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Abstract

Paragangliomas and pheochromocytomas are rare neuroendocrine tumors, carrying a germ-line mutation in 40% patients.
Sclerosis is a rare histological feature in these tumors. We investigated the possible correlations between histological find-
ings, first sclerosis, immunoreactivity for vesicular catecholamine transporters (VMAT1/VMAT?2) and patients’ genotype in
a consecutive series of 57 tumors (30 paragangliomas and 27 pheochromocytomas) from 55 patients. The M-GAPP grading
system, sclerosis (0-3 scale) and VMAT1/VMAT2 (06 scale) immunoreactivity scores were assessed. Germ-line mutations
of Succinate Dehydrogenase genes, RET proto-oncogene and Von Hippel Lindau tumor suppressor gene were searched.
A germ-line mutation was found in 25/55 (45.5%) patients, mainly with paraganglioma (N=14/30, 46,66%). Significant
(score >2) tumor sclerosis was found in 9 (16.1%) tumors, i.e., 7 paragangliomas and 2 pheochromocytomas, most of them
(8/9) from patients with a germ-line mutation. M-GAPP score was higher in the mutation status (in 76% of patients involv-
ing the SDHXx genes, in 12% the RET gene and in the remaining 12% the VHL gene) and in tumors with sclerosis (p < 0.05).
Spearman’s rank correlation showed a strong correlation of germ-line mutations with M-GAPP (p <0.0001) and sclerosis
(p=0.0027) scores; a significant correlation was also found between sclerosis and M-GAPP scores (p=0.029). VMAT1
expression was higher in paragangliomas than in pheochromocytomas (p=0.0006), the highest scores being more frequent
in mutation-bearing patients’ tumors (p <0.01). VMAT?2 was highly expressed in all but two negative tumors. Sclerosis and
VMAT]1 expression were higher inparagangliomas than in pheochromocytomas;tumor sclerosis, M-GAPP and VMAT1 scores
were associated to germ-linemutations. Sclerosis might represent a histological marker of tumorsusceptibility, prompting to
genetic investigations in paragangliomas.
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Introduction

Pheochromocytomas (PHEOSs) and paragangliomas (PGs)
are rare (0.6 cases per 100,000 person-years) and histologi-
cally similar neuroendocrine tumors with adrenal or extra-
adrenal localization, respectively [1]. The adrenal tumors
may be incidentally diagnosed by imaging, whereas head-
and-neck PGs (HNPGs) usually manifest as painless and
slowly growing masses, catecholamine hyper-secretion
rarely occurring in the latter ones. Their diagnosis is still
difficult, although biochemical testing and imaging investi-
gations have improved the diagnostic chances [1, 2]. About
40% of the affected patients carry a germ-line mutation and
genetic tests may help in diagnosing familial and asymp-
tomatic cases [1, 2]. Germ-line mutations associated with
PHEO or PG have been identified in at least 19 susceptibility
genes, the specific gene mutation reflecting the clinical phe-
notype and influencing the clinical management strategies
[1-5]. Hereditary HNPGs have been linked to mutations in
genes encoding one of different subunits of the succinate
dehydrogenase (SDH) enzyme complex [3—7]. Susceptibil-
ity to PHEO and PG is an established component of five
genetic syndromes, i.e., type 2 A (MEN2A), 2B (MEN2B)
or 5 (MENS) Multiple Endocrine Neoplasias, type 1 Neu-
rofibromatosis (NF1), von Hippel Lindau Syndrome (VHL),
and Carney-Stratakis Dyad [8, 9]. In many patients with
syndromic or sporadic mutations, the clinical phenotype is
often characterized by multiple, metachronous or synchro-
nous tumours [8, 9]. The genes most frequently associated
with multiple PGs are SDHAF2 (75%), SDHD (66%), RET
(66%), FH (60%), VHL (40-60%), EPAS1 (50%) and MAX
(50%) whereas the genes most frequently implicated in the
pathogenesis of bilateral PHEOs are RET (66%), TMEM 127
(15-66%), VHL (40-60%), MAX (50%) and NF1 (20-40%)
[9]. Germ-line mutations in the VHL gene and in the SDHD
gene have also been found in 15-20% of PHEOs with non-
familial presentations [1].

Most PGs and PHEOs show a zellballen (alveolar) pat-
tern, consisting of nests of polygonal tumor cells. Other pat-
terns have been described; in particular, a pseudo-rosette
pattern has been considered suggestive of SDHB mutated
tumors [10]. Sclerosis is a rare histologic feature of these
neuroendocrine tumors [11, 12]. In sclerosing tumors, the
neoplastic cells are embedded in a fibrous stroma and may
show cytological atypia mimicking a desmoplastic and infil-
trating malignant neoplasia [13, 14].

The biological behaviour of PHEOs and PGs is unpredict-
able [1, 3]. The predictive value of tumor size, proliferation
index and cyto-architectural features is controversial [10,
15]. Several grading systems, mainly based on histological
and biological parameters (i.e., vascular invasion, secretory
activity, specific growth patterns, necrosis type, proliferation

index and genetic status) have been proposed for the predic-
tion of metastatic potential, but they have not demonstrated
satisfactory sensitivity and specificity, so far [15].

The chromaffin cells of adrenal medulla and extra-adre-
nal paraganglia are characterized by a vesicular monoamine
transporter (VMAT) system, including VMAT1 and VMAT2
that are responsible for the uptake and vesicular storage
of catecholamines [16, 17]. We have recently shown that
VMATI1 and VMAT?2 expression is apparently independent
from 18 F-DOPA PET/TC and 123-I-MIBG uptake in PGs
and PHEOs [17].

The aim of the present study was to investigate the pos-
sible relationships between histological features (including
tumor sclerosis), patients’ genotype and VMAT1/VMAT?2
tumor expression in a consecutive series (N=57) of PGs and
PHEOs from a single Center.

Materials and Methods
Study Population

Fifty-seven consecutive tumors from 55 patients with clini-
cal diagnosis of PHEO or PG entered this retrospective
study (Table 1). Patients’ population included 36 F and 19 M
with a mean age of 45.8 (range 14-74) years. Signs and/
or symptoms of catecholamine excess were seen in 52.7%
(29/55) patients, mass-related symptoms were present in
38.2% (21/55) and 5 patients were asymptomatic at pres-
entation. Measurement of 24-hour urinary metanephrines
and normetanephrines by radioimmunoassay (RIA) method
was performed in all but 4 patients that lacked 24-hour
urinary excretion data (Immuno Biological Laboratories,
Hamburg, Germany). Normal values (n.v.) for normetane-
phrines were considered < 600 pg/24 hrs and for metane-
phrines <350 pg/24 hrs. Tumors from patients without
symptoms of catecholamine excess and/or increased norme-
tanephrines or metanephrines levels were considered non-
functioning tumors [3]. Forty-two patients underwent com-
puted tomography (CT) and 38 magnetic resonance (MR);
in a subset of patients, 123-I-MIBG scintigraphy (N =20) or
18 F-DOPA PET/TC (N = 14) were performed and other 3
patients underwent both procedures [17, 18].

No patient underwent tumor biopsy or ablation procedure
before surgical excision of the mass. The study was approved
by the Ethical Committee and conformed to the Declaration
of Helsinki; the informed consent was obtained from each
patient.

Histology and Immunohistochemistry

All the specimens, constituted by resected tumors, were for-
malin-fixed and paraffin-embedded (FFPE), routinely stained
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Table 1 Tumor diagnosis in 55 consecutive patients

Table 1 (continued)

Patient N. Sex Age Diagnosis Patient N. Sex Age Diagnosis

1 F 16 HNPG 50 M 56 PHEO

2 F 51 HNPG 51 M 73 APG

3 M 52 HNPG 52 M 50 Functioning APG

4 F 38 HNPG 53 M 47 Multiple APG

5 F 27 HNPG 54 M 35 Functioning APG (Metastatic)
6 M 36 HNPG 55 M 55 PHEO (Metastatic)

6 M 37 Bronchial PG 55 M 57 PHEO (Metastasis )

7 M 16 HNPG HNPG head & neck paraganglioma; PHEO pheochromocytoma;
8 F 19 HNPG APG abdominal paraganglioma; CTPG cervico-thoracic paragangli-
9 F 56 HNPG oma

10 M 39 HNPG

11 F 56 HNPG by haematoxylin and eosin technique and classified accord-
12 F 46 PHEO ing to the WHO Classification criteria [10]. Tumors with
13 F 14 PHEO <5 cm maximum diameter were entirely paraffin-embedded
14 F 42 Bilateral PHEO and histologically analyzed, whereas tumors >5 cm were
15 F 69 PHEO sampled in a way that at least half of the tumor was sub-
16 M 38 PHEO mitted for histological examination. The modified grading
7 M 58 PHEO system for adrenal PHEO and PG (M-GAPP) was performed
18 F 35 Bilateral PHEO in 52/57 (91.2%) tumors from 51 patients: the remaining 4
19 F 27 PHEO +APG patients (N. 5, 15, 31, 44; Table 2) lacked diuresis data for
20 F 37 PHEO catecholamine evaluation and the 5th tumor was a lymph
21 M 45 PHEO node metastasis (patient n. 55; Table 2) [19-21]. For this
22 M 69 APG study, the genetic evaluation of SDHx mutations replaced
23 F 54 APG the non-available SDHB immunostaining in the M-GAPP
24 M 28 APG score [22, 23]. The extent of sclerosis was evaluated on
25 F 18 PHEO (Metastatic) the whole central section of the tumor. The presence of
26 F 63 HNPG intra-tumor sclerosis, namely the deposition of collagenous
27 F 48 HNPG stroma between tumor cells, was semi-quantitatively scored
28 F 45 HNPG as follows: 0 (absent sclerosis), 1 (<30% of tumor area), 2
29 F 54 HNPG (30-60% of tumor area) and 3 (> 60% of tumor area). Cen-
30 F 45 HNPG tral fibrotic scars, likely related to ischemic necrosis, were
31 F o4 HNPG excluded from sclerosis assessment. Immunohistochemistry
32 F 40 HNPG was performed on serial sections by using Immunoperoxi-
33 F 55 HNPG dase technique (HRP Multimer), Ventana Automated Immu-
34 M 46 HNPG nostainer System (Roche Diagnostics) and specific primary
35 F 69 HNPG antibodies raised against Chromogranin A (clone LK2H]10,
36 M 37 HNPG +APG +CTPG dilution 1:1000), Synaptophysin (clone MRQ-40, dilution
37 F 35 PHEO 1:200), pan-Cytokeratin AE1/AE3 (clone AE1/AE3, dilu-
38 F 57 PHEO tion 1:500), Ki-67 (clone MIB-1, dilution 1:100) (Novocas-
39 F 43 PHEO tra Laboratories Ltd.), VMAT]1 (clone SLC18A1, dilution
40 F 74 PHEO 1:500) and VMAT?2 (clone OTI9E1 1, dilution 1:50) (Novus
41 F 50 PHEO Biologicals), according to the manufacturers’ instructions.
42 F 45 PHEO (Metastatic) Briefly, sections were deparaffinized and brought to water,
43 F 74 PHEO subjected to heat-induced epitope retrieval and the reaction
44 M 29 PHEO was evidenced by using Ultraview Universal Detection Kit
4 F 44 PHEO and DAB 3’-5’ as chromogen substrate (Roche Diagnos-
46 F 58 PHEO tics). VMAT1 and VMAT2 immunoreactivity was semi-
47 M 36 PHEO quantitatively evaluated on a scale from 0 to 6 (0, absent;
48 F 43 PHEO 1, <10% positive cells; 2, 10-19%; 3, 20-39%; 4, 40-59%;
49 F 58 PHEO
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Table2 VMAT 1, VMAT 2, Sclerosis score and M-GAPP score in mutated and non-mutated (nm) patients

Patient N. Diagnosis Sclerosis score M-GAPP score V-MAT1 V-MAT 2 Genotype
score score

1 HNPG 0 4 4 6 SDHD

2 HNPG 3 3 6 6 SDHC

3 HNPG 0 3 6 6 SDHC

4 HNPG 3 2 6 6 SDHD

5 HNPG 2 NA 5 6 SDHD

6 HNPG 1 3 5 6 SDHD

6 Bronchial PG 2 5 6 5 SDHD

7 HNPG 3 2 5 6 SDHD

8 HNPG 0 4 6 6 SDHD

9 HNPG 3 3 5 6 SDHD

10 HNPG 1 7 4 6 SDHD

11 HNPG 1 4 6 6 SDHC

12 PHEO 0 6 2 6 SDHB

13 PHEO 0 1 2 6 RET

14 Bilateral PHEO 0 5 0 6 SDHD

15 PHEO 0 NA 2 6 VHL

16 PHEO 1 6 6 6 VHL

17 PHEO 0 4 6 6 SDHD

18 Bilateral PHEO 2 2 6 6 RET

19 PHEO+ APG 0 2 6 6 VHL

20 PHEO 2 5 6 6 SDHB

21 PHEO 0 0 6 6 RET

22 APG 1 2 6 5 SDHD

23 APG 1 6 6 6 SDHD

24 APG 0 4 6 6 SDHB

25 PHEO (Metastatic Behavior) 0 8 0 0 SDHB

26 HNPG 1 2 5 6 nm

27 HNPG 0 0 4 6 nm

28 HNPG 0 0 6 6 nm

29 HNPG 0 1 6 6 nm

30 HNPG 0 1 5 5 nm

31 HNPG 2 NA 3 6 nm

32 HNPG 0 0 6 6 nm

33 HNPG 0 1 6 6 nm

34 HNPG 1 1 6 6 nm

35 HNPG 0 0 4 6 nm

36 HNPG + APG + CTPG 0 0 6 6 nm

37 PHEO 0 4 5 0 nm

38 PHEO 0 4 3 6 nm

39 PHEO 0 1 2 6 nm

40 PHEO 0 1 3 6 nm

41 PHEO 0 1 3 6 nm

42 PHEO (Metastatic Behavior) 0 2 3 6 nm

43 PHEO 0 1 3 6 nm

44 PHEO 0 NA 5 6 nm

45 PHEO 1 1 5 6 nm

46 PHEO 0 2 6 6 nm

47 PHEO 0 4 5 6 nm

48 PHEO 0 2 6 6 nm
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Table 2 (continued)

Patient N. Diagnosis Sclerosis score M-GAPP score V-MAT1 V-MAT 2 Genotype
score score
49 PHEO 1 0 5 6 nm
50 PHEO 0 2 4 6 nm
51 APG 0 1 4 5 nm
52 Functioning APG 0 1 5 6 nm
53 Multiple APG 1 2 6 6 nm
54 Functioning APG (Metastatic Behavior) 0 1 6 6 nm
55 PHEO (Metastatic Behavior) 1 7 5 6 nm
55 PHEO (Metastasis) NE NE 6 6 nm

HNPG head & neck paraganglioma; PHEO pheochromocytoma; PG paraganglioma; APG abdominal paraganglioma; CTPG cervico-thoracic
paraganglioma; NA not available; NE not evaluated (lymphonode metastasis)

5, 60-79%; 6, 80-100%) according to Fottner et al. [24].
Human adrenal gland tissue was used as positive control.

Genetic Analysis

Genetic counseling and genetic analyses were performed
in all patients. As previously reported, DNA was extracted
from peripheral blood leukocytes and analyzed for germ
line mutations of all exons of SDHD, SDHB, SDHC and
SDHAF?2 as well as of RET (exons 10, 11, 13-16) and VHL
(all exons) genes, representing the most frequently involved
genes in such tumors [7].

Statistical Analysis

Data are reported as means + SD. Chi-square and Mann-
Whitney tests were used to analyze the different groups,
VMATI1, VMAT?2, tumor sclerosis and M-GAPP scores.
Correlations between VMATI1, VMAT?2, tumor sclerosis
and M-GAPP scores were analyzed using Spearman’s rank
correlation coefficient or Spearman’s p. p <0.05 was con-
sidered significant.

All statistical analyses were performed using the Prism-
GraphPad 8 (version 8.3.1) software.

Results
PGs: Clinical and Histological Characterization

The clinical diagnosis of PG was confirmed in 30/57 tumors
(52.6%) from 29/55 patients (52,7%), mostly HNPGs
(N'=22), then abdominal PGs (APGs, N=7) and a bronchial
PG. Data collection and patients’ clinical history revealed
metachronous tumors in 3 patients, respectively affected by
multiple APGs, by a HNPG followed by an APG and by a
cervico-thoracic PG, or by a HNPG followed by a bronchial
PG (Table 2).

@ Springer

Metastatic behavior was shown in a 35-year-old man
(patient N. 54, Table 1) affected by APGL; at 7-year follow-
up, he showed splenic and abdominal lymph node metasta-
ses that were surgically removed, and he is alive at 11-year
follow-up (Table 2).

By histology, all PGs showed features typical for neu-
roendocrine neoplasia; they were mostly composed by uni-
form cells with eosinophilic cytoplasm and arranged in a
“‘zellballen’’ pattern, i.e., cell nests delimited by sustentacu-
lar cells within a fibrovascular stroma (Fig. 1). Larger (clear
or spindle) cells, nuclear pleomorphism and/or a diffuse
growth pattern were observed in few cases (next paragraph).
Neoplastic capsular infiltration and/or angioinvasion were
detected in a minority of cases (N=28); most tumors were
well delimited by a fibrous capsule.

M-GAPP score was evaluated in 28/30 (93.33%) PGs
(Table 2), two patients lacking diuresis data. Most of them
(24/28; 85.7%) showed a zellballen architecture; large and
irregular nests were observed in the remaining 4 (14.3%)
tumors. Comedo-type necrosis was found in one case. The
ki-67 proliferative index was < 1% in 14 (50%) PGs, between
1% and 3% in 11 (39.3%) and >3% in 3 (10.7%). The tumor
with metastatic behavior showed M-GAPP score 1; it was
characterized by norepinephrine secretion, Ki-67 proliferat-
ing index < 1% and no pseudo-rosette, comedo-type necro-
sis, capsular and/or vascular infiltration.

Tumor sclerosis was found in 15/30 (50%) PGs (11
HNPGs, 3 APGs and the bronchial PG) (Table 2). Sclero-
sis was characterized by broad bands of hyaline fibrous tis-
sue delimiting nests or cords of tumor cells (Fig. 1). At the
periphery of the tumor, fibrosis might mimic an infiltrative
growth pattern whereas in the neoplastic core the embed-
ded cells might show moderate atypia or even nuclear pleo-
morphism. High (>2) sclerosis score was found in 7 PGs
(6 HNPGs and the bronchial PG), only two of them corre-
sponding to functioning tumors. No correlation was found
between multiple tumors and sclerosis, the 3 metachronous
PGs showing sclerosis score 2, 1 or 0, respectively.
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Fig.1 Sclerosis and VMAT
immunoreactivity in paragangli-
omas and pheochromocytomas.
A—C A head and neck para-
ganglioma showing (A) high
(score 3) sclerosis, high (score
6) VMATI (B) and VMAT?2
(C) immunoreactivity. D-F A
pheochromocytoma with (D) no
(score 0) sclerosis, no (score 0)
VMAT1 (E) immunoreactivity
and high (score 6) VMAT?2 (F)
immunostaining (A, D, Hema-
toxylin and Eosin staining; B,
C, E, F, Immunoperoxidase
staining and Hematoxylin coun-
terstaining; original magnifica-
tion: 10x)

By immunohistochemistry, all PGs showed Chromogra-
nin A, Synaptophysin and no pan-Cytokeratin (AE1/AE3)
expression. VMAT1 and VMAT?2 expression was detected
in all PGs (Fig. 1). VMATI score 6 was found in 11/22
(50%) HNPGs, in 5/7 (71%) APGs and in the bronchial PG
(the latter one from a patient with a previous HNPG show-
ing VMAT1 score 6). A higher VMAT1 (4-6 score range)
expression was detected in 95.5% of HNPGs, in 100% of
APGs and in the bronchial PG. Semi-quantitative analysis
of VMAT?2 expression showed a strong immunoreactivity
(score 6) in all PGs. In the metastatic APG, both VMAT?2
and VMATI displayed the highest (score 6) expression
(Table 2).

Genetic analyses showed a known germ-line muta-
tion involving an SDHx gene in 14/30 (46,66%) patients
with PGs, including 11 patients affected by HNPGs and 3
patients with APG (Table 2). One of the three patients with
multiple tumors (a HNPG with a metachronous bronchial
PG) showed an SDHD gene mutation. No known germ-
line mutation was identified in the patient with metastatic
behavior of PG. By comparing mutated vs. non-mutated
patients, we found that sclerosis frequency (p=0.048) and
mean score (p=0.020) were significantly higher in PGs from
patients with a mutated status (Fig. 2). Also M-GAPP score

Sclerosis Score in Non-Mutated PGs vs.
Mutated PGs
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Fig.2  Sclerosis score in paragangliomas from non-mutated vs.

mutated patients: independent samples Mann—Whitney U test was
applied for assessing mean score differences. Mean sclerosis score is
significantly higher in PGs of patients with a mutated status (p <0.05)
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Fig.3  M-GAPP score in paragangliomas from non-mutated vs.

mutated patients. M-GAPP mean score was significantly higher in
PGs from mutated patients. Independent samples Mann—Whitney U
test was applied for assessing mean score differences. * p <0.05

was significantly higher in mutated vs. non-mutated PGs
(p<0.0001) by Mann-Whitney test (Fig. 3). No statistically
significant difference was found in VMAT1 frequency or
in VMATT score values between mutated and non-mutated
PGs.

PHEOs: Clinical and Histological Characterization

PHEO was diagnosed in the remaining 27 tumors (47.4%)
from 26/55 patients (47.3%) (Table 1). Multiple tumors were
diagnosed in 3 patients, two of them showing synchronous
PHEOs and the third one a metachronous APG (Table 2). At
follow-up, a metastatic behavior was displayed in 3 patients.
A young woman (patient N. 25, Table 1), diagnosed with
PHEO at 18 years of age, developed liver metastases and
peritoneal carcinosis two years after diagnosis and died few
months later. Another woman was diagnosed with a PHEO
at 45 years of age (N. 42, Table 1) and presented splenic,
omental, and abdominal lymph node metastases at 7-year
follow-up; she underwent metastases resection and is alive
at 9-year follow-up. The third patient was a 55 y.o. man (N.
55, Table 1) that developed abdominal and omental lymph
node metastases two years after resection of a PHEO; he is
alive at 7-year follow-up.

By histology, all PHEOs showed the typical features of
a neuroendocrine neoplasia (Fig. 1). Larger clear or spin-
dle cells, nuclear pleomorphism and/or a diffuse pattern of
growth were observed in few PHEOSs (see next paragraph;

@ Springer

Fig.s 1,4). Neoplastic capsular infiltration and/or angioinva-
sion were detected in 11 PHEOs.

M-GAPP score could be calculated in 24/27 (88,9%)
PHEOs; in the remaining three tumors, secretion data
were not available (N =2) or the tumor was represented by
a lymph node metastasis (Table 2). A zellballen architec-
ture was shown in 10 PHEOs (41.67%), large and irregu-
lar nests in 11 (45.83%) tumors and pseudo-rosettes in
the remaining 3 (12.5%). In 2 (8.3%) cases, comedo-type
necrosis was found. The ki-67 proliferative index was < 1%
in 10 (41.67%) cases, 1-3% in 10 (41.67%) and > 3% in
4 (16.66%). Two out of the three tumors with metastatic
behavior showed a high (7 and 8, respectively) M-GAPP
score value, the third one had M-GAPP score 2; the first two
were characterized by pseudo-rosettes, comedo-type necro-
sis, capsular and/or vascular infiltration, high proliferative
index and mitosis presence (Figs. 4 and 5), whereas the third
one showed irregular large nests and capsular invasion.

No correlation was found between the presence of multi-
ple localizations or metastatic behavior and sclerosis; only
a bilateral PHEO showed a score 2 value.

By immunohistochemistry, all PHEOs showed Chro-
mogranin A and Synaptophysin expression with no pan-
Cytokeratin (AE1/AE3) immunostaining. VMAT1 and
VMAT?2 were detected in all but two PHEOs (92.6%)
(Table 2). In all VMAT1 and VMAT?2 immunoreactive
PHEOs, score 6 VMAT?2 immunoreactivity and variable
VMAT1 score were detected. The higher (4-6) VMATI1
scores were found in 59.3% of PHEOs, with score 6 in
33% of them. As to PHEOs with metastatic behavior, both
VMATSs were negative in one case (Fig. 4) whereas the
remaining two showed VMAT?2 score 6 and variable (3 or
6, respectively) VMAT1 score (Table 2).

Genetic analyses of patients affected by PHEO showed
a mutated status in 11/26 (42.31%) patients (Table 2). RET
and SDHD gene mutations were respectively detected in the
two patients with bilateral PHEOs, whereas SDHB mutation
was found in the young woman with metastatic behavior
and fatal disease. Sclerosis (p=0.24) and M-GAPP score
(p=0.09) were not statistically different in mutated vs. non-
mutated PHEOs.

Overall Series and Comparison of PGs vs. PHEOs

Sclerosis was found in 21/57 (36.8%) tumors. Sclerosis fre-
quency and sclerosis score were significantly different in
PGs vs. PHEOs (p=0.03 and p=0.04, respectively, Fig. 6);
sclerosis was mainly present in PGs (15/30 PGs vs. 6/27
PHEOs) and the highest (2 and 3) sclerosis scores were
found in 9 tumors, 7/9 corresponding to PGs (Table 2).

Also VMATT1 score was significantly higher in PGs vs.
PHEOs (p=0.006; Fig. 7).
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Fig.4 Sclerosis and VMAT
immunoreactivity in two
pheochromocytomas with meta-
static behavior. The first A-C
pheochromocytoma showed no
sclerosis (A), no VMATI (B)
or VMAT?2 (C) immunoreac-
tivity. The latter one D-F was
characterized by a low (score

1) sclerosis (D), high (score

5) VMATI1 (E) and (score 6)
VMAT 2 (F) immunoreactivity
(A, D, Hematoxylin and Eosin
staining; B, C, E, F, Immunop-
eroxidase staining and Hema-
toxylin counterstaining; original
magnification: 10x)

Fig.5  Mitotic activity in a pheochromocytoma with metastatic
behavior. A mitotic figure is evidenced (arrow) in a PHEO showing
metastatic behavior at follow-up (Hematoxylin and Eosin staining;
original magnification: x20)

M-GAPP mean score did not statistically differ between
PGs (mean score =2.25) and PHEOs (mean score =2.96;
p=0.28), whereas M-GAPP scores correlated whit sclero-
sis (p=0.029) and the M-GAPP mean score was signifi-
cantly higher in sclerosing tumors vs. non-sclerosing tumors
(p=0.0231) (Fig. 8B). M-GAPP score was calculated in 52

tumors; 34 (65.4%) showed a zellballen architecture, 15/52
(28.8%) large and irregular nests and the remaining 3/52
(5.8%) pseudo-rosettes. In 3/52 (5.8%) cases, comedo-type
necrosis was found.

The ki-67 proliferative index was < 1% in 24/52 (46.2%)
cases, between 1% and 3% in 21/52 (40.4%) and > 3% in
7/52 (13.4%). As expected, a strong correlation was found
between Ki-67 index and M-GAPP score by Spearman’s
rank correlation with 95% confidence interval (p <0.0001),
whereas Ki67 index did not significantly differ between PGs
and PHEOs (p=0.71) and it did not correlate with sclero-
sis. Two of the 4 patients with metastatic behavior showed
a>3% Ki67 index and the remaining two a < 1% Ki67 index;
such a small number of observations did not allow a power-
ful statistical analysis as to the risk of metastasis.

Genetic analyses identified 25/55 (45.5%) patients with
a germ line mutation; in 19/25 (76%) the mutation involved
SDHx genes (4 SDHB, 3 SDHC, 12 SDHD), in 3 (12%)
the RET gene and in the remaining 3 (12%) the VHL gene
(Table 2). By comparing tumor sclerosis and genetic data,
we found that sclerosis score was higher in mutated patients’
tumors as compared to non-mutated ones (p=0.014)
(Fig. 9). We also found a correlation between sclerosis score
and mutations by Spearman’s test (p=0,0027). Sclerosis
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Fig.6 Frequency (A) and score (B) of sclerosis in paragangliomas
vs. pheochromocytomas: frequency and mean score were higher in
Paragangliomas as compared to Pheochromocytomas. Frequency was

was more frequently associated to germ-line mutations
(N =14/25, 56.7%; p=0.01) and to the diagnosis of PG
(N=11/14, 78.6%), most of the patients (N=8/11, 72.7%)
being affected by HNPG (Table 2).

As to the VMAT1 score values and the mutated status,
score 6 was more frequently detected in mutated patients’
tumor as compared to non-mutated ones (p <0,01), whereas
VMAT1 mean score did not significantly differ (Fig. 10). As
expected, no difference between mutated and non-mutated
patients was observed for VMAT2 expression that was
highly expressed (score 6) in most cases (N=255/57 tumors).

M-GAPP mean score value was significantly higher in
mutated cases as compared to non-mutated ones (p <0.0001)
(Fig. 8 A) and a strong correlation was found between
mutated patients and M-GAPP score (p <0.0001), whereas
Ki-67 index did not correlate with mutation status.

The presence of mutations was not related to the function-
ing phenotype or to the diagnosis of PG or PHEO.

As to multiple tumors, in 4/6 (66.7%) cases we found a
known germ-line mutation, involving RET or SDHD gene
in the two patients with PHEOs, SDHD or VHL gene in the
other two patients with PGs.

In the 4 patients with metastatic behavior, a mutated sta-
tus (an SDHB gene mutation) was found only in the 18-year-
old woman with fatal outcome.

Discussion

In the present study, we investigated 57 neuroendocrine
tumors (30 PGs and 27 PHEOSs) in 55 patients from a single
Center. We found that tumor sclerosis and VMAT1 expres-
sion were significantly higher in mutated patients affected
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investigated by Chi-square test; independent samples Mann—Whitney
U test was used for assessing mean score differences. * p <0.05

by PG. Tumors with sclerosis score > 2 represented 16% of
cases (7 HNPGs and 2 PHEOSs) and a germ-line mutation
was found in 8/9. Furthermore, we showed that a higher
M-GAPP score was correlated with the presence of muta-
tions and with tumor sclerosis. These results confirm that
germ-line mutations may help in early diagnosis and in iden-
tifying asymptomatic patients or patients with tumor suscep-
tibility that deserve closer follow-up or familial counseling
[1]. It has been previously shown that PGs and PHEOs from
patients with SDHA, SDHB and SDHC mutations show
higher biological aggressiveness and SDHB mutations have
been associated with the presence of metastasis [3, 25, 26].
In our study we could not analyze this latter aspect because
of the limited number (N =4) of tumors with metastatic
behavior, only one of them carrying an SDHB mutation in
a young patient with fatal disease.

We did find that VMAT1 score was higher in PGs than
in PHEOs (p=0.0006). These findings are at least partially
according to another study showing higher VMAT1 (and
VMAT?2) transporter mRNA expression in PGs than in
PHEOs, by means of quantitative real time PCR [27]. How-
ever, conflicting results have been reported on this topic.
Previous in vivo and in vitro studies on mammalian (rat or
bovine) cells and on normal human tissues have shown that
VMAT1 and VMAT?2 are predominantly expressed by adre-
nal chromaffin cells and by parasympathetic paraganglia,
respectively [28]. Fottner et al. found most VMAT-1-nega-
tive tumors to be represented by parasympathetic PGs and
to have extra-adrenal localization [24]. Although we do not
have a straightforward explanation for such discrepancies,
it must be pointed out that the present study investigated
one of the widest reported cohorts on this topic, providing
further data to the knowledge of this controversial issue and
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Fig.7  Comparison of VMATI score in paragangliomas vs. pheo-
chromocytomas. VMAT] mean score was significantly higher in
Paragangliomas. The independent samples Mann—Whitney U test was
used for assessing mean score differences. **p <0.01

underlaying the complexity of these neuroendocrine tumours
[1]. In a previous study we also observed that VMAT1-2
expression does not constitute a limiting factor for MIBG
uptake [17]; also other Authors did not find any correla-
tion between MIBG and VMAT1 expression and altogether
these results might partially explain the variable diagnostic
significance of these radiotracers [29].

A M-GAPP Score in
Non-Mutated vs. Mutated Patients
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Fig.8 M-GAPP score in tumors from non-mutated vs. mutated
patients (A) and in tumors with or without (w/o) sclerosis (B).
M-GAPP score was significantly higher in tumors from patients bear-

In this series, the highest VM AT 1score (i.e., score 6)
was more frequently observed in mutation-bearing patients’
tumors (p <0.01). This topic could be worthy of further
investigation. In a previous study, no significant difference
in VMAT] expression was found in 24 mutated versus 33
non-mutated PGs [29]. In this latter series, a different immu-
noreactivity score, combining the percentage of tumor cells
with positive staining and the intensity of immunostaining,
was used and additional (MAX and NF1) genes were also
investigated.

Nowadays all PHEOs and PGs are considered to have
metastatic potential, suggesting a risk stratification based
on histological and clinical features including invasion of
capsule and of blood vessels, peculiar architectural patterns,
high mitotic count or proliferation index, tumor site and
hormone secretory profile [3, 15, 30]. For this retrospec-
tive study, we have been using the M-GAPP scoring system
that represents one of the most widely adopted scoring sys-
tems for PGs/PHEOs in the last decade [15, 31]. M-GAPP
score evaluates the histological pattern, the presence of
comedo-type necrosis, of capsular/vascular invasion, the
Ki67 labeling (or proliferation index), the catecholamine
secretion and the SDH gene status that is considered a high-
risk factor for metastasis [15, 21, 25, 32, 33]. SDHB immu-
nohistochemistry is considered a reliable tool for detecting
SDH-x (SDHB, SDHC, and SDHD) germ-line mutations
on FFPE tumors [21-23], but a heterogeneous SDHB

B M-GAPP Score in Tumors
w/o Sclerosis vs. Tumors with Sclerosis

M-GAPP Score

&
o

ing a germ-line mutation such as in tumors with Sclerosis Chi-square
test for frequency was used. * p<0.05
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A Sclerosis Frequency in
Non-Mutated vs. Mutated Patients
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Fig.9 Frequency (A) and score (B) of sclerosis in tumors from non-
mutated vs. mutated patients. Sclerosis was higher and more frequent
in tumors from patients with a mutated status. Chi-square test for fre-

immunoreactivity requires SDH molecular genetic testing
such as a subset of SDHB-immunonegative tumors might
harbor other mutations (e.g., for VHL and NF1 genes) [23].
In our study we replaced immunohistochemistry for SDHB
with genetic evaluation which was available to us. We found
a strong correlation between Ki-67 index and M-GAPP score
(p <0.0001); this result was predictable because Ki67 index
is a parameter of this score [19].

In the present series including 4 tumors with metastatic
behavior, a high (i.e., 7 and 8, respectively) M-GAPP score
was shown in 2 of them; such a small number does not allow
any further consideration.

A strong correlation was found between mutation-bearing
patients’ tumors and M-GAPP score (p <0.0001). These
results could be predictable since SDHx genes mutation
represents an important parameter in the score, and 7/9
sclerosing tumors had mutations in SDHx genes. We also
observed that M-GAPP score correlated with tumor sclerosis
(p=0.029). Sclerosing PGs constitute a minority of cases
that may mimic a malignant neoplasia [11-14]. Our data
point out to sclerosis not only as a peculiar histological fea-
ture that must be correctly considered in such tumors for the
differential diagnosis from malignant/aggressive neoplasia,
but also a possible histological marker of tumor susceptibil-
ity and patient vulnerability. Although our results need to be
furtherly confirmed, tumor sclerosis could be an appealing
candidate to enter a scoring system. Indeed, it is well known
that myofibroblasts may play a role in the stromal response
of the host against neoplasm or in the regulation of tumor
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Non-Mutated vs. Mutated Patients
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quency was used; independent samples Mann—Whitney U test was
applied for assessing mean score differences. *p <0.05, ***p <0.001

growth [34]. As early as in 2007 Kuroda N. at al. identified
the myofibroblasts as the third stromal component in PG
[35]. Further studies investigated the role of the microen-
vironment (using fibroblasts co-culture) on SDHB-silenced
cells (monolayer and spheroid) and demonstrated that fibro-
blasts enhance collective migration/ invasion and metastatic
potential [36, 37]. And in small intestinal neuroendocrine
tumors (NETs) accumulating evidence suggests that the
tumour microenvironment plays a pivotal role not only in
the neoplastic progression but also in the pathogenesis of
their fibrotic complications [38]. Significant alterations are
usually observed in the extracellular matrix of small intes-
tinal NETs, and the biologic underpinnings of focal desmo-
plasia is a common feature of these tumours. Moreover, in
pulmonary NETs, the extent of extracellular matrix remod-
elling has been described to be grade-dependent and associ-
ated with increased tumour size and nodal metastases [39,
40]. In both small intestinal and bronchopulmonary NETs,
a dynamic crosstalk between neoplastic cells and reactive
stroma regulates the growth and tumour progression, and
intensive research is currently underway to therapeutically
exploit the vulnerabilities of such a molecular interplay [41].

In conclusion, higher tumor sclerosis, M-GAPP and
VMAT1 scores were associated to germ-line mutations in
PGs; it could be hypothesized that sclerosis might represent
a histological marker of tumor susceptibility in PGs, prompt-
ing to genetic investigation, whereas in our series we could
not demonstrate any straightforward correlation between
M-GAPP score and tumor behavior.
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A VMAT1 Score 6 Frequency in
Non-Mutated vs. Mutated Patients
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Fig.10  VMAT1 score 6 frequency (A) and VMAT1 mean score (B)
in tumors from non-mutated vs. mutated patients. VMAT1 score 6
frequency and VMATI1 mean score were higher in mutated patients.
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