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Abstract. Temozolomide (TMZ) is a second‑generation oral 
alkylating agent that functions against a number of central 
nervous system neoplasms, and is generally used to treat 
high‑grade gliomas, including anaplastic astrocytoma and 
glioblastoma multiforme. Therapy‑related secondary myelodys-
plastic syndrome and acute myeloid leukemia have been reported 
in patients following prolonged exposure to TMZ. However, 
TMZ‑related acute lymphoblastic leukemia (ALL) is extremely 
rare. The present study describes the case of an 11‑year‑old boy 
with a 3‑day history of generalized tonic‑clonic seizures and a 
contrast‑enhanced lesion in the left temporooccipital region with 
focal cystic degeneration, as detected by magnetic resonance 
imaging. The patient underwent craniotomy and gross‑total 
resection andpathological analysis confirmed the diagnosis of 
giant cell glioblastoma. Postoperatively, the patient received 
TMZ‑based concurrent chemoradiation during radiotherapy, 
and developed B‑cell ALL 6 months following TMZ treatment. 
A thorough literature search identified only six published cases 
of TMZ‑related ALL. The chemotherapeutic efficacy of TMZ 
has been identified, however, its leukemogenic potential should 
be emphasized among practitioners and patients. Further studies 
are required to determine the specific pathogenic mechanism of 
TMZ‑related ALL. Close hematological monitoring of patients 
following TMZ treatment is vital and a high index of suspicion 
is necessary.

Introduction

Temozolomide (TMZ) is a second‑generation oral alkylating 
agent with the ability to penetrate the blood‑brain barrier, 
and is widely used in the management of high‑grade brain 
neoplasms, including anaplastic astrocytoma and glioblastoma 
multiforme, in addition to brain metastasis from solid 
tumors (1,2). TMZ is a prodrug and imidazotetrazine analog that 
exerts its action following spontaneous conversion to its active 
form, 5‑(3‑methyltriazen‑1‑yl)imidazole‑4‑carboxamide (3). 
This active drug subsequently exerts its antitumor effect by 
methylating the purine bases of chromosomal DNA including 
O6‑guanine, which results in the failure of DNA replication, 
cell cycle arrest and subsequent apoptosis  (4,5). TMZ is 
generally considered effective and relatively safe  (6‑8); 
however, increased survival rates in certain patients have 
uncovered toxicities arising from the long‑term use of 
alkylating agents, including TMZ  (9). Treatment‑related 
secondary myelodysplastic syndrome (t‑MDS) and 
treatment‑related acute myeloid leukemia (t‑AML) have been 
recorded in patients following prolonged (5‑10 years) exposure 
to alkylating agents (10‑12).

TMZ is a relatively new drug and glioblastoma is an 
aggressive neoplasm with poor prognosis, thus the types of 
secondary cancer arising due to TMZ treatment have not yet 
been fully characterized. A review of the existing literature 
demonstrated that only 7 cases of TMZ‑related acute lympho-
blastic leukemia (ALL) have been reported thus far (13‑18). 
The current case describes an 11‑year‑old boy with glioblas-
toma multiforme, who developed B‑cell ALL 6 months after 
the last dose of TMZ. To the best of our knowledge, the present 
case is the youngest known patient with TMZ‑related ALL. 
In addition, a review of the available literature regarding 
TMZ‑related ALL was performed.

Case report

An 11‑year‑old boy presented at The First Affiliated Hospital 
of Jilin University (Changchun, China) in July 2013 with a 
3‑day history of generalized tonic‑clonic seizures. The patient 
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was otherwise healthy and had no other significant medical 
or family history. Magnetic resonance imaging (MRI) of 
the brain revealed a contrast‑enhanced lesion (4.5x3  cm) 
in the left temporo‑occipital region with focal cystic 
degeneration (Fig. 1). Craniotomy and gross‑total resection 
were subsequently performed. A post‑operative pathological 
examination identified that the tumor cells varied in size, 
the nucleus was enlargened, the chromatin was granulated, 
and thickened‑karyotheca and focal necrosis were observed. 
(Fig. 2; hematoxylin and eosin staining). Immunochemistry, 
performed as previously described  (19) revealed positive 
staining for epidermal growth factor receptor (anti‑EGFR; 
cat. no. SP111; dilution, 1:100; Fuzhou Maixin Biotech Co., 
Ltd., Fuzhou, China), sixty percent positive staining for 
Ki‑67 (anti‑Ki‑67; cat. no. MX006; dilution, 1:100), GFAP 
(anti‑GFAP; cat. no.  GA‑5; dilution, 1:100; both Fuzhou 
Maixin Biotech Co., Ltd.). Pathological analysis confirmed 
the diagnosis of giant cell glioblastoma with necrosis (Fig. 2) 
and this was classified as World Health Organization grade IV 
based on the 2007 World Health Organization Classification of 
Tumors of the Central Nervous System (20).

Postoperatively, the patient received TMZ‑based concur-
rent chemoradiation with TMZ at a dose of 75 mg/m2/day for 
5 days during radiotherapy in August 2013. Radiotherapy was 
administered at a total dose of 60 Gy in 30 fractions for 6 weeks 
(5 days per week) and limited to the temporo‑occipital region. 
Following concurrent chemoradiotherapy, the patient received 
a total of 5 cycles of maintenance TMZ from September 2013 
to January 2014 (150 mg/m2/day for 5  days every 28 day 
course). During this period the patient remained stable with 
no evidence of recurrence on surveillance MRI examinations.

At 6  months after the final dose of TMZ, the patient 
presented with increasing fatigue and easy bruising. Physical 
examination reported pallor, scattered petechiae and ecchy-
mosis of the skin, tenderness of the sternum on percussion 
and hepatosplenomegaly (the liver was firm and palpable 6 cm 
below the costal margin). Blood counts indicated absolute 
lymphocytosis (white blood cell count, 16,750/µl, normal 
range, 3,500‑9,500/µl, including 74% lymphocytes, normal 
range 20‑50%) with anemia (hemoglobin count, 75 g/l, normal 
range 130‑175g/l) and thrombocytopenia (platelet count, 
24,000/µl; normal range, 125,000‑350,000/µl). The serum 
lactate dehydrogenase (LDH) level was markedly elevated, at 
1,243 U/l. Bone marrow aspiration exhibited 91.5% lympho-
cytes with 46%  lymphoblasts (Fig.  3), and bone marrow 
biopsy demonstrated diffuse infiltration of the peripheral 
blood by lymphoblasts (Fig. 4). Peripheral blood flow cytom-
etry indicated 63.58% phenoty pically abnormal cells, which 
were positive for CD10 (anti‑CD10 mAb; cat. no. MX002; 
dilution, 1:100), CD19 (anti‑CD19 mAb; cat. no. LE‑CD19; 
dilution, 1:100), CD20 (anti‑CD20 mAb; cat. no. MX003; 
dilution, 1:100), CD22 (anti‑CD22 mAb; cat. no. MS‑1087; 
dilution, 1:100) and CD79a (anti‑CD79a mAb; cat. no. SP18; 
dilution, 1:100; all Fuzhou Maixin Biotech Co., Ltd.), and 
negative for immunoglobulin M (anti‑Immunoglobulin M; 
cat. no.  20‑2786; dilution, 1:100; Dakewe Biotech Ltd., 
Shanghai, China) and CD7 (anti‑CD7 mAb; cat. no.  272; 
dilution, 1:100; Fuzhou Maixin Biotech Co., Ltd.). Staining 
was performed as described previously (21). Bone marrow 
cytogenetics revealed a normal male karyotype (Fig. 5) and 

an MRI scan demonstrated no signs of recurrence. Based on 
these results, the patient was diagnosed with B‑cell ALL. A 
four‑week combination chemotherapy induction protocol was 
administered, comprising vincristine (1.5 mg/m2, intravenous 
injection at days 8, 15, 22 and 29), daunorubicin (30 mg/m2, 
intravenous injectionat days 8‑10, 22 and 29), L‑asparaginase 
(6,000‑10,000 U/kg, intravenous injectionat days 11, 13, 15, 17, 
19, 21, 23, 25, 27 and 29) and prednisone (60 mg/m2/day, oral 
administration in days 1‑7; 40 mg/m2/day, oral administration 
in days 8‑28), and the patient achieved complete hematological 
remission. The patient remains on chemotherapy and has been 
in remission for 8 months, undergoing regular surveillance 
MRI three times a month.

Discussion

A large number of randomized clinical trials have 
demonstratedthe safety and efficacy of TMZ in the treatment 
of aggressive central nervous system tumors, revealing 
significantly improved overall survivalcompared with the 
first‑generation oral alkylating agent (6‑8). The United States 
Food and Drug Administration approved TMZ as a treatment 
for glioblastoma in 1999 (22). However, TMZ is a relatively 
new alkylating agent and its long‑term safety is not fully 
characterized.

The present study performed a literature review and iden-
tified only 6 cases of therapy‑associated ALL that occurred 
subsequent to TMZ administration include the current patient. 
The clinical profiles of the six patients are summarized in 
Table  I. Of the patients identified, three were males and 
three werefemales and all except onewere adults. A total of 
six patients were diagnosed with primary glioblastoma and 
received TMZ‑based concurrent chemoradiation. The other 
patient was diagnosed with oligodendroglioma and was treated 
with TMZ‑based adjuvant chemotherapy. Bone marrow cyto-
genetics revealed chromosome abnormalities in 2 cases: 1 
with t(4;11)(q21;q23)(14), and the other with breakpoint cluster 
region/Abelson murine leukemia rearrangement, t(9;22) and 
monosomy 7 (13). During concurrent chemoradiation, TMZ 
was administered orally at 75 mg/m2/d 5 consecutive days a 
week for 42 days. Subsequent maintenance therapy with TMZ 
was administered at 150 mg/m2/day for 5 days in a 28 day 
cycle, with the total number of cycles ranging from 1‑36 prior 
to the diagnosis of secondary hematological disorders. A total 
of 5 patients were diagnosed with pre‑B ALL, and the other 
two with precursor T‑cell ALL (pre‑T ALL).

Figure 1. (A) Coronal and (B) sagittal T1‑weighted MRI scans presenting 
a contrast‑enhancing lesion (4.5x3 cm) in the left temporo‑occipital region 
with focal cystic degeneration. MRI, magnetic resonance imaging.
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The leukemogenic potential of alkylating agents is 
well‑known and it usually takes 5‑10 years after exposure 
for leukemia to develop (10‑12). Following prolonged TMZ 
treatment, t‑MDS and t‑AML have been widely reported in 

patients  (22‑24). Results from phase  I and II clinical trials 
suggest that the primary toxicity associated with TMZ 
is myelotoxicity  (13). Reported TMZ‑related secondary 
hematological disorders, including t‑MDS and t‑AML, are 
usually secondary to the administration of TMZ in combination 
with other alkylating agents  (25) and few cases have been 
documented following TMZ monotherapy (24,26). Meanwhile, 
T‑ALL subsequent to TMZ‑based concurrent chemoradiation 
in patients with glioblastoma is extremely rare (13‑18). In the 
limited number of patients studied, B‑ALL was more common 
than T‑ALL.

The first case of TMZ therapy‑related ALL was 
reported by De Vita et al (13) in 2005, documenting a case 
of Ph+ acute precursor B‑cell lymphoblastic leukemia 
French‑American‑British L1 subtype. Subsequently, four other 
cases were reported with B‑ or T‑ALL with or without cyto-
genetic abnormalities (14‑17). The latency period from the first 
dose of TMZ to the onset of ALL was an average of 17.7 months 
(range, 4‑57 months), which is notably shorter than the latency 
period of therapy‑related ALL subsequent to other conventional 
alkylating agents (mean, 63 months) (27). The development of 
secondary malignancies usually requires the accumulation of 
multiple genetic abnormalities, causing a period of latency.

Treatment‑related MDS and t‑AML are the most common 
types of secondary leukemia and secondary ALL accounts for 
~10% of all secondary leukemia cases (28,29). TMZ‑related 
ALL is rare and the specific mechanisms underlying its 
development remain unclear. Previous studies suggest that 
several genetic predisposing factors may be involved in the 
pathogenesis of secondary ALL. De Vita et al (13) indicated 
that monosomy 7 and t(9;22) may be associated with the onset 
of TMZ‑related ALL. In addition, Chou et al (14) suggested 
that t(4;11)(q21;q23) may be a potential genetic predisposing 
factor  (14). However, the literature review performed in 
the current study demonstrated that >50% of the secondary 
ALL cases exhibited no associated chromosome abnor-
mality  (15‑17). Onset of ALL may thus be an incidental 
event following TMZ treatment, and the relatively short 
latency period suggests that TMZ administration may be the 
primary pathogenic factor contributing to the development of 
TMZ‑related ALL. Geiger et al (30) confirmed the mutagenic 
potential of TMZ for bone marrow cells in an in vivo murine 
model and suggested that this may be the underlying cause of 
therapy‑related leukemia in TMZ‑treated patients.

The optimal treatment and prognosis of TMZ‑related 
ALL remain undetermined. To the best of our knowledge, the 
present case is only the sixth patient reported with TMZ‑related 
ALL, and also the youngest. Half of all patients have achieved 
complete remission following induction chemotherapy. 
However, the therapy details and outcomes of these cases 
are incomplete. In the present case, a standard combination 
chemotherapy protocol comprising vincristine, daunorubicin, 
L‑asparaginase and prednisone was employed and the outcome 
was favorable. The implication of therapy‑related leukemia 
is that the prognosis may be worse than de novo leukemia; 
however, it has been consistently demonstrated in various 
studies that standard or more intensive therapies improve 
patient outcomes (31‑33).

A high index of suspicion is required by practitioners when 
following up patients with glioblastoma who have received 

Figure 2. Histopathological examination at magnifications of (A) x40 and 
(B) x1,000 confirmed diagnosis of giant cell glioblastoma with necrosis at 
World Health Organization grade IV (staining, hemaotoxylin and eosin).

Figure 3. Bone‑marrow smear examination at magnifications of (A) x1,000 and 
(B) x40 revealed lymphocytosis (91.5%), in which lymphoblasts and immature 
lymphocytes constitute ~46% of all lymphocytes (staining, Wright‑Giemsa). 
This confirmed a diagnosis of acute lymphoblastic leukemia.

Figure 4. Bone‑marrow biopsy examination at magnification of (A) x1,000 
and (B) x400 demonstrated diffuse infiltration with lymphoblasts (staining, 
Wright‑Giemsa).

Figure 5. Bone marrow cytogenetics (G‑banding), presenting a normal 
karyotype.
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TMZ as a part of their treatment. Perry et al (34) suggested that 
the cumulative dose of alkylating agents is a major risk factor 
for the pathogenesis of secondary leukemia, and concurrent 
radiotherapy does not appear to confer additional leukemo-
genic risk. Pagano et al (28,35) supported this hypothesis and 
added that it is not only exposure to chemotherapy, but also 
genetic predisposition that is important in the pathogenesis of 
secondary leukemia.

Alkylating agents have been used to treat high‑grade 
gliomas for decades and their leukemogenicity is well known. 
However, TMZ is a second‑generation oral alkylating agent 
and has only been widely used for the last decade, therefore 
its leukemogenicity has not been comprehensively evaluated. 
TMZ‑related hematological disorders have increasingly been 
reported in the literature, suggesting that TMZ has a similar 
leukemogenic potential to other alkylating agents  (9,25). 
However, the latency period from TMZ exposure to the 
development of secondary leukemia appears to be considerably 
shorter than other alkylating agents.

In conclusion, TMZ is included in the standard treatment 
of high‑grade gliomas and it is generally safe and effective; 
however, its leukemogenic potential should be noted. Close 
hematological monitoring and a high index of suspicion by 
practitioners is required, and further studies are warranted to 
determine the specific pathogenic mechanism of TMZ‑related 
ALL.
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