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Stout and Murray first described hemangiopericy-
tomas (HPCs) in 1942.25 HPCs are rare, aggressive 
mesenchymal tumors. In the CNS, HPCs constitute 

2.5% of meningeal tumors and less than 1% of intracranial 
tumors.13 Most radiological features are similar to those 

typically associated with meningiomas,6 but CNS HPCs 
have a high propensity for local recurrence and extracra-
nial metastasis, unlike meningiomas.35

Solitary fibrous tumors (SFTs) were reported with the 
first detailed histological description of a pleural mass in 
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OBJECTIVE Solitary fibrous tumor/hemangiopericytoma (SFT/HPC) is a new combined entity for which a soft-tissue–
type grading system, ranging from grades I to III, has been introduced in the 2016 WHO classification of tumors of the 
CNS. The results of the treatment of this new disease entity require evaluation.
METHODS The authors retrospectively reevaluated the pathological findings and medical records of patients with SFT/
HPC. This study included 60 patients (27 men and 33 women, median age 42.5 years, range 13–69 years) treated at 
Severance Hospital between February 1981 and February 2016. Four, 40, and 16 patients were categorized as hav-
ing SFT/HPC grades I, II, and III, respectively. Among these patients, SFTs diagnosed in 7 patients were regraded as 
grades I (n = 4), II (n = 2), and III (n = 1).
RESULTS The median overall survival (OS) was 73.2 months (range 1.4–275.7 months), and the progression-free sur-
vival (PFS) after the first operation was 53.8 months (range 1.4–217.7 months). Six patients (10%) showed extracranial 
metastasis during a median period of 103.7 months (range 31.9–182.3 months). Nineteen patients (31.7%) presented 
with tumor recurrences. The patients in the grade III group had shorter PFS and OS, as well as a shorter period to 
extracranial metastasis, compared with patients in the grade II group. In the grade II group, patients who underwent 
gross-total resection showed longer PFS than those who underwent subtotal resection; however, there was no difference 
in OS. Patients who underwent adjuvant radiation therapy (RT) after surgery had longer PFS compared with that of pa-
tients who did not undergo adjuvant RT.
CONCLUSIONS The SFT/HPC grade I group showed a relatively benign course compared with those of the other 
groups. The grade III group presented a course with a more aggressive nature than that of the grade II group. In the 
grade II group, the extent of resection and adjuvant RT was significantly associated with longer PFS. The long-term 
follow-up and periodic systemic evaluation are mandatory to detect systemic metastasis.
https://thejns.org/doi/abs/10.3171/2017.9.JNS171057
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1870 by Wagner.12 Since SFTs in the CNS were first pre-
sented in 1996,3 CNS SFTs have been typically consid-
ered to be benign (WHO grade I tumors).11 However, their 
clinical behaviors were found to be unpredictable, with 
several reports of a malignant clinical course.15

There is an ongoing debate among sarcoma patholo-
gists about how best to differentiate SFTs and HPCs, ow-
ing to the frequent misdiagnosis of HPCs as SFTs, and 
vice versa.12,30 Recent work has shown that the majority 
of SFTs and HPCs in soft tissue share inversions at 12q13, 
fusing the NAB2 and STAT6 genes;11 thus, the term “HPC” 
is no longer used and these 2 diseases have been integrat-
ed into the single term “SFT.”9 Accordingly, after many 
studies on CNS HPCs and SFTs, they were integrated into 
a new entity, “solitary fibrous tumor/hemangiopericytoma 
(SFT/HPC),” in the 2016 WHO classification of tumors of 
the CNS.24

Because of the rarity of this new entity and the recent 
introduction of the WHO grading scheme, we report our 
35-year experience in treating 60 patients with SFT/HPC 
at our institution.

Methods
Study Population and Data Collection

Patients with SFTs and HPCs treated at our institution 
(Yonsei University, Severance Hospital) between February 
1981 and March 2016 were included in this study (Table 
1). The histopathological findings were verified to confirm 
the diagnosis of SFTs and HPCs by electron microscopy 
and immunohistochemical staining for CD34, CD99, and 
STAT6. The presence of CD34 and CD99 was confirmed 
immunohistochemically at the time of diagnosis. The 
STAT6 immunohistochemical staining of previous paraf-
fin blocks of pathological slides was performed for this 
study by an experienced neuropathologist (S.H.K.). We 
also retrospectively reviewed the medical records of these 
patients to extract the relevant information. The informa-

tion included details on patient age and sex, pathological 
results, radiological findings, extent of resection (EOR), 
adjuvant therapy, postoperative complications, local or 
distant recurrence, and extracranial metastasis at the most 
recent follow-up. The EOR was quantified as gross-total 
resection (GTR) or subtotal resection (STR). EOR was es-
tablished from the operative records and was defined as 
‘‘gross total’’ after confirmation using available postoper-
ative imaging, such as MRI. Postoperative adjuvant thera-
pies such as external beam radiation therapy and Gamma 
Knife surgery (GKS) were performed within 6 months 
after the initial surgery.

In the 2007 WHO CNS classification, HPCs were list-
ed as either WHO grade II or III tumors, with criteria for 
the diagnosis of anaplastic HPC as WHO grade III that 
included high mitotic activity (> 5 per hpf) and/or necrosis 
and at least 2 of the following features: hemorrhage, mod-
erate to high nuclear atypia, and high cellularity.23 SFTs 
were not graded in the 2007 WHO CNS classification and 
were generally believed to be benign (WHO grade I tu-
mors).23 However, 10% of SFTs showed more aggressive 
behavior, local recurrence, and distant metastasis.16,17,39 
Based on the pathological results, such as mitotic index, 
cellularity, necrosis, and nuclear atypia, we categorized 
our patients with SFT/HPC into those with WHO grade I, 
grade II, or grade III tumors according to the 2016 WHO 
classification system for CNS tumors.24 For the purpose of 
this study, an experienced neuropathologist (S.H.K.) inde-
pendently reviewed the pathological slides.

Progression-free survival (PFS) was calculated from 
the time of the first operation to the date of the confirma-
tion of local recurrence and extracranial metastasis. Local 
recurrence was defined as definite evidence supporting 
tumor growth in the operative site in follow-up postoper-
ative imaging. Extracranial metastasis was deemed to be 
present if symptomatic or asymptomatic lesions in extra-
CNS sites were confirmed using imaging studies such as 
PET-CT, CT, and MRI. The period to metastasis was de-
fined as the time from the first operation to the confirma-
tion of extracranial metastasis. The overall survival (OS) 
was calculated as the time from the initial surgery to death 
or the date of the last postoperative follow-up.

Statistical Analysis
The demographic characteristics of the patients in 

each group were compared using independent 2-sample 
t-tests and chi-square tests for continuous and categori-
cal variables, respectively. The survival curves for each 
group were plotted using the Kaplan-Meier method and 
compared using log-rank (Mantel-Cox) tests. All statisti-
cal analyses were performed using SPSS software (version 
18.0 KO, SPSS Korea), with p < 0.05 considered statisti-
cally significant.

Results
Patient Population

Patient characteristics, including age, sex, pathologi-
cal grade, EOR, adjuvant treatment, recurrence, and ex-
tracranial metastasis, are summarized in Table 1. A total 
of 60 patients with SFT/HPC were treated at our institu-

TABLE 1. Demographic characteristics of all 60 patients

Characteristic Value

Median age in yrs (range) 42.5 (13–69)
Sex (M/F) 27/33
2016 WHO grade (I/II/III) 4/40/16
Median OS in mos (range) 73.2 (1.4–275.7)
Median PFS in mos (range) 53.8 (1.4–217.7)
No. w/ RT (adjuvant Tx/after recurrence) 44 (39/5)
No. w/ GTR (%) 40 (66.7)
GKS (adjuvant Tx/after recurrence) 14 (6/8)
No. w/ whole-body PET-CT 37
No. w/ recurrence after initial Tx (%) 19 (31.7)
No. w/ reop after recurrence 13
No. w/ extracranial metastasis (%) 6 (10)
Median duration to metastasis in mos (range) 103.7 (31.9–182.3)
Tx modality after a 2nd or more recurrence Repeat GKS (12 

patients), repeat 
RT (1 patient)

Tx = treatment.
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tion between February 1981 and March 2016. The median 
age of the 27 men and 33 women was 42.5 years (range 
13–69 years). The pathological diagnosis of SFT/HPC 
was made by identifying typical features, such as branch-
ing “staghorn” vasculature, widespread reticulin staining, 
absence of epithelial membrane antigen staining, electron 
microscopic imaging, and immunohistochemical staining 
of CD34, CD99, and STAT6. Based on the 2016 WHO cri-
teria, 4, 40, and 16 patients were classified as having grade 
I, II, and III SFT/HPC tumors, respectively. All patients 
underwent resection. In total, 40 patients (66.7%) under-
went GTR and 20 (33.3%) underwent STR.

From 1981 to 2003, we treated 22 patients. Among 
them, 11 patients received adjuvant radiation therapy 
(RT). Since then, we have increasingly recognized the im-
portance of adjuvant therapy for HPC. Therefore, adjuvant 
therapy was performed for all 38 patients treated since 
2004, except 4 patients who were classified in the grade I 
group. Of these 34 patients, 28 received adjuvant RT and 
6 received GKS. GKS was performed only for remnant 
lesions after STR. However, adjuvant RT was the main 
adjuvant treatment modality and was performed regard-
less of the EOR in our institution. The adjuvant RT was 
administered to 65% (39/60) of patients following the first 
operation, regardless of the EOR, and the median dose 
was 5940 cGy (range 5000–6600 cGy, 1.8–2.2 Gy/frac-
tion, 23–33 fractions). Repeat RT was performed on only 
1 patient who received adjuvant RT and showed intracra-
nial seeding; the dose was 5880 cGy (2.1 Gy, 28 fractions). 
Adjuvant GKS was performed on any remnant tumor after 
STR and was administered to only 6 patients. The median 
marginal dose was 15 Gy (range 13–15.5 Gy). In addition, 
GKS was performed on 8 patients who did not receive ad-
juvant GKS and was administered for small recurrent le-
sions that did not show definite intracranial seeding, with 
a median marginal dose of 15 Gy (range 14–17.5 Gy). The 
total number of GKS treatments administered to these 
patients was 26. The median marginal dose was 15 Gy 
(range 14–18 Gy).

Patients were followed up by the neurooncology teams 
in their respective clinics. All patients visited the hospi-
tal within 3 months of surgery and had regular outpatient 
clinic visits with annual follow-up brain imaging. The 
recurrence rate after initial treatment in our series was 
31.7% (19/60). We performed 12 repeat GKSs and 1 re-
peat RT for a second or more recurrence. The extracranial 

metastasis rate was 10% (6/60) with a median period to 
metastasis of 103.7 months (range 31.9–182.3 months).

Patients Previously Diagnosed With SFT
CNS SFT was first diagnosed in 2005, and subsequent-

ly, 7 patients with CNS SFT have been treated at our in-
stitution (Table 2). In the SFT group, 4, 2, and 1 patients 
were classified as having grade I, II, and III tumors, re-
spectively. There was 1 case of recurrence and no cases of 
extracranial metastasis or death. The follow-up period of 
the SFT group was shorter than that of the HPC group. We 
did not perform a statistical analysis between the 2 groups 
because it no longer had any clinical meaning after the 
new WHO classification.

WHO Groups
SFT/HPC Grade I

There were 4 patients in the WHO grade I group. In 
this group, there were no recurrences or extracranial me-
tastases, with a median follow-up period of 42.9 months 
(range 14.9–78.6 months). We did not perform adjuvant 
RT because the pathological results showed no mitosis, 
high cellularity, or nuclear atypia.

SFT/HPC Grade II
At the first operation in the WHO grade II group, GTR 

was achieved in 27 patients (67.5%) and STR was per-
formed in 13 patients (32.5%; Table 3). The GTR group 
included 8 patients (29.6%) with a recurrence and had a 
relatively lower recurrence rate than that of the STR group 
(n = 8, 61.5%). However, the difference in recurrence rates 
was not statistically significant (p = 0.054). In contrast, the 
median PFS of the GTR group was 126.6 months, signifi-
cantly longer than that of the STR group (53.4 months, p < 
0.001). The 1-, 5-, and 10-year recurrence rates of the GTR 
group were 0%, 5.3%, and 44.7%, while the 1- and 5-year 
recurrence rates in the STR group were 8.3% and 68.6%, 
respectively (p < 0.001; Fig. 1 left). The OS graph did not 
present a significant difference between the 2 groups (p = 
0.315; Fig. 1 right).

Twenty-five patients in the WHO grade II group un-
derwent postoperative adjuvant RT. This group showed 
significant advantages in PFS compared with that of the 
group treated without adjuvant RT (p = 0.025; Fig. 2 left). 
The 1-, 5-, 10-, and 15-year recurrence rates in the group 
treated with adjuvant RT were 0%, 0%, 55.5%, and 70.3%, 
respectively, while the 1-, 5-, and 10-year recurrence rates 

TABLE 2. Comparison of the HPC and SFT groups (previously 
diagnosed)

Variable HPC (n = 53) SFT (n = 7)

Median age in yrs (range) 42.5 (13–69) 43 (33–68)
Sex (M/F) 25/28 2/5
2016 WHO grade (I/II/III) 0/38/15 4/2/1
No. w/ GTR (%) 36 (67.9) 4 (57.1)
No. w/ RT (adjuvant Tx/after recurrence) 41 (37/4) 3 (2/1)
No. w/ GKS (adjuvant Tx/after recurrence) 12 (5/7) 2 (1/1)
No. w/ recurrence (%) 18 (34.0) 1 (14.3)
No. w/ extracranial metastasis (%) 6 (11.3) 0 (0)

TABLE 3. Comparison of the GTR and STR groups for WHO 
grade II

Variable GTR (n = 27) STR (n = 13) p Value

Median age (yrs) 41.5 42 0.263
Median PFS (mos) 126.6 53.4 <0.001
Median OS (mos) 201.9 136.5 0.315
Sex (M/F) 13/14 7/6 0.736
No. w/ recurrence (%) 8 (29.6) 8 (61.5) 0.054
No. w/ extracranial metastasis 5 0
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in the group treated without adjuvant RT were 7.7%, 55.1%, 
and 73.1%, respectively. Patients undergoing adjuvant RT 
had no significant advantage in OS over the group treated 
without adjuvant RT (p = 0.946; Fig. 2 right). The 1-, 5-, 
10-, and 20-year survival rates in the group treated with 
adjuvant RT were 100%, 100%, 59.3%, and 19.8%, respec-
tively, while the 1-, 5-, 10-, and 20-year survival rates in 
the group treated without adjuvant RT were 100%, 100%, 
74.1%, and 11.6%, respectively. In the adjuvant RT group, 

the main causes of death were extracranial metastasis in 
2 patients and systemic infections in 3 patients associated 
with neurological morbidity due to intracranial recur-
rence. The causes of deaths in the nonadjuvant group were 
1 case of extracranial metastasis, 4 cases of intracranial 
seeding, 1 case of intraventricular hemorrhage, 1 case of 
remnant tumor bleeding, 2 cases of meningitis, and 1 case 
of systemic infection related to recurrence.

Extracranial metastases occurred in 5 patients (12.5%) 

FIG. 1. Kaplan-Meier survival curves showing a comparison of recurrence rate and OS between the GTR (n = 27) and STR (n = 
13) groups in patients with WHO grade II tumors. Left: The STR group showed a statistically significant higher recurrence rate 
compared with the GTR group (p = 0.00, log-rank test). Right: Comparison of OS between the 2 resection groups showing no 
statistical significance (p = 0.315). Figure is available in color online only.

FIG. 2. Kaplan-Meier survival curves showing a comparison of OS and PFS between initial surgery with adjuvant RT group 
(n = 25) and without adjuvant RT group (n = 15) in patients with WHO grade II tumors. Left: The surgery with adjuvant RT 
group showed a statistically significant longer PFS compared with the surgery without adjuvant RT group (p = 0.025, log-rank 
test). Right: Comparison of OS between the 2 groups showed no statistical significance (p = 0.946). Figure is available in color 
online only.
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in the WHO grade II group. There were 5 cases of ex-
tracranial metastasis in the GTR group and none in the 
STR group. Intracranial recurrence was noted in only 2 of 
the 5 patients, and the remaining 3 patients showed extra-
cranial metastasis without local recurrence. Adjuvant RT 
was performed in 4 of these 5 patients. The median dura-
tion until metastasis was 111.3 months (range 74.4–182.3 
months).

Comparison of SFT/HPC Grade II and III Groups
The WHO grade III group showed a more aggressive 

clinical course compared with that of the WHO grade II 
group (Table 4). The PFS of the grade III group did not 
differ significantly from that of the grade II group (p = 
0.869; Fig. 3 left). There was only 1 case of extracranial 
metastasis in the WHO grade III group. The period to me-
tastasis in this patient was 31.9 months, relatively shorter 
than that of the patients in the grade II group, although 
this difference was not significant. The median OS of the 
grade III group was 103.9 months, significantly shorter 
than that of the grade II group (p = 0.003; Fig. 3 right). The 
1-, 5-, 10-, and 20-year survival rates of the grade II group 
were 100%, 100%, 69.6%, and 14.8%, respectively, while 

the 1- and 5-year survival rates of the grade III group were 
92.3% and 71.8%, respectively.

Discussion
Since their first inclusion in the 2002 WHO classifica-

tion of CNS tumors, SFTs and HPCs have been consid-
ered distinct entities. SFT was classified as a tumor with 
a benign course, while HPC was considered locally ag-
gressive.22 This concept remained unchanged in the 2007 
WHO revision, and HPCs were further divided into HPCs 
and anaplastic HPCs, which were graded as WHO grades 
II and III.23 In early studies on SFTs, some authors report-
ed indolent growth, low rate of recurrence, and almost no 
extracranial metastases.38 However, other authors reported 
SFTs with an aggressive nature, showing high recurrence 
rates and extracranial metastasis.28,29 These 2 diseases 
have led to many debates among sarcoma pathologists 
about how best to differentiate SFTs and HPCs.30 Because 
of the large overlap of histopathological and clinical fea-
tures and a lack of clear diagnostic criteria, the 2 entities 
have been frequently misdiagnosed as each other.12 How-
ever, fusion of the NAB2 and STAT6 genes and the over-
expression of STAT6 have been reported in both SFTs and 
HPCs;4,31 therefore, these 2 diseases were unified into a 
single entity in the 2013 WHO classification of soft tis-
sue and bone. Based on these concepts, several authors 
have reported that CNS SFTs and HPCs both present with 
NAB2-STAT6 fusion and immunohistochemical staining 
of STAT6.5,11,36,40

Unlike soft-tissue pathologists, neuropathologists con-
tinued to use the term “hemangiopericytoma.” Therefore, 
the 2016 WHO classification of tumors of the CNS created 
the combined term “SFT/HPC.”24 Based on the SFT/HPC 
grading scale described in the 2016 WHO classification of 
CNS, we reviewed the pathological results, including cel-
lularity, mitosis, and nuclear atypia. WHO grades II and 

TABLE 4. Comparison of WHO grade II and III groups

Variable Grade II (n = 40) Grade III (n = 16) p Value

Median age (yrs) 42 44 0.942
Median PFS (mos) 102.1 NR 0.869
Median OS (mos) 154.1 103.9 0.003
No. w/ adjuvant RT (%) 25 (62.5) 14 (87.5) 0.107
Median duration until 

metastasis in mos
111.3 (5 patients) 31.9 (1 patient) 0.457

NR = not reached.

FIG. 3. Kaplan-Meier survival curves showing a comparison between the WHO grade II and III groups. Left: The PFS between 
the 2 groups showed no statistically significant difference (p = 0.869). Right: The OS of the WHO grade III group was significantly 
shorter than that of the WHO grade II group (p = 0.003, log-rank test). Figure is available in color online only.

Unauthenticated | Downloaded 05/23/23 11:18 PM UTC



J Neurosurg Volume 130 • February 2019 423

K. S. Sung et al.

III were differentiated based on a cutoff of 5 or more mi-
toses per 10 hpfs. The criteria for WHO grade I included 
no nuclear atypia and no high cellularity, depending on our 
neuropathologist’s determination.

In our study, 7 patients had been previously diagnosed 
with SFTs. It was first diagnosed in 2005. Therefore, at 
our institution the mean follow-up period in the SFT group 
was not long relative to that of the HPC group. Among 
these 7 patients, 4, 2, and 1 were categorized as having 
grade I, II, and III tumors, respectively. The SFT cases in 
our study showed relatively benign and indolent courses, 
with 1 recurrence, no deaths, and no extracranial metasta-
sis. However, we performed adjuvant RT in 2 patients with 
high cellularity and a high mitotic index in the pathologi-
cal results. Therefore, this approach appears to be a proper 
management even without the presence of an established 
treatment protocol for SFTs.

Some authors have reported a significant proportion of 
extracranial metastasis among cases of SFT.15 One report 
compared the clinical characteristics of SFTs to those of 
HPCs, including patient sex ratio, location, and age at pre-
sentation.8 However, these clinical and pathological com-
parisons have produced many debates among pathologists. 
Furthermore, these comparisons are no longer clinically 
meaningful.

In previous studies, 85%–90% of SFTs showed a be-
nign, indolent clinical course.8,28,29 This group became the 
SFT/HPC grade I group. Based on the pathologic results, 

we did not perform adjuvant RT in the grade I group. GTR 
was achieved in 3 patients (75%) and STR was performed 
in 1 (25%). The median follow-up period was 34.3 months 
(range 14.9–78.6 months); however, longer follow-up peri-
ods are necessary to detect unpredictable clinical behavior.

A number of authors have reported a significant cor-
relation between GTR and improved survival. The GTR 
rates reported in their studies varied between 50% and 
83.3%.1,2,10,33,34 However, these studies did not include 
WHO grades. In our study, the GTR rate was 66.7%. In the 
WHO grade II group, the GTR rate was 67.5%. The GTR 
group had a significantly longer PFS compared with that 
of the STR group in the WHO grade II group. Moreover, 
the GTR group had a lower recurrence rate than that of the 
STR group, although the difference was not significant. 
However, unlike in the other studies,1,2,10,33,34 there was no 
significant difference in OS between the GTR and STR 
groups in the WHO grade II group. In addition, patients 
with adjuvant RT had a significantly longer PFS compared 
with that of patients without adjuvant RT in the WHO 
grade II group. Melone et al. and other groups have re-
ported that adjuvant RT prolonged the time before first re-
currence;6,14,20,21,25,33 our results support those of the previ-
ous studies. Another study reported that adjuvant RT had 
a significant effect on OS.35,37 However, our results showed 
that there was no significant difference in OS between 
the adjuvant and nonadjuvant RT groups. These results 
showed the importance of aggressive treatment, including 
stereotactic radiosurgery and RT after recurrence. Some 
authors have reported that stereotactic radiosurgery is ef-
fective in disease control after recurrence.19 Another study 
showed the importance of multimodal treatment for the 
recurrence of HPCs.32 Although the GTR and adjuvant RT 
group did not show much benefit for OS compared with 
the STR and nonadjuvant RT group, these factors can in-
crease the disease-free period of patients. The physicians 
tried to remove as much tumor during surgery as possible, 
even if they performed STR. It is important to reduce the 
patient’s tumor burden related to RT as much as possible 
for effective adjuvant treatment results. Even after STR, 
adjuvant RT is meaningful to maintain patient’s OS simi-
lar to that of the GTR group. Moreover, even after recur-
rence, active treatment options such as reoperation, repeat 
GKS, and repeat RT are meaningful in maintaining OS. 
We performed 12 repeat GKSs and 1 repeat RT after a 
second or more recurrence.

For example, a 51-year-old man had a large tumor in 
his right-side temporal lobe, petrous bone, and cerebello-
pontine angle region. The intended second-stage operation 
and adjuvant GKS for the remnant lesion in the cavernous 
sinus were performed. The pathologic results indicated an 
SFT; thus, it was classified as WHO grade II. The patient 
presented with tumor recurrence at 35 months after the ini-
tial treatment. After the second GKS, the patient showed 
recurrences at 24, 29, 7, and 28 months after each active 
treatment, respectively. The patient underwent a total of 
4 GKS procedures, 1 RT, and 1 reoperation (Fig. 4). The 
patient remains alive 11.6 years after the initial operation.

The 2007 WHO classification of CNS introduced ana-
plastic HPCs. Since the introduction of WHO grade III, 
recent studies have examined the differences in outcomes 
between the 2 grades of HPC. Some authors reported that 

FIG. 4. Axial MR images from a patient in the SFT/HPC WHO grade 
II group. A: The patient presented with a large tumor at the right-side 
temporal, petrous bone, cerebellopontine angle area. B: After 107 
months of initial treatment, the patient showed a fourth tumor recurrence 
and underwent RT. C: After the fourth recurrence and RT, the follow-
up imaging showed a good treatment response state. D: After the fifth 
recurrence of tumor, the patient underwent a fourth GKS.
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grade III had a higher recurrence rate compared with that 
of grade II.7,26,35 Damodaran et al. reported that the grade 
II group had significantly improved survival compared 
with the grade III group (216 vs 142 months, p = 0.044). 
However, in their study, the grade II group showed no sig-
nificant difference in recurrence.6 Their results are similar 
to those of our study. Our WHO grade III group had a 
significantly shorter OS than that of the WHO grade II 
group. However, there was no difference in PFS between 
these groups. Even before the anaplastic HPC was intro-
duced in 2007, we performed active adjuvant RT for HPC 
for higher-grade cases based on pathologic results. In this 
study, 14 (87.5%) of 16 WHO grade III patients under-
went adjuvant RT. In comparison, 25 (62.5%) of 40 WHO 
grade II patients underwent adjuvant RT. We believe that 
our treatment strategy for grade III disease resulted in the 
relatively lower recurrence rate in this group. However, 
analysis of OS revealed that the WHO grade III group had 
a more aggressive disease compared with that in the WHO 
grade II group, with higher disease-related mortality and 
morbidity; longer follow-up periods are also necessary to 
detect recurrence in patients in the WHO grade III group.

There has been controversy about extracranial metasta-
sis in SFT/HPC. The overall reported extracranial metas-
tasis rates vary from 2.6% to 56%.7,13,15,18,19,26, 27,35 Our ex-
tracranial metastatic rate was 10%. Guthrie et al. reported 
that the development of extracranial metastasis results in 
a significantly reduced survival period.14 In our study, ex-
tracranial metastasis was the cause of death in 3 of the 6 
patients. The earliest and longest reported periods to me-
tastasis were 7 months and 20 years, respectively.6 Our 
longest period to metastasis was 182.3 months. Moreover, 
some authors have reported that a higher grade is associ-
ated with an increased risk of extracranial metastasis.26 
However, others have shown that a higher grade and ad-
juvant RT are not correlated with extracranial metasta-
sis.6,25,35 In the current study, extracranial metastasis was 
not associated with EOR, adjuvant RT, and intracranial 
local recurrence. These are unpredictable characteristics. 
Therefore, long-term follow-up and careful clinical exami-
nations to detect extracranial metastasis and to identify its 
clinical characteristics must be performed at regular inter-
vals. Some authors recommend regular chest radiographs 
at 6- to 12-month intervals as an inexpensive option, with 
follow-up CT scans for lung metastasis.26 We performed 
regular checkups using whole-body PET-CT every 5 years. 
In the current study, 6 patients presented with extracranial 
metastasis. The metastatic lesion was confirmed by patho-
logical examination in 5 patients. One patient underwent 
follow-up CT scans at regular intervals because of a very 
small lesion in the lung, which was first detected through 
PET-CT.

Conclusions
Patients in the SFT/HPC WHO grade I group showed a 

more benign course. The grade III group presented with a 
disease of a more aggressive nature and shorter OS com-
pared with that of the grade II group. In the grade II group, 
the EOR and adjuvant RT were significant factors for lon-
ger PFS. In addition, aggressive treatment after recurrence 
is important for patients’ survival. The long-term follow-

up and periodic systemic evaluation are mandatory to de-
tect delayed recurrence and/or systemic metastasis.
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