the patient with concomitant atrial
fibrillation.

The strength of the present study comes from the current
lack of data in the literature regarding this association, which
makes this study among the first to focus on the risk of VTE in
the neuroendocrine setting. One main limitation of the study is
its retrospective nature which reduces the strength of our data.
However, taking into consideration the low incidence of VTE in
the general population and the lack of reported data in NEN we
designed a retrospective study to assess the incidence of VTE.
The promising data observed could hopefully represent the
epidemiological starting point for further prospective studies.
Other limitations are the single-center design of the study and
the small sample size, which might have affected some results.
Further studies with external validation and larger series are
necessary to confirm these results.

Finally, the incidence percentages herein reported
possibly underestimate the true incidence of VTE, as only
clinically evident events with a clear-cut diagnosis have been
considered, some subclinical events having possibly been
missed out. In particular, it is possible that DVT or PE in this
series of GEP-NEN could have been missed in asymptomatic
patients, as in this study population the vast majority of the
VTE cases were clinically symptomatic. Therefore, the real
incidence of VTE could be even higher than that reported in
this paper.

In summary, although the intrinsic limitations of the
current study do not allow us to draw solid conclusions, it
appears that patients with GEP-NEN, either functioning or
non-functioning, might harbor a considerable risk of VTE. The
risk of thrombosis seems particularly high for male patients,
in the case of pancreatic NENSs, in patients with G2 or G3
neoplasms, and in those at an advanced tumor stage. Physicians
dealing with GEP-NEN patients should be aware of this risk,
keeping in mind that these tumors are very heterogeneous in
terms of biological behavior. Also, in the case of adjunctive
risk factors, such as surgery, trauma, immobilization, adequate
antithrombotic prophylaxis, and preventive measures against
VTE might be encouraged. Further prospective studies
with larger samples are required in order to understand the
biological mechanisms causing VTE in patients with GEP-
NENs and thus to select specific subgroups of NEN patients
who need adequate antithrombotic prophylaxis and preventive
measures.
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Summary Box

What is already known:

o Venous thromboembolism is a
complication in cancer patients

o In pancreatic neuroendocrine neoplasms (NENs)
extended venous thromboembolism prophylaxis
after surgery has been suggested for the increased
risk of thrombotic events

o Glucagonoma clinical syndrome is characterized
by a hypercoagulable state, diabetes, dermatitis,
and depression

frequent

What the new finding is:

o Patients with gastroenteropancreatic NENs have an
increased risk of venous thrombosis, particularly
higher in those with pancreatic NEN, G2 or G3
neoplasms, and with an advanced tumor stage

—
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