
CNS involvement in AML at diagnosis is rare and does not affect
response or survival: data from 11 ECOG-ACRIN trials

Chezi Ganzel,1 Ju-Whei Lee,2 Hugo F. Fernandez,3 Elisabeth M. Paietta,4 Selina M. Luger,5 Hillard M. Lazarus,6 Larry D. Cripe,7

Dan Douer,8 Peter H. Wiernik,9 Jacob M. Rowe,10 Martin S. Tallman,11 and Mark R. Litzow12

1Hematology Department, Shaare Zedek Medical Center, and Faculty of Medicine, Hebrew University of Jerusalem, Jerusalem, Israel; 2Dana-Farber Cancer Institute–ECOG-
ACRIN Biostatistics Center, Boston, MA; 3H. Lee Moffitt Cancer Institute, Tampa, FL; 4Montefiore Medical Center, Bronx, NY; 5Department of Medicine, Division of Hematology
Oncology, University of Pennsylvania, Philadelphia, PA; 6Department of Medicine, Hematology-Oncology Division, Case Western Reserve University, Cleveland, OH; 7Indiana
University Cancer Center, Indianapolis, IN; 8Department of Medicine, Division of Hematology, University of Southern California, Los Angeles, CA; 9Cancer Research Foundation,
Chappaqua, NY; 10Shaare Zedek Medical Center, Jerusalem, Israel; 11Memorial Sloan Kettering Cancer, New York, NY; and 12Mayo Clinic, Rochester, MN

Central nervous system (CNS) involvement in patients with newly diagnosed acute

myeloid leukemia (AML) is rare, and systematic data regarding outcome are scarce. This

retrospective study summarized data from 11 consecutive Eastern Cooperative Oncology

Group-American College of Radiology Imaging Network (ECOG-ACRIN) clinical trials for

patients with newly diagnosed AML. In all, 3240 patients with AML were analyzed, and

36 (1.11%) were found to have CNS involvement at diagnosis. The incidence of CNS dis-

ease among the 5 studies with per protocol mandatory lumbar puncture (LP) was similar

to the incidence among studies in which LP was performed at the discretion of the inves-

tigator (0.86% vs 1.41%; P 5 .18). There was no significant difference in the rate of com-

plete remission (CR) among patients with CNS involvement and those with other

extramedullary disease (EMD) sites or those with no EMD (52.8% vs 59.3%-60%). The

median overall survival (OS) for patients who were CNS positive, who had other EMD, or

who had no EMD was 11.4, 11.3, and 12.7 months, respectively. There was no difference

in OS among patients with CNS involvement, those with other EMD (hazard ratio [HR],

0.96; adjusted P 5 .84), and those with no EMD (HR, 1.19; adjusted P 5 .44). In conclusion,

the reported incidence of CNS involvement in patients with newly diagnosed AML is low

(1.1%), irrespective of whether an LP is mandatory or not. The presence of CNS disease

at diagnosis in and of itself does not seem to portend a poor prognosis for achieving an

initial CR or for OS.

Introduction

Extramedullary disease (EMD) is a known manifestation of acute myeloid leukemia (AML) with an overall
reported incidence ranging between 2.5%1 and 30%,2 depending on, among other things, the precise
definition of EMD. Its rate is highest among patients with monocytic AML3 and in those with t(8;21).4,5

Its prognostic impact is controversial.2,5-9

Data regarding central nervous system (CNS) involvement in patients with newly diagnosed AML are
scarce, and the prognostic implication of CNS involvement is controversial.10-12 There is also no current
agreement regarding whether lumbar puncture (LP) should routinely be performed in every patient with

Submitted 16 April, 2021; accepted 7 August, 2021; prepublished online on Blood
Advances First Edition 1 October 2021; final version published online 12 November
2021. DOI 10.1182/bloodadvances.2021004999.

For data sharing, please contact Chezi Ganzel via e-mail at ganzelc@szmc.org.il.

� 2021 by The American Society of Hematology. Licensed under Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0),
permitting only noncommercial, nonderivative use with attribution. All other rights
reserved.

Key Points

� There was no
significant difference
in CR rate and OS
among patients with
CNS involvement,
other EMD, or no
EMD.

� The incidence of CNS
involvement of newly
diagnosed AML is
low, irrespective of
whether an LP is
mandatory or not.

4560 23 NOVEMBER 2021 • VOLUME 5, NUMBER 22

REGULAR ARTICLE
D

ow
nloaded from

 http://ashpublications.org/bloodadvances/article-pdf/5/22/4560/1834123/advancesadv2021004999.pdf by guest on 19 M
ay 2023

mailto:ganzelc@szmc.org.il
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode
https://crossmark.crossref.org/dialog/?doi=10.1182/bloodadvances.2021004999&domain=pdf&date_stamp=2021-11-12


Table 1. AML protocols included in this study

Protocol

No. Phase Induction Consolidation Maintenance LP

Guidance for CNS

therapy

Final accrual

(patients

included) Years

E147914 3 1-2 courses of
daunorubicin 60 mg/m2

per day on days 1-3;
cytosine arabinoside

continuous IV 200 mg/m2

per day on days 1-5; 6-
thioguanine by mouth

100 mg/m2per day 3 2
on days 1-5 (DAT)

Random assignment to
consolidation 3 2 plus
maintenance or direct

maintenance. Consolidation
course: daunorubicin

45 mg/m2 on days 1-2;
cytosine arabinoside IV push
100 mg/m2; 6-thioguanine

oral 100 mg/m2 per day 3 2
on days 1-5

6-thioguanine by mouth
40 mg/m2 per day 3 2
for 4 days; cytosine
arabinoside SC

60 mg/m2 on day 5; 2
years’ duration

Optional;
strongly

recommended
if blast count

is high

Methotrexate IT 10-15
mg every other day until
clearance; whole brain

RT optional.

318 (289) 1980-1982

E348018 3 1-2 courses of full DAT
or

attenuated-dose DAT;
daunorubicin 50 mg/m2

per day on day 1,
cytosine arabinoside SC
100 mg/m2per day 3 2

on days 1-5, and
6-thioguanine by mouth
100 mg/m2 per day 3 2

on days 1-5

6-thioguanine by mouth
40 mg/m2 per day 3 2
for 4 days; cytosine
arabinoside SC

60 mg/m2 on day 5; 2
years’ duration

Optional;
strongly

recommended
if blast count

is high

Induction: methotrexate
IT 10-15 mg every third
day until clearance.

Whole brain RT optional.
Consolidation: investiga-

tor choice.
Recommended: metho-
trexate IT once per week
3 4, then IT once per

month

45 (39) 1981-1982

E348315 3 1-2 courses of DAT Age younger than 41 years 1
HLA-matched sibling allo-

BMT. Others were randomly
assigned to observation,

maintenance, or consolidation
3 1. After interim analysis,
the observation arm was
closed. Consolidation:
cytosine arabinoside IV
3 g/m2 over 1 hour per
day 3 2 on days 1-6;

amsacrine IV 100 mg/m2 per
day on days 7-9

6-thioguanine by mouth
40 mg/m2 per day 3 2
for 4 days; cytosine
arabinoside SC

60 mg/m2 on day 5; 2
years’ duration

Mandatory Induction: methotrexate
IT once every 3 days.

Consolidation: high-dose
cytarabine or HSCT, if

the patient was
randomly assigned to

maintenance-only cranial
RT

534 (445) 1984-1988

PC48616 2 1-2 courses of DAT Age younger than 41 years
and HLA-identical sibling

allo-BMT;
all others auto-BMT

Mandatory Mitoxantrone IT 10-15
mg every third day until
clearance and 2 doses

thereafter;
(patients with leukemic
meningitis will not be
eligible for autologous

transplant)

123 (98) 1987-1990

E348917 3 1-2 courses of idarubicin
12 mg/m2 per day on
days 1-3 and cytosine

arabinoside continuous IV
100 mg/m2 per day on

days 1-7

Idarubicin 12 mg/m2 per day
on days 1-2, and cytosine
arabinoside continuous IV

100 mg/m2 per day on days
1-5. Patients with an HLA-

matched or single-
mismatched family member,
allo-BMT; all others were
randomly assigned to auto-
BMT or 1 course of cytosine
arabinoside IV 3 g/m2 over
1 hour per day 3 2 on days

1-6

Mandatory Off study 808 (752) 1990-1995

E149019 3 1-2 courses of
daunorubicin 60 mg/m2

per day on days 1-3;
cytosine arabinoside

continuous IV 100 mg/m2

per day on days 1-7 plus
GM-CSF or placebo from

day 11

A single course of cytosine
arabinoside IV 1.5 g/m2 over
1 hour per day 3 2 on days
1-6 plus GM-CSF or placebo

from day 11

Mandatory Induction: methotrexate
IT 10-15 mg every third
day until clearance and
2 doses thereafter;

Consolidation: high-dose
cytarabine

124 (115) 1990-1992

E399320 3 GM-CSF or placebo as
priming, cytosine

arabinoside continuous IV
100 mg/m2 per day on
days 1-7. Patients were
randomly assigned to

daunorubicin 45 mg/m2

Age younger than 70 years,
cytosine arabinoside IV 1.5 g/
m2 over 1 hour per day 3 2
on days 1-6 plus GM-CSF
from day 5. Age older than

70 years, cytosine
arabinoside IV 1.5 g/m2 over

Mandatory Induction: methotrexate
IT once every 3 days.

Consolidation: high-dose
cytarabine. If the patient
was CSF positive after
consolidation, methotrex-
ate IT plus cranial RT

362 (343) 1993-1997

allo, allogeneic; auto, autologous; BMT, bone marrow transplantation; DAT, daunorubicin, low-dose cytosine arabinoside, and 6-thioguanine; GM-CSF, granulocyte-macrophage colony-
stimulating factor; HSCT, hematopoietic stem cell transplantation; IT, intrathecal; IV, intravenous; PBSCT, peripheral blood stem cell transplantation; rhIL-11, recombinant human
interleukin-11; RT, radiotherapy; SC, subcutaneous.
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newly diagnosed AML, similar to that performed in patients with
acute lymphoblastic leukemia or in pediatric patients with AML13

instead of being reserved for certain clinical scenarios of adult
patients with AML at higher risk for CNS involvement or when neu-
rologic signs or symptoms are present. In this retrospective study, a
very large database of 11 consecutive clinical trials of patients with
newly diagnosed AML was reviewed. The focus was on 3 issues:
first, whether the incidence of CNS involvement at diagnosis was
higher among the 5 studies in which an LP was mandatory for all
patients (n 5 1753) than in studies in which patients received an
LP only if neurologic symptoms were present and/or at the discre-
tion of the physician (n 5 1487). The second issue was to describe
the characteristics of patients with CNS involvement compared with

patients without any EMD or with EMD other than in the CNS. The
third issue was to report the prognosis of patients with CNS involve-
ment compared with that of patients with other or no EMD.

Methods

Patient population

Between 1980 and 2008, 3522 patients age 15 years or older
with untreated AML were enrolled on 11 consecutive, phase 2 or
phase 3 clinical trials led by Eastern Cooperative Oncology Group-
American College of Radiology Imaging Network (ECOG-
ACRIN).14-23 The treatment protocols, their activation dates, and
accrual numbers are summarized in Table 1. Of the 3522 enrolled

Table 1. (continued)

Protocol

No. Phase Induction Consolidation Maintenance LP

Guidance for CNS

therapy

Final accrual

(patients

included) Years

per day on days 1-3 or
mitoxantrone 12 mg/m2

per day on days 1-3 or
idarubicin 12 mg/m2 per

day on days 1-3

1 hour per day 3 2 on days
1-3 plus GM-CSF from

day 5

E499529 2 2 cycles of daunorubicin
45 mg/m2 per day on
days 1-3, cytosine

arabinoside continuous IV
100 mg/m2 per day on
days 1-7, and cytosine
arabinoside 2 g/m2 over

75-90 minutes per
day 3 2 on days 8-10

Age younger than 51 years
plus HLA-matched sibling,

allo-PBSCT.
Others, 2 courses of cytosine
arabinoside 3 g/m2 over 3

hours per day 3 2 on days 1,
3, and 5 and then auto-

PBSCT

Only for CNS
symptoms

Not mentioned (maybe
because every patient
received high-dose

cytarabine)

66 (59) 1996-1997

E399721 2 Daunorubicin 45 mg/m2

per day on days 1-3,
cytosine arabinoside

continuous IV 100 mg/m2

per day on days 1-7, and
cytosine arabinoside 2 g/
m2 over 60-90 minutes
per day 3 2 on days
8-10 plus rhIL-11 and

GM-CSF from days 11 to
12

2 courses of cytosine
arabinoside 3 g/m2 over 3

hours per day 3 2 on days 1,
3, and 5 plus rhIL-11 and

GM-CSF from day 6

Only for CNS
symptoms

Because patients
received high-dose
cytarabine in the

induction, additional
treatment is not

necessary. It is possible
to give methotrexate IT
once every 3 days

36 (35) 1998-1999

E399922 3 1-2 courses of
daunorubicin 45 mg/m2

per day on days 1-3,
cytosine arabinoside

continuous IV 100 mg/m2

per day on days 1-7, and
zosuquidar or placebo

Cytosine arabinoside
1.5 g/m2 over 1 hour on days
1-6. Age younger than 70

years, per day 3 2; age older
than 70 years, per day 3 1
(a course identical to the
induction regimen that

included either zosuquidar or
placebo)

Only for
clinical

suspicion

Not mentioned 449 (421) 2002-2005

E190023 3 Daunorubicin 45 or
90 mg/m2 per day on
days 1-3, cytosine

arabinoside continuous IV
100 mg/m2 per day on

days 1-7

Unfavorable or intermediate
risk cytogenetic profile or
WBC .1003 103/mL at

diagnosis plus HLA-matched
sibling, allo-HSCT.

All others: 2 courses of
cytosine arabinoside 3 g/m2

over 3 hours per day 3 2 on
days 1, 3, and 5. Randomly
assigned patients received
gemtuzumab ozogamicin 6
mg/m2 or no gemtuzumab
ozogamicin, and auto-HSCT

Only in
patients with
FAB M4/M5
with CNS
signs and
symptoms

Methotrexate IT 12 mg
twice per week until

clearance and then once
per month for 6 months;

alternative: cytosine
arabinoside IT 30 mg

657 (644) 2002-2008

allo, allogeneic; auto, autologous; BMT, bone marrow transplantation; DAT, daunorubicin, low-dose cytosine arabinoside, and 6-thioguanine; GM-CSF, granulocyte-macrophage colony-
stimulating factor; HSCT, hematopoietic stem cell transplantation; IT, intrathecal; IV, intravenous; PBSCT, peripheral blood stem cell transplantation; rhIL-11, recombinant human
interleukin-11; RT, radiotherapy; SC, subcutaneous.
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patients, 282 were excluded because of diagnosis of acute promye-
locytic leukemia (n 5 168) or leukemia other than AML (n 5 29),
no EMD evaluation at baseline (n 5 41), ineligibility for retrospective
central review (n 5 24) or no survival data (n 5 20). Each protocol
was approved by the institutional review boards, and all patients
signed a written informed consent.

Cytogenetic risk classification

Cytogenetic risk was classified as favorable, intermediate, unfavor-
able, or undetermined after central review by the ECOG-ACRIN
Leukemia Cytogenetics Subcommittee, according to the definitions
established by the Southwest Oncology Group (SWOG) and
ECOG-ACRIN.24 Only minimal cytogenetic information was avail-
able for patients enrolled on earlier protocols E1479, E1490,
E3480, E3483, or PC486.

EMD assessment

In all 11 trials, bone marrow (BM) leukemic involvement was an eligi-
bility criterion, meaning that patients with an isolated extramedullary
myeloid sarcoma, including isolated CNS leukemia, without BM
involvement were not included. The presence of EMD at baseline
was defined clinically by physical examination and radiology without
necessarily requiring a biopsy.9

Diagnosis and treatment of CNS involvement

An LP was mandatory in 5 trials (E3483, PC486, E3489, E1490,
E3993) and recommended for patients with high blast count in 2 tri-
als (E1479, E3480) or if CNS signs or symptoms were present in 4
trials (E4995, E3997, E3999, E1900). The presence of any
unequivocal blasts in the cerebrospinal fluid (CSF) was considered
as CNS involvement. For all studies, the intended postremission sys-
temic chemotherapy was not altered by the initial presence of CNS
disease or any EMD. In several trials, high-dose cytarabine (HiDAC),
which can penetrate into the CSF, was part of the regular protocol
but not as a supplement for CNS-positive patients.

The treatment of CNS involvement was not uniform among the dif-
ferent trials. In 7 trials (E1479, E3480, E3483, PC486, E1490,
E3993, E1900), intrathecal methotrexate (IT MTX) was mandatory,
and in another trial (E3997) that used HiDAC as part of induction

as well as consolidation therapy, it was optional. In 2 studies
(E1479, E3480), cranial radiotherapy was optional; in E3483, it
was recommended for patients who were randomly assigned to
receive only maintenance therapy; and in E3993, it was recom-
mended for patients with persistent leukemic cells in the CSF after
consolidation therapy. In 3 studies (E1490, E3993, E3999), HiDAC
was given to all of the patients as part of consolidation, and in 2
studies (E4995, E3997), it was given as part of induction therapy.
In 2 studies (E4995, E1900), HiDAC was given as consolidation
only to patients who did not undergo transplantation, and in E3483,
it was given as consolidation in only 1 arm of randomly assigned
patients. In E3489, patients with CNS leukemia went off study. In
this latter trial, because the CSF was examined only after full blast
clearance, patients went off study only after induction, at which point
they were observed for survival.

Statistical analysis

Descriptive statistics were used for patient demographics and dis-
ease characteristics. Wilcoxon 2-sample tests (for continuous varia-
bles) and Fisher’s exact tests (for categorical variables) were used
to explore potential differences between groups. The Kaplan-Meier
method was used to estimate median overall survival (OS). Univari-
able and multivariable Cox proportional hazard models were used
to evaluate the effect of CNS involvement on OS, with variables sig-
nificant at the 0.10 level in univariable analyses adjusted as covari-
ates in the multivariable models. Because of the exploratory nature
of this study, no statistical adjustments were made for multiple com-
parisons. A 2-sided P value of .05 was considered statistically
significant.

Results

Incidence of CNS involvement

Of the 3240 patients included in this analysis, 36 patients had CNS
involvement (CNS-positive) at the time of diagnosis. The overall inci-
dence was 1.11%, but it varied among the different studies (from
0% to 4.2%; Table 2). The incidence of CNS disease among all
patients in the 5 studies that mandated an LP was similar to the
incidence among all patients in trials in which LP was performed
solely on the basis of neurologic symptoms and/or at the discretion
of the attending physician (0.86% vs 1.41%; P 5 .18).

Characteristics of patients with CNS involvement

Half of the CNS-positive patients were males, the median age was
44.5 years (range, 17-79 years), 38.9% had an ECOG performance
status (ECOG PS) of 2 or higher, and 55.6% had FAB (French-
American-British classification of AML for acute myelomonocytic leu-
kemia) -M4 disease. Among the 39 patients, cytogenetic analysis
was available in only 9 (which included 5 patients with normal karyo-
type and 1 patient each with t(8;21)(q22;q22) with –Y,
t(6;9)(p23;q34), del (16)(q22), or 12mar with –Y).

The characteristics of CNS-positive patients were compared with
those of patients with EMD other than CNS (n 5 733) and with
those without EMD (n 5 2471) (Table 3). The rate of ECOG PS
2 to 4 was highest among CNS-positive patients (38.9%), interme-
diate among patients with other EMD sites (22.9%), and lowest
among patients without EMD (14%). Similar grading, respectively,
was found regarding other characteristics such as the rate of FAB-
M4 classification (55.6%, 38.2%, and 26%, respectively) and the

Table 2. Number and incidence of patients with CNS involvement

in each trial

Protocol No. Mandatory LP Years No.

Patients with

CNS involvement

No. %

E1479 No 1980-1982 289 12 4.15

E3480 No 1981-1982 39 1 2.56

E3483 Yes 1984-1988 445 7 1.57

PC486 Yes 1987-1990 98 0

E3489 Yes 1990-1995 752 4 0.53

E1490 Yes 1990-1992 115 0

E3993 Yes 1993-1997 343 4 1.17

E4995 No 1996-1997 59 1 1.69

E3997 No 1998-1999 35 1 2.86

E3999 No 2002-2005 421 0

E1900 No 2002-2008 644 6 0.93
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Table 3. Characteristics of patients with AML who have CNS involvement, with EMD outside the CNS, and with no EMD involvement

Characteristic

CNS involvement

(n 5 36)

EMD but no CNS involvement

(n 5 733)

No EMD

(n 5 2471)

No. % No. % P No. % P

Age, y . 33/.71 1.00/.07

,60 24 66.7 550 75.0 1638 66.3

$60 12 33.3 183 25.0 831 33.7

Median (range) 44.5 (17-79) 45 (14-93) 52 (15-86)

Sex .39 .87

Male 18 50.0 427 58.3 1284 52.0

Female 18 50.0 306 41.7 1185 48.0

Unknown 0 — 0 — 2 —

Race/ethnicity* .24 .29

White 30 85.7 649 89.5 2193 89.5

Hispanic 2 5.7 15 2.1 69 2.8

African American 2 5.7 48 6.6 143 5.8

Asian 0 0.0 2 0.3 20 0.8

Other 1 2.9 11 1.5 26 1.1

Unknown 1 — 8 — 20 —

ECOG PS† .04 .0002

0 5 13.9 193 26.4 914 37.3

1 17 47.2 370 50.7 1194 48.7

2-4 14 38.9 167 22.9 343 14.0

Unknown 0 — 3 — 20 —

FAB classification‡ .053 .0002

M0 0 0.0 7 1.0 56 2.3

M1 4 11.1 112 15.3 489 19.9

M2 2 5.6 125 17.1 688 28.0

M4 20 55.6 279 38.2 639 26.0

M5 5 13.9 117 16.0 166 6.7

M6 0 0.0 12 1.6 100 4.1

M7 0 0.0 0.0 0.0 12 0.5

Other 5 13.9 78 10.6 310 12.6

Unknown 0 — 3 — 11 —

Cytogenetics .12 .12

Favorable 1 8.3 25 10.8 174 12.9

Intermediate 5 41.7 79 34.1 492 36.3

Unfavorable 0 0.0 59 25.4 316 23.3

Undetermined 6 50.07 69 29.7 372 27.5

Unknown 24 — 501 — 1117 —

No. of EMD sites .005

0 — — — — 2471 100

1 13 36.1 445 60.7 0 0.0

2-6 23 63.9 288 39.3 0 0.0

Response to induction§ .49 .49

CR 19 52.8 432 59.3 1472 60.0

Patients with M3 (APL) were excluded from this study. All data are presented as No. (%) unless otherwise specified. P values were determined by using Fisher’s exact test (excluding
cases with unknown values, unless otherwise specified) and/or Wilcoxon 2-sample test; when 2 P values are reported, the first is for the Fisher’s exact test and the second is for the Wil-
coxon test.
PD, progressive disease; PR, partial response; SD, stable disease.
*Comparison between races with respect to White vs all others (including unknown).
†Comparison between ECOG PS groups with respect to status of 0-1 vs 2-4.
‡Comparison between FAB classes with respect to M4 vs all others (excluding unknown).
§Comparison between Responses to induction groups with respect to CR vs all others (including unknown).
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median initial white blood cell (WBC) count (36.2, 31.7, and 8.6 3
103/mL, respectively).

Compared with patients without EMD, CNS-positive patients were
younger (median age. 44.5 vs 52 years; P 5 .07) and had a higher
median WBC count (P 5 .0004). The rate of CNS involvement
was significantly higher among patients with WBC $503 103/mL
compared with those with WBC ,503 103/mL (2.32% vs 0.79%;
P 5 .002). A similar pattern was seen when comparing CNS

involvement in patients with WBC counts above or below 1003
103/mL (2.99% vs 0.97%; P 5 .01).

Response and survival by CNS involvement

The rate of complete remission (CR) among CNS-positive patients was
similar to that in the other groups (52.8% vs 59.3%-60%; P 5 .49).
The median OS was 11.4 months (95% confidence interval [CI],
7.2-17.7 months) among CNS-positive patients, 11.3 months

Table 3. (continued)

Characteristic

CNS involvement

(n 5 36)

EMD but no CNS involvement

(n 5 733)

No EMD

(n 5 2471)

No. % No. % P No. % P

PR 1 2.8 0 0.0 3 0.1

SD 14 38.9 213 29.2 687 28

PD 0 0.0 34 4.7 131 5.3

Unevaluable 2 5.5 50 6.9 161 6.6

Unknown 0 — 4 — 17 —

Hemoglobin, g/dL .11/.07 .03/.009

,10 19 52.8 474 66.0 1720 70.3

$10 17 47.2 244 34.0 728 29.7

Median (range) 9.7 (3.3-15.4) 9.4 (0.5-31.0) 9.1 (0.2-39.5)

Platelet count 3 103/mL .87/.97 1.00/.94

,60 17 47.2 332 45.6 1134 46.3

$60 19 52.8 396 54.4 1315 53.7

Median (range) 64.5 (3-262) 53 (0.7-1660) 54 (1-999)

WBC count 3 103/mL .37/.77 .0001/.0004

,50 20 55.6 467 64.1 2048 83.3

$50 16 44.4 262 35.9 411 16.7

Median (range) 36.2 (0.8-270) 31.7 (0.2-497) 8.6 (0.3-600)

Bone marrow blast (%) .45 .27

Median (range) 71 (3-99) 77 (0-100) 63 (0-100)

Peripheral blood blast (%) .43 .23

Median (range) 37 (0-93) 44 (0-99) 26 (0-99)

Patients with M3 (APL) were excluded from this study. All data are presented as No. (%) unless otherwise specified. P values were determined by using Fisher’s exact test (excluding
cases with unknown values, unless otherwise specified) and/or Wilcoxon 2-sample test; when 2 P values are reported, the first is for the Fisher’s exact test and the second is for the
Wilcoxon test.
PD, progressive disease; PR, partial response; SD, stable disease.
*Comparison between races with respect to White vs all others (including unknown).
†Comparison between ECOG PS groups with respect to status of 0-1 vs 2-4.
‡Comparison between FAB classes with respect to M4 vs all others (excluding unknown).
§Comparison between Responses to induction groups with respect to CR vs all others (including unknown).

Table 4. Median OS and HR of death for various cohorts

Cohort Median OS (mo) 95% CI

Univariable Multivariable*

No. of events/total no. of patients

CNS vs target

Wald P No. of events/total No.

CNS vs target

Wald PHR 95% CI HR 95% CI

CNS involvement 11.4 7.2-17.7 32/36 — — 30/34 —

EMD but no CNS involvement 11.3 10.4-12.8 621/733 1.07 0.75-1.53 .70 564/660 0.96 0.66-1.41 .84

No EMD 12.7 12.1-13.7 1972/2471 1.22 0.86-1.74 .26 1793/2258 1.19 0.77-1.84 .44

All tests used Cox proportional hazards model.
*Multivariable models were adjusted for age, sex, ECOG PS (0 vs 1 vs 2-4), marrow blasts, log-transformed WBC and platelet values, registration year, the number of EMD sites (0 [if

applicable] vs 1 vs 2-6), cytogenetics (favorable vs intermediate vs unfavorable vs undetermined vs unknown), CR to induction treatment (no vs yes), and the EMD involvement (no vs
yes, if applicable).
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(95% CI, 10.4-12.8 months) among patients with other EMD,
and 12.7 months (95% CI, 12.1-13.7 months) among those with-
out EMD (Figure 1). By univariable analysis, the differences
among these groups were not significant. The hazard ratios
(HRs) for OS of CNS-positive patients compared with the other
EMD patients was 1.07 (95% CI, 0.75-1.53; P 5 .70) and 1.22
(95% CI, 0.86-1.74) compared with patients without EMD (P 5

.26). In multivariable analysis, adjusting for covariates (listed in
Table 4), there were also no significant differences in OS
between patients with CNS involvement and those with other
EMD (HR, 0.96; 95% CI, 0.66-1.41; adjusted P 5 .84) or no
EMD (HR, 1.19; 95% CI, 0.77-1.84; adjusted P 5 .44).

Among the 36 patients who were CNS-positive, there was no signif-
icant difference in the CR rate between patients with other EMD
(n 5 23) and those with CNS only (n 5 13) (60.9% vs 38.5%;
P 5 .30). Similarly, no significant difference in OS was observed
between the CNS-positive patients with other EMD and the CNS
only groups (HR for other EMD vs CNS only, 1.95; 95% CI, 0.89-
4.30; P 5 .10). The same conclusion remains using multivariable
analysis (P 5 .26).

Discussion

CNS involvement in adults with newly diagnosed AML is a rare phe-
nomenon with limited published data.10-12 The need for and clinical
impact of a routine LP have remained unclear.10,12 Among pediatric
patients, CNS assessment is part of the routine evaluation but the
prognostic impact of CNS involvement remains controversial.2,6,13,25

This study examined a very large database of 11 ECOG-ACRIN
consecutive clinical trials that had a total of 3240 patients with

newly diagnosed AML to gain more information about this phenome-
non, focusing on the relationship between CNS involvement and
other sites of EMD, its incidence with or without a routine LP, and
its overall prognostic impact. The incidence of CNS involvement at
diagnosis was 1.1%, similar to the 0.9% that was published rela-
tively recently by the MD Anderson Cancer Center (MDACC)
group10 or the 2.2% published by an Italian group.26 The rate of
FAB-M4 disease, incidence of ECOG PS 2 to 4, and median level
of initial WBC count were highest in CNS-positive patients, interme-
diate in patients with EMD other than CNS, and lowest in patients
without EMD. Although the differences in PS may be related to the
debilitating effects of CNS involvement, the higher rate of FAB-M4
and higher WBC counts places CNS involvement and other EMD
sites on a continuum with the same risk factors but with CNS on
the high end of the spectrum. Almost two-thirds of CNS-positive
patients also had other sites of EMD, which supports the assump-
tion that the ability of the disease to involve extramedullary sites is
an intrinsic character of the specific leukemic phenotype, possibly
related to expression of surface adhesion molecules.2,27

An intriguing issue regarding CNS involvement in AML is whether
routine performance of an LP in every patient with AML, regardless
of symptoms, will increase the rate of detection. The ECOG-ACRIN
policy regarding routinely performing LP changed during the years
from mandatory to possible (Tables 1 and 2), which enabled this
issue to be evaluated. Our data suggest that a routine LP does not
increase the detectable rate of CNS involvement. In contrast, a
study from MDACC compared 1307 patients who did not undergo
a routine LP during the course of AML treatment to 42 patients
who underwent a routine LP at diagnosis and found an increase in
the incidence of CNS involvement from 3.3% to 19%.10 However,
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Figure 1. OS of the 3 patient groups: CNS-positive, other EMD, no EMD.
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it should be noted that neither this study nor the MDACC study
used flow cytometry (FC) as part of the CSF assessment. In fact,
an Italian study group reported that CNS involvement increased
from 11 patients when conventional cytology was used to 33
patients when FC was used.12 It is unknown whether using more
sensitive tools such as FC to detect blasts in the CSF would have
an impact on outcome. This becomes even more challenging with
the use of HiDAC as part of the consolidation therapy in AML,
which penetrates the CSF and may eradicate the few residual
blasts.28

Importantly, patients who are CNS positive do not have a worse
OS compared with other patients who have EMD or those without
EMD. Data from studies by the Italian study group12 and a Taiwan-
ese study group11 support these findings, whereas the MDACC
analysis10 reported a negative prognostic impact of CNS disease. It
should be noted that in this study, other than the initial therapy at
diagnosis (for example, adding IT MTX according to each protocol),
the protocols did not permit for any significant deviations, such as
administering more intensive therapy to patients with CNS involve-
ment. Thus, the similar prognosis probably cannot be attributed to
additional or more intensive therapy.

There are some obvious limitations to our study. It was a retrospec-
tive analysis that examined clinical trials that spanned 3 decades.
Thus, intra-study comparisons of trials need to be cautiously inter-
preted. In addition, data about CNS imaging studies and BM cyto-
genetics are clearly limited, and FC was not part of the CSF
assessment. Although few patients had CNS involvement in each of
the 11 studies, the consistent pattern in this very large cohort of
3500 patients lends credence to the overall analysis and
conclusions.

Hitherto, CNS involvement at diagnosis was perceived as a
prognostically adverse factor. Some major clinical trials groups
have excluded CNS-positive patients from standard clinical tri-
als, such as in E3489, and even in the most contemporary
ECOG-ACRIN AML clinical trial, E2906. Our data strongly sug-
gest that, in general, patients with newly diagnosed AML who

have CNS involvement should not be precluded from participat-
ing in clinical trials.

In conclusion, this retrospective analysis reported a low incidence of
CNS involvement in patients with newly diagnosed AML and does
not encourage routinely performing an LP. Assuming that prompt
CNS-directed therapy is given, our data do not support a prognostic
characterization or a recommendation for using a different systemic
chemotherapy.
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