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Central nervous system involvement is a well-
recognized complication of acute lympho-
cytic leukemia (ALL) ranging between 20

and 40% of cases, and its prophylaxis has greatly
reduced the incidence of CNSL as primary site of
recurrence in adults.1-3 On the contrary, due to the
low frequency of CNS involvement in AML (2-4%)4-6

prophylactic therapy is still controversial, although
an overt meningeal leukemia, especially with con-
current systemic disease, still represents a major
therapeutic problem. 

Conventional treatment of CNSL consists of
intrathecal (IT) chemotherapy with methotrexate
(MTX) and/or cytarabine (Ara-C) plus meningeal
irradiation.7 Although this approach is usually
effective in clearing cerebrospinal fluid, the remis-
sions are usually short-lived.8 Furthermore, CNS
involvement is often followed by bone marrow
(BM)1 recurrence, which is consistent with the
hypothesis that CNS represents a sanctuary for
leukemia blasts that eventually repopulate the BM.9

Therefore, a systemic chemotherapy appears more
appropriate in treating CNSL both in ALL or AML;

in particular, systemic high dose Ara-C (HD Ara-C)
can be used alone or in combination with other
therapeutic approaches. In fact, systemic HD Ara-
C, which is active in resistant acute leukemia and
non-Hodgkin’s lymphoma, crosses the blood brain
barrier achieving significant levels in the cerebral
spinal fluid (CSF), thus permitting a more uniform
distribution of the drug throughout the neuraxis.10

In addition, due to the low levels of cytidine deami-
nase in the CNS, Ara-C catabolism in the CSF is
lower than in the peripheral blood, which results in
prolonged therapeutic levels of the drug.11,12 On the
basis of these observations, we used HD Ara-C in
association with IT MTX with or without cranial
irradiation, to treat 9 adult patients with AML and
CNS involvement. We report herein the results of
this combined approach.

Patients and Methods
From January 1986 to December 1995, 410

adult patients (172 men; 238 women) with recent-
ly diagnosed AML were admitted to our Institute.

Background and Objective. In adult patients with
acute myeloid leukemia (AML), central nervous
system (CNS) involvement is a rare event and
treatment has not yet been defined. Because there
are no definitive data as to the most appropriate
therapeutic approach to CNS leukemia in AML, we
retrospectively analyzed a cohort of AML patients
with meningeal leukemia in order to increase our
knowledge on this particular matter.

Methods. Out of 410 patients with de novo AML
observed at our Institute from 1986 to 1995, 9
(2.2%) showed CNS leukemia (CNSL) during the
follow-up. CNSL was treated as follows: in a first
group of 4 patients we combined systemic HD
Ara-C 3 g/m2 (every 12 hours by 3-hour infusion,
for 6 doses), cranial radiation therapy and intra-
thecal (IT) methotrexate (MTX); a second group of
4 patients was treated with HD Ara-C, IT MTX
without cranial irradiation; HD Ara-C alone was
administered in one patient.

Results. All patients of the first group and 2

patients of the second who achieved a complete
remission (CR) had a median survival of 10
months (range 5-25+) after CNS involvement,
while for the non-remitters it was 2 months (range
1-5). The only patient still living underwent allo-
geneic bone marrow transplantation.

Interpretation and Conclusions. The combination
treatment of HD Ara-C, IT MTX and cranial irradi-
ation is well tolerated and seems to be an effective
therapy for CNSL, presenting a high incidence of
neurologic CR that correlates with a longer sur-
vival. As expected, the number of AML patients
with CNSL was small, due to the fact that CNS in
those patients is a rare complication. However,
this study provides further information about the
therapeutic possibilities in such restricted subsets
of AML patients.
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The diagnosis was based on the morphological and
cytochemical features of peripheral blood and bone
marrow. According to the FAB classification crite-
ria,13 patients were defined as 21 M0, 27 M1, 111
M2, 62 M3, 134 M4, 51 M5, 4 M6. CNS prophylaxis
and spinal tap were not performed in any of the
390 patients (95%) who were eligible for receiving
induction chemoterapy. Nine patients (2.2%), 8
men and 1 woman, developed a CNS involvement
during the follow-up. They were classified as 2 M2,
1 M3, 4 M4, 2 M5 and the median age was 37 years
(range 16-67). No patients had CNSL at the onset;
2 patients showed gum hypertrophy and 5 showed
lymphoadenopathy, 3 of which had hepatospleno-
megaly. The median WBC count was 52.73109/L
(range 5.5-223.0); blast cells were usually, but not
invariably, present in the peripheral blood; abnor-
mal eosinophils were detected in the marrow and
peripheral blood of 3 patients (2 M4, 1 M5) and
serum LDH ranged from 316 to 1143 U/L (Table
1). Induction chemotherapy included daunoru-
bicin, standard dose Ara-c and etoposide in 8
patients; idarubicin was used as a single agent in
the patient with M3. Eight patients achieved hema-
tological CR; 1 case was resistant to therapy. One
patient underwent allogeneic BMT in early remis-
sion, but he experienced a BM relapse for which he
received a further PBSC-transplantation from the
same donor and achieved a second CR. CNS
involvement was diagnosed in 5 patients with con-
current marrow relapse, in 3 patients in remission
(2 of which subsequently relapsed at bone mar-
row), and in 1 patient who was primarily resistant.

Cytogenetic findings
Chromosome analysis was performed at diagno-

sis using Q-banding techniques and karyotype
abnormalities were described according to the
International Society for Human Cytogenetic Nomenclature
criteria.14

In our series, chromosome analysis was per-
formed in 6 patients and the cytogenetic abnormal-
ities are listed in Table 2.

CNS involvement
CNSL, consisting of meningeal, nerve root or

brain parenchymal involvement by leukemic blasts,
is usually detected upon the cytological examina-
tion of CSF. No patients received CNS prophylaxis
therapy. CNSL occurred after a median of 12
months (range 5-31) from diagnosis. 

The main symptoms at diagnosis were headache
or stiff neck, cranial or peripheral nerve palsy, men-
tal derangement, papilloedema, nausea, vomiting,
and vertigo. All patients had leptomeningeal dis-
ease with CSF pleocytosis, abnormal cytology, and
a high protein level. The CSF blast count ranged
from 78 to 2520/µL (median 350/µL). Abnormal
eosinophils were detected in 1 patient’s CSF.

Therapy of CNS leukemia
In a first group of 4 patients, we combined sys-

temic HD Ara-C (3 g/m2 every 12 hours, 3-hour
infusion for 6 doses), cranial radiation therapy (24
Gy in 12 fractions) and IT MTX (15 mg for 4
doses); a second group of 4 patients was treated
with HD Ara-C, and IT MTX without cranial irradia-
tion; HD Ara-C alone was administered in one
patient (Table 3).

Results
CNSL remission (defined as clearance of malig-

nant cells from the CSF) was obtained in 6 patients
(67%), including all patients treated with combined
therapy (systemic HD Ara-C, IT MTX and radiation
therapy) and the 2 treated with systemic HD Ara-C
plus IT MTX. Three patients did not respond to
treatment, and died due to CNSL. In one of these
patients a thalamic myeloblastoma was demon-
strated by CT scan and remained unchanged after

Table 1. Clinical and biological characteristics of 9 AML patients.

Pts Age Sex FAB Extramedullary disease 
(yrs) at diagnosis WBC LDH

(x 109/L) (U/L)

PA 48 M M2 nodes 17.8 874

NG 16 M M4 nodes, spleen, liver 76.0 954

PA 39 F M4 gum hypertrophy 223.0 789

MD 23 M M3 spleen 35.2 316

PG 61 M M4 nodes 38.7 1143

CA 27 M M5 nodes, spleen, liver 51.3 490

SC 67 M M2 nodes, spleen, liver 14.6 631

ZP 37 M M5 — 11.7 456

TM 40 M M4 gum hypertrophy 5.5 786

Table 2. Chromosome findings in relation to FAB classification.

Pts Chromosome findings FAB

TM 46xy, inv 16, +21 / 48xy, +21, +21 inv 16 / 46xy inv 16 M4

NG 46 xy /46 xy, inv 16 M4

ZP 46 xy M5

PA 46 xy, t(8;21) M2

PA 46 xx M4

MD 46 xy / 46 xy, t(15;17)(q22;q11) M3

SC Failed M2

NG Failed M4

CA Failed M5



579CNS involvement in AML

therapy. Of the 6 patients who entered CNSL com-
plete remission, 3 had a meningeal relapse at 3, 6,
and 20 months after CNSL remission. The patient
that received allo-BMT is still living at 25 months
after CNSL; he is in BM remission but displays per-
sisting meningeal involvement (Table 3). 

Discussion
Central nervous system involvement is quite

uncommon in patients with AML, but it still repre-
sents a major therapeutic problem, whether it
occurs during hematological relapse or remis-
sion.7,15 Some studies performed on AML patients
with CNSL showed that certain hematological
parameters at diagnosis are related to an increased
risk of CNSL: high WBC count, peripheral
eosinophilia, high LDH levels, FAB sub-group (M4-

M5), extra-hematological disease at presentation,
male sex, and age < 50.1,5 To date, no specific cyto-
genetic abnormalities have been associated with
CNSL, except for chromosome 16 involvement.5,10,16

In our patients, we confirm the presence of some of
these features, in particular the FAB type M4-M5,
the young age (7 out of 9 were under 50 yrs), male
sex, and the involvement of chromosome 16 in only
2 patients (Tables 1 and 2). 

CNSL therapy is still a controversial problem:
conventional treatment of isolated CNSL with IT
MTX and/or Ara-C associated with cranial irradia-
tion4,17 shows poor results because of the risk of
marrow relapse.7,9,18 Therefore, a systemic chemo-
therapy is necessary to prevent marrow reseeding in
isolated CNSL, or to treat marrow involvement.
Since chemotherapy with HD Ara-C had proven
effective in acute leukemia and lymphoma,15 and

Table 3. CR rates, CNS therapy and survival in relation to CNS involvement in 9 AML patients.

Pts Latency for CNS Hematological status CNSL CNSL Hematological status CNSL Survival Survival 
involvement from at time of therapy* CR at time of relapse from CNSL from AML 

AML diagnosis CNSL diagnosis CNSL remission (months) diagnosis
(months) (months)

PA 24 Relapse HD-ara-C No NR – 1 23,7

NG 29 Relapse Schedule B No NR – 5 33,6

PA 6 Relapse Schedule B Yes RP Yes 5 11,7

MD 11 Remission Schedule A Yes RC No 9 19,9

PG 12 Relapse Schedule B No NR – 2 14,3

CA 5 Remission Schedule A Yes RC No 12 16,9

SC 13 Refractory Schedule B Yes NR Yes 7 19,7

ZP 10 Relapse Schedule A Yes RC No 11 20,6

TM 31 Remission Schedule A Yes RC Yes 25 54,6 +

*Schedule A: Systemic HD-Ara-C 3 g/m2 every 12 hours (3 hours infusion) for 6 doses, cranial radiation, intrathecal methotrexate. 
Schedule B: Systemic HD-Ara-C 3 g/m2 every 12 hours (3 hours infusion) for 6 doses, intrathecal methotrexate

Figure 1.  Operative guidelines for CNS leukemia in AML patients

MTX 15 mg I.T. HD-Ara-C 3 g/m2 /12 h  for 6 doses
plus

Mitoxantrone 12 mg/m2 single dose*

HD-Ara-C 3 g/m2 /12 h
for 4 doses

Radiotherapy 24 Gy
(12 fractions)

* Only if BM involvement

1           3              5        6              21                  36  Days

Figure 1.  Operative guidelines for CNS leukemia in AML patients.
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had achieved a high degree of penetration into CSF
due to the low levels of the inactivating enzyme cyti-
dine deaminase in CNS, it seemed worthwhile to
add this drug to the CNSL therapy protocol.19-21

However, the dose of Ara-C is crucial. Van Prooijen
et al.,22 using 500 mg/m2 every 12 hours by 1 hour
infusion for 6 days in patients with AML in relapse,
observed a persistence of blasts in the CSF in 2 of 3
patients with concurrent meningeal leukemia. On
the contrary, systemic infusion of the HD Ara-C (3
g/m2) proved capable of establishing and maintain-
ing potentially cytotoxic concentrations of the drug
(over 0.2 (µmol/L) in the CSF for the entire dura-
tion of chemotherapy.23,24 Therefore, it has been
shown to be an effective therapy for CNS leukemia,
mostly in cases with isolated CNS involvement.11,12

Consequently, we used such doses to guarantee
prolonged therapeutic levels of Ara-C in the CSF
and brain tissue. This dosage, in combination with
IT MTX and cranial radiation therapy, enabled us
to obtain complete neurologic remission in 6 of 9
AML patients with meningeal leukemia; the median
CR duration was 9 months with a range of 5-25+.
One patient is still living, having received allogeneic
bone marrow transplantation as consolidation
therapy, but shows persisting meningeal involve-
ment. On the contrary, the 3 non-remitters had a
more serious prognosis.

In conclusion, our results indicate that the com-
bination treatment (HD-Ara-C, IT MTX and cranial
radiation therapy) is able to determine a high inci-
dence of neurologic CR that correlates with a
longer survival of this group of patients. Based on
these findings, our operative guidelines for treat-
ment of CNS involvement in AML are shown in
Figure 1. 
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