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Summary. The often well-developed microvasculature
in pancreatic neuroendocrine tumors (PanNETs) has
been studied from different perspectives. However, some
detailed structural findings have received less attention.
Our objective is to study an overlooked event in
PanNETs: “enclosed vascular tufts” (EVTs). For this
purpose, 39 cases of PanNETs were examined with
conventional (including serial sections) and
immunochemistry procedures. In typical EVTs, the
results show: 1) an insulated terminal vascular area, with
a globular (glomeruloid) aspect, formed by a cluster of
coiled microvessels, presenting CD31-, CD34-positive
endothelial cells, aSMA-positive pericytes, and
perivascular CD34-positive stromal cells/telocytes,
separated by a pseudoglandular space from the
surrounding trabeculae of tumor neuroendocrine cells;
and 2) a pedicle joining the insulated terminal vascular
area, with connective tissue tracts around the enclosing
tumor trabeculae. EVTs predominate in the trabecular
and nested gyriform pattern of PanNETs, with tumor
trabeculae that follow a ribbon coil (winding ribbon
pattern) around small vessels, which acquire a tufted
image. In EVTs, secondary modifications may occur
(fibrosis, hyalinization, myxoid changes, and
calcification), coinciding or not with those of the
connective tracts. In conclusion, the typical
characteristics of unnoticed EVTs allow them to be
considered as a morphological sign of PanNETs (a
vascular tuft sign). Further in-depth studies are required,
mainly to assess the molecular pathways that participate
in vascular tuft formation and its pathophysiological
implications.
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Introduction

The incidence of neuroendocrine neoplasms,
including those of the pancreas (PanNENs), has
increased considerably in recent decades mainly due to
improvements in diagnostic methods, especially in cases
with an indolent asymptomatic clinical course, and
screening campaigns (Falconi et al., 2012; Dasari et al.,
2017; Xu et al., 2021; Rossi and Massironi, 2022). WHO
classifications of neuroendocrine neoplasms, based
on different parameters including morphologic
characteristics, mitotic activity, Ki-67 proliferative
index, and other immunohistochemical profiles, have
improved since 2010 (Klimstra et al., 2010; Kim et al.,
2017; Yang et al., 2020; Rindi et al., 2022). Thus,
PanNENs are classified as Grade 1, 2, or 3 pancreatic
neuroendocrine tumors (G1, G2, G3 PanNETs) and
Grade 3 pancreatic neuroendocrine carcinomas (G3
PanNECs). The classic histological patterns of PanNETs
- including solid, nested, organoid, gyriform or winding
ribbon, and glandular - have also been refined in
different classifications, mainly to give functional or
prognostic meaning (Kasajima and Kloppel, 2020; Xue
et al., 2020). For functional meaning, classificatory
morphologic patterns include trabecular and solid
tumors. Those with a trabecular pattern may occur with
amyloid deposition (secreting insulin) or with a reticular-
trabecular image and cystic changes (secreting
glucagon), whereas those with a solid pattern and
paraganglioma-like features usually secrete somatostatin
(Garbrecht et al., 2008; McCall et al., 2012;
Konukiewitz et al., 2017, 2020; Kasajima and Kloppel,
2020). In the prognostic meaning, the classificatory
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morphologic patterns include a) “metabolically active
cells” presenting diffuse growth, nucleoli, and abundant
cytoplasm, with an oncocytic, lipid-rich, plasmacytoid,
or hepatoid aspect (more aggressive), b) paraganglioid or
organoid characteristics and possible degenerative
changes, or nested growth (less aggressive), and c¢) a
pseudoglandular, sclerotic, peliotic, or mammary
tubulolobular aspect (undetermined) (Xue et al., 2020).

The PanNET microenvironment has been considered
in several studies that have focused on cancer-associated
fibroblasts, vessels, inflammatory cells, extracellular
matrix, and fibrosis (Laskaratos et al., 2017; Cives et al.,
2019; Takkenkamp et al., 2020; Chmiel et al., 2023; Lai
et al., 2024). Microvascular density changes, mainly
those associated with fibrosis, angiogenic phenomena,
and tumoral vessel invasion, were the major objectives
of studies on PanNET vessels (Bok et al., 1984;
Couvelard et al., 2005; Schmid et al., 2005; Norton et
al., 2011; Balachandran et al., 2012; Carrasco et al.,
2017; Addeo et al., 2019; Lafaro and Melstrom, 2019;
Liu and Polydorides, 2020; Lauricella et al., 2022).
However, detailed structural events of PanNET
microvasculature have received less attention. In a
histological study of PanNET microvasculature
(unpublished observations), we identified an overlooked
morphologic event: enclosed vascular tufts (EVTs). The
structural description of this finding is of interest to lay
the basis to support subsequent pathophysiological
investigations.

Given the above, this study aims to examine an
overlooked event (EVTs) in the microvasculature of
PanNETs as a morphologic sign: the “vascular tuft sign”
in these neuroendocrine tumors. To that end, the
following aspects were considered: a) typical
characteristics of EVTs with conventional techniques
(hematoxylin and eosin staining) and immunochemistry
procedures, b) secondary changes, ¢) incidence
depending on the PanNET morphological pattern, and d)
the relationship with other components of the stroma and
the association with other structures. For this purpose, 39
cases of PanNETs were studied with conventional
histological techniques and immunohistochemical
procedures.

Materials and methods
Human tissue samples

The Histology and Anatomical Pathology archives
of the Departments of Basic Medical Sciences of La
Laguna University, University Hospital, and Eurofins®
Megalab—Hospiten Hospitals of the Canary Islands were
searched for cases of PanNETs. Paraffin blocks obtained
from surgical specimens from 39 Caucasian patients (22
males and 17 females), with ages ranging from 41 to 86
years, were used. The samples were studied by
conventional histological techniques and immuno-
chemistry procedures. Ethical approval for this study
was obtained from the Ethics Committee of La Laguna

University (Comité de Etica de la Investigaciéon y de
Bienestar Animal, CEIBA 2024-3418), including the
dissociation of the samples from any information that
could identify the patient. The authors, therefore, had no
access to identifiable patient information.

Light microscopy

The specimens were fixed in a buffered, neutral 4%
formaldehyde solution, embedded in paraffin, and cut
into 3-pum-thick sections. Serial sections were also
obtained in demonstrative blocks. The sections were
deparaffinized, hydrated, and underwent hematoxylin
and eosin, and trichrome staining (Roche, Basel,
Switzerland. Ref. 6521908001).

Immunohistochemistry

Immunohistochemistry (automated and manual
procedures) were carried out as described elsewhere
(Diaz-Flores, et al., 2018, 2023). For the automated
immunohistochemistry procedure, sections were
incubated with the following primary antibodies from
Leica Biosystems (Newcastle, UK) for CD34 (Bond™
Ref PA0212), CD31 (Bond™ Ref PA0250), aSMA
(Bond™ PA0943), Vimentin (Bond™ PA0640), Desmin
(Bond™ PA(0032), CD10 (Bond™ Ref PA0270), CD56
(Bond™ Ref PA0191), EMA (Bond™ PA0015),
Calponin (Bond™ PA0416), Protein S100 (Bond™
PA0031), Chromogranin (Bond™ PA 0515), and
Synaptophysin (Bond™ PA0299). The nonautomated
procedure used rabbit polyclonal anti-CD34 (1/100
dilution, code no. A13929, ABclonal, Woburn, MA,
USA) and mouse monoclonal anti-aSMA (1/100
dilution, code no. ABK1-A8914, Abyntek Biopharma,
Zamudio, Spain). The immunoreaction was developed in
a solution of diaminobenzidine, and the sections were
then briefly counterstained with hematoxylin,
dehydrated in an ethanol series, cleared in xylene, and
mounted in Eukitt®. Positive and negative controls were
used.

Results
General characteristics of PanNETs

All PanNETs were well-differentiated with a
trabecular or solid pattern. Cases with a predominant
trabecular pattern (n: 25) adopted a gyriform (winding
ribbon, cribriform, or pseudoglandular) or cordonal
(linear or undulate) morphology. Although there was a
predominant pattern, areas with morphological
characteristics of other patterns may be intermingled.
Cases with a solid pattern (n: 14) were arranged
diffusely or in nests/islets. The PanNET neuroendocrine
cells generally showed oval or round nuclei, with a salt-
and-pepper aspect of the chromatin and eosinophilic,
pale, or amphophilic cytoplasm. The number of mitoses
was less than 20/2 mm? and the Ki67 index was less



1459

“Vascular tuft sign” in pancreatic neuroendocrine tumors

than 20%. Psammoma bodies were present in four cases
and hyaline bodies in two; peliosis was seen in two
cases. Tumor necrosis was not observed. The stroma
showed connective tracts of variable amplitude. Cases
with intense fibrosis (n: 5), hyalinization (n: 3), and
calcification (n: 2) were seen. Perineural and vascular
(predominantly in veins) invasion occurred in three and
five cases, respectively.

Typical characteristics of EVTs in PanNETs

The typical histological appearance of the EVTs
observed with conventional techniques (hematoxylin and

eosin staining) was that of highly cellular, often globular,
structures surrounded by tumor neuroendocrine cells,
from which they were frequently separated by a
pseudoglandular space (Fig. 1). When EVTs were
globular, they showed a glomeruloid aspect (Fig. 1).
Immunohistochemical procedures revealed that the
neuroendocrine tumor cells were positive for
synaptophysin, chromogranin, and CD56, whereas the
cells in the tuft structures were negative for these
markers (Fig. 2). When the surrounding tumoral cells
were arranged in a single layer and totally or partially
delimited by stromal tracts, the appearance of glands
with intraluminal globular structures was more marked.

Fig. 1. A, B. Typical characteristics of EVTs
(arrows), which show high cellularity and are
surrounded by neuroendocrine tumor cells.
' Note the globular or glomeruloid appearance of
EVTs and the separation space between them
and the surrounding neuroendocrine cells, in a
| gyriform-pseudoglandular arrangement. Some
minute blood vessels are identified by the
presence of red blood cells in their lumens
(arrowhead). Hematoxylin and eosin staining.
Scale bars: A, 15 um; B, 10 um.
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The intraluminal EVTs in the pseudoglandular structures
could be observed connecting with the connective tracts
by pedicles of variable width, however, they were

SYNAPTOPHYSIN
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generally thin (Fig. 3). Occasionally, EVTs were
branched (Fig. 4A) or multiple and interconnected (Fig.
4B). The cells of the EVTs mainly differed from the

Fig. 2. Positivity for
neuroendocrine cell
markers is observed in
tumor cells, although

_these markers are not

expressed in EVT cells
(arrows). A-C.
Immunochemistry for
synaptophysin (A),
chromogranin (B), and
CD56 (C). Hematoxylin
counterstain. Scale
bars: A, B, 20 um; C,
15 um.
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surrounding tumor neuroendocrine cells as their nuclei
were smaller, less stained, and without the salt-and-
pepper aspect of the neuroendocrine tumor cells (Fig.
5A). Clusters of coiled, minute blood vessels were an
important component of the EVTs (vascular EVTs in the
lumen of pseudoglandular structures: vascular tuft sign)
(Figs. 1, 3, 5B). Many minute vessels showed small or
virtual lumens, which were difficult to identify with
conventional techniques (e.g., hematoxylin and eosin
staining), and the EVTs had the aforementioned highly
cellular aspect. Nevertheless, the presence of one or
several intraluminal red blood cells in some EVT vessels

facilitated vessel identification (Figs. 1, 3, 5B). Stromal
cells and extracellular matrix components were also
observed in EVTs.

In EVTs, endothelial cells of the blood vessels were
positive for CD34 (Fig. 6A,B) and CD31 (Fig. 6C);
aSMA expression was observed in blood vessel mural
cells (mainly pericytes and occasionally vascular smooth
muscle cells) (Fig. 7A). Positivity for CD34 was also
evident in perivascular stromal cells of the EVTs
(CD34+ stromal cells/telocytes). Endothelial, mural, and
stromal cells were positive for vimentin (Fig. 7B) and
negative for desmin, CD10, EMA, calponin, protein

Fig. 3. A, B. EVT pedicles (arrows) of different
lengths and thicknesses are observed in the
EVTs within the gyriform-pseudoglandular
structures. Note that the VT pedicles connect
the EVTs with the connective tracts that
surround the gyriform structures. Some minute
blood vessels with red blood cells are
observed (arrowheads). Hematoxylin and
eosin staining. Scale bars: A, 10 um; B, 15 um.
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S100, chromogranin, synaptophysin, and CD56.
Secondary changes in EVTs

Some EVTs showed secondary changes according to
the case and even within an area of the same case. The
main modifications of EVTs were total or partial fibrosis
and/or hyalinization, edematous and myxoid changes, as
well as the presence of inflammatory infiltrates (Fig. 8).
The hyalinization of EVTs occurred predominantly in
their central area, in which the hyaline component
increases tuft size and pushes the vascular and stromal

cells toward the tuft periphery, forming a thin strip (Fig.
8A). Foci of calcification could occur in the hyaline
component (Fig. 8B). Although similar modifications
were also present in the connective tracts surrounding
the gyriform/winding ribbon structures, whether they
were coincident or not depended on the tumor region
(Fig. 8C,D) and occurred relatively frequently in the
connective tracts, whereas the EVTs were unmodified
(Fig. 8D). The hyaline exhibited differences with the so-
called hyaline bodies observed in three of our cases. The
inflammatory infiltrate was mainly formed by
mononuclear cells (Fig. 8E).

Fig. 4. A. A EVT in which several short
branches (arrowheads) and a pedicle (arrow)
are observed, with an oblique trajectory to the
connective tissue. B. Several EVTs (arrows)
tend to be associated in the convergent
spaces of the neoplastic gyriform structures. In
A and B, congestive blood vessels are seen.
A, B: Hematoxylin and eosin staining. Scale
bars: A, 20 um; B, 15 pm.
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Incidence of EVTs depending on the morphological
pattern of PanNETs

Typical or modified EVTs were mainly observed in
PanNETs in which the trabeculae and nests of
neuroendocrine cells adopted a gyriform/winding ribbon
pattern (in 84% of cases with this pattern), with EVTs
occupying the central pseudoglandular space of the
gyriform structures. EVTs were also seen in mixed
patterns, in which the gyriform pattern was associated
with others, mainly with the nested and cordonal (linear
or undulate) patterns. Transitions between the trabecular
gyriform and trabecular cordonal structures were

frequently observed in cases with a mixed pattern. In
these transitional areas, the EVT arrangement varied
from central, in the gyriform structures, to laterally
attached to the cords (Fig. 9), suggesting a progressive
step from gyriform to cordonal (Fig. 9A-C). A
correlation between the incidence of gyriform structures
and that of EVTs was observed and became very evident
in cases with a predominant gyriform pattern, the most
frequent pattern in our cases. EVTs were uncommon
(14.28% of cases) and poorly identifiable in PanNETs
with solid patterns (Fig. 10A,B). Although EVTs can be
present, their identification was more difficult when
peliosis occurred in PanNETs (Fig. 10C). When venous

Fig. 5. A. Differences in the size and staining
of the nuclei of EVT cells and those of the
surrounding tumor neuroendocrine cells.
Observe that the nuclei of the EVT cells
(arrow) are smaller, less stained, and without
the salt-and-pepper aspect of the surrounding
neuroendocrine tumor cells. B. A EVT (arrow)
in which the path of a blood vessel with
intraluminal red blood cells is observed. A, B:
Hematoxylin and eosin staining. Scale bars: A,
7 um; B, 8 um.
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invasion manifested in PanNETs, the intraluminal endothelialized surface and the perivenous
surface of the invasive tumor appeared endothelialized microvasculature, without initial formation of EVTs
and the tumor vascularization proceeded from this (Fig. 10D,E,insert).

cp-34

Fig. 6. Expression of
CD34 (A, B, brown)
and CD31 (C, brown)
is observed in EVT
endothelial cells and
reveals a high
number of blood
vessels (arrowheads),
including those with
virtual lumens, non-
identified by
hematoxylin and
eosin staining. Note
CD34-positive
stromal cells (arrows)
in the connective tract
around the gyriform
neoplastic structure in
A. A-C:
Immunochemistry for
CD34 (A, B) and
CD31 (C).
Hematoxylin
counterstain. Scale
bars: A, 20 y; B, 15
um; C, 10 um.
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Relationship between EVTs and connective tracts. Origin
of EVT vessels and association with other dtructures

The relationship between EVTs and other stromal
structural components was also evident in the
neuroendocrine tumors in which trabeculae and cords of
cuboidal or columnar cells adopt a gyriform/winding
ribbon pattern. The relationship became more evident
when the gyriform and winding ribbon structures were
arranged independently or in groups (nests) between
connective tracts of variable width and with different
degrees of fibrosis. In these connective tracts, stromal
cells expressing CD34, aSMA, and vimentin were an

important component (Figs. 6A, 7A, 7B, 11). With these
cell markers, mainly vimentin, the continuity of the
pedicles of the EVTs with the connective tracts that
surround the gyriform structures became even more
evident (Fig. 11A). The proportion of stromal cells
expressing either CD34 (CD34+ stromal cells/telocytes)
or aSMA (myofibroblast-like cells) in the connective
tracts varied depending on the case and the tumor area
examined, ranging from balanced to practically only one
of them. Likewise, the increase in aSMA-positive
stromal cells was positively correlated with the degree of
fibrosis.

EVT microvessels were observed originating from

Fig. 7. A. Expression of aSMA (brown) in
", stromal and blood vessel mural cells in a EVT
-4 (arrow) and in the connective tract that
' surrounds a gyriform neoplastic structure
(arrowheads). B. Endothelial, mural, and
stromal cells expressing vimentin (brown) are
. observed in a central EVT (arrow) and the
peripheral connective tract of a gyriform/
pseudoglandular neoplastic structure (arrow-
heads). A: Immunochemistry for aSMA. B:
~ Immunochemistry for vimentin. Hematoxylin
counterstain. Scale bars: A, B, 15 um.
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small venules in the tracts of the connective tissue, vessels in the connective tracts surrounded and adhered
above all when serial histological sections and closely to the gyriform and winding ribbon structures,
immunochemistry procedures were used (Fig. 11B). The before penetrating and forming the vascular tufts within

Fig. 8. Secondary

changes in EVTs. A,
B. EVTs increased in
size and with hyaline

~ changes (arrows).

Note that the hyaline

' material pushes the

microvessels toward
their periphery, where
they are compressed
and form thin strips
(A, arrows).
Calcification
phenomena are
observed in some
EVTs (B, arrow). C,
D. EVTs with (C,
arrow) and without
(D, arrow)
hyalinization are
observed connecting
with hyalinized
peripheral connective
tissue (ct) around
gyriform structures.
E. Infiltration of
mononuclear
inflammatory cells in

_an EVT. Hematoxylin

and eosin staining.
Scale bars: A, D, E,
20 u; B, 40 um; C, 30
pm.
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(Fig. 8B).

In cases in which amyloid bodies were observed at
the center of the gyriform structures, most of these
bodies were arranged independently of the EVTs (insert
in Fig. 11A) and only occasionally appeared associated
with them.

Discussion

In this work, we report the presence of EVTs in
PanNETs. EVTs are formed by 1) a vascular terminal
area of the tuft, generally with a globular image
(glomeruloid), separated by a space from surrounding

tumor neuroendocrine cells (enclosing cells) and 2) a
pedicle that joins the vascular terminal area to
connective tracts around the surrounding tumor
neuroendocrine cells. These structures may be
considered the expression of a morphological sign,
which we call a “vascular tuft sign”. The glomeruloid
appearance may go unnoticed because the microvessels
may present virtual lumens, and the globular area adopts
a highly cellular image upon hematoxylin and eosin
staining, making it difficult to appreciate the vascular
richness. In addition, the space generally formed
between the tuft and the surrounding neuroendocrine
cells may also disappear. In any case, the cells that make

| Fig. 9. EVT arrangement in transitional areas
| between trabecular gyriform and trabecular
cordonal structures. Observe the EVT location
in the center of the gyriform structure and
laterally in the cordonal (arrows), which
suggests a progressive step from gyriform to
cordonal (A-C). Hematoxylin and eosin
staining. Scale bars: A, B, 20 um; C, 25 pm.
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Fig. 10. A, B. EVTs in PanNETs with solid patterns. Note occasional poorly identifiable EVTs (arrows) in areas resembling a gyriform pattern. C. A
region of PanNET with peliosis, in which EVT identification is difficult. D, E. PanNET venous invasion, in which the invasive tumor area is covered by
CD31-positive (D, brown) and CD34-positive (E, brown) endothelial cells. Note an intratumoral microvessel originating from the endothelial surface (E,
arrow). Insert. Characteristics and expression of aSMA in vascular smooth muscle cells (arrows) of the wall of the invaded vein. A-C: Hematoxylin and
eosin staining. D: Immunochemistry for CD31. E: Immunochemistry for CD34. Insert: Immunochemistry for aSMA. C, D, and insert: Hematoxylin

counterstain. Scale bars: A, B, 30 y; C, D, 80 y; E, 25 um; Insert, 120 um.
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up the EVTs can be easily distinguished from the
neuroendocrine tumor cells because their nuclei are
smaller, paler, and lack the salt-and-pepper appearance
typical of neuroendocrine tumor cells. Immunohisto-
chemistry procedures highlighted the cluster of coiled
microvessels in the glomeruloid area and their cell
components: CD31- and CD34-positive endothelial
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cells, aSMA-positive pericytes, and perivascular CD34-
positive stromal cells/telocytes.

The endocrine glands have a rich microvasculature,
and neuroendocrine tumors are generally highly
vascularized neoplasms, with vascularization levels up
to 10 times greater than those found in carcinomas
(Marion-Audibert et al., 2003; Carrasco et al., 2017,

| Rty 7 AR
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Fig. 11. A. Some pedicles of
EVTs are seen in contact with the
connective tracts surrounding the
neoplastic gyriform structures
(arrows). Insert. An EVT (arrow)
and a psammoma body
(arrowhead) in two different
pseudoglandular spaces. B,
insert. Microvessels in EVTs are
observed originating from vessels
in the connective tracts (arrows).
Note that the vessels in the
connective tracts are attached to
. the surface of the gyriform
structures, following an arcuate
path until the EVTs are formed
through their pedicles. A, insert of
A and B: Immunochemistry for
vimentin. Hematoxylin

» s & = counterstain. Insert of B:

“ - Immunochemistry for aSMA.

g‘ - “'»‘4"#, Scale bars: A, 40 um; B, 20 pm;

’..; insert of B, 30 ym.
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Lauricella et al., 2022). Growth factors, including
VEGF, PDGF, FGF, and angiopoietins, are involved in
neuroendocrine tumors (Christofori et al., 1995; Terris et
al.,1998; Katoh, 2003; Couvelard et al., 2005), in which
the aberrant activation of the hypoxia-inducible factor
pathway participates (Couvelard et al., 2005). Our
observations lay the groundwork for further in-depth
molecular studies on the mechanisms that specifically
participate in the development and subsequent behavior
of EVTs, which may be different in connective tracts.
Indeed, secondary modifications in EVTs, such as
fibrosis, hyalinization, edema, myxoid changes, and
inflammatory infiltrates, may or may not coincide with
those of the connective tracts.

The correlation between the incidence and various
morphological patterns of PanNETs demonstrated that
EVTs predominantly occur in the gyriform pattern,
which was the most frequently observed in our study,
especially when including the mixed variants where it is
highly present. The higher incidence and expression of
EVTs in the gyriform pattern and mixed variants (above
all gyriform with nested or cordonal patterns) may be
due to the arrangement of tumor trabeculae following a
ribbon coil (winding ribbon pattern) around small
vessels, which acquire the tufted image. As the small
vessels are insulated by the surrounding trabeculae,
staying connected by a pedicle to the connective tissue
that in turn surrounds the tumor trabeculae, the
characteristic image of the whole is obtained: EVTs
occupy the central pseudoglandular space of tumor
gyriform structures surrounded by connective tracts.
Serial histological sections were useful for observing the
tufts in gyriform structures that apparently lacked them
and for following the transition of the tumor trabeculae
from gyriform to cordonal (linear or undulate) in cases
with this mixed pattern (gyriform and cordonal). Thus,
as the connective tracts increase in size and the tumor
trabeculae become cordonal, the EVTSs lose their central
position in the gyriform structures and become
lateralized.

Psammoma bodies may be seen in the lumen of
pseudoglandular structures in some cases of PanNETs
(Greider et al., 1984; Garbrecht et al., 2008; Samad et
al., 2014; Olivas and Antic, 2019). These bodies are
usually observed in somatostatin-secreting neuro-
endocrine tumors (Garbrecht et al., 2008). In our cases,
in which EVTs and psammoma bodies were present,
they rarely appeared associated with each other,
although they were intraluminal. This rare association
suggests that EVTs play a small role in the development
of psammoma bodies.

The tumor microenvironment in neuroendocrine
tumors has been extensively considered (Laskaratos et
al., 2017; Cives et al., 2019; Takkenkamp et al., 2020;
Lai et al., 2024), and particular attention has been paid to
pancreatic stellate cells, especially their implications in
pancreatic fibrosis (Bachem et al., 1998; Apte et al.,
1999; Xue et al., 2018; Chang et al., 2023). However,
the presence of CD34-positive stromal cells/telocytes in
the stroma of PanNETs is largely absent in the literature,

despite the descriptions of telocytes as an important
stromal component under normal conditions of the
pancreas (Nicolescu and Popescu, 2012; Zhang et al.,
2016; Gandahi et al., 2020). It has been demonstrated
that in situ native CD34-positive stromal cells/telocytes
have progenitor capacity, are a source of aSMA-positive
myofibroblast cells, and may be activated with and
without myofibroblast transformation (Diaz-Flores et al.,
2015a,b, 2021). The fact that in our observations,
stromal cells in PanNETs could express either CD34 or
aSMA in different proportions, depending on the case
and the tumor region examined, can be related to this
capacity of CD34-positive stromal cells/telocytes and
therefore to their participation in pancreatic fibrosis
associated with PanNETs. Future studies in this regard
would be of interest.

Venous invasion by PanNETs has been widely
studied, including intra- and extra-tumoral macro-
vascular invasion (Bok et al., 1984; Schmid et al., 2005;
Balachandran et al., 2012; Addeo et al., 2019; Shi et
al.,2023). The absence of EVTs in initial groups of
tumoral cells located within veins may be due to the
origin of their microvasculature: endothelialized
intraluminal tumor surface or adventitial micro-
circulation. Venous invasion in PanNETs resembles that
of angioinvasive follicular thyroid carcinoma, in which
we have observed findings that support a piecemeal
mechanism related to intussusceptive angiogenesis
(Diaz-Flores et al., 2017). By this mechanism, venous
endothelial cells grow out of the vessel and form loops,
encircling groups of tumoral cells that are incorporated
(transported) into the vein lumen. Thus, the tumor cells
are surrounded by endothelial cells from the beginning,
which could explain why the tumor progresses through
the venous route, reaching the form of macrovascular
invasion.

In conclusion, we contribute a morphological
“vascular tuft sign” in PanNETs, mainly present in cases
with a predominant trabecular and nested gyriform
pattern. The “vascular tuft sign” is defined by the
presence of vascular tufts enclosed by the trabeculae of
tumor neuroendocrine cells, which are in turn
surrounded by connective tissue tracts (EVTs). Fibrosis,
and degenerative and inflammatory findings in EVTs
may or may not coincide with those in connective tracts.
Future studies are mainly required on the mechanisms of
EVT formation and the behavior of their perivascular
stromal cells when compared with those of connective
tracts. Also of interest is the exploration of EVTs in
neuroendocrine tumors of other organs.
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