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Dear Editor,

Acute myeloid leukemia (AML) is a clinically and biologically heterogeneous disease.
Cytarabine (Ara-C), a deoxycytidine analog, in combination with daunorubicin is the
standard remission induction regimen used in the treatment of AML [1]. Drug resistance and
drug-related toxicities are the major reasons of treatment failure, which could potentially be
attributed to the defective or altered metabolism of the drugs [2]. Deoxycytidine kinase
(DCK) is the rate limiting kinase involved in the activation of the pro-drug Ara-C to Ara-
CTP. Decreased expression and activity of DCK in AML has been reported as a mechanism
of clinical resistance to Ara-C [3]. Cytidine deaminase (CDA) is the major enzyme involved
in the systemic degradation of Ara-C by deaminating the drug to its uracil derivative uracil
arabinoside (Ara-U) [4]. Increased level of CDA has been shown to play an important role in
the development of Ara-C resistance [5, 6]. Gemcitabine, another nucleoside analog, has
been reported to cause severe drug toxicity when administered to patients with decreased
CDA activity [7, 8]. CDA gene polymorphisms A79C and G208A are shown associated with
decreased CDA activity there by resulting in severe drug-related toxicities [9]. However,
there are no reports so far on Ara-C associated toxicity attributed to any of the Ara-C
metabolizing enzymes expression or activity. We report a case of AML in which the patient
developed severe cerebellar dysfunction following high-dose Ara-C based post induction
consolidation.

A 43-year-old male was diagnosed as AML (FAB M1) with trisomy 21 as the sole
cytogenetic abnormality (index case). He was started on standard remission induction
chemotherapy for AML (Ara-C 200 mg/m? for 7 days and daunorubicin 60 mg/m? for 3
days). The induction phase was complicated by drop in blood counts leading to grade IV
hematologic toxicity and neutropenic pyrexia which responded to sequential escalation of
antibiotics and blood product support. Hematological recovery occurred by day 26 and he
entered first complete remission (CR1). He was planned for post remission consolidation
with 3 cycles of high-dose Ara-C chemotherapy (HIDAC-3 g/m? twice daily on alternate
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days for 3 days, total dose of 18 g/m? per course). On day five of the first high course of
HiDAC, he developed features of cerebellar toxicity which included slurring of speech,
unsteadiness of gait with dysmetria. Neuroimaging and cerebrospinal fluid analysis was
normal. Cytarabine-induced cerebellitis was suspected. He improved on supportive care and
occupational therapy. Further consolidation was done with a single course of 5 days each of
mitoxantrone (10 mg/m?2) and etoposide (65 mg/m?2). The consolidation chemotherapy was
complicated by myelosuppression and neutropenic pyrexia requiring sequential escalation of
antibiotic support and growth factors. Hematological recovery was documented at the end of
second week during both the consolidation cycles. Five weeks following the second
consolidation chemotherapy, he was found to have suffered a medullary relapse of the
leukemia. He opted for palliative therapy following diagnosis of relapse.

Expression of Ara-C metabolizing genes CDA and DCK were routinely evaluated in all
AML patients as part of an ongoing study. Informed and written consent was obtained from
all patients for this study; the index case reported here was also part of this study. RQ-PCR
analysis of the index case revealed that he had very low messenger RNA (mRNA) levels for
the drug inactivating enzyme CDA while RNA expression of DCK, the pivotal enzyme
involved in the Ara-C biotransformation, was found to be higher when compared to other
AML subjects analyzed (Fig. 1a and b). Ara-C cytotoxicity was determined using MTT
assay, and the patient’s bone marrow mononuclear cells were found to be highly sensitive to
Ara-C ex vivo. This ex vivo response as well as clinical toxicity profile can be correlated to
the low and higher mRNA levels of CDA and DCK, respectively, displayed by the patient at
presentation.

DCK/CDA expression ratio was calculated, for identifying those patients with strikingly
high DCK and low CDA levels. A total of six patients with AML were identified with very
high DCK/CDA expression ratio (Table-1) apart from the index patient. It was noted that
four out of these six patients developed treatment-related mortality (death within 28 days of
initiating therapy) secondary to infections due to grade 1V myelosuppression. Four patients
developed grade 2-3 hepatic dysfunction during the chemotherapy. One patient while on
remission induction developed acute respiratory distress syndrome and died of pulmonary
hemorrhage on day 14; the highest DCK/CDA expression ratio was noted in this patient.
Pulmonary toxicity secondary to Ara-C infusion is a well described cytarabine-induced
complication [10]. Complete remission (CR1) was documented in two patients; out of
whom, one patient died of invasive pulmonary aspergillosis. One patient was lost to follow
up post achieving CR post induction chemotherapy. The mean duration of neutropenia in
these patients was 26 days.

As non-synonymous gene variants, A79C and G208A in CDA gene are known to be
associated with Ara-C and gemcitabine-related toxicity [8, 9], CDA gene re-sequencing was
done for all these patients, G208A was not detected, and A79C genotypes are as shown in
the table-1. The index patient had trisomy 21 as the sole cytogenetic abnormality, hence,
GATAL exon two mutations, specifically associated with good prognosis in AML-M7
children with Down’s syndrome was evaluated [11]. GATAL exon two mutations were
absent in his blasts probably owing to the somatic origin of trisomy 21 rather than germ line
nature. Ara-C-induced cerebellitis in this patient during the HIiDAC consolidation can be
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attributed to low CDA expression in combination with high DCK, as systemic elimination of
the drug is severely decreased due to low CDA levels. This report thus highlights the
importance of evaluating Ara-C metabolizing gene expression especially for CDA and DCK
in patients with AML who go for high dose cytosine consolidation. CDA and DCK levels
are critical not only in determining the drug response but also be pivotal in predicting fatal
drug-induced toxicities.
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Fig. 1.

a, b RNA expression of Ara-C metabolizing genes DCK and CDA were determined using
AACT method, where ACT is the difference in the threshold cycle (CT) values of target gene
and the housekeeping gene GAPDH. Each sample was normalized to ACT value of the
sample AMLOO1. Index case is the patient documented with cerebellar toxicity. Median
DCK expression was 214.4 (31.87-1113), whereas the index case DCK expression was
determined to be 1030. Median CDA expression was 95.92 (0.238-2760), and the index case
CDA expression was determined to be 6.56. Tagman-based gene expression assays used
were Hs01040725 m1 (DCK), Hs00156401_m1 (CDA), and 4352934E for GAPDH
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