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Abstract
Extramural venous invasion (EMVI) is an established independent prognostic factor in colorectal carcinoma where it is
linked to hematogenous spread (i.e., liver metastases), influencing the decision for adjuvant chemotherapy. However, its
prognostic significance in small intestinal neuroendocrine tumors (NETs) has not been studied, nor is it routinely assessed or
reported. We reviewed primary small bowel NETs (14 jejunum, 82 ileum, 8 not specified) from 104 patients (52 women;
median age 60.5, range: 24–84). EMVI was identified in 58 cases (55.8%), including in 13 of 21 equivocal cases using an
elastin stain. In univariate analysis, EMVI was associated with lymphovascular and perineural invasion, tumor stage, and
lymph node and distant metastases, whereas in multivariate analysis, only distant metastases remained significant (p <
0.001). Liver metastases were present in 55 cases (52.9%) and were significantly associated in univariate analysis with
lymphovascular and perineural invasion, tumor stage, lymph node metastases, and EMVI, whereas in multivariate analysis,
only EMVI remained significant (p < 0.001; odds ratio (OR)= 59.42). Eight patients developed metachronous liver
metastases during follow-up (mean 22.9 ± 22.0 months, range: 4.7–73.2) and all (100%) were positive for EMVI. In contrast,
of 49 patients who never developed liver metastases over significantly longer follow-up (mean 71.0 ± 32.4 months, range:
6.6–150.4; p < 0.001), only 7 (14.3%) had EMVI (p < 0.001). In Kaplan–Meier analysis, 8 of 15 patients with EMVI
(53.3%) developed metachronous liver metastases, compared with 0 of 42 patients without EMVI (p < 0.001). In contrast,
nonhepatic distant metastases, seen in 26 (25.0%) patients, were not associated with EMVI in multivariate or Kaplan–Meier
analyses. Our data demonstrate that EMVI is common in small bowel NETs and strongly correlates with development of
liver metastases. Therefore, its evaluation is critical and should be assessed in combination with adjuvant techniques such as
elastin staining, if necessary. Moreover, inclusion of EMVI in pathology reporting guidelines should be considered.

Introduction

Well-differentiated neuroendocrine neoplasms (NENs), also
termed neuroendocrine tumors (NETs) and referred to as
“carcinoids” when occurring in the gastrointestinal (GI)
tract, are relatively rare epithelial neoplasms with morpho-
logic and/or immunohistochemical features supporting
neuroendocrine differentiation, such as expression of

synaptophysin and/or chromogranin [1–5]. Most small
intestinal NETs are thought to arise from enterochromaffin
cells and typically exhibit organoid architecture (trabecular,
nested, cord- or ribbon-like), uniform small nuclei, and
coarsely granular chromatin, similar to NENs in other
organs. Well-differentiated NENs of the tubular GI tract are
further subclassified according to the anatomical location of
the primary tumor wherein staging parameters slightly dif-
fer, particularly in regards to T (tumor) stage. The current
American Joint Committee on Cancer (AJCC) staging
manual (8th edition) takes into account a combination of
tumor size and depth of invasion for pT stage, evaluates the
number of regional lymph nodes involved (together with
size of mesenteric deposits) for pN stage, and assesses
distant metastases for pM stage, designated pM1a when
confined to the liver [6]. In contrast, grading (low, inter-
mediate, or high) is fairly uniform across all gastro-
enteropancreatic NENs regardless of primary site, and
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involves established cutoffs in the mitotic count (deter-
mined on hematoxylin & eosin (H&E)-stained sections)
and/or Ki-67 proliferation index (evaluated on MIB-1
immunohistochemical stains) [7].

The incidence of NENs has increased substantially in
recent decades and the small intestine is the most common
primary site within the GI tract (~27–52%, depending on
the study population), with 50–67% of these found in the
ileum, particularly the distal part, and 8–11% in the jejunum
[8, 9]. Small intestinal NETs are slightly more common in
women (53%) and as many as 30–50% are multicentric
[10]. While about a third remain localized, small bowel
NETs pose a therapeutic challenge as more than half (and
even up to 90%, in some studies) are already metastatic at
the time of diagnosis [11–15]. Common sites of metastases
include locoregional lymph nodes (involved in an average
of 60–70% of cases) and the liver (20–30%, on average),
the latter sometimes (<10%) associated with the occurrence
in patients of the so called “carcinoid syndrome,” a con-
stellation of debilitating, hormone-induced symptoms
[9, 16]. However, confounding these data is the fact that
many small bowel NETs are completely asymptomatic and
are identified incidentally or discovered in autopsy series
[17]. Long-term recurrence is very common (50%) [18–20].
Nevertheless, prognosis is generally favorable with 5-year
survival close to 80–100% for localized disease and
around 50% for patients with metastases. Beyond grade,
stage, and associated variables (nodal metastases, mesen-
teric involvement, etc.), other prognostic features and bio-
markers for NETs have not been well defined or validated
[13, 21, 22].

Extramural venous invasion (EMVI) had been recog-
nized early on as an important and independent factor in the
prognosis of colorectal carcinoma (CRC), particularly as it
pertains to the development of distant, visceral metastases
[23–28]. It is thought to confer different prognostic infor-
mation from intramural “small vessel” or lymphovascular
invasion (LVI) and, as such, it should be distinguished and
separately designated in pathology reports [29–35]. In
particular, LVI is associated with lymph node metastases
and is of particular importance in lower stage tumors that
might not otherwise be candidates for adjuvant treatment or
targets of continued surveillance. Similarly, perineural
space invasion, defined as the presence of neoplastic cells
within nerve structures with tumor spread along nerve
sheaths, has a reported prevalence in CRC anywhere from 2
to more than 50% and may provide a route to local spread
and tumor recurrence, but its contribution to distant meta-
static disease is less clear [32, 36–40]. Conversely, EMVI
has a stronger association with poor prognosis and visceral
hematogenous disease spread, thought to be mediated by
direct access to the portal circulation in tumors drained by
the inferior mesenteric vein [29, 32, 37, 41].

Nevertheless, extreme variability is seen in the reported
incidence of EMVI in CRC (10–90%), owing to differences
in the patient population and sample composition (espe-
cially as it relates to tumor stage), the pathologist’s
experience and expertise, the use of special stains and
techniques, as well as the understanding and application of
diagnostic criteria [35, 42–46]. For example, the use of
tangential sectioning along the radial edge of the tumor, in
order to maximize the number of veins sampled in cross-
section, has been shown to almost double the detection rate
of EMVI [47–49]. The most widely examined and recom-
mended technique in the evaluation of EMVI in CRC has
been the use of elastin stains, which has been shown to lead
to an approximately threefold increase in detection [50–53].
These advances have led academic societies and pathology
experts to recommend that EMVI should be routinely
diagnosed in at least 20–30% of CRC specimens and that
efforts to reach that goal should be undertaken and docu-
mented [32, 44, 54]. Indeed, most systematic reviews and
meta-analyses have concluded that the overall incidence of
EMVI in CRC is or should be around 25% [28, 35].

In contrast, there are no published studies on the pre-
sence of EMVI in small intestinal NETs and its presence or
absence is not routinely assessed or documented in
pathology diagnostic reports, nor is it included in synoptic
protocol guidelines and recommendations for these tumors.
To this end, the aim of our study was to determine the
incidence, clinicopathological associations, and prognostic
significance of EMVI in small bowel NETs.

Materials and methods

Study cases

The study was approved by the Mount Sinai Institutional
Review Board. Cases of small intestinal NETs were
retrieved from surgical pathology records over an 8-year
period (June 2009–May 2017). Inclusion criteria consisted
of surgical resection specimens of neoplasms diagnosed as
primary, well-differentiated NENs of the small intestine
(including jejunum, ileum, and small bowel, not otherwise
specified [NOS]). Specimens with NENs of the stomach,
pancreas, duodenum, or large intestine (including cecum,
appendix, colon, and rectum) were excluded. Mixed neu-
roendocrine-non-neuroendocrine neoplasms (MiNENs),
adenocarcinomas, and poorly differentiated (small cell or
large cell) neuroendocrine carcinomas were excluded.
Consultation cases submitted to our department from
referring institutions were included only when all micro-
scopic slides and/or tissue blocks were available for review.
Specimens from endoscopic procedures (including biopsies,
endoscopic mucosal resections, and endoscopic submucosal
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dissections) were excluded. Cases with lacking or insuffi-
cient clinical data in patient medical records were excluded.

Clinicopathological data

Data on demographic and clinicopathological features,
including patient age and sex, tumor grade, primary site,
multifocality, and stage (pT, pN, pM, and overall stage
group), the presence of small vessel LVI, and perineural
space invasion, as well as resection margin status were
obtained from surgical pathology reports and patient med-
ical records. Cases wherein the anatomical site of the pri-
mary tumor in the small intestine was not listed in the
medical record (including endoscopy and radiology reports
and intraoperative notes), could not be further determined or
inferred from the gross pathology specimen, and was listed
in the pathology requisition by the clinician or surgeon as
“small bowel” with no additional information were desig-
nated as small bowel, NOS. Tumor grade was established
according to consensus criteria [55–57] with grade 1 (G1)
NETs defined as those with <2 mitotic figures per ten high
power fields (HPF; ×400 magnification, area equivalent to
2 mm2) and Ki-67 proliferation index < 3% (based on MIB-
1 immunohistochemical stain); G2 defined as 2–20 mitotic
figures per ten HPFs and/or Ki-67 index 3–20%; and G3
defined as >20 mitotic figures per ten HPFs and/or Ki-67
index > 20%. Tumor areas with the most mitotic figures or
highest Ki-67 index (“hot spots”) were used and the highest
tumor grade regardless of methodology (mitotic count vs.
MIB-1 stain) was recorded. When primary tumor grade was
discordant with that of metastatic deposits (lymph nodes,
liver, etc.), if any, the higher grade was recorded. Stage
parameters (pT, pN, pM1, and overall stage group) were
scored according to the current AJCC Cancer Staging
Manual [6]. To evaluate patient outcomes, electronic med-
ical records were extensively reviewed and events (distant,
hepatic, and nonhepatic metastases) were recorded. The
presence of distant metastases was established by imaging
studies (including CT, MRI, and gallium scanning mod-
alities, as appropriate) and/or histopathologic examination
of tissue. Information on the use of adjuvant treatment (such
as with somatostatin analogs [SSAs]), if any, was obtained
from medical records. Follow-up time, defined as the length
of time from small bowel NET diagnosis to distant metas-
tases or data censoring, was determined in months.

Extramural venous invasion

All H&E-stained sections were retrieved and independently
and blindly scored by two GI pathologists (QL and ADP) for
the presence of EMVI, defined as the unequivocal presence
of NET deposits within the lumen of large veins located in
the subserosal soft tissue. Cases with disagreement were

resolved by consensus on a multiheaded microscope. Veins
were identified by the lack of internal elastic lamina, the
presence of a relatively thin smooth muscle layer (tunica
media), a low wall-thickness-to-vessel-diameter ratio, and
their close proximity to large muscular arteries or their
smooth-bordered projection into subserosal adipose tissue
(“orphan arteriole” and “protruding tongue” signs, respec-
tively) [35]. In accordance with AJCC Cancer Staging
guidelines, the designation of EMVI (as with tumor deposits)
is applicable to all pT categories and its presence does not
influence or upstage the pT stage of the tumor [6]. Equivocal
cases on H&E-stained sections (i.e., where extramural tumor
deposits were not clearly surrounded by the wall of a large
vein) were selectively stained with a modified Verhoeff’s-
van Gieson (VVG) stain. Briefly, tissue sections (5 μm thick,
fixed in 10% neutral buffered formalin) were deparaffinized,
hydrated, and stained in fresh Verhoeff’s solution (five parts
5% alcoholic hematoxylin, two parts 10% aqueous ferric
chloride, and two parts Gram–Weigert’s iodine solution).
Subsequently, sections were differentiated in 2% aqueous
ferric chloride, treated with 5% aqueous sodium thiosulfate,
and counterstained in van Gieson’s solution (1 part 1%
aqueous acid fuchsin and 20 parts saturated aqueous picric
acid solution). Cases were defined as positive for EMVI on
VVG stain, when clearly identifiable NET deposits were
completely or almost completely surrounded by a rim of
irregular, black-staining elastin fibers, indicating the presence
of venous wall remnants.

Statistical analysis

Continuous variables (patient age and follow-up time) were
compared using Student’s t test. Categorical variables
(patient sex, anatomical site of the tumor, tumor multi-
centricity, surgical resection margin status, tumor grade,
presence of lymphovascular and perineural space invasion,
pT, pN, pM, use of SSA, presence of liver and/or other
distant metastases, and presence of EMVI) were compared
using Fisher’s exact or likelihood ratio chi-squared tests.
The following group comparisons were made: low grade
(G1) vs. intermediate and high (G2/G3) grade; intramural
(pT1/T2) vs. extramural (pT3/T4) tumor spread; negative
(pN0) vs. positive (pN1/2) lymph nodes; and absence
(pM0) vs. presence (pM1) of distant metastases. NETs from
the small bowel, NOS, were not incorporated into the
analysis on anatomical site. Multivariate logistic regression
analysis was performed using all characteristics as inde-
pendent variables with calculated OR and 95% confidence
intervals (CI). Survival analysis with Kaplan–Meier curves
was used to test for differences in the development of
hepatic and nonhepatic distant metastases as a function of
the presence or absence of EMVI at the time of surgical
resection of the small intestinal NET. Log-rank test was
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employed for statistical significance. All statistical analyses
were carried out using Statistical Package for the Social
Sciences software (build 1.0.0.1327; copyright 2019, IBM)
with p < 0.05 considered significant throughout.

Results

Clinicopathological characteristics

Resection specimens of primary small bowel NETs from
104 patients fulfilled inclusion criteria (Table 1). The
patients, 52 (50.0%) of whom were female, had a mean age
of 60.4 ± 12.3 years and a median age of 60.5 years (range:
24–84). The anatomical site of the primary tumor was most
often the ileum (82 cases, 78.8%) and 46 tumors (44.2%)
were multifocal, while 15 cases (14.4%) had positive
resection margin(s). Most tumors (72 cases, 69.2%) were
low grade (G1) and the most common primary tumor stage
(62 cases, 59.6%) was invasion through muscularis propria
into subserosal soft tissue (pT3). Most tumors (92 cases,
88.5%) were positive for intramural, small vessel LVI, and
half (52 cases, 50.0%) showed perineural space invasion.
Most tumors (82 cases, 78.8%) were positive for regional
lymph node metastases, including 26 cases (25.0%) with 12
or more positive lymph nodes or mesenteric tumor deposits
larger than 2 cm (pN2). More than half of the cases (62,
59.6%) had or later developed distant metastases (pM1,
overall stage group IV), including 36 (34.6%) to the liver
(pM1a), 7 (6.7%) to other sites (e.g., lungs, bones, breast;
pM1b), and 19 (18.3%) to both (pM1c). The overall TNM
stage was low in 13 cases (12.5%), including 4 (3.8%) stage
I and 9 (8.7%) stage II tumors.

Extramural venous invasion

EMVI, defined as the presence of NET deposits within the
lumen of large veins in the perienteric adipose tissue, was
evaluated in all cases. In 83 (79.8%), the presence or
absence of EMVI was sufficiently determined by reviewing
H&E-stained sections and, of these, 45 (54.2%) were
positive for EMVI. For the remaining 21 (20.2%) cases that
were initially considered equivocal for EMVI, serial sec-
tions were stained for elastin using a modified VVG stain
(Fig. 1). Of these, 13 cases (61.9%) were deemed positive
for EMVI on VVG stain. Overall, 58 (55.8%) cases were
positive for EMVI and the use of an elastin stain improved
the rate of EMVI detection from 45 to 58 cases, a 28.9%
increase. The number of blocks with extramural tissue
examined from cases that were positive for EMVI (mean
5.8 ± 3.1, median 5, range: 2–15) was comparable with the
number from cases negative for EMVI (mean 6.3 ± 2.6,
median 6, range: 2–12), the difference not being significant

(p= 0.38). In univariate analysis, the presence of LVI,
perineural space invasion, higher tumor pT stage, positive
lymph nodes, and distant metastases were significantly
associated with EMVI, whereas patient sex and age, ana-
tomical site of primary tumor and tumor multicentricity,
margin status, and grade were not (Table 1). Multivariate
logistic regression showed that only distant metastases
(pM1) remained significantly associated with EMVI (p <
0.001), and this association was investigated further.

Liver metastases

Among study patients, 55 (52.9%) had liver metas-
tases (Table 2). In univariate analysis, lymphovascular and
perineural invasion, higher tumor pT stage, positive lymph
nodes, and EMVI were significantly associated with the
presence of liver metastases. Patient sex and age, tumor site,
tumor multicentricity, resection margin status, and tumor
grade were not associated with liver metastases. Of 55
patients who originally had or eventually developed liver
metastases, 51 (92.7%) had EMVI diagnosed at the time of
resection of the small bowel NET, including identified
through the use of an elastin stain, whereas out of 49 patients
that did not develop liver metastases, only 7 (14.3%)
had EMVI (p < 0.001). In multivariate logistic regression
analysis, EMVI was the only characteristic that was sig-
nificantly associated with the presence of liver metastases in
our patient cohort (p < 0.001) with an OR of 59.4 (95% CI:
13.4–263.5).

Patient outcomes

In terms of overall survival, there were only five deaths
during the study period: two patients with liver metastases
died of disease and three patients without liver metastases
died with no evidence of disease. The low mortality rate
precluded any meaningful analysis of overall survival.
Instead, we evaluated hepatic and nonhepatic distant
metastases as primary outcome endpoints in order to iden-
tify variables influencing tumor progression and disease-
free survival. Of 55 patients with liver metastases, 27
(49.1%) were diagnosed at the time of small bowel NET
resection and another 20 (36.4%) were diagnosed before the
actual tumor diagnosis, i.e., patients had presented with
liver metastases. The remaining eight patients (14.5%)
developed liver metastases subsequently (i.e., metachro-
nous), during a mean clinical follow-up of 22.9 ±
22.0 months (median 13.8, range: 4.7–73.2) and all eight
(100%) were positive for EMVI (Supplementary Table 1).
In contrast, 49 patients never developed liver metastases
over a significantly longer mean clinical follow-up of 71.0
± 32.4 months (median 61.4, range: 6.6–150.4; p < 0.001)
and only seven (14.3%) of these had EMVI (p < 0.001).
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Table 1 Clinicopathological characteristics of small bowel neuroendocrine tumors with and without extramural venous invasion.

Total (n= 104) Extramural venous invasion p value

Present (n= 58) Absent (n= 46) Univariate Multivariate

Patient sex

Female 52 (50.0%) 32 (55.2%) 20 (43.5%) 0.24 0.60

Male 52 (50.0%) 26 (44.8%) 26 (56.5%)

Patient age (years)

Mean ± SD 60.4 ± 12.3 61.4 ± 11.5 59.1 ± 13.1 0.40 0.81

Median (range) 60.5 (24–84) 63 (36–84) 58 (24–83)

Site (primary tumor)

Jejunum 14 (13.5%) 6 (10.3%) 8 (17.4%) 0.36 0.29

Ileum 82 (78.8%) 46 (79.3%) 36 (78.3%)

Small bowel, NOS 8 (7.7%) 6 (10.3%) 2 (4.3%)

Tumor multicentricity

Unifocal 58 (55.8%) 31 (53.4%) 27 (58.7%) 0.59 0.43

Multifocal 46 (44.2%) 27 (46.6%) 19 (41.3%)

Resection margin status

Negative (R0) 89 (85.6%) 47 (81.0%) 42 (91.3%) 0.13 0.49

Positive (R1) 15 (14.4%) 11 (19.0%) 4 (8.7%)

Tumor grade (G)

G1 (low) 72 (69.2%) 37 (63.8%) 35 (76.1%) 0.17 0.75

G2 (intermediate) 30 (28.8%) 19 (32.8%) 11 (23.9%)

G3 (high) 2 (1.9%) 2 (3.4%) 0 (0)

Lymphovascular invasion

Absent 12 (11.5%) 2 (3.4%) 10 (21.7%) 0.003 0.88

Present 92 (88.5%) 56 (96.6%) 36 (78.3%)

Perineural space invasion

Absent 52 (50.0%) 22 (37.9%) 30 (65.2%) 0.005 0.82

Present 52 (50.0%) 36 (62.1%) 16 (34.8%)

Tumor stage (pT)

T1 6 (5.8%) 2 (3.4%) 4 (8.7%) 0.040 0.78

T2 18 (17.3%) 7 (12.1%) 11 (23.9%)

T3 62 (59.6%) 35 (60.3%) 27 (58.7%)

T4 18 (17.3%) 14 (24.1%) 4 (8.7%)

Lymph node status (pN)

Negative (N0) 22 (21.2%) 7 (12.1%) 15 (32.6%) 0.011 0.32

Positive (N1 or N2) 82 (78.8%) 51 (87.9%) 31 (67.4%)

<12 nodes (N1) 56 (53.8%) 36 (62.1%) 20 (43.5%)

≥12 or >2 cm (N2) 26 (25.0%) 15 (25.9%) 11 (23.9%)

Distant metastases (pM)

Negative (M0) 42 (40.4%) 4 (6.9%) 38 (82.6%) <0.001 <0.001

Positive (M1) 62 (59.6%) 54 (93.1%) 8 (17.4%)

Liver (M1a) 36 (34.6%) 34 (58.6%) 2 (4.3%)

Other (M1b) 7 (6.7%) 3 (5.2%) 4 (8.7%)

Both (M1c) 19 (18.3%) 17 (29.3%) 2 (4.3%)

NETs neuroendocrine tumors, SD standard deviation, NOS not otherwise specified.

Statistically significant p values are indicated in bold.
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Besides EMVI, in univariate analysis, female sex, peri-
neural space invasion, and positive lymph nodes also cor-
related with the development of metachronous liver
metastases. However, in multivariate analysis excluding
EMVI, none of these variables retained significance. To
examine for the possible effect of medical therapy on the
endpoint of liver metastases, we also recorded the use of
adjuvant SSAs, after surgery and NET diagnosis (Supple-
mentary Table 1). There was no significant difference in the
number of patients on SSA, with five of eight (62.5%)
patients with liver metastases receiving treatment, compared
with 19 of 49 (38.8%) without liver metastases (p= 0.10).
No patients received adjuvant chemotherapy (other than
SSA) or radiation prior to developing liver metastases.
Kaplan–Meier curves were also used to analyze differences
in the development of metachronous liver metastases (i.e.,
disease-free survival) after surgical resection of small bowel
NETs (Fig. 2a). Of 15 patients with EMVI at the time of
NET diagnosis, 8 (53.3%) developed metachronous liver
metastases during follow-up, compared with none out of 42
patients without EMVI (p < 0.001; log-rank test).

Nonliver distant metastases

In order to determine whether EMVI was associated with all
types of distant metastases or specifically correlated with
disease spread to the liver, we identified cases that devel-
oped metastases to other organs, such as the lungs, bones,
breast, etc. Such nonliver distant metastases were seen in 26
(25.0%) cases overall (Table 2). In univariate analysis,
tumor multifocality, positive lymph nodes, and EMVI were
significantly associated with the presence of nonliver distant
metastases, whereas patient sex and age, anatomical site of
the primary tumor, resection margin status, tumor grade,
lymphovascular or perineural space invasion, and tumor pT
stage were not. After multivariate logistic regression ana-
lysis, tumor multifocality remained closely associated with
the presence of nonliver distant metastases, albeit without
retaining significance (p= 0.061), whereas EMVI did not.
Finally, 11 (42.3%) of the 26 patients developed nonliver
metastases subsequently to NET diagnosis and, of those, 6
(54.5%) were positive for EMVI, a similar proportion to
the 38 of 78 (48.7%) patients without any nonhepatic

Fig. 1 Elastin stain in the diagnosis of extramural venous invasion
(EMVI) in small intestinal neuroendocrine tumors (NETs).
a Representative hematoxylin & eosin (H&E)-stained section showing
tumor deposits (arrow) in subserosal soft tissue, near a large muscular
artery (top). b Verhoeff’s-van Gieson (VVG)-stained serial section
from the same tissue block (as in a) highlights tumor cells surrounded
by black wisps of elastin, indicating invasion within the lumen of a
large vein (arrow). Note the artery (top) with both internal and external
elastic laminae. Based on the VVG stain, this tumor was scored as

being positive for EMVI. c Representative H&E section from a dif-
ferent NET with extramural tumor deposits (arrow) amid fibroadipose
tissue, again in the vicinity of a large muscular artery (right). d VVG-
stained serial section from the same tissue block as in c shows no
black-staining elastin fibers around tumor cells (arrow). Note again the
muscular artery (right). On the basis of this VVG stain, this tumor was
recorded as being negative for EMVI (H&E and VVG stains; original
magnification: ×200).
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distant metastases being positive for EMVI (p= 0.72). A
Kaplan–Meier curve (Fig. 2b) showed that while there was
a trend toward patients with EMVI at the time of NET
diagnosis to develop metachronous, nonliver distant
metastases compared with patients without EMVI, the result
was not statistically significant (p= 0.09; log-rank test).

Discussion

This retrospective study of 104 small intestinal NETs
identified EMVI as a significant prognostic factor for the
development of liver metastases. The demographic char-
acteristics of our patient cohort (50% female, mean age 60.4

Table 2 Clinicopathological characteristics of small bowel neuroendocrine tumors with and without liver and nonliver distant metastases.

Liver metastases Nonliver metastases

Present Absent p value Present Absent p value

(n= 55) (n= 49) Univ Multi (n= 26) (n= 78) Univ Multi

Patient sex

Female 31 (56.4%) 21 (42.9%) 0.17 0.33 14 (53.8%) 38 (48.7%) 0.65 0.34

Male 24 (43.6%) 28 (57.1%) 12 (46.2) 40 (51.3%)

Patient age (years)

Mean ± SD 61.9 ± 11.1 58.6 ± 13.3 0.17 0.43 61.2 ± 10.9 60.1 ± 12.7 0.69 0.87

Median (range) 63 (36–84) 58 (24–83) 60 (36–78) 60.5 (24–84)

Site (primary tumor)

Jejunum 7 (12.7%) 7 (14.3%) 0.93 0.38 3 (11.5%) 11 (14.1%) 0.74 0.58

Ileum 42 (76.4%) 40 (81.6%) 21 (80.8%) 61 (78.2%)

Small bowel, NOS 6 (10.9%) 2 (4.1%) 2 (7.7%) 6 (7.7%)

Tumor multicentricity

Unifocal 30 (54.5%) 28 (57.1%) 0.79 0.80 9 (34.6%) 49 (62.8%) 0.012 0.061

Multifocal 25 (45.5%) 21 (42.9%) 17 (65.4%) 29 (37.2%)

Resection margin status

Negative (R0) 44 (80.0%) 45 (91.8%) 0.080 0.34 20 (76.9%) 69 (88.5%) 0.16 0.37

Positive (R1) 11 (20.0%) 4 (8.2%) 6 (23.1%) 9 (11.5%)

Tumor grade (G)

G1 (low) 34 (61.8%) 38 (77.6%) 0.081 0.37 17 (65.4%) 55 (70.5%) 0.63 0.85

G2 (intermediate) 19 (34.5%) 11 (22.4%) 9 (34.6%) 21 (26.9%)

G3 (high) 2 (3.6%) 0 (0) 0 (0%) 2 (2.6%)

Lymphovascular invasion

Absent 2 (3.6%) 10 (20.4%) 0.006 0.98 1 (3.8%) 11 (14.1%) 0.12 0.97

Present 53 (96.4%) 39 (79.6%) 25 (96.2%) 67 (85.9%)

Perineural space invasion

Absent 20 (36.4%) 32 (65.3%) 0.003 0.32 11 (42.3%) 41 (52.6%) 0.36 0.70

Present 35 (63.6%) 17 (34.7%) 15 (57.7%) 37 (47.4%)

Tumor stage (pT)

T1 2 (3.6%) 4 (8.2%) 0.028 0.61 0 (0%) 6 (7.7%) 0.27 0.38

T2 6 (10.9%) 12 (24.5%) 4 (15.4%) 14 (17.9%)

T3 34 (61.8%) 28 (57.1%) 17 (65.4%) 45 (57.7%)

T4 13 (23.6%) 5 (10.2%) 5 (19.2%) 13 (16.7%)

Lymph node status (pN)

Negative (N0) 7 (12.7%) 15 (30.6%) 0.025 0.47 2 (7.7%) 20 (25.6%) 0.036 0.33

Positive (N1 or N2) 48 (87.3%) 34 (69.4%) 24 (92.3%) 58 (74.4%)

<12 nodes (N1) 34 (61.8%) 22 (44.9%) 17 (65.4%) 39 (50.0%)

≥12 or >2 cm (N2) 14 (25.5%) 12 (24.5%) 7 (26.9%) 19 (24.4%)

Extramural venous invasion

Absent 4 (7.3%) 42 (85.7%) <0.001 <0.001 6 (23.1%) 40 (51.3%) 0.010 0.18

Present 51 (92.7%) 7 (14.3%) 20 (76.9%) 38 (48.7%)

Follow-up time (months)

Mean ± SD 22.9 ± 22.0a 71.0 ± 32.4 <0.001 N/A 45.0 ± 40.4a 68.9 ± 32.8 0.31 N/A

Median (range) 13.8 (4.7–73.2) 61.4 (6.6–150.4) 44.5 (4.8–59.8) 62.8 (6.3–127.0)

Univ univariate, Multi multivariate, SD standard deviation, NOS not otherwise specified, N/A not applicable.

Statistically significant p values are indicated in bold.
aFollow-up time is shown for patients with metachronous liver and nonliver metastases and was excluded from multivariate analysis.
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years) and basic clinicopathological features of the tumors
in this study (78.8% ileal, 44.2% multifocal) are in keeping
with the published attributes of small bowel NETs
[8, 13, 14, 16, 58]. However, the proportion of patients with
advanced disease in this group (78.8% lymph node-positive,
52.9% with liver metastases) is slightly higher than the
average reported in the literature. Possibly accounting for
this, our institution functions as a referral center for the
treatment of NENs, particularly of the small and large
intestines, which may have led to an enrichment in our
study of more difficult to treat, higher-stage cases as a
result. Nevertheless, these parameters were incorporated in
multivariate analysis and their possible contribution in our
cohort was appropriately assessed.

EMVI was present in 55.8% of cases. While there are no
published reports on the incidence of EMVI in intestinal
NETs to compare it with, this rate is higher than the average
incidence of EMVI in CRC, which is generally reported to
be between 20 and 40%, on average [32, 37]. This differ-
ence is not completely explained by any disparity in the
propensity for metastases between the two tumor types,
since the average rate of liver metastases among small
intestinal NENs is only slightly higher than that seen with
CRC (20–30% vs. 15–25%, respectively) [59, 60]. Inter-
estingly, liver metastases are more common with left-sided
as opposed to right-sided CRC, so a more anatomically
proximal location to the liver (as would be seen with small
intestinal tumors as opposed to colorectal ones) is also not
likely to account for this discrepancy [59, 60].

A recent study of mesenteric tumor deposits in small
intestinal NETs found that they were more common (60%)
than corresponding deposits in CRC and were significantly

associated with LVI and liver metastases [61]. To the extent
that at least some of these lesions represent mesenteric
venous invasion, as the authors suggested, our results are in
line with these findings. Importantly, 51.3% of the patients
in our study had liver metastases, slightly higher than the
average rate in both CRC and small bowel NENs [11, 14–
16]. A higher overall tumor stage in our cases could account
for the higher observed rate of EMVI, particularly since we
found that liver metastases were significantly associated
with EMVI. Alternatively, one could hypothesize that it
may be easier to recognize EMVI in histological sections
from NETs compared with sections from adenocarcinomas,
even though NET cells are phenotypically more likely to be
mistaken for lymphocytes, often incite retraction artifact,
and generally lack tumor necrosis and the micropapillary
architecture that is often characteristic of vascular tumor
emboli in CRC.

The use of an elastin stain has been shown to increase
detection of EMVI in CRC by two- to threefold [46–49]. In
our study, adjuvant VVG staining increased the rate of
EMVI positivity by 13 cases, from 45 (43.3%) to 58
(55.8%), a 28.9% (or ~1.3-fold) increase. A possible reason
for this lower rate of increase may be that we started out from
a higher incidence to begin with, prior to the evaluation of
adjuvant elastin stains. Studies of EMVI incidence in CRC
had an initial rate of detection on H&E-stained sections
between 19 and 24% before using elastin stains and therefore
ample opportunity for a more impressive fold increase [47–
49]. It is possible that, in combination with an elastin stain
for vessels, the use of a counterstain to help identify tumor
cells (e.g., a silver stain for neuroendocrine cells) would
increase the rate of EMVI detection even further. However,

Fig. 2 Presence of extramural venous invasion (EMVI) is strongly
associated with the development of distant liver metastases in
small intestinal neuroendocrine tumors (NETs). a Kaplan–Meier
curves of cumulative disease-free survival (DFS), defined as the
absence of liver metastases, for NETs with and without EMVI at the
time of surgical resection. b Kaplan–Meier curves of DFS defined as

the absence of distant metastases to sites other than the liver (i.e.,
lungs, bones, breast, etc.) for NETs with and without EMVI at the time
of diagnosis. Cross hatches (+) indicate censoring of patients (death or
end of follow-up) and vertical step lines indicate events (i.e., diagnosis
of liver or nonliver metastases). p values given for log-rank test.
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technical issues might preclude the combination of silver and
elastin stains, not to mention the difficulty in identifying both
tumor cells and vessel walls through their black color. Per-
haps more feasible would be the use of multiplex immuno-
histochemistry employing markers for both the vein wall and
invading NET cells to document EMVI (e.g., smooth muscle
actin and synaptophysin), something that has been occa-
sionally utilized in CRC [33, 62, 63].

A number of CRC studies have tried to differentiate
intramural from extramural vascular invasion, the former
incorporating invasion into small lymphatic vascular chan-
nels as well as intramural veins, without necessarily dis-
tinguishing between the two [35]. Nevertheless, they are
both associated with poor prognosis and adverse outcomes
even though results have been diverse and contradicting
[29–31, 64–66]. Small vessel LVI is mostly associated with
lymph node metastases whereas large EMVI is largely a risk
factor for liver metastases. Thus, current recommendations
and synoptic protocols for CRC call for the distinction
between small and large vessel tumor invasion and further
separate intramural from EMVI [67]. However, the sig-
nificance of intramural venous invasion (i.e., within the
submucosa or muscularis propria) is less clear. Since pub-
lished protocols for the examination of small intestinal
specimens with NETs currently only identify “LVI” as a
data element without additional modifiers [68], it is our
hope that results such as those presented herein will
encourage the use of distinct subcategories for vascular
invasion in NETs as well.

The concept of multistep carcinogenesis encompasses
the metachronous, step-wise progression of disease beyond
the primary tumor [69]. Thus, CRC cells travel to regional
lymph nodes first before disseminating to the liver or
peritoneal surfaces, and lung metastases develop only after
considerable disease spread has occurred. This is consistent
with higher rates of lymph node involvement compared
with liver metastases seen with most intestinal tumors,
including CRCs and NETs, and with the relatively low
incidence of metastases to other organs. EMVI is a parti-
cularly strong prognostic factor in CRC, especially as it
pertains to the development of distant metastases. This has
led to the concept of an “anatomical vascular highway”
accessed by tumor cells via deep, extramural growth and
venous invasion and allowing for extensive and rapid tumor
dissemination [32]. Accordingly, small intramural LVI is
associated with regional lymph node metastases and lym-
phatic drainage through the thoracic duct to the systemic
circulation, whereas EMVI is associated with hematogen-
ous liver metastases via the inferior mesenteric vein drai-
nage to the portal system. These disparate modes of tumor
spread would lend support to the argument for separating
LVI from EMVI during histopathological examination of
these tumors.

Due to the low mortality rate among patients in our
study, we were unable to investigate the effect of EMVI on
overall survival as a primary outcome endpoint. A much
larger population-based study would be required in order to
examine this possible and crucial association. Nevertheless,
the strong correlation we identified between the presence of
EMVI and liver metastases, particularly metachronous ones,
makes it a critical parameter to evaluate during pathologic
examination. From a diagnostic perspective, the identifica-
tion of EMVI on surgical resection specimens from primary
small bowel NETs would further identify the liver as a
major focus for additional clinical investigation. Moreover,
it may contribute information in terms of the biological
pathways used by tumor cells during the development of
distant metastases, which may then provide targets for
therapeutic intervention in the future.

Nonliver distant metastases were present at a lower rate
than liver metastases in this patient cohort and were not
significantly associated with the presence of EMVI. We
found that 100% of NETs with metachronous liver metas-
tases were positive for EMVI, compared with 54.5% of
tumors with metachronous spread to other organs. While
perhaps a larger number of cases would have achieved
statistical significance, our results nevertheless suggest that
nonliver metastases are less significantly related to EMVI
compared with hepatic metastases. This raises the possibi-
lity that nonhepatic metastases are instead associated with
other tumor characteristics, such as overall disease burden
and tumor aggressiveness, rather than vascular access [32].
Supporting this idea, tumor multifocality was the variable
with the strongest correlation to the presence of nonliver
distant metastases in our multivariate analysis (albeit not
quite reaching significance), lending some credence to the
hypothesis that overall NET burden may be associated with
the development of distant metastases beyond the liver.

There are some limitations in this study. First, as a ret-
rospective study, it is inherently subject to selection bias.
However, this was minimized by using and following
strictly defined and comprehensive inclusion and exclusion
criteria, by employing nonconstricting search parameters,
and by retrieving and screening all consecutive cases that
resulted from our pathology records search. Underscoring
this, the clinicopathological characteristics of our cases
were very similar to previously published studies. Sampling
bias can also be a limitation, but in our study similar
numbers of tissue blocks were examined from cases even-
tually diagnosed as positive or negative for EMVI. Inter-
estingly, this is not something that has been formally
addressed in CRC, where there is significant literature on
EMVI. A meta-analysis concluded that CRC studies with
higher average numbers of tumor blocks tended to have a
higher rate of EMVI detection [35]. However, some of these
studies reported the total number of tumor blocks taken, not
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necessarily the number of sections that contained extra-
mural tissue. Another limitation is chronology bias, as
diagnostic parameters and staging guidelines change over
time and certainly they have done so since 2009 when our
first cases were collected [70]. In order to ameliorate this,
we reevaluated all original pathology reports and reassigned
parameters (including grade and stage information)
according to current criteria and recommendations. Critical
sections and slides, such as for the determination of EMVI,
were reviewed and a significant proportion (20.2%) was
subjected to additional VVG staining for the identification
of elastin fibers. Finally, transfer bias due to patients lost to
follow-up is always a concern when outcome data are
measured. Our study had significant follow-up, particularly
for patients that did not develop liver or nonliver metas-
tases, giving us confidence that metastases were not
underreported. In order to achieve internal and external
validity, our study was carefully designed such that inves-
tigators were blinded to outcomes and independently
assessed the various prognostic parameters (including the
main independent variable of EMVI). Confounding vari-
ables were accounted for by using multivariate logistic
regression and our results are generalizable and appropriate,
given similar findings in CRC. Even so, confirmation of our
findings in future studies would be essential.

In conclusion, we found that the presence of EMVI
strongly correlates with the development of liver metastases
in NETs of the small intestine. It is therefore clinically
important to identify and report EMVI during the histo-
pathologic evaluation of resection specimens from these
tumors, even with the use of adjunct methods (such as
elastin stains) in equivocal cases. Moreover, the inclusion of
EMVI status as a variable in consensus guidelines for the
synoptic reporting of small bowel NETs (e.g., in society-
sponsored cancer examination protocols) should be
thoughtfully considered.
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