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ABSTRACT 

 

Treatment outcome of pediatric brain tumor under the age of 3 

treated by intensity-modulated radiotherapy 

 

Joongyo Lee 

 

Department of Medicine 

The Graduate School, Yonsei University  

 

(Directed by Professor Hong In Yoon) 

 

Purpose: Central nervous system (CNS) tumors are the second most 

common cancers in children, and the most common cause of death 

among all childhood cancers. Although radiotherapy (RT) is imperative 

in the management of pediatric CNS tumors, radiation exposure to 

healthy tissues may lead to neurologic morbidity, which can seriously 

affect the patient’s quality of life. However, the need for adjuvant RT is 
emerging in patients below 3 years of age with CNS tumors. Nowadays, 

intensity-modulated radiotherapy (IMRT) allows for a sharp dose falloff, 

producing a rapid dose gradient along planning target volume (PTV). 

This makes it possible to distribute the PTV dose more homogeneously 

and to deliver lower doses to critical organs. In this background, we 

investigated the safety and feasibility of IMRT for pediatric CNS tumor 

patients below 3 years of age. 

Materials and Methods: A total of 18 pediatric CNS tumor patients 

below 3 years of age, who received local RT by IMRT between October 

2011 and August 2016 were included in the analysis. In surgery, 6 

patients, 4 patients, 5 patients, and 2 patients received gross total 

resection, near total resection, subtotal resection, and partial resection, 

respectively. Ten patients received chemotherapy, of which 9 patients 

received peripheral blood stem cell transplantation. Regarding RT, the 

median total dose was equivalent to a dose of 2 Gy fractions (EQD2) 

52.6 Gy (range, 34.6–60 Gy, α/β=3). Median age was 21.0 months (range, 
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10.7–33.0 months). The median size of the tumor at initial diagnosis was 

4.9 cm (range, 1.7–10.0 cm), and half of all the tumors were located in 

the infratentorial region. The most common pathology was anaplastic 

ependymoma (38.9%), followed by atypical teratoid/rhabdoid tumor 

(AT/RT) (22.2%). Treatment outcomes and neurologic morbidities were 

retrospectively reviewed in detail. 

Results: Patients with anaplastic ependymoma had 5-year overall 

survival (OS) and 5-year freedom from local recurrence (FFLR) of 

50.0% and 38.1%, respectively. Five of the 7 anaplastic ependymoma 

patients recurred; 3 patients had local recurrence, 1 patient had local 

recurrence and craniospinal fluid (CSF) seeding, and the other 1 patient 

had CSF seeding alone. For AT/RT patients, 5-year OS and FFLR were 

both 100.0%. There was one recurrence in AT/RT patients; the location 

of the recurrence was in the intracranial area, but outside the RT field. It 

was successfully salvaged with focal radiation. Among 7 patients of 

remaining pathologies, the 5-year OS and FFLR were 71.4% and 100.0%, 

respectively. Two patients died due to infection. Regarding morbidity, 4 

patients showed combined neurocognitive and motor dysfunction, 3 

patients showed motor dysfunction and 1 patient showed hearing 

impairment. Except for 1 patient with a hearing impairment only, 7 

patients had tumors located around the 3
rd

 or 4
th

 ventricle. Due to the 

location of the tumor, hydrocephalus was associated with these 7 patients 

from the time of diagnosis. Investigations into the time of onset of 

neurologic morbidities and the time of RT showed that 6 of 8 patients 

already had a neurologic deficit before RT. One of the patients with 

hearing loss in the other 2 of the 8 patients had a hearing test only after 

RT. Taken together, results suggest that neurologic morbidity is unlikely 

to be caused by RT alone, and is rather thought to occur due to a 

combination of mass effects from the tumor itself and sequelae from 

surgery and chemotherapy. 

Conclusion: Administration of IMRT to patients below 3 years of age 

showed encouraging local control rates and tolerable morbidities. 
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High-precision modern RT such as IMRT should be considered for very 

young patients with high-risk CNS tumors. 
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treated by intensity-modulated radiotherapy 

 

 

Joongyo Lee 

 

Department of Medicine 

The Graduate School, Yonsei University  

 

 

(Directed by Professor Hong In Yoon) 
 

 

I. INTRODUCTION 

  Central nervous system (CNS) tumors are the second most common 

cancers in children (1). The annual incidence of primary malignant and 

non-malignant CNS tumors in children and adolescents in the United States is 

approximately 5.67 per 100,000 people (2). In Korea, there were 6,027 cases of 

pediatric brain tumors from 2005 to 2014. The age-standardized incidence rates 

were 5.02 per 100,000 (3). Brain tumors are the most common cause of death 

among all childhood cancers. Frequently, CNS tumors cannot be completely 

surgically removed because of their location or microscopic spread. In addition, 

chemotherapy is limited in most CNS tumors. Radiotherapy (RT) is therefore 

often used alone or in combination with surgery and/or chemotherapy (4). 

  Although RT is indispensable to prevent local recurrence of CNS tumors, 

exposure of normal tissue to radiation may lead to acute or late toxicity. As more 

pediatric brain tumor patients experience long-term survival after proper RT, with 

or without chemotherapy, concerns regarding toxicity have increased (5). There 

are many reports of long-term sequelae of CNS tumors, such as neurocognitive 

dysfunctions (6, 7), growth disorders (8), psychological and behavioral disorders 

(9), ototoxicity, (10) and increased risk of secondary malignancy (11, 12). On the 

basis of this evidence, many physicians try to avoid RT in children below 3 years 

of age who are particularly vulnerable to radiation. 
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  Despite concerns regarding RT-related toxicity, the need for adjuvant RT 

in patients below 3 years of age with CNS tumors is emerging. The prospective 

German brain tumor trials, HIT-SKK 87 and 92, evaluated the role of RT in 

anaplastic ependymoma in very young children below 3 years of age and showed 

that delaying RT increased the risk of local recurrence even after intensive 

chemotherapy (13). Furthermore, the study analyzing the national cancer database 

showed that RT can provide a significant survival benefit for patients with atypical 

teratoid/rhabdoid tumor (AT/RT), and that patients below 3 years of age can 

benefit more from initial RT than can older children (14). 

  Nowadays, recent development in RT technology, such as 

intensity-modulated RT (IMRT), can provide more accurate and precise treatment, 

thus reducing unwanted radiation exposure to surrounding normal tissues (Fig. 1). 

As shown in Fig. 1, the IMRT plans yielded smaller irradiated volumes for the 

optic chiasm, brainstem, and both cochleae, compared to the three-dimensional 

conformal RT (3D-CRT) plans. Dose volume histogram (DVH) provides direct 

visual inspection of the dose curve to provide a useful quantitative dose 

assessment (15). Fig. 2 contains a DVH for 3D-CRT and IMRT plans for brain 

tumors. The planning target volume (PTV) of the IMRT plan had a lower 

homogeneity index (the difference in PTV dose between dose to 1% of target 

volume and dose to 95% of target volume divided by the prescription dose), which 

indicates higher dose coverage compared with 3D-CRT. The PTV had a sharp 

falloff in the IMRT plan, representing the superior PTV dose homogeneity 

observed in the isodose distributions. DVHs showed a lower dose to the optic 

chiasm, brainstem, and both cochlea in IMRT. Therefore, as shown in DVH, 

RT-related toxicity can be significantly reduced. Several reports showed that 

cranial irradiation using IMRT actually reduced the rate of hearing loss and 

neurocognitive dysfunction compared to 3D-CRT (16, 17). RT-related neurologic 

toxicity can be reduced when using advanced RT technology in children with CNS 

tumor. 
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Fig. 1. Comparison of (A) three-dimensional conformal RT (3D-CRT) versus 

(B) intensity-modulated RT (IMRT) in the treatment of brain tumor. The 

difference between preservation of optic chiasm, brainstem, and both cochlea 

among treatment plans can be compared visually to some extent. 
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Fig. 2. Comparison of dose volume histograms (DVH) between 

three-dimensional conformal RT (3D-CRT; dotted line) and 

intensity-modulated RT (IMRT; solid line). The planning target volume 

(PTV) in blue, optic chiasm in pink, brainstem in yellow, right cochlea in light 

green and left cochlea in orange. 

 

  In this background, the aim of this study is to evaluate the safety and 

feasibility of IMRT in children under 3 years of age who received IMRT for CNS 

tumors. 
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II. MATERIALS AND METHODS 

 

 

1. Patient selection 

  Patients below 3 years of age who underwent postoperative IMRT at 

Yonsei Cancer Center between October 2011 and August 2016 were included. 

All patients were diagnosed on the basis of histological confirmation. All patients 

underwent Magnetic Resonance Imaging (MRI) for disease evaluation and 

follow-up. Pathology was confirmed by surgical resection or stereotactic biopsy. 

As a result, 18 patients were included in our study. This study was approved by 

the Institutional Review Board of the Yonsei University Health System (No. 

4-2019-0939). 

  The baseline characteristics of all 18 patients are listed in Table 1. The 

median age was 21.0 months. Nine patients were male and nine were female. The 

median tumor size was 4.9 cm (range, 1.7-10.0 cm). The most common tumor 

location was the 4
th

 ventricle (5 patients, 27.8%), followed by the 3
rd

 ventricle (3 

patients, 16.7%). Nine patients had tumors in the supratentorial area and the 

infratentorial area, respectively. The most common pathology was anaplastic 

ependymoma (7 patients, 38.9%), followed by AT/RT (4 patients, 22.2%) and 

primitive neuroectodermal tumor (PNET) (2 patients, 11.1%). The other 

pathologic diagnoses were embryonal tumor (1 patient), ependymoblastoma (1 

patient), medulloblastoma (1 patient), pilomyxoid astrocytoma (1 patient), and 

pineoblastoma (1 patient). 

 

Table 1. Patient characteristics 

Characteristic N % 

Age (median month, range) 21.0 (10.7–33.0) 

Sex    

Male  9 50.0 

Female  9 50.0 

Tumor size (median cm, range) 4.9 (1.7–10.0) 
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Tumor site    

 Supratentorial  9 50.0 

 Infratentorial  9 50.0 

Pathology    

Anaplastic ependymoma  7 38.9  

AT/RT  4 22.2  

Embryonal tumor  1 5.6  

Ependymoblastoma  1 5.6  

Medulloblastoma  1 5.6  

Pilomyxoid astrocytoma  1 5.6  

Pineoblastoma  1 5.6  

PNET  2 11.1  

 

AT/RT, atypical teratoid/rhabdoid tumor; PNET, primitive neuroectodermal 

tumor. 

 

2. Follow-up and the assessment of neurologic morbidity 

  During the RT period, patients were followed clinically once a week. 

Patients were followed clinically within 1 month after treatment, every 3 months 

for the first 2 years, then every 6 months for 1 year, and once every year 

thereafter. MRI examination was also performed after 1 month of treatment, 

every 3 months for the first 1 year, then every 6 months for 2 years, and then 

every year thereafter. Recurrence was determined by comprehensive evaluation 

of MRI images and clinical findings. 

  Three categories related to neurologic morbidity (neurocognitive 

dysfunction, motor dysfunction, and hearing impairment) were retrospectively 

evaluated through medical records maintained by physiatrists, pediatric 

neurosurgeons, pediatric medical oncologists, and pediatric radiation oncologists, 

as well as Denver developmental screening test II and Bayley scales of infant and 

toddler development. The Denver developmental screening test II is a revised 

version of the Denver developmental screening test designed to identify 
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developmental problems in children aged 0–6 years, divided into four areas: 

personal-social, fine motor-adaptive, language, and gross motor (18, 19). The 

Bayley scales of infant and toddler Development (Bayley-III is the current 

version) is a standard series of measurements primarily used to assess the 

development of infants and toddlers, aged 1–42 months (20, 21). Neurocognitive 

dysfunction was defined as the occurrence of declining intellectual function, or 

problems with attention, processing speed, or working memory (22). Because 

treatment and clinical features were different for each patient, each patient’s 
record was reviewed in detail by radiation oncologists (J.L., H.I.Y., and C.O.S.) 

and a neurosurgeon (D.S.K.) to analyze the exact causes of neurologic morbidity. 

 

3. Treatment characteristics 

  The treatment characteristics of all 18 patients are listed in Table 2. All 

except for 1 patient received surgery. One patient did not receive surgery because 

of a poor general condition. Of the 17 patients who underwent surgery, 6, 4, 5, 

and 2 patients underwent gross total resection (no residual tumor), near total 

resection (>90% of tumor removed), subtotal resection (50-90% of tumor 

removed), and partial resection (<50% of tumor removed), respectively (23). All 

patients received local RT 20-140 (median 29) days after surgery. Ten patients 

received chemotherapy. Nine of them received high dose chemotherapy with 

peripheral blood stem cell transplantation. Two courses of high dose 

chemotherapy were administered with combination regimens. The first course 

included carboplatin, thiotepa, and etoposide, and the second course included 

cyclophosphamide and melphalan. Patients with anaplastic ependymoma did not 

receive chemotherapy. 

  All patients underwent simulation computed tomography (CT) for RT 

planning. During simulation CT, the patient’s head and neck were immobilized 
with a thermoplastic mask in the supine position. Simulation CT images were 

imported into MIM software (MIM Software Inc., Cleveland, Ohio) for target 

delineation. The gross tumor volume 1 (GTV1) consisted of any residual or 

recurrent lesions. GTV2 was defined as the GTV1 plus surgical cavity. Clinical 
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target volume (CTV) was defined as the GTV2 plus 0.5-1.0 cm margin. PTV was 

defined as the CTV plus 0.3 cm margin. The TomoTherapy (Accuray, Sunnyvale, 

CA, USA) or the RayStation software (RaySearch Laboratories, Stockholm, 

Sweden) were used for IMRT plans. All except for 3 patients received IMRT 

postoperatively at initial diagnosis. The remaining 3 patients received salvage RT 

due to recurrence after the initial surgery. In the IMRT plan, higher doses were 

prescribed in the order of GTV1, GTV2, and CTV using a 

simultaneous-integrated boost (SIB) technique. The median total dose of GTV1, 

GTV2, and CTV was equivalent to a dose of 2 Gy fractions (EQD2) 54.0 Gy 

(range, 46.0–60.0 Gy, α/β=3), 47.0 Gy (range, 40.0–60.0 Gy, α/β=3), and 39.0 
Gy (range, 34.0–52.0 Gy, α/β=3), respectively (Table 2). One patient received 

deferred craniospinal irradiation (CSI) 7 months after local RT at the age of 31.5 

months. 

 

Table 2. Treatment characteristics 

Characteristic N % 

Surgery    

Stereotactic biopsy  1 5.6  

Gross total resection  6 33.3  

Near total resection  4 22.2 

Subtotal resection  5 27.8  

Partial resection  2 11.1 

Chemotherapy    

None  8 44.4  

High dose chemotherapy with PBSCT  9 50.0  

Chemotherapy without PBSCT  1 5.6  

Total RT dose (median Gy, range) 

(EQD2, α/β = 3) 
 

 

GTV1  54.0 (46.0-60.0) 

GTV2  47.0 (40.0-60.0) 

CTV  39.0 (34.0-52.0) 
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Fractional RT dose (median Gy, range)   

GTV1  2.1 (2.0-2.5) 

GTV2  2.0 (1.8-2.2) 

CTV  1.8 (1.5-1.8) 

Deferred CSI   

No  17 94.4 

Yes  1 5.6 

 

PBSCT, peripheral blood stem cell transplantation; RT, radiotherapy; EQD2, 

Equivalent dose in 2 Gy fractions; GTV, gross tumor volume; CTV, clinical target 

volume; CSI, craniospinal irradiation. 

 

4. Statistical analysis 

  Overall survival (OS) is calculated from the date of RT to the date of 

death, regardless of the cause of death. Local recurrence is defined as recurrence 

within the RT field. Freedom from local recurrence (FFLR) is defined as the time 

from the date of RT to local recurrence. Progression-free survival (PFS) is 

defined as time from the date of RT to any recurrence (in-field recurrence, 

out-field recurrence, distant seeding) or death. Survival outcomes were analyzed 

using the Kaplan-Meier method and log-rank test. Statistical analyses were 

performed using IBM SPSS software (version 23.0; IBM Corp., Armonk, NY). 

 

 

III. RESULTS 

 

 

1. Survival outcomes 

  Median follow-up duration was 45.7 months (range 4.7-89.0 months). 

Among all patients, the 5-year OS, FFLR, and PFS were 71.1%, 74.5%, and 

65.2%, respectively. As the pathologic diagnosis of all 18 patients was 

heterogeneous, patients were grouped according to pathologic diagnosis, and 
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analyses were stratified based on these groups. 

 

 

A. Anaplastic ependymoma 

 Among the 7 patients with anaplastic ependymoma, the 5-year OS, FFLR, 

and PFS were 50.0% (Fig. 3A), 38.1% (Fig. 3B), and 19.0%, respectively. Five 

of the 7 patients recurred; 3 patients had local recurrence, 1 patient had local 

recurrence and craniospinal fluid (CSF) seeding, and the other 1 patient had 

CSF seeding alone.  

 One of 3 patients who underwent local recurrence received surgery and 

adjuvant chemotherapy as salvage treatment, but residual tumor progression was 

observed. The patient subsequently underwent surgery but died because of 

disease progression. Another patient underwent gamma knife surgery as salvage 

treatment, but CSF seeding developed. The patient underwent palliative 

re-irradiation targeting the whole ventricle but died of disease progression. The 

last patient underwent surgery and gamma knife surgery for residual lesions 

followed by adjuvant chemotherapy as salvage treatment. However, one year 

after the end of chemotherapy, a recurrent tumor was observed, and gamma 

knife surgery was repeated.  

 One patient with local recurrence and CSF seeding received surgery as 

salvage treatment and was expected to receive adjuvant chemotherapy, but the 

treatment was delayed because of a poor physical condition, and the patient died 

due to progression of leptomeningeal seeding. 

 One patient who underwent CSF seeding at the age of 6 years 2 months 

was treated with tumor removal for recurrent lesions of L2-5 spinal cord, 

followed by CSI 36 Gy and boost RT 18 Gy to the tumor bed. Approximately 

10 months after the end of RT, the patient had no evidence of disease. 

 One of two patients without recurrence received EQD2 56 Gy to the 

tumor bed after subtotal resection of the left temporal-parietal-occipital lobe 

tumor and 52 Gy to the tumor bed plus margins. The patient had no evidence of 

disease for 6 years after the end of RT. The other patient received EQD2 60 Gy 
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to the tumor bed after gross total resection of the right frontal lobe tumor and 52 

Gy to tumor bed plus margins. The patient had no evidence of disease for 2 

years and 6 months after the end of RT. 

 

Fig. 3. Kaplan-Meier curves of (A) overall survival and (B) freedom from 

local recurrence in patients with anaplastic ependymoma. 

 

B. AT/RT 

 Among the 4 patients with AT/RT, the 5-year OS, FFLR, and PFS were 

100.0% (Fig. 4A), 100.0% (Fig. 4B), and 75.0%, respectively. There was one 

case of recurrence, which occurred in the intracranial area, but outside the field 

of RT. Recurrence was successfully salvaged with focal radiation. 
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Fig. 4. Kaplan-Meier curves of (A) overall survival and (B) freedom from 

local recurrence in patients with atypical teratoid/rhabdoid tumor. 

 

C. Others 

 Among 7 patients with remaining pathologies, the 5-year OS, FFLR, and 

PFS were 71.4% (Fig. 5A), 100.0% (Fig. 5B), and 71.4%, respectively. No 

recurrence was observed. The patient who had pineoblastoma died because of 

an infection after chemotherapy. The patient who had ependymoblastoma died 

because of an infection after second surgery which was carried out due to cancer 

progression. 

 

 

 

 

 

 

 



16 

 

 

 

Fig. 5. Kaplan-Meier curves of (A) overall survival and (B) freedom from 

local recurrence in patients with other pathologies. 

 

2. Neurologic morbidity 

  Neurologic morbidity after treatment was evaluated in all patients except 

for 1 patient who died two months after surgery and RT for ependymoblastoma. 

Among them, 8 patients showed neurologic morbidity; 4 of them had both 

neurocognitive dysfunction and motor dysfunction, 3 had motor dysfunction 

alone, and 1 had hearing impairment alone (Table 3 and Fig. 6).  

 

Table 3. Summary for cases of neurologic morbidity 
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Sex 

Age  

at RT 

(Months) 

Pathology 

Tumor 

size 

(cm) 

Tumor site 
Surgery 

extent 
CTx 

Hydro- 

cephalus  

at diagnosis 

Neurologic 

morbidity 

classification 

Sx related to neurologic 

morbidity 
Denver developmental screening test  

Interval  

between onset 

of neurologic 

Sx and RT 

Patient 

1 
F 12.1  

Anaplastic 

ependymoma 
5.0  

4
th

 

ventricle 
STR No Yes MD 

Sitting with arm support  

for only 1 minute 

Gross motor : 11-month-old level  

(at 18 months of age) 

1 month  

before RT 

Patient 

2 
M 18.4  

Anaplastic 

ependymoma 
5.0  

4
th

 

ventricle 
NTR No Yes MD 

Delayed gross muscle 

development  

Gross motor : 14-month-old level  

(at 18 months of age) 

1 month  

before RT 

Patient 

3 
M 31.2  

Anaplastic 

ependymoma 
5.9  

Left CPA 

cistern 
STR No Yes MD 

Left hand weakness,  

overall postural tone 

deterioration  

Gross motor : 9-month-old level  

(at 43 months of age) 

1 month  

before RT 

Patient 

4 
F 10.7  AT/RT 3.6  

4
th

 

ventricle 
GTR Yes Yes NCD, MD 

Delayed development  

of speech and language,  

overall decrease in gross 

motor 

Gross motor : 13-month-old level, 

Personal-social : 16-month-old level, 

Language : 22-month-old level  

(at 32 months of age) 

2 months  

before RT 

Patient 

5 
F 15.7  AT/RT 3.1  

3
rd

 

ventricle 
PR Yes Yes NCD, MD 

Declining intellectual 

function,  

difficult to sit down 

Gross motor : 8-month-old level, 

Personal-social : 16-month-old level  

(at 28 months of age) 

1 month  

before RT 

Patient 

6 
F 33.0  AT/RT 2.1  

Right CPA, 

IAC 
PR Yes No HI No response to right sound Not available 

2 weeks  

after RT 

Patient 

7 
M 16.4  PNET 4.5  

3
rd

 

ventricle 
STR Yes Yes NCD, MD 

Delayed development of 

speech and language, gait 

disturbance 

Gross motor : 7-month-old level,  

Fine motor adaptive : 11-month-old level, 

Personal-social : 12-month-old level, 

Language : 11-month-old level  

(at 23 months of age) 

3 months  

after RT 

Patient 

8 
M 16.6  

Pilomyxoid 

astrocytoma 
4.7  

3
rd

 

ventricle 
NTR Yes Yes NCD, MD 

Overall response to 

external stimuli 

diminished, difficult to 

stand with holding  

Gross motor : 4-month-old level,  

Fine motor adaptive : 7-month-old level, 

Personal-social : 5-month-old level, 

Language : 4-month-old level  

(at 19 months of age) 

1 month  

before RT 
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RT, radiotherapy; CTx, chemotherapy; Sx, symptoms; F, female; M, male; AT/RT, 

atypical teratoid/rhabdoid tumor; PNET, primitive neuroectodermal tumor; CPA, 

cerebellopontine angle; IAC, internal auditory canal; STR, subtotal resection; 

NTR, near total resection; GTR, gross total resection; PR, partial resection; MD, 

motor dysfunction; NCD, neurocognitive dysfunction; HI, hearing impairment. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Flowchart showing treatments and neurologic morbidities. 

 

 

A. Anaplastic ependymoma 

 Neurologic morbidity was observed in 3 of the 7 patients (42.9%) with 

anaplastic ependymoma. 

 The first patient had a 5 cm sized tumor located in the 4
th

 ventricle, 

causing hydrocephalus. Before diagnosis, the patient was able to stand if 

holding onto something, but at the time of disease diagnosis and after surgery 

was conducted, the motor function had declined and the patient was only able to 

sit with arm support for only 1 minute. There was no difference in motor 
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dysfunction between before and after RT. Denver developmental screening test 

at 18 months of age showed development levels of an 11-month-old, which 

means having difficulty to stand alone due to a decline in overall muscle 

strength. 

 The second patient had a 5.0 cm sized tumor located in the 4
th

 ventricle, 

causing hydrocephalus. Hydrocephalus improved after surgery but was still 

observed. The patient showed delayed gross muscle development after surgery. 

Denver developmental screening test at 18 months of age showed gross motor 

development levels of a 14-month-old. The motor dysfunction seen before RT 

was maintained after RT. The patient received rehabilitation therapy. 

 The third patient had a 5.9 cm sized tumor located in the left 

cerebellopontine angle (CPA) cistern, causing hydrocephalus. There was no 

deterioration in motor function after the first surgery. However, left hand 

weakness and overall postural tone deterioration developed with progression of 

the residual lesion. RT was performed on these residual lesions. Motor 

dysfunction seen before RT was maintained after RT. The patient underwent 

rehabilitation therapy but persistent motor function deterioration was observed. 

 

B. AT/RT 

 Neurologic morbidity was observed in 3 of 4 patients (75.0%) with 

AT/RT. Two had both neurocognitive dysfunction and motor dysfunction, and 1 

had hearing impairment only. 

 The first patient had a 3.6 cm sized tumor located in the 4
th
 ventricle, 

with hydrocephalus. Motor dysfunction occurred after surgery and the 1
st
 cycle 

of chemotherapy, with an overall decrease in gross motor function. After the 2
nd

 

cycle of chemotherapy, RT was performed on the tumor bed of the posterior 

fossa. Delayed neurocognitive development was observed after RT and the 4
th

 

cycle of chemotherapy, and so the patient was subsequently treated with 

chemotherapy and underwent rehabilitation. Denver developmental screening at 

2 years and 8 months after birth showed delayed development in all areas, 

especially in motor-related areas. 
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 The second patient had a 3.1 cm sized tumor located in the 3
rd

 ventricle. 

The patient was able to stand up before the diagnosis. However, at the time of 

diagnosis and after surgery, the patient had motor dysfunction and had 

difficulties to sit down. Afterwards, RT and chemotherapy were performed. 

Approximately 8 months after the end of the last cycle of chemotherapy, the 

patient underwent the Denver developmental screening test and Bayley scales of 

Infant development. Results showed mild mental retardation and decreased 

gross motor functions. 

 The third patient had tumors located at the right CPA and internal 

auditory canal and had a hearing impairment at the time of diagnosis. The tumor 

was close to the right cochlea, which was treated with a mean dose of 41.58 Gy. 

Hearing impairment persisted after RT. 

 

C. Others 

 One of the 7 patients with other pathologies did not have a neurologic 

evaluation, and 2 of the 6 evaluated patients had neurologic comorbidity. Both 

of these patients had both neurocognitive dysfunction and motor dysfunction. 

 The first patient had 4.5 cm sized PNET located in the 3
rd

 ventricle, 

causing hydrocephalus. Gait disturbance was first seen after the 5
th

 cycle of 

chemotherapy which was performed after surgery and postoperative RT. Denver 

developmental screening test and Bayley scales of Infant development were 

carried out 3 months after the last cycle of chemotherapy and showed significant 

delayed performance in cognitive and motor development. 

 The second patient had a 4.7 cm sized pilomyxoid astrocytoma located in 

3
rd

 ventricle. This patient underwent surgery and chemotherapy following initial 

diagnosis but showed tumor progression after the 3
rd

 cycle of chemotherapy. As 

disease progressed, the overall responsiveness of the patient to external stimuli 

diminished. RT was performed on progressed lesions. Results from the Denver 

developmental screening test performed 3 months after RT showed a delayed 

development. In addition, the patient showed significant delayed development 

in cognitive and motor function on the Bayley scales of infant development, 
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which was performed about 1 year after RT. 

 

 In summary, 3 out of the 4 patients with neurocognitive dysfunction had 

tumors located on the 3
rd

 ventricle. Given that the 3
rd

 ventricle is located close to 

the cerebrum, it is likely that the tumor itself or local treatment caused 

neurocognitive dysfunction. Motor dysfunction was found in 7 patients. Patients 

with a tumor located in the 4
th

 ventricle or left CPA cistern are likely to have a 

motor dysfunction due to its proximity to the cerebellum. However, motor 

dysfunction was also observed in patients with tumors located in the 3
rd

 

ventricle. Given that the cerebellum was far from the tumor and outside the RT 

field in this case, the possibility of sequelae from surgery and chemotherapy 

cannot be ruled out. To elucidate the association between RT and neurologic 

morbidities, we investigated the time of onset of neurologic morbidities and the 

time of RT. We showed that 6 of 8 patients already had a neurologic deficit 

before RT. One of the other patients, who had hearing loss, only had a hearing 

test after RT. Taken together these results suggest that neurologic morbidity is 

unlikely to be caused by RT alone, and could rather be due to a combination of 

mass effects from the tumor itself and sequelae from surgery and chemotherapy. 

 

 

IV. DISCUSSION 

  In pediatric patients, the immature CNS is vulnerable to RT, and so the 

adverse effects of RT can be more severe than in adults, which in turn may lead to 

problems such as delayed development (7, 24). Given the concerns on RT-induced 

toxicity in pediatric patients, some studies have suggested that pediatric patients 

should be excluded from or delayed from receiving RT through intensive 

chemotherapy until the age of 3, when CNS cell division is almost completed 

(25-28). However, delays in RT can compromise oncologic outcomes (13, 14). 

With advances in RT technique, IMRT has enabled normal tissue sparing and 

markedly reduced toxicity compared to 3D-CRT (29, 30). In our hospital, IMRT 

was performed even in patients below 3 years of age, and lead to an improvement 
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in neurologic morbidity and treatment outcome. 

  In the present study, the 5-year OS and FFLR of anaplastic ependymoma 

patients were 50.0% and 38.1%, respectively. Five of the total 7 patients recurred, 

of which 4 exhibited local recurrence. Both patients with no recurrence received 

EQD2 56 and 60 Gy in the tumor bed, respectively. In addition, neither of both 

patients received additional surgery or chemotherapy after RT. Three patients with 

local recurrence only were treated with chemotherapy after surgery, gamma knife 

surgery, and surgery plus gamma knife surgery, respectively, as salvage treatment. 

All 3 patients had disease progression after salvage treatment. One patient with 

local recurrence and CSF seeding received surgery as salvage treatment, but 

adjuvant chemotherapy was delayed because of poor physical condition and died 

due to progression of leptomeningeal seeding. One patient who underwent 

localized CSF seeding was treated with tumor removal followed by CSI, after 

which the patient had no evidence of disease. In addition, despite having 

undergone re-irradiation, this patient did not show neurologic morbidity to date. In 

summary, only 1 of 5 patients who received salvage treatment did not show tumor 

progression during follow-up. This patient had received CSI.   

  The most important issue in the treatment of ependymoma is that it often 

occurs in children below 3 years of age who are more vulnerable to RT (31). Some 

studies have shown a poor outcome if patients deferred RT for more than one year 

after surgery, and therefore recommended immediate RT, even under the age of 3 

(32, 33). In addition, in the analysis of HIT-SKK 87 and 92 trials that only 

enrolled patients below 3 years of age with anaplastic ependymoma, the 3-year OS 

was 66.7% when RT was administered immediately after chemotherapy, whereas 

it was 38.5% if not (13). Based on these findings, RT plays an important role in 

the treatment of ependymoma, even in patients younger than 3 years old. As 

IMRT became available, recent studies analyzing pediatric ependymoma patients 

treated with IMRT have shown, despite a reduction in treatment volumes, 

favorable local control rates that do not increase the risk of marginal failure or 

neurologic toxicity compared to those published in historical publications (34-36). 

Taken together, this research suggests that RT before 3 years of age is very 
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important in ependymoma patients, and the use of IMRT in particular can reduce 

toxicity while maximizing therapeutic outcomes. 

  In our study, patients with AT/RT had excellent outcomes with 100.0% 

OS and FFLR. With the exception of 1 patient who did not have surgery due to 

their overall physical condition, all 3 patients started RT within 7 weeks after 

surgery. In our hospital early RT after surgery seems to be associated with 

favorable survival outcomes. AT/RT is rare throughout pediatric brain tumors, but 

is more common in children below 3 years of age, accounting for 20% of brain 

tumor cases (37, 38). Several studies have shown that younger age is a risk factor 

for poor OS and PFS in AT/RT (39) and that the time interval between surgery 

and RT initiation is also a significant prognostic factor (40). These findings 

suggest that even for patients below 3 years of age, RT should not be delayed. 

Therefore, the KSPNO guideline, revised in 2011, recommends that local RT 

should be started within 4 weeks after surgery even in patients below 3 years of 

age. In the study conducted with nine children with AT/RT in our hospital in 2017, 

maximal safe resection in conjunction with upfront RT prolonged PFS (41). Most 

of the studies mentioned above included patients treated with 3D-CRT, with no 

studies related to IMRT in AT/RT. The results of studies conducted with proton 

therapy show favorable results compared to previous studies (42, 43), so RT with 

advanced techniques such as IMRT or proton therapy may improve therapeutic 

effects. 

  Among the 7 patients with other pathologies (embryonal tumor, 

ependymoblastoma, medulloblastoma, pilomyxoid astrocytoma, pineoblastoma, 

PNET), the 5-year OS and FFLR were 71.4% and 100.0%, respectively. No 

recurrence was observed. Two patients died from infection after chemotherapy 

and after a second surgery, respectively. Although the number of patients in our 

study is small, treatment outcomes for each patient who received IMRT were also 

favorable, which is in line with studies on IMRT for each pathology (16, 44). 

  RT is known to cause neurologic morbidity in pediatric patients with 

brain tumors, and neurologic morbidity is especially associated with radiation dose 

(7, 24, 45). Several studies that applied IMRT or proton therapy to brain tumors 
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also concluded that advanced RT technique for brain tumor allows for improved 

target conformity, better critical tissue sparing, and consequently lower neurologic 

toxicity (16, 17, 46-52). Therefore, based on several studies, the application of a 

modern RT technique is of utmost importance in pediatric patients, especially 

below 3 years of age. 

  In our study on very young children treated with IMRT, neurologic 

morbidity was seen in 8 patients (Table 3). Except for 1 patient who only had a 

hearing impairment, the remaining 7 patients had tumors located around the 3
rd

 or 

4
th

 ventricle. Due to the location of the tumor, these 7 patients suffered from 

hydrocephalus from the time of diagnosis. Only 6 of the remaining 11 patients 

without neurocognitive or motor dysfunction had hydrocephalus at the time of 

diagnosis. Of the 7 patients who showed neurocognitive or motor dysfunction, 

hydrocephalus worsened after RT in only 1 patient (the patient with anaplastic 

ependymoma who had a motor dysfunction). However, this patient also had a 

motor dysfunction before RT which did not worsen after RT. Issues with pediatric 

hydrocephalus, including surgical complications, academic achievement, and 

neurologic sequelae, have been the focus of many studies (53). According to these 

studies, motor handicap in pediatric patients with hydrocephalus was reported in 

30-60% (54-56), and low IQ was reported in 12.5-54.7% (57, 58). There were also 

studies in which only 30-38% of patients were tolerable to the schooling system 

(56, 59). Hydrocephalus, shown in our study, may be the cause of neurologic 

morbidity. However, considering the time relationship with RT, RT cannot be 

considered as a direct cause of hydrocephalus. Although our data is derived from a 

small number of patients, the results of our study, which are in line with those of 

previous studies, show that RT-induced neurocognitive or motor dysfunction was 

not seen in patients receiving IMRT. Our findings suggest that most toxicities are 

caused by a combination of mass effects from the tumor itself and sequelae from 

surgery. Therefore, IMRT can be regarded as a sufficiently beneficial treatment 

for pediatric brain tumors. 

 There are also several studies on the association between chemotherapy 

and neurological morbidity. Through preclinical data, various chemotherapy 
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agents have been demonstrated to have toxic effects on multiple types of neuronal 

cells, affecting both static and proliferating cells of the CNS (60-63). Clinical 

studies investigating the effects of chemotherapy on the CNS in pediatric patients 

have also revealed an association of chemotherapy with smaller amounts of 

regional gray and white matter, which has been linked to neurocognitive 

dysfunction (64). Several studies have shown that chemotherapy can lead not only 

to neurocognitive dysfunction, but also endocrine sequels and hearing loss, and 

that chemotherapy has a greater impact than RT, especially for hearing loss (65, 

66). In our study, cerebellum associated motor dysfunction was also observed in 

patients with tumors located in the 3
rd

 ventricle. Because the cerebellum was far 

from the tumor and outside the RT field in this case, the possibility of 

chemotherapy being the cause of ataxia cannot be ruled out. Indeed, all 7 patients 

received chemotherapy.  

  One of the limitations of this study was the difficulty to carry out a 

statistical analysis due to a small sample size of only 18 patients as well as the 

heterogeneity between patients. In addition, since we did not conduct longitudinal 

studies that prospectively analyzed neurologic deficit, it was difficult to analyze 

the changing patterns of neurologic deficit. Thus, although neurologic morbidity 

was caused by a combination of mass effects from the tumor itself and sequelae 

from surgery and chemotherapy, it was difficult to find out exactly how RT 

affected neurologic morbidity. Despite this limitation, our results are still 

meaningful because very few studies have collected data from as many brain 

tumor patients below 3 years of age who received IMRT from one institution as 

ours and we tried to analyze each case in detail and compared related factors as 

much as possible. 

 

 

V. CONCLUSION 

  In conclusion, pediatric brain tumor patients below the age of 3 years 

who received IMRT showed an encouraging local control rate and tolerable 

toxicity. The results of anaplastic ependymoma were comparable to those of other 

studies. AT/RT and other tumors showed excellent local control and survival. 
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Although neurologic morbidities were observed in 8 patients, these appear to be 

caused by the tumor itself and/or sequelae from surgery and chemotherapy. Based 

on these results, when performing RT for high-risk brain tumors in very young 

patients, a high-precision modern RT approach such as IMRT should be actively 

considered. 
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ABSTRACT(IN KOREAN) 

 

세기 조절 방사선 치료를 받은 3세 미만 소아 뇌암에서의 치료 

결과 연구 

 

<지도교수 윤 홍 인> 

 

연세대학교 대학원 의학과 

 

이 준 교 

 

목적: 뇌암은 소아에서 두 번째로 흔한 악성 종양이며, 모든 

소아 암 중에서 가장 흔한 사망 원인이다. 소아 뇌암의 

치료에서 방사선치료가 필수적이지만, 정상 조직에 방사선이 

노출되면 신경학적 독성이 생길 수 있으며 이는 삶의 질에 

심각한 영향을 줄 수 있다. 그러나 3 세 미만의 소아 뇌암 

환자에서의 수술 후 방사선치료가 필요하다는 연구 결과는 

지속적으로 나오고 있다. 방사선치료 기술이 발전하면서, 

세기조절방사선치료를 통해 계획 표적 용적을 기준으로 가파른 

선량 분포를 만들어 낼 수 있게 되었다. 이를 통해 계획 표적 

용적내의 선량을 보다 균일하게 하고, 근처 중요 장기에 

노출되는 선량을 더욱 줄일 수 있다. 이러한 배경에 근거하여, 3 

세 미만의 소아 뇌암 환자에 대한 세기조절방사선치료의 

안전성과 타당성을 보고자 하였다. 

대상 및 방법: 2011 년 10 월부터 2016 년 8 월까지 본 

기관에서 세기조절방사선치료로 국소 방사선치료를 받은 총 18 

명의 3 세 미만 소아 뇌암 환자를 대상으로 하였다. 수술의 

경우, 6 명, 4 명, 5 명, 2 명의 환자가 각각 완전절제, 근전절제, 

아전절제, 부분절제를 받았다. 10 명의 환자는 항암치료를 

받았으며, 그 중 9 명의 환자는 조혈모세포이식을 받았다. 

방사선치료의 경우, 총 선량의 중위값은 EQD2 52.6 Gy 
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(34.6-60 Gy, α/β = 3)였다. 환자 연령의 중위값은 21.0 개월 

(10.7-33.0 개월) 이었다. 첫 진단 시 종양 크기의 중위값은 

4.9 cm (1.7-10.0 cm) 였으며 전체 환자의 절반은 종양이 

천막하에 위치 하였다. 가장 많은 병리학 소견은 

역형성뇌실막세포종 (38.9 %) 이었고, 비정형 유기형/간상 종양 

(22.2 %) 이 그 다음으로 많았다. 치료 결과 및 신경학적 

이환을 환자마다 면밀히 검토하였다. 

결과: 역형성뇌실막세포종 환자의 5 년 생존율 및 국소제어율은 

각각 50.0 % 및 38.1 %였다. 총 7명의 역형성뇌실막세포종 

환자 중 5명이 재발하였다. 그 중 3명은 국소 재발, 1명은 국소 

재발 및 뇌척수액 전이가 동시에 나타났으며, 나머지 1명은 

뇌척수액 전이만 나타났다. 비정형 유기형/간상 종양 환자의 

경우, 5 년 생존율 및 국소제어율은 모두 100.0 %였다. 비정형 

유기형/간상 종양 환자 4명 중 1명의 환자에서 재발이 

나타났으며, 두개 내 영역에 재발하였으나 방사선치료 범위 

밖이었다. 이 환자는 추가적인 방사선치료를 통해 재발 병변을 

성공적으로 치료하였다. 나머지 병리학 소견을 가지는 환자 

7명의 5년 생존율 및 국소제어율은 각각 71.4% 및 

100.0%였다. 총 2명의 환자가 사망하였는데, 모두 감염이 

원인이었다. 전체 환자 중 4 명의 환자가 인지 장애과 운동 

장애를 함께 보였으며, 3 명은 운동 장애 만 보였고, 1 명은 

청력 장애 만 나타났다. 청력 장애 만 나타난 1명의 환자를 

제외한 7 명의 환자는 제3뇌실 혹은 제4뇌실에 종양이 

위치하였다. 이로 인하여 7명의 환자 모두에서 뇌암 진단 

당시부터 뇌수종이 있었다. 신경학적 이환이 나타난 시점과 

방사선치료 기간을 조사해보았을 때, 신경학적 이환이 나타난 8 

명의 환자 중 6 명은 방사선치료 전에 이미 신경학적 결손이 

있었다. 나머지 2 명 중 청력 장애가 나타났던 환자는 

방사선치료 후에만 청력 검사를 받았고, 전에는 받지 않았다. 

종합하면, 신경학적 이환의 원인은 방사선치료 단독으로 
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생각되지 않으며, 종양 자체와 수술 및 항암 치료의 후유증의 

조합이 신경학적 이환의 원인일 것으로 생각 된다. 

결론: 3 세 미만의 소아 뇌암 환자에게 세기조절방사선치료를 

시행할 경우 높은 국소제어율과 낮은 신경학적 이환율을 보인다. 

현대의 방사선치료 기술이 점차 발전하면서, 매우 어린 

고위험군의 뇌암 환자에서는 세기조절방사선치료와 같은 고정밀 

치료를 고려 해야 한다. 
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