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background

 

Imatinib, a selective inhibitor of the BCR-ABL tyrosine kinase, produces high response
rates in patients with chronic-phase chronic myeloid leukemia (CML) who have had no
response to interferon alfa. We compared the efficacy of imatinib with that of interferon
alfa combined with low-dose cytarabine in newly diagnosed chronic-phase CML.

 

methods

 

We randomly assigned 1106 patients to receive imatinib (553 patients) or interferon alfa
plus low-dose cytarabine (553 patients). Crossover to the alternative group was allowed
if stringent criteria defining treatment failure or intolerance were met. Patients were eval-
uated for hematologic and cytogenetic responses, toxic effects, and rates of progression.

 

results

 

After a median follow-up of 19 months, the estimated rate of a major cytogenetic response
(0 to 35 percent of cells in metaphase positive for the Philadelphia chromosome) at 18
months was 87.1 percent (95 percent confidence interval, 84.1 to 90.0) in the imatinib
group and 34.7 percent (95 percent confidence interval, 29.3 to 40.0) in the group given
interferon alfa plus cytarabine (P<0.001). The estimated rates of complete cytogenetic
response were 76.2 percent (95 percent confidence interval, 72.5 to 79.9) and 14.5 percent
(95 percent confidence interval, 10.5 to 18.5), respectively (P<0.001). At 18 months, the
estimated rate of freedom from progression to accelerated-phase or blast-crisis CML
was 96.7 percent in the imatinib group and 91.5 percent in the combination-therapy
group (P<0.001). Imatinib was better tolerated than combination therapy.

 

conclusions

 

In terms of hematologic and cytogenetic responses, tolerability, and the likelihood of
progression to accelerated-phase or blast-crisis CML, imatinib was superior to interferon
alfa plus low-dose cytarabine as first-line therapy in newly diagnosed chronic-phase CML.

abstract
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he philadelphia chromosome

 

(Ph),

 

1

 

 the result of a t(9;22) reciprocal
translocation,

 

2

 

 is present in over 90 per-
cent of patients with chronic myeloid leukemia
(CML) and results in the juxtaposition of DNA se-
quences from the 

 

BCR

 

 and 

 

ABL

 

 genes.

 

3-6

 

 

 

BCR-ABL

 

encodes a protein, p210

 

BCR-ABL

 

, with dysregulated
tyrosine kinase activity,

 

7

 

 which is necessary and suf-
ficient for leukemogenesis.

 

8-11

 

 Imatinib mesylate
(Gleevec, Novartis), a potent competitive inhibitor
of the tyrosine kinases associated with ABL,

 

12,13

 

C-KIT,

 

14,15

 

 platelet-derived growth factor recep-
tor,

 

13,14,16

 

 and ARG,

 

17

 

 impedes the interaction of
ATP with these proteins

 

18

 

 and thereby inhibits their
ability to phosphorylate and activate proteins down-
stream.

After an initial phase 1 dose-escalation study of
imatinib in patients with CML,

 

19

 

 a phase 2 study in-
volving 532 patients with late chronic-phase CML
who had had an unsatisfactory response to interfer-
on alfa was conducted that used a dose of 400 mg
of oral imatinib once daily. Imatinib was well toler-
ated, and 60 percent of the patients had a major cy-
togenetic response (defined by the finding that no
more than 35 percent of cells in metaphase were
Ph-positive); 41 percent had a complete cytogenetic
response.

 

20

 

 After a median follow-up of 18 months,
95 percent of patients were alive and the disease was
still in the chronic phase in 89 percent.

Although allogeneic hematopoietic-cell trans-
plantation is the only proven curative treatment for
CML, the procedure is an option in only about 25
percent of patients and carries substantial risks.

 

21-23

 

In prospective, randomized studies, interferon alfa
has produced rates of major cytogenetic responses
of 11 to 30 percent and complete cytogenetic re-
sponses in about 10 percent of patients.

 

24

 

 Most,

 

25-28

 

although not all,

 

29

 

 of these studies have demon-
strated a survival advantage with interferon alfa, as
compared with hydroxyurea (or busulfan), although
interferon alfa is not considered curative. An over-
view of seven such studies indicated an absolute
overall improvement in five-year survival rates with
interferon alfa treatment of 15 percent (from 42 to
57 percent), as compared with either hydroxyurea or
busulfan treatment.

 

24

 

In the present prospective, multicenter, open-
label, phase 3, randomized study (the IRIS [Interna-
tional Randomized Study of Interferon and STI571]
trial), the combination of recombinant interferon
alfa and low-dose cytarabine was adopted as the
standard for comparison with imatinib, since this

combination results in superior rates of cytoge-
netic response and survival as compared with inter-
feron alfa alone.

 

30

 

 However, interferon alfa plus
low-dose cytarabine requires regular subcutaneous
injections of two drugs, and side effects are frequent
and troublesome. A recent comparison of interfer-
on alfa with interferon alfa plus cytarabine confirmed
that superior rates of cytogenetic response can be
achieved with the combination but did not demon-
strate a significant difference in survival.

 

31

 

patients

 

Patients

 

 

 

were eligible for the study if they were be-
tween 18 and 70 years of age and had received a di-
agnosis of chronic-phase, Ph-positive CML within
six months before study entry. Chronic phase was
defined by the presence of less than 15 percent
blasts, less than 20 percent basophils, and less than
30 percent blasts plus promyelocytes in the periph-
eral blood and marrow. Patients were excluded if they
had extramedullary disease other than hepatosple-
nomegaly or fewer than 100,000 platelets per cubic
millimeter unrelated to therapy. The presence of oth-
er cytogenetic abnormalities in addition to Ph did not
exclude patients from the study. Patients had to have
been previously untreated for CML, with the excep-
tion of hydroxyurea, anagrelide, or both. Levels of
liver aminotransferases, serum bilirubin, and serum
creatinine that were no higher than 1.5 times the up-
per limit of the normal range were required. Women
who were breast-feeding, pregnant, or of childbear-
ing potential without a negative pregnancy test were
not enrolled. Patients were excluded if their Eastern
Cooperative Oncology Group performance status
was 3 or higher (poor), they had other uncontrolled
serious medical conditions, they had received prior
chemotherapy or treatment with any investigational
agent, they had undergone hematopoietic-cell trans-
plantation, they had undergone major surgery with-
in the preceding four weeks, they were known to be
seropositive for the human immunodeficiency virus
(screening was not required), or they had a history of
another cancer within the previous five years, with
the exception of basal-cell carcinoma or cervical car-
cinoma in situ. The prognostic scores of Sokal et
al.

 

32

 

 and Hasford et al.

 

33

 

 were determined; these
scores were not available for some patients who were
referred from outside centers.

Individual investigators used a computerized
telephone system for randomization, and no block-

t

methods
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ing was used. The study was conducted in accord-
ance with the Declaration of Helsinki, and the study
protocol was reviewed by the ethics committees or
institutional review boards of all participating cen-
ters. All patients gave written informed consent ac-
cording to institutional regulations.

 

study design and treatments

 

This prospective, multicenter, open-label, phase 3,
randomized, controlled trial was conducted in an
outpatient setting. Patients in the imatinib group re-
ceived 400 mg orally daily. Patients assigned to in-
terferon alfa plus cytarabine (combination therapy)
received gradually escalating doses of interferon alfa
(target dose, 5 million U per square meter of body-
surface area per day) as long as grade 3 (severe) or
grade 4 (life-threatening) toxicity did not occur. Once
the maximal tolerated dose of interferon alfa was
achieved, subcutaneous low-dose cytarabine was
added at a dose of 20 mg per square meter per day
(maximal daily dose, 40 mg) for 10 days every month.
The concurrent administration of hydroxyurea in
either treatment group was permitted during the
first six months of treatment to keep the white-cell
count below 20,000 per cubic millimeter. Treatment
in both groups was continued until the patient no
longer derived benefit from the medication.

The study was designed by the investigators and
representatives of the sponsor, Novartis. The data
were collected with use of the data-management
and statistical-support systems of Novartis and an-
alyzed and interpreted by a statistician from Novar-
tis in close collaboration with the investigators. The
study-management committee (see the Appendix),
which was also the writing committee, and all aca-
demic investigators had access to the raw data. An
independent data-monitoring board (see the Ap-
pendix) reviewed the trial data on two occasions and
made recommendations regarding the timing of
disclosure of the data that were based on safety, tol-
erability, and efficacy.

 

end points

 

The primary end point was progression, which was
defined by any of the following events, whichever
came first: death from any cause during treatment,
the development of accelerated-phase CML (defined
by the presence of at least 15 percent blasts in the
blood or bone marrow, at least 30 percent blasts
plus promyelocytes in the blood or bone marrow,
at least 20 percent peripheral basophils, or throm-

bocytopenia [fewer than 100,000 platelets per cubic
millimeter] unrelated to treatment) or blast-phase
CML (defined by the presence of at least 30 percent
blasts in the blood or bone marrow or extramedul-
lary involvement [e.g., chloromas], but not hepato-
splenomegaly), loss of complete hematologic re-
sponse (defined by the appearance of any of the
following in two blood samples obtained at least
one month apart: a white-cell count of more than
20,000 per cubic millimeter, a platelet count of at
least 600,000 per cubic millimeter, the appearance
of extramedullary disease, the appearance of at least
5 percent myelocytes and metamyelocytes in the pe-
ripheral blood, or the appearance of blasts or pro-
myelocytes in the peripheral blood), loss of major
cytogenetic response (defined as an increase in Ph-
positive cells in metaphase by at least 30 percentage
points on two cytogenetic analyses performed at
least one month apart), or an increasing white-cell
count (defined as a doubling of the count to more
than 20,000 per cubic millimeter on two occasions
at least one month apart in a patient who had never
strictly had a complete hematologic response despite
receiving maximally tolerated doses of therapy).

Secondary end points were the rate of complete
hematologic response (as defined by a white-cell
count of less than 10,000 per cubic millimeter, a
platelet count of less than 450,000 per cubic milli-
meter, the presence of less than 5 percent myelocytes
plus metamyelocytes, the presence of less than 20
percent basophils and the absence of blasts and pro-
myelocytes in peripheral blood, and the absence of
extramedullary involvement), the rate of major cyto-
genetic response (categorized as either complete
[0 percent Ph-positive cells in metaphase in a bone
marrow sample] or partial [1 to 35 percent Ph-pos-
itive cells in metaphase], as determined on the ba-
sis of G-banding in at least 20 cells in metaphase
per sample), safety, and tolerability.

 

dose modifications

 

For patients in the imatinib group who did not
have a complete hematologic response at 3 months
or at least a minor cytogenetic response (defined by
the finding of 36 to 65 percent Ph-positive cells in
metaphase) at 12 months, the dose could be esca-
lated to 400 mg twice daily in the absence of dose-
limiting adverse effects. For patients in the com-
bination-therapy group who were receiving the
maximal tolerated dose of interferon alfa, the dose
of cytarabine could be increased up to 40 mg per
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day for 15 days each month if a complete hemato-
logic response at 3 months or at least a minor cyto-
genetic response at 12 months was not achieved.

 

crossovers

 

All crossover requests were stripped of identifiers
and evaluated weekly by the study-management
committee. Patients were allowed to cross over to the
other group if they had no response, had a loss of re-
sponse, had an increase in the white-cell count, or
could not tolerate treatment (a situation defined by
the recurrence of nonhematologic toxicity of at least
grade 3 despite appropriate dose reductions and
optimal symptomatic management); crossover was
allowed for any patient who had an adverse effect
that was considered immediately life-threatening. 

 

statistical analysis

 

The sample-size calculation was based on project-
ed differences in progression rates. The aim was to
detect a relative hazard ratio of 0.75 for the imatinib
group relative to the combination-therapy group,
given an estimated five-year rate of progression-free
survival of 50 percent for the combination-therapy
group and approximately 60 percent for the ima-
tinib group. With a planned median follow-up of
5.25 years and an enrollment period of 0.5 year, 822
patients needed to undergo randomization to yield
the required 385 events (with use of a two-tailed log-
rank test at the 5 percent level of significance and a
statistical power of 80 percent). To allow for a year-
ly dropout rate of 10 percent, the recruitment target
was 1032 patients. The analysis of the primary end
point was performed on an intention-to-treat basis
regardless of whether crossover occurred; all other
variables were analyzed only for the initial treatment
period (until patients crossed over or discontinued
treatment).

The 95 percent confidence intervals for observed
response rates were calculated with the use of Pear-
son–Clopper limits, and the difference in treatments
was evaluated with Fisher’s exact test. Rates of he-
matologic and cytogenetic response were estimated
according to the Kaplan–Meier method,

 

34

 

 in which
data on patients who crossed over to the alternative
treatment group or discontinued treatment for rea-
sons other than progression were censored at the
last follow-up visit of the initial treatment period.
The treatment effect was evaluated with the log-
rank test.

Safety was analyzed for all patients who received
at least one dose of study drug: 551 in the imatinib

 

* Values for the calculation of the Sokal and Hasford scores were unavailable for 
329 (29.7 percent) patients and 343 (31.0 percent) patients, respectively. 

 

ECOG denotes Eastern Cooperative Oncology Group.

 

Table 1. Base-Line Characteristics of the Patients.*

Characteristic
Imatinib
(N=553)

Interferon Alfa 
plus Cytarabine

(N=553)

 

Age
Median — yr
Range — yr
≥60 yr — no. (%)

50
18–70

114 (20.6)

51
18–70

128 (23.1)

Sex — no. (%)
Male
Female

341 (61.7)
212 (38.3)

310 (56.1)
243 (43.9)

ECOG performance status — no. (%)
0
1
2
Data missing

425 (76.9)
115 (20.8)

8 (1.4)
5 (0.9)

409 (74.0)
121 (21.9)
11 (2.0)
12 (2.2)

Interval since diagnosis — mo
Median
Range

2.1
0.0–10.4

1.8
0.0–8.0

Sokal risk group — no. (%)
Total evaluated
Low
Intermediate
High

383 (69.3)
201 (52.5)
111 (29.0)
71 (18.5)

394 (71.2)
190 (48.2)
117 (29.7)
87 (22.1)

Hasford risk group — no. (%)
Total evaluated
Low
Intermediate
High

375 (67.8)
171 (45.6)
166 (44.3)

38 (10.1)

388 (70.2)
173 (44.6)
176 (45.4)

39 (10.1)

Chromosomal abnormalities in addition to the 
Philadelphia chromosome — no. (%)

No
Yes
Trisomy 8
Isochromosome 17
Trisomy 19
Double Philadelphia chromosome
Trisomy 21
Loss of sex chromosome
Other
Data missing

456 (82.5)
67 (12.1)
4 (0.7)
1 (0.2)
1 (0.2)
3 (0.5)
0 

10 (1.8)
50 (9.0)
30 (5.4)

488 (88.2)
42 (7.6)
4 (0.7)
1 (0.2)
1 (0.2)
0 
1 (0.2)

11 (2.0)
30 (5.4)
23 (4.2)

Splenomegaly — no. (%) 127 (23.0) 150 (27.1)

Spleen size ≥10 cm below costal margin — no. (%) 33 (6.0) 33 (6.0)

White-cell count — ¬10

 

¡3

 

/mm

 

3

 

Median
Range

17.9
1.6–421.3

20.2
2.0–500.0

Platelet count — ¬10

 

¡3

 

/mm

 

3

 

Median
Range

336
47–2950

340
18–3412

Hemoglobin — g/dl
Median
Range

13.0
6.9–17.5

12.8
6.6–19.4

Peripheral-blood blasts — %
Median
Range

0.0
0.0–14.0

0.0
0.0–14.0

Peripheral-blood basophils — %
Median
Range

3.0
0.0–39.0

3.0
0.0–26.0
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group and 533 in the combination-therapy group.
Efficacy was analyzed in the intention-to-treat pop-
ulation — that is, all 553 patients who were ran-
domly assigned to the imatinib group and all 553
who were assigned to combination therapy.

 

patients and treatments

 

The study was conducted in 177 hospitals in 16
countries, and 1106 patients (553 in each group)
were enrolled between June 2000 and January 2001.

The data as of January 31, 2002, were then submitted
to the health authorities of countries participating
in the study as part of the approval process for the
use of imatinib in newly diagnosed chronic-phase
CML. The current analysis is based on data collected
up to July 31, 2002. The median follow-up was 19
months. The only significant difference in base-line
characteristics between the two groups was that
more patients in the imatinib group than in the com-
bination-therapy group had chromosomal abnor-
malities in addition to Ph (12.1 percent vs. 7.6 per-
cent, P=0.015). Risk stratification on the basis of
the prognostic scores of Sokal et al.

 

32

 

 and Hasford
et al.

 

33

 

 produced similar results in the two groups
(Table 1). The median dose delivered in the ima-
tinib group was 400 mg daily (range, 114 to 732). In
the combination-therapy group, the median deliv-
ered dose of interferon alfa was 4.8 million U per
day (range, 0.6 million to 11.3 million); 159 patients
(28.8 percent) never received cytarabine, but among
the 394 (71.2 percent) who did, the median number
of courses was 4 (range, 1 to 23). Hydroxyurea was
given to 45 percent of the patients in the imatinib
group (median, 15 days) and 75 percent of patients in
the combination-therapy group (median, 30 days).

 

crossover, discontinuation, safety, 
and tolerability

 

A total of 79 patients (14.3 percent) in the imatinib
group and 493 patients (89.2 percent) in the combi-
nation-therapy group either discontinued treatment
or crossed over to the alternative treatment group
(Table 2). Discontinuations and crossovers were
mutually exclusive groups. In the combination-ther-
apy group, the most common reason for crossover
was intolerance (136 of 318 patients who crossed
over), and for discontinuation, it was withdrawal of
consent (75 of 175 patients who discontinued thera-
py). Most patients who discontinued after with-
drawing consent were in the combination-therapy
group and did so when the Food and Drug Admin-
istration approved imatinib (in May 2001), presum-
ably to receive imatinib therapy outside the confines
of the study. A total of 52 patients proceeded to bone
marrow transplantation a median of 13 months
(range, 5 to 22) after randomization: 18 in the ima-
tinib group (1 of whom had crossed over to the com-
bination-therapy group) and 34 in the combination-
therapy group (13 of whom had crossed over to the
imatinib group).

The toxicity profiles of the two groups are con-
sistent with published experience (Table 3). Ad-

results

 

* Discontinuation and crossover are mutually exclusive groups. Crossover be-
cause of an increase in the white-cell count or intolerance of treatment required 
the approval of the study-management committee.

† This reason for crossover was introduced 12 months after the last patient was 
recruited, on the basis of a recommendation by the independent data-moni-

 

toring board.

 

Table 2. Patients’ Treatment Status as of July 31, 2002.*

Variable
Imatinib
(N=553)

Interferon 
Alfa plus

Cytarabine
(N=553)

 

No. of Patients (%)

 

Continued initial treatment

 

474 (85.7) 60 (10.8)

 

Discontinued initial treatment

 

68 (12.3) 175 (31.6)

Adverse events 12 33

Disease progression 18 29

Proceeded to allograft transplantation 8 7

Protocol violation 10 17

Withdrew consent 12 75

Lost to follow-up 2 6

Administrative problems 0 6

Died 6 2

 

Crossed over to alternative treatment

 

11 (2.0) 318 (57.5)

Disease progression
Increase in white-cell count
Loss of complete hematologic response
Loss of major cytogenetic response

2
3
1

25
28
10

Reason other than disease progression
Intolerance of treatment
No complete hematologic response

at 6 mo
No complete hematologic response or ma-

jor cytogenetic response at 12 mo†
Reluctance to continue interferon alfa plus 

cytarabine†

4
0

1

0

136
41

53

25

Continued alternative treatment 6 284

Discontinued alternative treatment 5 34
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* Adverse events include conditions that worsened from base line or developed during initial treatment in more than 10 percent of the patients and 
were graded according to the Common Toxicity Criteria of the National Cancer Institute. Hematologic events were graded as follows: grade 3 was 
defined by a neutrophil count of 500 to less than 1000 per cubic millimeter, a platelet count of 10,000 to less than 50,000 per cubic millimeter, 
a hemoglobin level of 6.5 to less than 8.0 g per deciliter, or a leukocyte count of 1000 to less than 2000 per cubic millimeter; grade 4 was de-
fined by a neutrophil count of less than 500 per cubic millimeter, a platelet count of less than 10,000 per cubic millimeter, a hemoglobin level 
of less than 6.5 g per deciliter, or a leukocyte count of less than 1000 per cubic millimeter. Elevated liver-enzyme levels were considered to be 
grade 3 if they were 6 to 20 times the upper limit of the normal range and grade 4 if they were more than 20 times the upper limit of the normal 

 

range. Data on safety were not available for 2 patients in the imatinib group and 20 patients in the group given interferon alfa plus cytarabine.

 

Table 3. Adverse Events.*

Adverse Event All Grades Grade 3 or 4 Adverse Event All Grades Grade 3 or 4

 

Imatinib
(N=551)

Interferon 
Alfa plus 

Cytarabine
(N=533)

Imatinib
(N=551)

Interferon 
Alfa plus 

Cytarabine
(N=533)

Imatinib
(N=551)

Interferon 
Alfa plus 

Cytarabine
(N=533)

Imatinib
(N=551)

Interferon 
Alfa plus 

Cytarabine
(N=533)

 

percent percent

 

Nonhematologic Nonhematologic

 

Superficial edema 55.5 9.2 0.9 0.6 Anxiety 7.3 11.4 0.2 2.6

Nausea 43.7 61.4 0.7 5.1 Dyspnea 7.3 14.3 1.5 1.5

Muscle cramps 38.3 11.1 1.3 0.2 Pruritus 7.3 11.6 0.2 0.2

Musculoskeletal 
pain

36.5 42.0 2.7 8.3 Rigors 7.3 33.8 0 0.8

Rash 33.9 25.0 2.0 2.3 Influenza-like 
illness

7.1 18.6 0 1.1

Fatigue 34.5 65.5 1.1 24.4 Night sweats 7.1 15.6 0.2 0.4

Diarrhea 32.8 41.7 1.8 3.2 Asthenia 5.6 18.6 0.2 3.9

Headache 31.2 42.6 0.4 3.2 Anorexia 5.3 31.7 0 2.4

Joint pain 28.3 39.6 2.4 7.3 Alopecia 4.4 22.3 0 0.6

Abdominal pain 27.0 24.6 2.4 3.9 Increased sweating 3.6 14.8 0 0.4

Nasopharyngitis 22.0 8.3 0 0.2 Weight loss 3.1 17.1 0.2 1.3

Myalgia 21.4 38.8 1.5 8.1 Stomatitis 2.9 12.0 0 0.2

Hemorrhage 20.9 20.6 0.7 1.5 Dry mouth 2.2 10.3 0 0.2

Vomiting 16.9 27.4 1.5 3.4 Mucosal 
inflammation

0.7 10.3 0 3.2

Dyspepsia 16.2 9.2 0 0.8

 

Hematologic

 

Pharyngolaryngeal 
pain

16.0 13.3 0.2 0.2 Anemia 44.6 54.8 3.1 4.3

Cough 14.5 22.3 0.2 0.6 Neutropenia 60.8 67.2 14.3 25.0

Dizziness 14.5 23.8 0.9 3.4 Thrombocytopenia 56.6 78.6 7.8 16.5

Upper respiratory 
tract infection

14.5 8.3 0.2 0.4

 

Biochemical

 

Weight gain 13.4 1.7 0.9 0.2 Elevated serum 
alanine or 
aspartate amino-
transferase

43.2 73.5 5.1 6.8

Pyrexia 13.1 39.2 0.7 2.8

Insomnia 12.2 18.8 0 2.3

Depression 10.2 35.5 0.4 12.8

Constipation 8.5 14.3 0.7 0.2
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verse events in the imatinib group were generally
grade 1 (mild) or 2 (moderate), and among the most
common were superficial edema, nausea, muscle
cramps, and rashes. There were only rare occurrenc-
es of grade 3 or 4 events, but such events were much
more common in the combination-therapy group
and were consistent with the high rate of crossover
resulting from intolerance in this group. These ad-
verse events included fatigue, depression, myalgias,
arthralgias, neutropenia, and thrombocytopenia. At
the time of the analysis, 48 patients in the study had
died. Eight patients died during treatment (Table
2) from causes not related to their leukemia, four
had cardiac events, one died in a car accident, one
died of pneumococcal sepsis, one of pulmonary ede-
ma, and one from liver metastasis. A total of 14 pa-
tients in the imatinib group and 26 patients in the
combination-therapy group died after discontinu-
ing therapy (3 and 5, respectively, after bone mar-
row transplantation).

 

rates of hematologic and cytogenetic 
responses

 

Rates of hematologic and cytogenetic responses
are shown in Table 4. As well as a higher overall rate
of complete hematologic response in the imatinib
group than in the combination-therapy group (95.3
percent vs. 55.5 percent, P<0.001), the responses
were more rapid. The median interval to a complete
hematologic response was 1 month in the imatinib
group, as compared with 2.5 months in the combi-
nation-therapy group. The estimated rates of com-
plete hematologic response at 18 months were 96.8

percent in the imatinib group and 69.0 percent in
the combination-therapy group.

The rate of a major cytogenetic response was
85.2 percent in the imatinib group, as compared
with 22.1 percent in the combination-therapy group
(P<0.001). In the imatinib group, even among those
at high risk according to the Sokal and Hasford
scores, the rates of major cytogenetic response were
69.0 percent and 78.9 percent, respectively (com-
plete cytogenetic response, 56.3 percent and 65.8
percent). Using the Kaplan–Meier method, which
compensates for the high rates of crossover and
discontinuation, particularly in the combination-
therapy group, we estimated that the rate of major
cytogenetic response at 18 months was 87.1 per-
cent (95 percent confidence interval, 84.1 to 90.0)
in the imatinib group and 34.7 percent (95 percent
confidence interval, 29.3 to 40.0) in the combina-
tion-therapy group (P<0.001) (Fig. 1). The corre-
sponding rates of complete cytogenetic response at
18 months were 76.2 percent (95 percent confidence
interval, 72.5 to 79.9) and 14.5 percent (95 percent
confidence interval, 10.5 to 18.5; P<0.001).

Of the 318 patients who crossed over to ima-
tinib therapy, 82.4 percent had a complete hema-
tologic response and 55.7 percent had a major cy-
togenetic response, including 39.6 percent who
had a complete cytogenetic response (Table 4).
Three of the 11 patients who crossed over from ima-
tinib to combination therapy had a complete hema-
tologic response, but none had a cytogenetic re-
sponse (Table 4).

 

* The level of cytogenetic response was defined by the percentage of Philadelphia-chromosome–positive cells in 
metaphase: complete response, 0 percent; partial response, 1 to 35 percent. A major cytogenetic response was defined 
as a complete or partial response. CI denotes confidence interval.

 

† P<0.001 for the comparison with the imatinib group.

 

Table 4. Rates of Best Observed Hematologic and Cytogenetic Responses.*

Response Initial Treatment Crossover Treatment

 

Imatinib
(N=553)

Interferon Alfa
plus Cytarabine

(N=553)

From Imatinib
to Interferon Alfa
plus Cytarabine

(N=11)

From Interferon Alfa
plus Cytarabine

to Imatinib
(N=318)

 

percent (95% CI)

 

Complete hematologic 95.3 (93.2–96.9) 55.5 (51.3–59.7)† 27.3 (6.0–61.0) 82.4 (77.7–86.4)

Major cytogenetic
Complete cytogenetic
Partial cytogenetic

85.2 (81.9–88.0)
73.8 (69.9–77.4)
11.4 (8.9–14.3)

22.1 (18.7–25.8)†
8.5 (6.3–11.1)†

13.6 (10.8–16.7)

0 (0–28.5)
0 (0–28.5)
0 (0–28.5)

55.7 (50.0–61.2)
39.6 (34.2–45.2)
16.0 (12.2–20.5)
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disease progression and survival

 

At 12 months, the disease had not progressed in an
estimated 96.6 percent of patients in the imatinib
group and 79.9 percent of patients in the combina-
tion-therapy group (P<0.001) (Fig. 2A); the respec-
tive values at 18 months were 92.1 percent and 73.5
percent. At 12 months, estimated rates of freedom
from progression to accelerated-phase or blast-cri-
sis CML were 98.5 percent in the imatinib group and
93.1 percent in the combination-therapy group (P<
0.001) (Fig. 2B). The respective values at 18 months
were 96.7 percent and 91.5 percent. In all Sokal risk
groups, imatinib was significantly superior to com-
bination therapy (P<0.001) (Fig. 2C). The estimat-
ed survival rates at 18 months were 97.2 percent for
the imatinib group and 95.1 percent for the combi-
nation-therapy group (P=0.16). If survival was cen-
sored at the time of bone marrow transplantation,
the estimated survival rates at 18 months were 97.4
percent for the imatinib group and 95.8 percent for
the combination-therapy group (P=0.23).

In this randomized study, we compared imatinib
with standard therapy for newly diagnosed, chron-
ic-phase CML. On the basis of the marked differ-
ences between the two groups, particularly with re-
spect to the rates of progression, the independent
data-monitoring board recommended that the data
be disclosed. According to all variables measured,
including the rates of complete hematologic re-
sponse, major and complete cytogenetic response,
freedom from progression to accelerated-phase or
blast-crisis CML, and tolerance of therapy, imatinib
was significantly superior to interferon alfa plus
low-dose cytarabine.

When the study was designed, the combination
of interferon alfa and low-dose cytarabine was
thought to be the most effective treatment for pa-
tients with newly diagnosed CML who were not
considered candidates for allogeneic hematopoi-
etic-cell transplantation.

 

30

 

 Despite superior cytoge-
netic responses with the combination, improvement
in survival has not been confirmed.

 

31

 

 Regardless,
the results for the combination-therapy control group
in our study (12-month rate of major cytogenetic
response, 30.3 percent; and 12-month rate of com-
plete cytogenetic response, 11.8 percent) are simi-
lar to those of a French study (39 percent and 15
percent, respectively)

 

30

 

 and an Italian study (21 per-
cent and 8 percent, respectively),

 

31

 

 and none ap-

proached the significantly better results achieved
with imatinib.

Because of the favorable results of the phase 2
study of imatinib in late chronic-phase CML,

 

20

 

 we
considered a crossover design to be an essential el-
ement of the current study. Only 79 patients (14.3
percent) in the imatinib group discontinued the
drug or crossed over to combination therapy, where-
as 493 patients (89.2 percent) in the combination-
therapy group did so. At the time of this analysis, 60
patients (10.8 percent) were still receiving combi-
nation therapy. Imatinib induced a complete he-
matologic response in 82.4 percent of patients who
crossed over to this drug from combination therapy
and induced a major cytogenetic response in 55.7
percent and a complete cytogenetic response in 39.6
percent. These results are similar to those of previ-
ous studies of imatinib in patients who had had no
response to interferon alfa treatment: 95 percent
had a complete hematologic response, and 60 per-
cent had a major cytogenetic response (41 percent
had a complete cytogenetic response).

 

20

 

Analysis of responses was complicated by the
high rate of crossover and discontinuation of treat-
ment. If response was analyzed only according to
the first treatment received, our analysis may un-

discussion

 

Figure 1. Kaplan–Meier Estimate of the Time to a Major Cytogenetic Re-
sponse.

 

Data on patients who crossed over to the other treatment group or discontin-
ued treatment for reasons other than progression were censored. At 12 
months, the estimated rate of major cytogenetic response was 84.4 percent in 
the imatinib group and 30.3 percent in the group given interferon alfa plus 
low-dose cytarabine; the respective rates at 18 months were 87.1 percent and 
34.7 percent.
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derestimate the response to interferon alfa (com-
pare Table 4 and Fig. 1). For example, a patient who
crossed over to imatinib therapy because of intoler-
ance might be counted as not having a response to
combination therapy. To compensate for this pos-
sibility, we also analyzed the data using the Kap-
lan–Meier method, in which data on patients who
crossed over or discontinued treatment for reasons
other than progression were censored at the end of
the initial treatment. In contrast, the use of a strict
intention-to-treat principle may overestimate the
rate of response and underestimate the rate of pro-
gression associated with interferon alfa therapy,
since imatinib has been shown to be effective rescue
therapy for patients who have no response to inter-
feron alfa. We used the Kaplan–Meier method to
estimate responses and a strict intention-to-treat
principle to determine the rate of progression. De-
spite this conservative statistical approach, the dif-
ferences remained large and significantly in favor
of imatinib.

The outcome of patients whose disease has pro-
gressed to accelerated phase or blast crisis despite
treatment with any therapy including imatinib

 

35

 

 is
significantly worse than the outcome of patients
with chronic-phase CML. We found no demonstra-
ble difference in survival between the two groups
on an intention-to-treat basis, and it seems unlikely
that any such difference will ever be observed. This
is probably due to the early crossover of so many pa-
tients to the imatinib group. The study will contin-
ue for at least five years and will therefore allow us
to determine the long-term outcome of imatinib
therapy. However, taking into account the high rate
of complete cytogenetic response and the early ev-
idence of a delay in the progression to accelerat-
ed-phase or blast-crisis CML, we believe that ima-
tinib therapy may significantly improve long-term
survival.

The advent of imatinib already appears to have
had an impact on the numbers of allografts being
performed,

 

36

 

 and the choice between drug therapy
and transplantation for newly diagnosed CML is be-
coming increasingly difficult. A total of 52 patients
have proceeded to transplantation so far, but it is
not possible to make meaningful comments re-
garding their outcome, since the numbers are too
small. On the basis of the high early mortality rate
associated with bone marrow transplantation and
the promising results with imatinib, early transplan-
tation might be restricted to patients with the high-
est likelihood of success, such as younger patients

 

Figure 2. Kaplan–Meier Estimates of the Rates of Progression-free Survival 
(Panel A), Survival Free of Progression to Accelerated-Phase or Blast-Crisis 
Chronic Myeloid Leukemia (CML) (Panel B), and Progression-free Survival Ac-
cording to the Sokal Risk Group (Panel C).

 

Progression was defined by any of the following events, whichever came first: 
death, accelerated-phase or blast-crisis CML, loss of response, or an increas-
ing white-cell count. The P value is for the difference between treatment 
groups within each risk group.
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with matched sibling donors, and to patients with
an insufficient response to imatinib.

 

23

 

 We will con-
tinue to follow the patients in this study to evaluate
the long-term tolerability of imatinib and the dura-
bility of responses and to determine whether the
leukemia can be eradicated at the molecular level.
Studies are under way to compare various doses of
imatinib monotherapy with imatinib in combina-
tion with other agents.

 

All investigators received grant support from Novartis Pharma
for the conduct of the study.
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