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Summary

A retrospective analysis of a consecutive series of 12 patients with
15 intracranial hemangiopericytomas treated at the University of
Virginia using Gamma surgery is presented. Clinical and radio-
graphic follow up of 3 to 56 months is available for 10 patients with
12 tumors. There was one tumor present at the time of initial
Gamma surgery in each patient. Two new tumors occurred in pa-
tients previously treated. Nine of the tumors decreased in volume
and three remained stable. Four of the nine tumors that shrank later
progressed at an average of 22 months after treatment. Of the tumors
that decreased in volume and have not progressed, the response has
been for an average of 11 months. The follow-up for two tumors that
remained unchanged was 10 and 34 months (average 22 months). A
third tumor was unchanged at 42 months but the patient died of new
disease adjacent to the treated area in the anterior skull base. There
were no complications and the quality of life following the procedure
was maintained or improved in every case. Gamma surgery is effec-
tive in palliating the patients by decreasing tumor volume and de-
laying recurrence.
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Introduction

Hemangiopericytomas are malignant tumors with
sarcomatous characteristics. They were first described
by Cushing and Eisenhardt in 1938 as a variety of
angioblastic meningioma. The name hemangioperi-
cytoma was used for the first time in 1942 by Stout
and Murray to describe a soft tissue sarcoma of the
thigh [22]. Begg and Garret recognized the similarity
of the angioblastic meningioma described in 1938 to
this soft tissue sarcoma in 1954 [2]. Although some
authors have maintained that hemangiopericytomas
are a form of meningioma [24], their clinical and bio-
logical behavior is dramatically more aggressive.

Grossly meningeal hemangiopericytomas are lobu-
lated and of firm consistency with a pink-gray to red
color. They usually have a broad meningeal base but
do not spread en plaque or invade brain [10, 13]. They

are highly vascular but at surgery are usually separated
from surrounding brain without difficulty.

The histopathological identification of hemangio-
pericytomas can be difficult. They can resemble fibrous
or meningotheliomatous meningiomas [12]. These tu-
mors are very cellular and often contain stag horn
shaped, thin walled capillaries. Mitoses are often seen
and their number is variable between fields [11]. Cal-
cium, whorls and psammoma bodies are not seen [10,
14].

On imaging studies they resemble meningiomas and
this is often the preoperative diagnosis. Irregular bor-
ders and a mushrooming lobulated appearance may
suggest the correct diagnosis. Bony change is uncom-
mon but if present is erosion [17]. Angiography is
sometimes helpful in making a preoperative diagnosis.
Feeding arteries often have a corkscrew appearance
and early filling veins are not uncommon. A sustained
venous phase is frequently seen [15]. The location in
which hemangiopericytomas are found is similar to
meningiomas.

Hemangiopericytomas tend to metastasize outside
the brain if the patient survives for an extended length
of time. The incidence of metastasis increases with
time and has been reported as 13%, 33% and 64% at 5,
10 and 15 years respectively. The presence of extra-
cranial metastases significantly shortens survival [11].

Initial treatment of meningeal hemangiopericyto-
mas is usually surgical. Preoperative embolization of
the feeding vessels can be helpful in controlling bleed-
ing during surgery. However this is often not as helpful
as for meningiomas because of the propensity of he-
mangiopericytomas to parasitize cortical vessels. Ap-
proximately half will have a significant internal carotid
vascular supply [11, 13, 15] and intra-operative hem-
orrhage can complicate surgery [3]. They typically re-
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cur after gross total resection and their progression is
relentless. The time to recurrence after resection tends
to shorten after subsequent surgeries and clinical out-
come tends to worsen with each operation [11]. Me-
dian recurrence intervals of 40 [11] to 50 [18] months
have been reported. The interval to subsequent recur-
rences after surgery shortens and the morbidity and
mortality of repeated surgery increases [11]. The use of
palliative chemotherapy for metastatic lesions is of
only marginal benefit [8] [1].

Hemangiopericytomas are radiosensitive tumors
and are responsive in both intracranial and extra-
cranial locations [7, 18]. Post operative radiation ther-
apy for intracranial hemangiopericytomas prolongs
survival significantly [5] and with a longer latency
period before recurrence [10].

The goal of this report is to present the imaging and
clinical response of intracranial hemangiopericytomas
to Gamma surgery, and to try to determine if there is
any role for this treatment in the management of these
difficult tumors.

Patients and Methods

Patient Material

Twelve patients with 15 hemangiopericytomas were treated be-
tween 1991 and 1999. The average age at initial Gamma surgery was
45.9 years (range 31 to 69 years). All but one of the patients was male
and all had previous neurosurgical procedures with recurrences. The
average number of craniotomies was 2.9 (range 1 to 6). This includes
one patient with two transsphenoidal procedures. The average in-
terval from initial craniotomy to Gamma surgery was 10.7 years
(range 2 to 24 years). Fractionated radiation was used for four of the
ten patients prior to Gamma surgery. One patient was treated with
chemotherapy and two with Ventriculo-peritoneal shunting. Two
patients received endovascular embolization of the tumor’s blood
supply. One of these preoperatively (craniotomy) and another re-
ceived three sessions of therapeutic embolization unrelated to other
treatment.

Tumor Parameters

The mean volume of the tumors at the time of treatment was
7.6 cm?® (range 0.3 to 33.6 cm?). All patients had a single tumor at
their initial Gamma surgery. Three tumors were treated twice. Two
patients had a recurrence outside the initially treated area that were
subsequently treated. One patient had two tumors at the time of
treatment but one was not treated because of proximity to the optic
chiasm. This tumor has not been treated in any way and is not
included in the results section.

Treatment Parameters

The Gamma Knife model B (Elekta Corporation, Atlanta) was
used in all treatments. The treatment parameters varied with tumor
size and history of previous radiation therapy. The mean maximum
dose was 37 Gy (range 8.0 to 51.4 Gy) and the mean periphery dose
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was 14 Gy (2.8 to 25.0 Gy). The mean number of isocenters used was
4 (range 2 to 6). The dose rate of the Gamma knife ranged from 174
to 351 ¢Gy/min referenced to an 18 mm collimator at an 8 cm focus
distance with a water equivalent phantom.

Volumetry

We have developed software at UVA that allows estimation of the
tumor volume on the basis of MRI and CT performed without a
stereotactic frame. The program evaluates the area of interest on
each slice as drawn by the observer, using polygonal estimation
techniques [21]. The area in each slice is then multiplied by the slice
thickness and integrated over the relevant slices. On evaluation the
margin of error of this method is +7% for lesions smaller than 1 cc
and +2% for volumes larger than 1 cc. Changes in volume were
rounded off to the nearest tenth.

Follow up

Ten patients with 12 tumors have imaging follow up available.
Two additional patients have been treated recently, with imaging
follow-up no longer than three months available. Clinical assessment
was available for all cases (average 24.8 months).

Results

Imaging Outcome

Responsive Tumors. Five tumors (in five patients)
regressed following Gamma surgery and have re-
mained stable for an average eleven months (range 3—
24 months) (Fig. 1). The degree of regression ranged
from 30 to 80%. One of these patients developed ab-
dominal metastases prior to Gamma surgery. One pa-
tient had a 60% reduction in the volume of the treated
tumor at 12 months while a small untreated tumor had
doubled in volume during the same interval.

Stable Tumors. Three tumors (in three patients)
were unchanged in volume after an average of 29
months (range 10-42 months, patients 2, 5 and 7).

New or Progressive Tumors. Four patients had
tumors that were initially stable (one) or regressing
(three) and later progressed within the treatment field.
The mean regression was 60% (range 20 to 90%) ach-
ieved from 3 to 14 months after treatment. Three of
these progressive tumors were retreated with Gamma
surgery and the fourth was operated. Of the three
patients retreated with Gamma surgery all have imag-
ing follow-up. One remained stable for ten months
before progressing, another has shrunk 30% at three
months follow-up.

The tumor in the first patient remained unchanged
12 months when there was a recurrence adjacent to the
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Fig. 1. A 31 year old man with a left medial temporal lobe hemangiopericytoma as shown on the treatment post contrast axial (A) and coronal
(B) MRI. Five months later the tumor is 50% smaller as shown on axial (C) and coronal (D) images. One year after Gamma surgery the tumor
had continued to regress as shown on axial (E) and coronal (F) scans. (Patient 8, Table 1.)

treated area. This new lesion was treated with Gamma
surgery and the tumor volume decreased 40% within 6
months. At 12 months the treated volume was stable,
however there was new growth outside the treatment
field. This was treated again. At that time there was
significant extracranial extension of the tumor but no
evidence of metastases. The patient died of progression
of his disease 42 months after his first Gamma surgery
and 22 years following his initial diagnosis (patient 2,
Table 1).

Another patient had two recurrences, both at, and
outside the initially treated area. This case is described
below:

Representative Case ( Patient 3, Table 1)

A 47 year old man presented with right facial paresthesiae and on
exam was found to have a mild left hemiparesis. A right CP angle
tumor was found on imaging studies and resected through a sub oc-
cipital craniectomy. Histopathology was consistent with hemangio-
pericytoma. Follow up MRI two years later revealed a recurrence
(Fig. 2A). This was treated with Gamma surgery using a 36 Gy
maximum dose and an 18 Gy marginal dose. An MRI obtained 40
months after treatment (Fig. 2B) showed an 90% decrease in the
volume of the treated tumor, but there was new tumors in the cav-
ernous sinus. This was treated with a 40 Gy maximum dose and 16
Gy at the periphery of the tumor. An MRI obtained nine months
after the second treatment showed that the tumor in the cavernous
sinus had responded with an 80% decrease in volume but that the
initially treated tumor in the CP angle had recurred. This tumor was
retreated with a maximum dose of 45.7 Gy and a margin dose of 16
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Table 1.

Patient Ageat Previous Interval Volumeat Maximum  Length of Time to Clinical out- Imaging
Gamma therapy to treatment  and imaging progression come since outcome
surgery Gamma in cubic periphery follow-up of tumor  Gamma surgery
(years) surgery centimeters dosein Gy (months) (months)

(years) (tumor) (no. of
isocenters)

1 35 5 craniotomies 4 6.3 (1) 50/25(3) 20 16 dead at 20 tumor regression (60%)
months of then progression
post-op
complications

2 46 3 craniotomies 18 8.1(1) 34/10.2 (6) 42 154 dead at 42 tumor stable then

47 radiation 9.3(2) 35/10.5(3) 29 10 months of recurrence’
therapy- 33.6 (2) 30/9 (4) 15 10 tumor
48 60 Gy progression
3 40 1 craniotomy 2 4.5(1) 36/18(5) 56 44§ unchanged initial regression (87%)
43 6.9(2) 40/16 (5) 13 N/A then progression®
44 10.0 (1) 45.7/16 (5) 3 N/A
4 47 2 craniotomies 24 0.3(1) 8/2.8(3) 41 17 unchanged initial regression (66%)
50 2 trans- 3.8(1) 51.4/18 (3) 8 N/A then progression.
phenoidal 85% regression fol-
resections lowing 2" treatment
radiation (compared to first
therapy- treatment’s volume)
54Gy
5 39 4 craniotomies 12 4.8 (1) 10/3.3(2) 34 N/A unchanged stable
VP-shunt
radiation
therapy-
50 Gy
6 69 1 craniotomy 2 5.5(1) 40/20(5) 24 N/A unchanged 35% decrease
1 embolization
7 46 2 craniotomies 14 11.8 (1) 42.5/17(6) 10 N/A unchanged stable
3 emboliza-
tions
8 31 2 craniotomies 11 6.2 (1) 40/20(5) 12 N/A diplopia 60% decrease of treated
radiation 0.53 N/A 12 N/A resolved tumor
therapy- Untreated tumor has
54 Gy doubled in volume

9 59 6 craniotomies 16 1.5(1) 41.7/16 (3) 6 N/A decreased sei-  42% decrease
zure activity

10 41 1 craniotomy 4 1.9 (1) 51.4/18 (3) 3 N/A unchanged 26% decrease

V-P shunt

118 treatment-4% decrease (stable). Tumor recurred outside of treated area and 2™ treatment controlled growth (shrank 20%) of second lesion
for 10 months before progression. Third treatment controlled growth of second lesion for 10 months (unchanged) before progression. This
patient’s third treatment was suboptimal due to the large size of the tumor and the extracranial portion of the tumor was not treated.

2 I treatment-tumor shrank 87% and was stable for 49 months before progressing and was recently retreated (shrank 15% at 3 mo. follow-up
after second procedure). Tumor also recurred at an untreated area at 44 months and was treated. This portion has shrunk 84% with 9 months

follow up.

3 Patient has a second tumor not treated because of proximity to the optic chiasm.

4Recurred outside initially treated area.

Gy. At 9 months follow up this tumor had decreased in volume 40%
and the tumor in the cavernous sinus remained unchanged from the
prior study. Five years since his first Gamma surgery the patient is
clinically stable and feels well.

The third patient with tumor progression was
treated with a low dose at her first Gamma surgery.
She had an initial 70% regression of her tumor which

then started to grow 18 months after Gamma surgery.
This lesion was retreated with a higher dose and has
regressed 85% from the initial treatment volume (90%
from the second treatment volume) after eight months.
(patient 4, Table 1), (Fig. 3).

The fourth patient had a reduction of 60% of the
volume of his tumor at 11 months. A control MRI
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Fig. 2. A 47 year old man with a right cerebellopontine angle hemangiopericytoma shown in the post contrast T1 weighted axial MRI obtained
at the time of initial Gamma surgery (A). Forty months later the CP angle lesion was 90% smaller but there was a new tumor in the right cav-
ernous sinus which was treated (B). Nine months later the cavernous sinus lesion was 80% smaller but the CP angle tumor progressed and was
retreated (C). Three months following the last Gamma surgery the cavernous sinus tumor was stable and the CP angle tumor shrank 15%.

(Patient 3, Table 1.)

performed at 18 months showed the tumor was larger
than prior to treatment with the Gamma Knife. He
underwent a craniotomy (this was his sixth craniotomy
since presentation) and succumbed to post operative
complications (pneumonia) one month later. (patient
2, Table 1)

Other Changes on Imaging Follow Up

There was no new signal change identified within the
brain on T2 weighted images of any patient follow-
ing Gamma surgery that was not present prior to
treatment.

In summary, of the 12 tumors treated with Gamma
surgery nine responded with a decrease in volume and
three remained stable. Of the nine that decreased in
volume, maximum decrease in volume was generally
seen within a year and as early as 3 to 6 months. The

time to maximum decrease in volume for the six
tumors with greater than one year follow up was 3 to
16 months (mean 9.7 months). The average decrease in
volume was 50% (range 20 to 90%). There were four
tumors that initially decreased in volume and then
progressed. The average time to the MRI demonstrat-
ing progression was 23 months after treatment and 7.5
months after the last MRI that showed maximum de-
crease in volume. This is significant because in three of
the four cases where the tumor progressed after ini-
tially responding with regression, the tumor became
larger than it was prior to treatment.

Clinical Outcome

Two patients died. One died of post operative com-
plications following a repeat craniotomy twenty
months after Gamma surgery. The second patient died
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Fig. 3. A 47 year old woman with a right cavernous sinus hemangiopericytoma as shown on the treatment post contrast coronal T1 weighted
MRI (A). Three months later the tumor shrank 70% (B). Thirty months after the initial Gamma surgery the tumor was larger than at the time
of treatment and the procedure was repeated (C). Ten months after the second treatment the tumor again decreased 90% in volume. (Patient 4,

Table 1.)

of local recurrent and distant disease (intracranial)
following three procedures with the Gamma Knife. He
had also undergone three craniotomies and 60 Gy of
fractionated radiation therapy.

There were no complications attributable to
Gamma surgery. One patient had improvement of
his trigeminal paresthesiae and gait ataxia following
Gamma surgery and tumor regression for a CP angle
hemangiopericytoma, but symptoms recurred when
the tumor began to grow again. This has recently been
retreated with Gamma surgery and the tumor has re-
gressed 15% at three months follow-up. Another pa-
tient has had a 75% decrease in the frequency of his
seizures following Gamma surgery associated with a
40% decrease in the volume of his tumor at three
months follow up. Another patient with suprasellar
extension of his tumor had resolution of his occulo-
motor palsy several weeks following Gamma surgery.
All other patients are clinically unchanged since
Gamma surgery.

Discussion

The alternatives in the management of intracranial
hemangiopericytomas include microsurgery, emboli-
zation, radiation therapy and Gamma surgery, either
alone or in combination.

Microsurgical Management of Hemangiopericytomas

Hemangiopericytomas are malignant tumors that
recur at or near the site of their excision and with
time metastasize outside the skull. Treatment of these
tumors should have multiple goals. Symptomatic
lesions should be reduced in volume and asymp-
tomatic tumors should be prevented from further
growth. Ideally, gross total excision should be per-
formed to provide immediate relief of symptoms and a
meaningful interval to recurrence. Guthrie found that
if microsurgery was the sole treatment for hemangio-
pericytoma, the tumor recurred after an average of
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29 months. Subsequent recurrences following addi-
tional microsurgery occurred at progressively shorter
intervals [11]. Because this tumor is associated with
a prolonged clinical course, and recurrence is nearly
inevitable making repeated procedures necessary, the
accrual of iatrogenic neurological deficits in the pur-
suit of improved resection should be discouraged, and
quality of life preservation should be the foremost
goal.

Embolization

Preoperative embolization of intracranial heman-
giopericytomas with the purpose of limiting blood loss
during surgery has been reported [4, 9, 19] but because
of the frequent parasitization of cortical arteries, com-
plete devascularization is difficult. There is no report in
the medical literature of therapeutic embolization
without subsequent microsurgery for hemangioper-
icytomas. However, three patients were therapeuti-
cally embolized at the University of Virginia. One
patient was embolized three times over the course of
three years and the therapy was successful in postpon-
ing an additional craniotomy for three years after the
last embolization. This patient’s last embolization was
associated with a persistent Horner’s syndrome. An-
other patient had two simultaneous recurrences, both
of which embolized but only one surgically extirpated.
Neither tumor was visible at one year follow up imag-
ing. A third patient was embolized but the therapy was
not successful in preventing tumor growth and the
lesion was treated with Gamma surgery nine months
following embolization. Two years after Gamma sur-
gery this tumor had decreased in volume by 35%.

Radiation Therapy

Several authors advocate fractionated radiation
therapy in the treatment of hemangiopericytomas [10,
11, 16, 23]. Little has been reported on its use as a pri-
mary modality but used in the postoperative period it
has been shown to significantly lengthen the time to
tumor recurrence following surgical extirpation. It ap-
pears that a regional minimum of 50 Gy should be
used to prevent early recurrence [11]. The purpose of
radiation therapy is to delay recurrence of tumors. In a
review of all the patients treated with microsurgery for
intracranial hemangiopericytomas at the University of
Virginia in the past ten years, three received 54 Gy
regional fractionated radiation therapy following the
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first procedure and the remaining five did not receive
any radiation therapy. Those that were not irradiated
averaged 2.4 years between their 26 procedures while
those that were irradiated post operatively averaged
7.5 years between their 9 procedures. No patient had
died or developed systemic metastases. One patient
underwent resection and radiation 1 year before
Gamma surgery for a new lesion and has not recurred
at the operative site to date (11 years since surgery).
This is in concordance with Guthrie’s finding that
hemangiopericytomas irradiated post operatively
recur an average of 74 months after their first opera-
tion, while those not irradiated recur at an average of
29 months [11]. The experience of Jaaskelainen sug-
gests that the use of radiation therapy should be after
the initial resection. Two patients irradiated after ini-
tial gross total resection were disease free at 167 and
263 months respectively. Three patients irradiated for
recurrent non-resectable tumors had progression of
their disease [13].

Gamma Surgery

Published reports of the results of Gamma surgery
in the treatment of hemangiopericytomas are scarce.
Coffey et al. reported on five patients treated with
Gamma surgery for 11 hemangiopericytomas. The
treated tumors all responded with a decrease in volume
with an average follow-up of 14.8 months (range 10
to 17 months) However, there was recurrence of the
tumor outside the treatment field in two of the patients
during the follow-up period [6].

The patients in Coffey’s group were included in a
larger series reported by Galanis et al. In this series of
ten patients with 20 tumors treated with Gamma sur-
gery, all of their tumors responded to treatment either
with a decrease in volume or were unchanged but the
effect lasted less than a year in the majority of their
patients. Most of the tumors had also received frac-
tionated radiation therapy and averaged 32 mm in
greatest dimension. A subgroup of three patients with
solitary tumors less than 25 mm in greatest diameter
that had not been treated with radiation therapy all
showed complete imaging response that had persisted
for a median of 36 months. Two of these patients re-
ceived radiation therapy following Gamma surgery
[8]. The marginal dose applied in this series was tumor
volume dependent. Those less than 4.2 cm?® received
a dose of 20 Gy. Volumes between 4.2 and 14 cm?
received 18 Gy and those larger 16 Gy. Doses were
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Table 2.
No.of No.of mean Mean dose ~ Tumor Number of mean # patients  Deaths Mean time
patients tumors F/U (max/min)  diameter tumors F/U that from to death
(months) or volume  without (months) developed  disease (months)
range progression new progression after Gamma
intracranial surgery
tumors
Coffey 5 11 15 11 15 2 1 17
Jaques 3 42 7537 1-30 cc 6 42 2 2 48
Kabayashi 5 5 31 33/16 2.8 cm 4 25 0 0 N/A
Larson 5 5 44 27/18 2-22 cc 4 45 0 0 N/A
Payne 10 12 25 37/14 0.3-33.6cc 8 14 2 22 28
Pendl 1 1 30 40/18 21 cc 0 N/A 0 12 30
Total 29 40 30 35 (86%) 23 6 (15%) 6 (15%) 33

* Includes one post operative death following microsurgery and two other tumors greater than 20 cm?®

2 These patients died of progression of disease in the treatment field.

decreased 2 to 4 Gy if the patient had received previous
radiation therapy. These doses are similar to those
used in our series but because they had more large
tumors the average dose utilized was less.

Other Centers. We communicated with several cen-
ters performing Gamma surgery requesting informa-
tion of their results in treating intracranial hemangio-
pericytomas. Five centers that had experience with this
tumor type replied. One had treated five patients but
had not analyzed the follow-up data (T. Hirai personal
communication). The results and details of the other
centers are summarized in Table 2.

Pendl et al. (personal communication) treated one
patient with a large hemangiopericytoma that had
been operated upon and irradiated post operatively. A
21 cm? recurrence was treated with Gamma surgery
three years later. The patient was clinically stable
for six months before developing a hemiparesis. The
tumor was resected again and the patient treated with
chemotherapy. He died two years later of apparent
progression of his intracranial disease. Kobayashi
(personal communication) treated five patients with
intracranial hemangiopericytomas with Gamma sur-
gery. Two patients with 13 month clinical and radio-
graphic follow up have shown either complete or
greater than 50% reduction in the size of the tumor.
Another patient showed greater than 50% reduction in
the volume of his tumor at 26 months but required
another Gamma surgery for a second tumor remote
from the original site. A fourth patient’s tumor has re-
mained stable at 26 months but also required a second
Gamma surgery for a tumor remote from the treated
area. The last patient, with the largest tumor, has had
four staged Gamma surgeries of the same tumor. The

tumor has progressed slowly but the patient is alive 57
months after his initial Gamma surgery.

At the University of California at San Francisco,
Larson (personal communication) treated six patients,
each of which had one hemangiopericytoma, with
Gamma surgery. Follow up was available for five of
them. Four of the five had received regional fractio-
nated radiation and all had previous microsurgical
resections. Three were less than 2 cm? in volume, one
approximately 7 cm?® and one 22 cm? in volume. The
three smallest tumors have either decreased in volume
(one) or remained stable (two) an average of 33
months (range 20 to 58 months) following Gamma
surgery. Two of these patients developed seizures after
treatment which were controlled with medication. One
tumor approximately seven cm? in volume, increased
in volume and then underwent necrosis resulting in a
hemiparesis which has improved. The patient is alive
at 80 months without recurrence of tumor. The largest
tumor (22 cm?) had a partial response and then began
to grow after 33 months. He is alive at 38 months with
bone metastases.

At Good Samaritan Hospital in Los Angeles,
Jacques (personal communication) treated three pa-
tients with hemangiopericytomas. One patient’s single
tumor which measured less than 1 cm?® in volume is
unchanged at 31 months. Another patient with a large
(>30 cm?® volume) tumor was treated four times with
Gamma surgery. The patient died of recurrent disease
adjacent to the treated tumor 20 months after his first
Gamma surgery. The third patient has been treated
twice for the same tumor. After failing to decrease in
volume after the initial Gamma surgery (although it
did not increase in volume) the tumor was treated a
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second time. This treatment was complicated by tumor
necrosis and peritumoral edema. The patient died of
recurrent adjacent disease 76 months after his first
Gamma surgery.

The results of these other series are similar to our
own. The only deaths attributable to treated tumors
were in very large tumors (>20 ¢m?) and a single death
following microsurgery for a recurrence. All tumors
treated responded with a decrease in volume or a ces-
sation of growth. There was a 33% incidence of recur-
rence of growth of a treated tumor in our series but
only 11% in the remaining series. This is difficult to
explain except in the case of Coffey’s report because of
shorter follow up and Jacques’ series because of higher
doses used. Retreatment of local recurrent tumors
in our series has been successful however with two of
the three recurrences retreated showing reduction of
volume following the second Gamma surgery. The
occurrence of new tumors was similar in our series
(2/10) to the remaining series (4/19).

The advantage of Gamma surgery in the treatment
of hemangiopericytomas is the low risk of adverse
effects and the effectiveness in local control of tumor
growth, as demonstrated in this paper. The disadvan-
tage of Gamma surgery is the delay of response to
treatment and the theoretical limitation of repeated
Gamma surgery treatments because of the increase in
integral dose applied. In our series there were no radi-
ation induced complications associated with retreat-
ment of tumors or the treatment of large tumors, and
this concern still remains to be substantiated. How-
ever, in order to minimize the chance of a radiation
induced complication it is important to treat the tu-
mors when they are small. This should reduce the risk
of radiation associated complications and allows for
higher marginal doses to be used [20]. It is important to
note that while the majority of patients treated with
conventional radiation were treated soon after a gross
total resection , those in the Gamma surgery series
are often only partially excised and undergo delayed
gamma surgery on apparent failure of expectant
management.

Combined Therapy

The integration of different therapeutic modalities in
the management of a patient harboring an intracranial
hemangiopericytoma requires identification of the
goals of treatment. The initial preoperative diagnosis
based on imaging is usually meningioma. The true
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diagnosis is not generally known until permanent his-
tological and immunohistochemical analysis has been
performed. When the nature of the disease is realized,
prevention of recurrence, maintenance of neurological
function and preservation of quality of life for as long
as possible should have highest priority. High dose re-
gional fractionated radiation therapy or Gamma sur-
gery should be initiated immediately after the initial
resection. This seems to delay recurrence significantly.
When a recurrence does occur microsurgical extirpa-
tion should be repeated as many times as possible with
low risk of significant morbidity or mortality. Pre op-
erative embolization should be considered to lessen
the blood loss during open surgery of these tumors.
The endovascular treatment of these lesions as an iso-
lated modality may be appropriate on occasion when
the vascular supply is predominantly dural based, but
because this is a largely untried approach, vigilant
imaging follow up should be maintained. If recurrence
occurs and the tumor can no longer be safely extir-
pated Gamma surgery should be done or repeated as
the case may be. It is important to treat these tumors
when they are small so Gamma surgery should be
performed at the first sign of recurrence, or in the
postoperative period if residual tumor is known to be
present following microsurgery. We safely performed
repeated Gamma surgery in the present series without
complications. It is possible as experience grows and
hemangiopericytomas are treated multiple times with
Gamma surgery that radiation associated complica-
tions may occur. However, following the above stages
of therapy the alternative is to declare the patient
untreatable and allow the tumor to progress. If a re-
current tumor grows to a large size, subtotal debulking
with preservation of neurological function, should be
considered prior to Gamma surgery.

Because recurrence of these tumors, both at the
treated site and distant to it, following Gamma surgery
is common, the ability to treat multiple times becomes
an issue. There is very little reported in the literature
regarding repeated treatment of oncotic pathology
with Gamma surgery. In our experience when retreat-
ing metastases, pituitary tumors and meningiomas, the
incidence of radiation associated complication is no
higher than usual. The importance of total integral
dose received by the brain when multiple treatments
are performed with the Gamma Knife still remains to
be defined. However in cases with relatively limited life
expectancy it is less relevant.

The maximum dose that can be applied to malig-



536

nant tumors (primary and metastatic) following radi-
ation therapy has not been extensively reviewed. Shaw
et al. have recently reported that this dose is dependent
upon the size of the tumor. For malignant tumors with
a maximum diameter of less than 20 mm, 24 Gy was
the highest marginal dose that could be safely applied.
For tumors 20 to 30 mm in maximum diameter the
highest marginal dose safely applied was 18 Gy. For
tumors greater than 40 mm in maximal diameter 15
Gy was the highest dose safely prescribed [20]. In the
majority of cases treated by us and at other centers
the doses used were lower than that. In the future
availability of radiosensitizers and normal tissue
protectants could all lead to the exploration of higher
peripheral doses with the intention to lower the inci-
dence of recurrence at the treated area. In the series of
Galanis the peripheral dose was decreased 2 to 4 Gy if
the patient had previously received radiation therapy.

Conclusion

Hemangiopericytomas are vexing tumors to treat
due to their proclivity to recur and tendency to arise
from the cranial base. Gamma surgery is effective in
the treatment of intracranial hemangiopericytomas
and is associated with a low risk of adverse effects. It
allows for the treatment of tumors difficult to remove
with microsurgical techniques, extended survival and
maintenance of neurological function. Aggressive
imaging surveillance of these patients is important.
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Comment

As could be expected from this very experienced expert group, this
is an excellent papter: It does not only describe the 2" largest number
of patients with hemangiopericytomas ever treated by Gamma knife
surgery; it does also include communicated reports from other
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Gamma Knife Centers in order to achieve a representative “‘state of
the art” — publication on this topic. In addition, all methods of
treatment (alone or in combination) for Hemangiopericytomas are

discussed in detail.
M. Gaab
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