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Abstract

Meningeal solitary fibrous tumors (SFTs) and hemangiopericytomas (HPCs) had been combined into a single classification until
2016. Recurrence and metastases rates are still understudied, especially for spinal SFT/HPCs. Here, we describe CNS SFT/HPCs
and predictors for recurrence, metastases, and death, in spinal and intracranial SFT/HPCs, separately. We collected data from
studies with patient-level data available on primary SFT/HPCs from multiple online databases. Clinico-demographic data,
surgical outcomes, recurrence, metastases, and death rates were abstracted. We used logistic and Cox regression models to
identify predictors for recurrence, metastases, and death for spinal and intracranial SFT/HPCs. Twenty-nine studies (368 patients)
were included. Higher histological grade and subtotal resection were associated with recurrence (p values < 0.05), while higher
histological grade and recurrence (p values < 0.005) were associated with metastases formation. Time to recurrence (p < 0.005)
and metastases (p < 0.001) formation were shorter for spinal SFT/HPCs. Death rates were higher among intracranial SFT/HPC
patients (p value = 0.001). Among patients with higher histological grade, rates of metastases formation were different between
intracranial and spinal SFT/HPCs. Risk of metastases was higher in the first 5 years from surgery for both intracranial and spinal
SFT/HPCs. Meningeal SFT/HPCs patients have high rates of recurrence and metastasis, which occur mostly within the first
5 years after diagnosis. Spinal and intracranial SFT/HPCs show similar behavior, but spinal SFT/HPCs tend to develop metas-
tases and recurrences in a shorter interval of time. Careful follow-up for spinal SFT/HPCs should be considered because spinal
cases seem to be slightly more aggressive and require more attention.

Keywords Hemangiopericytoma metastasis - Solitary fibrous tumor metastasis - Meningeal hemangiopericytoma - Meningeal
solitary fibrous tumor - Spinal hemangiopericytoma - Spinal solitary fibrous tumor

Introduction

Meningeal solitary fibrous tumors (SFTs) are uncommon neo-
plasms affecting the central nervous system (CNS). Although
meningeal SFT and hemangiopericytomas (HPCs) were thought
to represent distinct entities, the identification of NAB2-STAT6
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fusion as a defining molecular alteration in both tumors has led to a
combined classification of these tumors at both dural and
extradural sites [16]. Before 2016, meningeal SFTs/HPCs had
been categorized into two groups—classic, typically more benign
SFTs, and HPCs, which are usually more aggressive tumors [31].
Previous literature has shown that SFT/HPCs account for 1.9 to
4% of intracranial tumors [4, 9, 23, 25, 35, 38, 47, 59]. Mean age
at presentation ranges from 38 to 45 years [2, 6, 24, 54], and these
tumors are diagnosed more frequently in men [12, 17, 20, 39, 40,
57]. The time between initial symptoms and diagnosis ranges from
3.1 to 7.5 months [1, 8, 15]. However, unlike with other primary
neoplasms, the natural history of primary spinal and intracranial
lesions and of related recurrences or metastases is still not fully
understood. Because of the widely variable time interval between
recurrences and metastases formation for primary SFT/HPCs,
there are no clear indications for imaging follow-up, particularly
for spinal SFT/HPCs [29, 45, 49, 58].
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There is a paucity of evidence in the literature exploring
characteristics and risk factors associated with patient out-
comes in these tumors. Indeed, only case reports and case
series of SFT/HPCs are available. Therefore, it is difficult to
draw valid prognostic considerations from these studies with
few patients, especially concerning the subpopulation of spi-
nal SFT/HPCs. To our knowledge, a review aggregating data
from these reports and series has yet to be published. To in-
crease statistical power in this systematic review, we reviewed
all of the literature on intracranial and spinal SFT/HPCs pub-
lished in the last 20 years, updating tumor definitions to the
most recent World Health Organization (WHO) guidelines
[2]. Furthermore, we systematically compared characteristics
and outcomes between spinal and intracranial SFT/HPCs.

We aimed to describe the behavior of this specific subset of
neoplasm and determine risk factors for both recurrences and
metastasis, in particular for spinal SFT/HPCs. We additionally
compared spinal SFT/HPCs to a subset of patients with intra-
cranial SFT/HPCs.

Methods

This systematic review is reported in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses Statement (PRISMA, 2009) guidelines (Fig. 1) [22].

Literature search, study selection, and eligibility
criteria

An expert medical reference librarian conducted a comprehen-
sive search of several databases from January 2000 to January
2020. Search terms were “CNS hemangiopericytoma,” “CNS
solitary fibrous tumor,” “HPC metastasis,” “SFT metastasis,”
“meningeal hemangiopericytoma,” “meningeal solitary fi-
brous tumor,” “spinal HPC,” “spinal SFT,” “recurrent
HPC,” “recurrent SFT,” and “hemangiopericytoma metasta-
sis,” used alone and in combination. Databases included Ovid,
MEDLINE, Epub Ahead of Print, Ovid Medline In-Process &
Other Non-Indexed Citations, Ovid MEDLINE, Ovid
EMBASE, Ovid Cochrane Central Register of Controlled
Trials, and Scopus. Controlled vocabulary supplemented with
keywords was used to search for recurrent and metastatic SFT/
HPCs and the correct timing for imaging follow-up. Further
studies were identified through the review of references of the
retrieved articles and relevant reviews.
The questions posed in this study were the following:

I. What are the characteristics and outcomes of primary in-
tracranial and spinal SFT/HPCs?

Ta. What are the factors associated with recurrence and
metastases of primary.
spinal and intracranial SFT/HPCs?

Fig. 1 Flow diagram
summarizing the process of study
selection

675 records identified trough database
searching or additional sources

-

314 excluded after limit to CNS
compartment, years 2000, English
language and duplicates
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analysis
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Ib. What are the factors affecting survival in patients with
primary SFT/HPCs?
II. How do spinal SFT/HPCs behave in comparison to
intracranial SFT/HPCs?

Because the primary aim of the study was focused on spinal
SFT/HPCs, we tailored our research strategy to investigate
these tumors; however, we additionally collected all available
data on intracranial SFT/HPCs to allow for comparison be-
tween intracranial and spinal SFT/HPCs populations.

Inclusion criteria for the studies in this systematic review
were the following:

1. Prospective and retrospective longitudinal studies de-

scribing primary intracranial and spinal SFT/HPCs;

2. Surgical resected SFT/HPCs;

3. Non-recurrent or non-metastatic SFT/HPCs at presenta-
tion. Studies on recurrent SFT/HPCs in which no clinico-
pathological information about the primary tumor was
available were excluded;

4. Case series with individual patient-level data with usable
information regarding recurrence and histologically con-
firmed metastases;

5. Studies published in English;

6. Studies published after 2000.

Case reports, editorials, technical notes, meta-analyses, re-
view articles, and duplicative reports were excluded, along
with studies published in any language other than English.
One author (E.G.) reviewed and selected the included studies.

Data abstraction

For each study, we extracted the following data: age, sex,
intracranial location (supratentorial vs. infratentorial), spinal
location (cervical, thoracic, and lumbar), number of recur-
rences, number of metastases, metastases location, diameter,
degree of resection (gross total resection (GTR) vs. subtotal
resection (STR)), vertebral bone erosion (i.e., any degree of
bone erosion), upfront adjuvant radiotherapy (RT) administra-
tion, histological grade, time to recurrence and metastases
detection, death, time to death, and overall follow-up time in
patient-years. These variables were defined, for the purposes
of this study, accordingly:

1. Recurrent disease was considered both as regrowth in the
same site or a formation of an in situ de novo lesion;

2. Histologically confirmed metastases as any extracranial

and extra-spinal de novo lesion;

Primary spinal and intracranial SFT/HPCs at diagnosis;

4. Histopathological data were defined and included accord-
ing to the most recent CNS (2016 [31]) classification
scheme. For both intracranial and spinal SFT/HPCs, tu-
mors with a classic SFT/HPC histopathological

W

phenotype and fewer than five mitoses (x 10 HPF) were
considered grade I; tumors with intermediate or HPC phe-
notype and fewer than five mitoses (x 10 HPF) were con-
sidered grade II; tumors with five or more mitoses (x 10
HPF) were considered grade I1I, irrespective of their his-
topathological phenotype.

5. The major diameter measured in centimeters;

6. Spinal location was classified according to the classifica-
tion proposed by Liu et al.: type I as extradural tumor (IA—
intracanal, IB—extracanal), type II as intradural type (ITA—
extramedullary, [IB—intramedullary), and type III as
intradural tumor with extension into the extradural and
paravertebral area;

7. Upfront radiation therapy data were considered eligible to
be included in the analysis only if adjuvant to the primary
tumor.

We extracted and analyzed primary intracranial and spinal
SFT/HPCs patients separately, calculating the number of and
mean time to recurrences and metastases for both samples
individually. We reviewed pathological findings for each case
described and carefully reviewed the methodology applied in
each series for pathological diagnosis, to adhere as strictly as
possible to the most recent WHO guidelines [16, 31]. When
necessary, the grading was updated to actual scores. Not every
study in this analysis reported all of these variables and out-
comes; however, they were included in the patient-level anal-
ysis if recurrence and extracranial metastasis data were pro-
vided. The included studies are reported in Table 1.

Evaluation of methodological quality

For each study, the risk of bias was assessed with the modified
Newecastle-Ottawa Scale for quality assessment. Bias was de-
fined based on the following questions: did the study include
all patients or consecutive patients with adequate clinical
follow-up (at least 12 months)? Was the outcome assessment
objective and replicable? What was the study design (prospec-
tive vs. retrospective)? Did the histological criteria overlap
with or adhere to the 2016 WHO guidelines for CNS tumors?

Studies judged to have low risk of bias were defined as
those with a predefined study protocol (prospective or ran-
domized study), adequate clinical follow-up (> 12 months),
objective and replicable outcome assessment, prospective de-
sign, and pathological diagnosis based on or re-codable to
2016 WHO classification of CNS tumors. Bias scores were
ranked in Table 2, and studies with scores lower than 6 were
considered as having a high risk of bias. If the scores for the
articles were not the same between two reviewers, a further
discussion between all authors was pursued until an agree-
ment was reached. We found 16 studies with a low risk of
bias (score > 6), 8 with a moderate and (score = 6), and 5 with
a high risk of bias (score <5).
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Table 1 Summary of the characteristics of the included studies
Author Publication year N total ~Study design
Lang N et al. [29] 2018 8 R
QilJetal. [25] 2018 20 R
Xiaoping et al. [58] 2017 11 R
Han N et al. [19] 2016 19 R
Menon GR et al. [35] 2015 21 R
Noh SH et al. [37] 2015 15 R
Das A etal. [12] 2015 5 R
Kakkar A et al. [26 2014 37 R
Tsugawa T. et al. [S3 2014 R
Satayasoontorn K. et al. [45] 2014 R
Park BJ et al. [40] 2013 13 R
Shirzadi A et al. [49] 2013 11 R
Liu H et al. [30] 2012 26 R
Zweckberger K et al. [60] 2011 10 R
Rutkwoski MJ et al. [43] 2011 14 R
Vassal F et al. [54] 2011 11 R
Spaltro AA et al. [2] 2010 11 R
Metellus P et al. [36] 2009 18 R
Chamberlain MC et al. [8] 2008 15 R
Wu W et al. [57] 2008 26 R
Fountas KN et al. [15] 2006 11 R
Pakasa NM et al. [39] 2005 3 R
Jallo GI et al. [24] 2005 R
Caroli E et al. [7] 2004 4 R
Kim JH et al. [27] 2003 31 R
Sheehan J et al. [48] 2002 14 R
Dufour H et al. [14 2001 21 R
Alen JF et al. [1] 2001 12 R
Someya M et al. [50] 2001 4 R

R retrospective

Statistical analysis

Descriptive statistics were reported as median and range for
continuous variables and number and percentage for categor-
ical variables. The Mann Whitney U test was used for group
comparison analysis of continuous variables and Fisher’s ex-
act test for categorical. We then fit univariate logistic regres-
sion models specifying metastases, recurrences, and death as
the dependent variables and clinicopathologic variables and
patient demographics specified as the independent variables.
Subsequently, we fit multivariable logistic regression models
to identify independent risk factors of recurrence, metastases,
and mortality with the variables that were found to be signif-
icant from the univariate models. For time-to-event analysis,
Kaplan—Meier curves were plotted. The independent prognos-
tic factors were identified by fitting Cox proportional hazards
regression models. A p value of <0.05 was regarded as

@ Springer

statistically significant. All statistical tests were 2-tailed. All
statistical analyses were performed using Stata Version 13.0
(StataCorp, College Station, TX).

Results
Literature search and study characteristics

The initial literature search yielded 675 articles. After
reviewing abstracts and titles, 314 articles were excluded be-
cause they were not relevant to our study (Fig. 1). After read-
ing the full text of the remaining studies, 117 additional arti-
cles were excluded, because they were not of interest or be-
cause they did not meet the inclusion criteria. The remaining
71 studies, with a total of 2013 patients, were included in the
analysis. Patient-level data were available in 29 of those stud-
ies (N=368). In this sample of 368 patients, 70.4% (259) of
tumors were primary intracranial SFT/HPCs, while 29.6%
(109) were primary spinal SFT/HPCs.

Characteristics of primary spinal SFT/HPCs

Median age at presentation was 43 years (range 2—73 years)
and 40.4% of patients were female, with a male to female ratio
of 1.48:1. Median follow-up time was 4.6 years (range 0.1—
25 years). The majority of spinal SFT/HPCs were located at
the thoracic level (45.3%), followed by cervical (32.1%) and
lumbar (22.6%) levels. The median diameter at the time of
recognition was 4 cm (1-15 cm). According to the Liu et al.
criteria, spinal SFT/HPCs were, for the most part, classified as
type III lesions (27.5%, intradural tumor with extension into
extradural space and paravertebral location), followed by ITA
(17.4%, intradural-extramedullary location), IA and IB
(15.9% respectively, intracanal or intracanal and extracanal),
and IIB (7.2%, intramedullary). For the remaining 16.1%, it
was not possible to retrieve this information. Some degree of
vertebral body erosion was found in 34% of cases of
extradural and paravertebral subtypes.

GTR was achieved in 67.4%, while STR occurred in 32.6%
of cases, and was followed by upfront RT in 84.4% of those
cases. Forty-five percent of patients who underwent GTR had
adjuvant RT. In 43.6% of cases, a recurrence developed. The rate
of recurrence formation was higher among patients with a higher
histological grade compared to those with lower histological
grade (4.8%/patient-year vs. 1.9%/patient-year respectively),
and was significantly higher within the first 5 years after detec-
tion (7.8%/patient-year vs. 2.4%/patient-year).

Metastases were relatively common (13.3%) and occurred
a median of 3.25 years (range 0.5-12.3 years) after the prima-
ry lesion. The overall risk of metastasis formation was esti-
mated to be approximately 3.1%/patient-year. Lung was the
most frequent location of metastases (32.1%), followed by the
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brain (2.3%) and bones and distal spinal locations
(41.6%). Multiple metastases were found in 13% of pa-
tients with metastases.

The rate of metastasis formation was higher for patients with a
higher histological grade compared to those with lower histolog-
ical grade (6.2%/patient-year WHO vs. 0.16%/patient-year re-
spectively for WHO grade III and grade I, p value = 0.002) and
was significantly higher within the first 5 years after detection
(6.8%/patient-year vs. 1.8%/patient-year, p value <0.001).
Clinico-demographic results are summarized in Table 3.

Metastases and recurrence risk factor analysis

Using Fisher’s exact tests, we confirmed that metastases oc-
curred more often among participants with SFT/HPCs with a

Table 3  SFT/HPC population baseline characteristics

CNS SFT/HPCs 407
Intracranial SFT/HPCs 368
Spinal SFT/HPCs 109

Age at diagnosis (mean + SD/median, range [yr])

Intracranial 43.6+14.2/43.5 (2-80)
Spinal 41.7+14.2/43 (2-73)
Female sex (N %)
Intracranial 43.6%
Spinal 40.4%
Radiological FU
Intracranial 5.6+5.0 (4,0.1-25)
Spinal 4.6+44 (3.5,0.5-25)
Recurrences (N %)
Intracranial 43.3%
Spinal 43.6%
Metastases (N %)
Intracranial 17.5%
Spinal 13.3%
Time before recurrences (mean = SD/median, range [yr])
Intracranial 6.9+£5.6 (5.6, 0.15-25)
Spinal 5.7+5.7 (4.5, 0.5-25)

Time before metastases (mean + SD/median, range [yr])

Intracranial 74+59 (6,0.5-24.2)

Spinal 43+3.6(3.3,0.5-12.3)
Intracranial SFT location (%)

Supratentorial 91.6%

Infratentorial 17.7%

Cervical 32.1%

Dorsal 45.3%

Lumbar 22.6%
Overall death related to disease progression (%)

Intracranial 21.4%

Spinal 9.4%

yr year, FU follow-up, SD standard deviation

@ Springer

higher histological grade (p value = 0.050), and among those
who experienced recurrence (p value < 0.001). There were no
significant differences in age (< 50 versus > 50 years old), sex,
tumor location, size, volume, number of recurrences, or be-
tween GTR and STR. Recurrences were more common in
patients who underwent STR (p value < 0.001), among those
patients with STR who did not have adjuvant RT (p value =
0.021), and among those with a higher histological grade
(WHO grade III, p value < 0.001).

In univariate models, lower histological grade was associ-
ated with lower risk of recurrence in both intracranial (WHO
grade I/l vs. grade III; odds ratio (OR) =0.30, 95% CI 0.11-
0.84, p value = 0.022) and spinal (WHO grade II; OR = 1.86,
95% CI 0.34-10.40, p value=0.472, and WHO grade III;
OR =4.29, 95% CI 0.81-22.8, p value =0.087) SFT/HPCs.
Conversely, STR, as compared with GTR, was associated
with greater risk of recurrence in both intracranial and spinal
SFT/HPCs (OR =2.63, 95% CI 1.48-4.66, p value <0.001
and OR =6.67, 95% CI 2.60-17.13, p value < 0,001, respec-
tively). However, age, sex, location, and tumor size were not
significantly associated with risk of recurrence.

Recurrent disease was a risk factor for metastases formation in
intracranial patients (OR =12.89, 95% CI 1.08-153.81, p val-
ue = 0.043). Higher histological grade was a risk factor for me-
tastases for both intracranial (and OR =2.91, 95% CI 1.44-5.93,
p value =0.003, respectively) and spinal (WHO grade II; OR =
2.83, 95% CI 0.95-10.40, p value =0.061, and WHO grade III;
OR=10.5, 95% CI 3.13-35.20, p value <0.001) SFT/HPCs.
Again, age, sex, location, size and, in this case, degree of resec-
tion, were not associated with metastases formation.

Based on the univariate analysis results, multivariate logistic
regression models were built. In multivariate logistic regression
models adjusted for age, sex, location and, depending on the
variable studied, histological grade, and recurrence, higher histo-
logical grade (WHO grade III, OR = 18.80, 95% CI 4.66-75.77,
p value =0.045) was associated with higher risk of recurrence.
Similarly, higher histological grade (WHO grade 111, OR = 6.04,
95%, 95% CI1 1.06-34.85, p value=0.045) and STR (OR =
11.16 95% CI1 3.63-34.27, p value <0.001) were associated with
higher risk of metastases. The results of the univariate and mul-
tivariable analyses are reported in Tables 4 and 5.

Survival analysis

Overall, 10.3% of patients died. Of those, 1 (0.9%) died of
causes unrelated to SFT/HPCs in the postoperative period
(first 30 days), while 10 (9.4%) died due to disease progres-
sion over a median follow-up time of 4.8 years (range 0.7—
25 years). The median survival time for patients with metas-
tases was 4.38 years (range 0.7-22.0 years). Among
those who died, patients with metastasis survived for a
significantly shorter period compared with patients with-
out (p value <0.020).
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Covariates

(95% CI) p

OR

(95% CI)

OR

Age, sex, location, degree of resection

0.045

4.66 —75.77
0.02 -0.28

18.80
0.08

<0.001
<0.001
< 0.001

3.13-35.20
0.06 - 0.38

10.50
0.15
6.67

Grade IIT
GTR
STR

Age, sex, location, histological grade

< 0.001
<0.001

Age, sex, location, histological grade

3.56 —44.97

12.66

2.60—17.13

GTR gross total resection, STR subtotal resection, WHO world health classification of CNS tumors

The 3-, 5-, and 10-year overall survival rates were 89.7%,
79.4%, and 76.6%, respectively. Higher odds of death were
found among patients who developed recurrences (OR =
15.95,95% CI 1.65-153.71, p value = 0.017), among patients
who developed metastases (OR = 6.79, 1.39-33.94, p value =
0.018), and among patients who underwent STR (OR =16.4,
95% CI 1.63-165.79, p value=0.018).

Metastases were not associated with a significantly shorter
survival time (hazard ratio (HR) =2.15, 95% CI 0.54-8.64, p
value =0.281), nor were recurrences (HR =5.10, CI 0.62—
41.85, p value=0.129). Also, metastasis location (extra
CNS vs. CNS metastases) was not associated with higher
mortality (p value =0.667).

Higher histological grade was associated with significantly
shorter survival time (HR =9.23, 95% CI 1.74-48.92, p val-
ue =0.009) (Fig. 2), as was STR (HR =5.20, C11.03-26.13, p
value = 0.045). By comparison, the adjunct of RT to STR
(HR =3.69, 95% CI 0.73-18.79, p value = 0.115) was associ-
ated with an improvement in survival time compared with
STR alone (HR =5.23, 95% CI 1.04-26.76, p value = 0.044)
(Fig. 3). Other clinicopathological variables were not associ-
ated with survival.

Spinal vs. intracranial SFT/HPCs analysis

No significant differences were found between spinal and in-
tracranial SFT/HPCs in terms of age at diagnosis and sex. We
did not find significant differences in terms of rate of recur-
rence (p value=0.538) or metastases formation (p value =
0.208) between spinal and intracranial SFT/HPCs. In both
populations, higher histological grade and STR were the fac-
tors most strongly related to recurrence (p value <0.05).
Additionally, higher histological grade (p value = 0.030) and
recurrences (p value =0.002) were related to metastases for-
mation. Finally, death rates were significantly higher among
intracranial SFT/HPC patients, as compared with spinal SFT/
HPC patients (26.5% vs. 9.4% respectively, p value =0.001).

Although our analysis showed how SFT/HPCs had
similar characteristics in both populations, the mean
time to recurrence formation was overall shorter for spi-
nal SFT/HPCs compared with intracranial SFT/HPCs
(6.3+4.8 vs. 8.1+5.8 years, respectively, p value =
0.003). Again, mean time to metastasis formation was
significantly shorter for spinal compared with intracrani-
al SFT/HPCs (5.1 £3.3 vs. 8.7+6.1 years, respectively,
p value <0.001). The risk of recurrence was not vastly
different between intracranial (HR =1.82, 95% CI 1.18-
2.80, p value=0.06) and spinal (HR=2.09, 95% CI
0.97-4.49, p value =0.059) tumors, nor among patients
who had STR compared with GTR. However, the risk
of recurrence was overall lower after the first 5 years
from surgery for intracranial SFT/HPCs (see values in
the section above).
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The overall rate of metastases formation was different for
patients with higher histological grade at diagnosis comparing
intracranial (HR =7.63, 95% C1 0.93-62.81, p value = 0.059)
and spinal (HR =9.15, 95% CI 2.32-36.09, p value =0.002)
SFT/HPCs. Risk of metastases formation was lower beyond
the first 5 years from surgery (HR =0.08, 95% CI 0.04-0.19,
p value =0.001) compared with the first 5 years. We found the

Fig. 3 Spinal SFT/HPC Kaplan—

same trend for spinal SFT/HPCs (HR after 5 years from sur-
gery =0.06, 95% CI 0.02—-0.15, p value< 0.001).

A post hoc sensitivity analysis comparing data be-
tween studies with high and low risk of bias did not
highlight statistically significant differences in terms of
outcomes and risk factors, as considered above, between
the two groups of studies.

Kaplan-Meier failure estimates

o
Meier curve: recurrence forma- (@
tion by STR and RT A ﬁ‘
0 —[—
N~
o
o
w0
o
0
N
o
o
S
o T T T T T T
0 5 10 15 20 25
time (months)
STR & no RT STR&RT

@ Springer



Neurosurg Rev (2021) 44:1299-1312

1309

Discussion

To the best of our knowledge, this is the most up-to-date
systematic review on spinal and intracranial SFT/HPCs.
After having reviewed and, when necessary, updated the his-
tological grade of SFTs/HPCs reported in the last 20 years [16,
31], we estimated the rate of recurrence and metastases for-
mation, defined risk factors, and analyzed patient survival for
both spinal and intracranial populations. Compared with pre-
vious reviews [4, 18, 42], our study included primary intracra-
nial spinal SFT/HPCs, and, for the first time, we analyzed and
compared intracranial and spinal populations independently.
Additionally, this is the first systematic review with patient-
level time-to-event and survival analyses. We found that a
higher histological grade and degree of resection (i.e., STR
vs. GTR) are associated with recurrence. Additionally, higher
histological grade and recurrence are associated with metasta-
ses formation, in both intracranial and spinal SFT/HPCs pop-
ulations, particularly within the first 5 years. Age, sex, loca-
tion, size, volume, degree of surgical resection, and adjuvant
RT were not associated with metastases development.
However, adjuvant RT after STR were negatively associated
with recurrent disease. Metastatic and recurrent disease are
associated with a significant decrease in survival. Building
upon findings from recent studies [42], which agree that his-
tological grade is strongly linked to metastases development,
we additionally found that recurrence is a risk factor for me-
tastases formation. Overall, these findings suggest that more
aggressive disease impacts patient survival.

Tumor control is the first marker of success in treatment.
SFTs/HPCs have a strong tendency to recur in the primary
surgical site, and, not uncommonly, at a distal location [7,
17,19, 21, 40]. Irrespective of histopathological classification,
GTR during the first operation has been consistently identified
as the most crucial factor for tumor control, with a substan-
tially higher 5-year local control rate in patients treated with
GTR (84%), as compared with STR (38%) [26]. Additionally,
mitotic rate and adjuvant RT seem to be associated with better
recurrence control [3, 10, 11, 37, 41, 43, 44, 46, 51-53], al-
though adjuvant RT does not prevent metastases formation [3,
10, 43, 44, 51, 60]. Prevalence of metastases ranges from 11.1
to 57% [27, 28], and typically appears from 1 to 8§ years after
initial therapy; however, there have been cases where metas-
tasis occurred more than 20 years after the initial treatment
[14, 15, 48]. Metastases can be multiple, spreading to many
organs and systems, although preferential sites were found to
be lung, bone, soft tissue, and liver [1, 5, 17, 34] . Our data are
consistent with previous studies and emphasize that most of
the metastases develop within the first 5 years after treatment
and most frequently in patients with high-grade lesions. Our
findings support previous results that show tumor grade is the
most significant risk factor for all outcomes. Thus, there does
not appear to be a difference between grades I and II, while

grade III is significantly associated with worse recurrence
control. Overall, the findings support that a grading scheme
incorporating mitotic rate is useful in stratifying SFT/HPCs.
Moreover, a recent risk stratification model for non-meningeal
tumors, proposed by Demicco et al., incorporates mitotic rate
and necrosis, along with patient age and tumor size. It appears
to be a robust prognostic factor in determining the propensity
for metastatic disease [13, 32]. Failure to control recurrence
rates and metastases is of primary concern, because both result
in a significant reduction in survival [27].

In the literature, the 5-, 10-, and 15-year survival rates
ranged from 83 to 65%, 77 to 40%, and 23 to 15%, respec-
tively [1, 15, 44]. In high-grade tumors, however, survival
rates decreased to only 88.9%, 66.7%, and 0% after 1, 3,
and 5 years [60]. As demonstrated by our analysis, and by
most studies, GTR was found to have a strong positive impact
on survival [14, 30, 55]. GTR alone was associated with a
median survival of 13 years, whereas STR has a median sur-
vival of less than 10 years [55]. When we compared patients
with GTR and postoperative radiation to patients who with
GTR alone, we did not observe any survival benefit for those
who underwent adjuvant RT. However, among patients with a
grade II SFT/HPC who underwent STR intervention, adjuvant
RT was associated with survival. Again, when we compared
patients who underwent GTR and postoperative RT to pa-
tients who went GTR alone, we observed a slight benefit with
regard to recurrence among those who underwent adjuvant
RT. The same trend was found among patients who
underwent STR intervention—adjuvant RT was associated
with a reduced risk of recurrence. Therefore, in the setting of
STR—in those cases where GTR was considered impossible
or risky—the addition of RT appears to be a reasonable alter-
native to GTR alone [52] . These findings corroborate those
from Fritchie et al., who found that extent of surgery, radio-
therapy/chemotherapy, mitotic rate, and necrosis were signif-
icant in predicting recurrence-free survival and disease-
specific survival. Because CNS classification takes mitotic
rate into account, it is not surprising that both appear to show
association with recurrence-free survival.

We found that intracranial and spinal SFT/HPCs tend
to exhibit similar behavior, although spinal tumors have
an overall lower mortality rate. Additionally, spinal
SFT/HPCs seem to develop recurrences and metastases
over a significantly shorter time period compared with
intracranial tumors. This finding could be reflective of a
real difference in the progression of these two types of
SFT/HPCs that must be taken into account when pursu-
ing imaging follow-up. Alternatively, in our opinion, it
may be secondary to the nature of the diagnosis. Spinal
SFT/HPCs result in earlier symptom presentation, so
are, therefore, likely get treated sooner than intracranial
tumor patients. This may then result in higher survival
rates, and, somewhat counterintuitively, higher rates of
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recurrence and metastases. However, again, this may be
reflective of earlier detection and more radical treatment
course, thus leading to more closely monitored follow-
up and greater detection of recurrences and metastases.
In both cases—spinal and intracranial—we believe that
long-term clinical and radiographic follow-up is neces-
sary [44, 47, 55]. It is important to detect extracranial
metastasis in the initial stages [50], because providing
close observation and timely assessment of the tumors
is thought to prolong the patient survival [33, 36, 56].

Limitations

In this systematic review and meta-analysis, we performed a
quantitative analysis of studies in which we were able to ab-
stract individual patient data to carry out a prognostic analysis.
Because we used data abstracted from previously published
studies, there was a certain amount of missing data for some
variables of interest (e.g., histological grade). Therefore, the
findings investigating histological grade as a risk factor for
recurrence or metastases must be interpreted with some cau-
tion, because power was limited and results may be
overestimated. Indeed, while we were able to abstract full
histological data for spinal SFT/HPCs, we categorized the
histological grade abstraction for intracranial SFT/HPCs into
grade III vs grade II/I to adhere to the 2016 WHO guidelines.
However, the data presented here show that histological grade
is a risk factor for tumor control and survival. Unfortunately,
we were not able to retrieve enough reliable data to investigate
other histological and molecular parameters. Surely future
studies will and should study these aspects of the tumors as-
sociated with patient outcomes. Despite these limitations, this
study represents an analysis of the largest sample of patients
with intracranial and spinal SFT/HPCs, and provides a frame-
work to guide decision making and consultation of patients
about the possible natural history of this rare tumor.

Conclusion

Meningeal SFT/HPCs patients have a propensity for high
rates of recurrence and metastasis, which occur mostly within
the first 5 years after diagnosis. Spinal and intracranial SFT/
HPCs show similar behavior, but with a tendency for spinal
SFT/HPCs to exhibit metastases development and recurrence
over a shorter interval of time. Clinicians should be more
cautious in their planning for follow-up of spinal SFT/HPCs,
because, even if the two populations exhibit similar overall
behavior, spinal tumors seem to be slightly more aggressive
and require more attention.

@ Springer
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