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The emergence of temozolomide as an effective alkyl-
ating agent with little acute toxicity or cumulative
myelosuppression has led to protracted courses of che-
motherapy for many patients with gliomas. Secondary,
or treatment-related, myelodysplasia (t-MDS) and acute
myelogenous leukemia (t-AML) are life-threatening
complications of alkylating chemotherapy and have been
reported in patients with primary brain tumors. We
describe a case of temozolomide-related t-MDS/AML
and discuss the clinical features of this condition. Admin-
istration of an alkylating agent in patient populations
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with long median survivals must be undertaken with an
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plication. Neuro-Oncology 8, 280-283, 2006 (Posted to
Neuro-Oncology [serial online], Doc. D05-00027, May
25, 2006. URL www.dukeupress.edu/neuro-oncology;
DOI: 10.1215/15228517-2006-003)

Keywords: brain neoplasm, glioblastoma, myelodysplas-
tic syndrome, recurrent glioma, secondary leukemia,
secondary myelodysplastic syndrome, temozolomide,
treatment complication

’_-I Yemozolomide is an orally administered analog of

dacarbazine whose activity is mediated primarily

via DNA methylation at the O position of gua-
nine (Brada et al., 1999). It is relatively well tolerated and
is increasingly administered in clinical studies over pro-
longed periods to patients with gliomas and several other
malignancies (Grewal et al., 2005; Stupp et al., 2005).
Myelodysplastic syndrome is a clonal hematopoietic
disorder that may be caused by cytotoxic chemotherapy
and radiation therapy (RT).> We report a second case of
treatment-related myelodysplasia (--MDS) and treatment-
related acute myelogenous leukemia (-AML) in a patient
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who received temozolomide, and we review the clinical
picture of -MDS/AML.

Case Study

A 66-year-old woman developed mental confusion and
was found to have a right temporoparietal brain mass
in 2000. Two years before, she had been treated with
lumpectomy and 6120 c¢Gy of adjuvant RT for early-
stage breast cancer. Subtotal resection of the temporal
lobe mass revealed anaplastic oligodendroglioma. She
received adjuvant involved-field irradiation to 6000 cGy,
followed by one cycle of adjuvant chemotherapy with PCV
(procarbazine, CCNU [lomustine: 1-(2-chloroethyl)-
3-cyclohexyl-1-nitrosoureal, and vincristine): lomustine,
110 mg/m? orally on day 1; procarbazine, 60 mg/m?
orally on days 8-21; and vincristine, 1.4 mg/m?, capped
at 2 mg, intravenously on days 8 and 29). She devel-
oped excessive myelosuppression during the first cycle,
and further PCV chemotherapy was withheld. Disease
progression was detected six months after initial diag-
nosis, and the mass was again resected. Carmustine-
impregnated wafers were placed in the resection cavity.
She was started on temozolomide at 150 mg/m? daily
for § days, every 28 days. After 22 cycles, her plate-
let count decreased to a nadir of 55,000/pl (normal
range, 140,000-400,000/pl), and the white blood cell
count and hematocrit remained normal, although her
erythrocyte mean corpuscular volume was elevated at
109 fl (normal, 81-91 fl). Temozolomide was withheld
until the platelet count had normalized and then was
restarted with a treatment interval of every four months.
Prior to cycle 26, she was found to be pancytopenic with
the appearance of nucleated red cells, schistocytes, poi-
kilocytosis, and polychromasia on a peripheral blood
smear. A bone marrow biopsy in August 2004 revealed
a hypocellular marrow with relative erythroid hyper-
plasia, marked megaloblastic and dysplastic changes,
a left-shifted myeloid series, and scattered micromega-
karyocytes, consistent with myelodysplasia. Flow cytom-
etry revealed an abnormal CD11b/CD16/CD13/CD10
myeloid maturation pattern with an abnormal popula-
tion of CD71-negative, glycophorin-positive erythroid
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cells, also consistent with myelodysplasia. Less than
5% of the marrow elements were CD34+ myeloblasts.
Multiple complex cytogenetic abnormalities were noted,
including deletion of chromosomes 1, 5, 6, 7, 11, and 16;
rearrangement of chromosomes 3, 9, 11, and 12; and
the presence of one or two unidentified marker chro-
mosomes. These findings were suggestive of alkylating-
agent-induced t-MDS. She was treated with induction
chemotherapy consisting of idarubicin and cytarabine.
She progressed to refractory anemia with excess blasts,
and subsequently to t-AML. Various salvage chemother-
apy regimens were administered, including FLAG (fluda-
rabine, high-dose cytarabine and granulocyte colony-
stimulating factor), mitoxantrone with etoposide, and
gemtuzumab. She succumbed to t-tAML 13 months after
diagnosis of t-MDS.

Discussion

We report the occurrence of t-MDS/AML in a patient
with localized breast cancer and malignant glioma after
external beam radiation therapy for both tumors, one
cycle of PCV, and 25 cycles of temozolomide chemo-
therapy. The time course of events is depicted in Fig. 1.
We believe that procarbazine and lomustine contributed
little to the accumulation of alkylator-related DNA dam-
age, as only one cycle was administered, although the
unusually severe myelosuppression following the single
cycle of PCV may have reflected a predisposition to the
myelotoxic effects of chemotherapy. In addition, RT for
her breast cancer and brain tumor may have played a
role, although the potential contribution of RT to the
induction of t-MDS/AML is controversial. The indi-
vidual contribution of each treatment modality remains
undetermined in this patient, although the exposure to
temozolomide may have played a role in the develop-
ment of -MDS/AML.

The paucity of t-MDS/AML cases in recipients of
temozolomide chemotherapy is likely related to the rela-
tively recent introduction of the agent and the poor prog-
nosis associated with malignant gliomas. Temozolomide
is also used for patients with anaplastic oligodendroglio-
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Fig. 1. Time line of events from initial diagnosis of breast cancer to the onset of acute leukemia. Months are shown for key dates.
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mas and is increasingly used for the treatment of patients
with clinically or radiographically progressive low-grade
gliomas (Grewal et al., 2005; Hoang-Xuan et al., 2004).
Both of these tumors can be associated with survival of
several years. Although the relative value of the duration
of various treatment regimens is not well understood
(e.g., six months vs. up to two years), the median time
to best response in patients with low-grade oligodendro-
gliomas is 12 months (Hoang-Xuan et al., 2004), and
there is a tendency to administer protracted courses of
therapy when patients achieve stable disease and there is
minimal short-term toxicity. With the increasing use of
temozolomide in these patients, more cases of t-MDS/
AML will likely emerge.

t-MDS/AML has been described following therapy
of primary brain tumors with classic alkylating agents,
including nitrosoureas or procarbazine, RT alone, or
combined chemotherapy and RT (Genot et al., 1983;
Perry et al., 1998). In a review including 28 case reports
of patients with primary brain tumors who developed
t-AML, 15 were adults with a median age of 30 years
(range, 23-59 years), and all received a nitrosourea. The
median latency between the start of therapy and the
diagnosis of ttAML was 2.5 years (range, 8 months to
4.5 years) (Perry et al., 1998). The only prior case report
of temozolomide-associated MDS described a 44-year-
old woman with recurrent anaplastic astrocytoma who
developed t-MDS eight months after starting temozolo-
mide (Su et al., 2005). However, this patient had previ-
ously received four cycles of nimustine.

MDS and AML are related clonal stem cell disorders
that occur sporadically in older adults (80% of cases)
and iatrogenically (20% of cases) in patients treated
with alkylating agents, topoisomerase II inhibitors (e.g.,
epipodophyllotoxins), or RT. In 75% of cases, patients
develop t-MDS, and disease then progresses over a
median interval of four months to t-AML (Smith et al.,
2003). t-AML is diagnosed when myeloblasts exceed
20% (Harris et al., 1999). Cytogenetic changes involv-
ing deletions of chromosomes 5 and 7 are present in
85% of cases with alkylating agent exposure, although
several subsets of genetic changes are known (Pedersen-
Bjergaard, 2005; Smith et al., 2003). The target of the
chromosome 5 deletion is not known, but there is a
strong correlation between it and inactivating mutations
of the TP53 gene. The target of the chromosome 7 dele-
tion is inactivation of the AML1 tumor suppressor gene.
Topoisomerase type I inhibitors, such as etoposide,
produce t-MDS/AML with balanced rearrangements
involving chromosome 11.

The development of t-MDS/AML is related to the
specific DNA-damaging agent, dose, therapy duration,
and patient age. Alkylating agents produce - MDS/AML
with a latency of several years (median, 55 months) fol-
lowing exposure, and the risk rises with increasing age
(Smith et al., 2003). As already noted, it appears that
patients with primary brain tumors treated with nitro-
soureas may develop t-MDS/AML after a shorter latency
period, which suggests the possibility of a synergistic
effect with RT or a unique property of these alkylating
agents. There are no known factors other than age and
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duration of therapy to predict which patients might be
at higher risk of - MDS/AML.

The risk of t-MDS is low but not negligible. In clini-
cal trials of alkylating therapy, the rate has been 0.25%
to 1% per year beginning two years after the start of
therapy and decreasing seven years after the end of ther-
apy (Pedersen-Bjergaard, 2005). Chronic oral alkylating
therapy for Hodgkin’s disease produced a 13% incidence
of tMDS/AML (Pedersen-Bjergaard et al., 1987).

The clinical features of -MDS/AML are a result of
bone marrow failure. Symptomatic anemia is the most
common presentation, but easy bruising and repeated
infections may also be prominent. The complete blood
count reveals persistent or worsening pancytopenia.
An elevated mean corpuscular volume is common, but
this finding is also seen during chemotherapy without
t-MDS/AML. Bone marrow aspiration and biopsy are
performed to confirm the clinical suspicion of t-MDS/
AML.

Patients who develop t-MDS/AML are treated with
supportive care, including growth factor support, trans-
fusion of blood products, and administration of antibiot-
ics. 5-Azacytidine is approved for the treatment of MDS,
and thalidomide can reduce transfusion requirements in
a subset of patients with primary MDS. Primary treat-
ment is marrow ablative chemotherapy followed by
allogeneic bone marrow transplant (Ballen et al., 1997,
Rogers et al., 2001). Studies of transplantation suggest
a 20%-40% chance of long-term, disease-free survival.
Options for patients without matched related donors
include a matched volunteer donor, cord blood trans-
plantation (Ballen, 2005), or haploidentical (i.e., mis-
matched family member) transplant. New approaches
to treatment include decitabine; lenalidomide (Revlimid;
Celgene, Summit, N.]J.), an immunomodulatory relative
of thalidomide; PTK787, an oral VEGF (vascular endo-
thelial growth factor) tyrosine kinase inhibitor; and the
proteasome inhibitor bortezomib. Despite these inter-
ventions, the median survival is nine months for patients
with t-MDS and seven months for those with -AML.
Patients with chromosome 5 and 7 abnormalities have a
worse prognosis than do those without this finding.

Conclusion

Protracted administration of an alkylating agent must be
undertaken with an understanding of the risk of long-
term treatment complications. This is most relevant
for patients with 1p-deleted anaplastic oligodendro-
gliomas and low-grade gliomas whose tumors may be
stable over several years. There is variation in the risk
of -MDS/AML based on the specific DNA-damaging
agent, and at present no accurate information is avail-
able on the incidence with temozolomide. Many brain
tumor patients also receive radiation and nitrosoureas,
which makes it difficult to determine the contribution
of a single agent. Until the specific risk is better under-
stood, however, consideration of the duration of therapy,
particularly in older patients, will be important factors
in neuro-oncology practice.
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