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Brief report

Imatinib mesylate therapy in newly diagnosed patients with Philadelphia
chromosome—positive chronic myelogenous leukemia: high incidence

of early complete and major cytogenetic responses
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Fifty patients with Philadelphia chromo-
some—positive (Ph*) chronic myelog-
enous leukemia (CML) in early chronic
phasereceived imatinib mesylate, 400 mg
orally daily. After a median follow-up of 9
months, 49 patients (98%) achieved a
complete hematologic response and 45
patients (90%) achieved a major cytoge-
netic response, complete in 36 patients
(72%). Compared with similar patients

who received interferon-a with or without
hydroxyurea or other interferon-a combi-
nation regimens, those receiving imatinib
mesylate had higher incidences of com-
plete and major (Ph < 35%) cytogenetic
responses at 3 months (34% and 74%
versus 1%-4% and 9%-24%, respectively),
6 months (52% and 80% versus 3%-7%
and 11%-28%, respectively), and 9 months
(60% and 77% versus 5%-11% and 14%-

30%, respectively; P < .001). Competitive
guantitative polymerase chain reaction
(QPCR) studies at 9 months showed a
median QPCR value (ratio of BCR-ABL/
ABL transcripts x 100) of 0.59% overall
and of 0.24% (range, 0.001%-29.5%) for
complete cytogenetic response. (Blood.
2003;101:97-100)
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Introduction

The causal association between the Philadelphia chromosome (Ph)@iadnancy test before starting imatinib mesylate; all patients at risk were
BCR-ABL molecular events and the pathophysiology of chronigquired to use barrier contraception while on therapy. Chronic-phase CML
myelogenous leukemia (CML) has focused research on strategies ¥ defined as less than 15% blgsts, less _than 20% basophils, and less than
suppress the Pheells or the expression of BCR-ABE These have 30% blasts plus promyelocytes in the peripheral blood and bone marrow,
included allogeneic stem cell transplantation (SCT), interfeon 2nd Platelet counts of 108 1%L or higher.
(IFN-a), cytosine arabinoside, and othet8.Achieving minimal re h o

; ' . - erapy and monitoring
sidual disease (major or complete cytogenetic response) has been
independently associated with survival prolongation and has becomeRhagents received imatinib mesylate 400 mg orally daily. Patient monitoring
therapeutic research goal. Imatinib mesylate (Gleevec, STI571)angl dose reductions of imatinib mesylate for nonhematologic or hemato-
selective Bcr-Abl tyrosine kinase inhibitor, has shown activity in alPgic toxicities were detailed previoustyWhen possible, patients were not
CML phases (blastic, accelerated, chronic after failure of 420 reduced pelow a minimal daily dos_e of 300 mg daily. If the_rapy at this dose
Herein, we summarize our results, previously reported in abstré%%uned in severe myelosuppression (not manageable with growth factors,

. ; . . o . €0, epoetin alfa [Procrit], granulocyte colony-stimulating factor [G-CSF]),
21
form;# in patients with newly diagnosed CML treated with imatini the treatment was interrupted and resumed, rather than the dose reduced to

mesylate 400 mg orally daily, demonstrating high early rates of Majks than 300 mg daily. Severe extramedullary toxicities with doses of 300
and complete cytogenetic responses. mg daily resulted in discontinuation of therapy.

Marrow studies including morphology and cytogenetics or interphase
fluorescence in situ hybridization (iFISH) were performed every 3 months;
iFISH used the Wsis BCR-ABL ES probe which, in normal controls has a
positive mean value of 0.4% 1.2% (2 SDs); the upper normal limit is
1.5%. The iFISH analysis is conducted on 200 interphases. Competitive

. . . . . . guantitative polymerase chain reaction (QPCR) studies were conducted on
Patients with Ph CML in early chronic phase (diagnosis to therapyl2 marrow samples as previously descrieéd (Guo et al, manuscript

months) were treated; informed consent was obtained according to i”StEHbmitted) The QPCR values were expressed as a ratio-percentage

tional gui_delines. Eligibility criteria were age 15 years or older; Easter CR-ABL/ABL transcriptsx 100). Side effects were graded according to
Cooperative Oncolog_y-Group (ECOG)_ performapcg status of 0 to fational Cancer Institute (NCI) Common Toxicity Criteria, version 2.0.
adequate renal (creatinine less than twice upper limit of normal), hepatic

(bilirubin less than th(_;e_upper I‘|m|t gf normal), and cardiac funCt'on?—Qesponse criteria and statistical considerations

(New York Heart Association cardiac disease grade 3-4 excluded); no prior

imatinib mesylate therapy; and no more than 1 month of tFerapy. Response criteria were as describéds complete hematologic response
Women of childbearing potential were required to have a negati(€HR) was defined as white blood cell (WBC) count less thaxx110°/L,

Study design
Study group
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platelets less than 450 X 10%L, no immature peripheral cells (blasts,
promyelocytes, myelocytes), and disappearance of all signs and symptoms
related to leukemia, including palpable splenomegaly, lasting for at least 4
weeks. This was further categorized by the best cytogenetic response:
complete, Ph* 0%; partial, Ph™ 1% to 34%; and minor, Ph™ 35% to less
than or equal to 90%. A major cytogenetic response included complete plus
partial cytogenetic responses (Ph* less than 35%). At least 20 metaphases
were analyzed for a cytogenetic response to be evaluable. If cytogenetic
analysis was not successful, the ratio of iFISH on therapy to pretreatment
iFISH was considered for cytogenetic response eval uation.

Historical control groups

These included patients with Ph* early chronic-phase CML (diagnosis to
therapy < 12 months) treated with IFN-o alone or with hydroxyurea
(Hydrea) or IFN-y (n = 274), IFN-a and low-dose cytarabine (n = 257), or
IFN-a with low-dose cytarabine and homoharringtonine (n = 90). These
patients had similar follow-up studies as the patients on the current study.

Results and discussion
Study groups

The characteristics of the 50 patients in the study are detailed in
Table 1. Their median age was 48 years (range, 15-79 years). The
median time from diagnosisto therapy was 1.5 months (range, 0-11
months). Fifteen patients had no prior therapy; 35 patients had
received short courses of hydroxyurea (33 patients) or IFN-« (less
than 2 weeks; 2 patients).

Response

The median follow-up time is 9 months. One patient discontinued
imatinib mesylate after 4 weeks because of recurrent severe
hepatotoxicity; 49 patients (98%) achieved CHR (median time to
CHR 2 weeks), and all 49 patients (98%) had a cytogenetic
response: complete in 36 (72%), partial in 9 (18%), and minor in 4
(8%). The major cytogenetic response rate was thus 90% (45 of 50
patients). When only cytogenetic studies (without complementary
iIFISH studies) were considered, the cytogenetic response rates
were completein 34 (68%), partial in 9 (18%), and minor in 4 (8%).
The complete cytogenetic response rate was 35% after 3 months

Table 1. Characteristics of the study groups
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Table 2. Major and complete cytogenetic responses at 3, 6, and 9 months
on different regimens

% cytogenetic response,
complete/major

No. of
Regimen patients 3 mo 6 mo 9 mo
Imatinib mesylate for early chronic-
phase CML 50 34/74 52/80 60/77
IFN-a 274 4/2 3/11 5/14
IFN-a + cytarabine 257 1/9 7123 8/23
IFN-a + cytarabine + HHT 90 4124 7128 11/30
Imatinib mesylate for chronic phase
after IFN-« failure (M. D. Anderson
study group)?® 261 26/44 31/49 35/53

and 53% after 6 months of therapy (Table 2). For interest, we aso
included the results of patients treated at our ingtitution with
imatinib mesylate for chronic-phase CML after IFN-« failure.?
Response rates were higher (all values of P < .001) than those
achieved with IFN-a regimens (Table 2). Currently, 44 patients
continue on imatinib mesylate therapy; 6 patients are off study
because of development of myeloid blastic phase (n = 2; at 6 and 6
months), hematologic relapse (n = 1; after 6 months of therapy),
severe transient liver toxicities (n = 2; after 1 month and 9
months); and noncompliance (n = 1). The 2 patients who devel-
oped blastic phase had low risk by the Sokal model. The patient
with hematologic relapse had high risk. All patients are alive.

QPCR studies

The QPCR values among patients treated with imatinib mesylate at
9 months on therapy are shown in Figure 1. The median overall
QPCR value was 0.59%. Among 27 patients tested in complete
cytogenetic response the median QPCR value was 0.24% (range,
0.001%-29.6%); 7 of them (26%) had a QPCR value less than
0.04%, and 21 (78%; 54% of 39 patients tested) had QPCR values
less than 1%. Two patients in complete cytogenetic response had
high QPCR values above 10%; the iFISH studies showed 1% and
3.5% positivity. The significance of thisfinding is unknown; it may
be related to high BCR-ABL/ABL expression in resting nondivid-
ing cells and may be potentially predictive of relapse.

Imatinib IFN-a IFN-a + ara-C IFN-a + ara-C + HHT P for imatinib
(N = 50) (N = 274) (N = 257) (N = 90) versus all
(%) (%) (%) (%) P IFN-a regimens

Patient characteristics

Age older than 60 y 13 (26) 34 (12) 28 (11) 4 (4) .002 .004

Male 26 (52) 166 (61) 146 (57) 46 (51) NS NS
Splenomegaly 11 (22) 116 (42) 72 (28) 26 (29) .001 NS
Hemaoglobin less than 12g/dL 19 (38) 107 (39) 95 (37) 28 (31) NS NS
WBC count more than 50 X 109/L 11 (22) 143 (52) 86 (33) 20 (22) <.001 .02
Platelets more than 450 X 109/L 17 (34) 122 (44) 81 (32) 29 (32) .01 NS
Peripheral blasts (any) 14 (28) 94 (34) 66 (26) 17 (19) .02 NS
Marrow blasts more than 5% 0(0) 11 (4) 11 (4) 2(2) NS NS
Peripheral basophils 7% or higher 10 (20) 46 (17) 42 (16) 16 (18) NS NS
Marrow basophils 4% or higher 12 (24) 63 (23) 28 (11) 19 (21) .02 NS
Cytogenetic clonal evolution 0(0) 5(2) 20 (8) 4(4) NS NS
Risk group (Sokal model)

Good 25 (51) 124 (52) 111 (56) 34 (53) NS NS

Intermediate 13 (26) 58 (24) 52 (26) 24 (37)

Poor 11 (22) 54 (23) 34 (17) 6 (9)

Unknown 9 38 60 26

HHT indicates homoharringtonine; and NS, not significant.
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Figure 1. Competitive quantitative PCR values at 9 months on imatinib
mesylate therapy by cytogenetic response. Horizontal markings on graphs are
median values.

Side effects

Side effects of imatinib mesylate were similar to those reported in
previous trials.’® Grade 3 to 4 toxicities were skin rashes in 6%,
muscle cramps or aches in 2%, fatigue in 2%, and liver function
abnormalities in 4%. Myelosuppression-associated complications
were granulocytopenialessthan 0.5 X 10%L in 20%, thrombocyto-
penia less than 50 X 10%L in 8%, and anemia less than 9 g/dL in
8%. These required dose interruptions (n = 1) or reductions to 300
mg daily (n=2), but no patient had to discontinue therapy
permanently because of myel osuppression.

This study demonstrates the superior efficacy of imatinib
mesylate compared with IFN-a regimens in relation to previously
defined early surrogate end points for long-term prognosis with
IFN-a therapy®™ but not yet convincingly with imatinib mesylate
therapy819 (Table 2). The incidence of complete cytogenetic
response with imatinib mesylate was 72% overall and 60% at 9
months of therapy (versus 4% to 11% with IFN-«). A randomized
study of imatinib mesylate versus |FN-a plus cytosine arabinoside
(ara-C) in early chronic phase showed better cytogenetic response
rates (major 63% versus 10%, complete 40% versus 2%, respec-
tively, at 6 months; P < .001), lower failure rates, and fewer side
effects with imatinib mesylate therapy.?’
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Achievement of a complete cytogenetic response has been
associated with 5- to 10-year survival rates of 70% to 90%,56:9-11
and has been a consistent reliable early surrogate marker of
survival prolongation in CML with IFN-a therapy.36911 The
observation of a high incidence of complete cytogenetic response
early with imatinib mesylate therapy suggests its potential benefit
inimproving long-term prognosisin CML.

Qualitative and quantitative PCR studies have been relevant in
assessing minimal residual disease and prognosis. In the setting of
allogeneic SCT, persistent reverse transcriptase (RT)-PCR positiv-
ity after 12 months from transplantation was associated with CML
relapse in 30% to 40% of patients versus less than 5% for
RT-PCR-negative patients.8 The QPCR valuesfor patients“ cured”
after allogeneic SCT range from 0% to less than 0.03%.2 With
IFN-a therapy, QPCR values of less than 0.05% have been
associated with long-term event-free survival and low relapse
rates.®> This study demonstrates rapid achievement of very low
QPCR values (median 0.59% in the total population; 54% with
QPCR values < 1%) after a short period of 9 months of imatinib
mesylate therapy. This compares favorably with the QPCR levels
achieved at 9 months with imatinib mesylate therapy after IFN-«
failurein chronic phase (median QPCR values 0.24% versus 0.89%
[19 patients tested]; P = .04). Among 190 samples in complete
cytogenetic response after IFN-a therapy tested by QPCR, the
median QPCR value was 0.087% (H.M.K., unpublished data,
2000). However, these complete cytogenetic responses had all
persisted for more than 12 months, were tested after long-term
IFN-a therapy (not at 9 months into therapy), and occurred in a
minority of patients (20% to 25% in our studies). In the study
of Hochhaus et al, the median QPCR values after 6 and 12 months
in complete cytogenetic response with IFN-a were 0.46% and
0.135%, respectively. Again, the complete cytogenetic responses
were achieved in a minority of patients (5%-10%).%> Because
imatinib mesylate resulted in a median overal QPCR vaue of
0.59% in the total study group, it appears to induce significantly
lower levels of molecularly detectable residual disease in CML
compared with IFN-« therapy. However, the median follow-up
time is short in this study, and longer follow-up is needed before
definite conclusions can be drawn.

1.

Daley GQ, Van Etten RA, Baltimore D. Induction
of chronic myelogenous leukemia in mice by the
P210bcr/abl gene of the Philadelphia chromo-
some. Science. 1990;274:824-830.

chronic myeloid leukemia: a meta-analysis of
seven randomized trials. J Natl Cancer Inst.
2001;89:1616-1620.

sults of decitabine therapy in accelerated and
blastic phase of chronic myelogenous leukemia.
Leukemia. 1997;11:1617-1620.

) ' ) 8. Kantarjian H, O'Brien S, Smith TL, et al. Treat- 14. Druker BJ, Tamura S, Buchdunger E, et al. Ef-

2. Kelliher M, McLaughlin J, Witte O, Rosenberg N. ment of Philadelphia chromosome-positive early fects of a selective inhibitor of the ABL tyrosine
Induction of a chronic myelogenous leukemia-like chronic phase chronic myelogenous leukemia kinase on the growth of BCR-ABL positive cells.
Syn?roms in mice with v-abl and bcr/abl. Proc with daily doses of interferon alpha and low-dose Nat Med. 1996;2:561-566.

Natl Acad Sci U S A. 1990;87:6659-6653. i i 17: -
3 Faderl S Tal M. Estrov Z. Kantariian H cytarabine. J Clin Oncol. 1999;17:284-292. 15. Beran M, Cao X, Estrov Z, et al. Selective inhibi-
. Ci erl S, Tal Faz ) SI r0\|/< K él??'an . g 9. Guilhot F, Chastang C, Michallet M, et al. Inter- tion of cell proliferation and BCR-ABL phosphory-
h ronic de I()genouMs §u1§£i3£?zggy2a]g feron alfa-2b combined with cytarabine versus lation in acute lymphoblastic leukemia cells ex-
therapy. Ann Intern Med. 1oL 2V =219, interferon alone in chronic myelogenous leuke- pressing Mr 190,000 BCR-ABL protein by a

4. Kantarifiar;] HM, O‘Brilen S, Andler”;i P, etal. Treat- mia. N Engl J Med. 1997;337:223-229. tyrosine kinase inhibitor (CGP-57184). Clin Can-
ment of chronic myelogenous leukemia: curren.t 10. The ltalian Cooperative Study Group on Chronic cer Res. 1998;4:1661-1672.
status and investigational options. Blood. 1996; - ) .
87:3069-3081. Myeloid Leukemia. Long-term follow-up of the 16. Druker B, Talpaz M, Resta DJ, et al. Efficacy and

i. ) q hroni Italian trial of interferon-a versus conventional safety of a specific inhibitor of the Bcr-Abl ty-

5 Itla fan Co;peranve S;u Y Grl?u;; on Chronic MY'h chemotherapy in chronic myeloid leukemia. rosine kinase in chronic myeloid leukemia. N Engl
eloid Leukemia. Interferon alfa-2a compared wit Blood. 1998:92:1541-1548. J Med. 2001:344:1031-1037.
conventional chemotherapy for the treatment of . . .
chronic myeloid leukemia. N Engl J Med. 1994; 11. ltalian Cooperative Study Group on Chronic My- 17. Druker B, Sawyers C, Kantarjian H, et al. Activity
330:820-825. eloid Leukemia. Monitoring treatment and sur- of specific inhibitor of the BCR-ABL tyrosine in the

6. Kantarjian HM, Smith TL, O'Brien S, Beran M, ‘{g’gg’l‘;qg’sns'clrgéglo'd leukemia. J Clin Oncol. blast crisis of chronic myeloid leukemia and acute
Pierce S, Talpaz M. Prolonged survival in chronic L EEREEEE lymphoblastic leukemia with Philadelphia chro-
myelogenous leukemia after cytogenetic re- 12. O’Brien S, Kantarjian H, Keating M, et al. Homo- mosome. N Engl J Med. 2001;344:1038-1042.
sponse to interferon-alpha therapy. Ann Intern harringtonine therapy induces responses in pa- 18. Kantarjian H, Sawyers C, Hochhaus A, et al. He-
Med. 1995;122:254-261. tients with chronic myeloger.muls leukemia in late matologic and cytogenetic responses to imatinib

7. Chronic Myeloid Leukemia Trialists’ Collaborative chronic phase. Blood. 1995;86:3322-3326. mesylate in chronic myelogenous leukemia.
Group. Interferon alfa versus chemotherapy for 13. Kantarjian HM, O’Brien S, Keating M, et al. Re- N Engl J Med. 2002;346:645-652.



100

19.

20.

21.

22.

KANTARJIAN et al

Talpaz M, Silver R, Druker B, et al. Imatinib in-
duces durable hematologic and cytogenetic re-
sponses in patients with accelerated phase
chronic myeloid leukemia: results of a phase 2
study. Blood. 2002;99:1928-1937.

Kantarjian H, Cortes J, O'Brien S, et al. Imatinib
mesylate (STI571) therapy for Philadelphia chro-
mosome-positive chronic myelogenous leukemia
in blast phase. Blood. 2002;99:3547-3553.
Kantarjian HM, Cortes J, O'Brien S, et al. Imatinib
mesylate (STI571) therapy of Philadelphia chro-
mosome-positive chronic myelogenous leukemia
(CML) in early chronic phase (Ph + CML early
CP) [abstract]. Blood. 2001;98:137a.

Cross NC, Feng L, Chase A, et al. Competitive
polymerase chain reaction to estimate the num-
ber of BCR-ABL transcripts in chronic myeloid

23.

24,

25.

BLOOD, 1 JANUARY 2003 - VOLUME 101, NUMBER 1

leukemia patients after bone marrow transplanta-
tion. Blood. 1993;82:1929-1936.

Cross NC, Melo JV, Lin F, Goldman JM. An opti-
mized multiplex polymerase chain reaction (PCR)
for detection of BCR-ABL fusion mRNAs in
haematological disorders. Leukemia. 1994;8:186-
189.

Hochhaus A, Lin F, Reiter A, et al. Monitoring the
efficiency of interferon-alpha therapy in chronic
myelogenous leukemia (CML) patients by com-
petitive polymerase chain reaction. Leukemia
Suppl 1997;3:541-544.

Hochhaus A, Reiter A, SauBele S, et al. Molecu-
lar heterogeneity in complete cytogenetic re-
sponders after interferon-a therapy for chronic
myelogenous leukemia: low levels of minimal re-

26.

27.

28.

sidual disease are associated with continuing re-
mission. Blood. 2000;95:62-66.

Kantarjian H, Cortes J, O’'Brien, et al. Imatinib
mesylate for Philadelphia chromosome-positive,
chronic-phase myeloid leukemia after failure of
interferon-a: follow-up results. Clin Cancer Res.
2002;8:2177-2187.

Druker BJ for the IRIS Study Group. STI571
(Gleevec/Glivec, imatinib) versus interferon
(IFN) + cytarabine as initial therapy for patients
with CIML: results of a randomized study [ab-
stract]. Proceed ASCO. 2002;21:1a.

Radich JP, Gehly G, Gooley T, et al. PCR detec-
tion of the ber-abl fusion transcript after alloge-
neic marrow transplantation for chronic myeloid
leukemia: results and implications in 346 patients.
Blood. 1995;85:2632-2638.



