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Chronic myelogenous leukemia (CML) is
caused by expression of the BCR-ABL
tyrosine kinase oncogene, the product of

the t(9;22) Philadelphia translocation. Pa-
tients with CML in accelerated phase have
rapidly progressive disease and are char-
acteristically unresponsive to existing

therapies. Imatinib (formerly STI571) is a
rationally developed, orally administered

inhibitor of the Bcr-Abl kinase. A total of

235 CML patients were enrolled in this
study, of whom 181 had a confirmed
diagnosis of accelerated phase. Patients
were treated with imatinib at 400 or 600
mg/d and were evaluated for hematologic

and cytogenetic response, time to pro-
gression, survival, and toxicity. Imatinib

induced hematologic response in 82% of
patients and sustained hematologic re-
sponses lasting at least 4 weeks in 69%
(complete in 34%). The rate of major cyto-
genetic response was 24% (complete in
17%). Estimated 12-month progression-
free and overall survival rates were 59%
and 74%, respectively. Nonhematologic
toxicity was usually mild or moderate,

and hematologic toxicity was manage-
able. In comparison to 400 mg, imatinib
doses of 600 mg/d led to more cytoge-
netic responses (28% compared to 16%),

longer duration of response (79% com-
pared to 57% at 12 months), time to
disease progression (67% compared to
44% at 12 months), and overall survival
(78% compared to 65% at 12 months),
with no clinically relevant increase in

toxicity. Orally administered imatinib is

an effective and well-tolerated treatment
for patients with CML in accelerated
phase. A daily dose of 600 mg is more
effective than 400 mg, with similar toxic-

ity. (Blood. 2002;99:1928-1937)
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Introduction

Accelerated phase marks the onset of advanced, rapidly progriestude progressive splenomegaly; treatment-refractory thrombocyto-
sive chronic myelogenous leukemia (CML), a clonal neoplastgis; rapid leukocyte doubling time; myelofibrosis; atypical leukocytes or
disorder of hematopoietic stem celldln more than 85% of all erythrocytes; extramedullary disease (chloromas); disease symptoms;
CML patients, accelerated phase is preceded by a prolongéd presence of elevated numbers of blasts, basophils, or eosinophils in
chronic phase characterized by mild symptoms in most patientsperipheral blood or marrow; thrombocytopenia; or karyotypic evolu-
In accelerated phase, cells develop genetic and karyotypic abrtayn.5>° Figure 1presents a set of criteria including only those fac-
malities leading to an increased number of poorly differentiatedrs retrospectively statistically correlated with reduced survival,
cells in peripheral blood and marrow, splenomegaly, and often ¢omprising the presence of 15% to less than 30% blasts, or 30%
the onset of constitutional symptorfi& Accelerated phase gerer blasts and promyelocytes, or 20% basophils in peripheral blood or
ally leads to a rapidly fatal blast crisis within 6 monfHs. marrow, or platelet counts less than 1RQ0Y/L unrelated to
Because accelerated phase CML is associated with numeransicancer therapi/
hematologic, cytogenetic, and clinical signs and symptoms, no single setThe causative event in CML is the genetic transposition of ABL
of criteria for its onset is universally accepted. Some groups advocated BCR sequences to form a BCR-ABL fusion gene, leading to
practical criteria embracing any of several events or developments tteg expression of a constitutively active, fusion Bcr-Abl protein-
are generally associated with advanced, progressive CML. Thégmsine kinasé:1°In at least 90% of cases, this event appears as a
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Accelerated phase CML was defined by either at least 15% to less than
Any of the following: 30% blasts in peripheral blood or marrow, or 30% or more blasts plus
e al least 15% to less than 30% blasts in peripheral blood or marrow promyelocytes in peripheral blood or marrow (prOVided Hi@0% blasts
. a; le?sl 30h% b;gj;s lfllust Promyelocytej in peripheral blood or marrow (provided were present), or at least 20% peripheral basophils, or thrombocytopenia
that less tl asLs Wi ent, .
« 2t loaw 0% peripheral basophis defined as platelet counts of less than 20Q0°L, unrelated to therap}.
« thrombocytopenia corresponding to platelet counts of less than 100 x 10%L,  unrelated Patients with karyotypic evolution suggesting advanced CML but without
1o therapy other evidence of accelerated phase were not eligible for enrollment.

Patients were required to have alanine aminotransferase (ALT) and
aspartate amino transferase (AST) levels not higher than 3 times the upper
normal limit in cases without suspected leukemic involvement of the liver,

) . . . . . or not higher than 5 times the upper normal limit in cases of suspected liver
1(9;22) (934;q11) reciprocal translocation (the Philadelphia tranSIf?fvolvement, to have serum total bilirubin levels not higher than 3 times the

cation), which is the most characteristic feature of CME! pper normal limit, and serum creatinine levels not higher than 2 times the
Expression of the BCR-ABL gene is sufficient to cause chronigper normal limit. Women of childbearing potential were required to have
phase CML; the progression of disease to accelerated phasea @egative pregnancy test before starting treatment, and all patients were
terminal blast crisis is thought to depend on the development refjuired to use barrier contraceptive measures throughout therapy with
additional genetic changes leading to loss of differentiation and pgtinib. Patients were excluded from the trial if they had an Eastern
increasingly aggressive clinical presentatiért:12-15 Cpoperative Oncology Grgup (ECOG) pgrformance status of grade 3or
Accelerated phase CML responds poorly to therapy. Tﬁggher, grade 3/4 cardiac disease, leukemic central nervous system involve-

L - . - t, or any serious concomitant medical condition. Exclusion criteria
majori f ients will have receiv rolon reatment faf < " S - .
ajority of patients ave received prolonged treatment ancluded treatment with either HU within 24 hours before starting therapy

chronlc phase disease, usually V_Vlth hydroxyurea (HU) or _recc_)ml?/\'/i'th imatinib, or with INFx within 48 hours before starting therapy; with
nant interferon alfa (rIFN), and disease control can be maintaineg_mercaptopurine, vinca alkaloids, steroids, or low-dose cytosine arabino-
in some patients by increasing the dosages of previously effectiyge « 30 mg/nt every 12-24 hours) within 7 days before starting therapy;
drugs’® In most patients, however, treatment with high-dosgith homoharringtonine or moderate-dose cytosine arabinoside (100-200
combination chemotherapy regimens commonly used for acute/n? for 5-7 days) within 14 days before therapy; with anthracyclines,
leukemia is the only effective therapeutic option, inducing rewitoxantrone, cyclophosphamide, etoposide, or methotrexate within 21
sponses in 30% to 60% of patients, but with response duratiefys before starting therapy; with any other investigational agent or with
usually less than 6 monti&:8 Allogeneic matched donor bone high-dose cytosine arabinoside (1-3 genery 12-24 hours for 6-12 doses)

marrow transplantation (BMT) generally produces poor results Wthin 28 days before starting therapy; or with busulfan or any hematopoi-
. ; . 1619-24 etic stem cell transplantation within 6 weeks before starting therapy; or if

this patient populatiof®: ! )
recovery from stem cell transplantation was not complete. Patients were

Imatinib (Glivec [Gleevec in the United States; IrT]at'mbalso excluded from enrollment if they had a history of honcompliance to

mesylate; Novartis Pharma AG]) is a rationally designed, pOtefPlterapy or if they were considered by the investigator to be potentially
selective competitive inhibitor of the Bcr-Abl protein-tyrosine,nreliable.

kinase?5-28 At therapeutic doses it also inhibits tyrosine kinase All patients gave written informed consent to participate in the study,
activity of the platelet-derived growth factor (PDGF) recepor and the study was reviewed and approved by a recognized ethics review
and c-Kit, but does not affect other members of the type Il receptepmmittee at each trial center. The study was performed in accordance
kinase family, such as Flt-3 and Fri#fdn an ascending dose phasewith the Declaration of Helsinki (as amended in Tokyo, Venice, and
1 study, imatinib induced substantial and durable responses witAnd Kong).

minimal toxicity, at daily doses of 300 mg and higher, in nearly al
patients with chronic CML, including patients with evidence o
accelerated diseas®In expanded phase 1 trials, imatinib alsorhis was an open-label, nonrandomized, multicenter, phase 2 trial designed
showed C|inica||y relevant activity in patients with blast cri®ls. to evaluate the clinical efficacy of imatinib, as determined by the rate of
The substantial activity observed in the subset of patients wigHStained hematologic response (lastirgd weeks), and the safety
accelerated or blast phase CML indicates that the selectiddreatment.

inhibition of Bcr-Abl tyrosine kinase activity can have therapeutic 'r."t.'a"y' en.m”ed patients received treatment with pral!y administered
- . Imatinib at daily doses of 400 mg. Following the availability of phase 1
benefit in these patients.

. ... dose escalation data demonstrating the safety of prolonged treatment with
Because of the observed activity and favorable tolerability @fgner doses, this initial daily dose was increased by protocol amendment to

imatinib in patients with accelerated phase CML, and becausego mg. For patients who had a relapse, dose escalation to a maximum of
the limited treatment options available to these patients, we hay@ mg twice daily was permitted at the discretion of the investigator. Dose
conducted a phase 2 trial of imatinib in patients meeting rigoroescalation was also permitted for patients who did not achieve hematologic
criteria for accelerated phase CMEThe study objectives were to response after at least 1 month of therapy, on a case-by-case basis following
confirm its observed activity and favorable safety profile in a larggiscussion between the investigator and sponsor. Patients received treat-

patient population and to characterize prognostic factors. ment for 24 weeks, and then treatment was continued indefinitely in cases
where the investigator judged that further treatment was of clinical benefit.

Treatment was interrupted or reduced in response to nonhematologic,
hepatic, or hematologic toxicity, which was graded according to National
Cancer Institute/National Institutes of Health (NCI/NIH) Common Toxicity
Criteria (CTC). For patients requiring dose reduction, daily doses were
reduced from 600 to 400 mg or from 400 to 300 mg. Dose reduction below
300 mg/d was discouraged in light of recent pharmacokinetic analyses
Male or female patients were eligible for inclusion in this study if they werendicating that treatment with imatinib at 200 mg/d results in subtherapeutic
at least 18 years old and had a diagnosis of Philadelphia chromosordedg levels in a fraction of patientd If grade 2 nonhematologic toxicity
positive (PH) CML, confirmed by cytology, histology, and cytogenetic oroccurred, therapy was interrupted until recovery to grade 1 or less, and
molecular analyses, in accelerated phase as defined below. resumed at the original dosage. If grade 2 toxicity recurred following

Figure 1. Definition of accelerated phase CML.

%tudy design and treatment

Patients and methods

Patients
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resumption, treatment was again interrupted until recovery, and resumeas defined as less than 15% myeloblasts in peripheral blood and bone
at a reduced dose. If grade 3 or 4 nonhematologic toxicity occurregharrow, with less than 30% myeloblasts plus promyelocytes in the
therapy was interrupted until recovery to grade 2 or less, and resumegatipheral blood and bone marrow, less than 20% peripheral basophils, and
a reduced dose. Specific dose reduction rules for hepatic toxicity ware extramedullary involvement other than in liver or spleen. Sustained
applied to patients who enrolled with elevated baseline transaminagsponses were required to be observed at 2 consecutive evaluations at least
levels (3-fold to 5-fold above upper normal limits). If such patientgl weeks apart.
developed increases of more than 3-fold in one or more transaminase Secondary efficacy end points were the induction of cytogenetic
levels, therapy was interrupted until levels returned to baseline, anesponse, duration of hematologic response, time to disease progression,
resumed at a reduced dose. For patients who experienced clinicallyd overall survival. Cytogenetic response was based on the prevalence of
relevant, but less than 3-fold increases in transaminase levels, treatmt metaphases among at least 20 metaphase cells in each bone marrow
was interrupted until recovery, and resumed at the same dose. If patiesasmple and was defined as complete (0% Rtlls), partial (1%-35%),
experienced a subsequent clinically relevant increase in transaminasaor (36%-65%), minimal (66%-95%), none (95%). Major cytogenetic
levels, treatment was interrupted until recovery, and resumed atresponse was defined as either a complete or partial response. Duration of
reduced dose. Dose reductions for hematologic toxicity were only to ematologic or major cytogenetic response was calculated for all respond-
considered for patients with grade 4 neutropenia (neutrophil couets as the time from the first reported date of response to the earliest date of
< 0.5 X 10%L) lasting at least 2 weeks, after a minimum of 28 days ofeported relapse or death. Duration of response was censored at last
therapy. In practice, however, imatinib doses were also reduced in casgamination date for patients with ongoing response or patients who
of grade 4 thrombocytopenia considered to be unrelated to leukeméiscontinued treatment for reasons other than adverse events, progression,
Bone marrow examinations were performed routinely, and biopsies death. A single determination not fulfilling the criteria for “return to
obtained in so far as possible, until recovery from grade 4 neutropeniaahronic phase” was considered a relapse. Time to disease progression was
thrombocytopenia. For patients with persistent marrow cellularity lesslculated for all patients as the time from treatment start to the onset date
than 10% and blasts less than 10%, the daily dosage was successieglylast crisis, relapse (for responding patients), discontinuation of therapy,
reduced at 2-week intervals or was interrupted until recovery afr death from any cause. This time was censored at last examination date for
neutropenia or thrombocytopenia to grade 2 or better. On recovepatients without progression or patients who discontinued treatment for
treatment was resumed at the full initial dose. Treatment was nmasons other than adverse events, progression, or death. Overall survival
interrupted or reduced for patients with marrow cellularity or blasta/as calculated as the time from treatment start to the date of death from any
more than 10%. cause. Survival was censored at the time treatment was discontinued to
No concomitant anticancer drugs were administered, with the exceptialiow BMT, or at the last recorded contact or evaluation when patients were
of HU, anagrelide, or leukopheresis, all 3 being permitted during the first 28ve at time of analysis.
days of study treatment. Within the first 28 days of treatment, HU could be
given at a maximum dose of 5 g/d for up to a total of 7 days if required tgtatistical analysis
control elevated blast or platelet counts. Leukopheresis was allowed up to a
maximum of 2 procedures per week or 4 procedures during the first 28 dayg_is study was designed to demonstrate whether the overall hematologic
Treatment with allopurinol at 300 mg/d was recommended until stabiliz&eSPonse rate (CHR, marrow response, or return to chronic phase) was at
tion of white blood cell (WBC) counts, and patients with febrile neutropenigast 30% in patients with CML in accelerated phase. Arequired sample size
or infection could receive treatment with colony-stimulating factors at th@f 68 evaluable patients was based on the Fleming single-stage procedure,
investigator’s discretion. testing H: P = 30% and H: P = 50%, with alpha= 2.5% (one-sided), and
power of 90%. To allow for premature withdrawals, the planned sample size
Evaluation of patients consisted of 100 patients with CML in accelerated phase.
Efficacy results are presented for all patients with a confirmed diagnosis
Patients were evaluated for hematologic and cytogenetic response gn¢tmL in accelerated phase and for all enrolled patients. Response rates
relapse at frequent intervals during the initial 24 weeks of imatinigre reported as intent-to-treat analyses. Patients who withdrew from
treatment. Peripheral blood samples were obtained and analyzedyghtment before a sustained response was reported were counted as
baseline, 3 times weekly for the first 4 weeks, weekly between weeks 5 anghresponders. Response duration, time to progression, and survival were
13, every 2 weeks after week 13, and on the last day of treatment. Bainputed using standard Kaplan-Meier methods. Safety results are re-
marrow aspirates were performed at screening, at weeks 5, 9, 13, andZted for all enrolled patients who received at least one dose of imatinib.
and on the last day of treatment; bone marrow biopsies were optional and ypjvariate and multivariate analyses were performed to test for effects
obtained as indicated. Physical examination to evaluate liver and SplQﬁ’botential prognostic factors on the hematologic response rate, time to
size and extramedullary involvement was carried out at screening, everyidease progression, and overall survival. ¥her log-rank tests were used
weeks during therapy, and on the last day of treatment. After the initial 24 identify prognostic factors at a significance level B .2. Factors
weeks of treatment, bone marrow aspirates or biopsies for analysis @éeting this criterion were included as terms in logistic regression or
disease status were obtained every 3 months for the first 6 months, afdtivariate Cox models. Factors with no significant effect at a level of
every 4 months thereafter. Following treatment, patients were followed fpr— 10 in multivariate analysis were removed, whereas factors remaining

survival at least every 3 months, until death. Treatment toxicity Wag the multivariate model were interpreted as independently predictive of
evaluated by patient interview at each office visit. Toxicity was gradeghe corresponding efficacy outcome.

according to the NCI/NIH CTG!
The primary efficacy end point in this study was sustained hematologic
response lasting at least 4 weeks, assessed by the investigator as (1)
complete hematologic response (CHR); (2) marrow response; or (3) retdResults
of chronic phase. CHR was defined according to conventional criteria as .
myeloblast count less than 5% in bone marrow, with no myeloblasts frptients and treatment

peripheral blood, neutrophil count at least X8.0°/L and platelet count at A total of 235 patients were enrolled at 18 centers in France

least 100x 10°/L, and no evidence of extramedullary involvement. In .
patients not achieving a CHR, marrow response was defined as myelob‘gstcenters)’ Germany (4 center), ltaly (3 centers), Switzerland

count less than 5% in bone marrow, with no myeloblasts in peripheret c€nter), the United Kingdom (2 center), and the United States
blood, neutrophil count at least 1:0109/L, and platelet count at least (6 centers) from August 1999 to March 2000; efficacy and safety
20 x 10°/L (without platelet transfusion and without evidence of bleeding)fata for analysis were collected through January 2001. Patient
and no evidence of extramedullary involvement. A return of chronic phassrollment was allowed to exceed the original planned accrual as
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follow-up data from an earlier phase 1 study became available adidgnosed in 62 patients (34%), whereas 119 patients (66%) had
provided increasing evidence of the activity and safety of imatinieceived prior therapy for CML in accelerated phase, most often
in patients with CML in advanced phas€sPatients were diag with HU (101 patients), rIFd (33 patients), or cytarabine (23
nosed with Ph or BCR-ABL* CML in accelerated phase duringpatients). In 132 of these 181 patients, accelerated phase criteria
the screening period for patient selection. Based on a central revigigluded elevated blast counts or blast plus promyelocyte counts.
of data from screening and baseline tests, 181 (77%) patients hagkroximately 12% of enrolled patients were older than 70.
confirmed diagnosis of CML with protocol-specified features of At the time of data analysis, median treatment durations were
accelerated phadat the start of imatinib therapy, whereas this;g months (range, 0.2-17 months) for the 77 patients in the 400-mg
disease stage could not be confirmed at treatment start for 54 (2394} group and 11 months (range, 0.2-15 months) for the 158
enrolled patients. For these 54 patients, disease features at Scrﬁﬁﬂénts in 600-mg dose groups, and median actual dose intensities
ing, or deve!oping bgtween screening and_ treatment sta}rt_, WevEre 400 mg/d and 578 mg/d, respectively. Of the 235 patients

Table 1 presents a summary of patient disease history arne pectively, were disease progression or unsatisfactory therapeutic
0, 0, i
baseline characteristics. Among the 235 enrolled patients and ect for 36 (47%) af‘d 37 (23%) pa_tlents, adverse events for 2
)%) and 12 (8%) patients, death during therapy for 6 (8%) and 1

181 patients with confirmed diagnoses of accelerated phase CML, B e
respectively, 77 (33%) and 62 (34%) started their initial therag-0%0) Patients, initiation of BMT therapy for 3 (4%) and 1 (0.6%)
yatients, or withdrawal of consent for 0 and 2 (1%) patients.

with imatinib at daily doses of 400 mg, whereas the initial dail
dose was 600 mg for the remaining 158 (67%) and 119 (66%jficacy

patients. As shown in Table 1, patients in both dose groups had

similar hematologic and cytogenetic characteristics. Among p&fficacy analyses were based on the 181 patients with confirmed
tients with confirmed diagnoses, accelerated phase was nediggnoses of CML in accelerated phase. Table 2 presents a

Table 1. Demographics, disease history, and characteristics of patients at baseline

All enrolled
Patients with confirmed diagnosis patients
400-mg 600-mg
All doses dose group dose group All doses
Characteristics n=181 n=62 n=119 n =235
Age (y)
Median (range) 57 (22-86) 56 (25-86) 58 (22-80) 56 (22-86)
Sex, n (%)
Male 92 (51) 34 (55) 58 (49) 118 (50)
Female 89 (49) 28 (45) 61 (51) 117 (50)
ECOG score, n (%)
Grade 0-1 143 (79) 46 (74) 97 (82) 180 (77)
Grade 2 30 (17) 15 (24) 15 (13) 41 (17)
Grade 3 0 0 0 2 (1)
Splenomegaly, n (%)
Any splenomegaly 104 (57) 39 (63) 65 (55) 127 (54)
At least 10 cm 48 (27) 21 (34) 27 (23) 62 (26)
Prior therapy for accelerated phase, n (%) 119 (66) 41 (66) 78 (66) 157 (67)
WBC (X 109/L)
Median 25 21 25 21
Range 1-330 1-184 1-330 1-330
At least 20 X 109L, n (%) 102 (56) 31 (50) 71 (60) 124 (53)
Blasts in peripheral blood (%)
Median 4 4 5 4
Range 0-29 0-29 0-27 0-71
At least 15% blasts, n (%) 36 (20) 10 (16) 26 (22) 54 (23)
Blasts in bone marrow (%)
Median 15 16 15 15
Range 0-29 0-27 0-29 0-77
At least 15% blasts, n (%) 94 (52) 33 (53) 61 (51) 118 (50)
Basophils in peripheral blood
At least 20%, n (%) 24 (13) 8 (13) 16 (13) 24 (10)
Hemaoglobin (g/L)
Median 101 104 99 103
Range 62-163 70-148 62-163 62-163
Platelets (X 109/L)
Median 241 211 267 263
Range 6-3067 12-2130 6-3067 6-3067

Less than 100 X 1009/L, n (%) 63 (35) 23 (37) 40 (34) 73 (31)
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Sustained response

All responses total Total 400-mg dose group 600-mg dose group
n=181 n =181 n =62 n=119
Hematologic response n (%) n (%) n (%) n (%)

Overall* 149 (82) 125 (69) 40 (65) 85 (71)

95% ClI 76.0-87.6 61.8-75.7 51.3-76.3 62.4-79.3
Complete 96 (53) 61 (34) 17 (27) 44 (37)
Marrow response 19 (10) 22 (12) 6 (10) 16 (13)
Return to chronic phase 34 (19) 42 (23) 17 (27) 25 (21)

No response 25 (14) 46 (25) 20 (32) 26 (22)

Not evaluable 7(4) 10 (6) 2(3) 8(7)

*Overall hematologic response is complete response, marrow response, and return to chronic phase.

summary of hematologic response rates for patients with confirmed As shown in Table 3, major cytogenetic responses were reported
diagnoses and for those in each initial dose group. Values represent43 (24%) patients, and major, minor, or minimal cytogenetic
the best response observed at any time during therapy. Of the 183ponse was reported for 86 (48%) patients. The median time to
patients, 82% had reductions in blast counts in peripheral blood amdjor cytogenetic response was similar for patients in the 400-mg
in bone marrow corresponding to hematologic response on at leaste group (2.4 months) and the 600-mg group (2.9 months), and
one occasion. Sustained hematologic responses lasting at leagidtly corresponded to the first evaluation of cytogenetic response.
weeks were reported for 69% of patients, including 34% CHR, withowever, major cytogenetic responses were achieved up to 12
similar response rates for patients in the 400-mg and 600-mg deggnths after starting therapy. Cytogenetic response was only
groups. As shown in Figure 2, the median time to hematologi§ ajuated every 3 months, and therefore the duration of response
response was 1 month in both groups, corresponding to the figghnot be calculated with precision. Among patients with major
scheduled evaluation of hematologic response, and response Waggenetic responses, the estimated duration of response was at
usually achieved within 3 months after starting therapy. least 9 months in 42% of patients in the 400-mg dose group (95%
Most hematologic responses were induced at the initialbél’ 8%-76%), in 71% of patients in the 600-mg dose group (95%
assigned dose Ievz_al, and tht_a effects of imatinib dose e_scalat'@n 549%-88%), and in 64% of patients overall (95% CI, 48%-80%).
were not systematically studied. However, dose escalation (10 &g, e 4 depicts time to disease progression (onset of blast crisis
maximum daﬂy_dose of 800 mg) Ied_to hematologic responses 'rbf} loss of hematologic response) for patients in each dose group
patients (of which one was a sustgm_ed response lasting at Iea%it‘h confirmed diagnoses of accelerated phase. The median time to
weeks) who had not responded to initial therapy. rogression was 8.8 months for patients in the 400-mg dose group,

Figure 3 depicts the duration of hematologic response fgrnd had not been reached at the time of analysis for patients in the

patients in each dose group with confirmed diagnoses of accel% -

ated phase. Only patients with a response lasting at least 4 weeég'mg _dose group. !Estlm.ated time to progression exceeded 12
. - - . - . months in 44% of patients in the 400-mg dosing group (95% ClI,
were included in this analysis. The estimated median respo

& . . . .

duration was 13.4 months for patients in the 400-mg dose group;]’f 0/059530/07)6‘? 67%d0.f pélg;ntsflnhthi;loo-m_g dos_lng _grr]oup:j(QE_S%

had not been reached at the time of analysis for patients in il 59%-76%), and in 59% of the patients in either dosing
(85% Cl, 52%-66%).

600-mg dose group. Estimated response duration exceeded 1P
months for 57% of patients in the 400-mg dose group (95% ClI,
40%-73%), for 79% of patients in the 600-mg dose group (95% ClI,
69%-88%), and for 70% of the 181 patients in either dose grou
(95% ClI, 61%-80%).
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Figure 3. Duration of hematologic response.  Of the 85 patients in the 600-mg dose
group who had sustained hematologic responses, 68 are still in response (censored)

Months since start of treatment

Figure 2. Time to overall and complete hematologic response. Cumulative time
to onset of hematologic response (HR; comprising complete hematologic response,
marrow response, and return to chronic phase), and time to onset of complete
hematologic response (CHR) for patients who started therapy with daily imatinib
doses of 400 mg (n = 62) or 600 mg (n = 119).

between 2.3 and 13.8 months after response was first recorded. One of these
patients discontinued to undergo BMT after 5 months in CHR. Of the 40 patients in
the 400-mg dose group who had sustained hematologic responses, 21 are still in
response (censored) between 4.2 and 16.0 months after the first report of response.
The difference between dose groups was statistically significant (P = .014,
log-rank test).
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Table 3. Cytogenetic response in patients with confirmed diagnosis of 100
accelerated phase
90
400-mg 600-mg
Total dose group dose group 80 §
Cytogenetic n=181 n=62 n=119 é 70 4
response* n (%) n (%) n (%) «
o 60
Majort 43 (24) 10 (16) 33 (28) o 0
95% CI 17.8-30.6 8.0-27.7 19.9-36.7 8
Complete 30 (17) 7(12) 23 (19) B 0]
Partial 13 (7) 309 10 (8) ® w0
M!nlor 12(7) 5®) 7(6) L 400 mg (n=62 patients, 27 events)
Minimal 31(17) 9 (15) 22 (18) 10 — 600 mg (n=19 patients, 24 events)
No response 82 (45) 36 (58) 46 (39) 0 Il = Censored observations
Not evaluated 13 (7) 2(3) 11 (9) T [ A A 1
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
*Cytogenetic requnse defined by prgvalence of Ph* metgphases: 0%, com- Months since start of treatment
plete; 1% to 35%, partial; 36% to 65%, minor; 66% to 95%, minimal; greater than

Figure 5. Overall survival. Of the 119 patients in the 600-mg dose group, 24 have
died, and overall survival was censored for the remaining 95; 1 of these 95 patients
discontinued therapy with imatinib to undergo BMT. Of the 62 patients in the 400-mg
dose group, 27 have died, and overall survival was censored for the remaining 35;

. . . i . 1 of these 35 patients discontinued treatment with imatinib to undergo BMT. The
Figure 5 depicts overall survival for patients in the 400-mg angterence between dose groups was statistically significant (P = .014, log-rank test).

600-mg dose groups with a confirmed diagnosis of CML in
accelerated phase. At the time of analysis, median survival had nat
been reached for patients in either dosing group. Estimated ove?ﬁ?ﬁ
survival rates at 12 months were 65% for patients in the 400-
dose group (95% CI, 53%-77%), 78% for patients in the 600-
dose group (95% ClI, 70%-87%), and 74% for all 181 patients (95
Cl, 68%-81%). Notably, all patients who achieved a majo
cytogenetic response within 3 months of therapy were alive at t
time of analysis, regardless of their initial imatinib dose (Figure 6
Univariate analyses and regression models were applied to
for the effects of several baseline variables on time to dise
progression. Table 4 lists the prognostic variables included in th
analyses, the cutoff values used to define patient subgroups, an
results. Data for 2 variables (blasts in bone marrow and additio
chromosomal _abnormalities) were unavailable in a substant ognostic factor in the final multivariate model, and to the
number of patients, and for this reason 2 separate analyses fitfusion of high platelet counts and low blast counts in peripheral

p(_erforme_d, one (_excludl_ng these factors but including all pat'e%lfood as predictive of longer time to disease progression. In further
with confirmed diagnosis, and secondary analyses to evaluate

dditional effects of th 2 fact telv. limited to th béx loratory multivariate analyses, a hemoglobin value of 100 g/L
additional efiects ot these = factors separately, imited to the Subgg igher was the sole factor significantly predictive for higher rates

of patlent§ W't.h data for "’T” variables. - f sustained hematologic response. Exploratory multivariate analy-
In multivariate analysis, the factors most strongly predictive ogf

| time to di . h lobin at least es of prognostic factors for overall survival were limited by the
onger ime {o disease progression were hemoglobin at leas all number of patients who had died, but results identified 4

95%, none.
TMajor cytogenetic response indicates complete or partial response.

, and a starting dose of 600 mg imatinib. Female sex was
rginally predictive in this analysis. In subgroup analyses exclud-
nin patients without data for blasts in bone marrow or additional
romosomal abnormalities, neither variable added further to the
fediction of hematologic response in multivariate analyses
P > .10). Further analyses indicated that varying the cutoff values
§ed to define patient subgroups had little effect on most prognostic
actors. Platelet counts of less than4Q.0°/L were independently
tSls‘édictive of shorter time to disease progression in exploratory
ﬁalyses, but the reliability of this result was limited by the small
mber of patients in this subgroup. The use of different cutoff
Bies for hemoglobin< 110 g/L) and blasts in peripheral blood
5%) led to the elimination of male/female sex as a marginal

100 4 100 HHH-H-HHH t t
5 904 %0
Fi
% 80 4 80 7
e 70 2w
o ©
-
3 60 [2] 60
g §
£ 50 -- =50 s e e
: g
2 w04 5 40
2 °
B 30 ® 30
<%
5 20 . 20 4 N " .
— 400 mg (n=62 patients, 39 events) — No major cytogenetic response at 3 months (n=63 patients, 14 events)
R wd — 600 mg (n=119 patients, 39 events) w0l — Major cytogenetic response at 3 months (n=20 patients, no events)
Il = Censored observations Il = Censored observations
0 —\ T T T B T T T B T T T T T T L L 0 - T T T i o H T T T T i T T T
0 t 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 186 17 18
Months since start of treatment Months since start of treatment

Figure 4. Time to disease progression.  Of the 119 patients in the 600-mg dose Figure 6. Landmark analysis: overall survival by major cytogenetic response
group, 39 have progressed, and time to disease progression was censored for the status at 3 months. Of 83 patients with an evaluation of cytogenetic response at 3
remaining 80. Of the 62 patients in the 400-mg dose group, 39 patients have months after start of therapy, 20 (24%) had a major cytogenetic response at that time,
progressed, and time to disease progression was censored for the remaining 23. The and none of these 20 patients had died at the time of analysis. Of the 63 evaluated
difference between dose groups was statistically significant (P = .002, log-rank test). patients without major cytogenetic response after 3 months, 14 (22%) had died.
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Table 4. Prognostic factors associated with time to disease progression

Patients progressing, n P*log P* Wald Relative
Factor Category N (%) rank X risk
Initial dose 400 mg 59 37 (63) .0020 .0005 2.34
600 mg 112 36 (32)
Age Less than 60y 101 46 (46) .31
Atleast 60 y 70 27 (39)
Sex Male 87 42 (48) .099 .076 1.53
Female 84 31 (37)
Weight Less than 70 kg 83 37 (46) .55
At least 70 kg 88 36 (41)
Hepatomegaly No 133 54 (41) .23
Yes 38 19 (50)
Splenomegaly No 72 25 (35) .14
Yes 99 48 (48)
Hemoglobin Less than 100 g/L 82 45 (55) .0017 .0002 2.50
At least 100 g/L 89 28 (31)
WBC count Less than 30 X 109/L 99 43 (43) .94
At least 30 X 10%L 72 30 (42)
Platelets Less than 100 x 109/L 59 29 (49) .099
Atleast 100 X 109L 112 44 (39)
Basophils in Less than 20% 149 67 (45) 12
peripheral blood
At least 20% 22 6 (27)
Blasts in peripheral Less than 15% 138 56 (41) .23
blood
At least 15% 33 17 (52)
Blasts in bone Less than 15% 65 20 (31) .092
marrowt
At least 15% 88 41 (47)
Other chromosome No 100 38 (38) .086
abnormalitiest
Yes 60 30 (50)

*Results are shown for univariate (log-rank) and multivariate analysis (Wald x). Factors significant at P < .2 in univariate analysis were included in the multivariate model.
Factors in the multivariate model were sequentially added in order of greatest significance until the final model included only factors showing an effect with P < .1.
TMultivariate analysis limited to patients with available data for all prognostic factors.

factors as predictive of longer survival: a starting dose of 600 nigoutine laboratory tests revealed infrequent development of grade
imatinib, WBC count less than 38 1(°/L, platelets at least 3 abnormalities in AST (2% of patients), in ALT (3%), and bilirubin
100 % 10°/L, and absence of splenomegaly. (2%) during treatment.

Efficacy results for all 235 enrolled patients were similar in all - Table 6 presents the numbers of patients who developed grade 3 or 4
respects to those for the 181 patients with confirmed diagnoseshafatologic abnormalities during treatment with imatinib. Frequencies
accelerated phase. For the 235 enrolled patients, the overall ratggfe comparable in the 400-mg and 600-mg groups for all grade 3 or 4
hematologic response lasting at least 4 weeks was 68%, includiithormalities, and in both groups the most commonly reported abnor-
35% CHR. The rate of major cytogenetic response was 23%, Wiltbjin was neutropenia. Median times from treatment start to nadir were
17% complete cytogenetic responses. The estimated duratlon7gfdays for neutropenia and 57 days for thrombocytopenia. Among

. . o .
her_natologl(_: resporlse exceeded ;2 months in 71% of pa_tle Stients who developed grade 3 or 4 abnormalities, median times to
Estimated time to disease progression exceeded 12 months in 60%

. . . recovery to grade 2 values or better were 21 days for neutropenia and 30
of patients, and estimated overall survival exceeded 12 months ;Q < for thrombocviopenia.
75% of patients. Prognostic factors identified for the 181 patien SyAd orse e iﬂ ph tH lated elated to treat ¢ ledt
with confirmed diagnosis (Table 4) were similar for all 235 en- vers .ven s, whether related or an a}e ofrea men., © .0
rolled patients. dose reductions on one or more occasions in 38 (49%) patients in

the 400-mg dose group and in 82 (52%) patients in the 600-mg dose

Toxicity group. Adverse events related to treatment led to the discontinua-
The toxicity of imatinib in this trial was generally similar to thattlon of imatinib therapy in 6 patients, all in the 600-mg dose group,

observed in a previous phase 1 study at comparable doses. Tabq@%comprised skin rash (2 patients), thrombocytopenia (1 patient),

presents treatment-related adverse events observed in 5o,hefpatobiliary disorders (Budd-Chiari syndrome and hepatotoxicity

patients or more. The most frequently reported events were naudBal Patient each), and gastric ulcer hemorrhage (1 patient).
edema, vomiting, diarrhea, and muscle cramps. Grade 1 orTreatment-related adverse events regarded as serious were reported
edema, dermatitis, vomiting, muscle cramps, myalgia, arthralgf@r 8 (10.4%) patients in the 400-mg dose group and 24 (15.2%)
and weight increase/fluid retention were generally more frequentfatients in the 600-mg dose group, and most frequently comprised
the 600-mg dose group than for patients treated with imatinib eytopenia or gastrointestinal events. One death due to liver failure
400 mg/d, but the incidences of other grade 1 or 2 reactions, andngfs suspected to be related to therapy. This patient had undergone
all grade 3 and 4 reactions, were similar in both dose groupgsior BMT and had received daily doses of 3000 to 3500 mg
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Table 5. Adverse events related to treatment with imatinib The ana|ysis of prognostic factors for response, time to progres-
All patients (n = 235) sion, and survival must be interpreted with caution because of the
All grades crade3or4  high correlation between many of the factors included in the model
Adverse event* n (%) n (%) and the limited follow-up at the time of analysis. Although the
Nausea 153 (65) 8(3) effects of prognostic factors were not completely consistent across
Edema 150 (64) 6 (3) all 3 end points, an initial dose of 600 mg imatinib and absence of
Vomiting 114 (49) 3D baseline anemia were found to be strongly predictive of favorable
Diarrhea 88 (37) 1(04) outcome. Although this trial was not designed as a randomized
Muscle cramps 75(32) 104 dose-finding study, the identification of a high starting dose of
Dermatitis 52 (22) 3(2)

imatinib as a positive prognostic factor, and inspection of efficacy

Dyspepsia 38 (16) 0 results in general, suggest that disease control is more durable

Fatigue 250D 6© when imatinib therapy is initiated and maintained at 600 mg/d
Myalgia 30 (13) 3(2) . ) .
Headache 30 (13) 3(1) rather than 400 mg/d. Hgmatologlc response duration, cyt_ogenetlc
Arthralgia 29 (12) 7(3) response rates, progression-free survival, and overall survival were
Hemorrhage 29 (12) 4(2) consistently better for patients who started imatinib therapy at 600
Weight increase/fluid retention 27 (11) 3(1) mg/d, although hematologic response rates did not differ greatly
Pain in limb 27 (11) 2(0.9) between dosage groups. These groups of patients had similar
Abdominal pain, upper 24 (10) 1(0.4) disease characteristics and histories, indicating that outcomes were
Bone pain 20(9) 104 unlikely to be influenced by differences in prognosis (Table 1).
Pruritus 2009 10.4) Because the toxicity of imatinib at 600 mg/d is manageable, overall
Anorexia 188 () results of this trial support the conclusion that patients with
Abdominal pain 16 (7) 1(0.4)

accelerated phase CML derive greater benefit from imatinib
*Events reported in at least 5% of patients. therapy at 600 mg/d than with 400 mg/d. Dose escalation above
600 mg/d was not systematically studied, but an increase in the

initial dose to a maximum of 800 mg/d led to the induction of

acetaminophen for approximately 1 month before starting tregfystained or transient hematologic responses in a small number
ment with imatinib at 600 mg/d. After 6 days of treatment thgt cases.

patient developed upper quadrant discomfort and jaundice, labora-a comparison of the results of this study with historical reports
tory tests revealed markedly elevated bilirubin and transaminas§§ggests that imatinib may bring substantially increased efficacy to
and imatinib therapy was stopped on day 7. Tests for infection wefg, reatment of patients in CML accelerated phase, compared to
negative. The patient's condition deteriorated from day 10 anghyrent alternative biologic agents or chemotherapies. Among
death occurred on day 12. patients in the 600-mg dose group, overall and complete hemato-
logic response rates of 71% and 37%, respectively, compare
favorably with the range of approximately 20% to 60% overall
response in similar patients treated with single agent ther&plés,
rlFNa and low-dose cytarabirfé* or HU and 6-mercaptopu

We conducted this phase 2 study to determine whether imatinibr,i e_'35 The inducti(_)n _Of m_ajor_ cytogenetic_ responses in 28% of
potent inhibitor of the oncogenic Bcr-Abl tyrosine kinase, coulfatients treated with imatinib is encouraging, because fewer than

induce hematologic responses in at least 30% of patients with CML , g ) T
. . Table 6. Hematologic abnormalities during treatment with imatinib
in accelerated phase, when administered at well-tolerated doses

Discussion

defined in earlier trial83-3° Results indicate that imatinib induced All oat 400-mg 600-mg
. X . ) patients dose group dose group
hematologic response lasting at least 4 weeks in 69% of patientsarameter* and (n = 235) (n =77 (n = 158)
including CHR in 34% of patients, with manageable hematologic  gradet n (%) n (%) n (%)
toxicity and few nonhematologic grade 3 or 4 adverse reactiongemia
Treatment with imatinib also induced major cytogenetic responsegrade 3 77 (33) 27 (35) 50 (32)
in 24% of patients, 12-month progression-free survival in 59% ofGrade 4 15 (6) 7(9) 8 (15)
patients, and 12-month overall survival in 74% of patients. Therombocytopenia
efficacy of imatinib in this study far exceeded the planned succes§rade 3 73(31) 23(30) 50 (32)
criteria defined in the protocol. Grade 4 212 1as 181D
The demographic features, disease history and baseline chaf§g<orena
L - . - . Grade 3 77 (33) 21 (27) 56 (35)
teristics, and major prognostic factors of the patients enrolled in
o ) ; ) : Grade 4 34 (14) 14 (18) 20 (13)
this trial appear to be consistent with those described in oth@gutropenia
studies with similar patients>® Notably, the criteria* used t0 5443 55 (23) 16 21) 39 (25)
define accelerated phase in this trial are more stringent than thosgage 4 82 (35) 27 (35) 55 (35)

of the International Bone Marrow Transplant Registry (IBMTR)
s . . . - . *Abnormalities occurring during treatment or worsening from baseline to the

or Sokaf cle_lssmcatlon sys_ten_ws, and patients with cytogenetic. grade.

clonal evolution as a sole criterion for accelerated phase, represent-rcrc: NCINIH Common Toxicity Criteria include the following:

ing a heterogeneous group with generally favorable progri®éis, CTC grade 3: neutrophils 0.5 to less than 1.0 X 10%L; platelets 10.0 to less than

H i i e 0.0 X 109L; hemoglobin 65 to less than 80 g/L; leukocytes 1.0 to less than 2.0 X
were echU(_jed_ from_ th_ls tr_lal. Accordlngly, the posmve_ results oL
observed with imatinib in this StUdy are unllkely to be attributable CTC grade 4: neutrophils less than 0.5 X 100%L; platelets less than 10.0 X 109/L;

to the selection of patients with favorable prognosis. hemoglobin less than 65 g/L; leukocytes less than 1.0 X 109/L.
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5% of patients with CML in accelerated phase achieve cytogenefiatients has been due to point mutations in the BCR-ABL oncd§ene.
response with alternative therapi€83The 12-month progression- Other plausible resistance mechanisms obtained from in vitro models
free and overall survival rates of 67% and 78%, respectively, alage postulated to involve amplification of the BCR-ABL fusion gene,
compare favorably with the more transient responses observed wdthg efflux, increased expression of the Ber-Abl protein, or decreased
other therapie&$-18:33-35Nonhematologic adverse reactions assoctellular bioavailability of imatinits7-40
ated with imatinib therapy were generally mild, and hematologic Because imatinib is well tolerated, it may be feasible to combine
toxicity was manageable. In summary, the results of this phasen2atinib with existing agents used to treat CML in accelerated phase.
trial suggest that imatinib is substantially more active than curreAtcordingly, further clinical trials are warranted to test the optimal use
alternative chemotherapies or biologic agents for CML in accelesfimatinib in combination with other active agents.
ated phase.
Despite treatment-related mortality rates of approximately 50%;
allogeneic stem cell transplantation is potentially curative, even in
patients with advanced CML. Disease-free survival rates rangir?ngnOWIedgments
from 20% to 40% at 4 years have been reported for patients
meeting various definitions of CML in accelerated ph&sd. We wish to thank the numerous coinvestigators, nursing staff,
Because allogeneic transplantation is more often successfulaimd clinical trial monitors who participated in this study. The
patients with early rather than advanced CRiiclinical trials may contributions of data managers and programmers at Novartis
be warranted to test whether preparative induction of response witharmaceuticals are gratefully acknowledged. Dr David Parkin-
imatinib improves the outcome of subsequent transplantation. son and Dr Greg Burke provided invaluable support, and we
Although imatinib showed remarkable clinical activity in this groughank Dr John Ford, Dr Elisabeth Wehrle, and Dr Marianne
of patients, a substantial fraction of them ultimately had a relapse wiosamilia for their collaboration in implementing the protocol
resistant disease. Mechanisms of in vivo resistance to imatinib do aoid reporting the study results, and Dr Thomas Brown for

appear to involve drug absorption or metabolf8iResistance in many assistance in preparing the manuscript.
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