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Abstract Craniopharyngioma has benign histological
character. However, because of proximity to optic path-
ways, pituitary gland, and hypothalamus, it may cause
severe and permanent damage to such critical structures
and can even be life threatening. Total surgical resection is
often difficult. This study aims to evaluate treatment results
of Novalis stereotactic radiotherapy (SRT) for craniopha-
ryngioma adjacent to optic pathways. Ten patients (six
men, four women) with craniopharyngioma and median
age of 56.5 years (range 10-74 years) were treated by SRT
using Novalis from July 2006 through March 2009. Median
volume of tumor was 7.9 ml (range 1.1-21 ml). Three-
dimensional noncoplanar five- or seven-beam SRT or
coplanar five-beam SRT with intensity modulation was
performed. Total dose of 30-39 Gy in 10-15 fractions
(median 33 Gy) was delivered to the target. Ten patients
were followed up for 9-36 months (median 25.5 months).
Response rate was 80% (8/10), and control rate was 100%.
Improvement of neurological symptoms was observed in
five patients. No serious complications due to SRT were
found. SRT for craniopharyngioma may be a safe and
effective treatment. Longer follow-up is necessary to
determine long-term tumor control or late complications.

Proceeding of ISRS Meeting 2009 in Seoul.

C. Hashizume (BX) - Y. Mori - T. Kobayashi - N. Hayashi
Nagoya Radiosurgery Center, Nagoya Kyoritsu Hospital,
1-172 Hokke, Nakagawa, Nagoya, Aichi 454-0933, Japan
e-mail: chashizume @kaikou.or.jp

URL: http://www kaikou.or.jp/

Y. Shibamoto - A. Nagai
Department of Radiology and Radiation Oncology, Nagoya City
Graduate School of Medicine, Nagoya, Japan

Keywords Craniopharyngioma -
Stereotactic radiotherapy - Optic nerve -
Intensity-modulated radiation therapy

Introduction

Surgical resection has been the first-line treatment for
craniopharyngioma. However, total removal is often diffi-
cult because of proximity to critical structures such as optic
pathways, pituitary gland, and hypothalamus. Recurrence
may often occur [1, 2]. In such conditions, fractionated
external-beam radiotherapy (EBRT) has been a treatment
choice but sometimes causes side-effects on those impor-
tant structures [3-5]. Successful results of single-session
gamma knife radiosurgery (GKS) have been reported with
less side-effects, if the tumor is not large. However, if the
tumor is large or involves optic pathways, it is not easy to
deliver high dose in a single session while sparing those
important structures [6—8]. Hypofractionated stereotactic
radiotherapy (SRT) has the radiobiologic advantage of
conventional fractionation and is expected to be a prom-
ising alternative treatment method to deliver high dose
precisely while avoiding such complications. This study
aims to evaluate treatment results of Novalis SRT for
craniopharyngioma adjacent to optic pathways.

Materials and methods

We treated ten cases (one child, nine adults) of cranio-
pharyngioma by SRT using Novalis from July 2006
through March 2009 (Table 1). Median age of patients was
56.5 years (range 10-74 years). Male-to-female ratio was
6:4. All patients harbored craniopharyngioma based on
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Table 1 Cases treated by Novalis stereotactic radiotherapy for craniopharyngioma

Case  Age/sex  Prior treatment Symptoms after previous surgery ~ Symptoms just before SRT  Cystic Pathological
- or solid  findings
Resection  RTx
1 65/F (-) (=) (No surgery before SRT) VF defect Mixed®  Squamous
papillary®
74/M Yes (=) VF defect, hypopit, DI VF defect, hypopit, DI Mixed Adamantinomatous
3 65/M Yes (=) Hypopit, DI Hypopit, DI Cystic Adamantinomatous
56/M Yes (2) (=) Hypopit, DI VA decrease of both eyes,  Mixed Squamous papillary
VF defect, hypopit, DI
5 25/F Yes (2) GK VA decrease of right eye, VA decrease of both eyes, = Mixed Adamantinomatous
VF defect, hypopit, DI VF defect, hypopit, DI
39/F Yes (-) VF defect, hypopit, DI VF defect, hypopit, DI Mixed Adamantinomatous
45/M Yes (2) GK (2) Hypopit, DI VA decrease of both eyes, Mixed Adamantinomatous
VF defect, hypopit, DI
8 57/F Yes (=) Homonymous Left blindness, right Mixed Squamous
hemianopsia, DI hemianopsia, DI papillary
9 10/M Yes (=) Left blindness, right VF Left blindness, right Mixed Adamantinomatous
defect, DI, hypopit VF defect, DI, hypopit
10 61/M Yes (2) (-) VA decrease, incomplete VA decrease, complete Cystic Adamantinomatous

hemianopsia, hypopit, DI

hemianopsia, hypopit, DI

RTx radiation therapy, GK Gamma knife radiosurgery, SRT stereotactic radiotherapy, VF visual field, hypopit hypopituitarism, DI diabetes

insipidus, VA visual acuity
4 Mixed with solid and cystic part
® Proved by biopsy after SRT

histological diagnosis, though histological confirmation
was done after Novalis SRT in one of ten patients. Seven
were of adamantinomatous type and three of squamous
papillary type. All patients initially presented with symp-
toms attributable to the tumor. Nine patients had had sur-
gical resection as initial treatment 2—136 months (median
6 months) before Novalis SRT. Surgical resection was
done prior to SRT once in five patients and twice in four
patients, and GKS in two patients. Table 1 summarizes
symptoms and signs of patients after previous surgery and
those just before SRT. Neurological or endocrinological
status was deteriorating because of tumor progression after
prior resection until SRT in five among nine patients. At
Novalis SRT, nine had visual field defect, four had
decreased visual acuity, two had blindness in one eye, nine
had diabetes insipidus (DI), and eight had hypopituitarism.

Stereotactic radiotherapy was done as initial treatment
in one patient (case 1) and for macroresidual tumors or
regrowing tumors located in supraseller region adjacent to
optic pathways and pituitary gland in the other nine
patients. Median tumor volume of tumors was 7.9 ml
(range 1.1-21 ml), and median diameter was 2.6 cm (1.3—
3.5 cm) (Table 2). We classified pre-SRT radiological
characteristic into three categories: cystic, mixed, and
solid. Cystic tumor was observed in two patients and mixed
tumor in eight, with no solid tumors.
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Stereotactic radiotherapy technique

The Novalis system consists of several stereotactic com-
ponents. Infrared passive reflectors attached noninvasively
to the patient’s body surface, immobilized by a head—neck—
shoulder shell, were used for positioning of the target close
to the isocenter of a linear accelerator (LINAC). Radio-
graphic image guidance was used for fine positioning
adjustments based on internal anatomy, such as the skull-
base bony structures [9]. Infrared guidance was also used to
monitor external patient motion during treatment.

The infrared positioning system consists of a pair of
cameras in the radiotherapy room that emit and detect
infrared radiation reflected from markers placed on the
patient’s body surface. Data are gathered to yield real-time
positional information. Translation and rotation in all three
major axes (six dimensions) are displayed on multiple
monitors. The treatment couch is driven automatically to
position the patient near the isocenter, based on informa-
tion derived from the infrared positioning to determine the
position of the head relative to the isocenter. Radiographs
are digitally transferred to a computer, where they are
compared with digitally reconstructed radiography (DRR)
generated from pretreatment computerized tomography
(CT). DRR represents the position of a perfectly aligned
patient. Radiographs and DRR are fused automatically to
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Table 2 Treatment plan of Novalis stereotactic radiotherapy for craniopharyngioma

Case  Treatment PTV ~ Diameter  Treatment dose Planning Maximum dose to optic pathways
indication (ml) (cm)
Dose (Gy) BED4, Dose (Gy) BED,, (GyE)
(GyE)

1 PG, Sym 7.4 2.5 33/10 fx 60.2 Noncoplanar six-beam SRT 32/10 fx 83.2

2 MR 15.5 3.1 36/12 tx 63 Noncoplanar five-beam SRT 34.8/12 fx 85.3

3 PG 33 1.9 30/10 fx 52.5 Noncoplanar seven-beam SRT  30/10 fx 75

4 PG, Sym 8.3 2.6 33/10 fx 60.2 Noncoplanar seven-beam SRT  33/10 fx 87.5

5 PG, Sym 5.2 22 30/10 fx 52.5 Noncoplanar seven-beam SRT  28/10 fx 67.2

6 MR 15.1 3.1 33/10 fx 60.2 Noncoplanar seven-beam SRT  33/10 fx 87.5

7 PG, Sym 21 35 30/12 fx 48.8 Coplanar five-beam IM-SRT 25.2/12 tx 51.7

8 PG, Sym 1.1 1.3 39/13 fx 68.3 Coplanar five-beam IM-SRT 23.4/13 fx 445

9 MR 2 1.6 37.5/15 fx 60.9 Coplanar five-beam IM-SRT 28.5/15 fx 55.6

10 PG, Sym 10.3 2.7 37.8/14 fx 63.3 Noncoplanar seven-beam SRT  37.8/14 fx 88.8

Median PTV and diameter were 7.9 ml and 2.6 cm, respectively

PG tumor progression, Sym deterioration of symptoms, MR macroresidual after surgery, PTV planned target volume, BED biologically effective
dose, SRT stereotactic radiotherapy, IM-SRT SRT with intensity modulation

determine whether any patient positioning adjustments are
necessary, and the treatment couch is moved to reposition
the patient appropriately. After shifts have been applied, a
pair of radiographs are exposed to confirm patient posi-
tioning. The infrared positioning system is used to monitor
external patient motion throughout the treatment process. A
thermoplastic shell restraining system minimizes patient
movement during treatment. Treatment was delivered by a
dedicated 6-MV LINAC with 3-mm multileaf collimator.
All patients were irradiated with a single isocenter.

Dose planning

Dose planning for SRT was based on T2- and T1-weighted
enhanced three-dimensional magnetic resonance imaging
(MRI) and contrast-enhanced thin-slice CT using a Brain-
Scan computer workstation (BrainLAB, Tokyo). The
clinical tumor volume (CTV) was delineated on thin-slice
CT and MRI, including the cystic portion, if present. The
planned target volume (PTV) was determined with margin
of 2-3 mm. In one patient, 3.0-T MRI was taken for ref-
erence to delineate visual pathways. Three-dimensional
noncoplanar five- or seven-beam SRT or coplanar five-
beam SRT with intensity modulation was planned. The
lesions were covered with 95% or higher isodose level.
Tumor volume was 1.1-21 ml (median 7.9 ml). Total dose
of 30-39 Gy in 10-15 fractions (median 33 Gy) over 2—
3 weeks was delivered to the target [BED (biologically
effective dose) = 48.8-68.3 GyE in a/ff = 4 Gy]. Total
dose and schedule of fractionation were determined con-
sidering tumor volume, history of irradiation, and optic
nerve involvement. Six patients with intermediate risk

(without previous radiation therapy) were treated with
60-63 GyE in o/ff = 4 Gy, three patients with high risk
(with previous radiation therapy or involvement of bilateral
optic pathways by the tumor) were treated with 49—
52 GyE, and one patient with low risk (small tumor of
about 1 ml) was treated with 68 GyE. The maximum dose
delivered to optic pathways was kept low at less than 90
GyE in o/ff = 2 Gy.

Methods of evaluation

Clinical status and imaging examination were evaluated
every 3—6 months after treatment. Tumor volume, includ-
ing cystic portion if present, was calculated for evaluation.
A four-grade system was devised for evaluation of tumor
response: complete response (CR, tumor disappearance),
partial response (PR, >50% tumor volume reduction),
stable disease (SD, <50% reduction), and progression (PG,
tumor or cyst enlargement >25%). From these values,
response rate was calculated as (CR + PR)/total and con-
trol rate as (CR + PR + SD)/total. Clinical evaluation
included changes in neurological status, such as visual
function and endocrinological function.

Results

Imaging and clinical follow-up were obtained in all ten
patients for 9-36 months after SRT (median 25.5 months)
(Table 3).

The treated tumor decreased in size in eight of ten
patients (80%). CR was obtained in one (10%), PR in seven
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Table 3 Results of Novalis stereotactic radiotherapy for
craniopharyngioma
Case FU Tumor  Outcome Complication
(months) response
36 SD VF deterioration® None
27 PR Unchanged (Brain infarction)
3 28 PR Improvement None
of DI
4 27 PR Improvement of VF None
defect
5 27 CR Unchanged None
24 PR Improvement of VF None
defect
7 24 PR Improvement of VF VF defect
defect
14 PR Unchanged None
11 PR Improvement of VF None
defect
10 9 SD Improvement of VA  None

Median follow-up (FU) was 25.5 months

Tumor control rate = 100%

Tumor response rate = 80%

CR complete response, PR partial response, SD stable disease

4 Patient developed VF defect due to partial cyst enlargement, which
was relieved by cyst aspiration

° Continued to improve even after SRT

¢ Before SRT, temporary cyst enlargement was developing with
progressive decrease of visual acuity. Since 9 months after SRT, the
tumor began to shrink and the patient regained better visual function

(70%), and SD in two (20%). No progression was
observed. Tumor response rate was 80% (8/10), and control
rate was 100% (10/10).

Neurological symptoms due to optic nerve involvement
were improved completely or partially in five of nine

patients who had had visual disturbance since before
treatment (55%). In three patients, visual field defects
deteriorated. In one patient (case 1), subtle visual field
defect developed due to partial cyst enlargement 19 months
after SRT, while the rest of the tumor shrunk. In this patient,
open biopsy and Ommaya setting into the cystic part of
tumor were performed for the purpose of not only decom-
pression of the right optic nerve but also histological con-
firmation of craniopharyngioma. In another patient
(case 10), before SRT, temporary cyst enlargement was
developing with progressive decrease of visual acuity.
Though deterioration of visual impairment continued until
3 months after SRT, since 9 months after SRT the treated
tumor began to shrink and the patient regained better visual
function than that before SRT. In the other patient (case 7),
lateral partial hemianopsia in the left eye deteriorated to
complete hemianopsia, though the tumor remained shrunk,
which was thought to be due to radiation-induced neurop-
athy. In this patient, GKS had already been performed twice
previously. In one patient (case 3), DI had been improving
after surgery and continued to improve after SRT. In all
other patients, endocrinological status was unchanged dur-
ing the follow-up period or until death compared with
before SRT. One patient (case 2), a 74-year-old male, died
2 years 3 months after SRT from cerebral cortex infarction,
which was thought to be unrelated to SRT.

Illustrative cases
Case 5: 25-year-old female (Fig. 1)
The patient developed hydrocephalus due to suprasellar

tumor 11 years before Novalis SRT. The tumor was
resected gross-totally, and ventriculo-peritoneal shunt was

Fig. 1 Case 5. a Dose planning for craniopharyngioma. b Coronal
magnetic resonance image (MRI) with gadolinium (Gd) enhancement
at Novalis stereotactic radiotherapy (SRT). Total dose of 30 Gy in ten
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fractions was delivered by noncoplanar seven-beam stereotactic
radiotherapy. ¢ Coronal MRI with Gd enhancement 17 months after
Novalis SRT. Complete response was obtained
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Fig. 2 Case 7. a Dose planning for craniopharyngioma. b Coronal
MRI with Gd enhancement at Novalis SRT. Total dose of 30 Gy in 12
fractions was delivered by coplanar five-beam stereotactic radiother-
apy with intensity modulation. ¢ Coronal MRI with Gd enhancement

placed. Histological diagnosis was craniopharyngioma of
adamantinomatous type. After surgical resection she had
suffered from hypopituitarism and DI. Four years later,
GKS was performed for recurrent suprasellar mass. Margin
dose of 11.1 Gy was delivered for 19 ml of tumor. Another
year later, second surgical resection was done for regrowth
of the suprasellar mass with cyst formation. The tumor was
subtotally resected except for a small part on the left
hypothalamus. As the tumor recurred again in the supra-
sellar region mainly on the left side, the patient was referred
to our institute. Visual function of both eyes was gradually
deteriorating. Novalis SRT was performed for 5.2 ml of
tumor with total dose of 30 Gy (at 100% isodose = nor-
malization point) in ten fractions by noncoplanar seven-
beam method. The tumor was covered by the 95% isodose
area. The tumor decreased in size remarkably within
6 months and disappeared within 27 months. Neurological
and endocrinological status including visual function has
been stable, though hypopituitarism and DI continue.

Case 7: 45-year-old male (Fig. 2)
The patient developed hydrocephalus due to suprasellar

tumor 4 years before Novalis SRT. The tumor was resected
partially, and ventriculo-peritoneal shunt was placed.

20 months after Novalis SRT. The tumor remarkably decreased in
size within 4 months after Novalis SRT. Visual field before SRT (d)
and 14 months later (e). Hemianopsia in the left eye became complete
after SRT, but visual field in the right eye was much improved

Histological diagnosis was craniopharyngioma of adam-
antinomatous type. After surgical resection, he had suf-
fered from short-term memory disturbance. Two months
later, the suprasellar tumor recurred with cyst formation.
GKS was performed for the solid part located in the
anterior lower left portion, and Ommaya reservoir was
placed in the cystic part. Margin dose of 10 Gy was
delivered. Two months later, second GKS was performed
for growing upper part of the tumor, including the cystic
part extending into the third ventricle. After that, the tumor
decreased in size and the cyst shrunk. Three and a half
years later, the suprasellar tumor relapsed remarkably. He
had memory disturbance, hypopituitarism, and DI.
Incomplete bitemporal hemianopsia was observed. He
complained of blurred vision in the right eye. Novalis SRT
was performed for 21 ml of tumor with total dose of 30 Gy
(at 100% isodose) in 12 fractions by coplanar five-beam
method with intensity modulation. The tumor was covered
by the 95% isodose area. The tumor decreased in size
remarkably within 4 months and remained shrunk until
24 months after SRT. Neurological and endocrinological
status was stable. Hemianopsia in the left eye became
complete without tumor progression, but blurred vision in
the right eye was improved. His performance status is
stable and he continued with daily life with some support.
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Discussion

Craniopharyngioma is a benign tumor thought to be derived
from a residual cell nest of stomodeum [10]. It may be solid,
cystic, or mixed in nature and is commonly calcified.
Despite its benign histological features, craniopharyngioma
may be life threatening because of proximity to critical
structures. It may cause severe and permanent damage to
optic pathways, pituitary gland, and hypothalamus, and
disrupt visual, hypothalamic, endocrinological, and neuro-
cognitive functions. Total removal by microsurgery is ideal,
but complete removal without deterioration of neurological
functions is always difficult. Hoffman et al. [1] accom-
plished total removal in 90% of their cases but reported that
the recurrence rate was not low (29%) even after “total”
removal. Yasargil et al. [2] did aggressive surgery, but it
was frequently associated with significant morbidity (16%)
and mortality (16.7%), although with relatively low recur-
rence rate (7%). Recently, Effenterre et al. [11] reported
recurrence rate of 13% and mortality rate of 2.5%. On the
other hand, subtotal resection or only biopsy is not adequate
treatment for craniopharyngioma because of high recur-
rence rate with further morbidity and mortality resulted
from tumor regrowth and repeat surgery [12].

Combined treatment with partial removal and sub-
sequent conventional EBRT to a relatively broad area
including the tumor bed is another treatment strategy. Cure
or control rate has been relatively good, up to 91% of 10-
year tumor control rate, as shown in recent reports [5, 13—
17], but late radiation injury to surrounding organs can
produce major side-effects (Table 4). The rate of compli-
cations including hypothalamic-pituitary dysfunction,
visual disturbance, DI, and epilepsy after surgery is
increased further by EBRT, due to not only tumor pro-
gression but also radiation toxicity. In addition, especially
in pediatric patients, generation of secondary disorders
such as glioblastoma and moyamoya disease is sometimes
problematic in long-term follow-up [5, 14, 16, 18]. Rajan
et al. [15] reported that extent of surgical removal did not
influence outcome when surgery was combined with
EBRT, and that less invasive surgery followed by EBRT
was associated with low morbidity. When EBRT was used
as salvage treatment for tumor relapse after aggressive
surgery, quality of life was also found to be decreased more
as compared with intentional limited resection followed by
planned EBRT [13, 19]. Recently, surgery tends to be
performed to alleviate symptoms by tumor volume reduc-
tion, to provide a specimen for histological diagnosis, and
to reduce the volume of irradiation, though sometimes even
the chance of cure by total resection exists. The main aim
of surgery should be decompression of optic pathways
when visual disturbance due to tumor involvement is pro-
gressing. It is important to achieve clear space between the

@ Springer

residual tumor and the optic pathways as much as possible,
not only to improve impaired visual function but also to
enable subsequent effective treatment, such as GKS, or
SRT as we describe below.

In terms of development of radiation therapy, recently
GKS has been employed to deliver more localized irradi-
ation with steeper dose gradient between tumor and sur-
rounding normal structures in order to minimize
postradiation long-term complications while maintaining
high efficacy [20-25]. Chung et al. [21] reported 87%
tumor control rate by GKS. They reported better control
results in smaller tumors (<4.2 ml volume, <2 cm diam-
eter) than in larger ones. Kobayashi et al. [6-8, 22]
reported treatment results of GKS for relatively small
craniopharyngioma (median 3.5 ml volume). Survival rate
was 91% at 10 years, and tumor control rate was 54% at
10 years. They reduced the dose to avoid radiation injury
of optic pathways if they were close to the tumor. Optic
apparatus is vulnerable to radiation, and possible radiation
injury is thought to be dose dependent, with 0-2% inci-
dence of optic neuropathy when less than 10 Gy was
delivered, and 27% incidence for 10-15 Gy [26]. Kobay-
ashi et al. [22] considered the optimal marginal dose for
tumor control to be 12.1 Gy or more, according to their
analysis of 100 cases, because mean marginal dose in CR
cases was 12.1 Gy. If there is sufficient distance between
the tumor and optic apparatus, greater marginal dose can be
given in order to control tumor. Otherwise, GKS will not
be effective. Kobayashi et al. also reported that it was more
difficult to control cystic tumors than solid tumors. They
thought this was because GKS was apt not to achieve the
optimal dose to tumor wall located at the marginal area due
to the steep dose gradient.

Fractionated SRT has merits not only in terms of the
mechanical precision of stereotactic technique but also the
radiobiologic advantage of conventional fractionation.
Stereotactic technique reduces adverse effects by reducing
the dose delivered to surrounding normal structures, not
only optic pathways but also pituitary grand and hypothal-
amus. In addition, fractionation allows further sparing of
those normal adjacent tissues, by giving them an interval to
recover from radiation between each fractions. It seems that
SRT is suitable for tumor of large volume, especially with
large cystic part and proximal to optic pathways. In this
study we report successful results of Novalis SRT for cra-
niopharyngioma of relatively large volume (median
7.9 ml), adjacent to optic pathways. There have been some
reports on treatment results of SRT using various modalities
[27-29], using total dose of 50-52.2 Gy with small fraction
size of 1.5-1.8 Gy like in conventional EBRT. Combs et al.
[27] reported good results of 100% local control at 10 years
with less complication (10%) and no serious complications.
Response rate was 72.5%, and visual acuity improved after
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SRT in 13% of all patients. Selch et al. [28] and Minniti
et al. [29] reported relatively low response rates of 50% and
41%, respectively. Visual acuity improved after SRT in
25% and 17%, respectively, among those who had visual
disturbance prior to SRT. Selch et al. mentioned that initial
imaging response following SRT was delayed compared
with after single-session stereotactic radiosurgery (SRS)
such as GKS. They also mentioned that SRT, in their
approach of small fraction size like in EBRT, could not be
relied upon to relieve symptoms associated with tumor
compression of optic chiasm, hypothalamus, or third ven-
tricle. In our series, we used SRT with less fractionation,
with total dose of 30-39 Gy (median 33 Gy) in 10-15
fractions over 2-3 weeks. The control rate was 100%,
though the follow-up period was not long. Tumor response
rate was better at 80%, and improvement rate of visual
function was also better at 55%. In addition, side-effect due
to SRT was observed in only one case and was not serious.
Lee et al. [30] also reported successful results using Cy-
berKnife. They gave mean marginal dose of 21.6 Gy in 3—
10 fractions. High control rate of 91% and response rate of
64% were obtained, albeit with relatively small number of
cases and short follow-up time. They also reported that no
morbidity or mortality was observed.

External-beam radiotherapy, the field of which is broad,
may cause more adverse effects in long-term follow-up.
SRT has the merit of reducing the radiation dose to sur-
rounding critical structures. However, as described above,
most reports of SRT still employ small fraction size (large
number of fractions: 25 or more), which may have caused
lower response rate. Though it is important to reduce the
possibility of side-effects, one of the aims of SRS or SRT is
to recover symptoms of the patient while they are revers-
ible. In our series we could obtain better response rate
together with less adverse effects. We think the better
results of our cases, and maybe those of the CyberKnife
series, were due to benefit of large fraction size, though
optimal fraction size and optimal total dose remain to be
determined by analysis in larger population of patients with
longer follow-up period.

Craniopharyngioma tends to recur repeatedly. It seems
better to continue to follow up patients even after irradiation.
Timely assessment including repeat surgery, GKS, or SRT is
necessary, before the tumor grows to be large. In this series we
treated two cases of recurrent tumors after GKS. Both tumors
were successfully controlled by Novalis SRT with reduced
radiation dose. Caution must be exercised in dose selection
when some irradiation has been applied previously. In another
case of our series, the size of the whole tumor was stable after
SRT, but a small cystic part protruded and compressed the
right optic nerve. Aspiration of the cyst recovered the visual
disturbance successfully. Cyst enlargement is sometimes
observed even after irradiation in craniopharyngioma. It is
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thought to develop due to not only tumor progression but also
tumor degeneration. Continuous formation of microcysts has
been reported as part of the natural history of craniopharyn-
gioma or as a result of radiation or surgical trauma. Minniti
et al. [29] reported that 28% of patients had enlargement of the
cystic portion causing visual impairment and hydrocephalus,
and all required cyst aspiration.

Conclusions

Despite the small sample size and short follow-up times, we
conclude that Novalis SRT may be a useful and safe treat-
ment option for craniopharyngioma, even if the size of tumor
is relatively large and optic pathways are involved. Longer
follow-up is necessary to further determine outcomes.
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