
 145

INTRODUCTION

One of the serious late consequences of successful child-
hood acute lymphoblastic leukemia (ALL) treatment is the 
development of a secondary neoplasm, which is defined as an-
other malignant tumor arising in close proximity to, or remote 
from, the primary tumor at a different point in time and with 
an independent oncogenesis. Whether, in individual cases, the 
development of a secondary neoplasm is related to the treat-
ment of the previous one is uncertain, because genetic risk fac-
tors or other external carcinogens may also be involved. Howev-
er, it is certain that the risk of a secondary neoplasm developing 
in patients treated for ALL is higher than that of the normal 
population and, in fact, a variety of secondary neoplasms, such 
as brain tumors, hematologic malignancies, sarcomas, thyroid 
cancers, and skin cancers have been reported in the literature 
[7,13,14,23]. Radiation effects are generally accepted to be a 
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crucial factor in the development of the secondary neoplasm, 
but the exact mechanism by which this occurs remains unclear 
[29]. 

Here, we present an unusual case of low-grade oligoden-
droglioma [World Health Organization (WHO II)] occurring 
in a patient 13 years after undergoing chemotherapy and pro-
phylactic cranial irradiation for ALL. 

CASE REPORT

A 21-year-old male was admitted to our institution due to a 
1-month history of a newly started simple partial seizure. He 
had a history of successful recovery from ALL with systemic 
chemotherapy (vincristine, L-asparaginase, 6-mercaptopu-
rine, calcort, doxorubicin), intrathecal methotrexate, and cra-
nial irradiation (18 Gy delivered in ten fractions over a period of 
12 days). Calcort was not used in the maintenance therapy. A 
mass with 2 cm in the largest diameter was seen in the right in-
sular cortex on the contrast-enhanced brain MRI with no post-
contrast enhancement (Fig. 1). A navigation-guided biopsy ob-
tained sufficient tumor tissue and the postoperative course 
was uneventful.
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The histological study revealed a grade II oligodendroglio-
ma according to the WHO classification [20]: the ×400 mag-
nified pathological examination observed round uniform nu-
clei, nucleoli, and perinuclear halos (Fig. 2). Further molecular 
analysis revealed the loss of heterozygosity (LOH) of chromo-
somes 1p and 19q (Fig. 3), and positive for the isocitrate de-
hydrogenase 1 mutation at residue 132:pR132H (tumor propor-
tion of the tested tissue: 70%) (Fig. 4). 

Due to the previous irradiation history, additional radia-
tion therapy was not suitable for the patient. 

Thus, the patient was treated with a chemotherapeutic reg-
imen consisting of procarbazine, lomustine, and vincristine, 

rather than surgery or re-radiation due to the fact that the pa-
tient had a tumor with 1p19q loss. His general condition was 
well maintained throughout the course of the treatment, and 
he was able to complete the 6th chemotherapy cycle as initial-
ly planned. The patient had been successfully treated for ALL 
13 years earlier. The patient was treated with anticonvulsants 
for a year after the diagnosis of the oligodendroglioma. The 
patient has been doing well and his tumor as shown by imag-
ing at his last follow up, 3 years after the diagnosis, is under 
control (Fig. 5). 

DISCUSSION

Intensive multidrug therapy with prophylactic cranial irra-
diation has steadily improved the overall survival of children 
with ALL. However, long-term survivors of childhood ALL 
are also at risk for the development of a secondary neoplasm 
[7,13,14,23]. A recent investigation in Japan has found sec-
ondary neoplasms development in 37 (2.2%) of 1,716 patients 
treated after a diagnosis of ALL within a median follow-up 
duration of 9.5 years [14]. The types of secondary neoplasms 
in these patients includes hematologic malignancies (acute 
myeloid leukemia, myelodysplastic syndrome and non-Hodg-
kin lymphoma), brain tumors and other solid carcinomas. 
This risk is likely to be the consequence of multiple factors, 
including environmental factors and genetic susceptibility re-
lated to the primary diagnosis, radiotherapy, family history of 
cancer, immunosuppression, and hormonal factors [12,36]. 

Multiple previous cohort studies have proposed a possible 
correlation between cranial radiation and the development 
of secondary neoplasms in patients with ALL. Among 9,720 
patients who received treatment according to the protocols 
of the Children’s Cancer Study Group, 24 patients developed 
secondary neoplasms; 18 gliomas, 2 meningiomas, and 4 
primitive neuroectodermal tumors (PNET). The relative risk 
of developing secondary neoplasms in patients with an irra-
diation history is 22-fold higher when compared to the nor-
mal population, and demonstrated an inverse relationship 
between the incidence of the tumor and the age of radiation 
exposure. This was corroborated by the finding of a 19-fold 
relative risk of a secondary neoplasm in a German cohort of 
5,006 patients, in which 8 gliomas, 2 meningiomas, and 3 
PNETs had occurred [19]. According to a cohort study in-
volving 361 patients at Saint Jude Children’s Research Hospi-
tal, none of whom received cranial irradiation therapy, none 
of the patients developed a secondary neoplasm following 
treatment. In contrast, a number of studies, including the 
aforementioned, have reported a significantly increased risk 
of developing a secondary neoplasm with increasing doses of 
radiation treatment doses [28,34]. 

Fig. 1. A contrast-enhanced MRI study of the brain shows a mass 
in a the right insular cortex with a main diameter of 2 cm in the 
subcortex of the right insula and no post-contrast enhancement.

Fig. 2. In the ×400 view, round uniform nuclei, nucleoli, and peri-
nuclear halos are observed, suggestive of a typical oligodendro-
glioma. The tumor cells are infiltrating into brain parenchyma.
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By reviewing the literature, we found 24 published cases of 
low-grade gliomas that could be related to previous irradia-
tion treatments for various pathologies (Table 1), but of those 
only a single case was a low-grade oligodendroglioma [34]. 
A 2 year-old male underwent a combination of chemothera-
py and radiation therapy and received a total of 24 Gy of radi-
ation to the cranial region after being diagnosed with central 
nervous system (CNS) leukemia. After a nine-year latency 
period, he was diagnosed with a low-grade oligodendroglio-
ma [34]. 

Generally, the following diagnostic criteria are used for ra-
diation-induced tumors: new lesion arises within the field of 
radiation and it is histologically different from the primary tu-
mor; the new lesion arises during the latency period after the 
treatment of the primary tumor, which permits the second-
ary tumor to develop. Also, patients have no other predispos-
ing risk factors besides the history of radiotherapy [27]. Our 

patient satisfied all of the criteria; the oligodendroglioma oc-
curred in the frontal lobe during the latency period in the re-
gion previously exposed to radiation. In addition, besides the 
radiotherapy in his childhood, the patient had no other risk 
factors for brain tumors such as genetic or environmental fac-
tors. According to previous studies, the average latency period 
of secondary high-grade gliomas is known to be 9.1 years to 
11 years, whereas it takes 19 years in average for meningio-
mas to develop [16,24,34]. 

Although untrue for the patient of the present case, it must 
be noted that a history of ALL during childhood represents a 

Fig. 3. A: Molecular pathologic results reveals the LOH of chromosomes 1p (ratio-counted tumor nuclei: 50, 1p/1q ratio: 0.64). B: Molecular 
pathologic results reveals the LOH of chromosomes 19q (ratio-counted tumor nuclei: 50, 19q/19p ratio: 0.65). LOH, loss of heterozygosity.
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Fig. 4. Molecular analysis reveals positive for the IDH1 mutation 
at residue 132:pR132H (tumor proportion of the tested tissue: 
70%). IDH1, isocitrate dehydrogenase 1.
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Fig. 5. A contrast-enhanced MRI study of the brain shows a mini-
mal decrease in the size or extent of the underlying non-enhanc-
ing tumor involving the right anterior insular region and possible 
postopeative or post biopsy tissue defects.
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possible risk factor for the development of secondary neo-
plasms such as glioblastoma multiforme and anaplastic oligo-
dendrogliomas [4,10]. According to clinical studies on radia-
tion-induced neoplasms, which is thought to be late-compli-
cations of ALL treatment, age of onset and the incidence of 
high-grade gliomas have an inverse relationship. That is, the 
younger a patient is at the onset of ALL, the higher the risk 
for developing high-grade glioma, especially in children un-
der the age of six [32]. Children who have undergone pro-
phylactic CNS radiotherapy are at higher risk of secondary 
neoplasms, thus clinicians should carefully observe them for 
a certain period of time after treatment [5].

For low-grade radiation-induced gliomas, the latency pe-
riod ranges from 1 year to 36 years (Table 1), and in our pa-
tient, it was 13 years until the clinical manifestation. While 
these latency values are higher than those reported in the lit-
erature for high-grade gliomas, we can carefully assume that 
low-grade gliomas takes an indolent course, and takes several 
more years to develop and manifest clinically [22]. Thus, the 
latency period of our patient is not accurate since it is not clear 
when the secondary tumor occurred. 

The natural course and clinical outcome of radio-induced 
low-grade gliomas is still unknown. It has been suggested that 
radiation-induced secondary neoplasms are likely to possess 
some different clinical features from their ‘primary’ counter-
parts [17,18], but this suggestion relates to high-grade glio-
mas arising in younger age patients at atypical sites, and may 

not be applicable to the pathology of our patient. Regarding 
the molecular characterization, the LOH 1p and 19q is a com-
mon finding with WHO grade II oligodendrogliomas in the 
general population [25]. It is notable that radiation-induced 
neoplasms generally exhibit malignant characteristics on his-
tological examination [3,11]. However, further data from mo-
lecular analyses are required, as the present case suggests that 
this generalization may not be applicable to low-grade radia-
tion-induced oligodendrogliomas, even at the molecular level. 
Regarding the clinical outcome, observations over a longer 
follow-up period and studies including more cases are neces-
sary for the scientific community to clarify the biological and 
clinical properties of such a particular category of tumors, not 
only to establish the best treatment for these particular subset 
of patients, but also to improve our understanding of the 
pathogenetic features of these specific tumors. 

The development of a secondary neoplasm in a previously 
irradiated region is relatively rare when compared with other 
long-term complications of radiotherapy [16]. Although the 
outcomes and life expectancy for patients with ALL following 
treatment have improved significantly in recent years, clini-
cians should not overlook surveillance of secondary neo-
plasms. Our case shows that oligodendroglioma should be 
considered when undertaking differential diagnoses of sec-
ondary neoplasms in the brain.
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Table 1. Literature review of radiation induced low-grade gliomas

Case no. Authors (years) Age/gender Primary disease
Radiation  

dosage (Gy)
Latency 
(years)

Radiation-induced low-grade glioma

1 Jones 1960 [15] 33/M Meningioma 40 10 Astrocytoma
2 Albert et al. 1966 [1] 4/M Tinea capitis 5–8 4 Astrocytoma
3 Albert et al. 1966 [1] 10/M Tinea capitis 5–8 1 Astrocytoma

4–5 Shore et al. [30] 2/M Tinea capitis 3–4 5–6 Astrocytoma
6 Shore et al. [30] 8/M Tinea capitis 3–4 26 Astrocytoma
7 Walters [35] 3/F ALL 26.2 6 Astrocytoma
8 Anderson [6] 25/F Medulloblastoma 42 6 Cerebellar ependymoma
9 Okamoto [26] 25/F Medulloblastoma 42 6 Infratentorial ependymoma

10–14 Albo [2] 3M–2F ALL 24 6.5 4 Astrocytoma+1 ependymoma
15 Malone [21] 8/F ALL 20 3.5 Infratentorial and spinal astrocytoma
16 Malone [21] 19/M ALL 25.2 4.5 Astrocytoma
17 Dierssen [9] 16/F Fibrosarcoma 50 11 Astrocytoma
18 Dierssen [9] 15/M Ear chronic disease 18 11 Astrocytoma

19–20 Soffer [31] 2F Tinea capitis ? ?–36 Cerebellar+fibrillary astrocytoma
21 Tsang [33] 38/M Pituitary adenoma 50 9 Astrocytoma
22 Walter [34] 2/M ALL 24 9.2 Oligodendroglioma
23 D’Elia [8] 32/M ALL 18 22 Astrocytoma
24 D’Elia [8] 34/F ALL 24 26 Astrocytoma
25 Present case 8 ALL 18 13 Oligodendroglioma
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