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Clinical Analysis of Intracranial Hemangiopericytoma
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Objective : Intracranial hemangiopericytomas (HPCs) are rare tumors with aggressive behavior, including local recurrence and distant metastasis.
We conducted this retrospective study to evaluate the efficacy of grossly total resection and adjuvant radiotherapy (RT) for these tumors.

Methods : A total of 13 patients treated for intracranial HPC from January 1995 through May 2013 were included in this retrospective study. We
analyzed the clinical presentations, radiologic appearances, treatment results, and follow-up outcomes, as well as reviewed other studies.

Results : The ages of the patients at the time of diagnosis ranged from 26 to 73 years (mean : 48 years). The majority of the patients were male
(92.3%), and the majority of the tumors were located in the parasagittal and falx. The ratio of intracranial HPCs to meningiomas was 13 : 598 in
same period, or 2.2%. Seven patients (53.8%) had anaplastic HPCs. Nine patients (69.2%) underwent gross total tumor resection in the first opera-
tion without mortality. Eleven patients (84.6%) underwent postoperative adjuvant RT. Follow-up period ranged from 13 to 185 months (mean : 54.3
months). The local recurrence rate was 46.2% (6/13), and there were no distant metastases. The 10-year survival rate after initial surgery was
83.9%. The initial mean Karnofsky performance scale (KPS) was 70.8 and the final mean KPS was 64.6.

Conclusion : Gross total tumor resection upon initial surgery is very important. We believe that adjuvant RT is helpful even with maximal tumor re-

section. Molecular biologic analyses and chemotherapy studies are required to achieve better outcomes in recurrent intracranial HPCs.
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INTRODUCTION

Intracranial hemangiopericytoma (HPC) was first reported by
Begg and Garret”, who noted its microscopic characteristics in-
cluding meningiomas. HPC arises from Zimmerman pericytes
around capillaries and postcapillary venules; therefore, these tu-
mors can occur anywhere capillaries are found, especially in the
lower extremities, retroperitoneum and pelvis?**?. Intracranial
HPC:s rarely present in the central nervous system, and they ac-
count for 2.5% of all meningeal tumors and less than 1% of all
CNS tumors?*?). These tumors also have malignant features,
such as a tendency to recur locally and metastasize distantly. De-
spite the high rate of local recurrence and distant metastasis,
there is no well formulated treatment strategy for these tumors.
We reviewed our experiences with 13 patients with intracranial
HPCs to analyze the disease features, treatment strategies and
clinical courses. In particular, we focused on the efficacy of resec-
tion and adjuvant radiotherapy (RT).

MATERIALS AND METHODS

A total of 13 patients underwent microsurgical resection for
intracranial HPC at least once at our institute from January
1995 to May 2013. The medical records of the 13 patients were
reviewed and analyzed by the authors. All patients were exam-
ined using CT and enhanced MR images. These images were
reviewed by an experienced neuroradiologist. We assessed tu-
mor sizes, locations and enhancement characteristics using MR
imagery. Four patients had preoperative digital subtraction an-
giography (DSA) and only one patient underwent tumor em-
bolization using dimethyl sulfoxide (DMSO) and Onyx. A total
of 20 operations were performed for the resection of either pri-
mary or recurrent intracranial HPCs. After 2002, all operations
were performed by assisted neuronavigation. And intraopera-
tive electrophysiologic monitoring was performed after 2009.
We reviewed the original operation records to determine the
estimated blood loss (EBL), macroscopic features and extent of
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Fig. 1. Bone erosion on the right occipital due to intracranial hemangio-
pericytomas.

Fig. 2. Intracerebral hemorrhage from hemangiopericytomas on a CT
scan.

Table 2. Literature review of recent study of intracranial hemangiopericytoma

Complete Adjuvant . .
Author & Year No. of patients tunfor RadicJ)therapy Recurrz:nce Metastoasw Morta(}lty Fqllow-up
resection (%) (%) rate (%) rate (%) rate (%) period (mo.)

Alen et al. 2001 12 83 42 33 0 25 65
Dufour et al. 2001 21 76 47 52 18 29 60
Ecker et al. 2003 38 58 50 70 29 37 97
Kim et al. 2003 31 52 35 39 13 37 77
Soyuer et al. 2004 29 52 34 7 69 55 111
Fountas et al. 2006 11 55 91 27 63 63 85
Bassiouni et al. 2007 12 58 17 42 17 8 151
Schiariti et al. 2011 39 384 483 71 26 NA 123
Rutkowski et al. 2012 35 46 67 54 20 34 NA
Ghia et al. 2013 88 55 48 NA 6 NA NA
Stessin et al. 2013 76 50 42 NA NA 22 95
Present study 13 69 77 46.2 0 154 543

No. : number, mo. : months, NA : not available

scans (Case Nos. 1, 2) (Fig. 2).
Treatment modalities

Preoperative embolization

Only one patient (Case No.10) had effective preoperative em-
bolization of the tumor. One day preceding the operation for tu-
mor resection, embolization was performed by DMSO and
Onyx via the left distal MCA. Post-embolic angiography showed
a decrease in the size of the hypervascular contrast staining mass
(Fig. 3). An MR image obtained immediately after emboliza-
tion of the tumor showed no acute infarction or venous conges-
tion. Additionally, the patient had no neurological deterioration
after embolization.

Surgery
All patients were initially treated with surgical resections and
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there were no perioperative mortalities. At the initial operation,
a grossly total resection (GTR) was accomplished in 9 patients
(69.2%), a partial resection (PR) in 2 patients (15.4%) and an
endoscopic biopsy in 1 patient, while results were not available
for one patient. Two patients had aborted operations because of
intraoperative bleeding that resulted in partial resection. One
patient underwent only an endoscopic biopsy because of a deep
seated tumor (pineal lesion, Case No. 4). Another patient un-
derwent the initial operation at an outside institution, so we
could not estimate the extent of the resection. According to the
original operation records, EBL ranged from 350 mL to 1200
mL and the mean EBL was 850 mL, for all patients. Under-
standably, the patient (Case No. 10) who performed preopera-
tive embolization had the lowest EBL (350 mL).

Radiotherapy
Postoperative external beam radiotherapy (EBRT) was deliv-
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ered in 11 patients (84.6%) regardless of the extent of resection.
One patient (Case No. 9) rejected an active treatment after the
initial surgery and another patient (Case No. 4) was not irradi-
ated postoperatively due to misdiagnosis. However, he received
irradiation (1500 cGy) by cyberknife 3 months later. The mean
total EBRT dose was 5770 cGy (range : 5400-6000 cGy). Two
patients (15.4%) underwent stereotactic radiosurgery using a
cyberknife for treatment of recurrent tumors.

Chemotherapy

One patient (Case No.4) began chemotherapy after the initial
operation. His initial pathologic diagnosis was pineal parenchy-
mal neoplasm with intermediate undifferentiation, and he re-
ceived a total of 2 cycles of ICE chemotherapy (a regimen em-
ploying ifosfamide, carboplatin and etoposide). But, the tumor
progressed during chemotherapy and mental confusion devel-

Fig. 3. Preoperative tumor embolization. A : The digital subtraction angi-
ography (DSA) shows a hypervascular contrast staining mass with an
arterial feeder from the MCA and PCA. B : The postembolic DSA shows
near total occlusion of the feeding arteries and decreased size of the
contrast staining mass.

Lhe PN 1 WS

oped due to an obstructed hydrocephalus. A second operation
was performed 40 months after the initial operation. The final
diagnosis of second operation was identified.

Pathologic results

Six patients (46.1%) had low grade HPCs (WHO grade II)
and 7 patients (53.9%) had anaplastic HPCs (WHO grade III),
a percentage that is relatively higher than in other studies. Inter-
estingly, the pathologic diagnosis of the resected recurrent tu-
mors changed from low grade to anaplastic HPCs in 2 patients
(15.4%, Case Nos. 2, 4). Low grade HPCs (WHO grade II)
showed dense cellularity with branched thin walled vessels (Fig.
4A). Tumor cells had diffuse CD34 positivity (Fig. 4B) and the
Ki-67 proliferative index was 10% (Fig. 4C). Anaplastic HPCs
(WHO grade III) showed cellular pleomorphism with frequent
mitosis and necrosis (Fig. 5A, B). CD34 was focally positive
(Fig. 5C) and the Ki-67 proliferative index was 30% (Fig. 5D).
All resected tumors had well developed reticulin fibers, and
CD34 was positive in 10 patients (83.3%) and negative in 2 pa-
tients (16.7%). There was one patient whose CD34 was not
checked. The Ki-67 proliferative index ranged from 1% to 30%,
with a mean of 11.3%. The mean Ki-67 proliferative index was
2.2% in the low grade HPC group, and 18.3% in the anaplastic
HPC groups.

Local recurrences and distant metastases

Six patients (46.2%) developed local recurrences at 104, 73,
19, 4 and 3 (two patients) months after initial surgery. Of the 6
patients, one underwent five operations, another underwent
four operations and the other two underwent two operations.
The two remaining patients underwent only the initial opera-
tion because of their poor general medical condition. Five and

)

F|g 5. Pathologlc features of anaplastlc hemanglopencytomas A and B : Hematoxylin and eosin, ><200 C:CD34, ><200 D :Ki-67, ><200
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10-year recurrence-free survival (RES) rate was 62% and 20.5%,
respectively. The median RFS was 74 months (Fig. 6). On sub-
group (GTR or not) analysis, mean time for local recurrence was
24.6 months in patients who treated with PR or biopsy against
105.7 months in patients who treated with GTR (p=0.012 by log-
rank test) (Fig. 7). Regarding adjuvant RT, mean time for local
recurrence was 10.7 months in patients who did not received
RT against 85.4 months in patients who received RT (p=0.052
by log-rank test) (Fig. 8). There were no distant metastases,
based on clinical follow-up and whole body PET-CT scan.

Overall outcome and survival

The outcomes of treatment were estimated according to the
Karnofsky performance scale (KPS). The mean KPS at the final
outcome was 64.6 (Initial mean KPS was 70.8). The mean fol-
low-up period was 54.3 months (range : 13-185 months). Two
of the 13 patients died during the follow-up period. Five year

Clinical Analysis of Intracranial Hemangiopericytoma | BJ Park, et al.

overall survival rate was 84% and mean overall survival was 158
months (Fig. 9).

DISCUSSION

Intracranial HPCs are very rare tumors with an incidence of
less than 1%, and they represented 2.2% of all meningiomas di-
agnosed over the last 18 years in our institute. Alén et al.” re-
ported an incidence of intracranial HPCs similar to our data. It
is widely known that intracranial HPCs, unlike meningiomas,
are more common in males than females, which was also true
in our data, where 92% of the patients were males*'**). In pre-
vious studies on intracranial HPCs, the mean age at the time of
diagnosis ranged from 38 to 44.9 years, which was lower than
that of meningiomas>*»*2>%)_1In our series, the average age
was 48 years. Intracerebral hemorrhage was relatively more
common in our patients than in others'”"”. Our study included
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two patients (15.4%) with intracerebral hemorrhage on an ini-
tial CT scan. The majority of HPCs arise in the supratentorial
area with dural attachment®*". However, non-dural attached
HPCs, such as in the pineal region (Case No.4), and purely in-
traparenchymal HPCs have also been reported?**.

Distinguishing HPCs from benign meningiomas before sur-
gery can be difficult, but is very important because of the ag-
gressiveness of HPCs and their high rates of local recurrence
and distant metastasis. Many previous papers have discussed
the differential diagnosis between HPCs and meningiomas.
Chiechi et al.” reported that intracranial HPCs are more multi-
lobulated than benign meningiomas, and have narrow based
dural attachment on CT and conventional MR images. Addi-
tionally, hyperostosis and intralesional calcification are not found
in intracranial HPCs, which is distinct from meningiomas. Many
other papers have reported that intracranial HPCs may show os-
teolytic features on plain films, CT and MR images®'*?. In the
current study; osteolysis of the skull on CT scan was noted in 2
patients (Case Nos. 5, 11) who were diagnosed with anaplastic
HPC. It has been found that osteolysis is more prevalent in ana-
plastic HPCs than in low grade HPCs”. It has also been found
that CT perfusion is valuable in preoperative grading of intracra-
nial gliomas', in distinguishing between glioblastomas, metasta-
512 and in evaluating the prognosis of recurrent
brain tumors after stereotactic radiosurgery*”. Similarly, Ren et
al3 reported that CT perfusion can provide crucial informa-
tion on HPCs and benign meningiomas. They found that HPCs
showed higher blood volume than benign meningiomas. As
MRI technology has advanced, Liu et al.*® demonstrated that
minimum apparent diffusion coefficient (ADC) values may be
helpful for distinguishing HPCs from meningiomas. They
found that the mean minimum ADC values of HPCs were sig-
nificantly higher than that of meningiomas.

The frailty of the conventional surgical approach was intracta-
ble intraoperative bleeding from the meningeal artery during
the initial stage of the operation. Thus, several authors have pro-
posed multi-stage operations, included feeding artery emboli-
zation®). Matsushige et al*" reported a giant HPC treated with
preoperative tumor embolization, where embolization was used
to overcome intraoperative bleeding. The use of preoperative
tumor embolization has also decreased operation-related mor-
tality and morbidity". After devascularization of the tumor from
the main feeding artery using embolization, we were also able
to markedly reduce intraoperative bleeding in Case No. 10. The
blood loss during operation was much lower compared to non-
embolized patients (350 mL vs. 990 mL), but we could not
draw statistically significant conclusions due to the limited sam-
ple size of our study.

Surgical resection of the tumors offers the advantage of patho-
logic confirmation and reduction of mass effects. A Simpson
grade I resection has been found to be associated with a high
long-term control rate*'¥. Similarly, Rutkowski et al*® reported
that, regardless of adjuvant therapy, GTR was associated with

sis and abscesses

significantly improved survival rates compared with PR. In our
series, a total of 9 patients (69%) achieved a GTR at the initial
surgery, which was a much higher rate compared to other stud-
ies. A literature review on intracranial HPCs showed an average
GTR rate of 56.7% (Table 2). We conducted a statistical analysis
about correlation between extent of resection and recurrence,
and we found statistical significance like other several series
(mean RFS 105.7 months vs. 24.6 months, p=0.012) (Fig. 7)>'%.
Interestingly, the average mortality rate in the recent literature
was 31.59%121516182128355742:40) byt was only 15.4% in our study.
Though adjuvant therapy and follow-up period also affect the
mortality rate, we cautiously suggest that GTR also contributed
to the decreased mortality rate.

Intracranial HPCs have been shown to commonly recur even
after complete GTR. Thus, several authors have recommended
adjuvant treatments for better outcomes!*10151018233240) " Gtaples
et al.*® reported that the 5-year RFS improved from 28% with
operation alone to 57% with adjuvant RT after GTR. Similarly,
we could find that the patients who had been recieved adjuvant
RT had tendency of longer RFS (mean RFS 85.4 months vs.
10.7 months, p=0.052) (Fig. 8). A review of the recent literature
shows that adjuvant RT is not applied consistently (range : 17-
91%, mean : 47.4%). On the other hand, we performed adjuvant
RT regardless of the pathologic grade and extent of resection in
most of the patients, 11 out of 13 patients received adjuvant RT
to a mean dose of 5770 cGy. Serious side effects from irradia-
tion, such as cerebral edema, leucencephalopathy, radiation-in-
duced necrosis and death have been reported®?. In our study,
there were no significant radiation-related complications.

Chemotherapy provided only insignificant benefits>*”, but
Chamberlain and Glantz” reported that chemotherapy (cyclop
hosphamide+adriamycin-+vincristine, followed by a-IFN, fol-
lowed by ICE) may be helpful for recurrent intractable intracra-
nial HPCs. In our study, one patient was treated with chemo-
therapy (ICE regimen) due to an initial misdiagnosis of pineal
sarcoma. Unfortunately, the results of chemotherapy were not
effective.

The histological criteria for anaplastic HPCs (WHO grade
I1I) include more than five mitoses in 10 high power fields and/
or necrosis and moderate to high nuclear atypia and moderate
to high cellularity after hemorrhage. Moreover, the pathologic
features of low grade HPCs (WHO grade II) show monomor-
phous round to oval tumor cells having staghorn-like vessels.
The tumors contain well developed reticulin fibers and diffuse
CD34 immunopositivity. In our data, the mean Ki-67 prolifera-
tive indexes in low grade and anaplastic HPC were 2.2% and
18.3%, respectively. In recurrent HPC, the mean Ki-67 was
14.6%, while in non-recurrent HPC, it was 7.8%. However, the
number of cases was too small for statistical significance. Vuo-
rinen et al. reported that the patients with a Ki-67 index less
than 5% tended to survive longer, but this finding could not
correlate the clinical outcome'®*”). Also we conducted statistical
analysis of RES depending on the WHO grade, but we could
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not find statistical significance (p=0.644).

The majority of HPCs recur at the primary site. Galanis et al.”
found that, out of 32 recurrences, 19 (59%) recurred at the pri-
mary site, eleven (34%) recurred at both the primary and other
CNS sites and the remaining 2 (7%) had diffuse leptomeningeal
spread without local recurrence at the primary site. In our se-
ries, all local recurrence occurred at the primary site. We would
define ‘recurrence as increased tumor sized by follow-up radio-
logic study and any apparent deterioration in clinical status to
need reoperation. In the strict sense, initially partial resection
or biopsy cases should be described as ‘progression’ when reop-
eration were needed, but number of our cases were too small to
analyze about progression cases, separately. Unfortunately, sev-
eral authors reported that the extent of tumor resection has been
less definitely correlated with the local recurrence of HPCs com-
pared to meningiomas®. This feature of intracranial HPCs
might be explained by the strategy to aggressively irradiate par-
tially resected tumors to reduce local recurrence. Recently, Du
et al.'” reported only a 3.8% recurrence rate, but their follow-up
period was very limited (mean : 22 months). In our series, the
recurrence rate was 46.2% (6/13), with the mean follow-up pe-
riod of 54.3 months (range : 13-185 months).

It is widely known that after the first recurrence, HPC tends to
recur at brief intervals. Guthrie et al* reported that the average
periods to the second, third and fourth surgeries for recurrence
were 38, 35 and 17 months, respectively. Our patients with mul-
tiple recurrences also tended to follow a similar timeline.

The 10-year survival rate in our study was 83.9%. Schroder et
al® found 5-, 10- and 15-year survival rates of 65%, 45% and
15%, respectively. In their broad literature review, Rutkowski et
al® found 1-, 5-, 10- and 20-year survival rates of 95%, 82%,
60% and 23%, respectively. Mena et al.*? reported a recurrence
rate of 70% (57/94), while Kochanek et al* reported 41% (7/17).
It seems that rarity of intracranial HPCs along with the absence
of a well formulated treatment strategy might lead to highly
fluctuating survival and local recurrence rates.

CONCLUSION

Safe and tolerable gross total tumor resection in the initial
surgery is very important. We believe that adjuvant radiation
therapy is helpful, even if maximal tumor resection was per-
formed in low grade HPCs. Preoperatively, differentiation be-
tween HPCs and meningiomas is necessary for formulating a
treatment strategy. Evaluation of distant metastasis through
long-term follow-up is also important. Molecular biologic anal-
ysis and studies of the efficacy of chemotherapy are required for
better outcomes in relentlessly recurrent HPCs.
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