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deficits4,10), or even death due to the close proximity of crucial 
neurovascular structures. Regardless of the therapeutic modali-
ty chosen, tumor recurrence is common14). Furthermore, sec-
ondary surgery to treat recurrent craniopharyngioma is associ-
ated with a higher risk of complications and a lower cure rate6). 
Subtotal resection (STR) combined with RT and radiosurgery 
(GKRS) is being used increasingly as either a primary or sec-
ondary treatment for patients with craniopharyngioma2,12). We 
report on our experience of treating children with craniopha-
ryngioma at our center.

MATERIALS AND METHODS

The clinical records of pediatric patients treated for cranio-
pharyngiomas between December 1995 and February 2011 

INTRODUCTION

Craniopharyngiomas are epithelial tumors that originate along 
the path of the craniopharyngeal duct15). They account for 2% to 
5% of all primary intracranial neoplasms and 5.6% to 13% of in-
tracranial tumors in children17). They are classified as intracrani-
al tumors of benign or unspecified behavior by pediatric cancer 
registries8). Current treatment strategies for craniopharyngiomas 
include cystic drainage, intratumoral chemotherapy, limited re-
section, or a combination of gross total resection (GTR) and ra-
diation therapy (RT). Surgery remains the treatment of choice 
because it allows rapid decompression, minimizes recurrence 
and provides a histological diagnosis. However, surgery can 
produce high treatment-related morbidity such as panhypopi-
tuitarism, diabetes insipidus, hypothalamic obesity, cognitive 
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erative tumor location was classified according to Sami’s classi-
fication16). Eight patients were classified as Grade 1 (intrasellar 
or infradiaphragmatic) and Grade 2 (occupying the cistern); 8 
patients were classified as Grade 3 (lower half of the third ven-
tricle); 13 patients met Grade 4 criteria (upper half of the third 
ventricle); and 6 patients were Grade 5 (reaching the septum 
pellucidum or lateral ventricle). The symptoms at initial presen-
tation included visual symptoms (13 patients), such as a visual 
field defect and decreasing visual acuity, nausea/vomiting (8 pa-
tients), endocrine abnormalities (7 patients), headaches (3 pa-
tients; 42.9%), dizziness (3 patients), and seizure (1 patient). 
Seven patients had endocrine abnormalities at the time of ini-
tial diagnosis. Baseline characteristics of the 35 patients strati-
fied by initial treatment are summarized in Table 1. 

Initially, GTR was performed in 30 patients and STR followed 
by RT was administered in 5 patients. The RT dosage of pa-
tients who underwent STR was 5400 cGy with a median frac-
tion size of 180 cGy. 

Twenty-eight patients had endocrine abnormalities that re-
quired endocrine hormonal replacement post-treatment. Cor-
ticosteroids and thyroid hormone replacement were required in 
80.0% of all patients. The frequency of diabetes insipidus in pa-
tients undergoing GTR was 56.7% compared with 100% in pa-
tients who underwent STR combined with postoperative RT. 
The difference in endocrine requirements and complications 
among the groups was not statistically significant because of the 
small number of cases (Table 2). One patient died of hormonal 

were reviewed. Thirty-five pediatric patients diagnosed with a 
craniopharyngioma were treated, and their medical records and 
imaging data were analyzed retrospectively. Inclusion criteria 
were as follows : 1) age less than 19 years, and 2) surgical resec-
tion with a histopathological diagnosis of craniopharyngioma. 
The initial tumor diameter was calculated as the average of the 
longest diameter and the two other diameters vertical to the 
longest one. The extent of resection was determined by analyz-
ing postoperative computed tomography scans and magnetic 
resonance imaging scans. A clinical and radiologic follow-up 
was performed three months after the diagnosis or initial treat-
ment and then at intervals of one to two years thereafter. Pro-
gression of craniopharyngioma was defined as tumor growth on 
sequential imaging with or without associated symptoms. The 
overall survival and progression-free survival rates were esti-
mated using the Kaplan-Meier method. Statistical analyses were 
performed using the Statistical Package for the Social Sciences 
(SPSS, version 18.0, SPSS Inc., Chicago, IL, USA). 

RESULTS 

The mean follow-up duration was 76 months (range, 10-195). 
The female-to-male ratio was 16 : 19, and the mean age was 8.6 
years (range, 1-17). The initial mean tumor diameter was 30.4 
mm (range, 14-55 mm). Calcification was found in 28 patients. 
Preoperative tumors were divided into three types : cystic (15 
patients), solid (13 patients) and mixed (7 patients). The preop-

Table 1. Baseline characteristics of 35 children with craniopharyngiomas stratified by initial treatment

All (n=35) GTR (n=30) STR followed by RT (n=5 )
F : M 16 : 19 13 : 17 3 : 2
Mean age (yrs) (range)  8.6 (1-17) 8.1 (1-17) 11.8 (6-17)
Mean F/U duration (months) (range)    78.7 (10-182)   79.1 (10-182)     76.0 (46-179)
Initial mean tumor diameter (mm)  32.6 (11-67) 31.8 (11-67)   37.7 (25-45)
Preoperative calcification of tumor (%) 28 (100) 24 (85.7)     4 (14.3)
Preoperative tumor type
    Cystic 15 13 2
    Solid 13 12 1
    Mixed   7   5 2
Preoperative tumor classification
    Grade 1 and Grade 2   7   7 0
    Grade 3   9   7 2
    Grade 4 13 10 3
    Grade 5   6   6 0
Initial presentation symptoms
    Headache   3   2 1
    Visual symptom 13 11 2
    Nausea/Vomiting   8   8 0
    Hormonal symptom   7   5 2
Dizziness and gait disturbance   3   3 0
    Seizure   1   1 0

GTR : gross total resection, STR : subtotal resection, RT : radiation therapy
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ond surgery because of hormonal insufficiency. The one patient 
who received RT only was prescribed a dosage of 5000 cGy. No 
recurrence had developed during the time from RT until the 
last follow-up. The remaining four patients underwent STR fol-
lowed by RT; their mean dosage was 3810 cGy (range, 1040-
5400 cGy). None of these four patients developed recurrence.

GKRS was administered to four patients. Leksell Gamma Knife 
types B or C (Elekta Instruments, Atlanta, GA, USA) were used 
for radiosurgery. The mean marginal dosage was 11.2 Gy (range, 
9-14 Gy), and the mean target volume was 1719 mm3 (range, 
424-6874). The local control rate of the lesions treated with GKRS 
was 100% (decreased in two patients and stable in two patients) 
at the final follow-up (mean, 75 months). A second recurrence 
did not develop in the patients who underwent RT and GKRS. 
The local tumor control rates for patients who received RT or 
GKRS was 100% at relapse (p=0.00) (Fig. 2). Two cases with re-
currence after STR followed by RT as an initial treatment were 

insufficiency 41 months after the first surgery. Another patient 
died of hormonal insufficiency 64 months after the first sur-
gery. However, patients did not exhibit severe functional dis-
ability. 

Progression-free was 51.2 months (range, 3-182): 49.7 months 
in the patients who underwent GTR and 60.2 months in those 
who received STR followed by RT (Table 3). Overall survival and 
local control rates at 10 years were 94.7±5.1% and 37.1±11.9%, 
respectively (Fig. 1).

In 14 patients (46.7%), the tumor recurred after GTR. The 
mean time from the initial diagnosis until recurrence after sur-
gery was 32.4 months (range, 5-108). Differences in tumor type 
and calcification were not significant in patients who had a re-
currence. Of 14 cases with a recurrence after GTR, 5 patients 
were treated with second surgery (GTR), 1 patient with RT, 4 
patients with GKRS, and 4 with STR followed by RT. 

 Recurrence developed in four patients among them who un-
derwent GTR as a secondary treatment. These four patients 
were treated with GKRS. Remaining one patient died after sec-

Table 2. Complications and endocrine requirements after treatment of 35 patients with craniopharyngioma according to initial treatment methods

Factor All patients (n=35) GTR (n=30) STR followed by RT (n=5)
Endocrine requirements
    Growth hormone 11 (31.4%)   9 (30.0%) 2 (40.0%)
    Corticosteroids 28 (80.0%) 23 (76.7%) 5 (100%)
    Thyroid hormones 28 (80.0%) 23 (76.4%) 5 (100%)
    Sex hormones   2 (0.57%)   2 (6.6%) 0 (0%)
Diabetes insipidus 22 (62.9%) 17 (56.7%) 5 (100%)
Deterioration of vision   4 (11.4%)   3 (10%) 1 (20.0%)
Seizure   0 (0%)   0 (0%) 0 (0 %)
CSF leakage   1 (2.9%)   1 (3.3%) 0 (0%)
Cranial nerve injury   2 (5.7%)   2 (6.7%) 0 (0%)
DM/obesity   1 (2.9%)   1 (1.5%) 0 (0%)
Perioperative mortality   0 (0%)   0 (0%) 0 (0%)
Post-operative hematoma   2 (5.7%)   1 (0.06%) 1 (0.1%)

GTR : gross total resection, STR : subtotal resection, RT : radiation therapy

0.0 0.0

0.2 0.2

0.4 0.4

0.6 0.6

0.8 0.8

1.0 1.0

0.00 0.0050.00 25.00100.00 50.00150.00 100.0075.00200.00 125.00
Time (months) Time (months)

Fig. 1. Graph showing overall survival and local control rates in 35 pa-
tients with craniopharyngiomas over the follow-up period. Overall sur-
vival and local control rates at 10 years are 94.7±5.1% and 37.1± 
11.9%, respectively.

Fig. 2. Graph showing local tumor control rates in 14 patients with re-
currence after initial treatment (GTR) stratified by radiation therapy (RT) 
or radiosurgery received (GKRS) (p=0.00). Five patients are treated with 
repeat surgery (GTR), 9 patients with RT or GKRS. GTR : gross total re-
section, GKRS : gamma knife radiosurgery, RT : radiation therapy, STR : 
subtotal resection.

Overall survival RT or GKRS with/without STR

Local control

Reoperation (GTR)
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GTR was achieved in 30 patients (85.7%). The local recurrence 
rate (14 patients, 46.7%) was slightly high compared with previ-
ous reports. The cause of our high local recurrence rate may be 
a minimal capsule or calcification around the tumor, which was 
closely adjacent to critical structures. 

The fine balance between decreasing neurological deficits and 
controlling local tumors has led to the use of radiation. Radia-
tion therapies, including fractionated radiation and stereotactic 
radiosurgery, are often applied postoperatively in the event of 
STR or tumor recurrence2,7,11,12,18,19).

Fractionated RT improves craniopharyngioma control and 
survival18) and is the standard treatment for residual or recur-
rent tumors. Most patient series have demonstrated that when 
combined with STR, adjuvant radiotherapy allows for greater 
tumor control and survival than surgery alone19). Dosages of 
5000-6000 cGy are most commonly used19). In our study, five 
patients underwent fractionated RT combined with STR as an 
initial treatment. The mean dosage was 5400 cGy with a medi-
an fraction size of 180 cGy, and the mean tumor size was 37.7 
mm (range, 25-45 mm). Recurrence developed in two of these 
five patients. The mean time to recurrence (16.0 months; range, 
3-29) was shorter compared with that of GTR. 

Of 14 cases with a recurrence after first surgery (GTR), 9 pa-
tients were treated with second surgery. However GTR could 
be achieved only in 5 patients due to adhesion to surrounding 
critical structures. 

Five patients who experienced recurrence of their tumor after 
GTR as an initial treatment underwent RT as a secondary treat-
ment. One of these patients underwent RT alone with a dosage of 

5000 cGy. No recurrence developed from 
the time of RT treatment through the last 
follow-up. The other four patients expe-
riencing a recurrence underwent STR 
followed by RT. Their mean dosage was 
3810 cGy (range, 1040-5400). Recur-
rence was not noted in these four pa-
tients.

Stereotactic radiosurgery is a relatively 
recent therapeutic option for craniopha-
ryngioma that has significantly improved 
the effectiveness of and morbidity associ-
ated with RT. Kobayashi11) published the 
largest treatment and outcomes series, 
which involved 98 cases. At a mean mar-
ginal dosage of 11.5 Gy and a mean tu-
mor size of 3.5 cm3, the tumor control 
rate was 79.6% with a complete response 
in 19.4% and a partial response in 67.4% 
of the cases. The actual five- and ten-year 
survival rates were 94.1% and 91%, re-
spectively, with respective PFS rates of 
60.8% and 53.8%. Young age was report-
ed to be a predictor of unfavorable out-

treated with GTR via a transnasal approach. No recurrence had 
developed during the time from repeat GTR until the last fol-
low-up. The characteristics of recurrent patients are summa-
rized in Table 4. 

DISCUSSION 

Current treatment strategies for craniopharyngiomas include 
cystic drainage, intratumral chemotherapy, limited resection or 
GTR, and RT. Radical resection at presentation offers the best 
chance of disease control and potential cure with acceptable 
morbidity3) because craniopharyngiomas are histologically be-
nign. However, surgery rarely obliterates the tumor completely. 
The ability to achieve GTR varies between 43-76% in published 
pediatric series4,10). Furthermore, local recurrence rates have been 
reported to range from 20-30% after GTR6,9) and from 70-100% 
after STR without adjuvant treatment10,20,21). To prevent recur-
rence, aggressive resection is required, which may result in se-
vere permanent neurologic injury and related complications, 
such as post-treatment endocrinopathy5,7), hypothalamic and 
frontal lobe damage and hypothalamic obesity4,10). In our series, 

Table 4. Characteristics of recurrent patients after treatment stratified by initial treatment

After GTR 
(n=14)

After STR followed by RT 
(n=2)

F : M 6 : 8 2 : 0
Mean age (yrs) (range) 8.5 (3-17)   12.0 (11-13)
Mean F/U duration (months) (range)   86.6 (21-167) 46.0 (46.0)
Mean time to recurrence (months) (range) 32.4 (5-108) 16.0 (3-29)
Initial mean tumor diameter (mm)    33.7 (16.5-50)          38.0 (36.3-39.7)
Preoperative calcification of tumor (%)     12 (85.7)        2 (100)
Preoperative tumor type
    Cystic 4 0
    Solid 6 1
    Mixed 4 1
Preoperative tumor classification
    Grade 1 and Grade 2 2 0
    Grade 3 3 1
    Grade 4 5 1
    Grade 5 3 0
Treatment modality after recurrence
    Repeat surgery (GTR) 5 2
    STR followed RT or GKRS 5 (RT 1, GKRS 4) 0
    RT 4 0

GTR : gross total resection, STR : subtotal resection, RT : radiation therapy, GKRS : gamma knife radiosurgery

Table 3. Median progression-free survival period stratified according to 
group

Treatment  Group Median progression-free survival period
All patients (range) 51.2 months (3-182)
GTR 49.7 months (4-182)
STR followed by RT 60.2 months (3-164)

GTR : gross total resection, STR : subtotal resection, RT : radiation therapy
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come after radiosurgery for craniopharyngioma. In our study, 
four patients received GKRS. Their mean age was 8.75 years 
(range, 3-11 years). The mean marginal dosage was 11.2 Gy 
(range, 9-14 Gy), and the mean target volume was 1719 mm3 
(range, 424-6874). The local control rate of the lesions treated 
with GKRS was 100% (decreased in two patients and stable in 
two patients) at the final follow-up (mean, 75 months), al-
though all patients were young. 

Nevertheless, the use of RT in malignant lesions in children 
has always posed a therapeutic dilemma; the risk of long-term 
toxicity must be balanced with the risk of recurrence. This issue 
is particularly challenging in the management of a benign neo-
plasm, such as craniopharyngioma, for which overall survival 
rates are 90-95% at five years and for which side effects from 
therapy or local progression of the disease can have devastating 
consequences5). 

Treatment-related side effects of RT have been well described 
in the literature and include endocrine, visual and cognitive se-
quelae as well as vasculopathy and secondary malignancies1,9,13). 
Side effects may occur acutely, but they are generally considered 
to be insidious9). In our study, no newly developed side effects 
or complications associated with RT or GKRS, such as visual 
disturbances, endocrine disorders or decreased cognitive func-
tion, were observed. This may be because all patients under-
went surgery as an initial treatment, and pre-radiation neuro-
logic symptoms were therefore already present.

Limitations of our study include the fact that it was a retro-
spective, non-randomized analysis with a relatively short fol-
low-up duration and a small number of cases. A single surgeon 
with considerable experience with craniopharyngioma per-
formed all surgical procedures. While a randomized controlled 
study is not practical at this time, a population-based prospec-
tive study may provide more reasonable evidence-based treat-
ment guidelines in the future.

CONCLUSION 

Optimal management of craniopharyngiomas remains highly 
debatable. Our results suggest that if safe resection is possible, 
surgery should be the treatment of choice to prevent tumor re-
currence. However, if the tumor is located near critical structures 
or if it recurs, subtotal resection combined with RT or GKRS may 
be effective both as an initial treatment for patients with a recur-
rent tumor and as a salvage treatment for recurrent lesions.  
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