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ABSTRACT

Background: A prospective study to evaluate the effectiveness, safety and toxicity of radiation therapy (RT)
following percutaneous drainage using Ommaya reservoir system (ORS) stereotactically implanted as a
therapeutic option in the management of cystic craniopharyngioma.

Patients and Methods: Between January 2000 and August 2008, 30 patients were referred for stereotactic
placement of ORS for drainage of their cystic craniopharyngiomas. There were 16 males and 14 females vary
in age from 752- years (median 15years).Sex patients (20%) had ORS placement as a primary treatment, while
24 patients (80%) had undergone prior craniotomy. Twelve patients (40%) had purely cystic tumors, while
18 patients (60%) had mixed tumors. Patients were selected on the basis of having their CT scan and MRI
disclosure of:1) Purely or predominantly unilocular cystic Craniopharyngioma, either primary or recurrent.
2)The craniocaudal dimension of the cyst was at least 2cm. 3)The cyst wall was not too thick or calcified to
be punctured. All patients received RT.A median target dose of 52.2Gy (range 5057.6- Gy) was applied in a
conventional fractionation of 1.8 Gy for 5 days per week.

Results: Twenty-five patients (83.3%) showed clinical improvement in the early post-operative period. No
procedure related morbidity was encountered. Eleven patients (36.6%) had spontaneous regression of their
cysts, 16 patients (53.3%) required multiple aspiration for symptomatic recurrence of their cysts; 11(68.7%)
of them finally stabilized and the remaining 5(31.2%) patients continued to require infrequent aspiration at
intervals ranged from 4 months to one year. Three patients (10%) required frequent aspiration every one to 2
weeks even after finishing a complete course of RT. Three patients (10%) eventually required revision of their
ORS. Five patients (16.6%) necessitated subsequent craniotomy. After a median follow-up of 48 months (range
1270- months), local tumor control was 90% at 5-years.Overall survival and progression free survival rates at
S5-years were 90% and 86.6%, respectively. Acute toxicity was mild in all patients. Long-term toxicity included
growth hormone deficiency in 5 patients (16.6%) requiring hormonal replacement therapy. No radionecrosis or
secondary malignancy were observed.

Conclusion: Treatment of cystic craniopharyngiomas by percutaneous aspiration via ORS implanted
stereotactically combined with RT can be considered as a definitive treatment option in cases of recurrent grossly
cystic or primary purely cystic tumors.
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INTRODUCTION

Craniopharyngiomas are benign tumors derived
from epithelial origin that are believed to arise from the
remnants of Rathke’s pouch in and around suprasellar
region. It is an uncommon tumor that accounts for
2-9% of all intracranial neoplasm. These tumors
are usually well circumscribed and encapsulated.
However, craniopharyngiomas are found in a very
critical brain location. These tumors can be adherent
to the optic nerves or chiasm, the major vessels of the

circle of Willis, infundibulum, the pituitary gland and
the hypothalamus'.

Management of these tumors remains
controversial. Complete tumor removal is often
recommended where feasible. Large surgical series
have shown that complete resection is possible in
57-90% of cases. Even after complete removal,
recurrence rates have been found to be 15-37%.
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However, aggressive surgery can be associated
with mortality (1-3%), significant visual loss and
neurologic dysfunction®?.

Recent data suggested that subtotal resection
followed by adjuvant radiation therapy (RT) may
be an appealing substitute for gross-total resection,
providing similar rates of tumor control without the
morbidity associated with aggressive resection*?,

Recurrent tumors have an additional burden
of complexity and to date, there is no consensus
regarding their optimal management strategy*>. These
considerations have prompted a measure of criticism
about the effectiveness of the traditional surgical
approach to craniopharyngioma and suggested the
possibility of alternative management options that
exploit the possibilities offered by limited surgery
combined with RT in all its aspects®”.

Special therapeutic options were considered for the
treatment of cystic craniopharyngiomas, which represent as
much as 60% of cases. When the tumor is predominantly
composed of fluid, its reduction by percutaneous aspiration
may enable palliative relieve of most of the problems
connected with the neoplastic mass and allow the use of
alternative therapies for the tumor®. The Ommaya reservoir
system (ORS) is used as a permanent percutaneous
draining system consisting of an inert catheter provided
with few holes at its distal end, indwelling within the cyst
and connected with a subcutaneous reservoir”.

Since the therapeutic role of percutaneous
drainage of craniopharyngioma has been seldom
stressed, precise knowledge about its usefulness
and its main technical features is not easily obtained
from the literature®. The aim of this study was to
evaluate the role of percutaneous drainage using the
ORS implanted stereotactically followed by RT as a
therapeutic option in the management of primary and
recurrent grossly cystic craniopharyngiomas.

PATIENTS AND METHODS

This prospective single arm study was conducted
on 30 patients who were referred for stereotactic
placement of ORS for drainage of their cystic
craniopharyngiomas followed by RT. Eligibility
Criteria: Patients were selected on the basis of having
their contrasted CT scan and /or MRI disclosure of ;

1. Purely or predominantly unilocular cystic
craniopharyngioma, either primary or recurrent.
2. The craniocaudal dimension of the cysts was

at least 2cm to ensure that the whole distal

perforated portion of the catheter (which is 1.6
cm in length) was totally introduced into the
cyst cavity at the time of placement.

3. The cyst wall was not too thick or calcified to
be punctured by the ventricular catheter with
its inner stylet. Exclusion criteria: no prior
malignancy, no prior RT and no other serious
medical or psychiatric illness.

Pretreatment assessment:

Initial evaluation included; history, neurologic
examination, ophthalmologic examination (visual acuity,
visual field and fundus examination), hormonal level
assessment (prolactin, growth hormone, cortisol, follicle
stimulating hormone, leutinizing hormone and thyroid
profile), as well as radiologic investigations including
contrasted computerized tomography (CT) and/or
magnetic resonance imaging (MRI) scans. Parents of
each patient and adult patients gave written informed
consent before entering the study.

Treatment plan:
Surgical procedure:

Two different models of ORS were used. The
standard ORS with flat bottom reservoir and side inlet
catheter and the burr hole reservoir with bottom inlet
catheter. In all cases, stereotactic frame application
and contrast enhanced CT scanning were performed
under general anesthesia. The target was selected in
the bottom of the cyst, 5 mm superior to the lowest
cut where the cyst starts. A transfrontal approach with
an entry point; 2 to 3 cm off midline at the coronal
suture was chosen to access all lesions. A U-shaped
flap centered over the entry point was drawn with its
base directed posteriorly. The catheter was inserted
directly and guided by the stereotactic arc to the
predetermined target distance, then connected to the
reservoir. Before skin closure, gentle cyst aspiration
was performed aiming to reduce the cyst pressure
and not to evacuate the cyst completely. CT scan was
obtained within 24 hours after placement to verify
the position of the catheter, ensure satisfactory cyst
drainage and exclude cerebral hemorrhage.

Radiation therapy:

External beam RT was administered with the
cobalt-60 machine or 6 MV linear accelerator.
All patients were treated in supine position. A
thermoplastic mask was

Initially constructed then used for the entire
simulation process and treatment course which greatly
improves set-up reproducibility. The target volume
encompassed gross tumor volume, as defined on post-
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operative imaging (CT or MRI), with a safety margin
of approximately 2 cm in each diameter. Three fields
and two lateral parallel opposed fields’ techniques
were used. The total dose ranged between 50-57.6 Gy
and delivered at 1.8Gy/ fraction, 1 fraction per day,
5 days per week. The target doses were prescribed
to the isocenter, the 90% isodose encompassed the
target volume. With respect to the localization of
craniopharyngiomas, the eyes, optic nerves, chiasm
and brainstem were of special concern during treatment
planning. Patients received good dehydrating measures
started at least 24 hours before RT.

Evaluation of Response:

Response criteria were evaluated from radiological
brain imaging done one month after RT. The responses
were then graded into four categories. Complete
response (CR): Disappearance of all enhancing tumor
on consecutive brain imaging scans. Partial response
(PR): > 50% reduction in size of enhancing tumor.
Progressive disease (PD): >25% increase in the size of
enhancing tumor or any new tumor on brain scans. Stable
disease (SD): All other situations. For response analysis,
the solid area as well the cystic components were included.

Follow-up

Patients were requested to be seen in the out-patient
clinic every month for the first 3 months and then every
3 months for the first year. The assessment involved
full neurological and ophthalmologic examinations as
well as hormonal investigations whenever indicated.
Follow-up contrasted CT was performed at one and 6
ms visits and whenever there was clinical suspicious
of cyst recurrence. MRI was performed routinely at the
end of the first year then annually thereafter.

Survival analysis:

Overall Survival (OS) was measured from the
date of entry into the study until death from any cause
or last follow up. Progression free survival (PFS)
was measured from the date of entry into the study
until date of first evidence of disease progression.
PASW statistical software package (V. 18.0, IBM
Corp., USA, 2010) was used for data analysis. The
following tests were done: 1- Chi-square test to study
the association between variables as regards the
categorized data. The probability of error at 0.05 was
considered significant. 2- Survival analysis including
calculation of survival rate at different points of the
study and Kaplan Meier survival curve®.

Assessment of normal tissue toxicity:
Acute and late effects of RT were assessed according
to the RTOG/EORTC radiation morbidity criteria’.

RESULTS

The study included 30 patients with
cystic craniopharyngioma presented to Ain-
Shams  University  hospitals  (Neurosurgery
and Radiation Oncology Departments)

between January 2000 and August 2008. The patients’
age ranged from 7 to 52 years (Median age 15 years ).
The craniocaudal dimension of the cysts ranged from
2 to 8 cm, while the size of the solid component in
mixed tumors ranged from one to 3 cm. Six patients
(20%) had stereotactic ORS placement as a primary
treatment while 24 patients (80%) had undergone
prior craniotomy and tumor resection. The patients
and tumors characteristics and previous treatments
prior to ORS placement are shown in Table (1). The
most prominent clinical manifestations were related
to increased intracranial pressure (ICP) and to visual
and endocrinological impairments. The pre-operative
clinical findings are illustrated in Table (2).

A tissue diagnosis of craniopharyngioma was
established in 24 patients (80%) who had undergone a
prior craniotomy while in the 6 new cases (20%), the
diagnosis was based mainly on the neuro-imaging and
this was confirmed by examination of the cyst fluid
taken during the insertion of the Ommaya reservoir.

Early clinical outcome:

Twenty five patients (83.3%) showed significant
clinical improvement in the early post-operative period.
The remaining 5 patients (16.6%) remained stable.
This consisted of either improvement in symptoms
and signs of raised ICP in 80% of patients (12/15)
or improvement of vision in 70% of patients (14/20)
with pre-operative impairment of visual acuity and/or
field. Early improvement in manifestations of pituitary
dysfunction was noted in 60% of patients (3/5) with
diabetes insipidus and in 25% of patients (1/4) with
hyperprolactinaemia. No further clinical endocrine
dysfunction was encountered post-operatively in any
of the patients. Of the 5 patients with pre-existing
depressed mental status, 3 patients (10%) were
improved significantly, while the other 2 (6.6%) had
modest improvement in their symptoms. They required
periodic cyst drainage but gradually deteriorated and
died after 2 and 5 months following treatment despite
local tumor control by performing periodic aspiration
and no radiological evidence of tumor progression.

The CT scan done after initial aspiration revealed
significant reduction in the cyst size in all patients.
Procedure related morbidity such as hematoma or
new neurological deficit was not encountered.
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Subsequent aspiration:

The diagnosis of cyst recurrence was made based
on findings in periodic neuro-imaging studies or on
worsening of neurological deficits especially with
regard to visual symptom and the CT scan confirmed
cyst recurrence.

Eleven patients (36.6%); 8 (26.6%) with purely
cystic and 3(10%) with mixed tumors, showed
spontaneous and complete regression of their cysts
and this was confirmed by repeated post-operative
neuro-imaging.

Sixteen patients (53.3%) required multiple
aspirations for symptomatic recurrence of their cysts
performed at intervals of 4 to 8 weeks; 11 of these
patients (36.6%) finally stabilized over a period of
4- 6 months and did not require further aspiration
afterwards and the remaining 5 patients (16.6%)
continued to require infrequent aspiration at intervals
ranged from 4 months to one year. In 3 patients (10%),
frequent symptomatic cyst refilling required repeated
aspiration every one to 2 weeks over a period of 3,4
and 6 months, even after finishing a complete course
of RT and eventually they underwent subsequent
craniotomy for excision of their cysts.

Further surgical intervention:

Three patients (10%) eventually required revision
of their ORS for technical failure. Three children
(10%), age ranged (8-1lyears), required placement
of ventriculo-peritoneal shunt to treat unresolving
obstructive hydrocephalus at median 6 months
post-operatively. Five patients (16.6%) necessitated
subsequent craniotomy and cyto-reductive surgery
due to significant re-growth of the solid component
in 2 patients (6.6%).While in the other 3 patients
(10%), craniotomy was performed at median 4
months following treatment due to the impractical
symptomatic refilling of their cysts that required
aspirations at very short intervals.

Tumor control:

The results with regard to tumor response after
ORS placement and RT in the 30 patients are shown
in Table (3). In 13 patients (43.33%) with purely
cystic tumors, 8 patients (26.7%) had CR, 3 patients
(10%) had PR and one (3.3%) had SD that required
infrequent aspiration, while one patient (3.3%) had PD
with a total tumor control rate of 92.3% (12/13). In 17
patients (56.7%), with mixed solid and cystic tumors
3 patients (10%) had CR, 8 patients (26.7%) had PR,
4 patients (13.3%) had SD that required infrequent
aspirations, while two patients (6.7%) had PD with a
tumor control rate of 88.2% (15/17). The overall tumor
control rate was 90% (27/30). (Figures 1,2,3,4).

Survival analysis:

The median follow-up duration was 48 months
(range from 12 -70 months ). At 5-years PFS and
OS were 86.6% and 90%, respectively. (Figures 5,
6). The median time to disease progression was 60
months (95% confidence interval 50.05-62.95%).
The median survival was 62 months (95% confidence
interval 52.76-64.24%).

Correlation between the tumor control and
survival analysis were studied in relation to patients
and lesions variables. Tumor control and survival
analysis were not found to be correlated significantly
with the patient age, prior surgery, tumor type (pure
cyst or mixed tumor), cyst volume or radiation dose.

Side effects after radiation therapy:

In the current study, The most frequent side effect of
RT observed in all patients were loss of hair (alopecia)
and mild skin erythema in areas of irradiation. By using
aradiation dose ranged from 50 to 57.6 Gy (median 52.2
Gy), no patient developed sever toxicity to normal tissue
structures, radiation necrosis or secondary malignancies.
However, late hypopituitarism were developed in 5
patients (16.6%) with growth retardation that required
hormonal replacement therapy.

Table 1: Characteristics of 30 patients with cystic craniopharyngioma.

Classification
Characteristics
No. % No. %
Age <16 years 19 63.33 >16 years 11 36.66
Sex Males 16 53.33 Females 14 46.66
Tumor type Purely cystic 12 40 Mixed 18 60
Occurrence Primary 6 20 Recurrent 24 80

Craniotomy and tumor excision

24 80

Previous Treatment

Ventriculo-peritoneal shunt 4 13.33
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Table 2: Clinical findings in the 30 patients prior to the drainage procedure.

Symptoms and/or sings No. of cases %
Headache 15 50
Depressed mental status 5 16.6
Related to visual dysfunction

. . 73.3
- Reduced visual acuity 22 533
- Visual field deficits 16 33'3
- Combined reduced visual acuity and visual field deficits 10 23' 3
- Papilloedema 7 3 O
- Optic atrophy 9
Related to endocrine dysfunction
- Increased prolactin level

S 4 13.3
- Panhypopituitarism 2 40

(growth retardation, diabetes insipidus, asthenia)
Related to hypothalamic manifestations
- Hyperphagia, obesity 4 13.3
- Disturbed state of sleep and wakefulness 3 10
Table3: Tumor response after treatment in the 30 patients.
Nature of the tumor
Response
Purely cystic Mixed Total
No. % No. % No. %

Complete response (CR) 8 26.7 3 10 11 36.7
Partial response (PR) 3 10 8 26.7 11 36.7
Stable disease (SD) 1 33 4 133 5 16.6
Progressive disease (PD) 1 33 2 6.7 3 10
Total 13 433 17 56.7 30 100

Figure 1: Sagittal gadolinium enhanced MRI obtained in a 15 years-old boy who underwent previous craniotomy and partial
excision of a craniopharyngioma. A: a recurrent mixed tumor with the solid part extending into the supra- and retro-sellar region.
Following ORS placement and RT, the cyst required infrequent aspiration over a period of 3 months followed by spontaneous
cyst regression. B: sagittal and C: coronal cuts performed 26 months following ORS placement showing significant cyst
involution and marked regression of the solid part.
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Figure 2: Coronal gadolinium enhanced MR1 obtained in a 47 years-old male who underwent previous craniotomy for craniopharyngioma.

A: early image following ORS placement showing a recurrent grossly cystic tumor with a small solid component. The cyst required
aspiration in few occasions over a period of 4 months during which the patient received RT. B: image obtained 36 months following
treatment showing complete solid tumor and cyst regression. Black arrow points to the ORS catheter within the cyst lumen.

Figure 3: Sagittal gadolinium enhanced MRI obtained in a 17 years-old male. A: a sellar and supra-sellar cystic craniopharyngioma
with minimal solid component. Following ORS placement, the cyst required a single episode of aspiration followed by spontaneous
regression and the patient received RT. B: solid tumor and complete cyst regression 42 months following treatment.

- '. ., v oo RL 3 left
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Figure 4: Sagittal gadolinium enhanced MRI. A: a cystic craniopharyngioma in a 16 years-old female. B: obtained 12 months
following ORS placement and RT showing marked cyst regression which revealed only CSF on subsequent aspiration. C:
obtained 14 months later showing complete cyst regression. Black arrow points to the ORS catheter.
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Figure 5: Kaplan- Meier Estimate of 5-years PFS of 30
patients with cystic craniopharyngioma.

DISCUSSION

Craniopharyngioma very frequently presents as
cystic component (about 80% of cases and almost
100% of recurrences)®. For the past decade, the
management of craniopharyngioma has emphasized
both long term quality of life and tumor removal.
Unfortunately, high rates of post-operative
morbidity particularly hypothalamic  damage,
visual deterioration and endocrine complications,
which occur in 30-70% of patients were noted'*!12,
Radical resection remains important for patients
with amenable solid or mixed tumors®".Continued
advances in limited surgery and RT have maintained
excellent local disease control while minimizing
treatment-related sequle' 6.

The  surgical  treatment of  recurrent
craniopharyngioma is considered more

Challenging than primary surgery because scars
produced by previous surgery may

Enhance the technical difficulty of second surgery
and therefore increase the risks of morbidity and
mortality>*. As a result, many authors who prefer
to perform radical resection in the first surgery
recommend RT or multimodal approach as a salvage
treatment of recurrent cases>*.

Special therapeutic options are open to treat grossly
cystic craniopharyngioma. Given that this tumor is
histologically benign, in theory it should be enough:
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Figure 6: Kaplan- Meier Estimate of 5-years OS of 30
patients with cystic craniopharyngioma

1. To reduce production of fluid in the cyst and/
or
2. To prevent accumulation and encourage its

discharge either to the outside or into the CSF
pathways. The first goal is difficult to achieve
due to the neoplastic nature of the cyst wall so,
itis necessary to act by means which reduce its
proliferation. This can be obtained by RT via
the intracavitary route'™'® or via the external
route"'®. The second goal, that is drainage
of the cyst contents, is a palliative treatment
which can be easily and rapidly achieved™.

In many cases frequent drainage procedures
are required, the indwelling Ommaya reservoir
system was adopted by Fox" for draining a
recurrent cystic suprasellar tumor that was
probably a craniopharyngioma. Other studies have
since documented the indications and the safety
of implantation of this type of access into cystic
craniopharyngioma®*?'. However, clear evaluation of
clinical results is somewhat difficult due to the few
reports that regard such treatment as therapeutic “per
se”?. In this prospective study, the effectiveness of
this method combined with external beam RT were
evaluated by assessment of the early post-operative
results, the long term outcome with regard to the
clinical and local tumor control, survival analysis and
treatment related toxicity.

The ORS was implanted stereotactically in
24 patients (80%) for recurring grossly cystic
craniopharyngiomas already treated surgically in
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one or 2 occasions. In 6 other patients (20%) with
purely cystic craniopharyngioma, drainage of the cyst
was carried out in the first instance, followed by RT
aiming at control the cyst wall production of fluid
which necessitated frequent aspirations.

Technical problems with the stereotactic placement
of ORS in cyctic craniopharyngiomas have rarely
been discussed?. One of the main technical obstacles
is the difficulty of penetrating the cyst capsule due to
its consistency as well as the presence of multilocular
partitions which prevent the complete drainage of
the cyst contents®. In the present study, patients were
selected on the basis of having unilocular cyst with
thin non-calcified wall in the pre-operative imaging
to avoid these problems.

Another major technical difficulty has been in
achieving adequate catheter placement because of
the proximity of these cysts to normal CSF spaces
or partial collapse of the cyst cavity following
aspiration®'. In the present study, this difficulty was
tried to be overcome by pre-operative selection of
patients having cysts with craniocaudal length of 2
cm or more and the target was chosen in the bottom of
the cyst. In doubtful cases, an intra-operative lateral
X-ray screening was performed in order to ensure
that the catheter tip was placed at the selected target
which is represented by the centre of the side ring of
the stereotactic arc.

Although  complications  following  these
procedures are very rare, reports of frontal lobe
hemorrhage and subarachnoid hemorrhage resulting
in death have been documented®. In the present
study, no hemorrhage was encountered in any case as

Cleared by early post-operative CT scan. Possible
late complications related to the use

Of ORS include infection and obstruction of the
catheter with debris or viscous fluid. Rogers and
Barnett” reported a series of 20 patients who had
ORS placed to access cystic brain tumors with no
case of infection or obstruction of the catheter.

In the current study, there was no case of
infection, while catheter obstruction with debris was
encountered in 3patients (10%) and necessitated
revision.

In the literature, the operative mortality ranges
from 0 to 14% and averages 3.7% in a multiseries
review?*?26, In the present study, no operative

mortality was encountered. However, 2 patients
(previously treated by subtotal resection) died 2 and
5 months following treatment despite local tumor
control by performing periodic aspiration and no
radiological evidence of tumor progression. Such
late mortalities, not related to recurrent tumor, are
well known in the literatures and have been attributed
to acute endocrinological deficits, infections or
seizures?’%,

The growth of the solid component in mixed
craniopharyngioma is problematic. Periodic cyst
aspiration does not affect progression of the solid
component of the tumor or prevent production of fluid
in the cyst. In this context, the efficacy of RT in the
control of craniopharyngiomas has been documented
in many reports>*!*. Rajan et al.?’ reported the results
of 148 patients treated with limited surgery followed
by RT and 45% of patients were children. The median
radiation dose was 50Gy. The 10 and 20 year OS and
PFS were 83%, 79% and 77%, 66%, respectively. Age
<l6year was the most important prognostic factor. An
important indicator of radiation efficacy in this study
was the lack of impact of extent of surgery on PFS%,

In another study from Institute Gustave Roussy,
37 children with craniopharyngiomas received RT
(median dose of 50Gy). In 19 patients (51.4%),
irradiation was part of initial management and in
18 cases (48.6%) it was administered at the time of
relapse. After a mean of follow- up of 98 months
the 10 year OS and PFS were 65% and 56.6%,
respectively. Surgical resection and higher dose of RT
(>50Gy) were significantly correlated with superior
PFS*.

Isaac Yang et al.* identified studies publishing
outcome data on patients undergoing surgery for
craniopharyngioma. There were 442 patients who
had tumor resection. Gross total resection (GTR)
was achieved in 256 cases, subtotal resection (STR)
followed by RT in 85 cases. The 5-year PFS for the
GTR group vs. the STR followed by RT group were
67% vs. 69%. The 5-year OS for the GTR group vs.
the STR followed by RT group were 98% vs. 99%.
There was no significant difference in PFS or OS
between the two groups. These data seem to support
the idea that STR followed by RT is a the reasonable
approach to achieve tumor control and limiting
hypothalamic and hypophyseal morbidity associated
with aggressive resection®.

Similar results were seen in the study of Stripp et
al.*! They found that when comparing the 57 patients
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treated with surgery alone to the 18 patients treated
with STR followed by RT(median dose 54Gy), a
significant difference in local control rates at 5 years
was noted (92% vs. 53%, respectively p = 0.004).
However, no statistically significant difference in OS
was found between the two groups, because RT was
highly effective as salvage therapy*'.

Comparable results were found in the present
study, at the time of the final evaluation of the 30
patients, the overall tumor control rate was 90%
(92.3% for purely cystic and 88.2% for mixed tumors)
and 73.3% of patients showed complete

Or marked reduction of their cysts without
requiring further aspiration. The 5-year OS

Was 90% and 5-year PFS was 86.6%. Tumor
control and survival analysis were not found to
be statistically dependant on the patient age, prior
surgery, tumor type (pure cyst or mixed tumor), cyst
volume or radiation dose.

RT techniques continue to evolve with the
use of modern 3D conformal RT utilizes CT and
MRI for target localization. Advances in patient
immobilization, computer hardware and software
tools such as beam’s eye views, dose-volume
histograms, 3D dose calculations, computer-driven
multileaf collimators and stereotactically guided
irradiation have all increased the potential for
improving the therapeutic ratio following RT*32,

Stereotactic radiosurgery (SRS) and fractionated
stereotactic radiotherapy (SRT) are increasingly being
used in the management of craniopharyngioma. The
use of stereotaxis for target localization, treatment
planning and daily treatment immobilization allows
for a more precise delivery of radiation dose when
compared to conventional external beam irradiation.
SRT and SRS could thus improve tumor control
rates and decrease the incidence of acute and late
complications®.

In a study of 98 patients treated with SRS, the
reported PFS was 61% at 5-years®*. Because of
close proximity of craniopharyngiomas to the optic
chiasm, it is likely that only small residual lesions
were treated with SRS to avoid optic neuropathy
which occurs in 1-2% of patients following doses to
the optic chiasm below 10 Gy. The reported results
of SRS for such tumors suggest that tumor control
following SRS is inferior to that achieved with
SRT30,33.

Combs et al.*? reported the results of 40 patients
treated with SRT. Most patients were treated for
tumor progression after surgery. The median target
dose was 52.2 Gy. Local tumor control was 100% at
both 5 and 10 years. OS rates at 5 and 10 years were
97% and 89%, respectively*. Minniti et al."* reported
similar results in 39 patients treated with fractionated
stereotactic conformal RT (SCRT), with a PFS rate of
92% and an OS rate of 100% at 5 years. Local tumor
control and toxicity were comparable to the results
reported following conventional RT".

Intensity-modulated RT (IMRT) makes it possible
to modulate the radiation intensity of each small
beamlet, e.g., 1x1 cm, of a certain field to get uneven
dose distribution intentionally. With this, optimality
of dose conformality can be much improved**. Puget
et al.* have reported no treatment failures with this
approach at a 14-month follow-up?*. Meanwhile, there
are also pitfalls in precision RT. The volume included
in low isodose line from RT plan using multifield is
1.5-2 times larger than those from simple bilateral
plan. Another point is prolonged time for each RT
session in practical aspect and this can definitely add
workload in busy departments®*.

Another important issue is the timing of RT. It is
currently still discussed controversially whether RT
should be applied early in the time course or should
be reserved for tumor recurrence. Regine et al.*
reported 78% survival rate at 20 years in children
treated at the time of diagnosis as opposed to 25% in
children treated for recurrence®.

However other studies reported that RT is
effective both adjuvantly and at relapse (31,34,36).
Moon et al.** found that there was no difference in OS
(84.6 vs. 89.6%) or PFS (91.2 vs. 91.3%) at 10 years
between early RT and late RT**.

The external beam radiation dose for
craniopharyngioma that represents the best balance
of tumor control and a low complication rate has not
been defined. Most published studies reported similar
tumor control with doses between 50 and 60 Gy'->!43!,
However, doses over 55 Gy were associated with an
increased incidence of late toxicity without significant
improvement in tumor control. Concerns about the
maximum dose to the optic chiasm and optic nerves
precludes treatment to higher doses®.

Other radiation modalities using stercotactic
technique such as intracavitary irradiation with beta
emitting radioisotopes have been utilized with better
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sparing of normal tissue'®. In the study of Hasegawa
et al.* patients were treated with stereotactic 32P
intracavitary irradiation. The 5-year OS was 90% and
tumor control rate was 76%. The procedure proved
to be effective with low risk of complication, for the
control of tumor cysts but not of solid tumor'®.

Many studies reported good preliminary results
of intracyctic bleomycin in the treatment of cystic
lesions and cystic recurrences®’***°. Intracyctic
bleomycin is effective in inducing at least more
than 25% shrinkage of the craniopharyngioma cyct
in up to 90% of patients®. At a mean follow-up of
2-7 years (the range of means for the studies), 43-
70% of patients required no treatment in addition to
bleomycin®’#*4! but there is no information about
the durability of the bleomycin effect at 10 years
or longer. In the Canadian experience*, which is
similar to the other reported series, 94% responded
to intracyctic bleomycin, but the duration of response
was < lyear in 47%. Fatal complications from
bleomycin leakage were reported in the literature®!.
Hader et al.*? reported leaks in almost 45% of their
cases, 2 weeks after catheter insertion*?,

Hypopituitarism represents the most commonly
reported late complication of RT, occurring in more
than 30-50% of irradiated patients after 5-10 years'.
The incidence following conservative surgery and
RT is low (22%) compared to the (80%) incidence
following radical surgery". The incidence appears
to be dose dependent, at levels higher than 60 Gy
hypopituitarism may be as high as 80% vs. 36%
incidence at lower doses’. In the present study new
endocrine deficiencies were noted in 5 children
(16.6%) who developed late growth retardation.

Visual deterioration occurring during RT has been
well documented and is usually attributed to cystic
progression and/or hydrocephalus. Cyst aspiration
alone reverses vision loss when performed in a timely
manner'®, In the current study 16 patients (53.3%)
required cyct aspiration in the time period during, or
after RT. Improvment of vision occurred in 70% of
20 patients (14/20) with preoperative impairment of
visiual acuity and/or field of vision. Optic neuropathies
and/or necrosis may also occur secondary to RT and
appear to be dose dependent.

Minniti et al.*® have not experienced any
occurrences of optic neuritis or necrosis when the
optic apparatus is treated to 54-55.8 Gy in 1.8-Gy
fractions, a consensus dose in the Literature®*.The
same observation was found in the current study.

The risk of a radiation-induced secondary malignancy
is estimated to be 1.9% at 10 years. literature review
done by Erin and Thomas, found that, Of the 626
patients who received conventional radiation, there
were only 4 reports of secondary malignancies®. In
the present study no patient developed secondary
malignancy.

CONCLUSION

Treatment of cystic craniopharyngiomas
by percutaneous aspiration via ORS implanted
stereotactically combined with RT can be
considered as a definitive treatment option in cases
of cystic recurrences already treated surgically. If a
craniopharyngioma presented primarily in a purely
cystic form, a draining operation may be indicated
as a primary treatment in order to overcome rapidly
the pressure manifestations and aiming at achieving
complete and spontancous regression of the cyst by
creating a communication between the cyst and the
surrounding CSF spaces. Even if this objective is
not achieved, the drainage procedure is expected to
improve the results of subsequent treatment using RT
by reducing the volume of the target and overcoming
problems related to the fluid portion of the tumor on
which the ionizing radiation has no effect. However,
children with craniopharyngioma remain vulnerable
to late treatment failures and side effects from RT
including endocrinopathy and vasculopathy and
secondary tumors, which may have a detrimental
impact on quality of life. Long-term follow-up
beyond 5 and 10 years is necessary to assess tumor
control relative to functional outcomes.
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