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Background

Intracranial solitary fibrous tumor/hemangiopericytoma (SFT/HPC) is a novel rare disease after the 2016 WHO reclassification. Surgery is the main treatment. Postoperative adjuvant radiotherapy is often used, but the effects of different radiotherapy techniques are still unclear. The purpose of this study was to analyze the effects of postoperative radiotherapy (PORT) and different radiotherapy methods on the efficacy of patients with intracranial SFT/HPC.



Materials and methods

We retrospectively analyzed 42 patients with intracranial SFT/HPC who underwent surgical treatment from 2008 to 2022, 20 of whom were treated with postoperative intensity-modulated radiotherapy (IMRT) and 22 with postoperative stereotactic radiosurgery (SRS). The Kaplan–Meier method was used to analyze the disease-free survival (DFS) of all the 42 patients receiving postoperative radiotherapy and the time to progression (TTP) of 22 of these patients experiencing recurrence. A multivariate Cox proportional hazards model was used to detect prognostic factors of survival.



Results

In the analysis of PORT patients, the median DFS was 8.33 years for PORT IMRT patients and 3.04 years for PORT SRS patients. The 10-year DFS incidence was 46.0% in the PORT IMRT group and 27.5% in the SRS group. Among the 22 patients who relapsed, the median TTP of other patients was 1.25 years, of which 3 received radiotherapy alone and 1 received symptomatic treatment, while the median TTP of surgical and surgical combined with radiotheray patients were 1.83 and 2.49 years, respectively (p=0.035).



Conclusion

PORT IMRT could prolong DFS compared with PORT SRS. It indicated that PORT IMRT radiotherapy technology was a feasible option for SFT/HPC. Moreover, TTP results of relapsed patients showed that, surgery and surgery combined with radiotherapy treatments have no significant difference on TTP in relapsed patients, but both of them were better than other treatments.
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Introduction

Hemangiopericytoma (HPC) and solitary fibrous tumor (SFT) are rare primary intracranial tumors. HPC accounts for only 1% of all intracranial tumors (1, 2). Approximately 15% of SFTs show malignant biological behavior, and the others show benign and mesenchymal tumors (3). Recently, researchers found that the Nab2 and STAT6 genes formed a new fusion gene in SFT and HPC samples. This discovery combined the two tumors into a new category, which was named SFT/HPC in the central nervous system (CNS) classification of the World Health Organization (WHO) in 2016 (4). Although several reports have been published describing the pathological characteristics, clinical characteristics and survival outcomes of SFT/HPC (5–8), there is still a lack of sufficient clinical data for this newly defined SFT/HPC.

In addition, previous studies mainly discussed the treatment strategy and prognosis of HPC. Some researchers believe that for HPC, complete surgical resection followed by postoperative radiotherapy (PORT) to the bed is the best strategy (9, 10). Others believed that external irradiation of the tumor bed after surgery appeared to delay recurrence (11).Moreover, PORT was considered the main treatment for HPC. However, a previous study showed that PORT did not improve the local control and survival of HPC. The local control rates after intensity-modulated radiotherapy (IMRT) and stereotactic radiosurgery (SRS) were similar, even though the biological dose of IMRT was much higher than that of SRS (12).

In general, the new classification lacks reliable clinical data, especially leading to doctors’ confusion about treatment strategies. We analyzed the clinical features of 42 patients with SFT/HPC who underwent surgical resection and PORT in our institution. The purpose of this study was to analyze the therapeutic effects of different PORT techniques (IMRT vs. SRS) on 42 patients with SFT/HPC.



Methods


Patients and diagnosis

A single-institution, retrospective analysis was performed. We conducted a chart review of primary intracranial malignant tumor cases between January 2008 and December 2022 at West China Hospital, Sichuan University, China. The patients selected for this study should be histologically proven to have primary intracranial SFT/HPC who had surgery as the first therapy. We collected complete clinical data on these patients, including medical history, imaging, pathology, treatment and follow-up. Our study was approved by the Clinical Test and Biomedical Ethics Committee at West China Hospital, Sichuan University (reference number 2022-788). Consent forms were obtained from all participants.



Treatment

We retrospectively evaluated 42 patients with SFT/HPC treated with PORT by means of IMRT or SRS. Surgical resection methods include gross tumor resection (GTR) and subtotal tumor resection (STR). The treatment after surgical resection included IMRT and SRS. Moreover, disease recurrence occurred in 22 of these patients. Subsequently, different treatment methods were adopted in these 22 patients, including surgery alone, surgery combined with radiotherapy and others. There were only 4 patients with other treatment methods, of whom 3 cases received radiation alone and 1 case received symptomatic treatment. The symptomatic treatment included analgesia, intravenous infusion of 20% mannitol and glucocorticoids.

Twenty patients received fractionated IMRT after surgery with a median prescription dose of 60 Gy (range 40-63 Gy). IMRT is provided with 6 MV photons by a linear accelerator. The clinical target volume (CTV) was defined as the tumor cavity or residual mass plus 1-2 cm margin. An additional 3-5 mm was added to the CTV to plan the target volume (PTV). Twenty-two patients were treated with SRS gamma knife. The single dose at the tumor margin was 11-15 Gy, and the equal dose curve was 40%-50%. In this study, the choice mainly depended on the joint decision of the attending physician and patients.



Statistics

The characteristics of patients were described by descriptive statistics. Kaplan–Meier analysis was used to estimate OS, and the log rank test was used to evaluate the difference between groups. All statistical variables in univariate analysis were analyzed by the Cox proportional hazards model. OS was defined as the time from diagnosis to patient death. If less than 0.05, the p value was considered significant. All statistical analyses were performed using SPSS version 25.0 (IBM, USA).




Result


Participants

Data and clinical follow-up data were collected from a total of 42 patients with intracranial SFT/HPC diagnosed by PORT (Table 1). There were 25 men and 17 women. Supratentorial lesions accounted for 71.43%. There were 22 cases of pathological grade II (52.38%) and 20 cases of grade III (47.62%). Gross tumor resection (GTR) was performed in 22 cases (52.38%), and subtotal tumor resection (STR) was performed in 15 cases (35.71%). In Table 1, among these patients, a total of 22 patients achieved GTR, of whom 13 patients (56.52%) adopted PORT IMRT and 9 (47.37%) adopted PORT SRS. Among the STR group, 7 patients (30.43%) adopted PORT IMRT and 8 (42.11%) adopted PORT SRS. There were 5 patients with unknown resection types, including 3 patients with PORT IMRT (13.04%) and 2 patients with PORT SRS (10.53). There was no significant difference between the PORT groups.


Table 1 | Characteristics of patients with SFT/HPC receiving postoperative radiotherapy divided by radiotherapy technique.



Patients with SFT/HPC tend to relapse. Among them, 22 patients experienced relapse. Thirteen cases (30.95%) recurred once, 4 cases (9.52%) recurred twice, and 5 cases (11.90%) recurred more than three times. In contrast, SFT/HPC is not prone to distant metastasis. Only 1 patient had liver metastasis, and 3 patients had bone metastasis. All 42 patients accepted radiotherapy; among them, 20 patients used IMRT alone, and 22 patients used SRS alone.

The median follow-up time of all patients was 96 months. The difference between the two groups was related to the recurrence times. In addition, compared with the SRS group, the recurrence frequency of IMRT patients after PORT was significantly reduced (p<0.001) (Table 1). There was no significant difference in other clinical characteristics (including tumor resection range and tumor grade) between the PORT-IMRT group and the PORT-SRS group.



Histological findings

The pathological diagnosis of SFT/HPC largely depended on the immunohistochemical (IHC) staining results of CD99, CD34, Ki-67 and STAT6. STAT6 positive status is the basis of the new SFT/HPC classification. We performed STAT6 staining again in all patients who were diagnosed with HPC or SPF and underwent surgical resection and PORT. Therefore, all 42 patients included in our study confirmed STAT6 expression by IHC. After applying the 2016 WHO classification, they were reclassified as follows: 22 WHO grade II SFT/HPC patients and 20 WHO grade III SFT/HPC patients. The pathological specimens of all 42 patients were stained with hematoxylin & eosin (H&E), showing extensive vascularization and cellular tumors. The tumor cells were dense and uniform, with a large number of small vascular cavities and dense reticular fibers. The nuclear division, cell morphological heterogeneity and Ki67 percentage of high-grade HPC were more prominent (Figure 1).




Figure 1 | Pathological images of intracranial SPF/HPC. (A, B). The tumor showed compact and uniform cells with a large number of small vascular cavities and compact reticular fibers with hematoxylin and eosin stain HE×100 (A) and ×200 (B). (C, D). The positive staining of CD34 was brown granular in the cytoplasm (×100) (C) and (×200) (D). (E, F). The positive staining of STAT6 was brown granular in the cytoplasm (×100) (E) and (x200) (F). (G, H). Negative staining of Ki67 in tumor cells (×100) (G) and (×200) (H).





Outcome data

The median DFS was 8.33 years for PORT IMRT patients and 3.04 years for PORT SRS patients. The 10-year DFS incidence was 46.0% in the PORT IMRT group and 27.5% in the SRS group. The results showed that DFS in patients with PORT IMRT was better than that in patients with PORT SRSs (Figure 2).




Figure 2 | Kaplan−Meier estimates of the DFS curves in intracranial SFT/HPC patients with PORT. The DFS of the two groups with different radiotherapy techniques was significantly different (p = 0.003).



Among the 22 patients who relapsed, the median TTP of other patients was 1.25 years, of which 3 received radiotherapy alone and 1 received symptomatic treatment, while the median TTP of surgical patients and surgical combined with radiotherapy patients were 1.83 and 2.49 years, respectively (p=0.035). (Figure 3)




Figure 3 | Kaplan−Meier estimated the TTP curves of 22 intracranial SFT/HPC patients with relapse after PORT who received different treatments again (Ssurgery, surgery plus radiotherapy, others). The others included 3 patients who received radiotherapy alone and 1 patient who received symptomatic treatment. The TTP of the surgery and surgery plus radiotherapy groups was similar, but different from that of the other groups (p = 0.003).





Main results

All 42 patients received surgery and postoperative radiotherapy. Among them, 22 patients had relapse, of whom 10 received simple surgery, 8 received surgery combined with radiotherapy again, 3 received simple radiotherapy, and 1 received symptomatic treatment such as mannitol and glucocorticoids, as shown in Table 2.


Table 2 | COX regression analysis of factors associated with disease-free survival in patients with SFT/HPC receiving post-operative radiotherapy.



In Cox regression analysis, factors related to DFS in SFT/HPC patients receiving postoperative radiotherapy showed that PORT IMRT obtained better DFS than PORT SRS (HR 14.17[1.78-112.63], p=0.012). On the other hand, sex is a factor influencing DFS. We found that DFS was longer in women than in men (HR 0.24[0.08-0.79], p=0.019). Furthermore, tumor location, pathological grade and recurrence time had no significant relationship with DFS.

Moreover, among the 22 patients who relapsed, Cox regression analysed factors related to progression time in patients with recurrent SFT/HPC. We found no significant correlation with progression time (including age, sex, tumor location and pathological grade). The TTP results of surgery or surgery combined with radiotherapy were better than those of other treatments, including radiotherapy alone and symptomatic treatment (HR 10.93 [1.01–117.91], p=0.049).

Although the median TTP time of surgery combined with radiotherapy was not significantly different from that of surgery alone (HR 0.18 [0.02–1.64], p=0.129), the median TTP time of surgery combined with radiotherapy was longer than that of surgery alone (2.49 vs.1.83 years) (Table 3). However, there were limited number of patients in each group, and further validation is needed.


Table 3 | COX regression analysis of factors associated with time to progress in patients with recurrent SFT/HPC.






Discussion

SFT/HPC is a rare disease that is also very rare in the literature because no study has a large number of cases and satisfactory follow-up time. Some studies revealed that the range of tumor resection was crucial. Complete tumor resection plays a key role in local control and survival (13–15). There is no relevant recommendation on the choice of PORT technology. The choice mainly depends on the joint decision of the attending physician and patients in our study. The results showed that PORT IMRT was helpful to prolong DFS in patients compared with PORT SRS. In our study, surgical resection and PORT were both superior to other types of treatment strategies.

Brunori et al. found that, unlike meningiomas, the incidence rate of SFT/HPC was higher in men than in women (16). A meta-analysis of 523 patients showed that the incidence rate in male patients was higher than that in female patients under the age of 45, while the trend was the opposite for patients aged 45 and above (17). In our study, there was no significant difference between groups in age or sex at baseline.

In a previous study that included 191 patients, male patients with HPC had a recurrence risk more than 8 times that of female patients (18), while Damodaran et al. showed that male patients had a higher survival rate (19). Our study found that compared with female patients, men had worse DFS (disease-free survival HR (95% CI) 0.24 (0.08 – 0.79), P = 0.019), which may be more related to the recurrence risk of male patients, but it is worth further investigation.

Since the World Health Organization merged SFT and HPC into a new disease called SFT/HPC in 2016, relevant research has been very limited. Furthermore, most of the previous studies on the role of PORT in intracranial HPC are based on single center analysis. The number of patients is limited, and the results are often inconsistent. Meta-analysis and research based on cumulative databases have been carried out to overcome the problems of small case series, but the results are also inconsistent (15, 20, 21). Although the role of PORT in patients with SFT/HPC is unclear, the general consensus is that PORT is beneficial to patients undergoing surgery.

Some studies have found that compared with STR alone, PORT following STR can improve overall survival (OS) and recurrence-free survival (RFS) (20, 22, 23). Other studies have reported that PORT following GTR can also prolong OS (1, 10, 21, 24) or improve local control (25, 26). In contrast to the above, some authors report that PORT after GTR has no effect on survival (20, 27) or should not be used except for recurrent patients (28, 29). In our study, we found that different PORT strategies had a significant impact on disease-free survival. The median DFS of patients receiving PORT IMRT was 8.33 years, which was significantly different from that of patients receiving PORT SRS, which was 3.04 years (p=0.03). Compared with surgery, multivariate analysis showed that postoperative radiotherapy had no predictive effect on survival, but compared with other treatments, PORT and surgery were beneficial to DFS.

SRS has been used in patients with residual or recurrent intracranial HPC (9, 28, 30–34). It was reported that postoperative SRS can better control local tumors in patients with intracranial HPC (9). However, in our analysis, patients with SFT/HPC with SRS had poorer DFS than patients receiving IMRT. The tumor biological effective dose (BED) of the SRS and IMRT groups of SFT/HPC with an α/β ratio of 10 Gy was 33.6-41.6 Gy10 and 72 Gy10, respectively. The biological effect of IMRT is much higher than that of SRS, which may lead to higher local control. This might be due to the higher BED inducing a greater local effect. There is no consensus on the optimal IMRT radiation dose for intracranial SFT/HPC. Some centers reported that the local control rate was improved when the tumor margin dose was not less than 60 Gy (26). In addition, the SRS radiotherapy plan mainly irradiates the tumor bed, while the IMRT plan irradiates the surrounding 1-2 cm CTV area in addition to the tumor bed. This difference in concept may lead to radiotherapy being superior to SRS in local control and recurrence prevention.

According to our analysis, PORT IMRT compared with PORT SRS seems to improve DFS. However, due to the limitations of this study, including the small sample size and its retrospective nature, caution should be taken in interpreting the current research results. To study the exact effect of PORT on local control and survival and the different effects between IMRT and SRS as PORT options, a multicenter randomized trial with a larger sample size is needed.



Conclusion

In this retrospective analysis, the DFS of PORT IMRT might be longer than that of SRS. This indicated that PORT IMRT radiotherapy technology was a feasible option. Moreover, TTP results of relapsed patients showed that, surgery and surgery combined with radiotherapy treatments have no significant difference on TTP in relapsed patients, but both of them were better than other treatments.
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