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ABSTRACT

Purpose: To review on outcomes of Phosphorus-32 (3P) intracavitary irradiation for
Craniopharyngiomas.

Methods: A literature review of all full publications in English biomedical journals (1981-2014)
was performed. The search strategy included a combination of key words “phosphorus-327,
“craniopharyngioma”, “intracystic treatment”, “brain”, “cyst”, “tumor”, “brachytherapy”,
“intracavitary irradiation”, “isotope” in the title and abstract of the manuscripts using the PubMed.
The major findings were summarized, with a focus on outcome as visual acuity, complications,
cyst volume, and irradiation dose delivered to the cyst wall in Gy. Finally, the future of 32P
intracavitary irradiation for Craniopharyngiomas was explored.

Results: A total of 25 citations were identified and screened. In all, 19 citations were eligible
for inclusion. The synthesis of the data showed several benefits and adverse events for 32P
intracavitary. Overall benefits included improvements in visual, endocrinological, and neurological
outcomes, while adverse effects included complications such as III palsy and diabetes insipidus.
Conclusion: In general *?P intracavitary irradiation was found to be a reasonable option in
treatment of highly selected patients with newly diagnosed or recurrent cystic craniopharyngioma.
This approach can be expected to overcome some limitations introduced by other approaches

with a relatively low complication rates.
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INTRODUCTION

Craniopharyngioma is a cyst brain tumor that develops
near the pituitary gland. It is more common among children
and young adults and constitutes approximately 10% of
all brain cysts in young people !. However, it can be found
in people of any age. Craniopharyngiomas are almost
always histologically benign (World Health Organization
grade I), but can cause compressing or infiltrating of
the surrounding structures, such as the optic chiasm,
hypothalamus, and the floor of the third ventricle %3

The most common symptoms are visual disturbances
and endocrine deficiencies *. The three most commonly
applied treatment choices include complete excision
of the tumor surgically, partial removal followed by
radiation therapy or Stereotaxic intracavitary irradiation
(brachytherapy). Benign lesions in the brain could be cured
if amenable to total or partial surgical resection, although
gross total resection of craniopharyngioma is not always
curative and may be associated with significant additional
morbidities 2. Stereotaxic intracavitary irradiation
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(brachytherapy) using beta and gamma radiation-
emitting radionuclides remain treatment modality for this
challenging disorder. For the first time in 1967 Leksell,
et al. described Stereotaxic intracavitary irradiation of
cystic craniopharyngiomas using Phosphorus-32 (*2P)
chromic phosphate 3. Subsequent application of this
technique using a variety of different beta and gamma
radiation-emitting isotopes such as rhenium-186 ('*Re),
yttrium-90 (*°Y) and gold-198 (1*8Au) has been described
by a number of authors ¢7. However, ideal radionuclides
for internal irradiation must have a short half-life, easy
clinical applicability, and be a pure beta emitter °.

Although individual studies showed benefits for
phosphorus-32 intracavitary irradiation for treating
craniopharyngiomas, we were interested to investigate on
overall results that are benefits and adverse effects. Thus,
the main purpose of this review was to evaluate benefits
and adverse outcomes of phosphorus-32 intracavitary
irradiation for treating patients with CPs. It was hoped
the findings from this review could help clinicians to
make right decision for improved patients’ safety and
health status.

MATERIAL AND METHODS
A brief introduction to treatment of cystic CPs
with 32P intracavitary irradiation

Instillation of isotopes such as **P directly within
cystic portions is a treatment of choice for patients
with CPs. A multi-disciplinary team of neurosurgeons,
radiation oncologists, and radiation physicists should
perform the treatment. The treatment includes two
main procedures: aspiration of the cyst fluid, and 32P
injection. The localization of the cysts will be determined
using stereotactic techniques. The cyst volume should
be estimated based on preoperative CT or MRI and the
treating contoured cyst cavity will be indicated by radiation
therapy treatment planning systems as GammaPlan in
order to find out the dose needed for a given patient. Then,
a solution (the **P colloidal phosphate/saline) should be
prepared for injection based on the cyst volume. In fact
the 3%P colloidal phosphate/saline solution should meet the
appropriate concentration of 3P and the solution typically
diluted with saline ®, with appropriate activity volume.
The required activity could be calculated by several
approaches. As such some investigators suggested that
the required activity should assume uniform distribution
of the colloid in the cyst and a dose of typically 300 Gy
to the cyst wall using the following formula to calculate
the actual activity: [0.1365(Dose in Gy) x vol(ml)] /
0.455 8. Consequently a skull opening must be made

for either the placement of a semi-permanent tube into
the cyst or to provide an avenue for the direct injection
of the ¥P into the cyst °. In order to determine whether
there is any possible leakage of the P to the outside of
the target cyst, bremsstrahlung scanning of the target cyst
is recommended by single photon emission computed
tomography (SPECT) equipment in intervals up to the
third day of post-instillation. Then, clinical follow-up
visit is needed. The shrinkage of the cyst and relaxation
of symptoms/signs are both should be considered
for evaluating the effectiveness of the treatment.
The effectiveness could be assured if the cyst size is
considerably shrunk based on the WHO standard '°. The
benefits of treatment of cystic CPs with *’P intracavitary
irradiation might include visual improvement, a better
endocrinology and neurological function.

Search strategy

A literature search was performed using PubMed
to identify potentially relevant publications. The
search strategy included a combination of key words
“phosphorus-32”, and “craniopharyngioma”, “intracystic
treatment”, “brain”, “cyst”, “tumor”, “brachytherapy”,
“Intracavitary irradiation “, “isotope” in the titles/abstract
of publications. Since the first study of phosphorus-32
intracavitary irradiation for CPs was published in 1981,
time interval was set from 1981 to end of December
2014. The initial search was carried out in early 2014
and updated two times in 2014 (September, and October)
and once in April 2015.

Inclusion and exclusion criteria

The reference points for this study were the date of
initial phosphorus-32 intracavitary irradiation procedure.
All research articles using the 32P in CPs were included.
Papers were excluded if the topic was about other disease
conditions.

Data synthesis

The data obtained from each study were synthesized
by providing descriptive tables reporting authors’ names,
publication year, study setting, study sample, discase
conditions (where relevant data were available), and the
main findings or conclusions. The findings were then
sorted and presented chronologically.

RESULTS
Statistics

A total of 25 citations were identified and screened.
Overall 6 papers were found irrelevant (Dosimetric
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Figure 1. Relevant manuscript selection process.

method =5, only assess cyst wall = 1). Thus, 19 citations
were examined for eligibility and were included in this
review (Figure 1).

(i) Visual outcome

Visual improvement or stable condition was
reported ranging from 63% to 95.5% for primary and
adjuvant treatment after phosphorus-32 intracavitary
irradiation ®%!""1>. Some studies reported that no
difference in visual deterioration between patients who
received primary or adjuvant treatment °. In general vision
impairment was reported for less than 10% of patients
12, However, a study reported that vision improved in
15-30% after *2P but has been reported to worsen in
27-58% 1°.

(ii) Endocrinological outcome

Patients with preoperative endocrine abnormalities
showed almost complete normalization or had improvement
in endocrine function. Patients who exhibited residual
neuroendocrine function before isotope instillation
developed no significant deterioration in endocrine
status during the follow-up period 26-8%1LI4IS17-19
Some studies reported that no endocrine preservation
difference was noted between patients who received
either primary or adjuvant treatment *2°. However, a
study found that endocrine function worsened in 25% 7.
Overall studies showed that more than 70% of patients
had stable endocrine function after treatment '.

(iii) Neurological outcome

Pollock et al. reported that no difference was noted
between primary and adjuvant treatment patients with
respect to neurological outcome after phosphorus-32

intracavitary irradiation °. Kickingereder et al. reported
that 13.7 % of patients had experienced transient
neurological deficits after instillation of 32P. They also
reported that neurological outcome improved (31.4%)
and remained unchanged (52.9%) at last clinical follow-
up '2. Overall, patients with preoperative neurological
deficits showed either stabilized or improved after
treatment &!421:22, Some studies reported that cognitive
disturbances were disappeared completely in all affected
patients and Hemiparesis improved significantly in
patients 21220,

(iv) Adverse effects and complications

Injected *?P can leak from the cystic wall resulting
in toxic damage to both the optic chiasm and optic
nerve '*. However, Hasegawa et al. observed visual
deterioration because of adverse effects of 3P in 6.1 %
of their patients '4. Albeit, some studies reported that
no permanent visual acuity or visual field impairments
were related to instillation of P !2. No mortality
rate was reported due to 32P procedures 2. Reported
complications included III palsy 2!, manifested signs of
a slowly progressive dementia !!, and diabetes insipidus
in 4% 7. A study reported New-onset diabetes insipidus
in 18% of patients who had normal posterior pituitary
function preoperatively °.

(v) Using this approach

All of study’s reported that stereotaxic *?P intracavitary
irradiation was a safe and effective treatment which may
be considered for cystic CPs 26-8%11-15,17-25,

(vi) General findings

1. Quality of life and survival: The data from the literature
prove that intracystic 32P improves the rate of survival
and quality of life in patients with CPs '2. Studies
have shown that the 5- year and 10-year survival
rates in children were approximately 100% and 80%
respectively 1418,

2. Re-growth and recurrences rate: Overall, progression
occurred in all patients during the first year after
treatment 9,'2. The shrinkage of the cyst following
32P or other beta-emitting radioisotopes begins after
several months and becomes stable after 6 months to 1
year °. Barriger et al. reported an overall cyst control
rate of 67% with intracystic 32P 8.

The recurrence rate of CPs after 3*P was reported
ranging from 1% to 14.3% 722, However, recurrence
rates after this procedure have not been reported by
many of investigators. The *?P has been reported to
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be ineffective with regard to development of new 4,
cysts or the progression of solid tumor parts 3142021,
Out-of-field control was reported that significantly
superior for cystic CPs than for mixed solitary cystic
tumors.'? Some studies reported that no difference was
noted between patients who received either primary
or adjuvant treatment with respect to cyst control °.

3. The intracavitary irradiation times: The intracavitary
irradiation times with *?P is not limited and is an

advantage of this method and were reported from 1

Treatment volume and dose to the cyst wall: The
treatment volumes were reported from 1.0 ml, 18 up
to 126 ml 7. In addition, *2P doses require adjustment
to cyst volume. Dose to the cyst wall reported from
90 Gy °, to up to approximately 500 Gy '8.

We summarized the findings in Table 1 to 3.

DISCUSSION

The present work is the first identifiable review on

outcomes of *2P intracavitary irradiation for cystic CPs.

to 4 '8,

The findings provided a summary of relevant publications

Table 1. Studies on visual outcome on intracavitary brachytherapy using stereotactically applied phosphorus-32 colloid for treatment of cystic

craniopharyngiomas.
Irradiation
internal cyst dose
Author(s)* Year Country Sample size (n) wall (median follow up delivered to Re-growth and Adverse e.effe?ts and Resul.ts/
recurrences rate complications Conclusion(s)
volume) the cyst wall
in Gy.
Kobayashi 1981 Japan 4 25cc Median 405 Two patients had Deleterious side- One patient
etal. > 90.75 tumor re-growth and effects occurred in one complained of
(Ranging one patient died due  patient. One patient nausea, headache,
from 69 to tumor re-growth 13 died due to tumor re- and blurred vision of
to 156) years after the initial —growth 13 years after the left eye 6 hours
months treatment the initial treatment after injection of 32p.
Lunsford 1982 USA 10 Not Between 250-300 Recurrences was not  Complication was not ~ Between 1 and 15
etal. ¢ accessible 1 and 15 observed observed months after surgery
months craniopharyngioma
cyst regressed.
Visual, deficits
either stabilized or
improved.
Taasan 1985 USA 3 8.6 ml 8 months 0.34 mCi No rate of recurrence Side effects and No reported
etal. » data has been complications were
accumulated at the not observed. There
time of report. was no instance of
radionuclide leakage
outside of the target
cyst.
Kumar 1986 USA 1 Sml 2 year 0.5 mCi No recurrence There were no The patient’s
etal. > was observed in postoperative symptoms were
retreatment of complications from relieved, and he is
recurrent cystic the procedure, and the ~ without evidence
patient was discharged of disease or cystic
the next day on fluid accumulation
tapering doses of four years after
prednisone. intracavitary (32)P
irradiation
Pollack 1988 USA 9 ranged from ranged 200-300 Because of recurrent No complications ~ Three of five patients
etal. !l 2.8to 80 ml from 14 to symptoms, one patient  resulted from the with impaired visual
45 months required a craniotomy initial isotope acuity before surgery
(mean 27 14 months after instillation. No had significant
months) isotope instillation  patient demonstrated improvement in
deterioration in acuity after treatment.
CT evidence of Preoperative visual
radiation injury to the field defects in eight
surrounding brain. patients improved
in four after 32p
therapy.
Anderson 1989 USA 7 Not Not Not Two patients received No observed Visual acuity
etal. 13 accessible  accessible  accessible single treatments improved in 13 eyes
with 32P, whereas and remained stable
five required in 1. Visual fields
multiple instillations normalized in three
for recurrent cyst patients, improved
expansion. in two, and remained
stable in two.
10 International Clinical Neuroscience Journal ® Vol 3, No 1, Winter 2016



Review of Outcomes of *2P Intracavitary Irradiation for CPs—Azimi et al

Table 1. Continued

internal cyst

Irradiation
dose

Author(s)®" Year Country Sample size (n) wall (median follow up delivered to Re-growth and Adverse ?ffe?ts and Resul'ts/
recurrences rate complications Conclusion(s)
volume) the cyst wall
in Gy.
Lunsford 1994 USA 32 Ranged from  Ranged 200-250 Two patients No mortality or Visual acuity
etal. ' 1.8to 126 ml  from 6 to had evidence of morbidity was and visual fields
(median 6.1) 116 months progressive growth of observed due to after stereotactic
(median the solid components procedure. intracavitary
31) of their tumor, and irradiation (n=26)
both eventually were assessed
underwent repeat improved (n=4),
microsurgery. unchanged
(n=15), delayed
worsening (n=7),
and improved(n=8),
unchanged (n=10),
and delayed
worsening (n=8),
respectively
Pollock 1995 USA 30 The mean median  The primary Phosphorus-32 New-onset diabetes Visual acuity and
etal.® treated cyst  follow-up  treatment intracavitary insipidus occurred fields improved or
volume was was 37 group was irradiation resulted in 3 of 17 patients were unchanged
greater in months  calculated to  in cyst regression in (18%) who had in 69% of patients
the adjuvant  (mean 46  receive an 28 of 32 treated cysts normal posterior undergoing primary
treatment months, average of (88%). Ten patients pituitary function treatment of their
group range 267 Gy (range (33%) have had tumor preoperatively. craniopharyngioma,
compared to 7- 116 178 to 400  progression requiring Three patients (10%) compared to 59%
the primary ~ months). Gy) to the further surgical died: two of tumor of patients having
treatment cyst wall over intervention. progression, and one 32P intracavitary
group (16.8 five half-lives of unrelated causes. irradiation as
ml vs. 5.9 of the 32P, adjuvant treatment.
ml); compared No difference was
to 240 Gy noted between
(range 167 to primary and adjuvant
326 GY) for treatment patients
the adjuvant with respect to
treatment visual deterioration
group after phosphorus-32
intracavitary
irradiation.
Voges 1997 Germany 62, a total of 78  The median The Cumulative Three of eight There was neither Six months
etal. 2 craniopharyngioma  volume of median dose to the cysts treated with operative nor postoperatively,
cysts. Eight of the cysts  observation inner surface 32P disappeared perioperative visual deficits
78 cysts were was 18.5 cc  time was of the cyst completely and four of morbidity or mortality. ~ had improved in
treated with (range, 2.2-  11.9 years wall, 200 Gy eight cysts partially. Cyst leakage, 61% patients and
[32P]chromic 330.0 cc) (range, However, recurrence ~ which never caused ~ were stable in 39%
phosphate 1.5-16.4 was not observed. any sequelae, was patients.
yr). documented in 1 of
8 patients after 32P
instillation. Because
of its shorter range in
tissue and longer half-
life, the application
of 32P instead of 90Y
may help to reduce
side effects
Tianetal. 7 1997 China 50 28-126 cm3  Follow-  1.2-5.6 mCi Tumor recurrence was There were no One month after the
(average 38  up at 1-5 observed in 2 cases  operative deaths and  operation, 46 (92%)
cm3). years death in 2 patients (1 ~ patients improved
(average from diabetes, another  clinically: visual
2.6 years) from septicaemia). acuity improved
in 56% (28/50) of
cases, visual fields
improved in 52%
(24/46).
Schefter 2002 7 mean tumor 50 months, Cumulative Recurrence was No complication was  None of the patients
etal. 2 size of (range dose to the observed in 1 case observed. who had normal
approximately 20-116  inner surface vision prior to
2.5cm months). of the cyst treatment suffered
wall, 200 Gy a decline in vision

following their initial

therapy.
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Table 1. Continued

Irradiation
internal cyst dose
Author(s)®" Year Country Sample size (n) wall (median follow up delivered to Re-growth and Adverse ?ffe?ts and Resul'ts/
recurrences rate complications Conclusion(s)
volume) the cyst wall
in Gy.
Hall etal. '7 2003 USA 1 1 ml 1 month 20 000 cGy No No complication was  Patient experienced
observed an improvement in
both his visual fields
and visual acuity
following treatment
with P32 within a few
days after surgery.
Hasegawa 2004 USA 49 mean, 13 ml  The mean mean, 224 Gy The actuarial survival Hasegawa et al. After treatment, 9
etal ' follow-up rates were 90% at observed visual (23%) of 40 patients
periods 5 years after the deterioration because who underwent
were 7 diagnosis and 80% of adverse effects of preoperative and
years after at 10 years. The 32Pin 6.1 % of their  postoperative visual
diagnosis actuarial tumor cyst patients testing were found
and 4 years control rates were to have delayed
after (32)P 76% at 5 years and worsening in visual
treatment 70% at 10 years after function, 6 as a result
the diagnosis. During of tumor progression
follow-up, six patients and 3 attributed to
(13%) developed new irradiation. Nineteen
cysts and three had patients (48%) had
cyst progression cysts. improved visual
function and 5 (29%)
had worsened visual
function.
Albright 2005 USA 12 ranged from mean, 25 200-250 Gy = Two child had cyst There was no Visual preservation
etal. 2! 2.1to 145 months progression after mortality or morbidity ~ or improvement.
cm3, with a initial 32P treatment in patients from
mean of 30 primary treatment
cm3. with 32P.
Shahzadi 2008  Iran 22 26.5 (range: median 250 The mean+/-SD Two patients Visual function
etal.? 4.5 -186.6) of 10.5 survival after eventually died of improved in six
mL months intracavitary tumor progression.  patients and remained
10.5(range: irradiation was 25.4+/-  There was neither  stable in 15 patients;
3-120) 6.8 months In eight intra- nor peri- one experienced
months (36%) patients, was  operative mortality.  deterioration of the
repeated irradiation. Infection ensued after  visual acuity and
the procedure in. field.
three patients. No cyst
leakage as detected
with gamma camera
examination during
the first 48 hr, was
found in the patients.
Floyd 2009 USA 1 0.5 mL 6 months 20 000 cGy The second recurrence There were no Visual function
etal. ¥ was cystic, and complications, and the improved
confined to the sella. patient was discharged
A minimally invasive, home on postoperative
transnasal endoscopic day one.
approach was selected
for the instillation
of phosphorus 32
radionucleotide
into the cyst At six
months, there was no
progression of the cyst
Zhao et al. '* 2010 China 20 28.7 ml median 400 Fourteen patients No operative Visual disturbances
follow-up approximately  (70%) had tumor  morbidity or mortality after the last
was 47.7 500 progression and was found from therapy were no
months required further P-32 intracavitary change (n=5),
(ranging two to four times irradiation. alleviated(n=13),
from 36 intracavitary absent (n=1), and
to 336 irradiation. worsening (n=1)
months)

12
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Table 1. Continued

internal cyst
Author(s)R Year Country Sample size (n) wall (median follow up
volume)

Irradiation
dose
delivered to
the cyst wall
in Gy.

Re-growth and
recurrences rate

Adverse effects and
complications

Results/
Conclusion(s)

2011 USA 22 9 ml. median
follow-up
was 62
months
(range
8-136

months)

Barriger
etal. ®

300

Overall cyst control
rate after the initial
P-32 treatment was
67%. Complete tumor
control after P-32 was
42%. Kaplan-Meier
1-, 3-, and 5-year
initial freedom-from-
progression rates
were 68%, 49%, and
31%, respectively.
Following salvage
therapy, the Kaplan-
Meier 1-, 3-, and
S-year ultimate
freedom-from-
progression rates were
95%, 95%, and 86%,
respectively.

Intracystic P-32 can
be an effective for
controlling cystic

components of
craniopharyngiomas,
but frequently
were allowed for
progression of solid
tumor components.

Disease progression
in the form of solid
tumor progression,

re-accumulation
of cystic fluid, or
development of new
cysts may require
further radiotherapy or
surgical intervention
for optimal long-term
disease control. All
patients were alive at
the last follow-up.

Sixteen patients
had pre- and post-
treatment visual
testing records.
Nine evaluable
patients had normal
pre-treatment visual
acuity/fields, of
which 1 worsened
after treatment
Pre-treatment visual
deficits were present
in 7 patients, and
2 worsened after
treatment. Overall,
visual function was
stable or improved in
81% when compared
prior to P-32 therapy.

53 6.1 ml. Median
clinical
follow-up
was 60.2

months

Kickingereder 2012 Germany
etal. 2

200

Actuarial tumor cyst
control was 86.0 =
5.3 % at 12, 24, and
60 months. Actuarial
overall progression-
free survival was
79.4+6.1,72.4
6.8, and 45.6 £ 8.7
% at 12, 24, and 60
months, respectively.
The procedure does
not, however affect
the development
of new cysts or the
progression of solid
tumor parts.

Stereotactically
applied (32) P was
associated with a low
risk of permanent
morbidity.

Visual function
improved in 12, was
unchanged in 34,
and worsened in 5
patients, correlating
with tumor
progression in each
case.

and might be useful to guide future research in this area.
Stereotactically applied *2P was found to be a reasonable
option and a safe and effective treatment that can be
expected to provide accurate results with a relatively
low complication rates in highly selected patients with
newly diagnosed or recurrent cystic CPs.

The aim of therapy for CPs is local control and
improvement of tumor-related symptoms. The target
tissue is the cyst wall, which is only millimeters thick 26.
Gross total resection of CPs is the best initial treatment
option. It is technically challenging since the tumor is
surrounded by vital structures, and nearly all CPs have
an attachment to the pituitary stalk, and limited visibility
in some of region during the surgery 2”-*%. Complications
of gross total resection include the need for hormone
replacement, obesity 2°, severe behavioral problems,
blindness, seizures, spinal fluid leak, false aneurysms,
and difficulty with eye movements 2°. Rare complications
of gross total resection include death from intraoperative

International Clinical Neuroscience Journal ® Vol 3, No 1, Winter 2016

hemorrhage, hypothalamic damage, or stroke 26. However,
if alternatively conservative surgery with incomplete
tumor removal is performed, it might be associated
with a high recurrence rate, which itself is associated
with high mortality and morbidity 2°. Yet, if needed,
radiation therapy combined with surgery may be used in
patients for prevent early progression 3°. Complications
of radiation include loss of pituitary hormonal function,
cognitive dysfunction, development of late strokes and
vascular malformations, delayed blindness, development
of second tumors, and, rarely, malignant transformation
of the primary tumor within the radiation field 3'%, It
is argued that radio-surgery as Gamma Knife, limits the
rate of radiation complications and gives better primary
cure and recurrence rates for CPs 3. But, in selected
cases, small and medium sized targets (i.e. less than 3.5
centimeters) are safely treated with radiosurgery 263,
Meanwhile, tumor progression remains a possibility, and
it is typically not likely to repeat the radiation dose *.
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Table 2. Studies on endocrinological outcome on intracavitary brachytherapy using stereotactically applied phosphorus-32 colloid for treatment

of cystic craniopharyngiomas.

internal cyst

Irradiation

dose

Re-growth and

Adverse effects and

Author(s) B Year Country Sample size (n) wall (median follow up delivered to L Results/Conclusion(s)
recurrences rate complications
volume) the cyst wall
in Gy.
Kobayashi 1981 Japan 4 25cc Median 405 One patient Two Deleterious side- No reported
etal. 2 90.75 patients have tumor  effects occurred in
(Ranging re-growth and one one patient. One
from 69 patient died due to patient died due to
to 156) tumor re-growth 13 tumor re-growth 13
months years after the initial years after the initial
treatment treatment
Lunsford 1982 USA 10 Not Between 250-300 Recurrences was not Complication was not  Between | and 15
etal.® accessible 1 and 15 observed observed months after surgery
months craniopharyngioma
cyst regressed.
Endocrinological
deficits either
stabilized or
improved.
Taasan 1985 USA 3 8.6 ml 8 months 0.34 mCi No rate of recurrence Side effects and No reported
etal. 23 data has been complications were
accumulated at the  not observed. There
time of report. was no instance of
radionuclide leakage
outside of the target
cyst.
Kumar 1986 USA 1 Sml 2 year 0.5 mCi No recurrence There were no The patient was
etal. was observed in postoperative well, now six years
retreatment of complications from of age, four years
recurrent cystic the procedure, and  after retreatment with
the patient was intracavitary chromic
discharged the next 32p.
day on tapering doses
of prednisone.
Pollack 1988 USA 9 ranged from ranged 200-300 Because of recurrent ~ No complications ~ Of seven patients with
etal ! 2.8to 80 ml from 14 to symptoms, one patient  resulted from the  preoperative endocrine
45 months required a craniotomy initial isotope abnormalities, one
(mean 27 14 months after instillation. No individual showed
months) isotope instillation  patient demonstrated almost complete
deterioration in normalization
CT evidence of and another had
radiation injury to the improvement in
surrounding brain. endocrine function.
Patients who
exhibited residual
neuroendocrine
function before
isotope instillation
developed no
significant
deterioration in
endocrine status
during the follow-up
period.
Anderson 1989 USA 7 Not Not Not Two patients received No observed No reported
etal. accessible  accessible  accessible single treatments

with 32P, whereas
five required
multiple instillations
for recurrent cyst
expansion.

14
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Table 2. Continued

internal cyst

Irradiation
dose

Author(s) R¢f Year Country Sample size (n) wall (median follow up delivered to Re-growth and Adverse ?ffe?ts and Results/Conclusion(s)
recurrences rate complications
volume) the cyst wall
in Gy.
Lunsford 1994 USA 32 Ranged from  Ranged 200-250 Two patients No mortality or Endocrinological
etal. ' 1.8to 126 ml  from 6 to had evidence of morbidity was outcomes were
(median 6.1) 116 months progressive growth of observed due to assessed in 26 cases.
(median the solid components procedure. 22 cases had no
31) of their tumor, and change from their
both eventually preoperative status
underwent repeat and 6 had delayed
microsurgery. deterioration in one
or more pitiuitary
hormonal axes.
Seven cases had
completely normal
endocrinological
function
preoperatively; 4
had preservation of
endocrinological
function, but 3 had
deterioration (manifest
by development of
diabetes insipidus
in 1 case, reduced
cortisone function
in 1 case, and
panahypopituitarism
in 1 case).
Pollock 1995 USA 30 The mean median  The primary Phosphorus-32 New-onset diabetes  Fifteen patients had
etal. treated cyst  follow-up  treatment intracavitary insipidus occurred residual anterior
volume was was 37 group was irradiation resulted in 3 of 17 patients pituitary function
greater in months  calculated to  in cyst regression in (18%) who had before intracavitary
the adjuvant  (mean 46  receive an 28 of 32 treated cysts normal posterior irradiation and 10
treatment months, average of (88%). Ten patients pituitary function (67%) retained their
group range 267 Gy (range (33%) have had tumor preoperatively. preoperative endocrine
compared to 7- 116 178 to 400  progression requiring Three patients (10%) status. No difference
the primary ~ months). Gy) to the further surgical died: two of tumor was noted between
treatment cyst wall over intervention. progression, and one primary and adjuvant
group (16.8 five half-lives of unrelated causes. treatment patients
ml vs. 5.9 of the 32P, with respect to
ml); compared endocrine preservation
to 240 Gy after phosphorus-32
(range 167 to intracavitary
326 GY) for irradiation.
the adjuvant
treatment
group
Voges 1997 Germany 62, a total of 78  The median The Cumulative Three of eight There was neither The preoperative
etal. 2 craniopharyngioma  volume of median dose to the cysts treated with operative nor status did not change
cysts. Eight of the cysts  observation inner surface 32P disappeared perioperative in patients with
78 cysts were was 18.5 cc  time was of the cyst completely and four of morbidity or endocrine dysfunction.
treated with (range, 2.2- 11.9 years wall, 200 Gy eight cysts partially. mortality.
[32P]chromic 330.0 cc) (range, However, recurrence Cyst leakage,
phosphate 1.5-16.4 was not observed. which never caused
yr). any sequelae, was

documented in 1
of 8 patients after
32P instillation.

Because of its shorter

range in tissue and
longer half-life, the
application of 32P
instead of 90Y may
help to reduce side
effects
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Table 2. Continued

internal cyst

Author(s) R¢f Year Country Sample size (n) wall (median follow up

Irradiation
dose
delivered to

Adverse effects and
complications

Re-growth and
recurrences rate

Results/Conclusion(s)

volume) the cyst wall
in Gy.
Tianetal. 7 1997 China 50 28-126 cm3  Follow-  1.2-5.6 mCi Tumor recurrence was There were no One month after the
(average 38  up at 1-5 observed in 2 cases  operative deaths and  operation, 46 (92%)
cm3). years death in 2 patients patients improved
(average (1 from diabetes, clinically: diabetes
2.6 years) another from insipidus resolved
septicaemia). in 61% (11/18).
CT re-examination
confirmed the
postoperative
shrinkage of the
tumour in 46 (92%)
cases.
Schefter 2002 7 mean tumor 50 months, Cumulative Recurrence was No complication was The preoperative
etal. 2 size of (range dose to the observed in 1 case observed. status did not change
approximately 20-116  inner surface in patients with
2.5cm months).  of the cyst endocrine dysfunction
wall, 200 Gy
Hall etal. '7 2003 USA 1 1 ml 1 month 20 000 cGy No No complication was Endocrine status has
observed remained normal both
before and after the
treatment with P32.
Hasegawa 2004 USA 49 mean, 13 ml  The mean mean, 224 Gy The actuarial survival Hasegawa et al. Of 17 patients
etal. ' follow-up rates were 90% at observed visual who had normal
periods 5 years after the deterioration because preoperative pituitary
were 7 diagnosis and 80%  of adverse effects of function or stalk
years after at 10 years. The 32Pin 6.1 % of their  effect, 12 (71%) had
diagnosis actuarial tumor cyst patients. preserved.
and 4 years control rates were
after (32)P 76% at 5 years and
treatment 70% at 10 years after
the diagnosis. During
follow-up, six patients
(13%) developed new
cysts and three had
cyst progressioncysts.
Albright 2005 USA 12 ranged from mean, 25 200250 Gy  Two child had cyst There was no Endocrine
etal.?! 2.1to 145 months progression after mortality or preservation
cm3, with a initial 32P treatment morbidity in patients
mean of 30 from primary
cm3. treatment with 32P.
Shahzadi 2008  Iran 22 26.5 (range: median 250 The mean+/-SD Two patients The anterior pituitary
etal.? 4.5 -86.6) of 10.5 survival after eventually died of function did not
mL months intracavitary tumor progression. change in any patients.
10.5(range: irradiation was 25.4+/-  There was neither Diabetes insipidus
3-120) 6.8 months In eight intra- nor peri- improved in one
months (36%) patients, was  operative mortality.  patient, persisted in

Infection ensued
after the procedure
in. three patients.
No cyst leakage as
detected with gamma
camera examination
during the first 48
hr, was found in the
patients.

repeated irradiation.

two, and developed in
one patient after the
procedure.
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Table 2. Continued

internal cyst

Irradiation
dose

Author(s) R¢f Year Country Sample size (n) wall (median follow up delivered to

volume)

the cyst wall
in Gy.

Re-growth and
recurrences rate

Adverse effects and
complications

Results/Conclusion(s)

Floyd
etal. ¥

2009 USA

1 0.5 mL 6 months

20 000 cGy The second recurrence

was cystic, and
confined to the sella.

A minimally invasive,

transnasal endoscopic

approach was selected

for the instillation
of phosphorus 32
radionucleotide
into the cyst At six
months, there was no

progression of the cyst

There were no
complications, and
the patient was
discharged home on
postoperative day
one.

There were no
complications related
to endocrinological
outcome

Zhao et al. '® 2010 China

20 28.7 ml median

follow-up approximately

was 47.7
months
(ranging
from 36
to 336
months)

400

500

Fourteen patients
(70%) had tumor
progression and
required further
two to four times
intracavitary
irradiation.

No operative
morbidity or
mortality was
found from P-32
intracavitary
irradiation.

GH deficiency
ACTH deficiency,
TSH deficiency and
Hyperprolactinemia
pre- and postoperative
were 14/20 (70%),
14/18 (78%), 15/20
(75%), 7/20 (35%);
and 14/20 (70%),
11/18 (61%), 10/20
(50%) and 10/20
(50%), respectively.

Barriger 2011 USA

etal.®

22 9 ml. median
follow-up
was 62
months
(range
8-136
months)

300

Overall cyst control
rate after the initial
P-32 treatment was
67%. Complete tumor
control after P-32 was
42%. Kaplan-Meier
1-, 3-, and 5-year
initial freedom-from-
progression rates
were 68%, 49%, and
31%, respectively.
Following salvage
therapy, the Kaplan-
Meier 1-, 3-, and
5-year ultimate
freedom-from-
progression rates were
95%, 95%, and 86%,
respectively.

Intracystic P-32 can
be an effective for
controlling cystic

components of
craniopharyngiomas,
but frequently
were allowed for
progression of solid
tumor components.

Disease progression

in the form of solid
tumor progression,

re-accumulation
of cystic fluid, or
development of
new cysts may
require further
radiotherapy or
surgical intervention
for optimal long-term
disease control. All
patients were alive at
the last follow-up.

Nineteen patients
had pre- and post-
treatment endocrine
function data available
from medical records.
Five patients had
normal pre-treatment
pituitary function,

9 patients had pre-
treatment partial
pituitary deficiency,
and 5 patients had
panhypopituitarism.
Of the 5 patients
with normal pre-
treatment pituitary
function, 2 retained
stable function, 2
developed partial
pituitary deficiencies,
and 1 developed
panhypopituitarism.
Overall, Pituitary
function remained
stable in 74% of
patients following
P-32 therapy.

Kickingereder 2012 Germany
etal. 12

53 6.1 ml. Median
clinical
follow-up
was 60.2

months

200

Actuarial tumor cyst
control was 86.0 +
5.3 % at 12, 24, and
60 months. Actuarial
overall progression-
free survival was
79.4+6.1,72.4
6.8, and 45.6 + 8.7
% at 12, 24, and 60
months, respectively.
The procedure does
not, however affect
the development
of new cysts or the
progression of solid
tumor parts.

Stereotactically
applied (32) P was
associated with a low
risk of permanent
morbidity.

Endocrinological
deterioration occurred
for 10 patients;
for nine patients
this was a result of
tumor progression
or after tumor
resection and for one
it was attributed to
irradiation.
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Table 3. Studies on neurological outcome on intracavitary brachytherapy using stereotactically applied phosphorus-32 colloid for treatment of
cystic craniopharyngiomas.

Author(s) . internal c'yst lrra.dlatlon dose Re-growth and Adverse effects and Results/
Ref Year Country Sample size (n) wall (median follow up dellvered'to the recurrences rate complications Conclusion(s)
volume) cyst wall in Gy.
Kobayashi 1981 Japan 4 25¢cc Median 405 Two patients have Deleterious side- One patients
etal. 90.75 tumor re-growth and effects occurred in developed third
(Ranging one patient died due one patient. One nerve palsy
from 69 to tumor re-growth 13 patient died due to
to 156) years after the initial ~ tumor re-growth 13
months treatment years after the initial
treatment
Lunsford 1982 USA 10 Not Between 250-300 Recurrences was not Complication was not Between 1
etal. © accessible 1 and 15 observed observed and 15 months
months after surgery
craniopharyngioma
cyst regressed.
Neurological
deficits either
stabilized or
improved.
Taasan 1985 USA 3 8.6 ml 8 months 0.34 mCi No rate of recurrence Side effects and No reported
etal. data has been complications were
accumulated at the time not observed. There
of report. was no instance of
radionuclide leakage
outside of the target
cyst.
Kumar 1986 USA 1 Sml 2 year 0.5 mCi No recurrence was There were no The patient was
etal. observed in retreatment postoperative well, now six
of recurrent cystic complications from years of age,
the procedure, and four years after
the patient was retreatment with
discharged the next intracavitary
day on tapering doses chromic 32p.
of prednisone.
Pollack 1988 USA 9 ranged from ranged 200-300 Because of recurrent No complications One patient
etal. ! 2.8to 80 ml from 14 to symptoms, one patient  resulted from the manifested signs
45 months required a craniotomy initial isotope of a slowly
(mean 27 14 months after isotope instillation. No progressive
months) instillation patient demonstrated dementia. No
deterioration in other patient
CT evidence of demonstrated
radiation injury to the  deterioration
surrounding brain. in neurological
function.
Anderson 1989 USA 7 Not Not Not accessible ~ Two patients received No observed No reported
etal. accessible  accessible single treatments
with 32P, whereas
five required
multiple instillations
for recurrent cyst
expansion.
Lunsford 1994 USA 32 Ranged from  Ranged 200-250 Two patients had No mortality or 13 cases had
etal. 1.8 to 126 ml  from 6 to evidence of progressive morbidity was preoperative
(median 6.1) 116 months growth of the solid observed due to headache
(median components of their procedure. syndromes; 9
31) tumor, and both had resolution
eventually underwent and 2 had no
repeat microsurgery. change. One case

had subsequent
worsening of
headache and
underwent
microsurgery.
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Table 3. Continued

internal cyst

Irradiation dose

Author(s) Year Country Sample size (n) wall (median follow up delivered to the Re-growth and Adverse ?ffe?ts and Resul.ts/
Ref . recurrences rate complications Conclusion(s)
volume) cyst wall in Gy.
Pollock 1995 USA 30 The mean median The primary Phosphorus-32 New-onset diabetes Fourteen of 20
etal.® treated cyst  follow-up treatment group intracavitary irradiation insipidus occurred adult patients
volume was was 37 was calculated resulted in cyst in 3 of 17 patients (70%) continued
greater in months to receive an regression in 28 (18%) who had to perform at
the adjuvant  (mean 46  average of 267 of 32 treated cysts normal posterior their preoperative
treatment months, Gy (range 178 to  (88%). Ten patients pituitary function functional level;
group range 400 Gy) to the  (33%) have had tumor preoperatively. 3 of 5 pediatric
compared to 7- 116 cyst wall over  progression requiring Three patients (10%) patients who were
the primary ~ months).  five half-lives further surgical died: two of tumor age appropriate
treatment of the 32P, intervention. progression, and one at the time
group (16.8 compared to of unrelated causes. of treatment
ml vs. 240 Gy (range continued to
5.9 ml); 167 to 326 Gy) develop normally.
for the adjuvant No difference
treatment group was noted
between primary
and adjuvant
treatment patients
with respect to
neurological
outcome after
phosphorus-32
intracavitary
irradiation.
Voges 1997 Germany 62, a total of 78  The median The Cumulative Three of eight cysts There was neither ~ Tumor outcomes
etal. 2 craniopharyngioma  volume of median  dose to the inner treated with 32P operative nor were observed
cysts. Eight of the cysts  observation surface of the disappeared completely perioperative completely
78 cysts were was 18.5cc  time was  cyst wall, 200  and four of eight cysts morbidity or response (n=3),
treated with (range, 2.2-  11.9 years Gy partially. mortality. partial response
[32P]chromic 330.0 cc) (range, However, recurrence Cyst leakage, (n=4) and stable
phosphate 1.5-16.4 was not observed. which never caused disease (n=1).
yr). any sequelae, was Cognitive
documented in 1 disturbances
of 8 patients after disappeared
32P instillation. completely in all
Because of its shorter affected patients.
range in tissue and Hemiparesis
longer half-life, the improved
application of 32P significantly in
instead of 90Y may patients.
help to reduce side
effects
Tianetal. 7 1997 China 50 28-126 cm3  Follow- 1.2-5.6 mCi Tumor recurrence was There were no One month after
(average 38  up at 1-5 observed in 2 cases  operative deaths and the operation, 46
cm3). years death in 2 patients (92%) patients
(average (1 from diabetes, improved
2.6 years) another from clinically:
septicaemia). headache
diminished in 80%
(35/44), vomiting
disappeared in
84% (31/37),
and hemiplegia
improved in
71% (10/14). CT
re-examination
confirmed the
postoperative
shrinkage of the
tumour in 46
(92%) cases.
Schefter 2002 7 mean tumor 50 months,  Cumulative Recurrence was No complication was  No significant
etal. 2 size of (range dose to the observed in 1 case observed. neurologic
approximately 20-116  inner surface of sequelae were
2.5cm months).  the cyst wall, observed.

200 Gy
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Table 3. Continued

internal cyst

Irradiation dose

Author(s) Year Country Sample size (n) wall (median follow up delivered to the Re-growth and Adverse ?ffe?ts and Resul.ts/
Ref . recurrences rate complications Conclusion(s)
volume) cyst wall in Gy.
Hall etal. 7 2003 USA 1 1 ml 1 month 20 000 cGy No No complication was  Patient returned
observed to work full-time
one month after
surgery.
Hasegawa 2004 USA 49 mean, 13 ml The mean mean, 224 Gy  The actuarial survival Hasegawa et al. In this study,
etal. '* follow-up rates were 90% at observed visual patients did not
periods 5 years after the deterioration because undergo detailed
were 7 diagnosis and 80% at  of adverse effects of neuropsychological
years after 10 years. The actuarial 32Pin 6.1 % of their evaluations before
diagnosis tumor cyst control rates patients. and after surgery.
and 4 years were 76% at 5 years The majority of
after (32)P and 70% at 10 years patients were able
treatment after the diagnosis. to return to their
During follow-up, preoperative level
six patients (13%) of functioning and
developed new cysts maintained this
and three had cyst level in the long
progression. term.
Albright 2005 USA 12 ranged from  mean, 25 200-250 Gy Two child had cyst There was no Neurocognitive
etal. 2! 2.1to 145 months progression after initial mortality or preservation
cm3, with 32P treatment morbidity in patients
a mean of from primary
30 cm3. treatment with 32P.
Shahzadi 2008  Iran 22 26.5 (range: median 250 The mean+/-SD Two patients No cognitive
etal.? 4.5 -86.6) of 10.5 survival after eventually died of disturbance
mL months intracavitary irradiation tumor progression. was observed
10.5(range: was 25.4+/-6.8 There was neither in the patients.
3-120) months In eight (36%) intra- nor peri- Hemiparesis
months patients, was repeated  operative mortality. improved in
irradiation. Infection ensued one patient after
after the procedure intracranial
in. three patients. irradiation with
No cyst leakage as 32P.
detected with gamma
camera examination
during the first 48
hr, was found in the
patients.
Floyd 2009 USA 1 0.5 mL 6 months 20 000 cGy The second recurrence There were no No complications
etal. ¥ was cystic, and complications, and was observed
confined to the sella. the patient was
A minimally invasive, discharged home on
transnasal endoscopic postoperative day
approach was selected one.
for the instillation
of phosphorus 32
radionucleotide
into the cyst At six
months, there was no
progression of the cyst
Zhao et al. '* 2010 China 20 28.7 ml median 400 Fourteen patients No operative All 20 cases
follow-up  approximately (70%) had tumor morbidity or achieved tumor
was 47.7 500 progression and mortality was shrinkage or
months required further two to  found from P-32 stabilization with
(ranging four times intracavitary intracavitary effective outcome
from 36 irradiation. irradiation. 3-6 months after
to 336 the last P-32
months) therapy.
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Table 3. Continued

Author(s)
Ref

Year Country Sample size (n)

internal cyst

volume)

Irradiation dose
wall (median follow up delivered to the

cyst wall in Gy.

Re-growth and
recurrences rate

Adverse effects and
complications

Results/
Conclusion(s)

Barriger 2011 USA

etal.®

22 9 ml. median
follow-up
was 62
months
(range
8-136
months)

300

Overall cyst control
rate after the initial
P-32 treatment was
67%. Complete tumor
control after P-32 was
42%. Kaplan-Meier
1-, 3-, and 5-year
initial freedom-from-
progression rates were
68%, 49%, and 31%,
respectively. Following
salvage therapy, the
Kaplan-Meier 1-, 3-,
and S-year ultimate
freedom-from-
progression rates were
95%, 95%, and 86%,
respectively.

Intracystic P-32 can
be an effective for
controlling cystic

components of
craniopharyngiomas,
but frequently
were allowed for
progression of solid
tumor components.

Disease progression
in the form of solid
tumor progression,

re-accumulation
of cystic fluid, or
development of
new cysts may
require further
radiotherapy or
surgical intervention
for optimal long-term
disease control. All
patients were alive at
the last follow-up.

Three patients
had cranial nerve
(CN) deficits:

1 developed a
unilateral CN6
deficit that
spontaneously
resolved over
the course of 1
year, 1 patient
was blind from
complications of
a prior surgical
procedure over
10 years before
presenting with
recurrent disease,
and the patient
who received 4
separate P-32
procedures
developed bilateral
superior temporal
quadrantanopsia.

Kickingereder 2012 Germany
etal. 2

Median
clinical
follow-up
was 60.2
months

53 6.1 ml.

200

Actuarial tumor cyst
control was 86.0 +
5.3 % at 12, 24, and
60 months. Actuarial
overall progression-free
survival was 79.4 £ 6.1,
72.4+ 6.8, and 45.6 +
8.7 % at 12, 24, and 60
months, respectively.
The procedure does
not, however affect the
development of new
cysts or the progression
of solid tumor parts.

Stereotactically
applied (32) P was
associated with a low
risk of permanent
morbidity.

Within six months
of IBT seven
patients (13.7

%) experienced
transient
neurological
deficits and two
patients (3.9
%) deteriorated
permanently
(hemiparesis and
third nerve palsy).

Some CPs with a large cystic component and recurrent
cystic tumor may be treated by stereotaxic delivery of
32P or other radioactive compounds ¥!%1835 although
none have shown efficacy against solid portions of
the tumor. In general there is no consensus as to the
ideal treatment of diagnosed CPs. Very few data exist
to compare the different procedures in terms of quality
of life or recurrence rate. For this reason, treatment is
individualized. So, future studies are needed to clarify
these issues.

Four radionuclides as '%°Re, *°Y, *® Au and 3P have been
used in intracavitary therapy of cystic CPs. *® However,
there is controversy regarding the ideal isotope '2. The 3P
has a pure beta-emitting radionuclide with an ideal mean
energy of 0.69 MeV, the maximum penetration pathway
of beta irradiation in soft tissue is 7.9 mm (the mean
2.63mm), and less than 50% of the given dose penetrates
beyond 0.8 mm 2*3¢. Meanwhile, compared to **P, '%Re
has a lesser tissue penetration (less than 50% of the given
dose penetrates beyond 0.3 mm) and then edematogenic

International Clinical Neuroscience Journal ® Vol 3, No 1, Winter 2016

effects are likely to be less in normal brain *°. In addition
compared to 90Y, the risk of radiation injury to adjacent
visual pathways may be reduced with 32P !2, Finally, at
present, '%°Re, ®Au and *°Y are not generally available
in all treatment centers. The advantages of using **P
include its general availability and the greater experience
with this radionuclide compared to other radionuclides 3%,

The radiation dose used in previously reported series
ranges from 50 to 1000 Gy !, and the optimum and
safe dose to the cyst wall may be between 90 and
300Gy *'32425, Additionally, cell culture studies of CPs
cells have revealed that a **P dose of 50 puCi / ml for
48 hr results in irreversible cellular damage (fibrosis of
the wall) *°. Nearly in 20 studies the prescribed dose to
the cyst wall was between 200 and 300Gy. The optimal
prescribed dose to the cyst wall was reported to be 200—
300Gy *"-8. However, a number of studies reported that in
order to enhance the therapeutic efficiency, the radiation
dose was increased to 400-500 Gy '®2%. They showed
there was no development of adverse reactions or any
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damages in patients. High doses can be delivered to the
cyst preventing cyst volume re-accumulation and even
causing involution of some tumor cysts 2°. However, they
did not report on toxicity to adjacent sensitive structures °.
In addition, there is evidence that dose to the cyst wall
exceeding 400 Gy will result in significant increase in
risks especially to the optic apparatus *=°. Even with
these ideal physical characteristics of the 3?P source,
critical and radiosensitive structures, such as optic chiasm
and cavernous sinus should be monitored intensively
during the treatment planning step in order to prevent
accidental over dosage '°. The best dose to the cyst wall
is controversial. Recently based on film dosimetry data
and compared with Monte Carlo simulation, Sadeghi
et al. reported that a prescribed dose to the cyst wall
can be considered as follows: (a) dose rate in relation
to administered activity concentration for the cyst with
inner diameter between 3 and Scm is 7 (Gy/h) / (mCi/
cc) or 0.19 (Gy/h) / (MBg/cm3); (b) required activity to
achieve 200-300 Gy is A, (mCi) =58 x V (cm?), A,
(mCi) = 73 x V (cm?); and (c) for the first few hours
of 2P injection, cyst motion is necessary to achieve the
prescribed dose for treatment 37,

Janicki C et al. reported that a minimum treatment
volume of 0.5 ml (equivalent to approximately 1 cm in
diameter) is required for accurate dose calculation *°. In
contrast, there is evidence that cyst volumes exceeding
100 ml will not respond well 2!. Lunsford et al. also
reported that the technique only should be used for small
CPs (< 2.5 cm) that are, preferably, 2-3 mm or more
distant from the optic apparatus '°. It seems that several
considerations might be useful for selecting effective
minimum and maximum treatment volume including
thickness of cyst wall, dose to the cyst wall, and CPs
distance from vital parts. A 50% decrease in cyst volume
was usually apparent between the 2nd and 4th months.
A 70% decrease in cyst volume was seen by the 5th and
6th months and an 80% reduction by the 7th and 8th
months *'. Overall, an average of 75% shrinkage of the
initial cyst volume was reported in the literatures '2. In the
future, software simulations may help multidisciplinary
teams for best treatment planning.

Overall studies showed that compared with the
initial size, cyst volume was significantly reduced after
treatment with 32P 22225 Clinical outcomes including
visual, endocrinological, and neurological outcomes
were significantly improved and a fewer adverse effect
and complications were observed %%!!!3_ Thus, 3?P is an
excellent approach for treatment of cystic CPs. However,
for patients with mixed solitary-cystic tumors it is only

suitable as part of a multi-modal approach 2. A number
of theoretical explanations for these less successful results
reported by Julow et al. including: a) the cyst may not
shrink if the solid or mainly calcified part of the tumor
represents its major component; b) if the cyst is walled
in by the sella itself rather than secreting endothelium; or
¢) if the 3?P leaks out of the cyst into the subarachnoidal
space through the puncture hole .

Kickingereder et al. found that gender; age (children
vs. adults), tumor morphology (cystic vs.cystic-
solitary), previous treatment, and treated cyst volume
had no effect on the risk of in-field progression. They
are also reported that 3?P instillationis had no effect on
solid tumor parts or on the development of new cysts
12 Thus, patients with CPs will need life-time follow-
up #°. Although many researchers state their cure rate
in terms of 5 or 10 year follow up. Recurrences of this
tumor can occur remote from brachytherapy. There have
been reported a recurrence rates up to 57% even after
total removal as judged by post-operative scans, due
to their invasiveness *2. The follow-up could include
not only the possibility of tumor regrowth, but also
continued monitoring and cure of side-effects related
to brachytherapy and other adjuvant treatments. Hence,
it is recommended that cases will follow annually until
ten years after treatment with 3?P. This treatment can
be repeated as needed or used in combination with
other treatment methods as microsurgery, conformal
external radiation therapy, endoscopy, or stereotactic
radiosurgery. However, with the progress of neurosurgery
and nuclear medicine management, it is expected that
the recurrence rate will be reduced and survival period
will be extended '%.

CPs is considered very difficult lesions to treat due
to an extremely variable growth pattern **. Comparison
and evaluation of 32P intracystic will remain difficult on
all aspects. Although, randomized clinical trials (RCTs)
are the gold standard for evaluation of best treatment
plans, however, they are certainly difficult in the context
of rare tumors as CPs. To optimized and standardized
32P intracystic treatment, it is recommended that an
international center be considered to be performing
systematic evaluations and definitions.

This review has a number of limitations. Firstly, the
search strategy was limited to the key words in the titles/
abstracts of the publications. Thus, we might have missed
some papers. Secondly, the search engine was restricted
to PubMed. Thirdly, non-English publications were not
considered in this study. Thirdly, we included studies
that used mixed cyst sizes and locations (prechiasmatic,
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lateral, and infratentorial expansions) and thus providing
specific conclusion was not possible. Finally, Although
the brachytherapy method has emerged as less invasive,
effective, harmless, economical, and easy to perform and
valid technique to manage properly selected CPs, there
has been no any systematic study with large samples
comparing 3?P therapy alone with combined treatment
by surgery first and followed by 3?P in the literatures '8,

CONCLUSION

32P intracavitary irradiation is a reasonable option
in highly selected patients with newly diagnosed or
recurrent cystic craniopharyngioma. This method can be
expected to overcome some limitations with a relatively
low complication rates and a good quality of life.
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