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An Infant with Prenatally Diagnosed Congenital Anaplastic 
Astrocytoma Who Remains Disease-Free after Proton Therapy

The authors present a rare of prenatally diagnosed congenital anaplastic astrocytoma. A 
9-month-old boy had three recurrences despite two surgical resections and various 
chemotherapeutic regimens. He underwent the 3rd gross tumor removal at 11 months of 
age, followed by proton therapy, and now he remains disease-free for 3 yr without a 
significant neurocognitive dysfunction. This is the 1st case of a pediatric tumor treated by 
proton therapy in Korea, and proton therapy may be a treatment of choice for a congenital 
anaplastic astrocytoma in infants and young children, considering limitation of radiation 
therapy.
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INTRODUCTION

Congenital brain tumors are rare comprising only 0.5% to 1.5% 
of all pediatric brain tumors (1, 2), and are predominantly lo-
cated in the supratentorial area. Furthermore, only 0.043% of all 
intracranial neoplasms are diagnosed in the prenatal period (3, 
4). In congenital brain tumors, astrocytomas are the most com-
mon histological types (9.5%-28.9%) (4, 5).
 The prognosis of infants and very young children with con-
genital astrocytomas, especially in the form of anaplastic histol-
ogy is extremely poor. Because of the infiltrative nature in these 
anaplastic tumors, complete surgical resection is rarely accom-
plished, and because of the adverse effect of radiation therapy 
in this young age group, cranial radiation is also prohibitive. 
Furthermore, administration of multiagent adjuvant chemo-
therapy especially without the benefit of preceding gross surgi-
cal resection fails to improve the outcome.
 We report here an infant with a congenital infratentorial ana-
plastic astrocytoma who is successfully treated with proton ther-
apy following multiple surgical tumor resections and chemo-
therapy. 

CASE DESCRIPTION

In January 2007, a 9-month-old boy with recurrent anaplastic 
astrocytoma of occipital lobe was transferred to our hospital for 
further management. On referral, he looked chronically ill but 
was adequate development for his age. Neurologically, he show-
ed grade IV right sided weakness. He was born at 40 weeks of 
gestational age by normal vaginal delivery and the baby weighed 
3.1 kg at birth. An obstetric ultrasound examination showed a 
huge mass in occipital lobe (64 × 46 mm) at the gestational age 
of 38 weeks. At birth, he had no other physical abnormalities 
(head circumference 34 cm, 50-75 percentile). A brain magnet-
ic resonance imaging (MRI) (Fig. 1) at 1 week of age revealed a 
huge lobulated, soft tissue mass on parietooccipital lobe. Sub-
total resection of the mass done at 2 weeks after birth confirm-
ed anaplastic astrocytoma (Fig. 2). At 1 month of age, he was 
treated with chemotherapy as per the Korean Society for Pedi-
atric Neuro-Oncology (KSPNO) infant brain tumor protocol 
(vincristine, etoposide, cisplatin, cyclophosphamide, carbopla-
tin, ifosfamide) for 4 months until a follow-up brain computed 
tomography (CT) showed progressive tumor of 35 × 34 mm-
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sized mass in the occipital lobe. At 5 months of age, he under-
went 2nd tumor resection. The tumor histology was the same 
as before. Within 2 weeks after the surgery, he was placed on 
temozolomide with no avail. At 7 months of age, chemotherapy 
was changed to irinotecan, celecoxib, etoposide and thalido-
mide. At 9 months of age, upon showing further progression of 
tumor on brain MRI, he was finally referred for further manage-
ment.

 Upon arrival, he underwent the 3rd gross tumor removal at 
the age of 11 months and had post-operative recovery for two 
months. He was able to walk holding with right side weakness 
(grade IV), make eye contact and have control over his head at 
that time. And treatment strategy was followed by proton thera-
py to tumor bed for a total dose 40 cobalt gray equivalent (CGE) 
/20 fractions (Fx) in 4 weeks (Fig. 3). At 20 months of age, he was 
able to walk without assistance. Neurologically, he continued to 
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Fig. 1. Brain MRI at 1 week after birth showing a well-defined, purely solid mass occupying entire left occipital lobe, measuring about 70 × 42 × 50 mm. The mass shows ho-
mogeneous isointensity with gray matter on all sequences and subtle enhancement in the inferior aspect of the tumor mass. (A) Axial, T1 weighted image, (B) Axial, T2 weighted 
image, (C) Sagittal, T1 weighted image, (D) Sagittal, T2 weighted image.
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Fig. 2. Photomicrograph showing diffuse proliferation of astrocytes with large nuclei 
and frequent mitoses (arrows) obtained in a biopsy from the initial surgery (H&E, 
original magnification × 400).
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Fig. 3. Proton planning showing 95% coverage of target volume with no radiation dose beyond the target. Proton therapy was administered after the third operation, and with a 
total dose 40 CGE/20 Fx for 4 weeks. (A) Axial image, (B) Dose volume histogram, (C) Coronal image, (D) Sagittal image.

have limping gait on the right. Neurocognitive function test by 
Korean-Wechsler Preschool and Primary Scale of Intelligence 
(K-WPPSI) at 38 months of age showed verbal intelligence 109, 
performance intelligence 71 and total intelligence 88 and he 
showed adequate development and at 51 months of age showed 
verbal intelligence 133, performance intelligence 108 and total 
intelligence 125. Now at 53 months of age, he remains disease-
free with adequate head size for his age and the height of 50 per-
centile. The most recent follow up of brain MRI (3 yr post-pro-
ton therapy) showed a large surgical defect at left parietooccipi-
tal operative bed without evidence of tumor recurrence (Fig. 4). 

DISCUSSION

In children, anaplastic astrocytoma, glioblastoma multiforme, 
and mixed glial tumors with a preponderance of malignant as-
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Fig. 4. Last follow up brain MRI (3 yr post-proton therapy) showing grossly no interval change of large surgical defect, left parietooccipital operative bed. (A) Axial, T1 weighted 
image, (B) Sagittal, T1 weighted image.

trocytic elements collectively compose the family of malignant 
or high-grade astrocytic tumors. The majority of these tumors 
representing 7% to 11% of childhood central nervous system 
(CNS) tumors occur in the cerebral hemispheres (6-9). The me-
dian age at diagnosis is 9 to 10 yr, and the male-to-female ratio 
is near unity (7, 9).
 Standard treatment of high-grade gliomas usually consists of 
cytoreductive surgery followed by radiation therapy and possi-
bly chemotherapy. The extent of surgical resection regardless of 
the primary tumor site is the most important clinical prognostic 
factor (6-10).
 In general, treatment of recurrent high-grade astrocytoma 
requires repeated surgical resections, focal irradiation, and per-
haps systemic therapy as well. The same philosophy that per-
tains to aggressive resection at the time of initial presentation 
should also apply at the time of tumor progression.
 Because of the fact that most lesions recur at the primary site, 
malignant gliomas often are amenable to reoperation at the time 
of disease progression. Although the majority of children suc-
cumb to further disease progression despite additional inter-
vention, attempted re-resection is warranted in tumors that are 
amenable to gross total or radical subtotal removal (11).
 Radiation therapy, as primarily a localized form of treatment, 
strives for improved local tumor control and cure with few ad-
verse effects. Despite major advances in radiation therapy, side 
effects persist in a substantial proportion of patients, especially 
those who are vulnerable because of their age, tumor location, 
and a number of treatment-related factors, notably surgery (12-

14). Brain development is most rapid during the first 3 yr of life. 
Development of white matter alterations after irradiation ap-
pears to mediate the functional and neurocognitive changes 
most concerning with regard to functional integrity (15). So ra-
diation therapy should be delayed for young patients and iden-
tifies the potential benefits of reducing radiation dose to nor-
mal brain (16).
 Proton therapy has been in clinical use since the 1970’s and it 
is useful in treating a variety of cancers that include intracranial 
tumors, arteriovenous malformations (AVMs), sarcomas, head 
& neck cancers, tumors of the eye and orbit - such as ocular mel-
anomas, retinoblastomas, prostate cancer, spine tumors (chor-
domas, chondrosarcomas), thoracic cancers and gastrointesti-
nal cancers (unresectable liver tumors). At present, there is in-
creasing interest in the proton therapy for pediatric tumors es-
pecially when a reduction in normal tissue radiation dose is of 
particular importance. There have been a number of publica-
tions comparing proton and photon dose distributions for pe-
diatric patients with solid tumors (17-20). All show specific ad-
vantages for protons in reducing dose to normal tissues.
 In our case of a rare congenital anaplastic astrocytoma as de-
scribed here, he was treated with various chemotherapy regi-
mens for several months after surgery. Despite of these treat-
ments, the tumor recurred three times, he finally underwent 
the 3rd gross tumor removal at the age of 11 months. Consider-
ing his age and neurocognitive changes after conventional ra-
diotherapy, proton therapy was used instead of conventional 
radiotherapy. Proton therapy to tumor bed for a total dose 40 
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CGE/20 Fx in 4 weeks was performed, in two months after the 
3rd gross tumor removal. Only with the repeated surgical resec-
tions followed by proton therapy, patient remained disease-free 
for 3 yr without causing significant developmental problems 
and neurocognitive changes. Rather, the result of neurocogni-
tive function test has been improved compared to previous 
study with continuous rehabilitation therapy. Before 2007, there 
was no proton therapy center in Korea. Proton therapy was start-
ed at proton therapy center of National Cancer Cen ter in 2007. 
Since then, patients with variety of pediatric cancers have been 
treated by proton therapy. This is the 1st case of a pediatric brain 
tumor treated by proton therapy in Korea, without significant 
neurocognitive changes. This study, therefore, illustrates that 
proton therapy preceded by gross tumor removal even in the 
case of repeated recurrence may be a treatment of choice for a 
congenital anaplastic astrocytoma in infants and young chil-
dren, considering limitations of radiation therapy.
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