Fractionated radiotherapy for vestibular schwannoma

may appear simultaneously with cognitive problems in pa-
tients with usual NPH.Y A major dilemma therefore exists
in patients with VS who commonly complain of balance
disturbance. These disturbances are usually attributed o
vestibular insufficiency or cerebellar symptoms. In fact, we
could not decide whether shunt placement surgery was in-
dicated for a patient who presented with mild ventricular di-
lation and a slightly unsteady gait or balance disturbance.
Therefore in this series, the VP shunt placement operation
was postponed in all patients until their gait disturbance and
CSF space enlargement became obvious. Regis and col-
leagues® reported that approximately one quarter (26%)
of patients who did not have a balance disturbance before
treatment suffered from it after they underwent SRS. In
previous reports, balance disturbance has been expressed
as unsteadiness, dizziness, dysequilibrium, or imbalance;
some of these symptoms may be caused by early-stage CSF
malabsorption. It should be noted that mild gait unstead-
iness or slight cognitive dysfunction with reduced daily
activity may be the initial manifestation of CSF malab-
sorption.

The clinical presentation of common NPH may appear
years after the development of enlarged ventricles and is al-
ways progressive, albeit variable in terms of rate.”’ In the
present series, placement of a shunt was required to resolve
progressive clinical symptoms 4 to 20 months after frac-
tionated SRT, with a median of 12 months. This is some-
what different from the usual course of NPH. In this period
following fractionated SRT, irradiated VS tissue may cause
degenerative changes, as shown in Fig. 3. The umor, in-
cluding necrotic debris, may release some large molecules
into the CSF, which could aggravate preexisting CSF mal-
absorption to a level that produces symptoms. The spon-
taneous resolution of the ventricular enlargement, shown in
Fig. 5, may further support this speculation. The amounts
of protein in the CSF of our patients with ventricular dila-
tion, however, remained within the normal range (data not
shown). A special laboratory investigation will be required
to validate our assumption.

Thomsen, et al.,* observed a patient with symptomatic
hydrocephalus that developed after GKS and suggested the
importance of careful observation of such patients. Com-
municating hydrocephalus is an important complication,
but probably not an adverse effect specific to SRT for VS.
A previous report from Sweden on GKS showed a 10% 1n-
cidence of shunt operations in 312 patients and a 4% inci-
dence of new hydrocephalus after SRS.* In the series con-
ducted by Regis and colleagues® three (3%) of 97 patients
required a shunt. Hydrocephalus requiring shunt placement
was also reported in 3% of patients by Kondziolka, et al.,"
and in three (5%) of 56 patients reported on by Menden-
hall and coworkers. ™ In our series, 11 (11%) of 101 patients
required a shunt although there was no evidence of mmor
growth. The size (25.5 mm) of the 11 twmors that caused
symptomatic communicating hydrocephalus was signifi-
cantly larger than that (18.2 mm) of the tumors that did not.
The present study included relatively large VSs, with max-
imum diameters as large as 40 mm. If large tumors (> 25
mm in maximum diameter) ate excluded, only four (5.5%)
of 72 patients required a shunt for symptomatic commu-
nicating hydrocephalus. This is not a surprising difference
from the results of SRS series. The only exception is report-
ed by Prasad and associates,” who observed no posttreat-
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ment hydrocephalus in 153 patients treated by GKS during
a follow-up period that lasted longer than 4 years. They
treated tumors ranging in volume from 0.02 to 18.3 cm’
(mean 2.8 cm?®) including 19 large lesions whose sizes were
greater than 30 X 20 X 20 mm (volumes > 6.5 cm’). We
cannot explain these observations, which are quite dissim-
ilar from owrs and the aforementioned results of Pirouz-
mand, et al.,* who found that 36 of 284 patients had ven-
tricular dilation consistent with NPH. Certain differences
may exist in the follow-up protocol, method of treatment,
and/or size of tumors treated. Although Prasad and associ-
ales obtained precise documentation from both patients and
referring physicians, only a small number of patients re-
turned to their institution for office visits. In contrast, two
thirds of our patients, particularly those harboring a large
VS, returned to our institution for regular follow-up visits to
receive neurological examination and MR imaging, includ-
ing imaging of whole ventricles. Alternatively, fractionat-
ed radiotherapy may be more effective to desiroy the tamor
cells and produce degenerative debris than radiosurgery.
Last, the smaller size of tumors in the series conducted by
Prasad and associates is the most probable reason for the
difference. These hypotheses cannot be ruled out by the ret-
rospective analysis and should be investigated further.

Considering the excellent mmor control and functional
preservation attained after fractionated SRT, the require-
ment of a shunt placement operation in a small proportion
of patients may not constitute a stumbling block for frac-
tionated SRT or SRS. Alternatively, based on the present
study we recommend careful long-term neurological obser-
vation for at least several years after radiotherapy, especial-
ly when large VSs have been treated. The interval between
follow-up examinations in this study (every 6 months) ap-
peared to be reasonable, considering the good outcomes ob-
served after shunt placement.

Conclusions

Fractionated stereotactic radiotherapy produced an ade-
quate tumor-controf rate, even for relalively large tumors,
and an excellent rate of hearing preservation that was com-
parable to the best results published for single-fraction ra-
diosurgery. Because a small number of patients required
neurosurgical reatment long after fractionated SRT, a care-
ful long-term follow-up review is necessary, particularly
to monitor patients for communicating hydrocephalus. This
may also be true for radiosurgery.
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CLINICAL INVESTIGATION Brain

IMPACT OF MARGIN FOR TARGET VOLUME IN LOW-DOSE INVOLVED
FIELD RADIOTHERAPY AFTER INDUCTION CHEMOTHERAPY FOR
INTRACRANIAL GERMINOMA

Hirokl SHIRATO, M.D., Hiberumr Aovama, M.D., Jus Tkepa, M.D., Kesn Funepa, M.D.,
Norio Kato, M.D., Nosuaki Ist, M.D., Kazto Mivasaka, M.D.. Yosiizost [wasaki, M.D.,
AND YUTAKA SawaMURa, M.D.

Departments of Radiology. Neurosurgery. and Pediatries. Hokkaido University School of Medicine, Sapporo. Japan

Purpose: We previously published a report stating that germinomas with elevated serum beta human chorionic
gonadotropin (HCG-8) had a poor relapse rate, but these findings have not been supported by a multi-
institutional trial. The margin for initial gross tumor volume (GTV) before surgery and chemotherapy of the
same materials was investigated by retrospective review.

Methods and Material: The 27 patients reported on in the previous paper were analyzed. The two-dimensional
margin from the initial GTV to 90% of the preseribed dose of 24 Gy was 2.0 cm for a solitary lesion in the
protocol. This margin was measured retrospectively without knowledge of the serum HCG-8 level. The whole
ventricle field was used for patients with multifocal discase and whole central nervous system field was used for
disseminated disease, respectively.

Results: Six relapses were seen in 18 patients with solitary tumors, and were treated with the minimum margin
of 1.5 em or less to the initial GTV. Five of the 6 had initially elevated serum HCG-8 at the median of 7.4
mlU/mL, ranging from 0.7-233 mIU/mL. No relapses were seen in the 9 patients who were treated with whole
ventricle or whole central nervous system field.

Conclusions: An inadequate margin and elevated serum HCG- were equally determined to be candidates that
caused the poor local control. The whole ventricle is recommended as the smallest target volume for germinoma
with or without elevated HCG- after induction chemotherapy.  © 2004 Elsevier Inc.

Germinoma, Central nervous system, Radiotherapy, Induction chemotherapy.

INTRODUCTION Furthenmore, treatment volume was reported to be a signif-
icant prognostic factor in the nation-wide study. This dis-
crepancy in the significance of HCG-B and the treatment
volume prompted us to reevaluate the treatment results of
the Hokkaido study by conducting a precise review of the
treatment volume.

The purpose of this study is to investigate the impact of
margins for the target volume in low-dose involved field
radiotherapy after induction chemotherapy for intracranial
germinoma.

Whole ventricle or larger fields have been the standard of
care for intracranial germinoma in our institution (1), as in
other institutions (2—4). The possibility of reducing the dose
and volume was suggested by the usage of cisplatin-based
chemotherapy in the early [990s (5). A Phase [I study on
induction cisplatin-based chemotherapy for germinomas
followed by 24 Gy radiotherapy was conducted as a re-
gional study in the Hokkaido district of Japan (6). The
results of the Phase 11 study showed a higher relapse rate in
germinomas with elevated serum human chorionic gonad-

otropin beta (HCG-) than in those without elevated serum
HCG-B (7). However, a nationwide progpective study using
platinum-based induction chemotherapy followed by low-
dose radiotherapy for 130 germinoma patients without ele-
vation of HCG-f3, and 34 germinoma patients with clevated
HCG-B, did not show significant differences in the relapse-
free rate between germinomas without elevated serum
HCG-B and germinomas with elevated serum HCG-3 (8).

METHODS AND MATERIALS

The eligibility criteria for patients receiving the induction
chemotherapy followed by low-dose radiotehrapy were (/)
3 years old or older, (2) histologically proven germinoma,
and (3) no previous chemotherapy or radiotherapy. The
patients were classified into two groups as follows: (/) a
good prognosis group, consisting of patients with a solitary

Reprint requests to: Hiroki Shirato. M.D.. Department of Radi-
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germinoma with serum HCG-8 < (.5 miU/ml., which was
the normal upper limit in our institute, and (2) an interme-
diate prognosis group, consisting of patients with a solitary
germinoma with HCG-g = 0.5 mIt/ml., a multifocal ger-
minoma (two or more lesions without cvidence of dissem-
ination), and disseminated germinoma (cytological or im-
aging evidence of dissemination). For the good prognosis
group, 3 4 cycles of etoposide (100 mg/m”) and cisplatin
(20 mg/m7) were given for § days every 4 weeks. For the
intermediate prognosis group, 36 cycles of ifosfamide
(900 mg/m?), cisplatin (20 mg/m?), and etoposide (60 my/
m?) were given for S days every 4 weeks, After the induc-
tion chemotherapy, 24 Gy in 12 fractions in 3 weceks were
given to the clinical target volume (CTV) as follows: for
solitary germinomas, involved fields, or the initial gross
tumor volume (GTV) with a two-dimensional (21) margin
of 2 em; for multifocal germinoma, whole ventricles; and
for disseminated germinoma, whole central nervous system
(CNS). The CTV was not altered by the level of serum
HCG-B. Within 2 weeks after the completion of the last
course of chemotherapy, radiotherapy was started based on
computed tomographic (CT) planning with slice-by-slice
determination of the target volume. Magnetic resonance
imaging (MR1) was used only as the reference, and no
image fusion technique was used in the planning. No boost
irradiation was used after the 24 Gy irradiation. First sal-
vage treatment for the relapse was predetermined in the
protocol as the same chemotherapy followed by whole brain
or whole ONS irradiation of 24 Gy. Consequently, the
maximum cumulative dose is then 48 Gy to the initial PTV
and 24 Gy to the whole brain or whole CNS. respectively,
if tumors relapse in patients who have already been treated
with focal volume as the initial treatment. Six or 10 MV
X-rays were used with multiple portals for the involved
fields. parallel opposed ficlds for the whole ventricles and
whole brain, and posterior tandem fields for the whole
spinal irradiation, respectively.

Treatment planning was performed with Therac (NEC,
Tokyo, Japan) from 1992-1995, and with Focus (CMS
Japan, Tokyo, Japan) after 1995, Three-dimenstonal dose
distribution was available for the transaxial, coronal, and
sagittal views at the isocenter for patients who were treated
with involved ficlds or whole ventricle fields. The concept
of planning target volume (PTV) and CTV was not well
understood at the start of this study, and CTV was covered
by the isodose curve of 90% of the dose prescribed at the
isocenter. In the present study, all CT and MRI slices before
surgery/chemotherapy and those lor radiotherapy planning
were retrospectively reviewed for all the patients entered in
the study. A radiation oncologist (H.A.) surveyed the 2D
minimum distance between the tumor size before surgery/
induction chemotherapy and the 90% isodose surface. The
retrogpective review was based on the careful visual corre-
lation between planning-based CT and the diagnostic CT or
MRI studies but not on image fusion techniques. The serum
HCG-B was blinded to the investigator at the time of anal-
ysis. For the comparison between two categories, the chi-

Table 1. Information on the 6 patients who experienced tumor
relapse

Site of failure

Serum HCG-f3 relative to

(mlU/mL) ™v v Spinal relapse

l=levated

1 101 [Local Outside

2 233 Local Margin

3 0.7 local Qutside Yes

4 5.3 Local Outside

N 0.7 Local In and

outside

Nonelevated

6 <0.5  Local Outside Yes

Abbreviations: HCG = human chononie gonadotropin: TV =
treated volume.

square test was used. Kaplan-Meier analysis and the log-
rank test were used for the survival analysis.

RESULTS

Between February 1992 and November 1999, 27 patients
were entered in the study, as reported in the previous article
(7). Age was 15.7 years old at median, distributed from
8 28 years, Twenty patients were I8 years old or younger
and 7 patients were more than 18 years old. Cytology of
craniogpinal fluid, enhanced cranial MRI, and enhanced
spinal MRT were used in staging work-up in all patients. The
follow-up period was 58 months at median, ranging from
18 102 months. All but 1 patient was followed more than
24 months. Sixteen patients showed a normal serum HCG-f3
level, which was < 0.5 mlU/mL in our institution, and 11
patients showed elevated HCG-B with the mean at 7.4
mlU/ml., and the range from 0.7-233 mlU/ml.. Serum
HCG-B was clevated in 8 of the 18 patients with solitary
tumors, 2 of the 6 patients with multifocal tumors, and 1 of
the 3 patients with disseminated tumors. These were all
treated with 24 Gy i 12 fractions in 3 weeks for the
imvolved fields, whole ventricle, and whole CNS irradiation,
respectively.

The disease-specific survival at 5 years was 100%, and
the overall survival was Y5%. The relapse-free survival at 5
vears, according to the serum HCG-8 level, was 90% for
patients with normal HCG-B and 44% for patients with
clevated serum HCG-8 (p = 0.025). When we allowed for
the first salvage treatment administered when relapse oc-
curred, the tumor control rate was 95% at 5 years.

Details on the patients who experienced treatment failure
are shown in Table 1. TFive of 6 relapses were observed in
paticnts with elevited serum HCG-S. All patients were
treated with involved ficlds. The site of failure relative to the
treated volume (TV), covered by 90% of the prescribed
dose., was outside the TV in 4 (2 had spinal lesions), the
marginal site in 1, and outside and in the TV (2 relapses)in
| patient. Therefore, the local failure rate was 3.7% for the
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Table 2. Relationship between the serum HCG-. treated
volume. and disease control in 27 patients with intracranial
2erminoma

Treated volume

Clinical subtype Local WV WOCNS  Total
Total 12718 6/6 73 21727
Serum HCG-B <0.5 mlU/mL 910 4/4 272 15716
Serum HCG-B elevated R 2/2 1/1 6/11

Abbreviations: HCG = human chorionic gonadotropin: WV =
whole ventricle: WONS = whole central nervous system.

definite in-field relapse, and 7.4% for the marginal or in-
ficld relapse.

Table 2 shows the relationship between the serum
HCG-B, treated volume, and relapse ratio. There were no
relapses in 9 patients who were treated for whole ventricle
or whole CNS. A small treatment volume and clevated
serum HCG: 3 were equally considered candidates for caus-
ing the poor local control.

Even though the 2D margin for the initial GTV was
determined to be 2.0 ¢m or more in the protocol, 12 of 27
patients were treated with << 2.0 ¢m, and 10 with < [.5¢m
margin. Most tumors were very small or not visible in the
planning CT and MRI at the time of radiotherapy. because
of the efficacy of the induction chemotherapy. All 6 relapsces
were treated with a 2D margin <1.5 ¢m. There were no
relapses in 4 patients who had elevated serum HCG-8 and
who were treated with whole ventricle or larger ficlds. The
whole ventricle field included the fourth ventricle. There
was a statistically significant difference in the relapse ratio
between patients treated with a 2D margin < 1.5 em (me-
dian, 1.0 ¢m; range, 0.5 1.2 ¢m), and those with a 2D
margin = .5 ¢em (median, 2.4 em; range, 1.5 28 em; p <
0.01; Table 3.

The complications due to treatment were azoosperming in
1 of 4 patients examined. One patient experienced anterior
pituitary hormonal replacement owing to relapse at the
neurohypophyseal region. No new onset or deterioration in
anterior pituitary  function was noted. Three of 7 adult
patients older than 18 years at the time of treatment married
after treatment, and | fathered a child.

Table 3. Relationship between serum HCG-S. 21 margin. and
relapse ratio in 27 patients with intracranial germinoma

2D margin 21> margin

Serum HCG- <1.5¢m =1.5¢em
<0.5 mlU/my 173 0713
=0.5 mlU/myg 57 04

Abbreviarions: HCG = human chorionic gonadotropin: 2D =
two-dimensional.
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DISCUSSION

It is well known that localized treated volume results in a
high relapse rate in intracranial germinoma. In a multi-
institutional retrospective survey, Aoyama ¢f al. (9) showed
that the S-year relapse-free rate was significantly lower in
patients treated with localized volume than whole ventricle
or larger volume. Because a high Incidence of radiation-
related late complications have been noted after large vol-
ume irradiation for pediatric patients, induction chemother-
apy has been expected to reduce the amount of radiation
volume and dose. There are pros and cons to this opinion
(3 5, 10 14). The possible incidence of relapses using
lower doses and smaller volumes is the shortcoming of this
approach to this highly curable disease. Pretreatment im-
pairment in neurocognitive function due to the tumor or
surgery is also suggested to be a possible bias in the opinion
against radiotherapy (15, 16). The lack of well-controlled
randomized trials and the small number of patients in cach
institution has forced us, at present, o conduct a careful
analysis of the prospective Phase 11 studies to speculate on
the best treatment method.

Elevated serum HCG- was reported to be a poor prog-
nostic factor for patients with intracranial germinoma
treated with chemotherapy alone in a large multi-institu-
tional study (11), We have analyzed our data to evaluate the
prognostic importance of serum HCG-B based on the pre-
vious report, and found the possible importance of serum
HCG-B in our series (7). A Japanese multi-institutional
cooperative group began 1o treat intracranial germinoma
with platinum-bascd induction chemotherapy f(ollowed by
24 Gy irradiation 6 years ago, and treated more than 100
patients. Preliminary reports of the large Phase 11 study
suggested that HCG-f was not a prognostic factor, and that
a smaller treatment volume was associated with a higher
relapse rate (8).

The small number of patients in our study prevented us
from determining whether elevated serum HCG-B or an
inadequate CTV margin was the predominant prognostic
factor. The patients with refapsed tumors were treated with
a small margin, and also had a higher serum HCG-B.
Notably. there were no relapses in patients who were treated
with whole ventricle or a larger volume, despite the fact that
these patients had a larger tumor burden than those who
were treated with involved fields. The tumor mass before
chemotherapy was often massive or infiltrative, but the
tumor was very small or not visible at the ime of treatment
planning. These differences in size and the anatomic shift of
the normal brain made it difficult to determine the appro-
priate CTV based on the mitial GTV before surgery and
chemotherapy. Image fusion between the initial MRI and
treatment planning CT after chemotherapy would be diffi-
cult. because of the anatomic shift of the normal brain
tissucs. The high incidence of violation in using 2.0 ¢m
margins for the initial GTV may be partly due to these
limitations in modern diagnostic imaging techniques rather
than inadequate skills on the part of the treating physicians.
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Interobserver variation must be large, even when utilizing
the advanced imaging technologies available at present.
Therefore, it is still difficult to achieve good quality assur-
ance and a good quality control program for using the
involved field for intracranial germinoma in a multi-insti-
tutional study.

Considering the low relapse rate in the treated volume in this
study. 3.7% 7.4%, induction chemotherapy may reduce the
dose required for the eradication of gross tumors. We did not
use any boost dose in this study or in the Japanese multi-
institutional study. Recent studies in western countries show
that physicians are still using a boost dose to the tumor bed,
giving 40 -50 Gy in total (10, 11). Our results suggest that a
prospective multi-institutional study is needed to test whether a
boost dose to the tumor bed s necessary. Llimination or
reduction in the boost dose afier 24 Gy has a high probability

of reducing vascular complications and deterioration in the
anterior pituitary function. 1t is necessary to carefully monitor
the long-term adverse effects of chemotherapy. Reduction of
the radiation dose without chemotherapy would also be an
important subject for a multi-institutional study.

In conclusion, the relapse rate can be unaceeptably high
in paticnts who were treated with involved fields, partly
because of the difficulty in accurately determining the initial
GTV before surgery and chemotherapy. Although the total
tumor control rate after initial salvage treatment was high, it
is obvious that tumor relapse should be avoided. In this
respect, whole ventricle or larger field is still the target
volume. which should be regarded as the standard both for
germinoma with normal HCG-, and {for germinoma with
clevated HCG-f. both in chemoradiotherapy and in radio-
therapy alone,
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PHYSICS CONTRIBUTION

FEASIBILITY OF SYNCHRONIZATION OF REAL-TIME TUMOR-TRACKING
RADIOTHERAPY AND INTENSITY-MODULATED RADIOTHERAPY FROM
VIEWPOINT OF EXCESSIVE DOSE FROM FLUOROSCOPY

HiroK1 SHIRATO, M.D., PH.D., MasaTaka O1Ta, R.T., KaTtsunisa Fuirta, R.T.,
Y osHIHARU WATANABE, R.T., aAND KAazuo Mivasaka, M.D., PH.D.

Department of Radiology, Hokkaido University Hospital, Sapporo, Japan

Purpose: Synchronization of the techniques in real-time tumor-tracking radiotherapy (RTRT) and intensity-
modulated RT (IMRT) is expected to be useful for the treatment of tumors in motion. Qur goal was to estimate
the feasibility of the synchronization from the viewpoint of excessive dose resulting from the use of finoroscopy.
Methods and Materials: Using an ionization chamber for diagnostic X-rays, we measured the air kerma rate,
surface dose with backscatter, and dose distribution in depth in a solid phantom from a fluoroscopic RTRT
system. A nominal 50-120 kilovoltage peak (kVp) of X-ray energy and a nominal 1-4 ms of pulse width were
used in the measurements.

Results: The mean + SD air kerma rate from one fluoroscope was 238.8 = 0.54 mGy/h for a nominal pulse width
of 2.0 ms and nominal 100 kVp of X-ray energy at the isocenter of the linear accelerator. The air kerma rate
increased steeply with the increase in the X-ray beam energy. The surface dose was 28-980 mGy/h. The absorbed
dose at a 5.0-cm depth in the phantom was 37-58% of the peak dose. The estimated skin surface dose from one
fluoroscope in RTRT was 29-1182 mGy/h and was strongly dependent on the kilovoltage peak and pulse width
of the fluoroscope and slightly dependent on the distance between the skin and isocenter.

Conclusion: The skin surface dose and absorbed depth dose resulting from fluoroscopy during RTRT can be
significant if RTRT is synchronized with IMRT using a mulitileaf collimator. Precise estimation of the absorbed
dose from fluoroscopy during RT and approaches to reduce the amount of exposure are mandatory.

© 2004 Elsevier Inc.

Real-time tumor-tracking radiotherapy, Fluoroscopy, Dosimetry,

INTRODUCTION

Fluoroscopic detection of internal fiducial markers for precise
setup of patients has been shown to be useful for static radio-
therapy (RT) (1-5) and real-time tracking and gated RT (6~
10). Prototype real-time tumor-tracking RT (RTRT) uses two
sets of fluoroscopy to detect the internal motion of a metallic
fiducial marker in or near the target volume (1). Attention to
four-dimensional accuracy in space and time is increasing for
tumors in motion when the meticulous dose distribution used
in particle therapy (11) and intensity-modulated RT (IMRT)
(12—17). Synchronization of IMRT and RTRT is expected to
increase the therapeutic ratio for tracking moving tumors.

In our previous studies of RTRT without IMRT, the dose
rate in the phantom was measured with thermoluminescence
and a surface dosimeter (12, 16). The dose rate at 120 kV
with a pulse width of 4 ms was [0.8 mGy/min at the
entrance. We concluded that the fluoroscopic dose is neg-
ligible for patients treated with 60 Gy to the isocenter.

However, because the beam-on time will be longer when we
combine RTRT with IMRT using a multileaf collimator,
integration of IMRT and RTRT could result in an extremely
long treatment time. IMRT using a multileaf collimator
requires a radiation time four to five times longer than
conventional RT. This may result in unacceptable exposure
from the fluoroscopy.

Interventional neuroradiology requires fluoroscopic ex-
amination for >30 min, on average, and is known to result
in a noticeably high skin dose (18). Gkanatsios et al. (19)
have shown that the median surface dose during a neurora-
diologic diagnostic imaging examination is 1.3 Gy, with a
maximal surface dose as great as 5.1 Gy.

These results suggest the importance of precise dose
measurement in RTRT when the treatment time needs to
be longer than previously estimated. We measured the
dose resulting from the use of fluoroscopy in the RTRT
system.
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X-ray tube

Fig. 1. Geometry of experiments used in this study. Linac = linear accelerator.

METHODS AND MATERIALS

Fluoroscopy

The fluoroscope was a rotating anode X-ray tube assem-
bly (G-1582 BI, Shimadzu, Kyoto, Japan) powered by a
three-phase generator. Photons were produced by a 0.6 X
0.6 mm? nominal size electron beam incident on a rotating
target. We used a pulsed cathode of 80 mA, because it is
commonly used clinically. For peak tube potentials of 50—
120 kilovoltage peak (kVp), the pulse rate used was a
nominal 30 s, with pulse duration of 1.2, 1.6, 2.0, 2.5, and
3.2 ms. The power of the X-ray tube was 1500 k} for a
0.6-mm focus and 1060 kJ for a 1.0-mm focus. The inherent
X-ray filtration was 1.5 mm aluminum equivalent.

The geometries of the fluoroscopy and measurement are
shown in Fig. 1. The X-ray beam was collimated to visu-
alize the image of the fiducial markers, which should be
placed close to the isocenter. The distance from the X-ray
tube to the image detector was 460 cm to avoid collision
between the image detectors and the gantry of the linear
accelerator, The distance from the X-ray tube (target) to the
isocenter of the linear accelerator was 280 cm. The fluoro-
scopic beam was collimated to 1.6 X 1.9 ¢cm at a 30-cm
distance from the tube. The beam size enlarged to 14.5 X
18.5 cm” at the isocenter of the linear accelerator where the
measurement was performed.

Measurement

The fluoroscopy irradiated field was measured in air
using film at the plane including the isocenter perpendicular
to the beam axis of the diagnostic X-ray.

The air kerma was measured with a cylindrical chamber

with a collecting volume of 3 cm?, using a Scanditronix
WELLHOFER DC300 TNC/160 and a RAMTEC 1500B
(Toyo Medic, Tokyo, Japan) designed for diagnostic radi-
ography and mammography. The nominal X-ray energy
available for measurement was quoted as 20—150 kV. The
wall of the chamber was made of Shonka C552 (1.7 g/cm®)
with the thickness at 0.3 mm. The chamber has an outer
length of 41.5 mm and an outer diameter of 10.6 mm. The
nominal calibration factor was 9.3 mGy/nC.

The half value layer was measured using varying thick-
nesses (0.25, 1.05, and 2.05 mm) of a 20.0 X 30.0-cm
aluminum (Al) sheet (99.999% Al). The half value layer
was measured using a source-to-aluminum filtration dis-
tance of 25 cm and a source-to-defector distance of 280 cm.

The dose in air at the isocenter was measured to estimate
the air kerma, which does not take into account any back-
scatter. The distance from the X-ray source to the central
axis of the chamber was 280 c¢m, and the field size was 10
X 14 cm® The chamber was positioned on the central axis
of the beam, with its long axes paralle!l to the cathode—anode
direction of the X-ray tube.

The percent depth dose (PDD) was measured with a
smaller chamber, a farmer-type chamber No. 2591 with a
collecting volume of 0.6 cm® without a build-up cap in the
Solid Water phantom. The ionization chamber was placed
on the surface of the phantom, which consisted of 30 X
30-cm? slabs of Solid Water, with a total thickness of 10 cm
(Fig. 1). The source-to-surface distance was set at 280 cm
from the tube. The dose rate at 0.0, 1.0, 2.0, 3.0, 4.0, 5.0,
6.0, 8.0, 10, 12, 15, and 20 cm was measured by changing
the depth of the chamber perpendicular to the beam axis for
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Table |. Measured air kerma rate from one fluoroscope
at isocenter of linear accelerator according to nominal kVp

Nominal kVp
Air kerma rate 50 70 100 120
Mean (mGy/h) 33.50 90.25 238.80 366.18
SD (mGy/h) 0.30 0.15 0.54 0.86
%SD 0.9 0.2 0.2 0.2

Abbreviation: kVp = kilovoltage peak.

a nominal 50-, 70-, 100-, and 120-kVp X-ray beam, respec-
tively. The depth of the camber was adjusted by adding the
corresponding 30 X 30-cm? slabs of Solid Water, with a
total thickness of 1.0-20 cm on the surface of the phantom.
The position of the chamber was adjusted to be on the
central X-ray beam axis and parallel to the cathode—anode
direction of the X-ray tube by visualizing the chamber under
fluoroscopy. Correction was made for recombination, po-
larity, or energy dependence effects. The “‘surface™ mea-
surement at depth O was acquired with the center of the
cylindrical chamber put at the same plane as the surface of
the Solid Water phantom by cutting the surface of the
phantom to fit it in. The PDD was normalized at the depth
of the maximal dose for each X-ray beam.

The mean = standard deviation were calculated for each
data item on the basis of 10 measurements for each data
point.

RESULTS

The half-value layer for each nominal kilovoltage peak of
the X-ray tube was estimated to be 2.73, 3.71,5.02, and 6.72

mm Al for a nominal 50, 70, 100, and 120-kVp X-ray beam,
respectively.

The air kerma rate from one fluoroscope was 20.3 = 0.2,
26.3 = 0.4,33.5 = 0.3,479 £ 0.2, and 68.2 = 0.3 mGy/h
at a nominal pulse width of 1.2, 1.6, 2.0, 2.8, and 4.0 ms,
respectively, with a nominal 50-kVp X-ray beam. The air
kerma rate from simulftaneous exposture of two fluoroscopes
with a nominal 50-kVp X-ray beam for 1.6 and 2.0 ms was
58.7 = 0.5 and 72.7 = 0.3 Gy/h respectively, which was
roughly twice (2.2 times the rate with one fluoroscope) the
corresponding dose rate of one fluoroscope.

The air kerma rate measured for one X-ray tube at the
isocenter of the linear accelerator is shown in Table | for
each nominal kilovoltage peak of the X-ray tube using 2.0
ms as the pulse width. The air kerma rate from one flucro-
scope was 238.8 = 0.54 mGy/h for a nominal pulse width
of 2.0 ms with a nominal 100-kVp X-ray beam. The rela-
tionship between the nominal kilovoltage peak and the air
kerma rate is shown in Fig. 2. The air kerma rate increased
steeply with the increase in the X-ray beam energy.

The relationship between the pulse width and the surface
dose rate, including backscatter, is shown in Fig. 3 accord-
ing to the nominal kilovoltage peak. The surface dose was
28-980 mGy/h (Table 2). The surface dose was strongly
dependent on the kilovoltage peak and linearly increased
with the pulse width of the fluoroscope.

The PDD curves for each nominal kilovoltage peak of the
X-ray beam are shown in Fig. 4. The dose at 5.0 cm was
37-58% for 50—120 kVp, respectively.

When we put a patient on the treatment couch, the pa-
tient’s skin surface will receive a greater dose than the dose
estimated at the isocenter because of the shorter distance
from the X-ray source to the skin surface. Assuming that the
distance between the skin entrance and the isocenter, r, is

400
= 366.18
=
O 300 —_—
E
o 238.8
§ 200
©
=
8 100 - —
2 .

0 ! L i
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nominal voltage of x-ray tube (kVp)

Fig. 2. Relationship between nominal kilovoltage peak of fluoroscopic X-ray and air kerma rate from one fluoro-

scope.
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Fig. 3. Relationship between pulse width and surface dose rate from one fluoroscope according to kilovoltage peak.
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5-25 cm, the estimated dose at the skin surface with back-
scatter (Fig. 5) will be from r = 5 cm to r = 25 cm. The
dose was calculated simply using the formula R*/(Rr)?,
where R is the distance from the X-ray source to the
isocenter (280 cm in the RTRT system). The estimated skin
surface dose from one fluoroscope in RTRT was 29-1182
mGy/h. The estimated skin surface dose was strongly de-
pendent on the kilovoltage peak and the pulse width of the
fluoroscope and slightly dependent on the distance between
the skin and isocenter.

DISCUSSION

The Joint Working Party of the British Institute of Radi-
ology and the Hospital Physicists’ Association published

Table 2. Estimated dose rate at skin surface for different pulse
widths and kVp values

Estimated dose rate (mGy/h)

Pulse width
(ms) 50 kVp 70 kVp 100 kVp 120 kVp
1.2 28.4 483.2 255.2 411
2.0 45.9 762.2 366.8 568.5
32 75.4 11744 535 811.7
4.0 94.7 1448.7 647.4 980.1

Abbreviation: kVp = kilovoltage peak.

PDD curves of similar beams measured for use in RT (20).
Jennings and Harrison (21) and Harrison (22) have also
published the depth dose of diagnostic radiography. Fetterly
et al. (23) published the X-ray dose distribution of fluoros-
copy beams in 2001, These data were based on the mea-
surements using source-to-surface distances of 30-50 cm,
far shorter than the source-to-surface distance of 280 cm
used in the RTRT system. The greater percentage of dose at
each depth in our study compared with those in previous
reports for kilovoltage of X-rays may be a result of the
longer source-to-surface distance in the RTRT system. We
were not able to measure the “surface dose” by parallel cham-
ber with sufficient sensitivity and used a 0.6-cm® cylindrical
chamber, which could also have been a source of bias in our
study. More work is required for precise measurement.

The real-time tumor-tracking system has been used with
precise setup and gated RT in >200 patients with various
tumors, including head-and-neck tumors and tumors of the
lung, esophagus, liver, pancreas, prostate, and uterus (1). In
this study, we investigated the parameters used in actual
RTRT for various tumors. A nominal X-ray strength of 80
kVp and pulse width of 2-4 ms are frequently used for the
head-and-neck region, and a strength of 100-120 kVp and
duration of 2 ms are used for lung and liver treatment in
clinical practice. If the patient’s body is large or thick, the
system requires 4 ms for visualization of the internal
marker.



Fluoroscopy during RT @ H. SHIRATO ef al.

100% “:
80%

60%

339

0 50KVp |

40%

—B—70kVp
—4&—100kVp

Dose (%)

—6—120kVp

20%

0%

20

Depth (cm)

Fig. 4. Percent depth dose curves according to kilovoltage peak of fluoroscope. Diamonds, 50 kV; squares; 70 kV,

triangies: 100 kV; circles, 120 kV.

Because RTRT usually requires two sets of fluoroscopy,
the maximal dose possible to deliver to the skin surface is
two times the dose at the skin surface from one fluoroscope.
Usually, the two diagnostic beams do not overlap at the skin
surface. However, they could overlap if treating a tumor

very close to the skin surface. With the expected RT times
needed for IMRT plus RTRT and the exposure parameters
required for sufficient image quality, the patient exposure
could be unacceptable.

A normal (four fields), 2-Gy, static field treatment is
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Fig. 5. Relationship between distance from surface to isocenter and surface dose rate from one fluoroscope. Diamonds,
50 kVp, 1.2 ms; asterisks, 50 kVp, 4.0 ms; squares, 70 kVp, 1.2 ms; black circles, 70 kVp, 1.4 ms; triangles, 100 kVp,
1.2 ms; plus signs, 100 kVp, 1.4 ms; crosses, 120 kVP, 1.2 ms: white circles, 120 kVp, 1.4 ms.
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=300 MU approximately. At 300 MU/min and a 25% duty
cycle, this would equal 4 min of surveillance time or a skin
dosc of ~8 ¢Gy (highest case, 120 kVP and 4 ms {Fig. 5],
4 min/60 min X 1.2 Gy/h). If IMRT increases the monitor
unit (MU) by a factor of 3-5, the treatment time should be
only 12-20 min; however, the fluoroscopic dose becomes
worrisome, not so much at the skin but at depth, for which
the PDD may not be insignificant. In practice, we have
noted that intrafractional fluctuation of tumor motion is
often so large that the table position must be adjusted
several times by additional fluoroscopic examination (8). In
that case, the fluoroscopic dose could extend to 30 min.
In interventional neuroradiology, advances in insertion
techniques and catheter materials have increased the accept-
able exposure time of diagnostic radiography. The unex-
pectedly high doses used in modern interventional radiology
have raised concerns about radiation safety and protection
(18). The results of the present study have confirmed that it
is also important to reduce the radiation dose from fluoro-
scopic exposure during RT. A reduction of the field size is
important, but not the perfect answer, because the same area
of skin will receive the same dose every day during RTRT.
Sharp et al. (24) have found that various prediction models,
such as a linear model or neural network model, can help
reduce the pulse rate to <30 Hz. They considered 14 lung
tumor cases in which the peak-to-peak motion was >8 mm
and compared the localization error using linear prediction,
neural network prediction, and Kalman filtering against a
system that used no prediction. They found that by using
prediction, the root mean squared error belween the pre-
dicted and actual three-dimensional (3D) motion was im-
proved for all latencies and all imaging rates evaluated. A
reduction in the source-to-detector distance is also useful to
reduce the amount of exposure. The attachment of the X-ray
tubes and cameras to the gantry head of the linear acceler-
ator can reduce the source-to-detector distance significantly
(17). The amount of reduction in the absorbed dose wiil be
about one-third of that of our system, providing that the

same dose is required at the surface of the image intensifier. -

Amorphous silicon directors may reduce the dose required
to obtain an image with the same time resolution; the

Volume 60, Number 1, 2004

absorbed dose will be further reduced. Changing the fluo-
roscopy angle according to changes in the therapeutic beam
angle beam may also help to reduce the dose to the same
skin surface. The shortcoming of the gantry-mounted imag-
ing units may be their inability to use noncoplanar irradia-
tion techniques and the difficulty in maintaining imaging
unit accuracy. Also, the X-ray tubes and image detectors
can be an obstacle during non-RTRT. Magnetic detection of
the metallic marker in the body can eliminate the require-
ment for fluoroscopic exposure and is also expected to be an
alterative to the fluoroscopic detection of internal fiducial
markers (23).

We have adapted several approaches to reduce the
amount of exposure from fluoroscopy to synchronize RTRT
and IMRT. First, software was designed that aliows the use
of one instead of two sets of fluoroscopy for tracking after
registration between the 3D coordinates and the two-dimen-
sional projected coordinates of the marker on one fluoro-
scopic image. The shortcoming of this method is that two-
dimensional projection does not provide information about
the third dimension; thus, we have not yet used the two-
dimensional projection method in a clinical situation. Sec-
ond, the pulse rate is now changeable from 30 Hz to 15, 10,
5, and 2 Hz. If the tumor is moving slowly, the lower pulse
rate can be used. Third, a 3D trajectory of the tumor is
obtained before actual treatment and is used to select the
best position for tracking each day to improve gating effi-
ciency. We plan to include the 3D dose distribution of the
fluoroscopic beam in our treatment planning system to
combine it with the dose distribution of the therapeutic
beams. Details of these developments will be described
elsewhere.

CONCLUSION

The absolute dose and depth—dose distribution of fluo-
roscopy in the RTRT system showed that synchronization
of RTRT and IMRT ‘may result in an unacceptably high
radiation dose to the skin surface and possibly to the deep
tissues. The synchronization of RTRT and IMRT requires
improvement to reduce fluoroscopic exposure.
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Summary

Dissemination of primary intracranial ependymoma oceurs in 10% of
all cases and is difficult to treat, so this may be one of the major reasons
for the poor prognosis. Two patients with nodular dissemination of
anaplastic ependymoma were treated with repeated stereotactic radio-
surgery using the gamma knife (GK), resulting in tumour control over 21
months. GK radiosurgery is a safe and effective treatment option for
providing good local control in patients with nodular dissemination of
ependymoma.

Keywords: Anaplastic ependymoma; dissemination; gamma knife;
stereotactic radiosurgery.

Intreduction

Intracranial ependymomas are rare neuro-ectodermal
tumours arising from the ependymal cells of the ventri-
cular system, and predominantly occur in children and
young adults. Intracranial ependymomas constitute
approximately 3% of all intracranial neoplasms and
about 10% of all childhood brain tumours (6, 11}.
Aggressive multimodality management including sur-
gery, radiation therapy, booster irradiation and che-
motherapy have extended the survival time, but the
overall survival in most series still does not exceed
60% at S years [3, 13, 15, 18]. The pattern of recurrence
may be local and/or dissemination to remote sites, and
the prognosis after recurrence is quite poor. Dissemina-
tion occurs in about 10% of cases of primary intracranial
ependymoma [2, 16]. The correlation between prognosis
and histological grade of the tumour remains con-
troversial [3, 4, 6, 15, 16, 22], but leptomeningeal
dissemination occurs more frequently with high-grade
ependymoma than with low-grade ependymoma [16].

The mean survival time after dissemination is 6 months
[21.

We treated two patients with anaplastic ependymoma,
who manifested multiple nodular dissemination in the
course of their disease, by stereotactic radiosurgery
(SRS) using the gamma knife (GK). The tumours were
controlled for 21 months.

Case reports

Case 1

A 14-year-old girl first presented with headache, nausea and vomiting.
She was admitted for treatment of a right lateral ventricular tumour in
QOctober 1992, Magnetic resonance (MR) imaging revealed a cystic mass
with ring enhancement in the right lateral ventricle, involving the cin-
gulate gyrus (Fig. 1). She underwent subtotal removal of the tumour.
Histological examination revealed anaplastic ependymoma. She received
60 Gy of local irradiation and chemotherapy using nimustine hydro-
chloride (ACNU). She made a complete recovery and radiological study
showed no residual tomour. ACNU maintenance therapy was given on
an outpatient basis for 1.5 years. She led a normal school life after
discharge from our hospital. However, MR imaging performed 4 years
and 5 months after the initial treatment revealed a nodular enhanced
mass at the cingulate gyrus.

She was treated with GX radiosurgery on four occasions, surgery on
three occasions and chemotherapy using cisplatin and etoposide for local
recurrences (Table 1). During these treatments, muitiple intracranial
nodular disseminations occurred. She underwent GK radiosurgery on
six occasions for these disseminations in various locations (Table 1,
Fig. 2). Fourth ventricular dissemination which first occurred 7 years
and 10 months after the initial treatment was treated twice by GK
radiosurgery. Although the tumour was controlled for 21 months, MR
imaging performed 9 years and 7 months after the initial treatment
revealed progression of the tumour. Subtotal removal of the fourth
ventricular mass was performed, followed by whole brain irradiation
(30 Gy). Follow-up MR imaging performed 9 years and 10 months after
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Fig. 1. Case 1. Axial Tl-weighted MR image with gadolinium-dieth-
ylenetriaminepenta-acetic acid on admission demonstrating a cystic
mass with ring enhancement in the right lateral ventricle

the initial treatment showed new dissemination in the anterior horn of
the right lateral ventricle, but no enhanced lesion was observed at the
primary site and the other nodular disseminations treated by GK radio-
surgery were controlled (Fig. 3).

Although the patient developed transient left hemiparesis after the
second operation, hemiparesis gradually improved and she began to
walk with assistance of mechanical aids. She developed no additional
neurological deficits after the third and fourth operations and repeated
GK radiosurgery. During these treatments, the patient led a normal
school life, entered a nursing school, and passed the national board
examination. Her mental status and consciousness was normal, and
Karnofsky scale was 70% at the last follow up.

Case 2

A 14-year-old boy presented with headache and nausea persisting for
a month, He was admitted for treatment of a fourth ventricular tumour in
January 1998. MR imaging revealed a heterogeneous enhanced mass in

Table 1. Recurrence pattern and treatment for case 1

H. Endo et al.

the fourth ventricle and hydrocephalus (Fig. 4). He underwent subtotal
removal of the tumour. Histological examination revealed anaplastic
ependymoma. Chemotherapy using cisplatin and etoposide, and local
irradiation (33 Gy) by the hyper-fractionated method and craniospinal
irradiation (30 Gy) by even-fractionated method were given as adjuvant
therapy. Although he suffered from transient lower cranial nerve paresis
after the surgery, his neurological condition graduaily improved. His first
relapse occurred 1 year and 7 months after the initial treatment. MR
imaging revealed a small enhanced mass in the fourth ventricle.

GK radiosurgery was performed on three occasions for local recur-
rence in the fourth ventricle and lower vermis and on three occasions for
intracranial nodular dissemination (Table 2, Fig. 5). Multiple nodular
disseminations first occurred at 2 years and 4 months after the initial
treatment. Nodular dissemination at the thoracic spine occurred 3 years
and 10 months after the initial treatment and caused paralysis of the right
lower limb and gait disturbance. Surgical removal of the spinal tumour,
chemotherapy using ifosfamide, cisplatin and etoposide, and local spinal
irradiation (36 Gy) were performed. MR imaging performed 5 months
after the surgery showed no residual spinal tumour. MR imaging per-
formed 4 years and 3 months after the initial treatment revealed that
the intracranial disseminations were well controlled (Fig. 6). However,
follow-up MR imaging performed 4 years and 5 months after the initial
treatment revealed diffuse craniospinal dissemination.

Duwing his treatment, the patient led a normal school life and was
employed in the computer company after finishing high school. Para-
paresis occurred after surgery for the spinal dissemination. His mental
status and consciousness was normal, and Karnofsky scale was 60% at
the last follow up.

Discussion

The extent of surgical resection is the most consistent
factor affecting outcome in cases of intracranial ependy-
moma [3, 6, 13, 15, 17, 18, 22]. Complete resection can
lower the risk of recurrence. The dismal prognosis after
recurrence emphasises the importance of the extent of
resection at the initial operation. However, complete
removal is often not possible and the recurrence rate
remains high. The predominant site of relapse is local

Date Intervals after the Location Recurrence Treatment
initial treatment pattern

1992.10. primary it. lateral ventricle of body primary subtotal removal, LB (60 Gy), ACNU
cingulate gyrus

1997.8. 4y5mo cingulate gyrus local 1 GK (25 Gy)

1998.10. 5y5mo cingulate gyrus local 2 total removal, CDDP + VP-16

1999.2. 5y 1t mo cingulate gyrus local 3 GK (16 Gy)

1999.10. 6y7mo cingulate gyrus local 4 total removal

2000.3. Ty cingulate gyrus local 5 GK (18Gy)

2001.1. 7y 10 mo cingulate gyrus local 6 GK (22Gy)
fourth ventricle dissemination 1 GK (22Gy)

2001.2. 7y 1l mo cingulate gyrus local 7 total removal

2001.12. 8y 9mo rt. trigone dissemination 2 GK (22Gy)

2002.1. 8y 10 mo fourth ventricle dissemination 3 GK (23 Gy)

2002.5. 9y2mo septum pellucidum dissemination 4 GK (23 Gy)

2002.8. 9y 5 mo 1t. lateral ventricle of body dissemination § GK (23 Gy)
rt. trigone dissemination 6 GK (22 Gy)

2002.12. 9y 9 mo fourth ventricle dissemination 7 subtotal removal, WB (30Gy)

GK Gamma knife radiosurgery; LB local brain irradiation; CDDP cisplatin; VP-16 etoposide; WB whole brain irradiation.
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Fig. 4. Case 2: Axial Tl-weighted MR image with gadolinium-dieth-
ylenetriaminepenta-acetic acid on admission demonstrating a hetero-
geneous enhanced mass in the fourth ventricle

[19, 20, 23], and postoperative local field irradiation is
very suitable for adjuvant therapy [13]. A retrospective
study of nondisseminated infratentorial ependymoma
suggested that the tumour bed and a safety margin
should be the target volume instead of the entire poste-
rior fossa [14].

Dissemination is another important pattern of recur-
rence in cases of ependymoma. Advances in surgical
techniques and adjuvant therapy can control the tumour
Jocally and prolong mean survival time, but the occur-
rence of dissemination becomes more likely. Dissemina-
tion without local recurrence is rare [12]. The incidence
of dissemination for primary intracranial ependymoma
is about 10% [2, 16]. The high-grade and myxopapillary
subtypes are associated with dissemination [16].
Craniospinal irradiation has been advocated for high-
grade ependymoma to prevent dissemination [19], but
such treatment is not considered as standard.

Table 2. Recurrence pattern and treatment for case 2

SRS is effective as a boost after conventional radia-
tion therapy or for the treatment of recurrent disease [1,
5, 7,8, 10, 21]. Treatment of 22 patients with progres-
sive anaplastic ependymoma using GK radiosurgery as a
boost resulted in a median survival time after radiosur-
gery of 2.2 years and distant recurrence in 9 patients
(40.9%) at a mean of 10 months [8]. Treatment of 12
patients with recurrent ependymoma resulted in local
control in 68% at 3 years, but two patients suffered
distant metastasis, indicating that SRS provided good
local tumour control, but dissemination remaired an
important problem [21].

Treatment of patients with recurrent disseminated
ependymomas by SRS has not been reported before.
Dissemination may occur in diffuse or loculated patterns
[9], and SRS may be indicated for the loculated pattern.
The nodular pattern of leptomieningeal dissemination is
less common than the diffuse pattern. Medulloblastoma
is the most frequent underlying primary tumour to cause
nodular dissemination [9). In our experience, anaplastic
ependymomas also tend to cause nodular dissemination,
which can be controlled by SRS. Repeated GK radio-
surgery controlled nodular disseminated anaplastic
ependymoma for 21 months without neurotoxicity in
our two patients. Among six previous cases of dissemi-
nated ependymoma, one patient received no treatment
for dissemination, three were treated with radiation ther-
apy and two were treated with chemotherapy [2]. The
mean survival time after the treatment of dissemination
was 6 months [2]. Considering that our two patients
were still alive at last follow up and the disseminated
tumour was controlled for more than 21 months, SRS
seems to be effective in the treatment of dissemination.
Beyond the first relapse, there is little hope for long-term
survival with conventional therapy [4]. Although SRS is
not the treatment to cure the disease, it might be the

Date Intervals after the Location Recurrence Treatment
initial treatment pattern
1998.1. primary fourth ventricle primary subtotal removal, LB (33 Gy), WB & WS (30Gy),
CDDP+ VP-16
2000.4. 1y8mo fourth ventricle local | GK (18Gy)
2000.11. 2y3mo vermis local 2 GK (18 Gy)
2000.12. 2y4mo corpus callosum dissemination 1 GK (22Gy)
2001.8. 3y fourth ventricle local 3 GK (20Gy)
2001.12. 3y4mo corpus callosum dissemination 2 GK (22Gy)
2002.5. 3y 9mo rt. lateral ventricle of body dissemination 3 GK (25Gy)
2002.6. 3y 10 mo spinal cord (T7-9) dissemination 4 subtotal removal, LS (36 Gy), IFOS + CDDP + VP-16

GK Gamma knife radiosurgery; LB local brain irradiation; WB & WS whole brain & whole spine irradiation; CDDP cisplatin; VP-16 etoposide; T

thoracic spine; LS local spine irradiation; IFOS ifosfamide.
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Fig. 6. Case 2: Axial T1-weighted MR images with gadolinium-diethylenetriaminepenta-acetic acid performed 4 years and 3 months after the initial
treatment showing nodular enhanced masses in the fourth ventricle, vermis, right lateral ventricle, and corpus callosum

treatment of choice if the patient could benefit from
aggressive treatment.

Conclusion

Dissemination is the final form of ependymoma and is
difficult to treat. GK radiosurgery can provide safe and
effective local control in patients with nodular dissemi-
nation of ependymoma. In addition, GK radiosurgery
can be repeated because of its minimal neurotoxicity.

Although out-of-field tumour progression remains a
problem, GK radiosurgery may be the treatment of
choice for patients with nodular dissemination.
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