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Abstract
Introduction: We report the development of acute lymphoblastic leukemia in a patient in whom temozolomide
was used for the treatment of a brain tumor. Unlike that of other alkylating agents, the leukemogenic potential of
temozolomide is considered to be very low, and very rarely are such cases reported.
Case Presentation: A 26-year-old Pakistani man who was treated for glioblastoma with temozolomide in an
adjuvant setting was diagnosed to have acute lymphoblastic leukemia one year after stopping temozolomide.
Conclusion: Temozolomide is a highly active agent, used in the management of high-grade brain neoplasms. The
agent is generally regarded to be safe, with an acceptable safety profile. Very few cases of myelodysplasia
associated with temozolomide use have been reported. We report here the first case of acute lymphoblastic
leukemia, which developed in a young man about one year after he finished taking temozolomide. This should
provide further insight into a possible toxicity profile of this alkylating agent. This finding should be of interest to
physicians in general and to medical oncologists in particular.

Introduction
Survival rates from aggressive, relapsed, refractory, or
high-grade brain tumors are generally poor, with the
median survival for some being less than one year [1].
With increased survival, however, the long-term toxicities of the available chemotherapeutic agents used in
aggressive brain cancers have become more prominent
[2]. Alkylating agents remain the most active agents
known for the treatment of aggressive and high-grade
brain neoplasms. Treatment-related myelodysplasia
(t-MDS) and acute leukemia (t-AL) have remained a
concern of prolonged exposure to alkylating agents [3].
Temozolomide (TMZ) is an oral second-generation
alkylating agent with activity against recurrent highgrade gliomas and has been considered efficacious and
relatively safe [4]. Here we report a case of t-ALL in a
patient who received TMZ for the treatment of highgrade mixed glioma.
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Case Report
A 26-year-old Pakistani man presented with history of
new-onset seizures. Magnetic resonance imaging (MRI)
of the brain revealed a contrast-enhancing lesion in the
right frontoparietal region with compressions and a shift
of the midline. The mass was resected in August 2007
and confirmed to be a mixed glioma with components
of both astrocytoma and oligodendroglioma, WHO
grade II. About six weeks after surgery, the patient was
brought back with a new history of seizures. An MRI
examination revealed a gross local recurrence at the site
of the previous surgery, which was infiltrating within the
sulci of the brain matter. Based on the clinical behavior
and surgical unresectability of the tumor, he was treated
with concurrent chemoradiation therapy (radiation:
6000 cGY/temozolomide, 75 mg/m 2 ). He showed an
excellent response to concurrent chemoradiotherapy,
with a complete disappearance of the recurred lesion.
He was given a total of six cycles of TMZ (150 mg/m2,
days one to five, every 28 days). He completed chemotherapy in January 2008 and remained well, without
evidence of recurrence, on surveillance MRI scans. He
recently came in complaining of easy bruisability; blood
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counts revealed an elevated white blood cell count (total
leukocyte count; 20,000 per deciliter; 16% neutrophils;
78% lymphocytes) and thrombocytopenia (platelet
count, 16,000 per deciliter). Bone-marrow aspirate
revealed diffuse infiltration with blast cells consistent
with acute leukemia. Peripheral blood flow cytometry on
immunophenotyping with five-color cytomics (fc500
Beckman Coulter flow cytometer) showed this population of cells with bright reactivity with Pan-T-markers
(that is, CD5, CD7, and cytoplasm cCD3, along with
CD45). Positivity of this population with Tdt was also
very prominent, so immunophenotypic results were consistent with precursor-T-acute lymphoblastic leukemia
(Pre-T-ALL). Bone marrow cytogenetics revealed a normal karyotype and negative Philadelphia chromosome.
He is currently undergoing treatment.

Discussion
We report, to the best of our best knowledge and search
of the literature, what appears to be the first reported
case of Philadelphia-negative true ALL developing subsequent to the use of TMZ. Some case reports exist of
myelodyplasia rapidly transforming in undifferentiated
leukemia [3,5] and one report of Ph negative T-ALL in
a patient receiving treatment [6].
TMZ is an oral alkylating agent that is now known to
be active against a variety of CNS neoplasms. After oral
absorption, it spontaneously hydrolyzes to methyltriazen-1-yl imidazole-4-carboxamide (MTIC). MTIC
degrades to a highly reactive cation that methylates guanines in DNA at the O6 position, causing base-pair mismatch. Unsuccessful cycles of mismatch repair
eventually lead to breaks and permanent nicks in the
daughter strand, preventing mitotic division, and the
cell undergoes apoptosis [7,8]. The action of TMZ has
been shown to be augmented in the concurrent presence of radiation, so the proof of efficacy and superiority of TMZ has led to a paradigm shift in the
management of aggressive CNS gliomas [1]. Although
the recommended treatment-cycle length is six months
after initial treatment, with concurrent chemoradiotherapy, some neuro-oncologists prefer to use it indefinitely
[9]. A recent survey of physicians who used TMZ for
more than one year, on average, found it to be completely safe, except for grade II and III myelosuppression
[10]. All alkylating agents are considered to carry a five
to ten percent mutagenic risk potential for development
of myeloid leukemia, but not for lymphoblastic leukemia. TMZ is a new alkylating agent; its safety profile
and lack of data on any mutagenic potential has led to
its incorporation in a large number of studies, for the
range from malignant gliomas to malignant melanomas
[11]. Little consistent data exist regarding the toxicity of
TMZ, so questions have been raised about its mutagenic
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potential. Some clinical trials have started to include
carcinogenic potential as a point of assessment in longterm safety monitoring of the drug [11]. Hartmut Geiger
et al. [12] published data that reveal the mutagenic
potential of TMZ for bone marrow cells in vivo in the
mouse model system.

Conclusion
TMZ has unequivocally shown its therapeutic potential
in randomized clinical trials as an effective, relatively
safe, and generally well-tolerated therapy for aggressive
CNS neoplasms, resulting in better overall survival.
Because it is a relatively new and unique alkylating agent,
the short-term and long-term data regarding safety, especially leukemogenic potential, must have further time to
mature. Although the association is unlikely to be a random finding, the association between TMZ and treatment-related leukemia deserves further study.
Consent
Written informed consent was obtained from the patient for publication of
this case report and accompanying images. A copy of the written consent is
available for review by the Editor-in-Chief of this journal.
Conflict of Interest
Both authors declare no conflict of interest with reference to material
published.
Authors’ contributions
AJS wrote the manuscript, searched the literature, and aided in patient
coordination. NM wrote the manuscript and searched the literature. Both
authors read and approved the final manuscript.
Received: 21 November 2009 Accepted: 18 August 2010
Published: 18 August 2010
References
1. Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B, Taphoorn MJ,
Belanger K, Brandes AA, Marosi C, Bogdahn U, Curschmann J, Janzer RC,
Ludwin SK, Gorlia T, Allgeier A, Lacombe D, Cairncross JG, Eisenhauer E,
Mirimanoff RO, European Organisation for Research and Treatment of
Cancer Brain Tumor and Radiotherapy Groups; National Cancer Institute of
Canada Clinical Trials Group: Radiotherapy plus concomitant and adjuvant
temozolomide for glioblastoma. N Engl J Med 2005, 352:987-996.
2. Su YW, Chang MC, Chiang MF, Hsieh RK: Treatment-related
myelodysplastic syndrome after temozolomide for recurrent high-grade
glioma. J Neuro-oncol 2005, 71:315-318.
3. Armitage JO, Carbone PP, Connors JM, Levine A, Bennett JM, Kroll S:
Treatment-related myelodysplasia and acute leukemia in non-Hodgkin’s
lymphoma patients. J Clin Oncol 2003, 21:897-906.
4. Macdonald DR: Temozolomide for recurrent high-grade glioma. Semin
Oncol 2001, 28:12.
5. Noronha V, Berliner N, Ballen KK, Lacy J, Kracher J, Baehring J, Henson JW:
Treatment-related myelodysplasia/AML in a patient with a history of
breast cancer and an oligodendroglioma treated with temozolomide:
case study and review of the literature. Neuro-oncology 2006, 8:280-283.
6. De Vita S, De Matteis S, Laurenti L, Chiusolo P, Reddiconto G, Fiorini A,
Leone G, Sica S: Secondary Ph+ acute lymphoblastic leukemia after
temozolomide. Ann Hematol 2005, 84:760-762.
7. Hegi ME, Diserens AC, Gorlia T, Hamou MF, de Tribolet N, Weller M,
Kros JM, Hainfellner JA, Mason W, Mariani L, et al: MGMT gene silencing
and benefit from temozolomide in glioblastoma. N Engl J Med 2005,
352:997-1003.

Shaikh and Masood Journal of Medical Case Reports 2010, 4:274
http://www.jmedicalcasereports.com/content/4/1/274

Page 3 of 3

8.

Darkes MJM, Plosker GL, Jarvis B: Temozolomide a review of its use in the
treatment of malignant gliomas. Am J Cancer 2002, 1:55-80.
9. Villano JL, Seery TE, Bressler LR: Temozolomide in malignant gliomas:
current use and future targets. Cancer Chemother Pharmacol 2009,
64:647-655.
10. Hau P, Koch D, Hundsberger T, Marg E, Bauer B, Rudolph R, Rauch M,
Brenner A, Rieckmann P, Schuth J, et al: Safety and feasibility of long-term
temozolomide treatment in patients with high-grade glioma. Neurology
2007, 68:688-690.
11. Clinical Trials.gov. [http://clinicaltrials.gov/ct2/results?term=temozolomide].
12. Geiger H, Schleimer D, Nattamai KJ, Dannenmann SR, Davies SM, Weiss BD:
Mutagenic potential of temozolomide in bone marrow cells in vivo.
Blood 2006, 107:3010-3011.
doi:10.1186/1752-1947-4-274
Cite this article as: Shaikh and Masood: Acute lymphoblastic leukemia
subsequent to temozolomide use in a 26-year-old man: a case report.
Journal of Medical Case Reports 2010 4:274.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

