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Dose escalation of imatinib mesylate can overcome resistance to standard-dose
therapy in patients with chronic myelogenous leukemia
Hagop M. Kantarjian, Moshe Talpaz, Susan O’Brien, Francis Giles, Guillermo Garcia-Manero, Stefan Faderl, Deborah Thomas,
Jianqin Shan, Mary Beth Rios, and Jorge Cortes

We investigated whether increasing the
dose of imatinib mesylate might over-
come drug resistance in patients with
Philadelphia chromosome–positive (Ph�)
chronic myelogenous leukemia (CML)
whose disease manifests relapse or re-
fractoriness to therapy. Fifty-four patients
with Ph� CML in chronic phase and with
hematologic or cytogenetic resistance or
relapse on imatinib mesylate therapy at
400 mg orally daily were treated with a

higher dose of 400 mg orally twice daily
(800 mg daily, 47 patients; or 600 mg daily
increased from 300 mg daily, 7 patients).
Among 20 patients treated for hemato-
logic resistance or relapse, 13 (65%)
achieved a complete (n � 9) or partial
(n � 4) hematologic response, but only 1
had a cytogenetic partial response (Ph
reduction from 100% to 10%) and 1 had a
minor response (Ph reduction from 100%
to 50%). Among 34 patients treated for

cytogenetic resistance or relapse, 19
(56%) achieved a complete (n � 6) or par-
tial (n � 7) cytogenetic response. We con-
clude that higher doses of imatinib mesy-
late may overcome disease-poor response
to conventional doses and that this ap-
proach deserves further evaluation as
frontline therapy for newly diagnosed
CML. (Blood. 2003;101:473-475)
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Introduction

Imatinib mesylate (Gleevec, STI571), a selective BCR-ABL tyrosine-
kinase inhibitor, has shown significant activity against Philadelphia
chromosome–positive (Ph�) chronic myelogenous leukemia (CML)
and Ph� acute lymphocytic leukemia.1-10 The estimated 2-year inci-
dence of resistance to imatinib mesylate was 80% in blastic phase, 40%
to 50% in accelerated phase, and 10% in chronic phase post–
interferon-� failure. Mechanisms of resistance to imatinib mesylate
include overexpression of Bcr-Abl, BCR-ABL oncogene amplification,
mutations within the ABL-activation site, increased levels of plasma �1
acid glycoprotein, and cytogenetic clonal evolution.11-20 Several strate-
gies to overcome imatinib mesylate resistance are being investi-
gated.11-22 One approach is to increase the dose of imatinib mesylate.
The rationale for this is the overexpression of Bcr-Abl and amplification
of BCR-ABL as mechanisms of resistance; the preclinical studies and
clinical experience showing a dose-response effect; the experience in
CML accelerated phase in which a dose of 600 mg imatinib mesylate
was independently associated with significantly better time to transfor-
mation and better survival compared with 400 mg; and anecdotal
experience of responsiveness to higher doses of imatinib mesylate in
patients whose CML had become resistant to lower doses. Here, we
summarize our experience in patients with Ph� CML in chronic phase
post–interferon failure who received an escalated dose of 800 mg or 600
mg orally daily after demonstrating a poor response or relapse at the
standard dose.

Study design

We analyzed the treatment course of 261 patients with Ph� CML in chronic
phase post–interferon failure treated on 2 Novartis-sponsored trials (East

Hanover, NJ): the pivotal study (study 110; 149 patients treated at the M. D.
Anderson Cancer Center, Houston, TX), and the expanded-access study
(study 113; 112 patients). Both studies were approved by the M. D.
Anderson Cancer Center institutional review board and all patients signed
an informed consent according to institutional guidelines. The entry criteria,
pretreatment, and follow-up studies, and dose-modification guidelines have
been previously detailed.3,5,9 The protocol design allowed for dose escala-
tion of imatinib mesylate from 400 mg daily to 400 mg twice daily, or to
600 mg daily if the dose had been reduced to 300 mg daily, under the
following circumstances: (1) failure to achieve a complete hematologic
response (CHR) after 3 months of therapy (hematologic resistance); (2)
failure to achieve a major cytogenetic response (Ph� cells, fewer than 35%)
after 12 months of therapy (cytogenetic resistance); (3) hematologic
relapse; or (4) cytogenetic relapse, defined as an increase of Ph� cells by at
least 30% documented on 2 consecutive occasions.

Response criteria were previously described.5,9 A CHR required nor-
malization of peripheral counts and differential, and disappearance of all
signs and symptoms of CML. Cytogenetic responses were defined as
follows: complete, Ph 0%; partial, Ph 1% to 34%; minor, Ph 35% to 90%. A
major cytogenetic response included complete and partial cytogenetic
responses, that is, Ph below 35%. A partial hematologic response (PHR)
was similar to CHR except for persistence of peripheral immature cells
(blasts, promyelocytes, myelocytes) or persistence but more than 50%
improvement in splenomegaly or in degree of thrombocytosis. Toxicities
were graded according to the National Cancer Institute (NCI) Common
Toxicity Criteria.

Results and discussion

Among the 261 patients treated, 54 patients fulfilled the above
resistance/relapse criteria, and agreed to be treated at the higher
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dose. Their characteristics are shown in Table 1. Their median age
was 58 years (range, 24-77 years). The median time from diagnosis
to therapy was 32 months (range, 5-131 months), and the median
duration of imatinib mesylate therapy was 13 months (range, 3-27
months). Forty-seven patients received 800 mg imatinib mesylate
daily, and 7 received 600 mg imatinib mesylate daily. Response to
standard-dose imatinib mesylate are detailed by category in Table 2.

Among 9 patients who lost their complete (n � 3) or partial
cytogenetic response (n � 6), 5 (56%) achieved a major cytoge-
netic response (complete, 3; partial, 2).

Among 4 patients who had loss of a minor cytogenetic
response, 2 achieved a complete and 1 a partial cytogenetic
response. The fourth patient has improved from 100% Ph to 40%.

Twenty-one patients had cytogenetic resistance. Among 14
patients without any cytogenetic response, 1 achieved a partial

cytogenetic response. Three additional patients have improved
from 100% Ph� to 45%, 45%, and 55% Ph�. Among 7 patients
with a minor cytogenetic response, 1 achieved a complete and 4 a
partial cytogenetic response.

Fourteen patients were treated for hematologic relapse: 6
achieved CHR, and 4 PHR; 1 has achieved a minor cytogenetic
response (Ph 100% to 50%). Six patients were treated for hemato-
logic resistance: 3 achieved CHR, and 1 of them had a partial
cytogenetic response.

Thus, among 20 patients treated for active CML disease not
responding to standard-dose imatinib mesylate, 13 (65%) achieved
a hematologic response (9 CHR, 4 PHR), but only 1 (5%) has achieved a
major cytogenetic response. Among 34 patients treated for cytogenetic
resistance or relapse, 13 patients (38%) have achieved a major
cytogenetic response: 6 complete and 7 partial. Six patients have
shown minor responses or improvements, and 4 continue on
therapy. The details of cytogenetic responses are shown in Table 3.

Table 1. Characteristics of the study group (N � 54)

Characteristic No. (%)

Age, at least 60 y 23 (43)

Sex, female 23 (43)

Performance status, ECOG

0 35 (65)

1 19 (35)

Splenomegaly, at least 10 cm bcm 4 (8)

Any hepatomegaly 2 (4)

Time from diagnosis to therapy

Less than 12 months 5 (9)

12 to 35 months 25 (46)

36 months or longer 24 (44)

Hemoglobin level, less than 12 g/dL 23 (43)

WBC count, at least 10 � 109/L 36 (67)

Platelet count, at least 450 � 109/L 20 (37)

Peripheral blasts present 20 (37)

Marrow blasts, at least 5% 8 (15)

Peripheral basophils, at least 7% 13 (24)

Marrow basophils, at least 5% 13 (24)

Ph� at start of therapy

90% or lower 2 (4)

More than 90% 52 (96)

Clonal evolution present 13 (24)

Disease group at start of 400 mg imatinib mesylate

Hematologic relapse 5 (9)

Hematologic resistance 11 (20)

Cytogenetic relapse 1 (2)

Cytogenetic resistance 20 (37)

Interferon intolerance 17 (31)

ECOG indicates Eastern Cooperative Oncology Group; bcm, below costal
margin; and WBC, white blood cell.

Table 2. Response to high-dose imatinib mesylate following resistance/relapse to standard-dose imatinib mesylate

Resistance/relapse status

Median time on 400 mg
imatinib mesylate, mo

(range)
Patients

treated, no.

Patients with
CHR/with
PHR, no.

Patients with CG response, no.

CR PR Minor

Loss of CG CR or CG PR

Ph exceeding 90% 19 (14-26) 3 NA 0 0 1

Ph 35% to 90% 21 (12-27) 6 NA 3 2 0

Loss of minor CG response to 100% Ph� 18 (15-25) 4 NA 1 � 1* 0 1 � 1*

CG resistance

Ph exceeding 90% 12 (12-23) 14 NA 0 1* 2 � 1*

Ph 35% to 90% 17 (12-25) 7 NA 1 4 0

Any CG resistance/relapse 17 (12-27) 34 NA 5 � 1* 6 � 1* 4 � 2*

Hematologic relapse 12 (4-22) 14 6/4 0 0 1

Hematologic resistance 5 (2-14) 6 3/0 0 1 0

CG indicates cytogenetic; CG CR, complete cytogenetic response; CG PR, partial cytogenetic response; and NA, not applicable.
*Analysis by fluorescent in situ hybridization.

Table 3. Details of cytogenetic responses

Patient

Ph� % on conventional
imatinib mesylate,
lowest/preincrease

Lowest Ph� %
after dose increase

Improved cytogenetic
response, type and

duration*/mo

1 50/55 0 CR/6�

2 5/70 0 CR/6�

3 40/100 0 CR/5�

4 20/40 0 CR/2�

5 0/55 0 CR/1�

6 100/100† 10 PR/17

7 0/55 10 PR/15

8 50/85 15 PR/1�

9 5/45 20 PR/3�

10 90/90 25 PR/1�

11 90/90 40 PR/6�

12 66/100 40 Minor/1�

13 75/75 42 PR/5�

14 100/100 45 Minor/11

15 100/100 45 Minor/1�

16 100/100† 50 Minor/1�

17 0/95 70 Minor/2

18 45/100 3 (FISH) CR/11�

19 100/100 27 (FISH) PR/1�

20 85/100 34 (FISH) Minor/1�

21 100/100 55 (FISH) Minor/11�

CG indicates cytogenetic response; CR, complete response; PR, partial re-
sponse; and FISH; fluorescent in situ hybridization.

*From date improvement first documented.
†Hematologic resistance.
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Twenty-two patients had reductions in the dose of imatinib
mesylate from 800 mg to 600 or 400 mg owing to severe
pancytopenia (n � 13) or other toxicities (n � 9; fatigue, gastroin-
testinal, skin rash, bone aches, edema, and dizziness). The median
actual dose delivered at 3 (n � 47) and 6 (n � 41) months was 800
mg. After a median follow-up of longer than 8 months (range,
1-26� months), 38 patients remained on imatinib mesylate in
chronic phase while 16 patients discontinued therapy because of
hematologic (n � 8) or cytogenetic (n � 2) resistance, transforma-
tion to accelerated (n � 3) or blastic phase (n � 2), or sudden
unrelated death (n � 1). Eleven patients have died, 10 following
discontinuation of imatinib mesylate, and 1 while on imatinib
mesylate (infection, 2; cardiac failure, 2; blastic phase, 4; bleeding,
1; other, 2).

Overcoming resistance to imatinib mesylate therapy in CML
can be achieved through several hypothetical approaches. These
include increasing the dose of imatinib mesylate, using inhibitors
of downstream pathways to Bcr-Abl (eg, farnesyl transferase
inhibitors), combining imatinib mesylate with established (inter-
feron-alpha, cytarabine), or investigational (homoharringtonine,
decitabine) therapies, or circumventing specific mechanisms of
resistance (eg, multidrug resistance [MDR] blocking agents). The
present analysis demonstrates that higher doses of imatinib mesy-
late may reinduce hematologic response or improve the cytogenetic
responses in some patients whose CML had shown hematologic or
cytogenetic resistance to standard-dose imatinib mesylate. Al-
though we cannot rule out the possibility that responses would
occur with continuation of standard-dose imatinib mesylate, many
of the responders had already lost their response. In addition, the

larger experience with imatinib mesylate suggests that hematologic
responses typically occur within 3 months, and major CG re-
sponses occur infrequently after 12 months of therapy.5 All patients
with hematologic failure had received imatinib mesylate for at least
3 months, and those with cytogenetic failure had received imatinib
mesylate for at least 12 months. Some patients in this report have
achieved only a minor cytogenetic response with short follow-up,
and it is possible that some of these responses may become major
responses with longer therapy.

Several mechanisms of resistance have been described after
imatinib mesylate therapy; these include clonal evolution, point
mutations, and overexpression and amplification of Bcr/Abl. The
mechanism of resistance to standard dose was not evaluated in this
study. This could be an important factor in determining which
patients might respond to increasing doses of imatinib mesylate,
and this should be addressed in future studies.

The preclinical rationale, the positive current clinical experi-
ence, and the experience with higher doses of imatinib mesylate
(600 mg) in accelerated phase, all encourage the investigation of
high-dose imatinib mesylate as frontline therapy in patients with
newly diagnosed CML or in late chronic-phase CML, to obtain
better and more durable complete cytogenetic and, possibly, molecular
remissions.23,24

Acknowledgment

J.C. is a Clinical Research Scholar for The Leukemia and
Lymphoma Society.

References

1. Druker BJ, Tamura S, Buchdunger E, et al. Ef-
fects of a selective inhibitor of the Abl tyrosine
kinase on the growth of Bcr-Abl positive cells. Nat
Med. 1996;2:561-566.

2. Beran M, Cao X, Estrov Z, et al. Selective inhibi-
tion of cell proliferation and BCR-ABL phosphory-
lation in acute lymphoblastic leukemia cells ex-
pressing Mr 190,000 BCR-ABL protein by a
tyrosine kinase inhibitor (CGP-57148). Clin Can-
cer Res. 1998;4:1661-1672.

3. Druker BJ, Talpaz M, Resta DJ, et al. Efficacy and
safety of a specific inhibitor of the BCR-ABL ty-
rosine kinase in chronic myeloid leukemia. N Engl
J Med. 2001;344:1031-1037.

4. Druker BJ, Sawyers CL, Kantarjian H, et al. Activ-
ity of a specific inhibitor of the BCR-ABL tyrosine
kinase in the blast crisis of chronic myeloid leuke-
mia and acute lymphoblastic leukemia with the
Philadelphia chromosome. N Engl J Med. 2001;
344:1038-1042.

5. Kantarjian H, Sawyers C, Hochhaus A, et al. He-
matologic and cytogenetic responses to imatinib
mesylate in chronic myelogenous leukemia.
N Engl J Med. 2002;346:645-652.

6. 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.

7. 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.

8. Sawyers C, Hochhaus A, Feldman E, et al. A
phase II study to determine the safety and anti-
leukemic effects of STI571 in patients with Phila-
delphia chromosome positive chronic myeloid
leukemia in myeloid blast crisis [abstract]. Blood.
2000;96:503a.

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

10. Weisberg E, Griffin JD. Mechanism of resistance
to the ABL tyrosine kinase inhibitor STI571 in
BCR/ABL-transformed hematopoietic cell lines.
Blood. 2000;95:3498-3505.

11. Mahon FX, Deininger MWN, Schultheis B, et al.
Selection and characterization of BCR-ABL posi-
tive cell lines with differential sensitivity to the ty-
rosine kinase inhibitor STI571: diverse mecha-
nism of resistance. Blood. 2000;96:1070-1079.

12. Gorre ME, Mohammed M, Ellwood K, et al. Clini-
cal resistance to STI571 cancer therapy caused
by BCR-ABL gene mutation or amplification. Sci-
ence. 2001;293:876-880.

13. Hochhaus A, Kreil S, Corbin A, et al. Roots of
clinical resistance to STI-571 cancer therapy. Sci-
ence. 2001;293:2163.

14. Tipping A, Manhon FX, Lagarde V, Goldman JM,
Melo JV. Restoration of sensitivity to STI571 in
STI571-resistant chronic myeloid leukemia cells.
Blood. 2001;98:3864-3867.

15. Vigneri P, Wang JYJ. Induction of apoptosis in
chronic myelogenous leukemia cells through
nuclear entrapment of BCR-ABL tyrosine kinase.
Nat Med. 2001;7:228-234.

16. von Bubnoff N, Schneller F, Peschel C, Duyster J.
BCR-ABL gene mutations in relation to clinical
resistance of Philadelphia-chromosome-positive
leukaemia to STI571: a prospective study. Lan-
cet. 2001;359:487-491.

17. Gambacorti-Passerini C, Barni R, Le Coutre P.
Role of alpha 1 acid glycoprotein in the in vivo
resistance of human BCR-ABL� leukemia cells
to the Abl inhibitor STI571. J Natl Cancer Inst.
2000;18;92:1641-1650.

18. Le Coutre P, Tassi E, Varella-Garcia M, et al. In-
duction of resistance to the Abelson inhibitor
STI571 in human leukemic cells through gene
amplification. Blood. 2000;95:1758-1766.

19. Branford S, Rudzki Z, Walsh S, et al. High fre-
quency of point mutations clustered within the
adenosine triphosphate-binding region of BCR/
ABL in patients with chronic myeloid leukemia or
Ph-positive acute lymphoblastic leukemia who
develop imatinib (STI571) resistance. Blood.
2002;99:3472-3475.

20. Kantarjian HM, Talpaz M, Smith TL, et al. Homo-
harringtonine and low-dose cytarabine in the
management of late chronic-phase chronic my-
elogenous leukemia. J Clin Oncol. 2000;18:3513-
3521.

21. Kantarjian HM, O’Brien SM, Keating M, et al. Re-
sults of decitabine therapy in the accelerated and
blastic phases of chronic myelogenous leukemia.
Leukemia. 1997;11:1617-1620.

22. Peters D, Hoover R, Gerlach M, et al. Activity of
the farnesyl protein transferase inhibitor
SCH66336 against BCR/ABL-induced murine
leukemia and primary cells from patients with
chronic myeloid leukemia. Blood. 2001;97:1404-
1412.

23. Cortes J, Talpaz M, Giles F, et al. High-dose ima-
tinib mesylate (STI571, gleevec) in patients with
chronic myeloid leukemia (CML) resistant or intol-
erant to interferon-alpha (IFN) [abstract]. Proc
ASCO. 2002;21:262a.

24. Kantarjian H, Cortes J, O’Brien S, et al. High
rates of early major and complete cytogenetic
responses with imatinib mesylate therapy given
at 400 mg or 800 mg orally daily in patients with
newly diagnosed Philadelphia chromosome-posi-
tive chronic myeloid leukemia in chronic phase
(Ph � CML-CP) [abstract]. Proc ASCO. 2002 ;21:
261a.

DOSE ESCALATION OF IMATINIB MESYLATE IN CML 475BLOOD, 15 JANUARY 2003 � VOLUME 101, NUMBER 2


