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The treatment of pediatric acute myeloid leukemia (AML) is the subject of many studies by collaborative groups around
the world. These studies have examined both variations in the timing of chemotherapy agents being given, as well as the
addition or omission of specific chemotherapeutic agents. In cooperative group studies, the methods utilized for the
treatment of central nervous system (CNS) leukemia have remained relatively stable over the years. However, there are
significant differences among the different cooperative groups as to the therapy used to treat both overt CNS leukemia and
the therapy used for the prevention of CNS leukemia. Similarly, the criterion used to define the presence of CNS leukemia
differs among the groups. The majority of cooperative groups classify CNS findings in a similar manner, specifically
CNS1 status is less than 5 white blood cells in the cerebrospinal fluid (CSF) with no blasts present, CNS2 status is less than
5 white blood cells in the CSF with the presence of blasts, and CNS3 status is 5 or more white blood cells in the CSF with
the presence of blasts (all in an atraumatic tap). This manuscript will examine both the definition and therapy of CNS
leukemia in pediatric AML cooperative group trials as well as the incidence of CNS relapse in these trials, with
recommendations for therapy based on these studies.
In North America, the majority of clinicians treat AML according to the current Children’s Oncology Group (COG) phase
III clinical trial. In the recently opened phase III trial, COG AAML 1031, patients are treated prophylactically with
intrathecal cytarabine at the beginning of each cycle of chemotherapy [1]. Patients are defined as having CNS disease if
they meet the following criteria: 1) Any number of blasts in an atraumatic (< 100 RBCs) lumbar puncture; 2) Blasts in a
traumatic lumbar puncture in which the WBC/RBC ratio in the CSF is twice that in the peripheral blood; 3) Clinical signs
or symptoms of CNS leukemia; or 4) Radiographic evidence of an intracranial, intradural mass consistent with a
granulocytic sarcoma. These patients are treated with additional twice weekly intrathecal chemotherapy until their CSF is
clear and then 2 additional doses of intrathecal chemotherapy are given. CNS irradiation is not recommended for these
patients. The results of this study, and its predecessor, AAML0531, have not yet been published, and so the incidence of
CNS relapse is not available. Prior to adopting the Medical Research Council (MRC) backbone of therapy, Children’s
Cancer Group (CCG) trials treated patients with CNS leukemia only if they had CNS3 disease [2, 3]. Patients with no CNS
disease at diagnosis received intrathecal cytarabine at the start of each chemotherapy cycle. Patients with CNS3 status
received additional twice-weekly intrathecal cytarabine for a total of 6 doses, and if this failed to clear the leukemia cells
they then received twice weekly triple intrathecal therapy for a total of 6 doses. Radiation therapy was supposed to be
given to patients who had CNS leukemia that did not clear after 6 doses of intrathecal chemotherapy (dose 2400 cGy). The
incidence of an isolated CNS relapse in the patients treated on the previous CCG studies was 1% in the CNS 1 patients, 4%
in the CNS2 patients and 9% in the CNS3 patients [4]. In previous Pediatric Oncology Group (POG) AML protocols, CNS
disease was diagnosed in patients who had CNS3 status [5]. Patients without CNS disease at diagnosis were treated with
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intrathecal cytarabine at the beginning of each course of chemotherapy. Patients with CNS3 status at diagnosis received
two additional doses of intrathecal cytarabine during induction therapy. Low dose cranial irradiation (600 cGy) was
permitted for patients with CNS leukostasis. The incidence of CNS relapse in these patients was 7-21%. The research
group at St Jude hospital also recently completed a trial in pediatric AML therapy, St Jude AML97 [6]. In this protocol,
patients without CNS disease received four monthly doses of intrathecal cytarabine, hydrocortisone and methotrexate
starting on day 15 of therapy. Those patients who had CNS disease received weekly doses of the same intrathecal therapy
until the CSF was clear of leukemia cells with a minimum of 4 weekly doses to be given. They then received four monthly
doses of the same intrathecal therapy. They classified patients as being CNS positive if they had CNS2 or CNS3 status at
diagnosis. In this study they did not have any patients with an isolated CNS relapse.
In the recently completed MRC12 study, children were defined as having CNS leukemia if they had CNS3 status [7]. The
CNS directed therapy for patients without CNS disease consisted of triple intrathecal chemotherapy (cytarabine,
hydrocortisone and methotrexate) after each of the first three courses of chemotherapy. Children with CNS disease at
diagnosis received two courses of weekly triple intrathecal chemotherapy until the CSF was clear plus two additional
courses for a minimum of six courses. They then received monthly intrathecal therapy and if they were over the age of 2
years they received cranial irradiation (2400 cGy) at the end of therapy, if they did not receive total body irradiation for
transplant conditioning. On this study there was a 7% incidence of CNS relapse.
The previous AML-BFM studies used cranial irradiation as CNS directed therapy in pediatric AML. This group defines
CNS involvement with leukemia as the presence of more than 10 white cells in the CSF with the presence of blasts [8]. The
recently completed AML-BFM2004 study examined reducing the dose of cranial irradiation from 1800cGy to 1200cGy
[9]. In this study patients received intrathecal chemotherapy at the beginning of each course of therapy as well as during
the maintenance phase of therapy during the cranial irradiation given at the end of the therapy. This consisted of monthly
intrathecal cytarabine therapy (given 11 times for standard risk patients and 12 times for other patients). The incidence of
CNS relapse was 0.4% in the 1200cGy group and 2.2% in the 1800cGy group [9].
In the recently completed Nordic Society for Pediatric Hematology and Oncology (NOPHO) AML 2004 protocol, CNS
involvement with leukemia was defined as children with CNS3 status at diagnosis [10]. In this study, children with CNS
involvement received twice weekly intrathecal cytarabine until 1 week after blast clearance and on subsequent courses of
chemotherapy received intrathecal methotrexate at the beginning of each course. Children without CNS disease received
intrathecal methotrexate at the beginning of each course of chemotherapy. The incidence of CNS relapse on this trial is not
published.
The Japanese Childhood AML Cooperative Study Group recently published the results of their AML99 clinical trial [11].
In this study, children were classified with CNS leukemia if they had CNS3 status [12]. This trial used triple intrathecal
chemotherapy at the beginning of each course of therapy to and no prophylactic cranial irradiation was used. The
incidence of CNS relapse in this study was 1.3% [11].
The Associazione Italiana di Ematologia e Oncologia Pediatrica (AIEOP) group published a review of their recent
protocols [13]. In their studies, CNS prophylaxis consisted of intrathecal cytarabine on the first day of each cycle of
chemotherapy. They found an incidence of CNS relapse of 3-5% on protocols AIEOP LAM 82, AIEOP LAM 87, AIEOP
LAM 87M, and AIEOP LAM 92.
Within the French cooperative group, Leucemie Aigue Myeloblastique Enfant (LAME), a recent review of their last 3
trials was published [14]. They administered CNS prophylaxis with intrathecal cytarabine and intrathecal
cytarabine/methotrexate/hydrocortisone to all patients with M4 or M5 subtype or patients who had a presenting white cell
count of 50 × 109/L. Patients who had CNS leukemia at presentation received three additional intrathecal chemotherapy
doses as well as 2400 cGy of cranial irradiation. The CNS relapse rate was 4% on LAME 89/91 [15].
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The Dutch also have completed several cooperative group AML studies. A review of their last 3 studies was recently
published [16]. Their studies AML-82, AML-87, and AML-92/94 all differed in their CNS prophylaxis and treatment. In
AML-82 no prophylactic intrathecal cytarabine was given and neither was prophylactic cranial irradiation given. In
AML-87 all patients received prophylactic intrathecal cytarabine for a total of 5 doses and children with an initial
presenting white blood cell count over 70 × 109/L received cranial irradiation at a dose from 1200-1800 cGy depending on
their age. In AML-92/94 CNS prophylaxis consisted of five doses of intrathecal cytarabine and no cranial irradiation was
given. The incidence of CNS relapse was 6% on AML-82 and AML-87 and was 4% on AML-92/94.
Table 1. Summary of CNS Disease Definition, Therapy and Relapse Rate
Study

Definition of CNS
disease

CNS prophylactic therapy

Treatment of CNS disease

CNS Relapse Incidence

CCG 2891/2961

CNS3

IT cytarabine each course

Twice weekly triple IT + XRT

1% CNS1, 4% CNS2,
9% CNS3

POG

CNS3

IT cytarabine each course

2 additional IT cytarabine

7-21%

St Jude AML97

CNS2 or CNS3

Monthly triple IT

Weekly triple IT then monthly

0%

Triple IT each course

Weekly triple IT then each
course + XRT

7%

MRC12

AML-BFM2004

>10 wbc with blasts
in CSF

IT cytarabine each course and
monthly at end therapy, + XRT

0.4-2.2%

NOPHO-AML 2004

CNS3

IT MTX each course

Japanese AML99

CNS3

Triple IT each course

1.3%

AIEOP 82-92

IT cytarabine each course

3-5%

LAME 89/91

IT cytarabine each course + IT
Triple if M4/M5/high wbc

Dutch AML-82

none

6%

Dutch AML-87

IT cytarabine each course +XRT
if high wbc

6%

Dutch AML-92/94

IT cytarabine each course

4%

Twice weekly MTX until clear
+2 then monthly

Three additional IT + XRT

4%

Overall, CNS prophylaxis in AML is treated in the majority of protocols with intrathecal therapy (either cytarabine alone
or cytarabine with hydrocortisone and methotrexate) (Table 1). With this therapy, the incidence of CNS relapse is quite
low. As most patients are undergoing bone marrow examination at the beginning of each course of therapy, it makes good
clinical sense to give the intrathecal therapy at this time. Thus, the recommendation of this review is to use intrathecal
cytarabine at the beginning of each course of therapy (apart from high dose cytarabine or Capizzi chemotherapy). If all
protocols used this approach, it would allow the effect of systemic chemotherapy on CNS relapse to be examined. In terms
of treatment of CNS disease, additional intrathecal chemotherapy until the CSF is cleared plus two further, has been shown
to be effective therapy and is recommended. The use of cranial irradiation for CNS disease has not shown to have a benefit
in terms of survival, and imparts many long term toxicities such as neurocognitive deficits and endocrine deficiencies [17,
18]. Thus it is not recommended for routine use. Finally, the definition of CNS disease needs to be standardized among
cooperative groups. We have previously shown that CNS2 patients have equal outcomes to CNS1 patients based on CCG
AML protocols [4]. As well, the majority of cooperative groups use the CNS3 definition, or >5 white blood cells in the
CSF with blasts present, to define CNS disease. It is thus proposed that this definition be used for all pediatric AML trials,
again allowing comparison of the effect of systemic chemotherapy on the treatment of CNS disease. If these standard
definitions and therapies are adopted across cooperative groups, then the ability to test novel therapies and the effects of
systemic therapies will be more easily studied.
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