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Primary anaplastic astrocytoma of the brain after 
prophylactic cranial irradiation in a case of acute 
lymphoblastic leukemia: Case report and review 
of the literature

INTRODUCTION

Acute lymphoblastic leukemia (ALL) is the most common 
malignancy in children. Currently, the overall 5 year relative 
survival is 80%. Curative therapy includes multi-agent 
chemotherapy and prophylaxis against central nervous 
system (CNS) leukemia with intrathecal chemotherapy 
and/or cranial radiation.

Cranial irradiation has been shown to result in increasing 
survival of  children with ALL.[1] However with increasing 
survival, there is an increasing risk of  secondary brain 
tumors after cranial irradiation.[2-4] Gliomas, meningiomas 
and sarcomas are the most frequent.[5] We report a case 
of  child in whom anaplastic astrocytoma developed after 
prophylactic whole brain irradiation for the treatment of  
ALL.

CASE REPORT

This was a case report of  a 6-year-old boy who was 
diagnosed with ALL-L2 (French American British 
Classification)	in	2001	and	was	treated	as	per	multi	center	
protocol (MCP) 843 protocol. Prophylactic irradiation to 
whole brain with cobalt 60 γ rays to a total dose of  1800 
cGy in 10 fractions at 180 cGy/fraction was given from 13th 
to 23rd September 2001. In December 2003, all medications 
were stopped after proving complete remission by bone 
marrow examination.

In April 2011, nearly 10 years post-radiotherapy, he 
presented with speech difficulty and gait ataxia of  
3 months duration. On examination, apart from subnormal 
intelligence	and	cerebellar	signs	he	had	no	other	deficits.	
Magnetic resonance imaging-brain showed – An ill- 
marginated	 infiltrating	mass	 lesion	 in	 postero-superior	
cerebellar hemisphere with extension across the midline 
to involve left cerebellar hemisphere, compressing and 
displacing the 4th ventricle [Figure 1].

He underwent midline sub occipital craniotomy and gross 
total excision of  the tumor. Histopathology examination 
showed a moderately cellular tumor with a fibrillary 
background	 infiltrating	 into	 the	 cerebellar	 parenchyma	
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A B S T R A C T

A 6½-year-old boy had developed acute lymphoblastic leukemia and was treated 
with systemic chemotherapy, intrathecal triple drug regimen and prophylactic cranial 
irradiation. After 10 years he developed anaplastic astrocytoma of the postero-superior 
cerebellum on the left side while leukemia was in remission. He was treated with 
surgical excision, followed by adjuvant three dimensional conformal radiotherapy 
and is on salvage chemotherapy with temozolamide. It is possible that the anaplastic 
astrocytoma may be a radiation induced malignancy.
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[Figure 2a]. The tumor cells displayed moderate nuclear 
pleomorphism	 and	 frequent	mitotic	 figures,	 including	
atypical forms [Figure 2b]. Tumor cells were immunopositve 
for	glial	fibrillary	acidic	protein	[Figure	2c]	and	p53.	MIB-1	
labeling index was approximately 25% in the highest 
proliferating areas [Figure 2d]. A diagnosis of  anaplastic 
astrocytoma, World Health Organization grade III, was 
made. Post-operatively he was treated with adjuvant 
radiation therapy with three dimensional conformal 
radiotherapy to a dose of  60 GY in 30 fractions at 2 
Gy/fraction. Post- radiotherapy, at 6 weeks follow-up, 
he had residual disease and hence was started on salvage 
chemotherapy with temozolamide. Presently, patient has 
only cerebral ataxia and no evidence of  ALL.

DISCUSSION

Although most children with ALL become 5 year survivors, 
second malignancies and other adverse events reduce long-
term survival.[3-6] At 15 year cumulative incidence of  second 
malignancies for ALL survivors is about 2.5-4%. However, 
with increasing duration of  follow-up a cumulative 
incidence of  6% at 30 years is noted. The most commonly 
observed secondary malignancies include CNS tumors, 
leukemias/lymphomas and skin cancers. Risk factors 
associated with secondary malignancies in ALL survivors 
include, age at diagnosis (age <5 years), female sex, 
prophylactic cranial/cranial spinal irradiation (PCI/CSI), 
and relapsed cases.[3] Gilman and Miller[7] have explained 
the possible pathogenesis for secondary malignancies, 
as intrinsic - due to pleiotropic gene action, cytogenetic 
abnormalities associated with ALL, or immunoregulatory 
dysfunction; or extrinsic - due to carcinogen that caused 
ALL, and the treatment administered - as a mere chance 
of  coincidence.

Induction of  second malignancies after radiation is well-
recognized.	This	risk	was	first	recognized	among	children	

who developed brain tumors after radiation therapy for 
tinea capitis in the 1940s and 1950s, and was reported 
among children exposed to as little as 2·5 Gy. Most 
common second malignancies in CNS include gliomas 
and	meningiomas.	 The	 first	 fully	 documented	 case	 of 	
CNS glioma following prophylactic treatment of  ALL was 
reported in 1979.[8] Similar cases have been reported, which 
is systematically evaluated by Bowers et al.[9] and concluded 
that survivors of  childhood cancer who received cranial 
radiation therapy have an increased risk for subsequent 
CNS neoplasms.

The standardized incidence ratios for subsequent gliomas 
ranged	from	8·9	to	24·3.	The	interval	between	first	cancer	
diagnosis and diagnosis of  a subsequent high-grade glioma 
was 8-20 years.[9] There is a linear correlation between the 
dose of  cranial radiation and relative risk of  subsequent 
high-grade gliomas, odds ratios (ORs) for subsequent 
glioma increased with a dose of  radiation exposure and 
peaked at exposures of  30-44·9 Gy (OR-21).[9]

At 5-year survival for patients with subsequent high-grade 
gliomas ranged from 0% to 19·5%, which is similar to the 
5 year survival rate of  16·6% reported in young adults in 
the general population.[9]

Well-accepted criteria have been established to show a 
causal relationship between radiotherapy and occurrence 
of  subsequent neoplasm. These includes prolonged 
delay between irradiation and detection of  a second 
tumor, second malignancy occurring in the irradiated 
field,	 histology	 of 	 the	 second	 tumor	 differs	 from	 the	
initial neoplasm and the incidence of  the second lesion is 
significantly	higher	than	in	controls.[10]

Figure 1: (a) T1contrast showing homogenously hypointense lesion 
with minimal patchy enhancement in cerebellum (b) T2 fluid attenuated 
inversion recovery showing homogenously hypertintense lesion in 
cerebellum

a b
Figure 2: Photomicrographs of the tumor showing moderate 
cellularity in a fibrillary background (a, H and E, ×200). The tumor 
cells show moderate nuclear pleomorphism, frequent mitoses (arrow) 
(b, H and E, ×400), immunopositivity for glial fibrillary acidic protein 
(c, immunohistochemical [IHC]; ×400) and high MIB-1 labeling index 
(d, IHC; ×400)
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Our case report clearly demonstrates that a possible 
radiation induced high-grade glioma in the previously 
irradiated	area,	as	there	is	in	field	occurrence	of 	a	second	
type of  malignancy, which is histological different from the 
initial primary leukemic cause, after 10 years of  radiation.

In	addition	this	is	the	first	report	of 	a	secondary	anaplastic	
astrocytoma developing in the cerebellum in a treated case 
of  ALL.

CONCLUSION

Long-term survivors of  patients treated for ALL possibly 
have increased risk of  developing secondary CNS neoplasm 
especially those who have received cranial irradiation; and 
that these tumors are of  high grade, aggressive clinical 
behavior and less amenable for treatment.
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