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A B S T R A C T

Purpose
Patients 16 to 21 years of age with acute lymphoblastic leukemia (ALL) have an inferior outcome
compared with younger children, leading some medical oncologists to advocate allogeneic
stem-cell transplantation in first remission for these patients. We examined outcome for young
adults with ALL enrolled onto the Children’s Cancer Group (CCG) 1961 study between 1996
and 2002.

Patients and Methods
CCG 1961 entered patients with ALL 1 to 21 years of age with initial WBC count � 50,000/�L
and/or age � 10 years. Randomly assigned therapies evaluated the impact of postinduction
treatment intensification on outcome. We examined outcome and prognostic factors for 262
young adults with ALL.

Results
Five-year event-free and overall survival rates for young adult patients are 71.5% (SE, 3.6%)
and 77.5% (SE, 3.3%), respectively. Rapid responder patients (� 25% bone marrow blasts on
day 7) randomly assigned to augmented therapy had 5-year event-free survival of 81.8% (SE,
7%), as compared with 66.8% (SE, 6.7%) for patients receiving standard therapy (P � .07).
One versus two interim maintenance and delayed intensification courses had no significant
impact on event-free survival. WBC count more than 50,000/�L was an adverse prognos-
tic factor.

Conclusion
Young adult patients with ALL showing a rapid response to induction chemotherapy benefit from
early intensive postinduction therapy but do not benefit from a second interim maintenance and
delayed intensification phase. Given the excellent outcome with this chemotherapy, there seems
to be no role for the routine use of allogeneic stem-cell transplantation in first remission for young
adults with ALL.

J Clin Oncol 27:5189-5194. © 2009 by American Society of Clinical Oncology

INTRODUCTION

Historically, young adults 16 to 21 years of age with
acute lymphoblastic leukemia (ALL) have had
lower event-free and overall survival compared with
younger patients.1-4 This is in part related to the
higher incidence of T-cell and Philadelphia
chromosome–positive (Ph-positive) ALL and a
lower frequency of t(12;21) and hyperdiploidy seen
in this age group.

In the Children’s Cancer Group (CCG) 1882
study (1989 to 1995), we showed that postinduction
intensification improved outcome for National
Cancer Institute high-risk patients who showed a
slow early marrow response (� 25% bone marrow
blasts on day 7) to four-drug induction therapy.5

Postinduction intensification included the addition
of vincristine and L-asparaginase to consolidation
and reconsolidation courses, the use of “Capizzi”
methotrexate (vincristine and methotrexate on day
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1 and L-asparaginase on day 2) instead of oral mercaptopurine and
oral methotrexate during interim maintenance phases, and the addi-
tion of a second interim maintenance and delayed intensifica-
tion phase.

In 1996, the CCG opened an ALL study (CCG 1961) that in-
cluded patients 1 to 9 years of age and WBCs � 50,000/�L or patients
10 to 21 years of age. The study was designed to address whether
postinduction intensification would improve outcome for rapid
early responder (RER) patients and whether introducing idarubi-
cin instead of doxorubicin into the initial part of delayed intensi-
fication courses would benefit patients with a slow early marrow
response (SER). Patients eligible for a matched sibling donor trans-
plantation in first remission included those with either Ph-positive
ALL or extreme hypodiploidy (� 44 chromosomes).

Overall, the CCG 1961 study showed that RER patients ran-
domly assigned to augmented-intensity arms had a significantly
improved event-free survival compared with patients receiving
standard intensity arms (81.2% v 71.7%; P � .0001).6 There was no
significant difference in event-free survival for patients randomly
assigned to one or two interim maintenance and delayed intensifi-
cation phases. The idarubicin versus doxorubicin randomization
for SER patients has not been analyzed at the present time.

We analyzed outcomes (both overall and by treatment) and
prognostic factors for 262 young adult patients with ALL 16 to 21 years
of age treated on this trial.

PATIENTS AND METHODS

The CCG 1961 protocol opened in September 1996 and closed in May
2002. Eligibility criteria included age � 10 years through 21 years of age or
age 1 through 9 years of age and presenting WBCs � 50,000/�L. Criteria
for diagnosis and the details of therapy have been published previously.6

Induction therapy consisted of vincristine 1.5 mg/m2/wk for 4 weeks,
daunorubicin 25 mg/m2/wk for 4 weeks, prednisone 60 mg/m2/d for 28
days, Escherichia coli L-asparaginase 6,000 U/m2 intramuscularly three
times a week for nine doses, and intrathecal cytarabine on day 0 and
intrathecal methotrexate on days 7 and 28. All patients had a bone marrow
aspirate performed on day 7. Patients who had � 25% blasts on day 7 were
considered to be RERs, whereas those with more than 25% blasts were
considered to be SERs.

RER patients who achieved remission were randomly assigned to
standard- or increased-intensity postinduction therapy blocks and one or two
interim maintenance and delayed intensification phases. In increased-
intensity arms, patients received additional vincristine and pegylated aspara-
ginase courses during consolidation and delayed intensification phases and
vincristine, intravenous methotrexate without rescue, and pegylated as-
paraginase during interim maintenance phases. The postinduction regi-
mens have been published.6

Patients randomly assigned to two delayed intensification phases
received dexamethasone on days 1 through 7 and 14 to 21 of each course in
an effort to reduce the high incidence of osteonecrosis seen in 16- to
21-year-old patients treated on CCG 1882.7 All patients randomly assigned
to the intensified postinduction therapy received PEG-asparaginase after
induction. SER patients received augmented postinduction treatment and
two interim maintenance and delayed intensification courses and were
randomly assigned to receive idarubicin or doxorubicin during the initial
part of each delayed intensification course. SER patients received 18-Gy
cranial radiation. Maintenance therapy lasted 2 years for girls and 3 years
for boys, beginning from the first interim maintenance phase. Patients with
Ph-positive ALL or CNS leukemia (� 5 WBCs/�L of CSF containing
lymphoblasts or clinical evidence of CNS involvement) were excluded
from random assignment.

This protocol was approved by the National Cancer Institute and
institutional review boards of the participating institutions. Informed con-
sent was obtained from the patients, their parents, or both as deemed
appropriate according to United States Department of Health and Human
Services guidelines.

Study Design and Statistical Analysis

RER patients were randomly assigned in a 2 � 2 factorial design to
one of four regimens: standard intensity with one interim maintenance
and delayed intensification (control), standard intensity and two interim
maintenance and delayed intensification phases, augmented intensity with
one interim maintenance and delayed intensification phase, and aug-
mented intensity with two interim maintenance and delayed intensifica-
tion phases.

Outcome analyses used life-table methods and associated statistics. The
primary end points examined were event-free survival and overall survival
from the time of random assignment. Events included induction failure,
induction death, relapse at any site, death in remission, or a second malignant
neoplasm, whichever occurred first. Patients who had not had an event were
censored at the time of the last contact. Life-table estimates were calculated by
the Kaplan-Meier method, and SEs of the estimate were obtained by the
method of Peto. The log-rank test was used to compare survival curves be-
tween groups. Tests for interaction effects of the treatment components were
performed with Cox regression methods. Five-year estimates of survival rates
are presented in this report, unless otherwise stated.

RESULTS

Patients

Data used for this report were frozen as of May 2006. Two
hundred sixty-two (12.7%) of the 2,057 eligible patients enrolled onto
CCG 1961 were 16 to 21 years of age at diagnosis. Among these
patients, 177 patients were classified as RER, 75 were SER, and 10 had
no day 7 marrow evaluation performed. The ratio of young adult
patients with a RER:SER was similar to that seen among all patients
enrolled onto CCG 1961 (70:30 v 71:29, respectively). Of the patients
who achieved remission, 164 of the RER patients and 53 of the SER
patients were randomly assigned. The demographic features for pa-
tients 16 to 21 years of age are shown in Table 1. For 144 patients who
had adequate, centrally reviewed karyotypes, 10 patients had t(9;
22)(q34;q11), two patients had t(4;11)(q21;q23), and one patient had
hypodiploid ALL. Ten patients had hyperdiploidy with trisomies of
chromosomes 4, 10, and 17. Nine patients had a t(1;19)(q23;p13).
TEL-AML 1 fusion gene testing was not performed on this study.

Outcome of Treatment

In the young adult subgroup, 71 patients had an adverse event
(Table 2).

There were six induction deaths and seven deaths in remission.
Five patients developed a second malignancy (acute myelogenous
leukemia, n � 2; granulocytic sarcoma, n � 1; myelodysplasia, n � 1;
large-cell lymphoma, n� 1). Six patients failed to achieve remission,
and 47 patients experienced relapse. The 5-year event-free survival
and overall survival rates for young adult patients were 71.5% (SE,
3.6%) and 77.5% (SE, 3.3%), respectively (Fig 1). No first events
have occurred beyond 5 years. Death after induction failure, re-
lapse, or second malignant neoplasm occurred more frequently in
patients 16 to 21 years of age at diagnosis compared with younger
patients. In the 16- to 21-year-old subgroup, 80.3% of such pa-
tients subsequently died, as compared with 60% for patients 1 to 9
years and 68.5% for patients 10 to 15 years of age.
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Five-year event-free survival for young adult RER patients was
81.8% (SE, 5.4%) on augmented-intensity arms (n � 88), compared
with 66.9% (SE, 6.7%) for patients on standard-intensity arms
(n � 76; P � .07; Fig 2). Five-year survival for patients treated with
augmented and standard intensity were 83.2% (SE, 6.8%) versus
75.6% (SE, 7.7%) (P � .14). Both deaths occurring beyond 5 years
were in patients who received standard-intensity therapy. There was
no statistically significant difference in event-free survival for young
adult RER patients who were randomly assigned to one or two delayed
intensification phases (71.1% v 77.1%; P � .48).

For young adult SER patients, all of whom received augmented
postinduction therapy that included two interim maintenance and
delayed intensification phases, the 5-year event-free survival rate was
70.7% (SE, 7.3%).

Nine patients underwent allogeneic transplantation in first re-
mission. Eight of these patients had Ph-positive ALL, and one patient
had the t(4;11). Five patients remain in continuous remission, two
patients died during the early post-transplantation period, and two
patients experienced relapse. One of these patients died, and the other
remains in remission after a second transplantation.

Prognostic Factors

Sex, race, mediastinal mass, platelet count, hemoglobin, and im-
munophenotype had no prognostic impact in the young adult sub-
group. Patients 16 to 17 and patients 18 to 21 years of age had identical
5-year event-free survival rates of 71.4%.

There were no discernible significant prognostic factors in the
T-cell group. In the B-precursor group, presenting WBC count was a
highly significant prognostic factor. The 5-year event-free survival rate
for young adult B-precursor patients with initial WBCs less than

No. at risk
EFS 262 231 205 192 160 109 63 37 16 4
Survival 262 239 220 205 171 120 72 42 17 4
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Fig 1. Event-free survival (EFS) and overall survival for young adult (YA) patients
treated on Children’s Cancer Group 1961 (n � 262).

Table 2. Children’s Cancer Group 1961 Young Adult Patients: Events by
Early Marrow Response

Event Type RER SER No Day 7 Evaluation

Induction death 3 3 0
Remission death 6 1 0
Induction failure 1 3 2
M3 � EMD 28 9 1
CNS 4 1 0
TR 1 2
Other 1 0 0
SMN 2 3 0
Total 46 22 3

Abbreviations: RER, rapid early responder; SER, slow early responder; M3,
bone marrow relapse; EMD, extramedullary relapse; TR, testicular relapse;
SMN, second malignant neoplasm.

Table 1. Children’s Cancer Group 1961 Young Adult Demographic Features

Feature No. of Patients

WBC count, cells/�L
� 50,000 193
� 50,000 69

Sex
Male 172
Female 90

Race/ethnicity
White 187
Hispanic 36
Black 22
Other 11
Unknown 6

Lineage
B cell 174
T cell 47
Not determined 41

CNS status
CNS-1 229
CNS-2 21
CNS-3 12

Age, years
16-17 209
18-21 53

No. at risk
ABFM 88 86 76 71 58 40 25 16 8 2
SBFM 77 69 61 58 51 33 20 12 5 2
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 5-year EFS RHR Log-rank P
ABFM 81.8% (SE 5.4%)  .07
SBFM 66.9% (SE 6.7%) 1.8

Fig 2. Event-free survival (EFS) for young adult patients randomly assigned to
standard- or augmented-intensity regimens. BFM, Berlin-Frankfurt-Münster regimen;
ABFM, augmented-intensity BFM arms; SBFM, standard-intensity BFM arms; RHR,
relative hazard rate.
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50,000/�L was 75.4% (SE, 4.5%) versus 43.9% (SE, 14.3%) for pa-
tients with initial WBCs more than 50,000/�L (P � .0004; Fig 3).

Within the B-precursor group, unfavorable cytogenetics, defined
as t(9;22), t(4;11), or hypodiploidy with modal chromosome number
less than 44, was a significant prognostic factor (P � .01).

Toxicity

Mortality. Six patients died during the first 35 days of therapy
(induction). Causes of death included bacterial sepsis in three patients
(Staphylococcus aureus, n � 2; alpha-hemolytic streptococcus, n � 1),
fungal infection in two patients (Aspergillus, n � 1; Candida, n � 1),
and sepsis with no organism specified in one patient. Seven patients
who achieved remission experienced death as their first event. Causes
of death for patients included complications related to bone marrow
transplantation performed in first remission in two patients, bacterial
sepsis in three patients (E coli, n � 2; alpha-hemolytic streptococcus,
n � 1), leukoencephalopathy in one patient, and arrhythmia in one
patient. Death as the first event accounted for 11% of events in patients
1 to 9 years of age, 20% of events in patients 10 to 15 years of age, and
18.3% of events in young adult patients.

Other toxicity. The mean number of hospital days for young
adult patients was 32.8, compared with 38.3 days for patients 1 to 9
years of age and 34.2 days for patients 10 to 15 years of age. Table 3
shows a comparison of the incidence of significant toxicities in the
young adult patients compared with younger patients. Age at diagno-

sis does not influence the risk for an L-asparaginase allergy. Avascular
necrosis is a major problem in the young adult subgroup.

DISCUSSION

Young adult patients entered on the CCG 1961 study had 5-year
event-free survival rate of 71.5% (95% CI, 64.4% to 78.6%). In our
previous cohort of young adult patients, the 5-year event-free survival
rate was 64%.8 Age more than 15 years has historically been a strong
adverse prognostic factor on clinical trials for children and adolescents
with ALL. This is no longer the case with contemporary trials. The
Dana-Farber Cancer Consortium recently reported that a small group
of patients 15 to 18 years of age at diagnosis (n � 51) had a 5-year
event-free survival rate of 78%, as compared with 85% for those 1 to 10
years of age and 77% for those 10 to 15 years of age.9

Among all patients enrolled onto CCG 1961, RER patients who
were randomly assigned to augmented-intensity therapy had a signif-
icantly better event-free survival and overall survival (81% and 89%)
compared with patients receiving standard-intensity therapy (72%
and 83%). There was no benefit to a second delayed intensification
phase. Young adult RER patients also had better outcomes with
augmented- versus standard-intensity therapy for both event-free
(81.8% v 66.9%, P � .07) and overall survival (83.2% v 75.6%,
P � .14). Although these differences did not reach conventional
levels of statistical significance among the young adult patients,
they are quite similar in magnitude to the differences observed in
the entire study population. This study was not powered to ade-
quately assess an event-free survival difference among young adult
patients by treatment regimen.

Thus we conclude that augmented-intensity therapy improves
outcome for young adult RER patients. Event-free survival is similar
for the first 2 years for patients receiving standard- or increased-
intensity postinduction treatment. However, beyond 2 years, the ben-
efit of increased-intensity postinduction treatment is apparent. This
finding was also seen in our prior CCG 1882 study and in the overall
RER population in this study.

SER patients had a 5-year EFS rate of 70.7%. The results of
the idarubicin versus doxorubicin randomization have not yet
been reported.

Young adult patients had a higher incidence of induction
death and death in remission compared with younger patients.
These patients also had a higher incidence of avascular necrosis and
corticosteroid-induced hyperglycemia.

Young adult patients with B-precursor ALL and a presenting
WBC count more than 50,000/�L had a worse prognosis compared
with patients with WBCs less than 50,000/�L.

In reports published to date, young adult patients treated by
pediatric oncologists have a better outcome compared with similar
patients treated by medical oncologists.10-13 The event-free survival
advantage is substantial, with a 20% to 30% absolute improvement
observed in most comparisons. Whether the difference in outcome is
due to physician compliance, patient compliance, protocol differ-
ences, or other differences is not easily ascertained. More 16- and
17-year-old patients are treated in pediatric centers, whereas more 18-
to 21-year-old patients are treated in adult centers. There are no
demographic differences between the 16- and 17-year-old patients
compared with the 18- to 21-year-old patients, but there could

No. at risk
< 50,000 B-Prec 141 130 118 112 99 68 41 23 8
50,000 B-Prec 33 24 18 14 10 5 2 1 0
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 5-year EFS RHR Log-rank P
< 50,000 B-Prec 75.4% (SE 4.5%)  .0004
50,000 B-Prec 49.4% (SE 14.3%) 2.8

Fig 3. Prognostic significance of WBCs more than 50,000/�L in young adult
patients with B-precursor (B-Prec) acute lymphoblastic leukemia. EFS, event-free
survival; RHR, relative hazard rate.

Table 3. Incidence of Selected Toxicities for All Patients by Age Group

Toxicity

Incidence by Patient Age Group (%)

P1-9 Years 10-15 Years 16� Years

Hyperglycemia 0.3 2.3 4.2 � .0001
Seizure 7.5 7.8 5.3 .39
Stroke 0.6 2.9 1.9 .003
Encephalopathy 2.6 4.88 4.2 .05
L-asparaginase allergy 29.4 27.9 24.4 .30
Avascular necrosis 0.96 9.8 19.9 � .0001
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be psychosocial factors that differ between the two populations.
Pediatric and adult protocols differ significantly in the drugs
used. Compared with adult protocols, pediatric protocols feature
significantly more nonmyelosuppressive therapy (vincristine, cor-
ticosteroids, L-asparaginase) elements and more intensive early
CNS-directed therapy.

The Medical Research Council (MRC) and the Eastern Cooper-
ative Oncology Group (ECOG) conducted a joint study for adult
patients 15 to 59 years of age with ALL between 1993 and 2006.
Patients enrolled onto this trial received two phases of induction
therapy and then underwent an allogeneic stem-cell transplantation if
a matched sibling donor was available. Other patients were randoml-
yassigned to receive continuation chemotherapy or autologous stem-
cell transplantation. The overall survival among 234 Ph-negative
patients younger than 20 years of age was only 43%.14 Adult patients in
the MRC/ECOG study considered standard risk (age � 35 years;
no t(9; 22); B precursor and WBCs � 100,000/�L, T cell and WBCs
� 30,000/�L) showed a significant 5-year survival benefit if they had a
matched sibling donor available. Five-year survival was 62% for pa-
tients with a donor (n�239) compared with 52% for patients without
a donor (n � 323; P � .02).

We determined outcome for patients 16 to 21 years of age en-
rolled onto CCG 1961 meeting the MRC/ECOG criteria for “stan-
dard” risk. Five-year event-free and overall survival rates were 72.6%
and 80.3%, respectively, markedly better than that observed in the
adult trial. One could argue that the outcome for patients 22 to 30
years of age might be worse than for patients 16 to 21 years of age.
However, a report from Ribera et al15 showed that for patients treated
on a pediatric-type treatment regimen, there was no difference in
outcome for patients 15 to 18 years of age (n � 35) and those 19 to 30
years of age (n � 46). This result needs to be confirmed in trials with
larger patient numbers. There was also no difference in outcome in
our study for patients 16 to 17 years of age versus those 18 to 21 years
of age, although the numbers in the older age group were small.

Our results establish that young adult patients with ALL who do
not have the t(9;22) or other high-risk features such as induction failure
or hypodiploidy with less than 44 chromosomes have an event-free
survival rate greater than 70% with chemotherapy alone and therefore
do not meet criteria generally used to select patients for allogeneic
stem-cell transplantation in first remission. This study was not de-
signed to test the hypothesis that routine use of allogeneic stem-cell
transplantation in first remission might improve outcome for young
adult patients with ALL. Because of concerns regarding early mortality
and both early and late morbidity, we generally consider patients
candidates for allogeneic stem-cell transplantation in first remission
only if they have an expected event-free survival rate of less than 50%.

Whether adult centers can attain outcomes similar to those ob-
tained in pediatric centers is being explored in a current study con-

ducted by the major adult cooperative groups in the United States.
This trial uses one of the established arms of the current Children’s
Oncology Group high-risk, B-precursor ALL trial used for young
adult patients.

We believe that young adult patients with ALL between the ages
of 16 and 21 years should either be enrolled onto a clinical trial that is
studying a pediatric-type treatment regimen or should be referred to a
pediatric center for treatment. When a pediatric-type treatment regi-
men is used, routine use of stem-cell transplantation in first remission
for this patient population seems unwarranted.
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