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The efficacy of postoperative radiotherapy (PORT) after gross total resection (GTR) for intracranial 
solitary fibrous tumors (SFT) remains unclear due to the inconsistent results of previous studies, with 
some studies suggesting improved outcomes in progression-free survival (PFS) and overall survival 
(OS), while others report no significant benefit. Therefore, by evaluating and synthesizing data from 
relevant studies, we aimed to investigate the role of PORT, as compared with surgery alone, in survival 
outcomes after GTR of intracranial SFT. A systematic literature search, adhering to PRISMA guidelines 
and using Medline, Embase, and the Cochrane Library to identify relevant literature. The outcomes 
of interest included progression-free survival (PFS), overall survival (OS), and metastasis-free survival 
(MFS) at 3, 5, and 10 years, respectively. Differences between the two cohorts (GTR + PORT vs. GTR 
only) were estimated by calculating the hazard ratios. Twelve studies, including data from 419 patients 
(GTR + PORT, n = 225 vs. GTR, n = 194), were selected for meta-analysis. Pooled hazard ratios revealed 
that the PORT cohort showed sustained superiority in both PFS and OS compared with the surgery-
only cohort after GTR of the tumor. These results were consistent with those of a subgroup analysis 
that focused on grade 2 and 3 intracranial SFT. However, no significant improvement was observed in 
MFS with PORT addition. This study underscores the importance of PORT in enhancing the PFS and 
OS of patients with intracranial SFT after GTR. These findings suggest that PORT should be considered 
an effective treatment strategy for all patients with intracranial SFT, irrespective of the extent of 
resection.
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Intracranial solitary fibrous tumors (SFT) are rare extra-axial brain tumors originating from mesenchymal cells.1 
Previously, intracranial SFT and hemangiopericytoma (HPC) had been recognized as distinct entities due to 
their dissimilar biological behaviors. However, given the evidence that both SFT and HPC carry a NAB2–STAT6 
gene fusion and that STAT6 is overexpressed in the nucleus, these CNS tumors were merged in the 2016 WHO 
classification, and they were renamed “solitary fibrous tumor/hemangiopericytoma (SFT/HPC)”.2–6 In its latest 

1Department of Neurosurgery, Hanyang University College of Medicine, Seoul, Korea. 2Department of Emergency 
Medicine, Hanyang University College of Medicine, Seoul, Korea. 3Department of Emergency Medicine, Kangnam 
Sacred Heart Hospital, Hallym University College of Medicine, Seoul, Korea. 4Department of Emergency Medicine, 
Kangdong Sacred Heart Hospital, Hallym University College of Medicine, Seoul, Korea. 5Department of Emergency 
Medicine, College of Medicine, Chung-Ang University, Seoul, Korea. 6Department of Preventive Medicine, College 
of Korean Medicine, Kyung Hee University, Seoul, Korea. 7Department of Emergency Medicine, College of 
Medicine, Chung-Ang University Gwangmyeong Hospital, Gwangmyeong, Korea. 8Department of Neurosurgery, 
Dongsan Medical Center, Keimyung University School of Medicine, Daegu, Korea. 9Min Kyun Na and Kyu-Sun Choi 
have contributed equally to this work and are co-first authors. email: kwonsaemin@hanmail.net

OPEN

Scientific Reports |        (2025) 15:23368 1| https://doi.org/10.1038/s41598-025-02170-0

www.nature.com/scientificreports

http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-025-02170-0&domain=pdf&date_stamp=2025-6-23


(2021) edition, the term HPC has been retired to emphasize their biological similarity within tumor types. 
Consequently, tumors are solely referred to as SFT, aligning with soft-tissue pathology classifications.7

Intracranial SFT is extremely uncommon, accounting for < 1% of all primary CNS neoplasms and 2.5% of 
meningeal tumors.8,9 It is characterized by high rates of local and extracranial metastasis, unlike typical primary 
brain tumors.8,10–12 However, given its low incidence, research on its treatment and prognosis has been limited 
to relatively small case series.10,13–17 Furthermore, ongoing changes in diagnostic criteria and classifications have 
complicated efforts to conduct comprehensive treatment research.

We previously presented the first meta-analysis of intracranial SFT regarding the effect of extent of resection 
(EOR) and postoperative radiotherapy (PORT) on tumor recurrence and patient survival.18 The findings 
indicated that gross total resection (GTR) and PORT exert significant benefits on both progression-free survival 
(PFS) and overall survival (OS) in patients with intracranial SFT. However, the study was limited by the lack 
of subgroup analysis based on EOR, specifically examining the survival benefits of PORT in GTR or subtotal 
removal (STR) subgroup. There is widespread consensus that additional PORT delays tumor progression 
and enhances patient survival in cases of STR.19–22 However, no comprehensive study has been conducted to 
determine whether adding PORT to complete resection of tumors improves survival outcomes, and conflicting 
results have been reported.1,20,23,24 Therefore, we conducted a systematic review and meta-analysis to explore the 
efficacy of PORT after GTR on intracranial SFT by analyzing relevant studies.

Materials and methods
Study design
This study adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement.25 The 
protocol was registered at http://www.crd.york.ac.uk/PROSPERO/ (CRD42022328429).

We devised questions based on the Population, Intervention, Comparison, and Outcomes (PICO) framework. 
Accordingly, we conducted a systematic literature search, compiled eligible studies, and analyzed their outcomes 
through meta-analysis. The PICO questions were as follows: Population (P) = patients with intracranial SFT; 
Intervention (I) = GTR followed by PORT; Comparator (C) = GTR alone; Outcome (O) = survival outcome (PFS, 
OS, and metastasis-free survival [MFS]).

Criteria for considering studies and participants
We set the following inclusion criteria for relevant studies: (1) Presentation of clinical results of patients who 
received surgery for intracranial HPC, SFT, or HPC/SFT; (2) Clear description of the treatment modality, 
including EOR and PORT; and (3) Reporting of relevant outcomes, including PFS, OS, and/or MFS for each 
cohort. Case series, retrospective or prospective cohort studies, randomized controlled trials (RCTs), and non-
randomized clinical trials were all considered.

We included patients who were pathologically confirmed to have intracranial HPC, SFT, or HPC/SFTs after 
surgery. Study participants were limited to newly diagnosed cases, and patients with recurrent, metastatic, 
spinal, or extracranial lesions were excluded.

Literature search and selection
Two independent reviewers (M.K.N. and K.S.C.) conducted a comprehensive literature search across electronic 
databases, including Embase, Medline, and the Cochrane Central Register of Controlled Trials, for studies 
published from the databases’ respective inception dates up to March 16, 2023. We did not impose any language 
restrictions to ensure an exhaustive search of the relevant literature. The search strategy employed for each 
database is provided in Supplementary Table 1.

All studies were reviewed by scanning titles and abstracts. We excluded the following studies: conference 
abstracts, case reports, literature reviews, technical notes, letters, editorials, irrelevant populations (recurrent, 
metastatic, spinal, or extracranial lesions), studies with insufficient data or a nonhomogeneous design, studies 
with a single cohort of treatment modality, and studies with < 20 included patients. We only included institutional 
cohort studies or clinical trials that clearly described clinical data. Population-based nationwide studies were 
excluded.

Any discrepancies between reviewers were resolved through discussion. After excluding ineligible abstracts, 
we retrieved the full texts of the selected articles, which were further assessed for eligibility using the same 
inclusion and exclusion criteria.

Data extraction and assessment of risk of bias
Two reviewers (M.K.N. and K.S.C.) independently extracted the following data from the selected studies: author 
and year of publication, study design, country where the study was conducted, inclusion period, number of 
patients, demographics, follow-up duration, version of the adopted WHO classification, definition of GTR 
applied, included diagnosis of each study, pathological grade, PFS, OS, and MFS (3, 5, and 10 years) of each 
cohort. In instances where a study only displayed the Kaplan–Meier curve, survival data were extracted from 
the curve using Engauge Digitizer version 12.1 (https://engauge-digitizer.software.informer.com/).26,27 When 
analyzing survival data, patients who died within the first month after surgery were excluded. Where necessary, 
we emailed the corresponding authors of each study to request the relevant data that were not adequately 
described.

The methodological quality of the selected articles was assessed using the Risk-of-Bias Assessment tool for 
Non-Randomized Studies of Interventions (ROBINS-I) tool by two independent reviewers (M.K.N and K.S.C.).28 
Any discrepancies between the reviewers were resolved via discussion or by consulting a third author (S.M.K.).
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Statistical analysis
Hazard ratios (HR) and 95% confidence intervals (CIs) were used to measure the effect sizes as indicators of PFS, 
OS, and MFS in each comparative cohort (GTR + PORT vs. GTR). In instances where the direct HR values were 
not provided in eligible studies, we calculated HRs using the available data. When individual patient data were 
presented in the literature, we used the data to derive HR. In instances where only Kaplan–Meier curves were 
provided, we analyzed the figures to extract cohort-specific survival data, thereby enabling the calculation of HR. 
HRs with 95% CIs extracted either from the text or Kaplan–Meier curves were subsequently analyzed using the 
methods suggested by Tierney et al.29 In order to reduce uncertainty on the pooled effect estimates, we used the 
generic inverse-variance method for meta-analysis, with each study weighted according to the inverse variance 
of each effect. Heterogeneity among studies was evaluated using I2 statistics, with values of 25%, 50%, and 75% 
being considered low, moderate, and high, respectively. A random effects model was adopted in all analyses, 
even for those without significant heterogeneity, as variations existed among studies in relation to the definition 
of GTR, applied version of the WHO classification, and indication or protocol of PORT. In addition, survival 
analysis was conducted using the log-rank test to compare data between the cohorts. The risk of publication bias 
was assessed using Egger’s and Begg’s tests along with funnel plots. p-values > 0.05 were considered to have no 
significant publication bias.

Review Manager, version 5.4 (RevMan, The Cochrane Collaboration, Odense, Denmark), Comprehensive 
Meta-Analysis version 3 (CMA, BioStat, Englewood, NJ, USA), and SPSS version 18.0 (SPSS, Chicago, IL, USA) 
were used for all statistical analyses. Statistical significance was set at p < 0.05.

Results
Literature selection
Figure  1 shows a flow diagram of our literature selection and systematic review process. The initial search 
yielded 2205 studies across the Embase (n = 1396), Medline (n = 779), and Cochrane Library (n = 30) databases. 
Subsequently, we removed 640 duplicate studies and excluded an additional 1398 studies after reviewing both 
titles and abstracts, leaving 167 potentially relevant studies. The full texts of these 167 articles were evaluated for 
eligibility, and 155 irrelevant articles were excluded based on our predefined inclusion and exclusion criteria. 
Additionally, a study that included 26 patients, of whom < 10 had undergone GTR, was excluded from the final 
analysis.7 Twelve studies were finally included in the current meta-analysis.

Study characteristics and quality assessment
Table 1 summarizes the detailed descriptions of the included studies.10,11,16,17,21,22,30–35 All studies employed a 
retrospective observational design. Overall, the studies included 419 patients with intracranial HPC, SFT, or 
SFT/HPC, categorized based on the respective WHO classification applied. Among them, 225 patients were 
treated with PORT after GTR of the tumor, and 194 underwent GTR alone. The definition of GTR varied across 
studies, with five studies employing Simpson grades I–II, one using grades I–III, and another study assessing 
GTR through postoperative magnetic resonance imaging. Clear descriptions of GTR were not presented in the 
remaining five studies.

Fig. 1.  Flow diagram showing literature search and selection process.
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The quality of the included studies was evaluated using the ROBINS-I tool (Supplementary Fig.  1). The 
studies by Champeauex et al. and Schiariti et al. were classified as high-risk, as both included a patient who 
underwent chemotherapy without specifying the cohort, indicating a bias due to departure from the intended 
intervention.30,32 Additionally, two studies were considered at high risk of bias in outcomes measurement due 
to the reporting of the patient follow-up period in years, which has the potential to introduce bias into the 
results.16,33 All included studies were identified as having a high risk of confounding bias, primarily stemming 
from limited information regarding confounding variables in the PORT and surgery-only cohorts, which is 
inherent to non-randomized studies.

PFS in the GTR + PORT versus GTR groups
PFS, OS, and MFS were assessed at 3, 5, and 10  years. Of the 12 studies included in our meta-analysis, 11 
studies (219 in the GTR + PORT cohort and 189 patients in the GTR cohort) reported relevant data regarding 
PFS following GTR for intracranial SFT. Serial HRs for the 3-, 5-, and 10-year PFS revealed that PORT after 
GTR demonstrated statistically significant superiority over GTR alone, sustained up to the 10-year follow-up 
(Fig. 2). The actuarial 3-, 5-, and 10-year PFS rates in the GTR + PORT cohort were 90.3%, 82.2%, and 53.3%, 
respectively, whereas those in the GTR cohort were 77.1%, 60.6%, and 31.8%, respectively (Fig. 3A and Table 2).

OS in the GTR + PORT versus GTR groups
Overall, 362 patients (196 in the GTR + PORT vs. 166 in the GTR cohort) from nine studies were analyzed to 
compare OS between the cohorts. Similarly, pooled analysis of studies showed a significant advantage of PORT 
over GTR alone in all OS periods (Fig. 4). The actuarial 3-, 5-, and 10-year OS rates in the GTR + PORT cohort 
were 98.3%, 96.6%, and 81.4%, respectively, whereas those in the GTR cohort were 93.2%, 88.5%, and 70.3%, 
respectively (Fig. 3B and Table 2).

MFS in the GTR + PORT versus GTR groups
Four studies comprising 105 patients who underwent PORT and 90 who underwent surgery only were included 
in the analysis of MFS. However, pooled HR showed no significant advantage of PORT after GTR over GTR 
alone for intracranial SFT (Fig. 5), although moderate heterogeneity was observed in the 10-year MFS analysis 
(I2 = 34%). The actuarial 3-, 5-, and 10-year MFS rates were 96.6%, 92.8%, and 65.2% in the GTR + PORT cohort 
and 91.8%, 88.9%, and 81.3% in the GTR cohort, respectively (Fig. 3C and Table 2).

Survival outcome in grade 2 and 3 intracranial SFT
To conduct a subgroup analysis focusing on tumor grade, we analyzed survival outcomes exclusively in 
pathological grade 2 and 3 intracranial SFT. In the subgroup analysis, similar to the preceding analysis, the 
GTR + PORT cohort consistently demonstrated significant superiority in 3-, 5-, and 10-year PFS and OS rates 
(Supplementary Figs. 2 and 3).

Publication bias
Regarding publication bias, as shown in Supplementary Table 2 and Fig. 4, our analysis revealed that both Egger’s 
regression and Begg’s rank tests yielded p-values of > 0.5. These results indicated the absence of significant 
evidence of publication bias in the current meta-analysis.

Studies Country
Study 
period

Mean age 
(range, years)

Female 
(%) Median f/u (range, months)

WHO 
classification bGTR Inclusion

Number of 
patients

GTR + PORT 
vs. GTR

aKim 200312 Korea 1982–1999 41 (18–64) 29 81 (7–216) NA I,II HPC 5 vs. 17

Schiariti 201121 UK 1984–2008 44.1 (19–80) 49 123 (2–384) NA I,II HPC 3 vs. 10

Rutkowski 201222 USA 1989–2010 48 (18–71) 57 NA (2–408) NA NA HPC 9 vs. 7

Ghia 201323 USA 1979–2009 41 (0.1–71) NA NA NA MRI HPC 16 vs. 15
aMenon 201510 India 2000–2013 38.1 (13–67) 47.6 Mean 4.6 years (2–11 years) NA I,II HPC 10 vs. 3

Champeaux 201724 UK 2000–2016 51.3 42 7.8 years (IQR, 2.6–11.6 years) 2000,2007,2016 NA SFT and HPC 15 vs. 17

Zhang 201717 China 2008–2016 42 (7–73) 50 46.9 (IQR, 47.4) 2007 NA HPC 47 vs. 39
aChampeaux 201825 France 1997–2016 49.9 82 7.8 years (IQR, 3.8–11.3 years) 2000,2007,2016 I–III SFT and HPC 6 vs. 5
aGubian 201911 Germany 2006–2015 45.3 (34–60) 28 37.7 (6–108) 2016 NA SFT and HPC 14 vs. 8
aShin 202126 Korea 1995–2019 44 (15–70) 46 77.9 (0.8–224.8) 2016 I,II SFT/HPC 37 vs. 23
aLee 202216 Korea 1995–2016 43 (12–74) 50 76.9 2016 NA SFT/HPC 54 vs. 32
aLi 202227 China 2008–2021 53 (25–75) 61 82.7 (12–158) 2021 I,II SFT 9 vs. 18

Table 1.  Characteristics of the included studies. GTR, Gross total removal; HPC, Hemangiopericytoma; IQR, 
Interquartile range; MRI, Magnetic resonance imaging; NA, Not available; PORT, Postoperative radiotherapy; 
SFT, Solitary fibrous tumor; WHO, World Health Organization. aIndividual patient data was provided by the 
authors or journal. bDefined based on Simpson grade or postoperative MRI.
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Discussion
Intracranial SFT is known for its propensity to recur locally after surgery, and often lead to distant metastases.36–38 
To date, extensive surgical resection, as in the treatment of other cancers, has been the cornerstone of intracranial 
SFT treatment, representing a pivotal strategy for both local control and oncological outcomes.37–40 In addition, 
many studies have supported the use of postoperative adjuvant radiotherapy combined with surgery to enhance 
patient survival outcomes.12,18,37,41 Nonetheless, the impact of PORT in patients who have undergone complete 
tumor resection has been debated. Management strategies after GTR also vary among surgeons, primarily 
due to the conflicting results observed in individual studies, without the benefit of a systematic review.19,20,34 
To address this, we performed a systematic review and meta-analysis of 12 eligible studies, with 225 patients 
in the GTR + PORT cohort and 194 in the GTR-only cohort. In the GTR + PORT cohort, superior outcomes 
were observed in both PFS and OS compared to the GTR cohort. These results were consistent with those of a 
subgroup analysis focusing on grade 2 and 3 intracranial SFT. However, we found no evidence that the addition 
of PORT increased MFS, for any period. We believe that the results of the current meta-analysis can contribute 
to the establishment of appropriate management strategies in clinical practice for patients with intracranial SFT 
who have undergone complete tumor resection.

Fig. 2.  Forest plots comparing the 3-, 5-, and 10-year progression-free survival (PFS) of the gross total 
resection (GTR) + postoperative radiotherapy (PORT) cohort and GTR cohort.
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In the current study, patients who underwent PORT after GTR exhibited significant increases in both PFS 
and OS within the entire follow-up period of up to 10 years, compared with those who underwent GTR alone. 
Although the effect of EOR in managing intracranial SFT is less disputed, the role of PORT, particularly after 
complete tumor resection, remains debatable. Several studies have suggested that combining GTR with PORT, 
compared to GTR alone, has the advantage of prolonging PFS, but not OS, for these patients.11,14,30,37,42 In 
contrast, other studies showed an improvement in OS with the addition of adjuvant radiation.1,24 Notably, a 
nationwide study conducted by Sonabend et al. suggested a reduced mortality rate with an HR of 0.31 (p = 0.040, 
95% CI 0.10–0.95) for patients who underwent GTR plus PORT compared with those who underwent biopsy-
only, with no significant reduction observed in the GTR-only group.19 Given the high propensity for recurrence 
and metastasis of intracranial SFT, even after complete resection, it may be advisable to consider a more 
aggressive initial treatment approach. The survival benefit associated with PORT after GTR, as opposed to GTR 
alone, implies that tumor cells that remain despite radiographically verified complete resection warrant the 
consideration of adjuvant treatment to maximize the survival advantage. Since the primary pattern of recurrence 
in intracranial SFT tends to be local rather than distant, the improved local control achieved through adjuvant 
radiotherapy has been associated with prolonged PFS in patients undergoing PORT, both in cases of GTR 
and STR, as demonstrated in our previous research.18 Therefore, adjuvant radiotherapy may be a reasonable 
treatment strategy for all patients diagnosed with intracranial SFT, regardless of the EOR of the tumor.

Several studies have proposed “watchful waiting” after GTR as an alternative strategy to adding adjuvant 
radiation therapy.20,23 A previous systematic review of the literature failed to confirm any survival advantage 
associated with the addition of PORT for patients who had undergone GTR.43 In another study, Wu et al. 
observed a PFS extension following PORT exclusively in the STR group, not in the GTR group. They advocated 
adjuvant radiotherapy as the primary treatment option only for patients with incomplete resection.20 In our 
cohort, however, the median PFS of the two cohorts was 61 and 45 months, respectively (p < 0.001), highlighting 
the significant advantage in preventing recurrence when PORT is used after GTR. Furthermore, the pooled 
outcome of prolonged OS also showed a strong statistical significance, which was absent in individual studies 
due to their limited sample sizes. While the log-rank analysis for OS yielded a non-significant p-value of 0.078, 
visual inspection of the survival curves (Fig. 3B) revealed a tendency for the survival rates to converge after 
the 10-year mark, which may explain the lack of statistical significance. Therefore, our results endorse the 
application of PORT following GTR of intracranial SFT. Currently, there are no established guidelines for this 
rare disease entity. While our results cannot, on their own, establish a management protocol, we believe that 

3-year 5-year 10-year ap-value

PFS (%)  < 0.001

            GTR + PORT 90.3 82.2 53.3

             GTR 77.1 60.6 31.8

OS (%) 0.078

             GTR + PORT 98.3 96.6 81.4

            GTR 93.2 88.5 70.3

MFS (%) 0.533

            GTR + PORT 96.3 92.8 65.2

            GTR 91.8 88.9 81.3

Table 2.  Comparison of actuarial PFS, OS, and MFS between two cohorts. aAnalyzed by log-rank test. PFS, 
Progression-free survival; OS, Overall survival; MFS, Metastasis-free survival; GTR, Gross total resection; 
PORT, Postoperative radiotherapy.

 

Fig. 3.  Kaplan–Meier curves for (A) progression-free survival (PFS), (B) overall survival (OS), and (C) 
metastasis-free survival (MFS) of the gross total resection (GTR) + postoperative radiotherapy (PORT) cohort 
and GTR cohort. The GTR + PORT cohort showed higher 3-, 5-, and 10-year PFS and OS, while MFS showed 
no significant difference between the groups.
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future clinical trials with larger sample sizes will further validate our findings and contribute to the development 
of comprehensive treatment guidelines for intracranial SFT.

In our subgroup analysis of pathological grade 2 and 3 SFT, PORT after GTR demonstrated a significant 
impact on patients’ PFS and OS, which was consistent with the abovementioned results. However, these 
findings necessitate cautious interpretation due to changes in the diagnostic criteria for grading intracranial 
SFT introduced in the 2021 CNS classification update. Under the 2016 WHO classification of CNS tumors, 
a grade 1 SFT was characterized as a highly collagenous, low-cellularity lesion, while grade 2 was described 
as a less collagenous, high-cellularity tumor with staghorn vessels. Grade 3 tumors were diagnosed when at 
least 5 mitoses per 1 high-power field (HPF) were observed.6 In the latest (2021) WHO classification, SFT has 
been reclassified into WHO grades 1, 2, and 3 based on mitotic count and the presence of necrosis. Notably, 
the mitotic count criterion for both grade 2 and above was adjusted to include cases with ≥ 5 mitoses per 10 
HPFs.7 Consequently, individuals previously categorized as grade 3 may now be reclassified as grade 2 or 3, while 
those initially classified as grade 2 may be reclassified as grade 1 with the revised criteria. The current subgroup 
analysis excluded grade 1 intracranial SFT due to the scarcity of literature explicitly addressing this subtype. 
Nevertheless, given the typical benign and less invasive characteristics of grade 1 tumors relative to high-grade 
subtypes, PORT after GTR may not confer a significant advantage in this subset. Kinslow et al. reported that 
GTR followed by PORT was associated with significantly increased survival compared with GTR alone when 
analyzing subgroups limited to HPC or tumors with borderline/malignant code, which was not significant 
within the entire cohort of SFT and HPC.1 Similarly, Zheng et al. conducted separate analyses for SFT and HPC, 
and could not demonstrate the significance of PORT in the SFT subgroup, which is considered relatively less 
malignant. A significant advantage of PORT was observed exclusively in the HPC subgroup.39.

Lee et al. demonstrated a trend toward a gradual increase in the length of time to distant metastasis in the 
PORT group.44 In the present meta-analysis, however, we did not find any significant differences in pooled MFS 
between the GTR + PORT and GTR-only cohorts, which was consistent with the results reported in the included 

Fig. 4.  Forest plots comparing the 3-, 5-, and 10-year overall survival (OS) of the gross total resection 
(GTR) + postoperative radiotherapy (PORT) cohort and GTR cohort.
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individual studies. Metastasis, either neural or extra-neural, remains a potential consequence of intracranial SFT 
progression, and our current analysis did not provide conclusive guidance on an optimal preventive strategy. 
Many studies on intracranial SFT have highlighted the frequent occurrence of metastasis regardless of various 
initial treatment modalities: neither EOR nor PORT has been shown to affect the time to metastasis.34,38,45–47 
Given the literature and our current findings, which suggest that adjuvant radiotherapy does not impede the 
development of metastasis, we propose that it is important to maintain vigilant radiological surveillance of all 
patients with intracranial SFT after treatment, regardless of EOR and adjuvant radiotherapy.19.

This study did not address the potential toxicities associated with PORT. The neurotoxicity linked to adjuvant 
radiotherapy remains a significant concern for physicians, often leading to hesitancy in its application in patients 
with intracranial SFT after complete tumor resection. The incidence of neurotoxicity can vary widely (0%–
16.7%), according to the tumor location, radiation dose, and modality used.27,48 Nevertheless, advancements 
in radiotherapy techniques, such as intensity-modulated radiotherapy and stereotactic radiosurgery, have been 
explored to mitigate neurotoxicity while managing intracranial SFT. These techniques aim to improve local 
control and potentially extend OS with a reduced risk of side effects compared to traditional radiotherapy 
methods. Consequently, these advancements have contributed to an improved side-effect profile, making it 
possible to manage most neurotoxicity effectively with appropriate interventions.48–50 Possibly for this reason, 
none of the studies included in our analysis provided results related to neurotoxicity after PORT.

The current study has some limitations. First, all studies included in the analysis were conducted 
retrospectively, which limits the implications of the results and introduces unmeasured biases. To address these 
limitations, future research should incorporate prospective studies, including RCTs, to provide more robust 
evidence. Second, as with all other systematic reviews, the included studies included inherent heterogeneity 
related to patient demographics, clinical criteria, treatment strategies and modalities, and the local expertise of 
each institution. Particularly, there is variability among the studies regarding the definitions of GTR, versions of 
WHO classification used, which may impact the reliability of the pooled results. In addition, the heterogeneity of 
PORT protocols among studies, as well as the lack of detailed protocol reports in some studies, presents a notable 
challenge that may introduce potential bias. Third, the pooled data extracted from the Kaplan–Meier curves 
may be less representative of the real outcome. Fourth, studies with an insufficient number of enrolled patients 
were excluded from the analysis, which may introduce a potential selection bias. Additionally, because of the 
insufficient number of studies addressing the pathological grade and/or occurrence of metastasis, we could not 
perform several subgroup analyses regarding tumor grade or MFS.

In conclusion, the current meta-analysis highlighted the significance of PORT in enhancing PFS and OS 
after surgery in patients with intracranial SFT, convincingly demonstrating that the benefits of PORT extend 
beyond STR cases and are applicable even when GTR has been achieved. Therefore, adjuvant radiation should 
be considered a viable and effective treatment strategy for all patients diagnosed with intracranial SFT, including 

Fig. 5.  Forest plots comparing the 3-, 5-, and 10-year metastasis-free survival (MFS) of the gross total 
resection (GTR) + postoperative radiotherapy (PORT) cohort and GTR cohort.
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those with complete resection of tumor. We believe that our study contributes to the growing body of evidence 
supporting the development of evidence-based guidelines for intracranial SFT management. Nevertheless, 
further large-scale clinical trials are essential to establish robust, evidence-guided guidelines that can better 
standardize the management of intracranial SFT.

Data availability

The datasets generated and analyzed during the current study are available from 
the corresponding author on reasonable request.
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