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Introduction: Solitary fibrous tumor (SFT) is a rare soft tissue tumor found at any
site of the body. The treatment of choice is surgical resection, though 10%—-30%
of patients experience recurrent disease. Multiple risk factors and risk stratification
systems have been investigated to predict which patients are at risk of recurrence.
The main goal of this systematic review is to create an up-to-date systematic
overview of risk factors and risk stratification systems predicting recurrence for
patients with surgically resected SFT within torso and extremities.

Method: We prepared the review following the updated Prisma guidelines for
systematic reviews (PRISMA-P). Pubmed, Embase, Cochrane Library, WHO
international trial registry platform and ClinicalTrials.gov were systematically
searched up to December 2022. All English studies describing risk factors for
recurrence after resected SFT were included. We excluded SFT in the central
nervous system and the oto-rhino-laryngology region.

Results: Eighty-one retrospective studies were identified. Different risk factors
including age, symptoms, sex, resection margins, anatomic location, mitotic index,
pleomorphism, hypercellularity, necrosis, size, dedifferentiation, CD-34 expression,
Ki67 index and TP53-expression, APAF1-inactivation, TERT promoter mutation and
NABZ2::STAT6 fusion variants were investigated in a narrative manner. We found that
high mitotic index, Ki67 index and presence of necrosis increased the risk of
recurrence after surgically resected SFT, whereas other factors had more varying
prognostic value. We also summarized the currently available different risk
stratification systems, and found eight different systems with a varying degree of
ability to stratify patients into low, intermediate or high recurrence risk.

Conclusion: Mitotic index, necrosis and Ki67 index are the most solid risk factors for
recurrence. TERT promoter mutation seems a promising component in future risk
stratification models. The Demicco risk stratification system is the most validated
and widely used, however the G-score model may appear to be superior due to
longer follow-up time.

Systematic Review Registration: CRD42023421358.
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Introduction

Solitary fibrous tumor (SFT) is a rare soft tissue tumor. Morphologically the cells
typically appear with oval to spindle-shaped nuclei surrounded by scarce cytoplasm and
intervening collagen fibres arranged in a “patternless” pattern (Figure 1). Different SFT
variants such as giant-cell containing, dedifferentiated, myxoid, fat-forming and
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FIGURE 1
SFT with charcteristics "Patternless pattern” predominantly spindle
cell morphology with cellular atypia (HE 22X).

FIGURE 2
Malignant SFT with both spindle cell areas and round cell areas (HE
14X).

pleomorphic forms have been described. The final diagnosis of SFT
is based on the immunohistochemical detection of a fusion
between NAB2:STAT6 genes, in practice by using STAT6
immunochemical stain (1, 2) (Figure 2).

The most common tumor location is within the thoracic cavity
and abdomen, but SFT can be found throughout the whole body
(3). Surgical resection with negative margins is the recommended
treatment. SFTs can be benign or malignant, typically based on
the criteria by England et al. (4), but even benign SFTs can
metastasize, and this unpredictable nature poses a clinical
challenge and questions the follow-up after treatment. Recurrence
rates are varying and have been estimated to approximate 10%-
20% (5, 6), but in studies with longer follow-up time recurrence
rates of more than 30% have been reported (7).

Multiple risk factors have been proposed to predict which
patients are at risk of recurrence (5, 8-11). In addition,
numerous risk stratification systems (RSS) have been developed
to predict recurrence risk. In an extra-meningeal cohort,
Demicco et al. found age, size, necrosis and mitotic index to be
predictive of recurrence (12), however Georgiesh et al. found, in
their RSS, that mitotic index, necrosis and sex better identified
the low-risk patients (11). Some models, like Diebold et al,
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developed a RSS specifically for pleural SFT and found mitotic
index, size, Ki-67 index and necrosis to be the best predictive
variables (10). Hence, there exist controversies regarding risk
factors, and in addition, the development in molecular and
genetic techniques has made it possible to investigate new
potential risk factors for patients with SFT (13, 14). These factors
create a need for an up-to-date systemic review of the current
knowledge in this field.

Methods
Study design

This systematic review followed the PRISMA extension
guidelines for systematic reviews (PRISMA-P). The protocol was
registered in the Prospero Database with registration number:
CRD42023421358.

Participants

Inclusion criteria were: randomized controlled trials (RCTs),
reviews, observational studies (n>5) reporting on children or
adults, who were treated for histologically confirmed SFT, and
reported data on risk factors or potential risk factors for adverse
outcome such as local recurrence, metastasis, reduced disease-free
survival, disease-specific mortality, etc.

Also, we included studies assessing performance of risk-
stratification models.

We excluded studies where patients were treated exclusively for
SFT in CNS (and meninges) as well as in the oto-rhino-laryngology
region, since these anatomic sites were out of scope for this
systematic review. Studies where patients only received radio- or
chemotherapy were also excluded.

Search strategy

A systematic search was made in the following databases:
PubMed, Embase, and the Cochrane Library. Furthermore, the
WHO international trial registry platform and ClinicalTrials.gov
were searched to identify ongoing studies. We restricted inclusion
from the year 2000 until December 2022.

The search strategy was created with help from an information
specialist. Search terms were: “Solitary fibrous tumor” and
“hemangiopericytoma”. No efforts were made to find “grey”
literature.

Data extraction

References were screened by two researches (JT and LP),
initially on title and abstract level, to exclude studies clearly out
of scope. Disagreements were solved by discussion. A second
screening process was carried out, and the full-text articles were
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read in order to make a final inclusion of studies. Again, consensus
was obtained after discussion. Data was extracted by predefined
data-charts: title, author, year of publication, demographic data,
setting, results risk-factors or risk

follow-up, regarding

stratification models.

Risk of bias

Due to the fact that included studies only comprised
retrospective cohorts and case-series, the “IBI Critical Appraisal
Tool” was found appropriate to assess risk of bias. It contains 10
questions and assesses internal validity, risk of selection and
information bias as well as the quality of reporting of results.
This tool has been used in various studies (15).

Briefly, question 1, 2 and 3 address the inclusion of patients,
and if the condition is measured in a standardized and valid
way. Question 4 and 5 address whether or not the inclusion was
consecutive and complete. Question 6, 7 and 8 address reporting
of demographics, clinical information and follow-up. Question 9
addresses the geographic location of the clinic in which the study
is carried out. Question 10 addresses the statistical methods used.

Results

A total of 3,289 studies were initially identified, 829 duplicates
were removed, and 2,460 studies were eligible for title and abstract
screening. A total of 2,323 studies were excluded leaving 137
studies for full text assessment. Due to inappropriate study
design (reviews, conference abstracts, editorial comments, etc.),
or studies which did not full-fill the inclusion criteria (no
prognostic data or risk factors included) another 63 studies were
excluded. Finally, we identified 7 relevant references from other
reference lists, and included these in the total number of 81
included studies. Inclusion is summarized in Table 1.

Study characteristics

We did not find any randomized controlled trials, nor did we
find prospective cohort studies, thus all included studies were
retrospective cohort studies. The numbers of cases in the
included studies ranged between 11 and 549 (16, 17). Median
and mean patient age ranged from 50 to 67 years (18, 19) and
57% of studies had a slight predominance of female patients.
Follow-up time was not clearly reported for 14 studies, the
remaining 67 studies reported mean or median follow-up time
between 12 months to 168 months (20, 21).

In all 81 studies, patients were diagnosed with SFT either by
biopsy or based on resection specimens, and almost all patients
were treated with surgical resection. The vast majority of studies
included patients with primary, localized SFT, however a
minority of case-series included locally advanced or metastatic
SFT. Twenty-nine studies reported SFT at any anatomic site of
the body, twenty-five pleuro-pulmonary or in the chest/thorax
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(mediastinum, lung and pleura), eleven extra meningeal, three
extra-thoracic and extra-meningeal, two in the urogenital tract,
one in bones, one in extremities, one in retroperitoneum, one in
the mesentery and liver, one in the retroperitoneum and pelvis,
and one in pelvis.

Relapse from SFT was typically measured as either time to local
recurrence or metastasis [disease-free survival (DFS), recurrence-
free survival (RFI) event-free survival (EFS)]. Overall survival
(OS) and disease-specific death (DSD) were also calculated for
some studies.

Clinical and demographic risk factors

Age

Many studies have investigated age as an independent risk
factor for adverse outcome after resected SFT. As expected,
age is often correlated to inferior OS (8, 12), however,
Demicco et al. found a significant correlation between higher
age and metastasis in two large cohorts of patients with extra-
meningeal SFT (5, 12), and this is why age was included in
their risk stratification model. The largest cohort to date, with
613 SFT cases, also found reduced disease-free survival (DFS)
for patients above 51 years, however this study was
characterized by missing data, ie., 70% of the SFT patients
lacked proper staging (3). Furthermore, Ghanim found
positive associations between age >59 and reduced event free
survival (EFS) in a cohort of intrathoracic SFT (22). Opposite
to this, numerous studies did not find such correlations (23—
34), and recently a Norwegian group with a long follow-up
time (median of 84 months), did not find association between

age and recurrence free interval (RFI) (11).

Symptoms

Only a minor fraction of studies has investigated the prognostic
role of symptoms vs. no symptoms. We only found studies without
association between symptoms and adverse outcome (25, 33, 35).

Sex

Most studies find no relation between sex and risk of
recurrence or reduced OS (3, 22, 28, 30, 31, 33, 36-38), however,
one study by Reisenauer et al. found worse OS for male patients
in a univariate analysis (39). Interestingly, Georgiesh et al. found
that male gender was associated with increased risk of late
recurrence (11), and thus added male gender to their risk
score (G-score).

Resection margins

Surgical removal of the SFT is the cornerstone in the
treatment, but the significance of radical resection is still not
clear. Most series, however demonstrate adverse outcome (LR,
metastasis, shorter event-free survival, etc.) after positive
resection margins (6, 12, 19, 22, 40, 41). One of the largest
cohorts with 303 SFT patients found a marked increased risk of
local recurrence (HR =10.0) in the cohort with positive margins
(12). Surprisingly, a large study with 162 patients with extra
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TABLE 1 Inclusion process.

Studies from databases/registers (n = 3289)

c
.
=
©
(%]
&
L
c
)
)

Duplicate references removed (n = 829)

>{ Studies excluded after title and abstract
screening (n = 2323)

Studies screened (n = 2460)

Studies assessed for eligibility (n = 137) Studies excluded after full text screening
(n=63)

Screening

Wrong study design: n = 8 review
n = 18 conference abstract
n = 2 editorial comments
n =35 no reporting of RF

Studies included from reference lists (n = 7)

Studies included in review (n = 81)

meningeal SFT, did not find positive resection margins (R0 vs. ~ Anatomic location

R1) as risk factor of neither OS, local recurrence or metastatic The most frequent location for SFT is believed to in thorax
recurrence in univariate or multivariate analysis (8), and neither  followed by the abdomen/retroperitoneum (3). Numerous studies
did Deanna Wand et al. find any significant association between  have found anatomic location to be a prognosticator for
RO vs. Rl resection and local recurrence, metastasis or OS in  recurrence, however results are conflicting. Gholami et al. found
their cohort of 59 SFT patients (36). location to be an independent predictor for recurrence and

Frontiers in Surgery 04 frontiersin.org


https://doi.org/10.3389/fsurg.2024.1332421
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Tolstrup et al.

disease-specific death, and in their cohort of 219 patients, thoracic
SFTs had the highest risk of local recurrence (5- and 10-year
cumulative risk of 10% and 18%, respectively, compared to 4%
and 7% for the total population consisting of SFT throughout the
body). SFTs in the
retroperitoneum had the highest risk with 10-year cumulative

Regarding  metastasis, abdomen/
risk of 27% compared to SFT in thorax and in the head-neck
region where 10-year cumulative risk was 16% and 15%,
respectively (38). Also, Cranshaw et al. found intraabdominal,
retroperitoneal and pelvic SFTs to have the highest risk of local
recurrence (42). Wilky et al. found extra thoracic SFTs to be
independently associated with recurrence (26), and O’Neil also
found higher rate of malignancy in extra-thoracic SFTs (43). Luo
et al. also found extra thoracic SFTs to be more aggressive (28),
and in accordance with these results Akaike et al. found the extra
thoracic location to be associated with lower disease-free survival
rate (44). The largest cohort to date found SFT in thorax/
abdomen/pelvis to be favorably associated with DFS compared to
SFT in CNS or head-neck region (3). Salas et al. found SFT in
the limbs to be associated to increased risk of metastasis in both
uni- and multivariate analysis (8). Finally, 4 studies did not find
any correlation between anatomic location and risk recurrence
(7, 31, 36, 41).

Pathological risk factors

Mitotic index

Number of mitosis [>4 mitosis/high-power fields (HPFs)] has
traditionally been a central criteria in the distinction between
malignant and benign SFT (4). Indeed, mitotic index seems to be
higher in malignant SFT, and it is found to be prognostic for
recurrence or metastasis regardless the anatomic location (3, 5-8,
10-12, 14, 17, 22, 23, 25, 26, 29, 32, 36, 37, 39-42, 44-52).

Three studies did not find mitotic index to be a significant
prognostic risk factor (31, 38, 53).

Pleomorphism

Pleomorphism is often referred to as variation in shape and
form of the nuclei in the tumor. We found 8 studies where
pleomorphism was found to be a risk factor of adverse outcome
(6, 10, 11, 37, 40, 44, 54, 55). Four studies did not find any
significant prognostic value of pleomorphism (5, 25, 49, 56).

Hypercellularity

Hypercellularity can be seen as excessive amount of crowded
cells and overlapping nuclei with minimally intervening collagen
(39), and this feature has been investigated for its prognostic
value. We found 7 studies which proved hypercellularity to be
significantly associated with recurrence or other measures of
adverse outcome (6, 37, 39, 40, 49, 52, 56), however, 5 studies
could not find similar results (5, 11, 27, 30, 32).

Necrosis

We found 15 studies which found a significant higher risk of
recurrence, metastasis or reduced OS when necrosis was present
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19, 32, 36, 37, 39, 40, 48, 49, 54, 55,

57). Demicco et al. added necrosis to their original 3-item score,

in the tumor (5, 6, 10, 11,

thus making it better to identify low risk patients (32). However,
7 studies did not find necrosis to be prognostic of adverse
outcome (25, 27, 30, 31, 41, 45, 57).

Size

Whether tumor size is a risk factor for tumor recurrence is a
subject of debate, and results are very conflicting. Demicco and
Gholami both found that tumor size was an independent risk
death and risk
respectively (5, 38), which explains the inclusion of tumor size in

factor for disease-specific of metastasis,
the original 3-tiered risk assessment model by Demicco et al.
Also, a number of other studies found similar correlations (10,
12, 17, 25, 28, 32, 37, 39, 41, 49, 55, 56). Opposite to the above
mentioned studies, we found 16 studies which could not find any
significant correlation between size and recurrence (7, 8, 21, 26,
27, 29-31, 33, 34, 36, 46, 48, 57, 58). Surprisingly, we even
found an inverse correlation between tumor size and DFS and
OS in a study based on 243 patients with resectable extra-
meningeal, extra-pleural SFT (6). Of note, a series with pleural
SFTs by Woodard et al. included nine giant SFTs with a mean
diameter of more than 20 cm, and none of these experienced
recurrence (48).

Dedifferentiation

Morphologically, dedifferentiation in SFT is described as an
abrupt transition from areas with conventional SFT to areas
resembling a high-grade sarcoma (59). Dedifferentiation is very
rare and the available evidence is scarce, however some studies
indicate a worse prognosis for patients with dedifferentiated SFT.
In a case-series from 2009, three out of eight patients with
dedifferentiated SFT died from their disease (60), and in a case-
series of 10 dedifferentiated SFT, seven of ten patients died
because of their disease within a median of 73 months from
diagnosis. Also, Yamada et al. found dedifferentiation to be an
independent risk factor of recurrence (61). Finally, Sugita et al.
found dedifferentiation to be significantly associated with worse 5
year metastasis-free survival, however only 2 of 43 patients had
dedifferentiated SFT in their study (31).

Immunohistochemical risk factors

CD34

The expression of CD34 glycoprotein on the cell membrane is
common in SFT, yet not specific, when diagnosing SFT (62), and
some studies have investigated its prognostic potential. Franzen
et al. found no difference in CD34 expression between malignant
and benign SFT, and no prognostic value of this marker (25). In
accordance with these results, DeVito et al. did not find CD34
status to predict OS in a cohort of 82 patients (46). Diebold et al.
graded CD34 staining from weak to strong (4 categories), but
found no correlation to adverse outcome (10). Interestingly, a
minor fraction of SFTs are CD34 negative, and in a study by
Lahon et al. CD34 negativity was significantly associated with
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recurrence of malignant SFT (21). Similarly, Dermawan et al. also
found that CD34 negative SFTs were more likely to metastasize
than CD34 positive tumors (20).

Ki67-index

The Ki67 protein is present on the cell nucleus, and it reflects
the proliferative potential of the tumor cells, thus high percentage
of Ki67 is known to be a prognosticator in many malignant
conditions. Sugita et al. found that the Ki67 LI (labeling index)
ranged from <1% to 72%, and they divided their samples in low
(Ki67 < 1%) with 35% of the patients, intermediate (Ki67 1%-
10%) with 56% of the patients and high (Ki67 >10%) with 9%
of the patients. Patients with high Ki67 had a significantly higher
risk of metastasis within 5 years of surgery and furthermore, the
authors substituted mitotic index with Ki67-index in Demiccos
RSS, and found it to be potentially superior (31). We found
more studies in which high Ki67 was associated with adverse
outcome (63, 64), however Ki67 cut-off values differed from >2%
(39), >5% (30), >10% (10, 19, 65) and >12% (25).

TPS53 expression

Mutations in TP53 may lead to dysfunction of the tumor
suppressor gene P53. Traditionally, TP53 status is measured by
immunohistochemistry (IHC), but DNA-sequencing, PCR and
other techniques are also available. Machado et al. found a low
prevalence of TP53 mutations (15 out of 97 samples), and no
clear correlation to adverse outcome was found, but TP53 was
more common in high risk SFT (14). Park et al. found TP53
immuno-positivity to be significantly associated with local
recurrence and metastasis (13), which is in accordance with
findings from Schirosi, Akaike and Rodriguez-Gonzalez (37, 44,
63), however these results were disputed by others (10, 57, 66).

APAF1

APAF1 (apoptotic protease-activating-factorl) is involved in
the process of apoptosis, and some researchers have proposed,
that inactivation of APAFI could be involved in malignant
transformation of SFT. Park et al. found a correlation between
APAF1 inactivation and malignancy, but not with
recurrence or metastasis (13). Machado et al
correction between APAF1 status (positive or negative) and

local
found no

clinical outcome (14).

Molecular risk factors

TERT promoter mutation

Mutations in the TERT promoter region may promote
aggressive behavior in SFT, and it is present in about 20%-40%
of SFTs (14, 67). In a large series with 172 patients Demicco
increased risk of metastasis when TERT
(HR =2.9),
correlation to OS or disease-specific death was found (67).

demonstrated an

promoter mutation was present however no
Bahrami and Akaike found likewise TERT promoter mutation to
be associated with lower event-free survival (44, 68). Park and

Lin however, only found TERT promoter mutation to be
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associated with malignancy, but not with local recurrence or
metastasis (13, 69). Bianchi studied 41 patients with SFT in the
extremities and found TERT promoter mutation to be associated
with risk of metastasis (57). Salguero-Aranda found that TERT
promoter mutation was associated with reduced progression-free
survival and OS (66). Machado et al. found TERT promoter
mutation was more frequent in patients with high and
intermediate risk stratification, thus speculating that this feature
could be particularly useful in risk stratification of the
“intermediate” group of SFT patients (14). Finally, a recent study
by Krskova et al. fount TERT promoter mutation to be
associated with malignant behavior, but not strictly with risk of
recurrence (64).

NAB2::STAT6 fusion variants

In 2013 two research groups discovered the NAB2:STAT6
gene-fusion to be diagnostic for SFT (65, 70), and now more
than 40 different fusion variants have been discovered. Many
studies have investigated whether these different fusion variants
have different malignant potential.

We found two studies which proved NAB2:STAT6 fusion
variants to have a clear prognostic significance. Barthelmess
discovered 12 different fusion variants in 52 patients. NAB2ex4:
STAT6ex2 (n=25), NAB2ex6::STAT6ex16 (n=7), and NAB2ex6::
STAT6ex17 (n=4), were the most frequent events. They found
significantly higher risk of recurrence in the NAB2ex6:
STAT6ex16/17 group. Georgiesh studied 39 patients and found
12 different fusion variants. They divided the fusion variants into
two groups based on the length of the STAT6 gene, the so-called
STAT6-TAD and STAT6-full. Patients with STAT6-TAD had an
increased risk of local recurrence, distant recurrence and OS in
the univariate analysis (71).

Park et al. discovered 3 different fusion variants in 68 cases: 1b
(NAB2ex4:STAT6ex2) in 56%, 2a (NAB2ex6:STAT6ex16) in 13%,
2b (NAB2ex6:STAT6ex17) in 6%, but found no association to
malignant potential (13). Machado found the most common
fusion variants to be NAB2-exon4:STAT6-exon2 followed by
NAB2-exon6:STAT6-exonl6/17, but failed to find them to be
predictive of aggressive behavior (14). Akaike found 7 types of
NAB2:STAT6 fusion variants in 40 cases, the most frequent
being NAB2Zexon4:STAT6exon2. They found NABZexon4:
STAT6exon2-3 to be associated with less aggressive phenotype,
but correlation with lower DFSR was not present (44). Likewise,
seven other studies with SFT from various anatomic sites, did
not find significant correlation between fusion variants and
adverse outcome (57, 61, 64, 72-76).

Risk stratification models

SFT is an unpredictable tumor, making it notoriously difficult to
estimate recurrence risk and plan surveillance. Therefore, many
different research groups have made great efforts to develop risk
(RSS),
prognostication for patients with primary SFT (Table 2). As seen

stratification ~ systems which have clearly improved

from the examples below, RSS are typically based on various
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TABLE 2 Risk stratification systems.

Risk Anatomic
stratification site
score

Georgiesh et al. (11)

Prognostic factors

Gender
- Mitotic index

Extra-meningeal | -

- Necrosis

Demicco et al. (12) Extra-meningeal | - Mitotic index
- Size
- Age
- Necrosis
Demicco et al. (5) Extra-meningeal | - Mitotic index
- Size
- Age
Salas et al. (8) Extra-meningeal | - Mitotic index
- Age
- Anatomic site
Tapias (2012) Pleural -
- Morphology (pedunculated or

sessile)

Pleural origin (parietal or visceral)

- Size

- Hypercellularity

- Necrosis/hemorrhage
- Mitotic index

Diebold et al. (10) Pleural - Mitotic index
- Size
- Ki67 index (MIB-1)
- Necrosis

De Perrot et al. (9) Pleural - Hypercellularity

- Mitotic index

- Pleomorphism

- Hemorrhage

- Necrosis

- Invasion

- Morphology (pedunculated or

sessile)

Mitotic index

Extra-meningeal | - Cellularity
- Pleomorphism

Pasquali et al. (6) Extra-thoracic -

combinations of clinical and histomorphological variables which have
been identified as independent risk factors in multivariate analyses.

RSS can be separated into three different groups, according to
the anatomic location of the SFT from which they are developed:

We identified four RSS developed and validated in extra-
meningeal SFT:

Three-variable risk score from Demicco (original D-score)
including age, size and mitotic rate (5). Four-variable risk score
from Demicco including age, size, mitotic necrosis
(modified D-score) (32).

2017 (separated in Salas overall survival (Salas®®), Salas

rate,

Three-variable risk score from Salas

metastasis (Salas™EY), Salas local recurrence (Salas™®)) including
mitotic rate, age and anatomic site (8). Three-variable G-score by
Georgiesh based on male sex, necrosis and mitotic count (11).

We found three RSS developed and validated in pleura-
pulmonary SFT:
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The six-variable risk score by Tapias based on pleural origin,
morphology, size, hypercellularity, necrosis/hemorrhage, mitotic
rate (49). The four-variable risk score by Diebold based on
mitotic rate, size, Ki67 index (MIB-1) and necrosis (10). Finally,
de-Perrot who staged from 1 to 4 based on 6 different
histological malignancy signs (hypercellularity, mitotic rate,
pleomorphism, hemorrhage, necrosis, invasion) and morphology
(pedunculated or sessile) (9).

We found one RSS based on extra meningeal and extra pleural
SFT, namely a study by Pasquali, they made a scoring system based
on: mitotic rate, cellularity and pleomorphism (6).

Comparison of RSS

Georgiesh collected data from 318 patients with primary, extra
meningeal SFT. G-score could be calculated for 211 patients, 23%
low risk, 43% intermediate risk and 34% high risk. The modified
D-score was used to calculate risk for 224 patients, 56% low risk,
26% intermediate risk and 18% high risk. Salas®® were calculated
for 248 patients, 36% low risk, 44% intermediate risk and 19%
high risk. There was a surprisingly poor correlation between the
three models. The modified D-score performed best to identify
high-risk patients, however the G-score was best to identify low-
risk patients (7). These results were in accordance with previous
work from Georgiesh et al, where 6 and 7 patients from the low-
risk groups in the revised D-score and Salas®® score developed
recurrence of disease, respectively. Only one patient from the G-
score low-risk group developed recurrence. Of interest, many of
the recurrences occurred several years after treatment, in fact
median time to recurrence was >5 years (11).

Demicco performed a comparison between their own modified
D-score, Salas®®, Salas™®", Salas'® and Pasquali on a cohort of 303
SFT patients. Modified D-score, Salas™®" and Salas®® were better
than Pasquali to predict the risk of metastasis and RFS, however
none of the RSS were able to significantly predict local
recurrence. The modified D-score was best to identify the
patients at lowest- and highest risk (12).

Ricciardi tested the Tapias-score, the modified D-score and de
Perrot RSS and found that Tapias better predicted OS and DFS
compared to the others in a cohort of 34 SFT patients with
metastatic, pleuro-pulmonary SFT (19).

Reisenauer found that both the original and modified D-score,
Tapias and de Perrot predicted progression-free survival, but only
the D-scores and Tapias predicted OS, with a slightly better
discrimination in the modified D-score (39).

A recent study of patients with intraabdominal SFT compared
the modified D-score, Salas and Pasquali. None of the RSS were
able to predict LR, however, the modified D-score and Salas®S
had the best performance (54).

Silverwood tested the revised D-score and Pasquali-score on a
small cohort of 12 patients with extra-thoracic and extra-meningeal
SFT, and found the Pasquali model to perform better than the D-
score (77).

Bellini collected a patient cohort with 107 pleural SFT. They
found Tapias and Diebold to be independently associated
with tumor recurrence, however, de Perrot was not. Tapias
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had the highest reliability with a highly significant p-value (p <
0.0001) (29).

Diebold et al. developed their own scoring system for SFT, and
found it superior to the Tapias score. As much as 44% of the
patients in their cohort could not be scored according to de
Perrot due to missing data (10).

Finally, Tapias validated their own score on a population of 113
pleural SFTs. They found a score sensitivity of 78% and specificity
of 74% compared to 100% and 92% in the development cohort.
However, they outperformed both the scoring system by de
Perrot, and the classic malignancy criteria by England (52).

Risk of bias

Overall, only retrospective studies were identified, and no
prospective studies have been performed, which increases the risk
of bias. We found that nearly all studies reported well-established
inclusion criteria (histological diagnosis of SFT), however many
did not (central)
confirmation of the samples.

studies perform an extra pathological

The vast majority of studies did not report whether the
inclusion was consecutive or complete, usually the authors
denounced that a number of SFT-cases were identified, typically
from a pathological database with no further details.

In general, the studies thoroughly reported demographics,
clinical information and follow-up, and most studies also
provided estimates of “missing data”.

We only found scarce information on geographic
characteristics on the clinic or clinics responsible for the
treatment. Often, it was stated, that it was a tertiary centre.

All studies had a proper description about the applied statistical

methods, however, with varying level of detail.

Discussion

We have provided a systematic, up-to-date review regarding
risk factors and risk stratification systems after treatment of SFT.
We found 81 retrospective studies investigating both clinical,
demographic, histological, immunohistochemical and molecular
risk factors. The most reliable prognostic marker was the mitotic
index, typically measured as >4 mitosis/high-power fields.
Furthermore, the presence of necrosis appeared to be a solid risk
factor. Other histological markers, such as pleomorphism and
hypercellularity were generally regarded as signs of malignancy
(4), but results were not clear in this review. Possibly, this might
be due to low numbers of included patients in the cohorts and
failure to reach statistical significance. Another weakness in the
histological assessment of tumor tissue, is the risk of inter-
observer differences. This is why some authors have explored the
possibility to replace mitotic index with Ki67 LI in Demiccos’
RSS, thus making measures of proliferative potential more
objective (31). In this review we found elevated K-67 LI to be a
clear risk factor for recurrence.

Frontiers in Surgery

10.3389/fsurg.2024.1332421

Surgical resection of SFT is the best treatment option, and
many studies find, that a radical resection (RO) was associated
with a better prognosis. Surprisingly, some studies did not find
such associations, which may reflect the more aggressive nature
of the tumor, or simply, that the cohorts lacked statistic power.

New molecular techniques have been applied in investigations of
SFT, and in our review the most promising item was the TERT
promoter mutation. Several studies found an association with
either risk of recurrence or other malignant characteristics, and of
particular interest, was the finding that TERT promoter mutation
might ease risk stratification of patients who have intermediate
risk of recurrence (14). In 2013 it was discovered, that NAB2:
STAT6 mutation was diagnostic for SFT, yet often the STAT6
staining was used as a surrogate marker (78). This invention is
obviously extremely useful in the diagnostics of this rare and
complex tumor, but there is no consensus regarding its prognostic
value. More research is needed to elucidate this question.

Risk stratification of patients with SFT is also debated, and we
found eight different RSS. The most validated RSS’s are the models
by Demicco (32, 34, 36), and they are the most widely used (12, 24,
39, 54). The revised D-score has more advantages. It is based on
age, mitotic rate, size and necrosis, variables that are typically
part of a histological report, thus making it easy to use.
Furthermore, it can be used for SFT in all extra-meningeal sites,
making it more universally applicable than for instance the
model by Tapias (pleural) or Pasquali (extra-meningeal and
extra-pleural). Nevertheless, the G-score seems to be a very
promising tool as well, including male sex, necrosis and mitotic
count, making it likewise easily calculated. It was published in
2020 (11), and validated in 2022 in a very large multinational
cohort with promising results (7). The indisputable strength in
the G-score is the long follow-up time (median 84 months)
which is important, since SFT is able to relapse after several
years, even after 15-16 years from initial treatment (38). More
studies are needed clarify which RSSs are superior.

We did not find any RSS incorporating molecular findings, a
possible future approach could be integration of TERT promoter
mutation. It might be interesting to see if proteomics can be of
any help in triaging SFT’s into different categories. But so far,
there haven’t been any study utilizing proteomics.

Limitations

This review has some weaknesses. The included studies are all
retrospective cohorts with great heterogeneity and an inherent risk
of selection-bias. Also, SFTs are treated at tertiary centers from
which these publications proceed, and this may cause a selection
bias towards more advanced and potentially aggressive SFTs.
Furthermore, some studies include SFTs removed 30-40 years
ago enhancing the risk of a wrong diagnosis, especially since the
majority of patients in these studies were included before the
of NAB2:STAT6 gene-fusion in 2013. These
reservations make it difficult to draw firm conclusions and

discovery

recommendations. Publication-bias may also influence the results
of this review, favoring publication of significant associations.
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Initially, our ambition was to describe all risk factors or
potential risk factors, however we had to omit a few. For
instance, we encountered a study investigating fibrinogen (22),
microRNA (79) or hemorrhage (30), and due to very scarce data,
we chose not to describe these in detail.

Finally, there is a risk that all relevant studies may not be
identified and included in this review. Even though we developed
a thorough search strategy, strictly followed the PRISMA
guidelines, and two authors selected studies, both the search
strategy and screening process may lead to inappropriate
exclusions.

Conclusion

Several risk factors are known to predict recurrence after
surgical resection of SFT. In this systematic review based on 81
retrospective studies, we found mitotic index, necrosis, KI67
index and possibly TERT promoter mutations to be the most
valid risk factors. Of the numerous published risk stratification
systems, the modified Demicco score is the most validated and
widely used, however the G-score seems promising too. Even
though, some studies did not find radical resection (RO) to be
important for the prognosis, the corner-stone in treatment of
SFT remains radical surgical resection.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

References

1. Ronchi A, Cozzolino I, Zito Marino F, Accardo M, Montella M, Panarese I,
et al. Extrapleural solitary fibrous tumor: a distinct entity from pleural solitary
fibrous tumor. An update on clinical, molecular and diagnostic features. Ann
Diagn Pathol. (2018) 34(c7t, 9800503):142-50. doi: 10.1016/j.anndiagpath.2018.
01.004

2. Mercer RM, Wigston C, Hassan M, Asciak R, Bedawi E, McCracken D, et al. A
systematic review of outcomes in patients with solitary fibrous tumours of the pleura
(SFTP). Thorax. (2018) 73(Suppl 4):A147-8. doi: 10.1183/23120541.00055-2020

3. Wushou A, Jiang YZ, Liu YR, Shao ZM. The demographic features,
clinicopathologic characteristics, treatment outcome and disease-specific prognostic
factors of solitary fibrous tumor: a population-based analysis. Oncotarget. (2015) 6
(39):41875-83. doi: 10.18632/oncotarget.6174

4. England DM, Hochholzer L, McCarthy MJ. Localized benign and malignant
fibrous tumors of the pleura. A clinicopathologic review of 223 cases. Am | Surg
Pathol. (1989) 13(8):640-58. doi: 10.1097/00000478-198908000-00003

5. Demicco EG, Park MS, Araujo DM, Fox PS, Bassett RL, Pollock RE, et al. Solitary
fibrous tumor: a clinicopathological study of 110 cases and proposed risk assessment
model. Mod Pathol. (2012) 25(9):1298-306. doi: 10.1038/modpathol.2012.83

6. Pasquali S, Gronchi A, Strauss D, Bonvalot S, Jeys L, Stacchiotti S, et al. Resectable
extra-pleural and extra-meningeal solitary fibrous tumours: a multi-centre prognostic
study. Eur ] Surg Oncol. (2016) 42(7):1064-70. doi: 10.1016/j.ejs0.2016.01.023

7. Georgiesh T, Aggerholm-Pedersen N, Schoffski P, Zhang Y, Napolitano A, Bovée
JVMG, et al. Validation of a novel risk score to predict early and late recurrence in
solitary fibrous tumour. Br J Cancer. (2022) 127(10):1793-98. doi: 10.1038/s41416-
022-01959-4

Frontiers in Surgery

10.3389/fsurg.2024.1332421

Author contributions

JT: Writing — original draft. AL: Writing - review & editing.
NA: Writing - review & editing. LoP: Writing - review &
editing. LuP: Conceptualization, Supervision, Writing - review &
editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article.

No specific funding was granted for this project. LuP is
supported by a grant from the Rigshospitalet Research Council.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

8. Salas S, Resseguier N, Blay JY, Le Cesne A, Italiano A, Chevreau C, et al.
Prediction of local and metastatic recurrence in solitary fibrous tumor: construction
of a risk calculator in a multicenter cohort from the French sarcoma group (FSG)
database. Ann Oncol. (2017) 28(8):1979-87. doi: 10.1093/annonc/mdx250

9. de Perrot M, Fischer S, Brundler MA, Sekine Y, Keshavjee S. Solitary fibrous
tumors of the pleura. Ann Thorac Surg. (2002) 74(1):285-93. doi: 10.1016/S0003-
4975(01)03374-4

10. Diebold M, Soltermann A, Hottinger S, Haile SR, Bubendorf L, Komminoth P,
et al. Prognostic value of MIB-1 proliferation index in solitary fibrous tumors of the
pleura implemented in a new score—a multicenter study. Respir Res. (2017) 18
(1):210. doi: 10.1186/s12931-017-0693-8

11. Georgiesh T, Boye K, Bjerkehagen B. A novel risk score to predict early and late
recurrence in solitary fibrous tumour. Histopathology. (2020) 77(1):123-32. doi: 10.
1111/his.14078

12. Demicco EG, Griffin AM, Gladdy RA, Dickson BC, Ferguson PC, Swallow CJ,
et al. Comparison of published risk models for prediction of outcome in patients
with extrameningeal solitary fibrous tumour. Histopathology. (2019) 75(5):723-37.
doi: 10.1111/his.13940

13. Park HK, Yu DB, Sung M, Oh E, Kim M, Song JY, et al. Molecular changes in
solitary fibrous tumor progression. J Mol Med Berl Ger. (2019) 97(10):1413-25.
doi: 10.1007/s00109-019-01815-8

14. Machado I, Nieto Morales MG, Cruz J, Lavernia J, Giner F, Navarro S, et al.
Solitary fibrous tumor: integration of clinical, morphologic, immunohistochemical
and molecular findings in risk stratification and classification may better predict
patient outcome. Int J Mol Sci. (2021) 22(17):1-14. doi: 10.3390/ijms22179423

frontiersin.org


https://doi.org/10.1016/j.anndiagpath.2018.01.004
https://doi.org/10.1016/j.anndiagpath.2018.01.004
https://doi.org/10.1183/23120541.00055-2020
https://doi.org/10.18632/oncotarget.6174
https://doi.org/10.1097/00000478-198908000-00003
https://doi.org/10.1038/modpathol.2012.83
https://doi.org/10.1016/j.ejso.2016.01.023
https://doi.org/10.1038/s41416-022-01959-4
https://doi.org/10.1038/s41416-022-01959-4
https://doi.org/10.1093/annonc/mdx250
https://doi.org/10.1016/S0003-4975(01)03374-4
https://doi.org/10.1016/S0003-4975(01)03374-4
https://doi.org/10.1186/s12931-017-0693-8
https://doi.org/10.1111/his.14078
https://doi.org/10.1111/his.14078
https://doi.org/10.1111/his.13940
https://doi.org/10.1007/s00109-019-01815-8
https://doi.org/10.3390/ijms22179423
https://doi.org/10.3389/fsurg.2024.1332421
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Tolstrup et al.

15. Munn Z, Barker TH, Moola S, Tufanaru C, Stern C, McArthur A, et al.
Methodological quality of case series studies: an introduction to the JBI critical
appraisal tool. JBI Evid Synth. (2020) 18(10):2127-33. doi: 10.11124/JBISRIR-D-19-
00099

16. Brozzetti S, D’Andrea N, Limiti MR, Pisanelli MC, De Angelis R, Cavallaro A.
Clinical behavior of solitary fibrous tumors of the pleura. An immunohistochemical
study. Anticancer Res. (2000) 20(6C):4701-6.

17. Haas RL, Walraven I, Lecointe-Artzner E, van Houdt WJ, Strauss D, Schrage Y,
et al. Extrameningeal solitary fibrous tumors-surgery alone or surgery plus
perioperative radiotherapy: a retrospective study from the global solitary fibrous
tumor initiative in collaboration with the sarcoma patients EuroNet. Cancer. (2020)
126(13):3002-12. doi: 10.1002/cncr.32911

18. Wang Y, Wei R, Ji T, Chen Z, Guo W. Surgical treatment of primary solitary
fibrous tumors involving the pelvic ring. PLoS One. (2018) 13(11):¢0207581.
doi: 10.1371/journal.pone.0207581

19. Ricciardi S, Giovanniello D, Di Martino M, Carleo F, Jaus MO, Mantovani S,
et al. EP07.01-017 malignant fibrous solitary tumour of the pleura is not all the
same: evaluation of risk stratification models in a large single centre series. ] Thorac
Oncol. (2022) 17(9 Suppl):$320-1. doi: 10.1016/}.jtho.2022.07.549

20. Dermawan JK, Rubin BP, Kilpatrick SE, Gjorgova Gjeorgjievski S, Fritchie KJ,
Goldblum JR, et al. CD34-negative Solitary fibrous tumor: a clinicopathologic study
of 25 cases and comparison with their CD34-positive counterparts. Am | Surg
Pathol. (2021) 45(12):1616-25. doi: 10.1097/PAS.0000000000001717

21. Lahon B, Mercier O, Fadel E, Ghigna MR, Petkova B, Mussot S, et al. Solitary
fibrous tumor of the pleura: outcomes of 157 complete resections in a single center.
Ann Thorac Surg. (2012) 94(2):394-400. doi: 10.1016/j.athoracsur.2012.04.028

22. Ghanim B, Hess S, Bertoglio P, Celik A, Bas A, Oberndorfer F, et al.
Intrathoracic solitary fibrous tumor—an international multicenter study on clinical
outcome and novel circulating biomarkers. Sci Rep. (2017) 7(1):12557. doi: 10.1038/
541598-017-12914-2

23. Kim JM, Choi YL, Kim Y], Park HK. Comparison and evaluation of risk factors
for meningeal, pleural, and extrapleural solitary fibrous tumors: a clinicopathological
study of 92 cases confirmed by STAT6 immunohistochemical staining. Pathol Res
Pract. (2017) 213(6):619-25. doi: 10.1016/j.prp.2017.04.026

24. Bianchi G, Sambri A, Pedrini E, Pazzaglia L, Sangiorgi L, Ruengwanichayakun P,
et al. Histological and molecular features of solitary fibrous tumor of the extremities:
clinical correlation. Virchows Arch Int ] Pathol. (2020) 476(3):445-54. doi: 10.1007/
500428-019-02650-5

25. Franzen D, Diebold M, Soltermann A, Schneiter D, Kestenholz P, Stahel R, et al.
Determinants of outcome of solitary fibrous tumors of the pleura: an observational
cohort study. BMC Pulm Med. (2014) 14(138). doi: 10.1186/1471-2466-14-138

26. Wilky BA, Montgomery EA, Guzzetta AA, Ahuja N, Meyer CF. Extrathoracic
location and “borderline” histology are associated with recurrence of solitary fibrous
tumors after surgical resection. Ann Surg Oncol. (2013) 20(13):4080-9. doi: 10.1245/
510434-013-3241-x

27. Lococo F, Cardillo G, Spaggiari L, Filosso P, Leo F, Galetta D, et al. Malignant
solitary fibrous tumors: clinical characteristics, surgical treatment and long-term
outcome in a multi-centric series of 50 patients. Eur Surg Res. (2012) 49(3-4):186.
doi: 10.1159/0000341743

28. Luo P, Wu Z, Chen S, Yang L, Cai W, Chen Y, et al. Outcome of patients with
primary retroperitoneal solitary fibrous sarcoma. Int J Clin Oncol. (2020) 25(5):921-8.
doi: 10.1007/s10147-020-01617-w

29. Bellini A, Marulli G, Breda C, Ferrigno P, Terzi S, Lomangino I, et al. Predictors
of behaviour in solitary fibrous tumours of the pleura surgically resected: analysis of
107 patients. J Surg Oncol. (2019) 120(4):761-7. doi: 10.1002/js0.25634

30. Schmid S, Csanadi A, Kaifi JT, Kiibler M, Haager B, Kayser G, et al. Prognostic
factors in solitary fibrous tumors of the pleura. J Surg Res. (2015) 195(2):580-7.
doi: 10.1016/j.js5.2015.01.049

31. Sugita S, Segawa K, Kikuchi N, Takenami T, Kido T, Emori M, et al. Prognostic
usefulness of a modified risk model for solitary fibrous tumor that includes the ki-67
labeling index. World ] Surg Oncol. (2022) 20(1):29. doi: 10.1186/s12957-022-02497-2

32. Demicco EG, Wagner MJ, Maki RG, Gupta V, Iofin I, Lazar AJ, et al. Risk
assessment in solitary fibrous tumors: validation and refinement of a risk
stratification model. Mod Pathol. (2017) 30(10):1433-42. doi: 10.1038/modpathol.
2017.54

33. Liu CC, Wang HW, Li FY, Hsu PK, Huang MH, Hsu WH, et al. Solitary fibrous
tumors of the pleura: clinicopathological characteristics, immunohistochemical
profiles, and surgical outcomes with long-term follow-up. Thorac Cardiovasc Surg.
(2008) 56(5):291-7. doi: 10.1055/s-2007-965767

34. Friis RB, Safwat A, Baad-Hansen T, Aggerholm-Pedersen N. Solitary fibrous
tumour: a single institution retrospective study and further validation of a
prognostic risk assessment system. Clin Oncol R Coll Radiol G B. (2018) 30
(12):798-804. doi: 10.1016/j.clon.2018.08.015

35. Tapias LF, Mino-Kenudson M, Lee H, Wright C, Gaissert HA, Wain JC, et al.
Risk factor analysis for the recurrence of resected solitary fibrous tumours of the
pleura: a 33-year experience and proposal for a scoring system. Eur ] Cardio-Thorac
Surg. (2013) 44(1):111-7. doi: 10.1093/ejcts/ezs629

Frontiers in Surgery

10.3389/fsurg.2024.1332421

36. Ng DWJ, Tan GHC, Soon JJY, Zhao DY, Shannon NB, Selvarajan S, et al. The
approach to solitary fibrous tumors: are clinicopathological features and nomograms
accurate in the prediction of prognosis? Int J Surg Pathol. (2018) 26(7):600-8. doi: 10.
1177/1066896918772339

37. Schirosi L, Lantuejoul S, Cavazza A, Murer B, Yves Brichon P, Migaldi M, et al.
Pleuro-pulmonary solitary fibrous tumors: a clinicopathologic, immunohistochemical,
and molecular study of 88 cases confirming the prognostic value of de perrot
staging system and p53 expression, and evaluating the role of c-kit, BRAF, PDGFRs
(alpha/beta). Am ] Surg Pathol. (2008) 32(11):1627-42. doi: 10.1097/PAS.
0b013e31817a8a89

38. Gholami S, Cassidy MR, Kirane A, Kuk D, Zanchelli B, Antonescu CR, et al. Size
and location are the most important risk factors for malignant behavior in resected
solitary fibrous tumors. Ann Surg Oncol. (2017) 24(13):3865-71. doi: 10.1245/
510434-017-6092-z

39. Reisenauer JS, Mneimneh W, Jenkins S, Mansfield AS, Aubry MC, Fritchie KJ,
et al. Comparison of risk stratification models to predict recurrence and survival in
pleuropulmonary solitary fibrous tumor. J Thorac Oncol. (2018) 13(9):1349-62.
doi: 10.1016/j.jtho.2018.05.040

40. Gold JS, Antonescu CR, Hajdu C, Ferrone CR, Hussain M, Lewis JJ, et al.
Clinicopathologic correlates of solitary fibrous tumors. Cancer. (2002) 94
(4):1057-68. doi: 10.1002/cncr.10328

41. van Houdt WJ, Westerveld CMA, Vrijenhoek JEP, van Gorp J, van Coevorden F,
Verhoef C, et al. Prognosis of solitary fibrous tumors: a multicenter study. Ann Surg
Oncol. (2013) 20(13):4090-5. doi: 10.1245/s10434-013-3242-9

42. Cranshaw IM, Gikas PD, Fisher C, Thway K, Thomas JM, Hayes AJ. Clinical
outcomes of extra-thoracic solitary fibrous tumours. Eur J Surg Oncol. (2009) 35
(9):994-8. doi: 10.1016/j.js0.2009.02.015

43. O’'Neill AC, Tirumani SH, Do WS, Keraliya AR, Hornick JL, Shinagare AB, et al.
Metastatic patterns of solitary fibrous tumors: a single-institution experience. AJR Am
J Roentgenol. (2017) 208(1):2-9. doi: 10.2214/AJR.16.16662

44. Akaike K, Kurisaki-Arakawa A, Hara K, Suehara Y, Takagi T, Mitani K,
et al. Distinct clinicopathological features of NAB2-STAT6 fusion gene
variants in solitary fibrous tumor with emphasis on the acquisition of highly
malignant potential. Hum Pathol. (2015) 46(3):347-56. doi: 10.1016/j.humpath.
2014.11.018

45. Salgado MA V, Soto M, Reguero ME, Munoz G, Cabanero A, Gallego I, et al.
Clinical behavior of solitary fibrous tumor: a retrospective review of 30 patients.
Clin Transl Oncol. (2017) 19(3):357-63. doi: 10.1007/s12094-016-1536-7

46. DeVito N, Henderson E, Han G, Reed D, Bui MM, Lavey R, et al. Clinical
characteristics and outcomes for solitary fibrous tumor (SFT): a single center
experience. PLoS One. (2015) 10(10):¢0140362. doi: 10.1371/journal.pone.0140362

47.Li S, Zhou Q, Zhang P, Ma S, Xue C, Deng J, et al. The relationship between the
apparent diffusion coefficient and the ki-67 proliferation index in intracranial solitary
fibrous tumor/hemangiopericytoma. Neurosurg Rev. (2022) 45(2):1625-33. doi: 10.
1007/s10143-021-01687-y

48. Woodard GA, Fels Elliott DR, Yap A, Haro GJ, Kratz JR, Mann M]J, et al.
Resectability, recurrence, and risk stratification of giant solitary fibrous tumors in
the thoracic cavity. Ann Surg Oncol. (2021) 28(9):4953-9. doi: 10.1245/s10434-021-
09757-7

49. Lanuti M, Tapias L, Mino-Kenduson M, Ashiku S, Wright C, Wain J, et al.
Risk factor analysis for recurrence of resected solitary fibrous tumour of pleura
based on 33 years of experience. Interact Cardiovasc Thorac Surg. (2012) 15
(Suppl 1):825.

50. Alexiev BA, Finkelman BS, Streich L, Bautista MM, Pollack SM, Jennings L],
et al. Solitary fibrous tumor of thoracic cavity, extra-thoracic sites and central
nervous system: clinicopathologic features and association with local recurrence and
metastasis. Pathol Res Pract. (2021) 224(pbz, 7806109):153531. doi: 10.1016/j.prp.
2021.153531

51. Carretta A, Bandiera A, Melloni G, Ciriaco P, Arrigoni G, Rizzo N, et al. Solitary
fibrous tumors of the pleura: immunohistochemical analysis and evaluation of
prognostic factors after surgical treatment. J Surg Oncol. (2006) 94(1):40-4. doi: 10.
1002/j50.20562

52. Tapias LF, Mercier O, Ghigna MR, Lahon B, Lee H, Mathisen DJ, et al.
Validation of a scoring system to predict recurrence of resected solitary fibrous
tumors of the pleura. Chest. (2015) 147(1):216-23. doi: 10.1378/chest.14-1180

53. Lococo F, Cesario A, Cardillo G, Filosso P, Galetta D, Carbone L, et al.
Malignant solitary fibrous tumors of the pleura: retrospective review of a
multicenter series. J Thorac Oncol. (2012) 7(11):1698-706. doi: 10.1097/JTO.
0b013e3182653d64

54. Liu X, Beltejar MJ, Liao X. Clinicopathologic characterization and assessment of
prognostic factors for intraabdominal solitary fibrous tumors involving the
gastrointestinal tract and liver. Virchows Arch Int ] Pathol. (2022) 481(5):703-12.
doi: 10.1007/s00428-022-03396-3

55. Devins KM, Young RH, Croce S, Burandt E, Bennett JA, Pesci A, et al. Solitary
fibrous tumors of the female genital tract: a study of 27 cases emphasizing nonvulvar
locations, variant histology, and prognostic factors. Am ] Surg Pathol. (2022) 46
(3):363-75. doi: 10.1097/PAS.0000000000001829

frontiersin.org


https://doi.org/10.11124/JBISRIR-D-19-00099
https://doi.org/10.11124/JBISRIR-D-19-00099
https://doi.org/10.1002/cncr.32911
https://doi.org/10.1371/journal.pone.0207581
https://doi.org/10.1016/j.jtho.2022.07.549
https://doi.org/10.1097/PAS.0000000000001717
https://doi.org/10.1016/j.athoracsur.2012.04.028
https://doi.org/10.1038/s41598-017-12914-2
https://doi.org/10.1038/s41598-017-12914-2
https://doi.org/10.1016/j.prp.2017.04.026
https://doi.org/10.1007/s00428-019-02650-5
https://doi.org/10.1007/s00428-019-02650-5
https://doi.org/10.1186/1471-2466-14-138
https://doi.org/10.1245/s10434-013-3241-x
https://doi.org/10.1245/s10434-013-3241-x
https://doi.org/10.1159/0000341743
https://doi.org/10.1007/s10147-020-01617-w
https://doi.org/10.1002/jso.25634
https://doi.org/10.1016/j.jss.2015.01.049
https://doi.org/10.1186/s12957-022-02497-2
https://doi.org/10.1038/modpathol.2017.54
https://doi.org/10.1038/modpathol.2017.54
https://doi.org/10.1055/s-2007-965767
https://doi.org/10.1016/j.clon.2018.08.015
https://doi.org/10.1093/ejcts/ezs629
https://doi.org/10.1177/1066896918772339
https://doi.org/10.1177/1066896918772339
https://doi.org/10.1097/PAS.0b013e31817a8a89
https://doi.org/10.1097/PAS.0b013e31817a8a89
https://doi.org/10.1245/s10434-017-6092-z
https://doi.org/10.1245/s10434-017-6092-z
https://doi.org/10.1016/j.jtho.2018.05.040
https://doi.org/10.1002/cncr.10328
https://doi.org/10.1245/s10434-013-3242-9
https://doi.org/10.1016/j.ejso.2009.02.015
https://doi.org/10.2214/AJR.16.16662
https://doi.org/10.1016/j.humpath.2014.11.018
https://doi.org/10.1016/j.humpath.2014.11.018
https://doi.org/10.1007/s12094-016-1536-7
https://doi.org/10.1371/journal.pone.0140362
https://doi.org/10.1007/s10143-021-01687-y
https://doi.org/10.1007/s10143-021-01687-y
https://doi.org/10.1245/s10434-021-09757-7
https://doi.org/10.1245/s10434-021-09757-7
https://doi.org/10.1016/j.prp.2021.153531
https://doi.org/10.1016/j.prp.2021.153531
https://doi.org/10.1002/jso.20562
https://doi.org/10.1002/jso.20562
https://doi.org/10.1378/chest.14-1180
https://doi.org/10.1097/JTO.0b013e3182653d64
https://doi.org/10.1097/JTO.0b013e3182653d64
https://doi.org/10.1007/s00428-022-03396-3
https://doi.org/10.1097/PAS.0000000000001829
https://doi.org/10.3389/fsurg.2024.1332421
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Tolstrup et al.

56. Demicco EG, Wani K, Ingram DR, Lazar AJ, Wang W-L. Tert promoter
mutations in solitary fibrous tumors. Lab Invest. (2017) 97(Suppl 1):15A. doi: 10.
1111/his. 13703

57. Bianchi G, Lana D, Gambarotti M, Ferrari C, Sbaraglia M, Pedrini E, et al.
Clinical, histological, and molecular features of solitary fibrous tumor of bone: a
single institution retrospective review. Cancers (Basel). (2021) 13(10). doi: 10.3390/
cancers13102470

58. Milano MT, Singh DP, Zhang H. Thoracic malignant solitary fibrous tumors: a
population-based study of survival. ] Thorac Dis. (2011) 3(2):99-104. doi: 10.3978/j.
issn.2072-1439.2011.01.04

59. Olson NJ, Linos K. Dedifferentiated solitary fibrous tumor: a concise review.
Arch Pathol Lab Med. (2018) 142(6):761-6. doi: 10.5858/arpa.2016-0570-RS

60. Mosquera JM, Fletcher CDM. Expanding the spectrum of dedifferentiation in
soft tissue tumors: dedifferentiated solitary fibrous tumor—a study of 8 cases. Lab
Invest. (2009) 89(Suppl 1):20A.

61. Yamada Y, Kohashi K, Kinoshita I, Yamamoto H, Iwasaki T, Yoshimoto M, et al.
Clinicopathological review of solitary fibrous tumors: dedifferentiation is a major
cause of patient death. Virchows Arch Int ] Pathol. (2019) 475(4):467-77. doi: 10.
1007/s00428-019-02622-9

62. Tarig MU, Din NU, Abdul-Ghafar J, Park YK. The many faces of solitary fibrous
tumor; diversity of histological features, differential diagnosis and role of molecular
studies and surrogate markers in avoiding misdiagnosis and predicting the behavior.
Diagn Pathol. (2021) 16(1):32. doi: 10.1186/s13000-021-01095-2

63. Rodriguez-Gonzalez M, Novoa NM, Gomez MT, Garcia JL, Ludena D. Factors
influencing malignant evolution and long-term survival in solitary fibrous tumours of
the pleura. Histol Histopathol. (2014) 29(11):1445-54.

64. Krskova L, Odintsov I, Fabian O, Hroudova P, Mrhalova M. Determination of
biological behavior of solitary fibrous tumors: correlation of expression of ki-67,
TPX2 and TERT mRNA subunit level and NAB2-STAT6 fusion compared to
morphological aspects of SFTs. Neoplasma. (2022) 69(1):28-35. doi: 10.4149/neo_
2021_210511N642

65. Robinson DR, Wu YM, Kalyana-Sundaram S, Cao X, Lonigro RJ, Sung YS, et al.
Identification of recurrent NAB2-STAT6 gene fusions in solitary fibrous tumor by
integrative sequencing. Nat Genet. (2013) 45(2):180-5. doi: 10.1038/ng.2509

66. Salguero-Aranda C, Martinez-Reguera P, Marcilla D, de Alava E, Diaz-Martin J.
Evaluation of NAB2-STAT6 fusion variants and other molecular alterations as
prognostic biomarkers in a case series of 83 solitary fibrous tumors. Cancers (Basel).
(2021) 13(20). doi: 10.3390/cancers13205237

67. Demicco EG, Wani K, Ingram D, Wagner M, Maki RG, Rizzo A, et al. TERT

promoter mutations in solitary fibrous tumour. Histopathology. (2018) 73
(5):843-51. doi: 10.1111/his.13703
Frontiers in Surgery

1

10.3389/fsurg.2024.1332421

68. Bahrami A, Lee S, Schaefer IM, Boland JM, Patton KT, Pounds S, et al. TERT
promoter mutations and prognosis in solitary fibrous tumor. Mod Pathol. (2016) 29
(12):1511-22.

69. Lin Y, Seger N, Tsagkozis P, Hesla AC, Ghaderi M, Chen Y, et al. Telomerase
promoter mutations and copy number alterations in solitary fibrous tumours. J Clin
Pathol. (2018) 71(9):832-9. doi: 10.1136/jclinpath-2018-205132

70. Chmielecki J, Crago AM, Rosenberg M, O’Connor R, Walker SR, Ambrogio L,
et al. Whole-exome sequencing identifies a recurrent NAB2-STAT6 fusion in solitary
fibrous tumors. Nat Genet. (2013) 45(2):131-2. doi: 10.1038/ng.2522

71. Georgiesh T, Namlos HM, Sharma N, Lorenz S, Myklebost O, Bjerkehagen B,
et al. Clinical and molecular implications of NAB2-STAT6 fusion variants in
solitary fibrous tumour. Pathology (Phila). (2021) 53(6):713-9. doi: 10.1016/j.pathol.
2020.11.010

72. Kouba E, Simper NB, Chen S, Williamson SR, Grignon DJ, Eble JN, et al.
Solitary fibrous tumour of the genitourinary tract: a clinicopathological study of 11
cases and their association with the NAB2-STAT6 fusion gene. J Clin Pathol. (2017)
70(6):508-14. doi: 10.1136/jclinpath-2016-204088

73. Huang SC, Li CF, Kao YC, Chuang IC, Tai HC, Tsai JW, et al. The clinicopathological
significance of NAB2-STAT6 gene fusions in 52 cases of intrathoracic solitary fibrous
tumors. Cancer Med. (2016) 5(2):159-68. doi: 10.1002/cam4.572

74. Bieg M, Moskalev EA, Will R, Hebele S, Schwarzbach M, Schmeck S, et al. Gene
expression in solitary fibrous tumors (SFTs) correlates with anatomic localization and
NAB2-STAT6 gene fusion variants. Am ] Pathol. (2021) 191(4):602-17. doi: 10.1016/j.
ajpath.2020.12.015

75. Chuang IC, Liao KC, Huang HY, Kao YC, Li CF, Huang SC, et al. NAB2-STAT6
gene fusion and STAT6 immunoexpression in extrathoracic solitary fibrous tumors:
the association between fusion variants and locations. Pathol Int. (2016) 66
(5):288-96. doi: 10.1111/pin.12408

76. Tai HC, Chuang IC, Chen TC, Li CF, Huang SC, Kao YC, et al. NAB2-STAT6
fusion types account for clinicopathological variations in solitary fibrous tumors. Mod
Pathol. (2015) 28(10):1324-35. doi: 10.1038/modpathol.2015.90

77. Silverwood R, Jayasankar V, Mahendra A, Gupta S, MacDuff E. Extra-
thoracic, extra-meningeal solitary fibrous tumours—a case series and service
review. J Clin Orthop Trauma. (2022) 24(101559469):101675. doi: 10.1016/j.jcot.
2021.101675

78. Martin-Broto ], Mondaza-Hernandez JL, Moura DS, Hindi N. A comprehensive
review on solitary fibrous tumor: new insights for new horizons. Cancers (Basel).
(2021) 13(12). doi: 10.3390/cancers13122913

79. Brock M, Hottinger S, Diebold M, Soltermann A, Jochum W, Kohler M, et al.
Low tissue levels of miR-125b predict malignancy in solitary fibrous tumors of the
pleura. Respir Res. (2017) 18(1):43. doi: 10.1186/s12931-017-0528-7

frontiersin.org


https://doi.org/10.1111/his.13703
https://doi.org/10.1111/his.13703
https://doi.org/10.3390/cancers13102470
https://doi.org/10.3390/cancers13102470
https://doi.org/10.3978/j.issn.2072-1439.2011.01.04
https://doi.org/10.3978/j.issn.2072-1439.2011.01.04
https://doi.org/10.5858/arpa.2016-0570-RS
https://doi.org/10.1007/s00428-019-02622-9
https://doi.org/10.1007/s00428-019-02622-9
https://doi.org/10.1186/s13000-021-01095-2
https://doi.org/10.4149/neo_2021_210511N642
https://doi.org/10.4149/neo_2021_210511N642
https://doi.org/10.1038/ng.2509
https://doi.org/10.3390/cancers13205237
https://doi.org/10.1111/his.13703
https://doi.org/10.1136/jclinpath-2018-205132
https://doi.org/10.1038/ng.2522
https://doi.org/10.1016/j.pathol.2020.11.010
https://doi.org/10.1016/j.pathol.2020.11.010
https://doi.org/10.1136/jclinpath-2016-204088
https://doi.org/10.1002/cam4.572
https://doi.org/10.1016/j.ajpath.2020.12.015
https://doi.org/10.1016/j.ajpath.2020.12.015
https://doi.org/10.1111/pin.12408
https://doi.org/10.1038/modpathol.2015.90
https://doi.org/10.1016/j.jcot.2021.101675
https://doi.org/10.1016/j.jcot.2021.101675
https://doi.org/10.3390/cancers13122913
https://doi.org/10.1186/s12931-017-0528-7
https://doi.org/10.3389/fsurg.2024.1332421
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	Risk factors for recurrent disease after resection of solitary fibrous tumor: a systematic review
	Introduction
	Methods
	Study design
	Participants
	Search strategy
	Data extraction
	Risk of bias

	Results
	Study characteristics
	Clinical and demographic risk factors
	Age
	Symptoms
	Sex
	Resection margins
	Anatomic location

	Pathological risk factors
	Mitotic index
	Pleomorphism
	Hypercellularity
	Necrosis
	Size
	Dedifferentiation

	Immunohistochemical risk factors
	CD34
	Ki67-index
	TP53 expression
	APAF1

	Molecular risk factors
	TERT promoter mutation
	NAB2::STAT6 fusion variants

	Risk stratification models
	Comparison of RSS

	Risk of bias

	Discussion
	Limitations

	Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


