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Abstract
Background—The presence of central nervous system (CNS) disease in pediatric acute myeloid
leukemia (AML) is often thought to confer a worse prognosis. This study examined the outcome
of children with AML who had CNS disease at diagnosis.

Methods—Patients enrolled on Children's Cancer Group protocols 2861, 2891, 2941 and 2961
being treated for de novo AML were classified for the presence of CNS disease at diagnosis as
CNS1 (< 5 WBC in the CSF without blasts), CNS2 (< 5 WBC in the CSF with blasts) or CNS3
(≥5 WBC in the CSF with blasts). CNS disease at diagnosis was then analysed regarding patient
characteristics and outcome.

Results—There was an incidence of CNS disease (i.e., CNS3 status) of 11% in the 1459 patients
analyzed in this study. The risk factors found are young age, high white cell count, hepatomegaly
or splenomegaly at diagnosis, M4 subtype, chromosome 16 abnormalities and hyperdiploid
cytogenetics. There were no significant differences in overall survival, event free survival, or
remission rates between the groups; however, a significant difference was seen between the CNS1
and CNS3 groups in disease free survival and isolated CNS relapse risk.

Conclusions—Patients with CNS disease at diagnosis have similar survival to those without
CNS disease, although they have an increased incidence of isolated CNS relapse. Patients with
CNS disease at diagnosis may warrant more aggressive CNS directed therapy.
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Introduction
The presence of CNS disease at diagnosis in pediatric acute myeloid leukemia (AML) is
fairly common, with a published incidence of 6–29%1–6 and is often thought to confer a
worse prognosis7–9. Some studies though have shown that the presence of CNS disease at
diagnosis does not affect survival1,3,10,11 and another showed that it improved survival4.
The presence of CNS disease at diagnosis has been associated with a high white cell count at
diagnosis and age less than 2 years3,5, as well as M4 and M5 FAB morphology, inversion
(16), t(9;11) and t(8;21)4,8. Other studies have shown a lack of correlation with race,
hemoglobin, spleen size, sex, FAB subtype, coagulation abnormality, liver size or platelet
and white cell count at diagnosis3,4. Thus, there are conflicting data as to the effect of CNS
disease at diagnosis on outcome, as well as associated risk factors.

This study examined the survival and clinical features of children who had CNS disease at
the time of diagnosis of de novo AML. Children included in this study were those with de
novo AML treated on Children’s Cancer Group (CCG) protocols 2861, 2891 (intensive-
timing arm), 2941 and 2961. These patients were all treated in a similar fashion with
intensive-timing induction therapy followed by high-dose cytarabine-based chemotherapy or
stem cell transplantation. This analysis represents the largest cohort of patients with CNS
disease at diagnosis and describes features we found to be predictive for this occurrence as
well as the outcome for these patients.

Methods
Patients and Therapy

Information regarding the presence of CNS disease at diagnosis was obtained from the data
submitted by institutions for patients enrolled on protocol. Only patients with de novo AML
were included in the analysis; patients with myelodysplastic syndrome, Down syndrome,
FAB M3 APL, t(15;17), secondary AML and isolated extramedullary leukemia without
bone marrow (BM) involvement at diagnosis were excluded. There are 142 eligible patients
from CCG 2861, 1184 from CCG 2891, 93 from CCG 2941 and 987 from CCG 2961. Only
patients on CCG 2891 who received intensive-timing treatment were included to ensure
similar therapy for all patients analyzed. As a result, there are a total of 106, 514, 86 and 901
eligible patients on CCG 2861, 2891, 2941 and 2961 respectively who were used for these
analyses (total N=1607).

Patients were classified into 3 groups (CNS1, CNS2, CNS3) with the following definitions:
CNS1=patients with white blood cell (WBC) count in CSF <5 and having no blasts in the
CSF, CNS2=patients with WBC count in CSF <5 and having blasts in the CSF,
CNS3=patients with WBC count in CSF ≥5 and having blasts in the CSF. A group of
patients were not classified due to either missing data or WBC in the CSF ≥5 with no blasts.
As a result, there were a total of 1113 patients in the CNS1 category, 192 in the CNS2
category, 154 in the CNS3 category, and 148 patients that were not classified (94 of whom
had ≥5 WBC in the CSF but no blasts). Patients who had blood contaminated CSF had the
Steinherz/Bleyer algorithm applied to determine if it was true CNS disease. Patients with
CNS myeloid sarcoma were analyzed in a separate study. All patients underwent central
cytogenetic and pathology review.

Patients enrolled on CCG 2861 and 2891 (intensive-timing arm), were treated as previously
reported9,12. A summary of their treatment is as follows: induction chemotherapy consisted
of five drugs (dexamethasone, cytarabine, 6-thioguanine, etoposide, and daunomycin
(DCTER)) given at diagnosis and then repeated after 6-days. Patients received intrathecal
cytarabine at the start of each DCTER cycle for a total of 4 doses. CNS involvement with
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leukemia was diagnosed if the patient had CNS3 status and these patients received
additional twice-weekly intrathecal cytarabine for 6 doses, and if this failed to clear the
leukemia cells they then received twice-weekly triple intrathecal therapy for 6 doses. All
patients randomized to chemotherapy also received intrathecal chemotherapy with each post
consolidation cycle, except Capizzi II treatment, for another 3 doses. Radiation therapy was
given to patients who had CNS leukemia that did not clear after 6 doses of intrathecal
chemotherapy (dose 2400 cGy to cranial contents and 1200 cGy to spinal axis) or had CNS
chloromas (dose 2000 cGy). Postremission patients with a HLA matched family donor were
allocated to an allogeneic bone marrow transplant (BMT) with busulfan/cyclophosphamide
conditioning. The remaining patients received autologous BMT with busulfan/
cyclophosphamide conditioning on 2861 and on 2891 were randomized to intensification
with autologous BMT versus intensive-timing high-dose cytarabine.

Patients enrolled on CCG protocols 2941 and 2961 were treated as previously
reported13,14. On protocol 2941 treatment was as follows: induction chemotherapy
consisted of a 4 day cycle of 5 drugs (dexamethasone, cytarabine, 6-thioguanine, etoposide,
and either daunomycin or idarubicin) which was repeated 6 days later. This was repeated
and patients with a matched related donor received a BMT, while the remaining patients
received Capizzi II intensification. They then received interleukin-2 therapy. On protocol
2961 treatment was similar with induction therapy consisting of a 4 day cycle of 5 drugs
(dexamethasone, cytarabine, 6-thioguanine, etoposide, and idarubicin) followed by a similar
cycle 6 days later using daunomycin instead of idarubicin. Patients were then randomized to
a second 2 cycles of chemotherapy the same as the first 2 cycles or a course of fludarabine,
cytarabine and idarubicin. Following this, patients with a matched related donor received a
BMT, while the others received Capizzi II intensification and were then randomized to
interleukin-2 therapy. CNS prophylaxis consisted of 8 doses of intrathecal cytarabine, and
chloromas were irradiated at the investigators option. Patients with CNS leukemia at
diagnosis (CNS3 status) received additional intrathecal cytarabine on days 5 and 7, and if
this failed to clear the leukemia cells they then received twice-weekly triple intrathecal
therapy beginning day 10 until the CSF was clear of leukemia cells (for a maximum of 6
doses), and if this failed to clear the leukemia cells they were removed from protocol.

Statistical Method
This report analyzes data collected on CCG 2861 through September 21, 2001, on CCG
2891 through January 14, 2004, on CCG 2941 through April 14, 2005, and on CCG 2961
through October 30, 2006. The significance of observed differences in proportions was
tested using the Chi-squared test and Fishers exact test when data were sparse. The Mann-
Whitney test was used to determine the significance between differences in medians. The
Kaplan-Meier method was used to calculate estimates of OS, EFS, and DFS. Overall
survival is defined as time from study entry to death. Event free survival is defined as time
from study entry to failure at course 1 or course 2, relapse or death. Disease free survival is
defined as time from end of course 2 for patients in remission or who have residual leukemia
to relapse or death. Differences between all three groups of patients were tested for
significance using the log-rank statistic for OS, EFS and DFS analyses. Confidence intervals
were calculated using Greenwood’s estimate of the standard error. Relapse risk was defined
as the cumulative incidence of relapse and was estimated by considering deaths due to non-
progressive disease as competing events. Isolated BM or CNS relapse were defined as
relapse in the BM or CNS respectively with no evidence of disease relapse elsewhere within
30 days of the relapse. Concurrent relapse was defined as a relapse of both the BM and CNS
at the same time, or within 30 days of the first relapse. The cumulative incidence of isolated
BM relapse was estimated by considering concurrent BM and CNS relapses, isolated CNS
relapses and first event deaths as competing events. The cumulative incidence of isolated
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CNS relapse was estimated by considering concurrent BM and CNS relapses, isolated BM
relapses and first event deaths as competing events. Significant differences in cumulative
incidence were determined by Gray’s test. Cox proportional hazards models were used for
multivariate analyses. Children lost to follow-up were censored at their date of last known
contact or at a cutoff 6 months prior to September 2001, January 2004, April 2005, and
October 2006 for CCG 2861, CCG 2891, CCG 2941 and CCG 2961, respectively.

Patients in the 3 CNS categories were compared with respect to gender, race, age, FAB
leukemia subtype, organ enlargement, WBC at diagnosis, hemoglobin level at diagnosis,
platelet count at diagnosis, and cytogenetics.

Results
Patient Characteristics

A total of 1459 patients treated with intensive-timing chemotherapy were analyzed in this
study. At diagnosis, 76% were CNS1, 13% were CNS2, and 11% were CNS3. Thus 11% of
patients had CNS disease (CNS3 status) at diagnosis. Table I presents a summary of data for
these patients. In comparing patient characteristics, there was an equal male to female
distribution among the 3 groups and no significant difference comparing race. The median
age of patients at diagnosis with CNS3 status was 4.3 years which was significantly lower
than the CNS1 and CNS2 patients. A significantly higher proportion of patients with CNS3
status were in the 0–2 year age range and lower proportion in the 3–10 year age range
compared to the CNS1 and CNS2 groups. There was also a significantly higher incidence of
hepatic or splenic enlargement at diagnosis in patients with CNS3 status compared to those
with CNS1 and CNS2 status, as well as a significantly higher WBC count at diagnosis in
CNS3 patients. In comparing FAB subtypes among the patient groupings, significantly more
patients with M4 AML had CNS3 status, while significantly more patients with M2 and M7
AML had CNS1 status at diagnosis.

Fifty-seven percent of patients had cytogenetic data available; 77% were abnormal. CNS3
patients had a significantly higher incidence of abnormal chromosome 16 and
hyperdiploidy, while CNS1 patients had a significantly higher incidence of +21 and t(8;21).
In comparing all patients with and without cytogenetic data available, there was no
significant difference with respect to gender, median age, hepatosplenomegaly, WBC,
response to therapy or outcome (data not shown). There were significantly more patients
with FAB M4 in those with cytogenetic data available compared to those without data, and
significantly less patients with FAB M1. A significant number of patients with chromosome
16 abnormality had M4 morphology (72% vs 28%, p<0.001).

Outcome
The response of patients showed no significant difference in remission, progressive disease
or death among the CNS1, CNS2 and CNS3 patients. As well, the 94 patients who had more
than 5 WBC in the CSF without blasts had no difference in response compared to the CNS1
patients (phase I remission 86% vs 87%, p=0.889). The outcomes of the CNS1, CNS2 and
CNS3 patients are shown in Table II and in Figures 1–2. There was no significant difference
in overall survival measured both from study entry among the 3 groups (CNS2 vs CNS1
(p=0.054), CNS2 vs CNS3 (p=0.142), CNS2 vs CNS1/CNS3 (p=0.051)), as well as from the
end of induction course 2 (CNS2 vs CNS1 (p=0.386), CNS2 vs CNS3 (p=0.170), CNS2 vs
CNS1/CNS3 (p=0.317)). As well, the incidence of isolated BM relapse from the end of
course 2 was not significantly different among the 3 groups. The EFS between CNS1/CNS2
versus CNS3 was 42±3% vs 34±8%, which was not significantly different (p=0.113). There
was, however, a significant difference in disease free survival and relapse risk from the end
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of induction course 2 among the 3 groups, with the CNS3 patients having a worse outcome.
The incidence of an isolated CNS relapse was significantly higher among the CNS3 patients,
and the incidence of a concurrent CNS and BM relapse from the end of induction course 2
was significantly lower in the CNS1 patients. Multivariate Cox models indicate that CNS
groups do not differ significantly in OS from study entry, EFS from study entry, OS from
end of course 2, and DFS from end of course 2 after adjusting for age, WBC at diagnosis,
race, and cytogenetic risk group (Table III and Table IV).

Discussion
The presence of CNS disease at was 11% on recent CCG AML studies, within the 6–29%
range reported previously1–6. Previous studies conflict regarding the effect of CNS disease
on outcome1,3,4,7,8,10,11, and we found no difference in overall survival among the 3 CNS
groups.

Previous studies have not consistantly shown the prognostic value of CNS disease at
diagnosis. Some have found that the presence of CNS disease at diagnosis is not an adverse
prognostic factor1,3,4,10,11. Conversely, others have found a decrease in survival7,8 and an
increased risk of marrow and CNS relapse2. A Pediatric Oncology Group study found that
patients with CNS disease at diagnosis were more likely to experience a CNS relapse15. We
found that the presence of CNS disease at diagnosis did not affect remission rates, overall
survival, event free survival or risk of isolated BM relapse. However, CNS disease at
diagnosis affected the disease free survival, relapse risk, risk of a concurrent BM and CNS
relapse, and the risk of isolated CNS relapse. A previous study of isolated CNS relapse
showed that the presence of CNS disease at diagnosis was predictive of isolated CNS
relapse and these patients had an 8 year OS of 26%16 compared to 54% for all patients
treated on CCG-289112. Our current finding of increased risk of isolated relapse in patients
with CNS disease at diagnosis is not surprising. The fact that overall survival and event free
survival were not affected by the presence of CNS disease is surprising given our previous
results. However, it may reflect small differences in the patient populations with CNS
disease in these studies.

An interesting finding of this study was an apparent absence of CNS disease continuous
variable effect of CNS disease on outcome. Patients with CNS2 disease had an increased
(although not significant − 59% vs 50%) overall survival and event free survival than CNS1
patients. Patients with CNS2 disease did not receive the extra intrathecal therapy that CNS3
patients received, but were treated identically to CNS1 patients. The practice of treating
CNS2 patients in the same fashion as CNS1 patients is done in some studies1,2,5,6, while
others treat all patients with blasts in the CNS (CNS2 and CNS3) as CNS positive3,4,15.
The current Children’s Oncology Group AML protocol treats all patients with blasts in the
CNS as CNS positive. This current study confirms though that extra therapy is unlikely to be
needed for CNS2 patients, but in contrast is needed in CNS3 patients.

Patients with CNS3 status in this study received extra intrathecal therapy, as is the case in
most studies1–6. A study from St. Jude Children’s Research Hospital found patients with
CNS3 status had a superior outcome, but they utilized radiation therapy in over half of these
patients4. Radiation therapy is known to have significant side effects17, and its use no
longer standard in pediatric patients because of the excellent CNS penetration of high dose
cytarbine containing regimens. Given that the patients in this current study with CNS3 status
had an increased incidence of CNS relapse, perhaps an increase in the number of intrathecal
therapies given may be warranted. This question cannot be easily addressed in future
randomized pediatric AML studies, since numbers of patients exceeds those available in
COG and other cooperative group trials.
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Studies conflict about factors associated with the presence of CNS disease3,4,8. This large
study confirmed that the presence of CNS disease was significantly associated with young
age, hepatosplenomegaly, high WBC, M4 morphology, abnormal chromosome 16, and
hyperdiploid cytogenetics. Young age has previously been demonstrated to be a risk factor
for the presence of CNS disease1,3,4,5,8,18, and we also found this to be the case. This risk
may be due to a greater proportion of vasculature in the leptomeninges in infants and
preschool children19. Certain FAB subtypes or cytogenetic abnormalities, which are more
common in young children, may lead to more extramedullary leukemia. There is a higher
incidence of M5 disease in infants under the age of 2 years9, but we did not find a higher
incidence of CNS disease in patients with M5 leukemia, contrary to previous studies1,4,8.
Also, infants under the age of 1 year with 11q23 abnormality have been reported to have an
increased incidence of CNS disease20, but in this study, chromosome 11 abnormalities were
not associated with CNS disease, thus again not explaining the increased incidence of CNS
disease in these young patients.

Patients with FAB M2 and M7 were significantly less likely to have CNS disease at
diagnosis. Previous studies have shown that patients with constitutional trisomy 21 (Down
syndrome) more commonly display M7 AML morphology, but M7 in the absence of
trisomy 21 has a worse overall prognosis in pediatric AML11,21–23. Patients with Down
syndrome were excluded from this analysis but are known to have a lower incidence of CNS
disease2,24,25, and this may partially explain the lower incidence of CNS disease in patients
with clonal trisomy 21 cytogenetics.

Cytogenetics affect survival in AML. There is a favourable prognosis in patients with
chromosome 16 inversion and chromosome (8;21) translocation26–29. We found that
patients with AML with abnormalities of chromosome 16 had an increased incidence of
CNS2 and CNS3 disease, as did those with AML with hyperdiploid cytogenetics. Our
previous study found that these patients did not have an increased incidence of CNS relapse;
only 1 of 26 patients with chromosome 16 abnormality had a CNS relapse, while none of
those with t(8;21) or hyperdiploidy had a CNS relapse16. The finding of increased incidence
of chromosome 16 abnormalities has previously been found to be associated with CNS
disease at diagnosis and this is likely secondary to an increase in M4 morphology in these
patients4,8,30. Hyperdiploidy has not previously been reported as a risk factor for CNS
disease, but was a significant finding in this large study. On the other hand, patients with
t(8;21) had a significantly higher incidence of CNS1 and CNS2 status. The decreased
incidence of t(8;21) in patients with CNS3 disease contradicts previous studies which found
this abnormality to be associated with extramedullary leukemia4,31. The POG 8821 study
showed that extramedullary leukemia, including in the CNS, significantly decreased the EFS
in patients with the favourable cytogenetic findings of t(8;21) and inv(16)32. Previous
studies also have shown an increased incidence of 11q23 abnormalities8 and chromosome
11 abnormalities in patients with extramedullary leukemia30, as well as a significant risk for
isolated CNS relapse in patients with chromosome 11 abnormalities16. In our analysis,
abnormalities of chromosome 11, including 11q23, were not found to be predictive of CNS
disease.

Patients with an elevated WBC at diagnosis have been shown to have a higher incidence of
extramedullary involvement of leukemia3,7,8 and we also found this. Previous studies have
found that a low WBC at diagnosis confers a better prognosis15,18, but other reports have
found that high WBC was a significant predictor of survival10. Results of CCG 2861 and
2891 found that an elevated WBC at diagnosis was associated with a lower rate of remission
following induction therapy and lower overall survival rate compared to low WBC at
diagnosis9. We found that the WBC was significantly higher at diagnosis in patients with
CNS disease but this did not affect the overall survival rates.

Johnston et al. Page 6

Pediatr Blood Cancer. Author manuscript; available in PMC 2011 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



In summary, this study represents a large cohort of pediatric patients with AML examined
for the presence of CNS disease at diagnosis. It confirms that the presence of CNS disease in
pediatric AML is associated with young age, high WBC, hepatomegaly or splenomegaly at
diagnosis, M4 morphology, chromosome 16 abnormalities and hyperdiploid cytogenetics. A
lack of CNS disease at diagnosis was significantly associated with M2 and M7 morphology,
as well as (8;21) chromosome translocation. Patients with CNS disease at diagnosis had no
difference in overall survival compared to those without CNS disease, but they were at an
increased risk of isolated CNS relapse, indicating a need to investigate more aggressive CNS
directed therapy for these patients.
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Figure 1.
Kaplan-Meier figure for overall survival (OS) from study entry for de novo patients by CNS
groups. CNS1 five year OS= 50±3%, CNS2 five year OS=59±7%, CNS3 five year
OS=50±8%.
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Figure 2.
Kaplan-Meier figure for event free survival (EFS) from study entry for de novo patients by
CNS groups. CNS1 five year EFS=41±3%, CNS2 five year EFS=44±7%, CNS3 five year
EFS=34±8%.
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