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ABSTRACT
Background: Solitary fibrous tumours of the pleura (SFTP), or pleural fibromas, are rare tumours that
generally, but not universally, follow a benign course. Surgical resection is the standard treatment, but
there are no evidence-based guidelines regarding the management of these tumours.
Methods: Five databases were searched from inception to April 1, 2019 for studies reporting on SFTP
management.
Results: Twenty-seven studies met the inclusion criteria (1542 patients, all non-comparative case series);
98% of these patients underwent resection and all SFTP included were pathologically diagnosed. 394 out
of 1299 cases (30.5%, 95% CI 27.8–32.8%) were malignant with recurrence rates of between 0% and 42.9%.
A pleural effusion was always associated with a negative outcome, but no other features were consistently
reported to have negative associations. Preoperative biopsies incorrectly reported malignant histology in
two studies. Over 25% of cases of recurrence occurred when a complete (R0) resection had been achieved.
The first recurrence occurred >5 years after the initial resection in at least 23% of cases.
Conclusions: There is strong evidence to support long-term surveillance after surgical resection of SFTP, even
where a complete (R0) resection has been achieved; however, there is no clear evidence to inform clinicians
regarding the selection of patients who should undergo resection. The rates of malignant SFTP and SFTP
recurrence are higher than previously reported. Only those that were pathologically diagnosed or resected
were included, which may bias the data towards more aggressive tumours. Data collection on radiologically
diagnosed SFTP is required to draw conclusions regarding the timing and need for intervention.
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Introduction
Solitary fibrous tumours are rare, slow-growing tumours arising from mesenchymal cells. They were first
described in the pleura but can arise at multiple extra-thoracic sites. Solitary fibrous tumours of the
pleura (SFTP) commonly arise from the visceral rather than the parietal pleura and are often larger than
10 cm [1]. Many different terms have been used to describe these tumours such as localised mesothelioma,
hemangiopericytoma, localised benign fibroma and localised fibrous tumour, but SFTP is now the
accepted terminology in the most recent World Health Organization (WHO) classification [2].
Radiologically, SFTP are often homogeneous, well-defined, noninvasive tumours abutting the chest wall,
making an obtuse angle at the pleural surface [3]. There is a wide differential diagnosis of imaging
including both primary and secondary mesenchymal soft tissue tumours, localised mesothelioma [4] and
peripheral lung neoplasms [5].
SFTP account for less than 5% of pleural-based tumours, and their clinical course can be unpredictable.
ENGLAND et al. [1] proposed criteria to differentiate tumours with malignant or benign features, but these
criteria do not always predict a malignant clinical course [6]. Treatment typically involves surgical
resection, which is usually curative. A minority of patients also undergo chemotherapy or radiotherapy.
There is no consensus guideline on management of SFTP, and the evidence base for treatment is limited,
leading to large variations in care. This systematic review aims to appraise the current evidence base for
the management of SFTP to provide up-to-date information for clinicians in the management of this
disease entity.

Methods
This systematic review adhered to the PRISMA reporting standards and has been registered on the
PROSPERO database (ID CRD42018091527).
The specific questions addressed were:
• Which patients need intervention for their SFTP?
• What follow-up should be undertaken for patients with SFTP who have had conservative management?
• What follow-up should be undertaken for patients who have had resection of SFTP?
• Is there any role for chemotherapy or radiotherapy in patients with SFTP?
Literature search
PubMed, Ovid Embase, the Cochrane Central Register of Controlled Trials, Scopus and Web of Science
Core Collection were searched from inception to April 1, 2019. Search terms combined synonyms,
acronyms and the thesaurus terms for “pleural fibroma*”, SFTP*, Solitary Fibrous Tumour and Pleural/, as
well as using adjacency commands to search for the phrase “solitary fibrous tum*” appearing within three
words of “pleura*”. The results were limited to English language publications only. Full search terms are
documented in appendix 1.
Eligibility criteria
All studies that detailed medical and surgical management and clinical outcomes of patients with SFTP
were included. Due to lack of randomised control trials, case series were included. Although rare, over
1000 cases have been reported in the literature with multiple case series of over 100 patients: any article
reporting fewer than 20 cases of SFTP was excluded. Abstracts only were first reviewed by the authors, and
those clearly out of scope excluded.
Duplicates were removed along with non-English papers, those with only a title and no abstract, and
articles without available full texts. Exclusion criteria included non-primary studies (review articles and
opinion pieces), articles without clinical outcome data specific to SFTP and papers where the primary
investigative question was related to histological tests without clearly relevant clinical data. Full text papers
were obtained and were excluded for any of the above criteria. Where data from the same hospital were
represented in multiple publications, the paper which provided the largest amount of relevant data was
included.
Data extraction
Two reviewers screened abstracts using the inclusion criteria, then assessed the full text articles against the
inclusion and exclusion criteria and extracted data via a predesigned database. A third reviewer resolved
any disagreements.
Data collected included:
• Lead author
• Year published
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• Years covered
• Geographical area
• Retrospective/prospective
• Number of SFTP cases
• Pleural alone or all SFT
• Rates and definition of malignancy
• Resection rates
• Operative morbidity and mortality
• Recurrence rate, local or distant, and time to recurrence
• Survival
• Chemotherapy or radiotherapy treatment
• Follow-up duration
Data synthesis was planned as either a meta-analysis or narrative review, depending on the consistency
and quality of data discovered. Statistics were carried out using the open-source software “Open meta
analyst” (www.cebm.brown.edu/openmeta).
Definitions
A malignant SFTP was defined using histological criteria including: >4 mitotic figures per 10 high-power
fields, pleomorphism, hypercellularity, haemorrhage and/or necrosis [1] (details in appendix 2), rather
than invasion into surrounding structures or metastases, which were reported separately. Features
suggesting a malignant clinical course were reported including recurrence and metastatic disease.

Results
Extracted studies
A total of 3958 publications were assessed after deduplication. Of these, 2848 were not related to the study
questions, 610 did not have appropriate primary data (reviews, case series <20 pleural cases, primary
histological study), and 440 had only a title and no abstract. Of the 60 remaining abstracts, seven did not
have an associated full text, and in one case the full text could not be obtained. Ten papers were excluded
as they either assessed the same cohorts of patients or included patients from other studies in the review
(appendix 3). One paper focussed on intrapulmonary (rather than pleural) fibromas, and eight others had
<20 pleural cases on more detailed inspection. In three papers, it was not possible to extract
pleural-specific data, and three did not have sufficient data regarding patient outcomes. This resulted in 27
papers for data extraction [1, 5–30], which included a total of 1542 SFTP (figure 1).
Study characteristics
Among the 27 papers, there were no randomised or case–control comparative studies, with all papers
being case series only. Only 2 out of 27 (7%) papers reported prospectively collected data, accounting for
126 cases [15, 29].
Due to the heterogeneity of data, meta-analysis was only considered appropriate in one instance; therefore,
narrative summaries are provided. No paper addressed clinical or radiological follow-up for conservatively
managed (non-resected, radiologically diagnosed) SFTP.
Baseline information
The number of participants in each paper ranged from 21(22, 25) to 223(1) over a time period from 1977
to 2015. Geographical locations included Asia, Europe and North America. Median and mean ages ranged
from 41–66 years (appendix 4).
In all 27 papers, patients had a histological diagnosis of SFTP; 1454 out of 1485 (98%) patients underwent
resection of their SFTP. Median duration of follow-up ranged from 27 to 146 months (appendix 5).
Rates of malignancy and recurrence
A definition of malignancy was provided in 21 out of 27 studies, all of which included histological criteria
only. The rates of malignant SFTP ranged from 10.3% to 57% [8, 16], but there was some heterogeneity in
the definition of malignancy among papers (appendix 2). A meta-analysis of studies that used the criteria
proposed by England et al.(appendix 2) showed a rate of malignancy of 307 out of 961 (29.0%, 95% CI
20.6%–37.5%) cases but with an I2 value of 89.05%, suggesting significant heterogeneity (figure 2). An
overall summary of all studies using all definitions demonstrated 394 out of 1299 (30.5%, 95% CI
27.8%–32.8%) cases of SFTP were diagnosed as malignant.
The reported recurrence rate was between 0% and 42.9% [9, 12], but how this was calculated varied
among papers. A conservative estimate of recurrence uses the original number of cases of SFTP included
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Records after
duplicates removed
(n=3958)
Records excluded
(n=3906)
Not related to the study question (n=2848)
No appropriate primary data (n=610)
Title only (n=440)
Abstract only (n=7)
Unable to obtain full text (n=1)

Titles/abstracts
screened
(n=3958)

Full text articles
assessed for eligibility
(n=52)

Full text articles excluded
(n=25)
Crossover of patients in other studies (n=10)
Series of under 20 SFTP (n=8)
Insufficient data on SFTP outcomes (n=6)
Intrapulmonary SFTP (n=1)

Studies included in results
synthesis
(n=27)

FIGURE 1 PRISMA showing the identification, screening, eligibility and inclusion process.

in the studies as the denominator and cases of recurrence as the numerator, 154 out of 1330 (11.6%, 95%
CI 9.9–13.3%). When the recurrence rates with the denominator determined by the authors of the paper
were combined, 154 out of 1179 (13.1%, 95% CI 11.1%–15.0%) patients experienced tumour recurrence.
When analysis included only papers where 100% of SFTP were resected and over 95% of cases had
“complete” follow-up, 50 out of 635 (7.9%, 95% CI 5.8%–10.0%) recurred. At least 18 out of 652 (2.8%,
95% CI 1.5%–4.0%) patients with histologically “benign” SFTP experienced recurrence.

Estimate (95% CI)

Malig/overall

Boddeart
Bylicki
Cardillo
DeVito
England
Guo
Helage
Lahon
Liu
McGuire
Santos
Tan
Yeom

0.354 (0.249–0.460)
0.574 (0.456–0.691)
0.136 (0.072–0.200)
0.464 (0.280–0.649)
0.368 (0.304–0.431)
0.103 (0.007–0.198)
0.411 (0.282–0.540)
0.427 (0.349–0.504)
0.143 (0.000–0.293)
0.348 (0.153–0.542)
0.206 (0.070–0.342)
0.146 (0.070–0.223)
0.146 (0.038–0.255)

28/79
39/68
15/110
13/28
82/223
4/39
23/56
67/157
3/21
8/23
7/34
12/82
6/41

Overall (I2=89.05%, p<0.001)

0.290 (0.206–0.375)

307/961

Studies

0

0.1

0.2

0.3
Proportion

0.4

0.5

0.6

FIGURE 2 Meta-analysis of malignant rates using criteria from England et al. [1].
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Operative mortality
The 30-day operative mortality ranged from 0% to 3.6% [18]. Morbidity rates were between 0% and 16.7%,
but there was no standardised reporting across the studies (appendix 6).
Predicting the need for intervention
No studies adequately addressed the true rate of patients undergoing intervention. No study reported an
appropriate denominator, i.e. those who were diagnosed radiologically. The published literature provided
insufficient data regarding outcomes for patients who were conservatively managed to use as a comparator
(<2% of the patients in the review, many of whom had proven metastatic disease).
Preoperative biopsies
Sixteen studies reported on preoperative transthoracic biopsies, which included 216 patients (appendix 7).
The diagnostic yield from fine-needle aspiration was between 8% (17) and 45% (7), and from core needle
biopsies between 27% (30) and 100% (17). One study reported two of three SFTP classified as malignant
on biopsy were benign when resected [23], but another found lower mitotic counts in biopsy specimens
compared to subsequently resected tumours [11].
There were no reported instances in this review of tumour seeding after transthoracic biopsy, although it
was noted by CARDILLO et al. [6] that fine-needle aspiration had been performed in one of the eight cases
where recurrence occurred.
Follow-up after surgical resection
Predictors of outcomes
Larger tumour size was found to be associated with malignant histology in seven papers (710 cases), four
of which used a cut-off of 10 cm. There was no apparent association in a further three papers. A greater
size at diagnosis was only associated with a poor clinical outcome in two papers and a further three papers
did not find an association. Age and sex had no significant association with a malignant outcome. Six
papers reported an association between malignant histology and poor clinical outcomes. Two further
papers did not show an association. Only three studies found significant negative associations between
parietal origin or sessile attachment, whereas nine found no significant association. The presence of a
pleural effusion was found to be associated with malignant histology and poorer outcomes in all papers
where this was assessed. Pleural fluid cytology was positive in only one reported case. Further details are
shown in table 1.
Incomplete resection [8], multifocal disease and extensive surgical procedures [21], fibrous adherences [7],
fluorodeoxyglucose–positron emission tomography (18FDG PET) avidity [5], lobulated borders [17] and
inverted tumours were associated with negative outcomes in single studies. A further study reported
multiple computed tomography (CT) features predictive of malignancy [19].
Time to recurrence
Time to recurrence data were available in 12 papers, which included 73 patients. Extrapolating from this
statistical information, 35 out of 73 (47.9%) cases demonstrated a first recurrence within 5 years, 17 out of
73 (23.3%) cases had a first recurrence occurring after 5 years, and it was not possible to establish timings
in the remaining 21 (28.8%) cases. At least 39 cases demonstrated recurrence in populations where
complete (R0) resection had been achieved in 100% of the cases [6, 14, 16, 19, 23, 25, 26, 29].
Where information was available, re-resection for patients with recurrence occurred in 50 out of 90
(65.6%) cases, and 14 out of 23 (60.9%) cases showed recurrence at least one further time after the repeat
operation.
Survival outcomes
Overall, 5-year survival and disease-free survival in patients after resection ranged between 83% and 92.4%
and 71% and 87.2% respectively (appendix 8).
Chemotherapy and radiotherapy
Only one study used chemotherapy or radiotherapy routinely in the treatment pathway [8]. Of the
remaining cases, only 46 out of 1014 (4.5%) underwent oncological treatments (appendix 9).

Discussion
This review demonstrates the wide heterogeneity of clinical management of, and outcomes for, patients
with SFTP.
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TABLE 1 Statistically significant predictors of malignancy and outcomes
Predictive of histological
malignancy

No association with
histological malignancy

Predictive of reduced
survival or recurrence

No association
with poor
outcomes

Boddeart (80), Harrison-Phipps
(84), England (223), Gupta (28),
Helage (56), Lahon (157), Tan
(82)
Boddeart (80), Cardillo (110),
Lahon (157)

Yeom (41), Cardillo (110),
McGuire (23)

Franzen – DFS (42),
Tapias – RFS (59)

Schmid (25),
McGuire (23), Guo
(39)

Parietal rather than
visceral tumour
origin

England (223)

Sessile attachment

England (223), Lahon (157)

McGuire (23), Cardillo (110),
Harrison-Phipps (84),
Boddeart (80), Lahon (157),
Tan (82)
McGuire (23), Gupta (28),
Harrison-Phipps (84),
Boddeart (80)

Increased tumour
size

Presence of
symptoms

Pleural effusion
Intra-tumoural
calcification
Malignant features
on histology

McGuire (23), Tan (82)

Tapias – RFS (59)

Boddeart – DFS (80),
Lahon – recurrence (157)

Schmid (25),
McGuire (23),
Tapias (59),
Franzen (42)
McGuire (23),
Cardillo (110),
Franzen (42)
Franzen (42),
Tapias (59),
McGuire (23)

Tapias – RFS (59),
Boddeart – OS and DFS (80)

Boddeart (80), England (223),
Gupta (28), Helage (56)
Gupta (28)

Helage (56)

N/A

N/A

Franzen – DFS (42), Lahon –
DFS (157), Boddeart – DFS
(80), Cardillo – DFS (110),
Harrison-Phipps –
recurrence and OS (84)

McGuire (23),
Franzen (42),
Boddeart – OS (80)

Bold type: remains significant on multivariate analysis; roman type: multivariate analysis not undertaken; italic type: no longer significant on
multivariate analysis. Numbers in parenthesis are the number of patients in the study. DFS: disease-free survival; RFS: recurrence-free
survival; OS: overall survival.

Rates of malignancy
Combining information from all studies suggests that the rate of malignant histological features in SFTP is
around 30%.
Predicting the need for intervention
There is evidence to support the assumption that larger tumours are associated with histological
malignancy, but not necessarily a malignant clinical course. A cut-off value of 10 cm was often used, but a
more clinically relevant cut-off may be much lower, to try and establish whether there is a threshold at
which tumours are unlikely to have a malignant clinical course. The presence of a pleural effusion was the
only clinical feature that consistently had negative associations. Due to the heterogeneity of studies,
significant predictors associated with clinical outcome could have been missed due to lack of analysable
data and thus inability to perform a meta-analysis. It is possible that associations which were found to be
non-significant in individual papers were due to small sample size.
Preoperative percutaneous biopsy has a low sensitivity, and the results may not correlate with surgical
resection specimens, especially in the diagnosis of malignancy [11, 23]. Complication rates of the
procedures were not reported. There is one recorded instance of tumour seeding after a CT-guided biopsy
[31], but there was no evidence of this complication in the present review.
Follow-up after surgical resection
In the host centre (Oxford, UK), patients with SFTP are currently followed up for 5 years. However, of
those who develop recurrence, in at least 23% the first recurrence occurs >5 years after resection. Further
information is needed regarding the peak time of recurrence to determine whether more intensive
screening is required initially and to identify which patients are at risk of late recurrence.
Recurrence
The rate of recurrence was between 8% and 13%, depending on whether all cases or only those with a
successful resection were included. A cohort of 50 patients with malignant SFTP, 92% of whom had a
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complete resection, demonstrated a recurrence rate of 30% [32], which re-enforces the idea that malignant
SFTP are likely to have a higher rate of relapse. Operative morbidity is low, and there is good 5-year
survival after surgery in selected patients, but there is no evidence to describe outcomes should a patient
not undergo surgery. A second recurrence was found in 61% of patients after re-resection had been
undertaken, which may infer that the innate characteristic of the tumour determines outcome, rather than
success of surgical resection.
Identifying which patients are at a higher risk of recurrence would be useful as it may be possible to tailor
follow-up schedules or to consider additional oncological interventions in this group. A number of
post-operative scoring systems have been proposed that could be of help in identifying these patients [11,
29, 33, 34], but although validated [35], up to 20% of patients considered low risk experienced recurrence
in one analysis [36].
Limitations and bias
The published data are non-randomised, non-comparative and mostly retrospective, resulting in a high
likelihood of bias, although there are no validated “risk of bias” tools for formal assessment of descriptive
case series.
In this review, due to lack of data it was not possible to address the questions of timing of intervention or
conservative management of SFTP. Likewise, evidence-based conclusions could not be made regarding
oncological treatment due to the small number of cases [8].
Before the widespread availability of CT, identification of small, incidental SFTP would have been rare,
and thus this patient population is unlikely to have been included in historical studies.
The majority of papers were from surgical centres, which likely results in selection of patients in whom an
intervention has already been deemed necessary. In this review, 98% of patients underwent surgical
resection with paucity of information provided regarding either the decision to resect or timing of
resection. As no comparative data are available, conclusions about pre-resection management or outcomes
of conservatively managed patients cannot be derived. The two papers [8, 12] with malignancy rates of
above 45% were from oncology referral centres, which may bias towards more aggressive disease and not
represent the population of patients with SFTP as a whole. The rate of histological malignancy could
therefore be lower than 30% in the general population.
Future directions
Modern immunohistochemistry has significantly improved diagnostic accuracy for SFTP. Identification of
NAB2-STAT6 gene fusions may aid in refining diagnosis [37, 38], and the wealth of potential new tests,
such as those using proliferation markers [34], could help to more reliably predict which patients will have
a malignant clinical course.
Identification of radiological parameters associated with a benign clinical course might allow surgery to be
avoided in some cases. 18PET-CT could be useful in predicting malignancy or targeting areas for biopsy [39].
The reported literature shows that it is common practice to resect SFTP, but focussing research on
methods to help risk stratify patients may allow surgery to be avoided in some cases. Likewise, further
investigation into the characteristics of patients who experience multiple episodes of recurrence could help
to revise the treatment pathway for this subset.
Recommendations
In the authors’ opinion, radiological follow-up should be undertaken using magnetic resonance imaging,
where possible, to reduce the radiation dose. Scanning should occur at 3 months and 6 months (after
diagnosis or resection), and then yearly thereafter for 10 years. Preoperative biopsies are not indicated to
determine malignant potential of SFTP, due to the inconsistencies reported between biopsy and resection
specimens but may be required to rule out an alternative diagnosis.
Further information is needed to risk stratify cases and therefore allow for individualised management,
including the indication and timing of resection, the utility of oncological treatments and the optimal
duration and schedule of follow-up.
Conclusions
This review demonstrates that there are large gaps in the evidence from the literature regarding
management of SFTP. There are few robust predictors of a malignant clinical course, and preoperative
biopsies often add little value. The data support long-term follow-up for patients after resection, but it
may be necessary to extend follow-up to around 10 years. Further work on risk stratification will need to
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include radiologically diagnosed SFTP to establish whether any particular characteristic predicts a benign
course, and therefore potentially avoid surgery. Cases where multiple recurrences occur despite adequate
surgical intervention need to be studied more closely. This review shows a clear need for further studies to
provide robust evidence to guide clinicians in the management of patients with SFTP.
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