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Abstract

It is thought that the low incidence of central nervous system (CNS) involvement in acute myeloid
leukemia (AML) does not justify routine CNS prophylaxis, as high-dose cytarabine eliminates
CNS disease. To test whether chemotherapy that does not include high-dose cytarabine increases
the risk of CNS involvement, the medical records of 1,412 newly diagnosed AML patients were
reviewed. In 1,370 patients, lumbar puncture (LP) was performed only if clinically indicated, and
CNS disease was detected in 45 (3.3%) patients. Another 42 patients underwent routine LP as part
of an investigational protocol, and in 8 (19%) CNS disease was detected (P<0.0001). Risk factors
included high LDH, African-American ethnicity, and young age. Patients receiving high-dose
cytarabine and those that did not had similar rates of CNS involvement. Disease free survival
(DFS) and overall survival were shorter in patients with CNS involvement. It remains to be
determined whether routine CNS prophylaxis would improve DFS.
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Introduction

The exact incidence of central nervous system (CNS) leukemia in adult patients with acute
myeloid leukemia (AML) is unknown. CNS disease was found to be relatively common in
AML patients with elevated lactate dehydrogenase (LDH), hyperleukocytosis, or a
prominent monocytic component[1]. Nevertheless, CNS involvement is thought to be less
common in adult AML than in adult acute lymphoblastic leukemia (ALL)[2-6]. Therefore,
unlike in ALL, routine lumbar puncture (LP) is rarely performed in adult patients with
newly diagnosed AML.
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Standard induction and post-remission chemotherapy for AML includes medium- to high-
dose cytarabine, which penetrates the blood-brain barrier[7] and is thought to prevent
dissemination of leukemia cells into the CNS and to eliminate CNS disease present at
diagnosis. However, recent induction chemotherapy regimens, designed primarily for
elderly patients with AML, do not include high-dose cytarabine. Whether eliminating
cytarabine from induction protocols results in an increased risk for CNS disease is unknown.

In this study, we retrospectively assessed the cumulative incidence, risk factors, and the
outcome of CNS involvement in a large cohort of AML patients treated with cytarabine-
based and non-cytarabine-based induction chemotherapy.

Subjects and Methods

All patients included in this study provided written informed consent for treatment in
various clinical trials, all of which have been approved by the institutional review board. In
addition, separate institutional review board approval was obtained to retrospectively collect
data from electronic medical records and from the department of leukemia database. We
reviewed the medical records of 1,412 patients who were diagnosed with AML and who
received induction chemotherapy between January 2000 and December 2012 (144 months)
at The University of Texas MD Anderson Cancer Center. All subtypes of AML except for
acute promyelocytic leukemia were included. The majority of AML patients (1,370/1,412,
97%) underwent diagnostic LP only if signs or symptoms suggestive of CNS disease were
noted. Forty-two young AML patients were treated with an investigational protocol that
required diagnostic LP followed by intrathecal administration of cytarabine at the time of
diagnosis. The incidence of CNS involvement and treatment outcome in this subset of
patients was analyzed separately. CNS leukemia was defined as the presence of leukemic
blasts in cytospun cerebrospinal fluid. The combination of signs or symptoms of CNS
involvement and the demonstration of blasts in the CSF was required for a definite diagnosis
of leptomeningeal disease. Patients with blasts in the CSF together with high numbers of red
blood cells (>5) were not considered to have CNS disease.

Routine workup of all AML patients included a diagnostic bone marrow (BM) aspiration
and biopsy. Of the 1,370 patients, in 927 the disease was classified according to the French-
American-British (FAB) system and in 1,361 patients, routine cytogenetics (G-banding)
analysis was available. Mutation analysis of the Nuclophosmins-1 was performed in 598
(44%) patients and typing of the internal tandem duplicate mutations of the fms-related
kinase3 (FLT3) in 598 patients (44%).

Patient characteristics were summarized using frequencies (percentages) for categorical and
median and range for continuous variables. Overall survival (OS) was defined as the time
from AML diagnosis to death. DFS was defined as the time from complete remission (CR)
until the first event (relapse or death) or the time of the last follow-up. To compare patients
on the basis of categorical variables, we used the 2 test and applied the logistic regression
model to estimate the odds ratio and the 95% confidence interval (Cl) around it, applied
receiver operator characteristic (ROC) analysis to determine the optimal cutoff, and applied
this cutoff in a logistic regression model to separate patients with and without CNS
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involvement. We used the Student t-test with Levene's test statistics to test for equality of
variance and applied the Welch correction when needed. Medians were compared using the
Mann-Whitney test. To detect variables that predict the occurrence of CNS disease, we used
multivariable logistic regression with forward selection based on the %2 test of the change in
residual deviance and used a cutoff of P < 0.05 for adding new variables. The log-rank test
was used to compare survival in patients with and without CNS disease. Statistical analyses
were performed using the SPSS software (version 21, SPSS Inc., Chicago, IL).

Incidence of CNS disease in AML

Among the 1,370 newly diagnosed AML patients that received treatment at MDACC
between 2000 and 2012, 151 (11%) underwent LP during the follow-up period. Overt CNS
involvement was documented in 45 patients (3.3%). Among the 42 young AML patients
(median age, 41 years; range, 14-49 years) who underwent LP at the time of diagnosis as
part of a clinical protocol, CNS leukemia cells were detected by cytocentrifugation in 8
patients (19%). This was significantly higher than the incidence rate in the main AML
cohort (P < .0001).

The incidence of CNS involvement was similar across most FAB subtypes, including acute
myelomonocytic leukemia (FAB-M4), and ranged between 3.1% and 3.6%. Among 131
patients with acute monoblastic leukemia (FAB-M5), 10 patients (7.6%) had CNS
involvement, a significantly higher rate than that of other FAB subtypes (P = .004). Notably,
the incidence rate of CNS involvement in the 154 patients with documented prior
myelodysplastic syndrome was particularly low (1/154, 0.6%; P = .05).

Patient characteristics and clinical course

Twelve patients (0.9%) had CNS involvement at the time of diagnosis, and 33 patients
(2.4%) developed CNS disease after induction chemotherapy was completed. The median
time from the diagnosis of AML to the diagnosis of CNS disease was 4 months (range, 0 to
120 months). Of the 12 patients with CNS disease at diagnosis, 9 (75%) achieved CR
following treatment and 2 (17%) died during induction chemotherapy, similar to the CR
(65.5%) and induction death (9.1%) rates of the entire cohort.

Of the 33 patients, who developed CNS disease after induction chemotherapy, 12 never
achieved CR and 21 achieved CR. In those patients who achieved CR, the median time from
confirmation of CR to diagnosis of CNS disease was 10 months (range, 1 to 45 months).
Only 4 had isolated CNS relapse; the remaining 17 patients had evidence of BM disease
when diagnosed with CNS involvement (Fig 1). The median age and sex distribution did not
significantly differ between patients with or without CNS involvement (Table I). Frequent
symptoms of CNS disease included altered mental status (29%), headaches (18%), and
parasthesia/numbness (16%) (Table I1).

All 45 patients with CNS involvement had undergone computed tomography and/or
magnetic resonance imaging of the head. In all patients except one, abnormal radiological
findings were reported. In most patients (43/45), BM results from the time of CNS disease
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diagnosis were available; in 33 patients (70%), concomitant BM disease and CNS disease
were documented. Patients with CNS leukemia blasts received between 1 and 24 intrathecal
injections of cytarabine alternating with methotrexate (median, 4), and 13 patients (13/45,
29%) also were treated with brain irradiation. LP was done only once in 9 patients (19%).

In patients who achieved CR after induction chemotherapy, the median DFS and OS were
significantly shorter if CNS disease was detected: The median DFS was 6 months (95% ClI,
2 to 8 months) in patients with CNS involvement and 15 months (95% CI, 10 to 16 months)
in patients without CNS involvement, and the median OS was 13 months (95% CI 10 to 17
months) in patients with CNS involvement and 27 months (95% Cl, 23 to 31 months) in
patients without CNS involvement (Fig 2).

Effect of cytarabine on the occurrence of CNS disease

Induction chemotherapy included high- or medium-dose cytarabine in 788 patients (56%)
and low-dose cytarabine or no cytarabine in 186 (14%) and 396 (29%) patients, respectively.
Similar rates of CNS disease were found in patients who were treated with induction
regimens that did not include high-dose cytarabine and in patients who were treated with
high-dose cytarabine-based regimens: of the 33 patients (2.4%) who developed CNS disease
after induction chemotherapy, 17 received high-dose cytarabine-based therapy (17/788,
2.2%), and 16 received induction regimens that did not include high-dose cytarabine
(16/582, 2.7%).

Predictive factors for CNS involvement

Patient and disease characteristics were analyzed for potential association with CNS
involvement. These baseline characteristics included age at time of diagnosis; sex; ethnicity;
hemoglobin level, platelet count, and total white blood cell count; serum levels of LDH and
albumin; the percentage of BM blasts; and FAB subtype. Because previous studies
suggested that several cytogenetic features such as a prominent monocytic component,
inv(16), or chromosome 11 abnormalities are associated with CNS involvement,[8] we also
looked for a potential association with molecular abnormalities, specifically
Nuclophosminslor FLT3 mutations. In a univariate analysis, high levels of LDH, a high
percentage of BM blasts, African American or Hispanic ethnicity, monoblastic FAB subtype
(M5), and FLT3-1TD were predictive for CNS involvement (Table I11). In the multivariate
analysis, which excluded the Nuclophosminsl (NPM1) and FLT 3 mutation status because
these data were not available for more than 50% of the patients, only high levels of LDH at
the time of diagnosis African-American ethnicity and young age remained predictive for
developing CNS involvement. Using ROC analysis, we found that 80% of patients with
CNS involvement had LDH levels of above 700 IU/L. With this cutoff, the odds ratio for
CNS involvement in patients with high LDH levels was 3.0 (95% Cl, 1.4 to 6.9, P = 0.003).
Compared to Caucasian patients, African-American patients had an odds ratio for CNS
involvement of 4.4 (95% ClI, 1.9t0 9.8, P = 0.004).
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Discussion

Nearly 40 years have passed since the first report of the incidence of CNS disease in adult
patients with acute leukemia treated at the MD Anderson Cancer Center.[9] CNS disease
was found in 13% of those patients, with incidences ranging between 7% for patients with
AML to 41% for patients with ALL. The incidence of CNS disease in patients with AML
was significantly higher at autopsy, however—39%. This study led to the practice of CNS
prophylaxis in all patients with acute leukemia, including patients with AML. This practice
was supported by results of a subsequent study that suggested that CNS prophylaxis in adult
patients with AML is beneficial.[10] With the introduction of cytarabine-based induction
chemotherapy during the 1980s, however, the routine practice of CNS prophylaxis for all
AML patients was abandoned by most centers, including ours.

The estimated incidence of CNS involvement is largely dependent on who is screened for
this complication. On the basis of the combination of overt neurological symptoms and
leukemia blasts in the CSF, CNS involvement is considered a rare event [11,12]. Similar to
previous reports [2,4-6,8,13,14], we found that 3.3% of patients with AML had documented
CNS involvement at least once during the course of their disease. This is probably an
underestimation of the true incidence of CNS involvement and evidence from last decade
suggest that using flow cytometry will significantly increase the detection rates of CNS
involvement [15].

Of the 45 patients diagnosed with CNS leukemia, only 12had CNS leukemia at initial
presentation. However, when LP was performed as part of an investigational protocol in all
newly diagnosed patients, the incidence of CNS involvement was significantly higher.
Among 42 patients who underwent LP at diagnosis, 19% (n = 8) had leukemic blasts in the
CSF. LP is routinely performed in all newly diagnosed pediatric patients with AML, and the
incidence of CNS disease at time of diagnosis varies from 6% to 29% in different
series[16-22]. Arguably, occult CNS involvement is effectively treated with high-dose
cytarabine that penetrates the blood brain barrier[7] and eliminates CNS leukemia. A report
of an extremely low incidence of meningeal relapse in patients with AML treated with
cytarabine-containing regimens supports this claim.[23] However, a recent report from the
Fred Hutchinson Cancer Research Center suggests that systemic cytarabine-based
chemotherapy may not be sufficient. Although that study included a larger percentage of
patients with poor prognosis, the authors reported an 11% incidence of positive CSF
cytology in post-induction patients who underwent routine diagnostic LP prior to stem cell
transplantation[24]. Similarly, in a series of patients with AML who underwent
hematopoietic stem cell transplantation, Bommer et al. found that 15% of patients had CNS
involvement throughout the treatment period[25].

We have found no difference in post-induction rates of CNS disease in AML patients who
received high-dose cytarabine-based induction chemotherapy and those who were treated
with either low-dose cytarabine or with induction regimens that did not include cytarabine.
Therefore the CNS prophylaxis policy for newly diagnosed AML should be considered for
all patients, regardless of the induction chemotherapy regimen.
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Patients with CNS disease had a significantly shorter median DFS, and most CNS relapses
occurred with concomitant BM relapse. Whether CNS disease simply reflects the bulk of the
disease, as is suggested by the correlation with the percentage of BM blasts, or whether the
CNS serves as a sanctuary for leukemia blasts from which they can be re-seeded
systemically is not known. However, in patients with ALL, CNS prophylaxis remains the
single best approach for preventing CNS and systemic recurrence.[26]

Identifying newly diagnosed AML patients who are at risk for having CNS disease either at
diagnosis or during the course of the disease will enable us to restrict the use of CNS
prophylaxis to those patients who are most likely to benefit. For example, 20% (n = 7) of
patients with LDH > 5000 IU/L at time of diagnosis developed CNS disease during the
course of their disease. However, if CNS prophylaxis is restricted to patients with high
LDH, most patients who eventually developed CNS disease would have been missed.
Furthermore, because the sensitivity of CSF cytology may be as low as 50% [15], even
patients with negative CSF may still carry undetectable CNS disease and probably benefit
from intrathecal treatment.

CNS dissemination of leukemia cells has been associated with monocytic blast morphology,
elevated white blood cell count, and specific cytogenetics abnormalities, in particular
inversion(16), trisomy(8) and 11g23[3,8]. Remarkably, none were independent predictors.
Elevated LDH at time of diagnosis was an independent prognostic indicator, probably
because it reflected disease burden. As a continuous variable, LDH had minimal predictive
power. Whether the cutoff of 700 IU/L, which we found using ROC analysis, is a good
predictor disease, should be determined in a separate validation cohort. A higher frequency
of CNS involvement in patients with the FAB-M5 subtype and a lower incidence in patients
with myelodysplastic syndrome-related AML (Table 1) are fully accounted for by the higher
LDH in patients with FAB-M5 and lower LDH in patients with myelodysplastic syndrome-
related AML (compared to LDH in the entire cohort). CNS involvement was more common
in young patients and among African-American patients. This finding may reflect racial
differences in the clinical and biologic characteristics of AML. Such a finding was
previously reported. For example, higher incidence of CNS involvement in African-
Americans was also found in a retrospective analysis of 2,570 patients from 7 Cancer and
Leukemia Group B studies[27].

Differences in patient selection may explain inconsistencies in different reports regarding
the significance of cytogenetics findings in predicting CNS involvement. For example,
Shihadeh et al. referred to patients with cranial MRI abnormalities and normal CSF as
having CNS leukemia[8]. Although MRI has been reported to be a highly sensitive tool for
the detection of meningeal pathology, its specificity is low as it detects clinically nonspecific
abnormalities[14,28]. Therefore we did not include patients with abnormal MRI and normal
CSF in our analysis.

In conclusion, although CNS leukemia is detected in less than 10% of adult patients with
ALL at the time of diagnosis,[2,4-6,14] intrathecal prophylaxis chemotherapy is routinely
administered and has been proven to be beneficial[26]. In contrast, intrathecal prophylaxis
chemotherapy is not routinely administered to adult patients with AML.
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According to our analysis the incidence of CNS leukemia in patients with newly diagnosed
AML is higher than currently appreciated. If LP was performed in all AML patients at
diagnosis, the incidence of CNS disease would have approached approximately 20%. These
findings support the need for prospective studies to determine whether CNS prophylaxis
should be administered as part of induction chemotherapy in all patients with newly
diagnosed AML.
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N=33

Post-induction CNS involvement

Refractory
disease
N=1

Achieved CR1 Refractory

Achieved CR1

Induction death
N=2
Figure 1.

N=9 disease N=21
N=12
Concomitant BM IsoIatéd CNS
and CNS disease relapse
N=17 N =4

Outcome of patients with CNS involvement. BM, bone marrow; CR1, first complete
remission. Induction death, death within 28 days after initiation of treatment.
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Figure2.

Overall survival (A) and disease-free survival (B) in patients who achieved CR after
induction treatment. CR, complete remission.
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Table |
Baseline characteristics of the study population

AML patientswithout CNSdisease AML patientswith CNSdisease P value

1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny
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N = 1325) (N=45

Median age (range) 63 (17-89) 60 (17-79) 0.09
Sex n (%)

Male 732 (55) 22 (49) 0.4

Female 593 (45) 23 (51)
Ethnicity, n (%)

Caucasian 1,048 (98) 25(2)

Hispanic 117 (94) 7 (6)

African American 100 (91) 10 (9)

Asian 26 (90) 3(10)

Unknown/other 34 (100) 0 (0)
Laboratory values, median (range)

Hemoglobin, g/dL 8.8 (3to 15) 9.1 (3to 15) 0.8

Platelets, x10%/L 47 (2to 787) 47 (12 to 202) 0.4

White blood cell, x10%/L 4.9 (0.2t0 433) 6.5 (210 92) 0.6

LDH median, IU/L 747 (200 to 20,701) 1165 (383 to 12,405) 0.02

Albumin, g/dI 35(0.7t05.3) 3.2(1.9t04.9) 0.06
Per cent bone marrow blasts, mean (s.d.) 24 (27) 36 (31) 0.01
Karyotype 0.1

Normal karyotype 612 (97) 19 (3)

Trisomy 8 98 (95) 5 (5)

Inversion(16) 71(97) 19 (3)

11923 abnormalities 66 (93) 5(7)

trisomy(8:21) 62 (95) 3(5)

Miscellaneous 418 (30) 10 (22)

s.d., standard deviation.
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Table Il
Neurological signsand symptoms at time of presentation of CNS involvement

Sign/symptom No. (%)
Altered mental status 13 (29)
Headache 8 (18)
Parasthesias/numbness 7 (16)
Seizure 6 (13)
Blurry vision/papilledema 4(9)
Diabetes insipidus 2(4)
Facial nerve paralysis 2(4)
Cerebellar signs 2(4)
Other 3(7)

Other = hearing loss, memory loss, and cognitive deterioration
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Univariate analysis of factors predicting CNS involvement in patientswith AML

Table Il

Factor Oddsratio” (95% c1) P value
LDH >700 IU/L 2.6 (1.41t06.9) <0.003
Percent bone marrow blasts 2.7(1.2t06.5) 0.002
Monoblastic subtype (FAB-M5) 2.8 (1.4-5.8) 0.004
Mutations

FIt3 2.2 (1.1-4.7) 0.03

Nuclophosminsl 1.7 (0.6-4.8) 0.3
Age <50 2.0(1.0t02.7) 0.03
Albumin NA 0.06
Sex NA 0.4
Complete blood cell counts

Hemoglobin NA 0.8

White blood cell NA 0.1

Platelets NA 0.5

*
Odds ratio for categorical variables is based on the exp(J) of the logistic regression model. CI, confidence interval; NA ,not applicable.
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