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Outcome of acute lymphoblastic leuke-
mia (ALL) in adults with central nervous
system (CNS) disease at diagnosis is
unclear. We treated 1508 de novo ALL
patients with 2-phase induction and then
high-dose methotrexate with L-asparagi-
nase. Patients up to 50 years old in first
remission (CR1) with a matched related
donor (MRD) underwent an allogeneic
stem cell transplantation (SCT); the re-
mainder in CR1 were randomized to an
autologous SCT or intensive consolida-
tion followed by maintenance chemo-
therapy. Philadelphia chromosome (Ph)–

positive patients were offered a matched
unrelated donor (MUD) allogeneic SCT.
Seventy-seven of 1508 (5%) patients a
median age of 29 years had CNS leuke-
mia at presentation; 13 of the 77 (17%)
had Ph-positive ALL. Sixty-nine of 77
(90%) patients attained CR1. Thirty-six
patients underwent transplantation in CR1
(25 MRD, 5 MUD, and 6 autografts). Eleven
of 25 patients with MRD transplantation
remain alive at 21 to 102 months, 2 of 5
with MUD at 42 and 71 months, and 1 of 6
with autologous SCT at 35 months. Seven
of 27 treated with consolidation/mainte-

nance remain in CR1 56 to 137 months
after diagnosis. Overall survival at 5 years
was 29% in those with CNS involvement
at diagnosis versus 38% (P � .03) for
those without. CNS leukemia in adult ALL
is uncommon at diagnosis. Adult Ph-
negative ALL patients, however, can at-
tain long-term disease-free survival using
SCT as well as conventional chemo-
therapy. (Blood. 2006;108:465-472)
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Introduction

Adult acute lymphoblastic leukemia (ALL) accounts for approxi-
mately 15% to 20% of all adult acute leukemias. Overall, adults
with ALL have a 60% to 80% chance or more of attaining first
complete remission (CR1) using combination chemotherapy.1-4

However, many patients eventually relapse, particularly those with
high-risk features such as age at diagnosis more than 35 years;
white blood cell (WBC) count at diagnosis in excess of 30 � 109/L
(30 000/�L); non–T-cell phenotype; poor-risk cytogenetic abnor-
malities such as Philadelphia chromosome (Ph) positivity, t(4;11),
or t(1;19); L2 or L3 phenotype; or failure to attain CR by induction
day 35.5-12

Reports from a variety of studies indicate that less than 10% of
adult ALL patients have central nervous system (CNS) involve-
ment at presentation.3,13-15 Patient outcome for those individuals
with CNS involvement at diagnosis is unclear because many
patients are excluded from further analysis and specific patient
characteristics and outcome are not reported. Because recent series
of adult ALL patients routinely include CNS prophylaxis, the risk
of developing disease in the absence of specific CNS treatment

prevention when modern multiagent chemotherapy programs are
used is unknown.

In 1993, we initiated an international trial (MRC UKALL
XII/ECOG E2993) to evaluate the role of hematopoietic stem
cell transplantation (HSCT) in newly diagnosed adult ALL
patients. A total of 1508 patients were entered to October 2003
and data analyzed as of October 2004. At this time, the trial
remains open. Seventy-seven patients were noted to have CNS
involvement at diagnosis, and we report their outcome herein.
The basic patient demographics, treatment, and early outcome
have been reported recently.16

Patients, materials, and methods

Study eligibility

Patients age 15 to 60 years (Eastern Cooperative Oncology Group [ECOG]
criteria) or 55 years (Medical Research Council [MRC] criteria) with newly
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diagnosed, previously untreated ALL (excluding mature B-cell ALL,
ECOG criteria only, because this group has been shown to have a better
outcome with alternative therapies such as high-dose alkylators and
high-dose methotrexate therapy) and without prior malignancy were
eligible for entry onto this study. Patients were not excluded if they had
received corticosteroid therapy prior to study enrollment. The study was
approved by the Institutional Review Board for Human Investigation
(ECOG) or the Ethics Committee (MRC) of each participating center, and
informed consent was obtained from each patient or parent/legal guardian if
the patient was a minor.

Diagnostic procedures

Diagnosis was established by microscopic examination of bone marrow
documenting more than 25% marrow lymphoblasts. Confirmation of the
diagnosis of ALL by central morphology review was provided. Immunophe-
notyping and cytogenetic and molecular analyses on blood or marrow
samples also were carried out at each institution. A lumbar puncture was not
required prior to enrollment on protocol (it was prescribed between day 15
and 24). At some centers it was performed immediately before study entry
as well.

Treatment

Therapy for all patients consisted of induction (phases I and II), intensifica-
tion, and then either an HSCT or consolidation/maintenance.16 Induction
consisted of phase I (weeks 1 to 4 after diagnosis) and phase II (weeks 5 to 8
after diagnosis). During phase I, patients were given weekly daunorubicin
60 mg/m2 intravenously and vincristine 1.4 mg/m2 (maximum 2 mg per
dose) intravenously for 4 weeks along with prednisone 60 mg/m2 by mouth
daily for 28 days. Initially, patients received L-asparaginase 10 000 U/m2

intramuscularly or intravenously on days 17 to 28, but the dose subse-
quently was modified to a flat dose of 10 000 units intramuscularly or
intravenously. Daunorubicin doses were reduced 50% and 25% for serum
bilirubin elevations of 34.2 to 51.3 �M (2 to 3 mg/dL) and more than 51.3
�M (3 mg/dL), respectively; vincristine doses were reduced 50% for
moderate or severe neurologic dysfunction or serum bilirubin more than
51.3 �M (3 mg/dL).

Intrathecal methotrexate 12.5 mg was administered between days 15
and 24 followed 24 hours later by leucovorin 10 mg/m2 intravenously or by
mouth every 6 hours for 4 doses. For those subjects in whom CNS leukemia
was observed at diagnosis or at initial study lumbar puncture (days 15 to
24), intrathecal or intraventricular (via Ommaya reservoir) therapy was
given up to thrice weekly until clearance. Protocol therapy permitted the
addition of 2400 cGy cranial irradiation and 1200 cGy to the spinal cord
administered concurrent with phase II at the discretion of the treating
physician. Systemic chemotherapy was not delayed while intrathecal
chemotherapy was given.

During induction phase II, patients were given cyclophosphamide 650
mg/m2 on days 1, 15, and 29; cytarabine 75 mg/m2 intravenously on days 1
to 4, 8 to 11, 15 to 18, and 22 to 25; along with 6-mercaptopurine 60 mg/m2

by mouth daily for 28 days and intrathecal methotrexate on days 1, 8, 15,
and 22 (the latter followed each time 24 hours later by leucovorin 10 mg/m2

intravenously or by mouth every 6 hours for 4 doses). For patients with
CNS leukemia at presentation who already were receiving intrathecal
therapy during phase I, intrathecal methotrexate was omitted during
phase II. No therapy was given weeks 8 to 11 while awaiting recovery of
peripheral blood counts.

Intensification (weeks 12 to 16) was initiated 4 weeks from day 28 of
phase II but was postponed until WBC count exceeded 3 � 109/L (3000/
�L) and included high-dose methotrexate 3 g/m2 intravenously over 2 hours
on days 1, 8, and 22 followed by L-asparaginase rescue 10 000 units
intravenously on days 2, 9, and 23 and leucovorin rescue 10 mg/m2

intravenously or by mouth every 6 hours for 6 doses beginning 22 to 24
hours after completion of methotrexate therapy. For those patients not
receiving an allogeneic or an autologous HSCT (who also did not present
with CNS leukemia), 2400 cGy cranial irradiation and 1200 cGy to the
spinal cord (12 fractions in 2 to 3 weeks) was given between intensification

and the start of consolidation. Further, in such patients cytarabine 50 mg per
dose is given by the intrathecal route weekly for 4 weeks during radiation
therapy and also on 4 occasions 3 months apart for 1 year during
maintenance therapy.

Those patients age 50 years or younger in CR after completion of phases
I and II and intensification were assigned either an HLA-identical sibling
HSCT or were encouraged to undergo a matched unrelated donor (MUD)
HSCT if noted to be Ph positive. Those subjects without a sibling-matched
donor, or older than age 50 years, or Ph positive and without an MUD donor
were randomized to autologous HSCT or conventional consolidation and
subsequently maintenance therapy. The conditioning regimens for sibling-
matched allograft, MUD HSCT, and autologous HSCT consisted of fraction-
ated total body irradiation (TBI) 1320 cGy given in 6 fractions twice daily (days
�6 to �4) along with 400 cGy testicular boost in males and high-dose
etoposide 60 mg/kg intravenously on day �3.17

Conventional consolidation and maintenance therapy was initiated
when the WBC count exceeded 3 � 109/L (3000/�L) and platelet count
exceeded 100 � 109/L (100 000/�L). This therapy included (consolidation
cycle I) cytarabine 75 mg/m2 intravenously over 30 minutes and etoposide
100 mg/m2 intravenously over 1 hour on days 1 to 5; vincristine 1.4 mg/m2

(maximum 2 mg per dose) intravenously on days 1, 8, 15, and 22; and
dexamethasone 10 mg/m2 by mouth daily for 28 days. Consolidation cycle
II was initiated 4 weeks from initiating cycle I or when the WBC count
exceeded 3 � 109/L (3000/�L) and included repeating cytarabine and
etoposide as given in cycle I. Consolidation cycle III was begun 4 weeks
from day 1 of cycle II or when the WBC count exceeded 3 � 109/L
(3000/�L). Consolidation cycle III included daunorubicin 25 mg/m2

intravenous push on days 1, 8, 15, and 22; cyclophosphamide 650 mg/m2

intravenously over 30 minutes on day 29; cytarabine 75 mg/m2 intrave-
nously over 30 minutes on days 31 to 34 and 38 to 41; and 6-thioguanine 60
mg/m2 by mouth on days 29 to 42. Finally, consolidation cycle IV was
started 8 weeks after cycle III, or when the WBC count exceeded 3 � 109/L
(3000/�L), and was identical to cycle II.

Maintenance therapy, to continue for 2.5 years after the start of
intensification (ECOG) or 1.5 years after the start of consolidation
(MRC), included 1 dose of vincristine 1.4 mg/m2 intravenously
(maximum 2 mg) and prednisone 60 mg/m2 by mouth daily for 5 days
every 3 months, oral 6-mercaptopurine 75 mg/m2 daily, and methotrex-
ate 20 mg/m2 intravenously or by mouth once weekly. Ph-positive
patients received interferon alfa 2b during maintenance at a dose of
3 � 106 units subcutaneously 3 times per week when the WBC count
exceeded 3 � 109/L (3000/�L) and the platelet count exceeded 100 � 109/
L (100 000/�L) and was continued for 15 months.

Granulocyte colony-stimulating factor (filgrastim; Amgen, Thousand
Oaks, CA) therapy was permitted for neutropenia at any time during the
study at the discretion of the treating physician.

Complete remission

Complete remission was defined as meeting all of the following criteria:
peripheral blood counts showing more than 1000 � 109/L (1000 � 106/�L)
neutrophils, more than 100 000 � 109/L (100 000 � 106/�L) platelets, and
no circulating blasts; bone marrow cellularity of more than 20% with
maturation of all cell lines and blasts up to 5%; and no evidence of
extramedullary leukemia.

CNS leukemia

CNS leukemia was defined as unequivocal morphologic evidence of
lymphoblasts in the cerebrospinal fluid (CSF) using a cytocentrifuged
sample, or cranial nerve palsies, or significant neurologic dysfunction.18,19

In some patients a lumbar puncture was performed prior to study
enrollment. In most patients, however, a lumbar puncture was performed
soon after initiation of protocol therapy when the blood circulating blasts
cleared or some time between days 15 to 24 of therapy. CNS leukemia at
diagnosis or initiation of therapy was treated as described in “Treatment.”
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Statistical analyses

Comparisons between groups at diagnosis used �2 statistics for categoric
variables and Wilcoxon rank sum tests for continuous variables. Overall survival
and event-free survival were measured from the day of starting treatment.
Survival analyses included death from any cause, with observation censored at
the date of last contact for patients not known to have died. Event-free survival
analyses included relapse at any site or death from any cause, with observation
censored at the date of last contact for patients without report of relapse or death.
Analyses are intention to treat, and remission failure was not counted as an event.
Most patients who failed to achieve remission by the end of phase II eventually
died, and for these their failure time is the time of death. Comparisons between
groups used the log-rank test, with stratification used for examining effects within
subgroups. All P values are 2 sided. Multivariate Cox regression analysis was
also used to determine whether prognostics factors were independently associ-
ated with outcome.

Results

Patients entered up to the end of October 2003 are included, and
follow-up is to the end of October 2004, so that all patients have a
minimum of 1-year follow-up.

At total of 1519 patients were registered, of whom 11 have been
excluded due to misdiagnosis.

Incidence of CNS involvement

Of the 1508 eligible enrollees, 77 (5%) patients had CNS
involvement at diagnosis. Twenty-one of these 77 (27%)
patients were not known to have CNS disease at registration but
were diagnosed as having involvement when the initial study
lumbar puncture was performed between days 15 and 24 Patient
characteristics included 53 males and 24 females with a median
age of 29 years (range, 16 to 56 years) (Table 1). Thirteen
patients were Ph positive. More patients entered into the trial by
ECOG centers had CNS disease (8.4%) than among those
entered by MRC centers (3.2%) (P � .001). Patients with CNS
disease were not different compared with those free of CNS
involvement at diagnosis with regard to sex, age, Ph positivity,
hepatomegaly, splenomegaly, or lymph node enlargement; how-
ever, they were more likely to have a mediastinal mass (21%
versus 8%; P � .001). There was some difference in the
proportion with CNS disease within different phenotype groups
(common or pre-B: 42 of 952 [4.4%]; T: 25 of 261 [9.6%];
mature B: 2 of 29 [6.9%]; other: 4 of 122 [3.3%]; common or
pre-B versus T, P � .001). Patients with CNS disease had a
higher WBC count at diagnosis (Wilcoxon rank sum test,
P � .001), with median value of 25.6 � 109/L (25.6 � 106/�L)
compared with 13.5 � 109/L (13.5 � 106/�L).

Table 1. Characteristics of patients with and without CNS leukemia at presentation

Characteristic With CNS disease Without CNS disease P

Group, no. (%) � .001

MRC 31 (40) 932 (65)

ECOG 46 (60) 499 (35)

Sex, no. (%) .2

Male 53 (69) 878 (61)

Female 24 (31) 553 (39)

Ph status, no. (%) .6

Positive 13 (17) 263 (18)

Negative 62 (80) 1121 (78)

Unknown 2 (3) 47 (3)

Median age, y (range) 29 (16-56) 31 (14-60) .8

Median WBC count at diagnosis, � 103/�L (range) 25.6 (2.7-541.0) 13.5 (0.6-930.0) � .001

WBC count more than 30 000/�L at diagnosis, no. (%) 34 (44) 494 (35) .08

Median hemoglobin level at diagnosis, g/dL (range) 9.8 (3.3-17.3) 9.3 (2.6-18.2) .2

Immunophenotype, no. (%) .001†

B lineage 42 (55) 921 (64)

T cell 25 (32) 236 (16)

Mature B cell 2 (3) 23 (2)

Other* 4 (5) 118 (8)

Unknown 4 (5) 133 (9)

Hepatomegaly, no. (%) 17 (22) 241 (17) .3

Splenomegaly, no. (%) 30 (39) 410 (29) .09

Lymph nodes enlarged, no. (%) 29 (38) 443 (31) .3

Mediastinal mass, no. (%) 16 (21) 115 (8) � .001

Remission rates, no. (%) NS

Death in induction 4 (5.2) 70 (4.9)

Resistant disease 3 (3.9) 55 (3.9)

Remitted during phase I 51 (66.2) 1019 (71.2)

Remitted during phase II 11 (14.3) 157 (11)

Remitted after induction 7 (9.1) 86 (6.0)

Unknown 1 (1.3) 44 (3.1)

To convert WBC count from � 103 cells per microliter to � 109 cells per liter, multiply � 103 cells per microliter by 1.
To convert hemoglobin level from grams per deciliter to grams per liter, multiply grams per deciliter by 10.
Ph indicates Philadelphia chromosome; NS, not significant.
*Biphenotypic null cell, pro–B cell, or other rare type.
†B lineage vs T.
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Remission induction

One patient, taken off protocol during phase I induction due to a
high level of blasts in the CSF, received a related-donor allogeneic
HSCT without remission. After this therapy she relapsed in the
CNS; there is considerable doubt as to whether remission was ever
achieved. A further 7 patients never attained CR1 (4 died early
during induction on days 4, 25, 32, and 36, while 3 subjects died
from persistent ALL on days 78, 207, and 504). Of these 7 patients,
4 had pre–B-cell immunophenotype and an initial median WBC
count of 251.8 � 109/L (251.8 � 106/�L) (range, 24.5� 109/L to
541 � 109/L [24.5� 106/�L to 541 � 106/�L]), while 3 had T-cell
immunophenotype and an initial WBC count of 18.4� 109/L
(18.4� 106/�L) (range, 4.5 � 109/L to 105 � 109/L [4.5 � 106/�L
to 105 � 106/�L]). Sixty-nine (90%) patients attained CR1, 62
(81%) by the end of induction, a result that did not differ
statistically from those who were CNS negative at diagnosis (90%
and 85%, respectively).

Postremission therapy

Sixty-nine (90%) patients entered CR1 and 36 proceeded quickly
to HSCT while 27 continued to receive chemotherapy only.
Twenty-five patients received matched related donor (MRD)
allografts, 5 received MUD allogeneic HSCT, and 6 underwent
autologous HSCT in CR1. Six patients in CR1 relapsed before a
transplantation could be performed, yet subsequently 3 each
received an MRD and an MUD HSCT (Table 2). Protocol therapy
for craniospinal irradiation in addition to intrathecal/intraventricu-
lar therapy was allowed at the discretion of the treating physician
and was administered to 10 patients; 7 went on to receive an MRD
allogeneic HSCT, 1 an MUD allogeneic HSCT, and 2 an autolo-
gous HSCT. Such additional therapy did not appear to be associated
with heightened toxicity due to this treatment. Eleven of 25 patients
receiving MRD allografts remain alive in CR1 at 29, 34, 38, 49, 52,
57, 65, 67, 71, 75, and 102 months from diagnosis; 13 died due to
infection (n � 3), infection plus acute graft versus host disease
(GVHD) (n � 3), bleed plus acute GVHD (n � 1), venoocclusive
disease (n � 1), and further relapse (n � 5). Only 1 patient with
autologous HSCT remains in CR1 at 35 months, while 4 relapsed
and died and 2 succumbed to infection and pulmonary disease. Two
of 5 patients with MUD allogeneic HSCT remain in CR1 at 42 and
71 months; 3 died: 1 of renal and pulmonary complications, a
second of infection and acute GVHD, a third from relapse. Seven
of the 27 patients treated with consolidation and maintenance
chemotherapy alone remain in CR1 at 56, 59, 59, 91, 102, 130, and

137 months. Twenty patients died due to infection (n � 4),
bleeding (n � 1), extramedullary toxicity (n � 1), and relapse
(n � 14). Only 2 of 6 patients receiving an allograft beyond CR1
(n � 3 each receiving MUD and MRD) are alive: 1 with MRD
allograft at 58 months and 1 with MUD at 46 months.

Long-term outcome

Twenty-three (30%) patients are alive: 2 Ph positive at 42 and 62
months and 21 Ph negative or unknown (2) in CR at a median 59
months (range, 29 to 137 months) after diagnosis. Event-free
survival was somewhat but not statistically significantly lower for
this group of patients (27%; 95% confidence interval [CI], 17% to
37% at 5 years) than for the remainder who did not have CNS
involvement at diagnosis (34%; 95% CI, 31% to 36%; P � .06).
Survival also was lower at 5 years (29% [95% CI, 19% to 39%]
versus 38% [95% CI, 35% to 41%]; P � .03) (Figure 1). There was
no difference in the proportion that failed to achieve remission (7
[9.1%] of 77 versus 125 [8.7%] of 1431) or in the rate of non-CNS
relapse. Among those who achieved remission, isolated or com-
bined CNS relapses were more frequent (11.9% [95% CI, 2.3% to
21.5%] versus 5.6% [95% CI, 4.0% to 7.2%]; log-rank, P � .04),
and there were somewhat more deaths in remission (25.2% [95%
CI, 21.9% to 28.5%] versus 35.0% [95% CI, 21.7% to 48.3%];
log-rank, P � .04).

Overall survival rates at 5 years for Ph-negative patients were
superior statistically in the CNS-negative group when compared
with the CNS-positive group: 42% (95% CI, 39% to 45%) versus
29% (95% CI, 18% to 41%; P � .02), respectively. Outcome data
at 5 years for Ph-positive patients showed better (but not signifi-
cant) results in the CNS-negative patients (22%; 95% CI, 17% to
28%) when compared with those with CNS involvement at
diagnosis (17%; 95% CI, 14% to 28%; P � .7). The heterogeneity
test for the different effect of CNS disease between groups was not
significant (P � .4). Finally, for those patients who underwent an
MRD transplantation in CR1, subjects who did not have CNS
involvement had a 5-year survival of 55% (95% CI, 50% to 61%)
versus 44% (95% CI, 24% to 65%) in those patients with initial
CNS leukemic involvement (P � .3).

Multivariate analysis including the variables sex, age, log-
(WBC�1), immunophenotype (B lineage or T), and mediastinal
mass showed that age, WBC count, and immunophenotype were
independently significant (each P � .001), while CNS involvement
was of significance (P � .03) for survival but not for event-free
survival (P � .07). There was no evidence that the effect of having

Table 2. Patient outcomes

Patient group No. Site of first relapse Deaths Survivors in CR, mo after diagnosis

Failure to attain CR1 8 — — —

Induction (toxic) death 4 — At 4 d, 25 d, 32 d, 36 d —

Died due to resistant disease 3 — At 78 d, 207 d, 504 d —

MRD without remission 1 1 CNS 1 after relapse —

Attained CR1 69 — — —

MUD allograft, CR1 5 1 BM 2 in CR1, 1 after relapse 71, 42

MRD allograft, CR1 25 1 CNS, 1 BM, 1 BM � CNS, 1 BM �

ocular, 1 arm mass

9 in CR1, 5 after relapse 29, 34, 38, 49, 52, 57, 65, 67, 71, 75, 102

Autograft, CR1 6 3 BM, 1 BM � CNS 1 in CR1, 4 after relapse 35

Chemotherapy, CR1 27 11 BM, 1 BM � CNS, 1 testes, 1 skin 6 in CR1, 14 after relapse 56, 59, 59, 91, 102, 130, 137

MRD allograft beyond CR1 3 3 BM 2 after 2nd relapse 58

MUD allograft beyond CR1 3 1 CNS, 2 BM 2 after 2nd relapse 46

Total 77 — — —

CR1 indicates first complete remission; MUD, matched unrelated donor; MRD, matched related donor; —, not applicable.
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CNS disease was different in any subgroup defined by immunophe-
notype (B lineage or T cell) and WBC count (below 30 � 109/L,
30 � 109/L to 99 � 109/L, and at least 100 � 109/L) with regard to
event-free survival (Figure 2) or survival (not shown).

Discussion

This study is the largest series of adult ALL patients ever reported
(the trial is still recruiting), and so far there is a 5% incidence of (77
of 1508 eligible patients) CNS leukemia at presentation. We cannot
exclude the possibility that investigators avoided enrollment of
subjects due to suspected CNS involvement. Fière and coworkers14

of the French Group on Therapy for Adult Acute Lymphoblastic
Leukemia reported that at diagnosis 38 of 572 (7%) adult ALL
patients had CNS involvement confirmed by spinal fluid cytology.
Kantarjian and coworkers3 similarly noted that 14 (7%) of 204

adult ALL patients had CNS leukemic involvement at presentation.
In an earlier publication this group13 reported that 17 (4%) of 391
patients had evidence of CNS leukemia at diagnosis and were
therefore excluded from analysis. Further, in a recent Southwest
Oncology Group (SWOG) study that enrolled 404 patients (includ-
ing 75 whose CNS status was unknown) leukemia was detected in
14 (5%) of 278 patients.2

B-cell ALL patients appear to have a higher incidence of CNS
disease at diagnosis. Gururangan and colleagues20 reported a
pediatric series (age below 19 years) in which 49 of 462 (10.6%)
patients with disseminated small noncleaved-cell lymphoma and
B-cell leukemia had CNS disease at diagnosis, defined as menin-
geal disease or CNS parenchymal masses with or without cranial
neuropathies. Similarly, Thomas and associates21 reported a high
incidence (11 of 42; 42%) of CNS involvement at diagnosis in
Burkitt-type adult ALL. Six of these patients had cranial nerve
palsies or other neurologic findings (1 with negative CSF cytology)

Survival by CNS disease at diagnosis or not
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Figure 1. Patient survival by CNS involvement at diagnosis.
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Subtotal: 12/25 131/234
(48.0%) (56.0%)

-1.8 12.3 13% (27)
reduction

Test for trend within subgroup: c 2
1 = 0.3; P = .6; NS

Total: 46/66 729/1151
(69.7%) (63.3%)

9.2 34.4

31% (20)
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0.0 0.5 1.0 1.5 2.0

CNS No CNS
better better

Effect 2P = .1; NS

Test for heterogeneity between subtotals: c 2
1 = 3.2; P = .07

Figure 2. Event-free survival difference within WBC-count groups.
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whereas 5 were asymptomatic despite positive CSF cytopathology.
Finally, 8 (12%) of 68 adult B-cell ALL patients were observed to
have CNS involvement at diagnosis.22

Factors associated with CNS disease at presentation included
only a higher WBC count at diagnosis (25.6 � 109/L versus
13.5 � 109/L [25.6 � 106/�L versus 13.5 � 106/�L]; P � .001),
more frequent T-cell immunophenotype (P � .001), and presence
of a mediastinal mass (22% versus 9%; P � .001); patients with
CNS involvement did not differ significantly compared with those
who did not have disease with respect to age, sex, Ph positivity,
hepatomegaly, splenomegaly, or lymph node enlargement. One can
speculate that the biologic behavior of a leukemia associated with
mediastinal infiltration and hyperleukocytosis implies a predilec-
tion to involve the CNS as well.

In this study, CR rates for those presenting with CNS disease at
diagnosis (90%) did not differ compared with rates for those who
did not have involvement. In the smaller SWOG series reported by
Petersdorf et al,2 however, only 4 (29%) of 14 of CNS-involved
patients achieved CR compared with 166 (63%) of 264 CNS-
negative patients and 48 (64%) of 75 patients with unknown
CNS disease status (P � .013). The effect of CNS involvement
on CR rates was not detailed in other series, including those
involving B-cell ALL patients. The induction regimen we used
appeared to be extremely effective to provide such excellent
initial antileukemia therapy.

In our trial, 23 (30%) of the 77 patients with CNS disease at
presentation attained long-term survival (median, 59 months;
range, 29 to 137 months after diagnosis). Six patients, however,
received MRD (n � 3) or MUD (n � 3) allografts beyond CR1,
and 2 patients attained durable CR (at 46 and 58 months). The
event-free survival result for the entire group of patients is
nonsignificantly lower for this patient subset (27%; 95% CI, 17%
to 37% at 5 years) than for those without CNS involvement at
diagnosis (34%; 95% CI, 31% to 36%; P � .06). Overall survival
at 5 years, however, was somewhat reduced: 29% (95% CI, 19% to
39%) versus 38% (95% CI, 35% to 41%; P � .03) for those
without CNS disease at presentation. The SWOG investigators2

found no significant variation of survival according to CNS disease
status (P � .14). For B-cell ALL patients, relapses were observed
in 21 of 49 (43%) patients, predominantly in the CNS (71%) and
bone marrow (52%).20 Three-year event-free survival for this
patient subgroup was 45%, inferior to the 59% figure for those
without evidence of CNS disease. In the B-cell ALL series
published by Thomas et al21 that used hyper-CVAD (hyperfraction-
ated cyclophosphamide, vincristine, doxorubicin, and dexametha-
sone) therapy and in work reported by Hoelzer and coworkers,22

however, CNS involvement at diagnosis did not adversely affect
leukemia-free survival in B-cell ALL. Finally, in the French
LALA-94 study, 48 patients had CNS disease and their outcome
did not differ from the more than 700 remaining.23

Twenty-one of our patients (Ph negative or unknown) attained
durable CR, while 2 Ph-positive ALL patients survive at 42 and 62
months. Eleven of the 25 ALL patients who received MRD
allografts and 7 of 27 given chemotherapy alone remain in CR at 29
to 102 months and 56 to 137 months, respectively. Three of the 8
MUD allografts performed in CR1 or beyond remain in CR at 42,
46, and 71 months after diagnosis. Only 1 of 6 patients receiving
autografts has experienced a durable CR (35 months); patient
heterogeneity and the small sample size number preclude drawing
conclusions as to why the autograft patients appear to fare worse
compared with the chemotherapy group.

Clearly, the intensive induction and postremission chemoradia-
tion therapy, with or without allogeneic HSCT, possesses sufficient
antileukemic effect to eradicate disease and prevent relapse.
Despite significant advances in supportive care including hemato-
poietic growth factors, potent antibiotics, and improved GVHD
therapies, a number of patients died from therapy-related events.
Because so many of the CNS-involved patients received myeloab-
lative allogeneic transplantations, we are unable to draw conclu-
sions regarding the competing causes of death due to allograft
transplantation-related mortality versus CNS disease.

Efforts to decrease deaths due to toxicity should improve
outcome for some of these patients. Equally important is to develop
an improved understanding of the biology of adult ALL (ie, how to
address the subgroup that presents with CNS involvement). One
approach may use the strategy of risk-adapted therapy based on the
biologic features of the patient’s leukemia permitting appropriate,
individualized therapy for a specific patient, as has been reported
previously.24,25 In the LALA-94 multicenter trial, Thomas and
coworkers23 recently reported examining risk-adapted postremis-
sion strategy in 922 ALL patients, including 48 who were
considered high risk due to CNS disease at diagnosis (cranial nerve
palsies or CSF leukemic blasts). Eighteen patients with a sibling-
matched donor received an allograft, whereas 28 of 30 patients,
without a donor and assigned an autograft, received the prescribed
therapy. Five-year overall survival was 36% for the entire group;
however, disease-free and overall survival rates did not differ
significantly for the autograft versus the allograft groups. Thus,
aggressive therapy using an allograft, an autograft, or intense
conventional treatment was effective.

Adult Ph-negative ALL patients with CNS leukemia at diagno-
sis can attain long-term disease-free survival. CNS disease at
presentation does not appear to be an independent poor-prognostic
factor, because favorable outcome in such patients is a reflection of
this aggressive systemic and CNS-directed therapy. Larger patient
numbers are needed to exclude the possibility of a moderate effect
additional to the consequence of WBC elevation. Overall survival,
however, for those patients presenting with CNS disease is worse
than those without involvement: 34% versus 29% at 10 years,
respectively (P � .03). Practitioners should be encouraged to
enroll such patients on standard ALL protocols. Both allogeneic
HSCT as well as intensive, conventional chemotherapy can be used
successfully to provide a better outcome in this patient group.
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