
A Single, High Dose of Idarubicin Combined with
Cytarabine as Induction Therapy for Adult Patients
with Recurrent or Refractory Acute
Lymphoblastic Leukemia

Mark A. Weiss, M.D.
1

Timothy B. Aliff, M.D.
1

Martin S. Tallman, M.D.
2

Stanley R. Frankel, M.D.
3

Matt E. Kalaycio, M.D.
4

Peter G. Maslak, M.D.
1

Joseph G. Jurcic, M.D.
1

David A. Scheinberg, M.D., Ph.D.
1

Todd E. Roma, B.S.
1

1 Leukemia Service, Department of Medicine, Me-
morial Sloan-Kettering Cancer Center, New York,
New York.

2 Northwestern University Medical School, Chi-
cago, Illinois.

3 Lombardi Cancer Center, Georgetown University
Medical Center, Washington, DC.

4 Department of Hematology and Medical Oncol-
ogy, The Cleveland Clinic Foundation, Cleveland,
Ohio.

Presented in part at the annual meeting of the
American Society of Hematology, San Francisco,
California, December 1–5, 2000.

Supported in part by grants from Pharmacia and
Upjohn; Amgen, Inc.; and NIH-5-T32-CA-09207-
24.

The current address for Stanley R. Frankel is Genta
Incorporated, Two Connell Drive, Berkeley Heights,
NJ 07922.

Address for reprints: Mark Weiss, M.D., Leukemia
Service, Department of Medicine, Memorial Sloan-
Kettering Cancer Center, 1275 York Avenue, New
York, NY 10021; Fax: (212) 772-8441; E-mail:
alifft@mskcc.org

Received December 3, 2001; revision received
February 26, 2002; accepted March 7, 2002.

BACKGROUND. The majority of adult patients who are treated for lymphoblastic

disease will either develop recurrent disease or will be refractory to their initial

therapy. One option for patients with recurrent/refractory disease is to administer

a reinduction regimen that employs a dose-intense combination of anthracycline

and cytarabine. These salvage regimens are relatively distinct from the traditional

vincristine/prednisone-based programs that are used typically as primary induc-

tion therapy. The authors studied a regimen that contained high-dose cytarabine

and a single high dose of idarubicin as salvage induction therapy for patients with

recurrent or refractory lymphoblastic disease.

METHODS. Twenty-nine previously treated adult patients with recurrent or refractory

acute lymphoblastic leukemia were treated with a new intensive regimen. Eight

patients had primary refractory disease. Twenty-one patients had recurrent disease,

and 16 of these patients developed recurrent disease while they were still receiving

their primary therapy. The treatment regimen consisted of cytarabine 3.0 g/m2 by

3-hour infusion daily for 5 days and idarubicin 40 mg/m2 given as a single dose on Day

3. Filgrastim (granulocyte-colony stimulating factor) 5 �g/kg administered subcuta-

neously every 12 hours was started on Day 7 and was continued until the absolute

neutrophil count was � 5000/�L. Response was assessed using standard criteria.

RESULTS. There were 11 complete responses (38%; 95% confidence interval, 20 –

56%). Four patients subsequently underwent allogeneic bone marrow transplan-

tation. Moderate but acceptable toxicity was observed given the severely myelo-

suppressive nature of the regimen. There was only one treatment-related death

(3%). Two patients, both with significant prior exposure to anthracyclines, suffered

reductions in left ventricular function to the 20 –30% range during episodes of

severe systemic infection. After recovery from infection, the ejection fraction in one

patient improved to 50%.

CONCLUSIONS. The authors conclude that this regimen has moderate activity and

a relatively low incidence of mortality for this high-risk group of patients. This

regimen may be most suitable for patients who can undergo potentially curative

allogeneic bone marrow transplantation if they achieve a complete response.
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The treatment results for pediatric patients with acute lymphoblas-
tic leukemia (ALL) have been well recognized as one of the success

stories of modern combination chemotherapy.1 Although modeled on
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pediatric regimens, treatment programs for adults
with ALL have been far less successful.2 These regi-
mens typically produce a complete response (CR) in
65–90% of adult patients with newly diagnosed leuke-
mia.3– 6 Unfortunately, the majority of patients who
achieve a CR will develop recurrent disease and sub-
sequently die of their disease.

There are two widely tested approaches to rein-
duction therapy for adult patients with recurrent or
refractory ALL. One option is to treat the patient with
a regimen that mimics the original induction therapy.
Combinations of vincristine, prednisone, and an an-
thracycline intensified with cyclophosphamide and/or
L-asparaginase represent traditional induction ther-
apy, and variations on this approach are employed
frequently in the salvage setting. By definition, all ap-
propriately treated patients with recurrent or refrac-
tory disease already have failed such a regimen. De-
spite this, patients (particularly those with long first
remissions and those who develop recurrent disease
after completing maintenance chemotherapy) occa-
sionally can achieve a second CR with a repetition of
their initial induction regimen.7

Unfortunately, many patients develop recurrent
disease within the first 12–24 months of achieving
their first remission, at a time when they are still
receiving maintenance chemotherapy.3– 6 For these
patients (whose leukemia regrows during therapy), the
likelihood of achieving a second CR with reinduction
therapy similar to their initial regimen is quite low. In
addition, for the 10 –25% of patients whose disease is
primarily refractory to standard induction therapy,
simply repeating the same induction treatments offers
essentially no hope of obtaining a CR. A second option
for these patients is to employ an active salvage regi-
men that relies on agents that are relatively distinct
from traditional induction treatments. The most com-
monly tested regimens of this type are based on high-
dose cytarabine, which, as a single agent, reportedly
induces a CR in approximately 30% of patients with
recurrent or refractory ALL.8 In combination with
other agents, particularly anthracyclines (or anthra-
cenediones), high-dose, cytarabine-based regimens
yield even higher response rates.9 –15

We previously reported on a Phase I study in
which patients with recurrent or refractory ALL re-
ceived an escalating single dose of idarubicin given on
Day 3 with a fixed dose of high-dose cytarabine (3.0
g/m2 per day for 5 days).9 Unacceptable toxicity was
reached at an idarubicin dose of 50 mg/m2, with one
death from infection and another death from cardio-
toxicity in a patient with significant prior anthracy-
cline exposure. There were no instances of Grade 4
nonhematologic toxicity in patients who were treated

with an idarubicin dose � 40 mg/m2. The activity of
this regimen was promising, because 7 of 12 patients
(58%) who received an idarubicin dose � 40 mg/m2

achieved a CR. To further evaluate this regimen as
salvage therapy for patients with recurrent or refrac-
tory ALL, we conducted a multicenter Phase II trial.

MATERIALS AND METHODS
Trial Design
This study was designed to treat adult patients (age
� 18 years) with recurrent or refractory acute lympho-
blastic disease. All enrolled patients gave written in-
formed consent to be treated on this study. Patients
were excluded for significant renal dysfunction (creat-
inine � 2 mg/dL) or hepatic dysfunction (total biliru-
bin � 2 mg/dL) or for left ventricular dysfunction (left
ventricular ejection fraction [LVEF] � 50%). The in-
duction regimen (Fig. 1) consisted of cytarabine 3.0
g/m2 by 3-hour intravenous (IV) infusion daily for 5
days and a single dose of idarubicin at 40 mg/m2 by
rapid IV infusion given on Day 3. Intrathecal metho-
trexate 6 mg/m2 was administered on Days 2 and 4. If
it was indicated clinically, intrathecal therapy could be
delayed for thrombocytopenia, coagulopathy, or cir-
culating leukemic blasts. Filgrastim (granulocyte-col-
ony stimulating factor) 5 �g/kg twice daily by subcu-
taneous injection was started on Day 7 and was
continued until the absolute neutrophil count was
� 5000/�L.

Evaluation Criteria
The diagnosis of ALL or of lymphoblastic-phase
chronic myelogenous leukemia (CML) was made on
the basis of bone marrow morphology. For patients
with lymphoblastic lymphoma (LBL) without bone

FIGURE 1. The treatment plan. The induction regimen consisted of cytara-

bine 3.0 g/m2 by 3-hour intravenous (IV) infusion daily for 5 days and a single

dose of idarubicin at 40 mg/m2 by rapid IV infusion given on Day 3. Filgrastim

(granulocyte-colony stimulating factor) 5 �g/kg twice daily (every 12 hours) by

subcutaneous injection was started on Day 7 and continued until the absolute

neutrophil count was � 5000/�L (asterisk). Intrathecal (IT) methotrexate 6

mg/m2 was administered on Days 2 and 4.
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marrow involvement, the diagnosis of lymphoblastic
disease was based on lymph node morphology. Patho-
logic review was performed at the respective institu-
tions. Additional studies, including histochemical
stains, flow cytometric immunophenotyping, and cy-
togenetics, were used in most patients to confirm the
diagnosis and to aid in disease subtyping. Bone mar-
row examination was performed on Day 14 to confirm
bone marrow hypoplasia and at 2-week intervals
thereafter to assess response.

A CR was defined as the disappearance of all clin-
ical evidence of leukemia for a minimum of 4 weeks.
Peripheral blood count recovery requirements in-
cluded a neutrophil count � 1000/�L and a platelet
count � 100,000/�L. No circulating blasts could be
present. Two bone marrow samples obtained 1 month
apart that demonstrated normal, trilineage hemato-
poiesis and, at most, 5% blasts in qualitatively normal
or hypercellular bone marrow were required.

All responses other than a CR were considered
treatment failures. Survival was measured from the
initiation of protocol treatment. Duration of CR was
measured from the first documentation of CR until
progression of disease occurred. Patients undergoing
allogeneic transplantation were censored for response
duration at the time of transplantation, although they
continued to be evaluable for survival. Toxicity was
graded according to the National Cancer Institute
Common Toxicity Criteria.16

Patient Characteristics
Thirty patients were enrolled on this multicenter pro-
tocol (Table 1). One patient was excluded at the time
of enrollment (prior to receiving chemotherapy) due
to an incorrect diagnosis (acute myelogenous leuke-
mia). Twenty-nine patients (19 male patients and 10
female patients) were evaluable. The median age of
the evaluable patients was 36 years (range, 19 –70
years). The majority of patients had ALL (23 of 29
patients; 79%). Three patients had LBL (10%), and
another three patients had lymphoid blast crisis of
CML (10%). Eight patients (28%) had disease that was
refractory to their primary therapy. Twenty-one pa-
tients (72%) had recurrent disease, and 16 of these
experienced disease recurrence when they were still
receiving primary therapy. The remaining five patients
experienced disease recurrence after completing their
initial therapy.

Of 26 patients with ALL or LBL, 22 patients had
evaluable metaphases. On cytogenetic analysis, four of
these patients were positive for the Philadelphia chro-
mosome. Including the 3 patients with lymphoblastic
CML, 7 of 25 patients (28%) for whom cytogenetics
could be assessed were positive for the Philadelphia

chromosome. In addition, one patient in this study
had t(4;11). Overall, 8 of 25 patients (32%) with evalu-
able cytogenetics exhibited poor-risk karyotypic fea-
tures.17–19 Other cytogenetic abnormalities that were
seen included three patients with hyperdiploidy and
one patient each with del(5q), del(6q), and del(10q).

The vast majority of patients (25 of 29 patients;
86%) had previously received a standard, vincristine or
prednisone-based induction therapy. Three patients
(10%) had previously received mitoxantrone com-
bined with high-dose cytarabine as prior induction
therapy.20 One patient (3%) with lymphoid blast crisis
of CML had received prior therapy with interferon and
hydroxyurea.

RESULTS
Response and Outcomes
A CR was achieved in 11 patients (38%; 95% confi-
dence interval, 20 –56%). There was little variation in
the incidence of CR across various subgroups: Phila-
delphia chromosome positive, 3 of 7 patients (43%);
recurrent disease, 9 of 21 patients (43%); and refrac-
tory disease, 2 of 8 patients (25%). Of 16 patients who
developed recurrent disease during primary therapy, 7
patients (44%) achieved a CR. The median time to CR
for responding patients was 33 days (range, 25– 60
days).

Twenty-one patients were enrolled on this study
for recurrent lymphoblastic disease. The median du-
ration of first remission in this subgroup was 6.5
months (range, 2.0 – 40.0 months). Seventeen of these
patients (81%) had first a CR duration � 24 months. Of

TABLE 1
Patient Characteristics (N � 29 patients)

Characteristic No. of patients (%)

Male: female ratio 19:10
Median age in yrs (range) 36 (19–70)
ALL 23/29 (79)
LBL 3/29 (10)
CML, lymphoid blast crisis 3/29 (10)
Recurrent disease (off therapy) 5/29 (17)
Recurrent disease (on therapy) 16/29 (55)
Primary refractory disease 8/29 (28)
Philadelphia chromosome positive 7/25 (28)
Hyperdiploid 3/25 (12)
t(4;11) 1/25 (4)
Deletion 6q 1/25(4)
Prior treatment/induction regimens

Standard (vincristine-based) 25/29 (86)
Mitoxantrone/high-dose cytarabine 3/29 (10)
Other 1/29 (3)

ALL: acute lymphoblastic leukemia; LBL: lymphoblastic lymphoma; CML: chronic myelogenous leuke-

mia.
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these 17 patients with short first remissions, 7 patients
(41%) achieved a CR to the study treatment. Two of
four patients with first remissions � 24 months
achieved a CR. Of the 25 patients who had previously
received a standard vincristine-based induction regi-
men, 10 patients (40%) achieved a CR. None of the
three patients previously induced with mitoxantrone/
high-dose cytarabine achieved a CR to this salvage
regimen. The median duration of CR was 3 months
(range, 2– 4� months).

The median survival was 6 months (range, 1–31
months) for all patients and 8 months (range, 3–31
months) for patients who achieved a CR. A survival
curve calculated by the method of Kaplan and Meier is
shown in Figure 2. Four patients who achieved a CR
underwent allogeneic bone marrow transplantation.
One of those four patients died of transplantation-
related complications, and two of them died of recur-
rent disease (remission durations of 5 months and 12
months). The final patient who underwent transplan-
tation developed recurrent lymphoblastic disease 11
months after undergoing allogeneic transplantation.
He then received a donor leukocyte infusion that re-
sulted in another complete remission of 15 months’
duration. He subsequently died of recurrent disease.

Toxicity
All 29 patients who were included in the analysis com-
pleted the full course of protocol therapy. Grade 4
hematologic toxicity was universal, as expected. Three
episodes of life-threatening infection occurred. One of
those three patients died of septic shock and renal
failure. Two patients experienced cardiac toxicity with
a reduction of the LVEF to 20 –30% after study treat-
ment. LVEF was normal (� 50%) in both patients prior
to study treatment. Both patients experienced cardiac
dysfunction in the setting of severe infections (severe

aspergillus pneumonia and E. faecalis sepsis). Both
patients with cardiac toxicity had significant prior ex-
posure to anthracyclines (daunorubicin 340 mg/m2 in
one patient and daunorubicin 150 mg/m2 with doxo-
rubicin 96 mg/m2 in the other patient). In one of these
patients, cardiac function improved to 50% after re-
covery from infection.

Other Grade 3 nonhematologic toxicities seen on
this study included fever without infection (6 pa-
tients), transient cognitive changes (4 patients), syn-
cope (2 patients), hematemesis (1 patient), and con-
junctivitis (1 patient). The median hospital stay was 31
days (range, 8 – 83 days). For patients who achieved a
CR, the median stay was 25 days (range, 16 – 83 days),
and, for nonresponders, it was 32 days (range, 8 – 68
days).

DISCUSSION
The majority of adult patients with ALL either will
develop recurrent disease after primary therapy or will
be refractory to the primary therapy they receive. This
failure of primary therapy heralds a grave prognosis,
and the only realistic chance for long-term survival in
this group is allogeneic bone marrow transplantation.
Unfortunately, even allogeneic transplantation has
limited antileukemic activity in adult patients with
ALL, and most investigators believe that, to optimize
the likelihood of cure, patients should undergo this
procedure with a minimal leukemic burden.18,21

Therefore, reinduction chemotherapy in an attempt to
produce a second CR is recommended for essentially
all patients prior to allogeneic transplantation.

The development of salvage regimens for adult
patients with ALL has focused on incorporation of
alternative agents with known activity in this disease.
The majority of recently published regimens focus on
high-dose cytarabine combined with various agents.
Combinations that include anthracyclines (or anthra-
cenediones) appear to be the most active.9 –13 We pre-
viously reported the results of a Phase I study in which
escalating doses of idarubicin were given in combina-
tion with a fixed, high dose of cytarabine for the treat-
ment of adult patients with refractory or recurrent
ALL.9 The rationale for this regimen was that the active
metabolite of idarubicin, idarubicinol, has a very long
half-life (� 45 hours). Therefore, giving a single, very
high dose of idarubicin would maximize the peak level
achieved, thereby enhancing the cytotoxic effect on
the leukemic cells, simultaneously achieving active
therapeutic levels of anthracycline that would persist
for several days. In this way, cell killing may occur for
cells that require high peak levels as well as cells that
are only susceptible to prolonged exposure to cyto-
toxic levels of drug. We postulated that this single,

FIGURE 2. Kaplan–Meier survival curve.
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large-dosing strategy would have an improved thera-
peutic index compared with giving the anthracycline
by continuous infusion or in weekly doses, which are
schedules that achieve protracted low-level exposure
leading to significant mucositis, the dose-limiting tox-
icity of anthracyclines. The data from the Phase I study
indicated that, when combined with high-dose cytar-
abine in this patient population, the maximum toler-
ated single dose of idarubicin is 40 mg/m2. In the
current study, we investigated this regimen further as
a salvage therapy for adult patients with recurrent or
refractory ALL.

The overall CR rate of 38% seen in this study
demonstrates that this regimen possesses moderate
activity in this patient population. It is interesting to
note that this response rate appears lower than the
58% rate seen in the Phase I trial for patients who
received an idarubicin dose � 40 mg/m2.9 The reasons
for this may include small patient numbers with over-
lapping 95% confidence intervals. In addition, in the
current study, consolidation therapy was not a part of
the treatment protocol, whereas, in the prior (Phase I)
study, responding patients received consolidation
therapy with intermediate dose methotrexate and
mercaptopurine. In the current study, four patients
had responses that included a remission bone marrow
with normal blood counts followed by a second bone
marrow 1 month later that revealed � 5% blasts
(range, 6 – 80% blasts). These patients were character-
ized as treatment failures. Had this protocol included
consolidation treatment (administered prior to per-
forming the second bone marrow), as in the prior
study, the second bone marrow may have had � 5%
blasts, and the proportion of CRs may have been
higher (perhaps 15 CRs; 52%); furthermore, the dura-
tion of these CRs may have been longer. The short
response durations seen in this study confirm the
need for consolidation therapy for patients who
achieve a second CR.

There have been few published studies of salvage
chemotherapy for adult patients with ALL over the last
10 years. Comparing the results of various Phase II
trials is difficult, because differences in the prognostic
features of the treated patient groups may have pro-
nounced effects on the outcome of therapy. Given this
limitation, however, we note that recent trials typically
have reported CRs in � 25% of treated patients. Such
reports include a Southwest Oncology Group study in
which 23% of patients achieved a CR with a regimen of
high-dose cytarabine given with a single high dose of
mitoxantrone.22 Similarly, a low incidence of CR was
seen with a vincristine/prednisone-based regimen
(combined with methotrexate and pegaspargase).
Aguayo et al. reported that this regimen resulted in a

CR in only 22% of treated patients.23 It is noteworthy
that the results of Aguayo et al. were markedly differ-
ent from those of Esterhay et al. (CR rate, 79%), upon
which the study by Aguayo et al. was based.24 It is
unlikely that substituting pegaspargase for L-aspara-
ginase is the explanation for these disparate results.
Rather, in the 17 years after the publication the regi-
men of Esterhay et al., adult patients with ALL now
typically receive more aggressive initial therapy, mak-
ing them less likely to respond to salvage regimens at
the time they develop recurrent disease. A recently
published study by Giona et al. indicated that a high
fraction of patients (56%) achieved a CR after receiving
therapy with a combination of intermediate dose cyt-
arabine, idarubicin, and prednisone.25 The patients on
that study, however, had a more favorable prognosis,
because they were relatively young adults (median
age, 28 years; range, 16 –55 years) at the time they first
developed recurrent disease. A regimen containing
hyperfractionated cyclophosphamide, vincristine,
doxorubicin, and dexamethasone (the hyper-CVAD
regimen) also has been employed as salvage therapy
for patients with lymphoblastic disease. In the report
by Koller et al.,26 CRs were observed in 29 of 66 pa-
tients (44%). Those authors compared their results
with a historic control group that was treated with
mitoxantrone (5 mg/m2 per day for 5 days) and high-
dose cytarabine, and they noted a similar CR rate (44%
vs. 38% for the historic control group), although that
survival may have been superior for patients who were
treated with hyper-CVAD.

The toxicities encountered in the current study
were moderate but acceptable in this patient popula-
tion. Two patients (7%) experienced reductions in left
ventricular function during their treatment, but both
had significant prior exposure to anthracyclines, and
both reductions occurred during episodes of severe
systemic infection. The heart function in one patient
improved to near normal after recovery from infec-
tion. In our previously reported Phase I investigation
of this regimen, it was found that an idarubicin dose of
50 mg/m2 caused unacceptable toxicity, with two
deaths among four patients who were treated at this
dose level. One of those patients who had been heavily
pretreated with anthracycline and anthracenedione
agents died of cardiotoxicity. Because cardiotoxicity
from this regimen has been observed only in a small
minority of patients who have had previous anthracy-
cline exposure, it is possible that anthracycline-naı̈ve
patients may tolerate higher single doses of idarubi-
cin. Only one patient in the current study died during
induction, resulting in a low incidence of treatment-
related mortality (3%). This compares favorably with
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induction death rates of 5–39% that have been re-
ported for other salvage regimens.22–29

Overall, this regimen appears to be acceptably
safe and offers moderate activity for adult patients
with recurrent or refractory ALL, making this regimen
a suitable choice for selected patients. In particular, it
is appropriate that patients with recurrent or refrac-
tory disease who have suitable allogeneic transplanta-
tion options receive reinduction therapy with this reg-
imen followed by allogeneic transplantation. Because
the duration of nonmaintained response seen in this
study was short (median, 3 months), if this regimen is
to be used for patients who do not promptly undergo
allogeneic transplantation, we recommend starting
consolidation and/or maintenance therapy immedi-
ately upon achieving a CR.

Because cardiotoxicity is an occasionally encoun-
tered complication of this treatment, particularly in
patients who have been pretreated heavily treated
with anthracyclines or anthracenediones, we plan to
explore future development of this approach with the
incorporation of a cytoprotectant, such as dexrazox-
ane30 or amifostine,31 to allow further dose intensifi-
cation of this regimen.
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