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CASE REPORT

A 17-year-old female patient admitted with complaints of 
speech disturbance and right side weakness. She had been pre-
viously diagnosed as ALL 10 years before, and was given che-
motherapy according to Children’s Cancer Group (CCG) 1881 
trial protocol administrating prednisolone, vincristine, metho-
trexate, asparaginase and mercaptopurine. This brought up com-
plete remission proven from serial bone marrow aspiration ex-
aminations. Forty-four months after the primary chemotherapy, 
CNS relapse was suspected from periodically planned cerebro-
spinal fluid cytospin studies. Further chemotherapy following 
CCG 1967 trial protocol, intrathecal triple therapy administrat-
ing methotrexate, cytarabine and hydrocortisone and WBRT of 
19.5 Gy was applied. Her general condition was maintained fairly 
well thereafter, until the development of headache, vomiting 
and left side weakness at one month after the beginning of che-
motherapy. Brain magnetic resonance imaging (MRI) revealed 
intracerebral hemorrhage at right parieto-occipiral lobe and 
thalamus (Fig. 1). The patient recovered with conservative treat-
ment. She had only mild hemiparesis of left extremities and was 
maintained at remitted status of ALL thereafter.

At post-irradiation 6 years, the patient deteriorated neurologi-
cally having motor dysphasia and right hemiparesis. The brain 
MRI showed a large 62×55×33 mm sized irregularly enhanced 
cystic mass at left frontal lobe which was downward compressing 
lateral ventricle and had mixed signal intensities with peritumoral 
edema (Fig. 2). A craniotomy and near total tumor removal was 
performed under the guidance of functional neuro-navigation 

INTRODUCTION

Radiation, since its first application for cancers in 188919), has 
been a relatively well tolerated and simple, yet powerful means of 
tumor management. Brain tumors are not exclusive ever since 
the development of high energy generators such as linac and co-
balt-60 unit. Although the radiation is not deleterious immedi-
ately, it may induce serious side effects such as radiation-induced 
necrosis, radiation-related arteriopathy or tumorigenesis apart 
from the beneficial effects on primary target neoplasm. Post-ra-
diation tumor, such as fibrosarcoma of the central nervous sys-
tem (CNS) was first reported by Mann et al.11) and the role of ra-
diation on tumorigenesis of the brain was documented for the 
first time by Modan et al.13). From thence, there have been anec-
dotally reported cases of radiation-induced CNS tumors12,22,27). 
However, malignant gliomas occurring in acute lymphocytic leu-
kemia (ALL) pediatric patients on maintenance stage after com-
plete remission have been reported very rarely worldwide. We re-
port a pediatric CNS ALL patient, who had undergone whole 
brain radiation therapy (WBRT), ended up with development of 
glioblastoma multiforme (GBM) 6 years after the brain radiation 
therapy with the related literature reviews.
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increased intracranial pressure. She un-
derwent decompressive craniectomy 
and radical tumor removal once more 
with GLIADEL® Wafer placement in 
situ. However, she did not tolerate there-
after and died 4 months later.

DISCUSSION

The treatments of ALL have been in-
terrupted with the high rate of occur-
rence of CNS leukemia which heralds 
systemic relapse8). Radiation therapy, in 
concordance with chemotherapeutic 
agents, has been well known to be one 
of the prophylactic methods to ascer-
tain long-term disease free survival for 
the childhood ALL patients. However, 
when the radiation itself acts as an on-
cogenic factor, especially for the occur-
rence of GBM, subsequent treatment of 
the tumor becomes even more trouble-
some.

Secondary brain tumor rarely occurs 
after brain radiation therapy although 
adverse effects such as radiation necro-
sis can result from the radiation itself22). 
Radiation and its oncogenic effects were 
reported in human for the first time by 
Jones9), Saenger et al.20) and Mann et al.11) 
in 1960s. Recently, sarcomas and me-
ningiomas have been measured to be 
the most frequent radiation-induced 
brain tumors7,8). GBM, despite a most 
frequently occurring de novo brain tu-
mor23), its development from radiation 
effect have been reported very rarely 
worldwide. Moreover, its occurrence in 
ALL patients has been reported even 

scarcely. Salvati et al.22) analyzed their 16 cases and previously 
reported cases of radiation-induced GBM and measured the 
frequency among all GBM to be 1.3%. 

Radiation-induced GBM in human ALL patient was reported 
by Chung et al.4) in 1981 for the first time. In that report, a 2-year-
old boy received systemic chemotherapy for ALL and CNS irra-
diation along with intrathecal methotrexate for CNS prophylaxis. 
Five years later, GBM with a large cyst developed at left parietal 
area while ALL was in remission. The patient underwent cyst as-
piration and subsequent brain radiation therapy (40 Gy/4 weeks 
to whole brain followed by 10 Gy/1 week to gross tumor with re-
duced fields) but died at 10 months from the diagnosis of the tu-
mor. Since then, there have been several reports on the radiation-
induced GBM in remitted ALL patients (Table 1)6,12,14,21,24,25,29). 

system with the incorporation of fused diffusion tensor images in 
an attempt to minimize injuring nerve fibers of corticospinal tract 
during surgery.

Histopathologically, the lesion was diagnosed as a GBM which 
was glial fibrillary acidic protein positive and showed 40% of Ki-
67 index (Fig. 3). According to the pathologic measures, there 
were no specific differences from that of the de novo GBM speci-
mens. The post-operative course was uneventful with recovery 
from right hemiparesis. At post-operative 3 weeks, temozolo-
mide was administered in concurrence with 40 Gy of WBRT. 
The radiation dose was reduced because she already has had pro-
phylactic brain irradiation for CNS relapse of ALL. Seven months 
after the operation, her right hemiparesis aggravated and subse-
quent brain MRI revealed regional recurrence with evidences of 

Fig. 1. Brain MRI at one month after initiation of prophylactic irradiation and intrathecal methotrex-
ate injection. Axial T1WI (A), T2WI (B) and Gd-enhanced TIWI (C) shows mixed signal intensities with 
slightly enhanced lesions at right parietal lobe and thalamus suggesting intracerebral hemorrhage 
with diffuse perilesional edema. MRI : magnetic resonance imaging.

Fig. 2. Brain MRI at 6 years post-irradiation. A 5.6×5.8 cm sized ring-enhanced large cystic tumor 
located at left frontal lobe with mass effect to adjacent ventricles and with peritumoral edema. 
Cerebromalatic change is visible at right parietal lobe due to previous intracranial hemorrhage. MRI : 
magnetic resonance imaging.

A B C

Fig. 3. H&E staining (×400). Cellular tumor tissue composed of pleomorphic astrocytic tumor cells 
with marked nuclear atypia and brisk mitotic activity are observed. Prominent microvascular prolif-
eration is also noted. (A) Ki-67 immunohistochemical staining (×400) reveals high expression which 
means high proliferation (B).

A B
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pediatric patients. On the other hand, Brat et al.1) could not 
conclude the definitive molecular difference between the two 
groups. From our case of a radiation-induced GBM, we also 
could not find histopathologic differences, in which the diagno-
sis of radiation-induced GBM had to be dependent solely on 
clinical evidences. Cahan et al. defined the radiation-induced 
GBM should satisfy the following criteria; 1) the tumor must 
arise within the area of previous irradiation; 2) a sufficient la-
tency period (measured in years) should be present between radi-
ation and onset of tumor growth; 3) there must be histopathologic 
difference between the primary tumor and newly developed tu-
mor; and 4) the patient must be free from diseases prone to car-
cinogenesis, such as Rechlinghausen’s disease, Li-Fraumani’s 
disease, tuberous sclerosis, xeroderma pigmentosum or retino-
blastoma. In our case also, the pathologic finding is not different 
from primary GBM, and clinically, the patient matches the 
above 4 criteria.

GBM developed after irradiation have been known to have 
less tumor control rate and more aggressive behavior compared 
to that of the de novo GBM, even after the tumor is being treat-
ed with active medical and surgical means. Moreover, severity 
of the progress of gliomas, when developed after irradiation, is 
not related to radiation dose received. Up to date, there are no 
much clinically efficient management protocols extending sur-
vival rate for radiation-induced GBM and when it is related to 
ALL, prognosis is even worse. More trials with active surgical 
manipulations, in combination with medically possible strate-
gies and also with other advanced therapeutic means should be 
carried out to gain improved clinical outcomes.

CONCLUSION

We experienced a highly malignant radiation-induced GBM, 
unresponsive to active surgical and medical treatment. Although 
radiation at present is one of the best applicable tools to prevent 
progression of various disease entities in childhood, personnel 
involved should always be aware that it can also be harmful. 
When radiation-induced GBM is associated with ALL, the prog-
nosis might be even worse with less responsiveness to multimo-
dality treatments. Therefore, radiation therapy, when it has to be 
incorporated in the treatment of ALL patient, careful planning of 
the treatment protocol and judicious follow-up is needed.

 
References 
1. Bouillot S, Vignes JR, Guerin J, Dubus P, Vital A : Leukenic dissemina-

tion wihin a glioblastoma in a patient with chronic lymphoid leukemia. 
Clin Neuropathol 22 : 10-13, 2003

2. Brat DJ, James CD, Jedlicka AE, Connolly DC, Chang E, Castellani RJ, 
et al. : Molecular genetic alterations in radiation-induced astrocytomas. 
Am J Pathol 154 : 1431-1438, 1999

3. Cahan WG, Woodard HQ, Higinbotham NL, Stewart FW, Coley BL : 
Sarcoma arising in irradiated bone : report of eleven cases. 1948. Cancer 
82 : 8-34, 1998

4. Chung CK, Stryker JA, Cruse R, Vannuci R, Towfighi J : Glioblastoma 

Reviewing these articles, males were predominant giving the 
male/female ration of 11 : 2. Although there have been reports 
postulating that de novo GBM has a slight male preponder-
ance17,26), it is interesting that these reports on radiation-in-
duced GBM in ALL patients are mostly male, though our pa-
tient is a female. The mean duration from the brain radiation 
therapy to the development of GBM was 72.3 months (range 
11-132). This is a much shorter duration compared with radia-
tion-induced tumors from other primary pathologies, previ-
ously reported to be 109-132 months16,28). The mean duration 
from the diagnosis of GBM to death was 10.2 months (range 
5-15) after surgical and radiological treatments. This duration is 
also comparatively shorter than previous reports on measuring 
the overall survival of the radiation-associated GBM of any kind 
and de novo GBM, which were treated with multimodality tools, 
to be 20.1 months and 15.2 months repectively22). The patient 
presented in this paper had a period of 72 months from the 
brain radiation to the development of GBM and there was only 
7 months from the first operation until the regional tumor re-
currence. After the first operation, she was treated with concom-
itant chemo-radiation therapy incorporating temozolomide as 
the chemotherapeutic agent, but only to have no effect on pre-
vention of the recurrence. Secondary tumor resection and GLI-
ADEL® Wafer placement in situ, the last resort, which was not 
tried in previous reports, was of no effect in controlling tumor 
growth or prolonging survival and died only after 4 months 
from then, measuring the overall survival to be 11 months.

The causative factors for development of radiation induced 
GBM is still not clearly verified. Irradiation dose, underlying 
disease, patient’s general condition, age at irradiation, primary 
tissue pathology and combined chemotherapy may all contrib-
ute to the occurrence to certain extents. Concerning the radia-
tion dose itself, there have been reports postulating that pro-
phylactic irradiation of higher dose (usually more than 30 Gy) 
gives rise to higher risk of malignant brain tumor occurrence 
compared to that of lower doses (less than 18 Gy). On the other 
way, there have been counterproposals suggesting that radia-
tion dose not always give rise to higher rate of secondary tumor 
development because when the radiation dosage is too high, 
oncogenic cells may also be eliminated22). Interestingly, in this 
presenting case and in all of the cases listed in Table 1, irradia-
tion doses were in between 12 to 24 Gy. Therefore, as men-
tioned above, radiation itself might not be the sole contributing 
factor in the development of radiation-induced GBM. Given 
that 13% of all secondary neoplasms in ALL patients are brain 
tumors of any kind10), in which the brain being the most com-
mon location to develop secondary tumors in ALL patients, 
those with ALL might be genetically susceptible to the develop-
ment of gliomas1,15,18).

Histopoathologically, GBM as a primary tumor and radia-
tion-induced GBM are not different. Donson et al.5), from their 
molecular analysis of 5 radiation-induced GBMs, demonstrated 
greater homogeneity of gene expression than de novo GBM in 



239

Radiation-Induced Glioblastoma Multiforme | D Joh, et al.

tion therapy for brain tumours. Acta Neurochir (Wien) 140 : 763-770, 
1998

17. Ohgaki H, Kleihues P : Epidemiology and etiology of gliomas. Acta 
Neuropathol 109 : 93-108, 2005

18. Pejsa V, Grgurevic I, Pazanin L, Lang N, Grgurevic L, Jaksic O : Multi-
centric glial brain tumors of a varying degree of differentiation in pa-
tient with chronic lymphocytic leukemia. Am J Hematol 79 : 50-53, 
2005

19. Perez CA, Brady LW : Principles and Practice of Radiation Oncology, 
ed 2. Philadelphia : Lippincott Co, 1992, pp1-63 

20. Saenger EL, Silverman FN, Sterling TD, Turner ME : Neoplasia follow-
ing therapeutic irradiation for benign conditions in childhood. Radiol-
ogy 74 : 889-904, 1960

21. Salvati M, Artico M, Caruso R, Rocchi G, Orlando ER, Nucci F : A re-
port on radiation-induced gliomas. Cancer 67 : 392-397, 1991

22. Salvati M, D’Elia A, Melone GA, Brogna C, Frati A, Raco A, et al. : Ra-
dio-induced gliomas : 20-year experience and critical review of the pa-
thology. J Neurooncol 89 : 169-177, 2008

23. Schoenberg BS, Christine BW, Whisnant JP : The descriptive epidemiol-
ogy of primary intracranial neoplasms : the Connecticut experience. 
Am J Epidemiol 104 : 499-510, 1976

24. Shah KC, Rajshekhar V : Glioblastoma multiforme in a child with acute 
lymphoblastic leukemia : case report and review of literature. Neurol 
India 52 : 375-377, 2004

25. Symss NP, Pande A, Chakravanthy MV, Ramamurthi R : Glioblastoma 
multiforme occurring in a child with acute lymphoblastic leukemia. J 
Pediatr Neurosci 1 : 63-65, 2006

26. Trouillas P, Menaud G, De Thé G, Aimard G, Devic M : [Epidemiologi-
cal study of primary tumors of the neuraxis in the Rhone-Alps region. 
Quantitative data on the etiology and geographical distribution of 1670 
tumors]. Rev Neurol (Paris) 131 : 691-708, 1975

27. Tsutsumi S, Yasumoto Y, Ito M : Pediatric multicentric glioma occurring 
after cranial irradiation. J Clin Neurosci 16 : 1086-1088, 2009

28. Walter AW, Hancock ML, Pui CH, Hudson MM, Ochs JS, Rivera GK, et 
al. : Secondary brain tumors in children treated for acute lymphoblastic 
leukemia at St Jude Children’s Research Hospital. J Clin Oncol 16 : 
3761-3767, 1998

29. Yaris N, Erduran E, Celep F, Yavuz M, Reis A : Secondary glioblastoma 
multiforme with a new translocation t(3;3)(q21;q26) following treat-
ment of acute lymphoblastic leukemia. Turk J Pediatr 47 : 98-99, 2005

multiforme following prophylactic cranial irradiation and intrathecal 
methotrexate in a child with acute lymphocytic leukemia. Cancer 47 : 
2563-2566, 1981

5. Donson AM, Erwin NS, Kleinschmidt-DeMasters BK, Madden JR, Ad-
do-Yobo SO, Foreman NK : Unique molecular characteristics of radia-
tion-induced glioblastoma. J Neuropathol Exp Neurol 66 : 740-749, 
2007

6. Fontana M, Stanton C, Pompili A, Amadori S, Mandelli F, Meloni G, et 
al. : Late multifocal gliomas in adolescents previously treated for acute 
lymphoblastic leukemia. Cancer 60 : 1510-1518, 1987

7. Grabb PA, Kelly DR, Fulmer BB, Palmer C : Radiation-induced glioma 
of the spinal cord. Pediatr Neurosurg 25 : 214-219, 1996

8. Inati A, Sallan SE, Cassady JR, Hitchcock-Bryan S, Clavell LA, Belli JA, 
et al. : Efficacy and morbidity of central nervous system “prophylaxis” in 
childhood acute lymphoblastic leukemia : eight years’ experience with 
cranial irradiation and intrathecal methotrexate. Blood 61 : 297-303, 
1983

9. Jones A : Supervoltage X-ray therapy of intracranial tumours. Ann R 
Coll Surg Engl 27 : 310-354, 1960

10. LÖning L, Zimmermann M, Reiter A, Kaatsch P, Henze G, Riehm H, et 
al. : Secondary neoplasms subsequent to Berlin-Frankfurt-Münster 
therapy of acute lymphoblastic leukemia in childhood : significantly 
lower risk without cranial radiotherapy. Blood 95 : 2770-2775, 2000

11. Mann I, Yates PC, Ainslie JP : Unusual case of double primary orbital 
tumour. Br J Ophthalmol 37 : 758-762, 1953

12. Menon R, Muzumdar D, Shah A, Goel A : Glioblastoma multiforme 
following cranial irradiation and chemotherapy for acute lymphocytic 
leukaemia. Report of 3 cases. Pediatr Neurosurg 43 : 369-374, 2007

13. Modan B, Baidatz D, Mart H, Steinitz R, Levin SG : Radiation induce 
head and neck tumors. Lancet 1 : 277-279, 1974

14. Muzumdar DP, Desai K, Goel A : Glioblastoma multiforme following 
prophylactic cranial irradiation and intrathecal methotrexate in a child 
with acute lymphoblastic leukaemia : a case report. Neurol India 47 : 
142-144, 1999

15. Neglia JP, Robison LL, Stovall M, Liu Y, Packer RJ, Hammond S, et al. : 
New primary neoplasms of the central nervous system in survivors of 
childhood cancer : a report from the Childhood Cancer Survivor Study. 
J Natl Cancer Inst 98 : 1528-1537, 2006

16. Nishio S, Morioka T, Inamura T, Takeshita I, Fukui M, Sasaki M, et al. : 
Radiation-induced brain tumours : potential late complications of radia-


