RESEARCH ARTICLE

Brain Pathology ISSN 1015-6305

Grading of meningeal solitary fibrous tumors/
hemangiopericytomas: analysis of the prognostic value of
the Marseille Grading System in a cohort of 132 patients

Nicolas Macagno

1.2%- Rob Vogels34*; Romain Appay'2; Carole Colin2; Karima Mokhtari®;

French CNS SFT/HPC Consortium; Dutch CNS SFT/HPC Consortium; Benno Kisters3$;
Pieter Wesseling”-8%; Dominique Figarella-Branger'2; Uta Flucke382; Corinne Bouvier'-2

T Department of Pathology and Neuropathology, Timone Hospital, Marseille, France.

2 INSERM UMR911, Aix-Marseille University (AMU), Marseille, France.

3 Department of Pathology, Radboud University Medical Center, Nijmegen, The Netherlands.

4 Department of Pathology, Stichting PAMM, Eindhoven, The Netherlands.

5 Department of Neuropathology, Pitié-Salpétriére Hospital, Paris, France.

6 Department of Pathology, Maastricht University Medical Center, Maastricht, The Netherlands.

7 Department of Pathology, VU University Medical Center, Amsterdam, The Netherlands.

8 Department of Pathology, Princess Méaxima Center for Pediatric Oncology, Utrecht, The Netherlands.
9 University Medical Center, Utrecht, The Netherlands.

Keywords

central nervous system, grading, hemangio-
pericytoma, Marseille Grading System, MGS,
prognostic factors, solitary fibrous tumor.

Corresponding author:

Dr. Nicolas Macagno, M.D., Departement
d'Anatomie Pathologique, Timone 2 (BMT),
Hopital de la Timone, AP-HM, 264 rue Saint-
Pierre, 13385, Marseille Cedex 5, France
(E-mail: nicolas.macagno@ap-hm.fn

Received 15 January 2018
Accepted 12 March 2018
Published Online Article Accepted
30 March 2018

*Authors contributed equally to this work
The English in this document has been
checked by at least two professional editors,
both native speakers of English. For a certifi-
cate, please see: http://www.textcheck.com/

certificate/TpQRwd

doi:10.1111/bpa.12613

INTRODUCTION

Given the discovery of the NAB2-STAT6 gene fusion in both solitary
fibrous tumors (SFTs) and hemangiopericytomas (HPCs) of the soft
tissue and central nervous system (CNS), these entities are no longer
regarded as separate neoplasms. They belong to the same spectrum
performances

(10). The excellent diagnostic
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Abstract

The finding that meningeal solitary fibrous tumors (SFTs) and meningeal
hemangiopericytomas (HPCs) are both characterized by NAB2-STAT6 gene fusion has
pushed their inclusion in the WHO 2016 Classification of tumors of the central nervous
system (CNS) as different manifestations of the same entity. Given that the clinical behavior
of the CNS SFT/HPC spectrum ranges from benign to malignant, it is presently unclear
whether the grading criteria are still adequate. Here, we present the results of a study that
analyzed the prognostic value of an updated version of the Marseille Grading System (MGS)
in a retrospectively assembled cohort of 132 primary meningeal SFTs/HPCs with nuclear
overexpression of STAT6. The median patient follow-up was 64 months (range 4-274
months); 73 cases (55%) were MGS 1, 50 cases (38%) MGS II and 9 cases (7%) were MGS
III. Progression-free survival (PFS) and disease-specific survival (DSS) were investigated
using univariate analysis: the prognostic factors for PFS included MGS, extent of surgery,
radiotherapy, chemotherapy and mitotic activity >5/10 high-power field (HPF). Moreover,
MGS, radiotherapy, mitotic activity >5/10 HPF, and necrosis were the prognostic factors
measured for DSS. In multivariate analysis, extent of surgery, mitotic activity >5/10 HPF,
MGS I and MGS I were the independent prognostic factors measured for PFS while
necrosis, MGS III and radiotherapy were the independent prognostic factors for DSS. In
conclusion, our results show that assessing the malignancy risk of SFT/HPC should not rely
on one single criterion like mitotic activity. Therefore, MGS is useful as it combines the
value of different criteria. In particular, the combination of a high mitotic activity and
necrosis (MGS III) indicates a particularly poor prognosis.

immunohistochemistry favored its rapid and wide adoption by pathol-
ogists and STAT6 nuclear overexpression is considered mandatory
for the diagnosis (9, 10, 12, 15, 20, 31, 34, 37, 39, 43, 49-51). SFTs/
HPCs can manifest anywhere in the body including the meninges,
and result in a spectrum of histological features and marked differen-

of STAT6 ces in clinical behavior. Assessing the behavior and prognosis of
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CNS SFT/HPC affects therapeutic management because indo-
lent SFTs/HPCs are typically treated with surgery alone, while
adjuvant radiotherapy is believed to be beneficial for patients
harboring more aggressive tumors (21, 22, 24, 29, 45, 46).

A spectrum of clinical features renders the grading of SFTs/
HPCs problematic, and there are currently three different histologi-
cal approaches. The first is a grading system used by the World
Health Organization (WHO) classification of tumors of the central
nervous system (CNS) (29). The second includes histological crite-
ria favoring malignancy by the WHO classification of Tumors of
Soft Tissue and Bone (19), and the third is the Marseille Grading
System (MGS) (7).

An update of the SFT/HPC WHO grading system has been
proposed in the latest revision of the WHO classification of
CNS tumors (29). This system is still based on the historical
separation of meningeal SFTs and HPCs. It does not reflect the
current molecular reunification of these entities, thus an impor-
tant grading dichotomization is based on the histological pheno-
type. Therefore, WHO grade I SFTs/HPCs are characterized by
the classic SFT phenotype and considered benign, while grade
IT and III SFTs/HPCs are characterized by the HPC phenotype
and are considered malignant and are generally treated by sur-
gery and adjuvant radiotherapy (21, 22, 29, 45). Despite many
reports of local recurrences, malignant progression and metasta-
sis for neoplasms harboring the classical SFT phenotype (5, 6,
18, 26), these tumors are still considered benign (i.e., WHO
grade I). These cases question the benignity of classical SFT in
the current WHO classification. Finally, the criteria used for
grading have evolved: necrosis is no longer part of the WHO
grading of CNS SFTs/HPCs while the phenotype and mitotic
activity are used in the current version (42).

In soft tissues, aggressive behavior of neoplasms that display
the classic fibrous phenotype is also well described and the
whole spectrum is considered intermediate malignancy. Efforts
have been made to define grading criteria suitable for the whole
spectrum of SFTs/HPCs (13, 14, 19). For example, high mitotic
activity [i.e., >4 mitoses per 10 high-power field (HPF)] (13,
14, 42), cytonuclear atypia and tumor necrosis are histological
indicators of poor outcome (7). Based on these criteria and on
clinical parameters, different systems for risk assessment have
been proposed (47), but the cohorts on which they are based
excluded meningeal cases and are therefore not applicable for
meningeal SFT/HPC.

For CNS SFTs/HPCs, we previously proposed a 4-tiered
MGS that is applicable to the whole spectrum (7). This grading
system is based on the combination of different histological fea-
tures: hypercellularity, high mitotic count (>5 mitoses/10 HPF)
and necrosis (Table 3). In practice, MGS has limitations
prompting for the refinement of specific grading criteria. Specif-
ically, the significance of necrosis in MGS I tumors was not
clearly defined, the threshold used for mitotic activity was dif-
ferent compared with the other grading systems, the micro-
scopic surface for the mitotic count and the exact definition of
hypercellularity were not clearly stated.

The goal of this study was to improve the grading of CNS SFTs/
HPCs by re-evaluating different histological criteria on an
expanded international cohort of 132 primary meningeal SFTs/
HPCs, and to analyze their respective prognostic value to ultimately
refine our definitions of the MGS.
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MATERIALS AND METHODS

Sample selection and patient clinical
information

Patients with a diagnosis of SFTs/HPCs of the CNS were selected
from the (referral) files of the authors and from the archives of col-
leagues who participated in this study. Clinical patient information
including age at first histological diagnosis, sex, treatment details
and follow-up data were extracted from the (electronic) patient
records. The neurosurgeon defined the extent of surgery as com-
plete or incomplete. For each case, a representative tumor tissue
block of the primary resection specimen was selected and included
for histological and immunohistochemical assessment. The SFT/
HPC diagnosis was confirmed by STAT6 nuclear staining using an
already published protocol (49). In short, STAT6 immunohisto-
chemistry (IHC) was performed by applying the STAT6 monoclo-
nal antibody (clone YE361; dilution 1:250; Abcam Cambridge,
The United Kingdom) on 4 pum histological sections and an auto-
mated immunostainer (Ventana benchmark XT, Ventana Medical
Systems Inc, Tucson, AZ) with an indirect biotin-free system based
on polymer (Ultraview universal DAB kit, Ventana medical Sys-
tems Inc.).

Follow-up data included information about recurrence(s),
regional or distant metastases, progression-free survival (PFS) and
disease-specific survival (DSS). Recurrent and metastatic disease
were detected by imaging techniques (in patients without any other
known malignancies), and in a subset of cases corroborated by his-
tological assessment. PFS was counted in months from the date of
the first histological diagnosis to the date of diagnosis of the (first)
local recurrence, detection of progressive disease for which treat-
ment was necessary, or detection of metastases by imaging techni-
ques. A distinction was made between patients who died because
of disease-specific factors and patients who died because of other
causes. DSS was counted accordingly until the date of death
because of disease causation. Patients who died directly because of
(complications of) surgery were excluded from further survival
analysis.

The French samples used in this study were stored and retrieved
from the Assistance Publique Hopitaux de Marseille Biobank
(APHM-Biobank). The APHM-Biobank (authorization number:
AC2013-1786-BIOBANQUES BB-0033-00097) respects the ethi-
cal charter of the French National Cancer Institute to store and
deliver samples for scientific research according to the French Pub-
lic Health Code (articles L. 1243-4 and R. 1243-61). All samples
were collected after obtaining informed consent from the patients.
The study of the Dutch samples was approved by the local scien-
tific review board of the Radboud University Medical Center and
was performed in accordance with the Code of Conduct of the Fed-
eration of Medical Scientific Societies in the Netherlands. Because
this research was not interventional, it did not require approval by
an ethics committee. The French committee for the treatment of
biomedical research information approved the data management of
this study (C.C.T.LR.S.—09.084Ter).

Histological features

Histological sections (4-um) were stained with hematoxylin and
cosin, and all cases were independently reviewed and scored by
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two pathologists (CB, NM). The following histological features
were also assessed based on our previous study (7):

e Presence/absence of hypercellularity (defined as presence of at
least a HPF of densely packed cells without intervening
collagenous stroma between the cells)

e Presence/absence of necrosis

e Mitotic activity: mitoses were counted in 10 adjacent HPFs in
the most proliferative areas as assessed in a H&E stained slide
(10 HPF with total magnification of 400X corresponded to
2.2 mm?)

Absence of hypercellularity as defined above with abundant inter-
vening collagenous stroma and a generally lower cellular density
corresponds with the SFT phenotype. For discrepant cases, a con-
sensus was reached, and with regard to mitotic count, dichotomiza-
tion was achieved with >5 mitoses/2.2 mm? as a cut-off point.

Statistical analysis

Clinico-pathological variables based on grading were compared
using the chi-square test (or Fisher’s exact test when at least one
subgroup was n < 5) for categorical variables, and the Mann—Whit-
ney U-test for continuous variables. All statistical tests were two-
sided, and the threshold for statistical significance was P = 0.05.
Survival curves were calculated according to the Kaplan—-Meier
method and compared using the log-rank test. Variables with a sig-
nificant P-value <0.10 were used to build the multivariate Cox
proportional hazard models, and limitation of the number of varia-
bles was performed with respect to the number of events. The
results are reported as two-sided P-values with 95% confidence
intervals (95% CI). Analyses were conducted with SPSS statistics
version 23.0.0.0 (IBM Corp.) and Prism 7.0a (Graphpad Software,
Inc.).

RESULTS

Clinical and follow-up data (Supporting
Information Table SA)

The primary tumors of 132 patients with a median age at diagnosis
of 53 years (range 22—86 years) and an almost equal male—female
ratio were analyzed. All patients were treated with surgical resec-
tion. According to the surgical reports, the intraoperative assess-
ment of the extent of surgery by the neurosurgeon [gross total
resection (GTR)] was achieved in 47 patients and was incomplete
in 47 patients. It was not possible to retrieve data from 38 patients.
Data revealed that 67 patients (51%) received adjuvant radiother-
apy, but this information was not available for eight patients. Of the
60 patients for which information about chemotherapy was avail-
able, 10 (16%) received adjuvant chemotherapy when extracranial
metastases were detected.

PFS and DSS data were available for 131 and 132 patients,
respectively. The median follow-up period was 64 months with a
range of 4-274 months. Recurrent disease occurred in 52 patients
(39.4%) after a median period of 36 months (38 patients recurred
before 10 years of follow-up, 11 patients between 10 and 20 years
3 patients after 20 years of follow-up). About 16 of the 71 patients
(22.5%) had extracranial metastatic disease (missing data regarding
metastases for 61 patients). Eight patients had metastases in the

20

Macagno et al

lungs, liver and/or bones. One patient had metastases in the abdom-
inal cavity, spleen and liver. However, specific data regarding exact
site(s) of metastases were not available for seven patients.

Information about disease status at the end of follow-up period
was available for all patients: 16 patients died because of disease-
related factors (DOD) after a median period of 70 months (22-268
months), 10 patients died because of other or unknown causes
(DOC), 98 patients presented with no evidence of disease (NED)
during follow-up and 8 patients were alive with disease (AWD). Of
the AWD patients, one patient had only residual disease for which
a “wait-and-see” policy was arranged, two patients had recurrent
disease and five patients had metastatic disease at the end of
follow-up. Four patients died during surgery or because of post-
operative complications (within the first month of follow-up) and
were excluded from survival analysis.

Association of the clinico-pathological features
and grading system with survival (Tables 1 and
2)

In univariate analysis, the age at diagnosis and patient sex was not
significantly correlated with prognosis. Incomplete surgical resec-
tion was significantly correlated with shorter PFS (P < 0.0001), but
not with DSS. Adjuvant radiotherapy and chemotherapy were asso-
ciated with shorter PFS (P =0.034 and P = 0.045 respectively)
and—for radiotherapy only—shorter DSS (P = 0.001).

Regarding histological features, high mitotic activity (>5/10
HPF) was significantly correlated with shorter PFS (P = 0.0004)
and DSS (P =0.007). The presence of necrosis was also strongly
correlated with shorter DSS (P < 0.0001), but not with PFS. Hyper-
cellularity was not statistically correlated with prognosis (Table 1).

Refinement of clinico-pathological features and
grading

We refined the criteria used for MGS to address the issue that some
MGS cases could be incorporated into more than one MGS cate-
gory [e.g., cases with low mitotic count and presence of necrosis
(n=6)]. Mitotic activity was correlated with PFS and DSS, and
therefore was the main discriminating factor between all MGS
groups. Of note, other studies also revealed a relationship between
mitotic activity and prognosis (13, 14, 16, 17, 25, 27, 42). Hyper-
cellularity was not correlated with prognosis, therefore it has not
been taken into account in the updated MGS. Necrosis remained an
important discriminating factor defining MGS III neoplasms when
combined with high mitotic activity.

MGS I tumors were defined by mitotic count <5/10 HPF with
or without necrosis, MGS II tumors were defined by mitotic count
>5/10 HPF without necrosis and MGS III tumors were defined by
mitotic count >5/10 HPF with necrosis. These adaptations resulted
in an updated MGS, as shown in Table 3. According to this
updated system, there were 73 MGS I tumors (55%), 50 MGS 11
tumors (38%) and 9 MGS III tumors in our series (7%) (Supporting
Information Table SA; Figure 1). Recurrent disease was noted in
21 of 73 patients with an MGS I tumor (28.7%; 5 patients with
GTR), in 25 patients with a MGS 1II tumor (50%; 3 patients with
GTR) and in 6 patients with a MGS III tumor (66%; 1 patient with
GTR). DOD was noted for six patients with a MGS I tumor
(8.2%), five patients with a MGS II tumor (10%) and five patients
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Table 1. Association of clinical and histological parameters with survival (median follow-up 64 months, range 4-274 months).

Variables No. of PFS (months) No. of DSS (months)
patients - patients -
Median 95% ClI Log-rank Median 95% ClI Log-rank

Age 0.511 0.422
< 53 years 63 72 35.9-108.0 63 249 51.4-446.5
> b3 years 68 85 77.56-92.4 69 268 /

Missing values 1 -

Sex 0.885 0.641
Female 63 83 76.9-89.9 64 268 /
Male 67 101 18.8-183.1 67 NR /

Missing values 2 1

Surgical resection <0.0001 0.182
Incomplete 47 36 23.8-48.1 47 268 /
Complete 46 217 54.1-379.8 47 249 /

Missing values 39 38

Adjuvant treatment 0.034 0.001
RT (-) 57 101 78.4-123.5 57 268 /
RT (+) 66 48 20.0-75.9 67 170 52.6-287.4

Missing values 9 8
CT (-) 49 102 61.2-142.7 0.045 50 NR / 0.196
CT (+) 10 48 33.5-62.4 10 NR /

Missing values 73 72

Mitoses 0,0004 0.007
<5/10 HPF 73 128 61.7-194.2 73 268 239.4-296.5
>5/10 HPF 58 47 37.7-58.2 59 170 56.1-283.8

Missing values 1 -

Necrosis 0.739 0.001
Absent 117 85 70.7-99.2 118 268 239.4-296.5
Present 14 145 / 14 116 72.9-159.0

Missing values 1

Hypercellularity 0.090 0.101
Absent 36 128 76.4-179.5 36 249 /
Present 95 72 41.3-102.6 96 NR /

Missing values 1

PFS, progression-free survival, DSS, disease specific survival; RT, radiotherapy; CT, chemotherapy; HPF, high power field.

with a MGS III tumor (55%). No statistical differences were
observed between the different MGS groups with respect to patient
age, sex or extent of surgery (Supporting Information Table SB).
Concerning adjuvant therapy, radiotherapy was given significantly
more often for higher-grade tumors (P < 0.0001).

The updated MGS was correlated with PFS (P =0.001) and
DSS (P = 0.0001) in univariate analysis (Table 2; Figure 2).

In multivariate analysis, the Cox model for PFS involved
mitotic activity >5/10 HPF, each of the different MGS sub-
groups vs. incomplete surgical resection, hypercellularity and

Table 2. Association of the updated MGS with survival.

radiotherapy. Incomplete surgical resection (for MGS III
tumors), mitotic activity >5/10 HPF and MGS III were all inde-
pendent adverse prognostic factors for PFS. Conversely, MGS
I was correlated with a better PFS. For DSS, the model
involved mitotic activity >5/10 HPF and necrosis for each of
the different MGS subgroups vs. radiotherapy: MGS I1I, radio-
therapy and necrosis were independent adverse prognostic fac-
tors. Mitotic activity >5/10 HPF was not an independent
prognostic factor for DSS, although a trend was noted (Sup-
porting Information Table SC).

Variables No. of patients PFS (months) No. of patients DSS (months)

Median 95% ClI Log-rank Median 95% ClI Log-rank
MGS | 73 128 61.7-194.2 0.0018 73 268 239.4-296.5 0.0001
MGS I 49 47 36.8-57.1 50 NR /
MGS Il 9 85 64.5-105.4 9 116 65.474-166.5
PFS, progression-free survival, DSS, disease specific survival.
Brain Pathology 29 (2019) 18-27 21
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Table 3. Definitions of WHO grading criteria and the MGS.

Macagno et al

WHO MGS 2012 (23) Updated MGS
Grade | MGS | MGS |
SFT phenotype” Mitotic activity <5 /10 HPF* Mitotic activity <5 /10 HPF*

Alternation of hypo- and hypercellular areas
Abundant collagen

Mitotic activity <5 /10 HPF*

Grade Il

HPC phenotype”

Hypercellularity
Mitotic activity <5 /10 HPF*

Grade Il
Mitotic activity >5 /10 HPF*

No necrosis
No hypercellularity

MGS lla

Mitotic activity <5 /10 HPF*
No necrosis

Hypercellularity

MGS IIb

Mitotic activity >5 /10 HPF*
No necrosis

MGS Il

Mitotic activity >5 /10 HPF*
and Necrosis

and Hypercellularity

(independent of necrosis)

MGS I
Mitotic activity >5 /10 HPF*
No necrosis

MGS Il
Mitotic activity >5 /10 HPF*
and Necrosis

*10 HPF (MGS): counting of 10 adjacent fields with total magnification of 400X (total surface 2.2 mm?) in the most proliferative areas as

assessed in a H&E stained slide or guided by Ki67 immunohistochemical staining if available.
The 2016 WHO classification does not provide a definition for hypercellularity and “10 HPF.”

DISCUSSION

Like the 2013 WHO Classification of Tumors of Soft Tissue and
Bone (19), the revised WHO Classification of Tumors of the Central
Nervous System regrouped SFT and HPC into a single entity: SFT/
HPC. SFTs/HPCs encompass a spectrum consisting of two main
phenotypes (29), but it is important to note that tumors with interme-
diate morphology or evolution from one phenotype to another are
also encountered, often making discrimination between these pheno-
types arbitrary (2). The NAB2-STAT6 gene fusion and the subse-
quent nuclear relocation of STAT6, which are both present in the
whole spectrum, proved to be highly sensitive and specific for the
diagnosis. STAT6 immunohistochemistry has been rapidly and
widely adopted by pathologists for an accurate diagnosis of these
neoplasms (9, 10, 12, 15, 20, 31, 34, 37, 39, 43, 49-51).

Grading of meningeal SFTs/HPCs is important to predict prog-
nosis and optimize the therapeutic management of individual
patients. Of note, grading criteria as included in the WHO 2016
classification have not been specifically designed for meningeal
SFTs/HPCs as one tumor entity, and are still based on the dichot-
omy of histological phenotypes. The MGS, which was specifically
designed for and could be applied to the whole spectrum of SFTs/
HPCs, was found to be of prognostic value for PFS and OS in a
series of 89 meningeal SFTs/HPCs (7). Results were comparable in
an independent cohort of 58 meningeal SFTs/HPCs by another
research group (52). In this expanded cohort of 132 primary menin-
geal SFTs/HPCs, we re-evaluated the prognostic value of several
clinical and histological variables to refine our definition of the
MGS. Moreover, we hoped to harmonize some of the criteria used
with the WHO classifications, and analyze the prognostic value of
this updated MGS for PFS and DSS. Table 3 shows an overview of
the histological criteria used.

Application of the updated MGS revealed prognostic value for
PFS and DSS in uni- and multivariate analysis. Multivariate

22

analysis showed that a combination of necrosis and high mitotic
activity (i.e., MGS III) was linked with the worst prognosis with a
median DSS of 88 months. The separation of tumors into MGS 11
and III had important prognostic value, as the 5- and 10-year sur-
vival rates for MGS III tumors were worse than for MGS II tumors:
S-year DSS of 68% vs. 89% and 10-year DSS of 25% vs. 72%,
respectively.

The strength of the MGS is in the combination of different crite-
ria. For example, when mitotic activity >5/10 HPF was used as a
single criterion (thus without adding necrosis), patients with the
poorest prognosis were merged with those with a better prognosis,
resulting in an overall 10-year DSS rate of 58%. High mitotic activ-
ity (i.e., >5/10 HPF) was associated with a worse prognosis in uni-
variate analysis but not in multivariate analysis (although a trend
was noted). This is consistent with other reports showing that
mitotic activity carries a prognostic value (13, 14, 16, 17, 25, 27,
42).

The MGS and the WHO grading system are both based on
mitotic activity. However, the cut-offs used by each system are
slightly different: >5 mitoses/10 HPF for the initial MGS (7) and
>5 mitoses/10 HPF for the WHO classifications (CNS and the soft
tissue) (19, 29). We statistically tested both thresholds and found
that >5 and >5 mitoses/10 HPF carried a prognostic value for PFS
and DSS in univariate analysis, and both tended to be as significant
as an independent prognostic factor for PFS and DSS. The associa-
tion with necrosis (defining MGS III tumors) was correlated signifi-
cantly with poor prognosis in uni- and multivariate analysis for
PFS and DSS, regardless of the mitotic cut-off used. Therefore, we
integrated this >5 HPF threshold in the updated MGS, to allow a
better harmonization of the MGS criteria with others (19, 29, 42).

The distinction between the classical SFT and the HPC pheno-
type in the WHO classification is based in part on the evaluation of
cellularity, a criterion which was also used in the previous version

Brain Pathology 29 (2019) 18-27
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Figure 1. Histological features and grading of meningeal SFT/HPC. A.
MGS grade I: low cellularity and plenty of intervening collagen
(“classic fibrous phenotype”), mitotic activity < 5/HPF. (H&E, 100X).
B. MGS grade [: variable cellularity (intervening collagen is still
present between most of the cells: “classic fibrous phenotype”),
mitotic  activity < 5/HPF.  (H&E, 100x). €. MGS grade I
hypercellularity (“HPC phenotype”), rare intervening collagen and
mitotic activity < 5/HPF (H&E, 100x). D. MGS grade |I: The cellularity
level of this tumor is hard to define precisely: the left area still has

of the MGS. In the current study, hypercellularity displayed a trend
toward worse PFS and, to a lesser degree, DSS, but these results
were not statistically significant. For the classical SFT phenotype,
some authors have suggested that hypercellularity does not carry a
prognostic value, but might be an important criterion when com-
bined with other histological findings such as nuclear atypia, necro-
sis or mitosis (6). However, conflicting results have been observed
regarding the prognostic value of hypercellularity (14, 25). Hyper-
cellularity is probably prone to high inter-observer variability, as
some cases may display alternating collagenous and more hypercel-
lular areas that are prone to sampling bias. To address these limita-
tions, hypercellularity is no longer a criterion used in the MGS.
Therefore, former MGS 1 and Ila groups have been merged into
MGS I, which is defined only by a low mitotic activity, regardless
of the WHO phenotype or cellularity.

In our previous study, we did not find necrosis to be an inde-
pendent predictor of prognosis (7). Nevertheless, necrosis proved
to be a prognostic indicator in this expanded cohort, particularly
when combined with high mitotic activity. This is consistent with
the former 2007 classification of the CNS (30), which separated

Brain Pathology 29 (2019) 18-27
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collagen between tumor cells and corresponds to a classic “SFT
phenotype” (star), whereas more densely packed cells are present in
the right side of the microphotograph: possible “HPC phenotype”
(arrowhead)—using the updated version of MGS, which is
independent of hypercellularity, this tumor is classified MGS | as it
displays a mitotic activity <5/HPF (H&E, 100X. Inset: focus of
possible hypercellularity 200%). E. MGS grade |l: mitotic activity >5/
HPF without necrosis (H&E, 100X). Inset: high mitotic activity; 400X).
F. MGS grade IlI: necrosis and mitotic activity > 5/HPF (H&E, 100X).

grade I and III HPCs based on the criteria defined by Mena et al,
including necrosis and high mitotic activity as prognostic indicators
(33). Also, a recent report regarding soft tissue SFT/HPC, has inte-
grated necrosis into its grading scheme (14). We also analyzed the
value of necrosis for non-mitogenic tumors and found that 5 SFTs/
HPCs displayed necrosis with a low mitotic activity, and all
patients had a favorable outcome without recurrence or death (fol-
low-up range 34-85 months).

Hypercellularity was present in samples of three patients without
evidence of recurrence (median PFS = 64 months) or death related
to disease (median DSS = 64 months) during follow-up. Con-
versely, among the six MGS I tumors that proved to be lethal dur-
ing follow-up, no cases displayed necrosis and two cases (44%)
showed a fibrous and hypocellular phenotype.

Clinical variables such as age and sex had no effect on the prog-
nosis in this study. In previous studies, older age has been reported
to be associated with worse overall survival for CNS SFT/HPC
(48) and for soft tissue SFT (42). Other clinical features like exact
tumor location and tumor volume also reportedly provide prognos-
tic information (6, 26, 32). Unfortunately, data regarding these
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Figure 2. Progression free survival (PFS) and disease specific survival
(DSS) curves for MGS and mitotic activity.

features were only available for a limited subset of cases in our
cohort and therefore could not be statistically analyzed. Studies
regarding the predictive value of these parameters should take into
account the clinical, radiological and pathological criteria to clarify
this relationship further. Treatment of CNS SFT/HPC generally
consists of surgical resection, with a better prognosis when tumors
are completely excised (52). In our study, gross total resection was
associated with better PFS without an effect on DSS, similar to
recent findings (8). Nevertheless, despite apparent complete surgi-
cal resection, long-term recurrences or metastatic spread have been
reported for the whole spectrum of SFT/HPC of the CNS (6). In
our cohort, 9 of the 47 patients (19%) with complete surgical resec-
tion of their SFT/HPC experienced recurrent disease. In the CNS,
the quality of the surgical resection is assessed by the surgeon dur-
ing the procedure, and therefore is prone to potential evaluation
bias. Data regarding prognostic value of surgical margins in soft tis-
sue are sometimes conflicting (12, 14, 25, 41).

It has been postulated that HPCs can benefit from adjuvant
radiotherapy, but this is still a matter of debate (21, 22, 38, 40,
44-46, 52). Thereby, studies regarding its prognostic value do not
adequately correlate different tumor grades (either WHO or MGS)
with outcome. In our study, radiotherapy was an adverse prognostic
factor for PFS and DSS. Selection bias toward higher-grade tumors
in the group of patients who received radiotherapy is the most
likely explanation for this finding. Furthermore, the exact time
period in which radiotherapy was applied in these patients could
not be retrieved. Prospective studies with adequate grading of
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meningeal SFTs/HPCs are required to define the role of radiother-
apy in the therapeutic regimen.

Long-term follow-up is advised for all patients with a meningeal
SFT/HPC regardless of grade, because recurrence(s) and/or metas-
tasis can occur several years after initial diagnosis, even following
complete surgical resection (11, 26, 28). It is important to note that
such adverse events can also happen for meningeal SFT/HPC with
the classic fibrous phenotype (2, 35). In our cohort, recurrence was
observed in eight cases (6%) harboring a classic fibrous phenotype
with low mitotic activity (all of which were MGS I) and one of
these cases recurred after complete surgical resection.

WHO grade I tumors of the CNS are traditionally considered
benign. In CNS SFT/HPC, this view might not accurately reflect
the particular behavior and the prognosis uncertainty of some of the
“benign-looking” classic fibrous end of the SFT/HPC spectrum.
Such tumors may display recurrences and even metastasis during
follow-up (2, 35). In our cohort, six MGS I tumors (4.5%) recurred
after a median follow-up of 60 months (despite 2 cases with com-
plete surgical resection). Notably, two of these cases harbored the
classic fibrous phenotype (with abundant collagen, without hyper-
cellularity and with a low mitotic activity) and would be classified
as WHO grade 1. All six patients died of their disease including
two cases harboring metastasis. Other examples of tumors with the
classical SFT phenotype exhibiting aggressive behavior during
long-term follow-up have been documented (2). Recent data sug-
gest late metastatic capacity even for apparently “benign” soft-
tissue SFTs (23).

Recently, risk assessment approaches have been proposed to
address this prognosis uncertainty for soft tissue SFTs, with a risk
stratification model by Demicco ef al and a risk calculator by Salas
et al (14, 42). Both systems integrate clinical and histological crite-
ria, and share common age and mitotic activity factors. The SFT
risk calculator (42) also includes tumor location (other than limb),
and the SFT risk stratification model (14) is partly based on tumor
necrosis and size. Neither system includes meningeal SFTs/HPCs,
nor they have not been validated for CNS SFT/HPC. In the present
cohort, age was not correlated with PFS or DSS in uni- and multi-
variate analysis. Therefore, we did not include this parameter in our
system. Unfortunately, detailed information regarding tumor size
was only available for a subset of cases and could not be analyzed
in this report. Since Demicco et al included tumor size as a criterion
in their risk stratification model (13, 14), it might be good to inves-
tigate the prognostic value of tumor size in CNS SFT/HPC in
future, multi-center studies in order to aim to an unified grading
system for these neoplasms.

In summary, this study showed that the combination of histolog-
ical variables, mitotic activity >5/10 HPF and necrosis is valuable
in grading meningeal SFTs/HPCs. In particular, the updated MGS
allowed the distinction of a subgroup of patients with a poor out-
come (i.e., patients with MGS III tumors). Furthermore, we con-
clude that prediction of behavior should not be assessed solely on
mitotic count, but by integration of different histological criteria.
Meanwhile, patients with CNS SFT/HPC at a histologically favor-
able end of the spectrum might still develop recurrence and/or
metastasis, as reported by us and others. Therefore, long-term fol-
low-up is advised for the entire spectrum of SFT/HPC.

Further advances in grading SFT/HPC might be possible by inte-
grating molecular information into specific grading subgroups. For
example, different NAB2-STAT6 gene fusion variants in soft tissue
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SFTs are reportedly correlated to different clinical outcomes, and
TERT promoter mutations have also been associated with adverse
prognosis (1, 3, 4, 36, 47). The prognostic relevance of these
molecular aberrations in CNS SFTs/HPCs needs to be further
investigated in a larger number of tumors (20).
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