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ABSTRACT

Background

Dasatinib 100 mg once daily achieves intermittent BCR-ABL kinase inhibition and is
approved for chronic-phase chronic myeloid leukemia patients resistant or intolerant to
imatinib. To better assess durability of response to and tolerability of dasatinib, data from
a 2-year minimum follow-up for a dose-optimization study in chronic-phase chronic
myeloid leukemia are reported here.

Design and Methods

In a phase 3 study, 670 chronic-phase chronic myeloid leukemia patients with resistance,
intolerance, or suboptimal response to imatinib were randomized to dasatinib 100 mg
once-daily, 50 mg twice-daily, 140 mg once-daily, or 70 mg twice-daily.

Results

Data from a 2-year minimum follow-up demonstrate that dasatinib 100 mg once daily
achieves major cytogenetic response and complete cytogenetic response rates comparable
to those in the other treatment arms, and reduces the frequency of key side effects.
Comparable 2-year progression-free survival and overall survival rates were observed
(80% and 91%, respectively, for 100 mg once daily, and 75%-76% and 88%-94%, respec-
tively, in other arms). Complete cytogenetic responses were achieved rapidly, typically by
6 months. In patients treated with dasatinib 100 mg once daily for 6 months without com-
plete cytogenetic response, the likelihood of achieving such a response by 2 years was
50% for patients who had achieved a partial cytogenetic response, and only 8% or less for
patients with minor, minimal, or no cytogenetic response. Less than 3% of patients suf-
fered disease transformation to accelerated or blast phase.

Conclusions

Intermittent kinase inhibition can achieve rapid and durable responses, indistinguishable
from those achieved with more continuous inhibition.
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Introduction

Chronic myeloid leukemia (CML) is a myeloprolifera-
tive disorder characterized by the presence of the BCR-
ABL tyrosine kinase,' and the first disease to be success-
fully treated by a small molecule tyrosine kinase
inhibitor, imatinib mesylate (Gleevec/Glivec ®, Novartis,
Basel, Switzerland).? Imatinib and its active metabolite,
the N-desmethyl derivative,” have prolonged half-lives
that provide clinically continuous BCR-ABL kinase inhibi-
tion.>** Since the approval of imatinib, several tyrosine
kinase inhibitors with long half-lives have also become
available for other malignancies.*’

Dasatinib (Sprycel ®; Bristol-Myers Squibb, New York,
NY, USA) is approved for the treatment of imatinib-resist-
ant and -intolerant CML and Philadelphia chromosome
positive (Ph?) acute lymphoblastic leukemia,” and is
unique amongst approved tyrosine kinase inhibitors in
that its half-life is 3-5 hours."” Surprisingly, short-term
exposure of CML cell lines to clinically-achieved concen-
trations of dasatinib triggers an irreversible commitment
of cells to apoptosis."" Additionally, despite achieving
only transient inhibition of BCR-ABL when administered
once daily in CML patients, dasatinib has substantial clin-
ical activity.""” Although the original dasatinib dosing
regimen investigated in phase 2 studies and subsequently
approved was 70 mg twice daily,"'® a randomized phase
3 dose-optimization study® led to the revision of the rec-
ommended dose to 100 mg once daily in chronic-phase
CML (CP-CML) patients, based upon non-inferior cyto-
genetic response rates and improved tolerability.
However, because the 100 mg once-daily treatment regi-
men employs a lower total daily dasatinib dose, and
because treatment exposure is predicted to be less than
that with 70 mg twice daily, an important unresolved
issue concerns the potential for compromise of response
duration and progression-free survival with the 100 mg
once-daily regimen.

A primary goal in the management of CP-CML is to
maintain patients in hematologic remission and prevent
progression to blast transformation. However, it has
become evident that patients who achieve a complete
cytogenetic response (CCyR) on imatinib have improved
outcomes.” Studies of outcomes on a large cohort of
patients treated with imatinib have led to new definitions
of imatinib treatment failure, which now notably include
failure to achieve CCyR by 18 months after initiation of
therapy.””*® Significantly, CCyR has also been shown to
be an effective surrogate marker for survival in CML
patients treated with interferon-o,""*' and is likely to rep-
resent an equally important therapeutic milestone in
patients treated with second-line tyrosine kinase
inhibitors.

Currently, some patients with imatinib resistance or
intolerance may have, in addition to second-line tyrosine
kinase inhibitors,'"” the option of allogeneic stem cell
transplantation. However, due to the toxicity associated
with transplantation, it is generally believed that an initial
trial of second-line tyrosine kinase inhibitors is reason-
able in nearly all patients in whom imatinib treatment
fails before proceeding to transplantation. An important
unresolved issue regarding the second-line tyrosine
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kinase inhibitors is how long one should wait for achieve-
ment of a CCyR before exploring other therapeutic
options. Recently, data from a single institution experi-
ence with second-line tyrosine kinase inhibitors in 113
patients were presented.” In this analysis, patients who
did not have a major cytogenetic response (MCyR) after
1 year of therapy had inferior survival, and the authors,
therefore, concluded that MCyR by 12 months was an
acceptable therapeutic milestone with these agents.
Although informative, this analysis was limited due to
the relatively small number of patients analyzed and the
heterogeneity of drugs and dosing regimens studied,
which in the case of dasatinib largely included patients
treated with 70 mg twice daily. Here we present a mini-
mum of 2 years of follow-up of the study (CA180034)
which includes the largest cohort (n = 167) of CP-CML
patients to date treated with the currently recommended
dasatinib regimen (100 mg once daily). Additionally, we
determined the likelihood of achieving CCyR, and of the
patients’ disease transforming to accelerated or blast
phase, based upon cytogenetic response at 6 and 12
months, information which should be of particular use to
clinicians using dasatinib to manage imatinib-resistant or
-intolerant patients who are candidates for allogeneic
stem cell transplantation.

Design and Methods

The study design has been previously published," and is also
described briefly in the Online Supplementary Material.

Statistical analyses

As intent-to-treat analyses, the efficacy results included all
randomized patients. Mutation and molecular analyses included
patients for whom mutation data were available. Safety analy-
ses included treated patients.

Non-inferiority of the primary endpoint was determined
based on whether the lower bound of the 95% confidence inter-
val (CI) for the difference in MCyR rates between the regimens
was -15% or greater. A minimum of either 174 imatinib-resist-
ant patients on a twice daily and once daily schedule, or 87 ima-
tinib-resistant patients per treatment group, was required to pro-
vide at least 80% power. As the primary endpoint of non-inferi-
ority of MCyR for once daily versus twice daily regimens after a
minimum of 6 months follow-up was met and previously pub-
lished," this report focuses on results after a minimum of 2 years
of follow-up.

Two-sided 95% CI were calculated for best responses of a
MCyR (CCyR and/or partial cytogenetic response [PCyR]) or
confirmed complete hematologic response, and estimated by
treatment arm, total daily dose, and dosing schedule. The
Kaplan-Meier product-limit method was used to estimate time
to and duration of response, progression-free survival, and over-
all survival. The CCyR analysis and rates at 2 years (with 95%
CI) were specified subsequently as post-hoc analyses. In the
time to CCyR analysis, non-responders were censored at the
maximum time between the maximum time to CCyR among
responders and maximum time to last cytogenetic assessment
for non-responders. The resulting curve reaches a maximal value
corresponding to the overall observed CCyR rate.

An additional analysis on the probability of CCyR by 2 years
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by cytogenetic response at 6 or 12 months was defined as the
proportion of patients who achieved a CCyR within 2 years
among patients with a cytogenetic assessment available at 6 or
12 months. Similarly, the probability of progression due to trans-
formation to accelerated/blast phase by 2 years by cytogenetic
response at 6 or 12 months was defined as the proportion of
patients who progressed due to development of accelerat-
ed/blast phase before 2 years among patients with a cytogenet-
ic assessment available at 6 or 12 months.

Progression-free survival was defined as the time from ran-
domization until progression or death. Duration of response
(MCyR or CCyR) was the time from the date of response until
progression or death. For analyses of duration of response and
progression-free survival, patients who had not died or pro-
gressed were censored on the last assessment date. Patients were
not followed for progression-free survival or duration of
response after they had discontinued dasatinib. Overall survival
was defined as the time from randomization until death and
patients who had not died or were lost to follow-up were cen-
sored on the last date they were known to be alive. After discon-
tinuation of dasatinib, patients continued to be followed for
overall survival.

Incidences of selected adverse events were compared
between the four arms using Fisher’s exact test. On-study
adverse events were graded according to the National Cancer
Institute Common Terminology Criteria for Adverse Events
(NCI-CTCAE) version 3.0.

Results

There were 724 patients enrolled from 139 centers
between July 2005 and March 2006, of whom 670 were
randomized and 662 treated (Figure 1). Fourteen eligible
Ph-negative, BCR-ABL-positive patients were random-
ized but retrospectively excluded from the MCyR and
CCyR analysis. The current results are based on analyses
of data from 2 years of study follow-up from the last
patient’s initial visit. Baseline demographics and disease
characteristics were well balanced.”” Key baseline charac-
teristics and reasons for primary imatinib resistance/sub-
optimal response and acquired imatinib resistance are
presented (Online Supplementary Table S1).

Hematologic, cytogenetic, and molecular responses
Hematologic, cytogenetic, and molecular response, all patients

Dasatinib provided similar complete hematologic
response (87 % to 92%), MCyR (61% to 63%), and CCyR
(50% to 54%) rates across the four treatment arms (Table
1). These MCyR and CCyR rates were similar to the
response rates reported when the 14 patients with Ph-
negative BCR-ABL-positive disease were excluded (Table
1). Among patients with a MCyR on dasatinib, the MCyR
was maintained at 2 years in 87 % on 100 mg once daily,
88% on 70 mg twice daily, 68% on 140 mg once daily,
and 88% on 50 mg twice daily. The MCyR rates were
also comparable regardless of a once daily or twice daily
regimen (63% and 61%), or a total daily dose of 100 mg
or 140 mg (62% and 62%).

The CCyR rates were also similar across treatment
groups (Table 1). Among patients who experienced a
CCyR during treatment, 89% on 100 mg once daily, 85%
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on 70 mg twice daily, 78% on 140 mg once daily, and
93% of patients on 50 mg twice daily had not lost the
CCyR at 2 years (Figure 2A). Only 83 of 341 patients lost
a CCyR (18 in the 100 mg once daily, 22 in the 140 mg
once daily, 20 in the 50 mg twice daily and 23 in the 70
mg twice daily groups). Among these 83 patients, 31 lost
a MCyR, but 36 subsequently regained their CCyR. Only
2 of the 83 patients progressed to accelerated or blast
phase. In patients treated with dasatinib 100 mg once
daily, CCyR was achieved within 3, 6, 9, and 12 months
of treatment in 25%, 40%, 41%, and 45%, respectively.
A similar proportion of patients achieved CCyR within
these time points in the other three arms (Figure 2B).
CCyR tended to occur rapidly, typically within 6 months
of dasatinib initiation, although a small proportion of
patients achieved CCyR at later time points.

The likelihood of achieving a response to dasatinib
appeared to be greater for imatinib-intolerant patients
than for patients with resistance or suboptimal response
to imatinib (Table 1). Median times to MCyR (2.8 to 2.9
months) and complete hematologic response (0.5 to 0.7
months) were similar between the treatment groups
among imatinib-resistant/suboptimal response patients.
In imatinib-intolerant patients the median times to
MCyR and CHR were 2.8 months and 0.5 months,
respectively, across treatment arms. In the imatinib-resist-
ant/suboptimal response population, the once daily regi-
men yielded a MCyR rate that was non-inferior to the
twice daily regimen (1.9% treatment difference; 95% CI,
-6.8 to 10.6) and the 100 mg total daily dose MCyR rate
was also non-inferior to the MCyR rate in response to a
140 mg total daily dose (-0.2% treatment difference; 95%
CI, -8.9 to 8.5). In the imatinib-intolerant population, the
MCyR rate was also non-inferior between patients treat-
ed with once daily (n = 87) and twice daily regimens (n =
86; 1.4% difference, 95% CI, -11.2 to 14.2) and between
those receiving total daily doses of 100 mg (n = 87) and
140 mg (n = 86) (1.4% difference; 95% CI, -11.2 to 14.1).

Forty-four percent of patients (125 of 283) with primary
imatinib resistance/suboptimal response and 53% (82 of
155) of patients with acquired imatinib resistance had
baseline mutations. Overall, 42 different baseline muta-
tions were identified among 212 patients with mutations
across all four treatment arms (Table 1). The 2-year
MCyR and CCyR rates for patients on the 100 mg once
daily were 55% and 41%, respectively, for those with
any mutation; 75% and 50%, respectively, for those with
a P-loop mutation; and 66% and 54%, respectively, for
those with no mutation. Of 15 patients with the BCR-
ABL/T3151 mutation, none achieved a CCyR. One of six
patients with the F317L mutation, which has a relatively
high in vitro ICs0 to dasatinib,”® achieved a CCyR; this
patient had 5/30 Ph* metaphases prior to treatment with
dasatinib (data not shown). Response rates among patients
with any or no mutations were comparable across all four
treatment arms (Table 1).

There were 600 patients assessed for molecular
response with at least one quantitative polymerase chain
reaction (PCR) assessment during treatment. The major
molecular response rates among assessed patients were
87% to 38% across treatment arms. Among assessed
patients with a CCyR, the major molecular response rate
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was 69 % with 100 mg once daily, 66% with 70 mg twice response as assessed by the study protocol. When these
daily, 72% with 140 mg once daily, and 70% with 50 mg 14 patients were excluded from the analysis, MCyR and
twice daily (Table 1). CCyR rates were comparable across all four dasatinib
regimens. The MCyR rates were 63% for dasatinib 100

Cytogenetic response excluding Philadelphia chromosome-neg- mg once daily, 61% for 70 mg twice daily, 63% for 140
ative, BCR-ABL-positive patients mg once daily, and 61% for 50 mg twice daily (Table 1).
Fourteen patients who were Ph-negative and BCR-ABL-  For dasatinib 100 mg once daily, the CCyR rate was 49 %,
positive were enrolled in the study and, by definition, and for the other three treatment arms the CCyR rate
these patients were not evaluable for cytogenetic was 53% for dasatinib 70 mg twice daily and 50% for

Table 1. Molecular response and best hematologic and cytogenetic responses.

Dasatinib
100 mg QD 70 mg BID 140 mg QD 50 mg BID
(n=167) (n=168) (n=167) (n=168)
n/N* % n/N* % n/N* % n/N* %
Complete hematologic response (95% CI) 153/167 92 148/168 88 145/167 87 155/168 92
(86.3-95.3) (82.2-92.6) (80.7-91.6) (87.1-95.8)
Without CHR at baseline 67/81 83 87/102 85 77/98 79 86/97 89
By Status
Imatinib resistant/suboptimal response 110/124 89 112/126 89 106/123 86 114/124 92
Imatinib intolerant 43/43 100 36/42 86 39/44 89 41/44 93
Major cytogenetic response (95% CI) 106/167 63 103/168 61 105/167 63 103/168 61
(55.7-70.8) (53.5-68.7) (55.1-70.2) (53.5-68.7)
Without MCyR at baseline 76/133 57 1137 56 80/139 58 83/145 57
Excludes Ph-negative patients’ 104/164 63 100/163 61 103/163 63 102/166 61
By Status
Imatinib resistant/suboptimal response  73/124 59 72/126 57 71/123 58 69/124 56
Imatinib intolerant 33/43 i 31/42 74 34/44 7 34744 7
Complete cytogenetic response 83/167 50 90/168 54 84/167 50 84/168 50
Without CCyR at baseline 76/158 48 82/157 52 72/153 47 78/161 48
Excludes Ph-negative patients’ 81/164 49 87/163 53 82/163 50 83/166 50
By Status
Imatinib resistant/suboptimal response  54/124 44 61/126 48 52/123 42 52/124 42
Imatinib intolerant 29/43 67 29/42 69 32/44 73 32/44 3
Major molecular response* 57/154 37 56/146 38 55/144 38 59/156 38
With CCyR 54/78 69 52/19 66 54775 7 56/80 70
By Status
Imatinib resistant/suboptimal response ~ 41/117 35 38/111 34 33/111 30 3§/117 32
With CCyR 38/53 72 35/55 64 3251 63 35/51 69
Imatinib intolerant 16/37 43 18/35 51 22/33 67 21739 54
With CCyR 16/25 64 17/24 ! 22124 92 21729 72
Baseline Mutations*
MCyR
Any mutation 27/49 55 27/50 54 28/50 56 30/63 48
No mutation 65/98 66 64/96 67 62/89 70 58/86 67
P-loop mutation" 6/8 75 10/17 59 6/17 35 5/17 29
T3151 0/5 0 01 0 1/41 25 0/5 0
F317L 072 0 124 50 0/1 0 0/1 0
CCyR
Any mutation 20/49 41 23/50 46 17/50 34 23/63 37
No mutation 53/98 54 56/96 58 52/89 58 49/86 57
P-loop mutation" 48 50 10/17 59 117 6 3T 18

QD: once daily; BID: indicates twice daily; Ph-negative: Philadelphia-chromosome negative. *Number of patients over total patients. 'Excludes 14 Ph-negative, BCR-ABL-positive
CP-CML patients.’Among patients who had at least one molecular assessment while on treatment.*581 patients who were randomized and treated had data available on base-
line mutations. "P-loop: amino acids 248-256."One patient had a partial cytogenetic response.“One patient had a complete cytogenetic response.
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670 Patients Randomized *

100 mg Once Daily
(n= 167)
166 patients treated”

70 mg Twice Daily
(n = 168)
167 patients treated

140 mg Once Daily
(n=167)
163 patients treated

l

!

!
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50 mg Twice Daily
(n=168)
166 patients treated?

!

On treatment n = 97
Discontinued n = 68
Reasons:
Adverse event unrelated
to drug: 2
Progression: 22
Drug toxicity: 19
Investigator or Patient
request: 14
Other: 11

On treatment n = 86
Discontinued n = 81
Reasons:
Adverse event unrelated
to drug: 3
Progression: 17
Drug toxicity: 35
Investigator or Patient
request: 12
Other: 14

On treatment n = 82
Discontinued n = 81
Reasons:
Adverse event unrelated
to drug: 2
Progression: 27
Drug toxicity: 27
Investigator or Patient
request: 9
Other: 16

On treatment n = 88
Discontinued n = 79

Reasons:

Adverse event unrelated
to drug: 3

Progression: 22

Drug toxicity: 26
Investigator or Patient
request: 14

Other: 14

Figure 1. Study CONSORT diagram (adapted from Shah, et al.*?). *The reasons 54 of 724 enrolled patients were not randomized or treated
were previously reported.*? ¥165 patients received 100 mg once daily and 1 received 50 mg twice daily. *166 patients were randomized to
50 mg twice daily and 1 was randomized to 100 mg once daily.

A B ——100mg QD =—140mg QD ~~=50mgBID ===70mgBID

—100mgQD ——140mgQD ~~-~50MgBID mm= 70 mg BID
“** Censored +++ Censored Censored +++ Censored 10
1.0 e 0.9-
= 09 ’
& o 0.8
g 0% 307
E’ 0.7 o U
S 06 £ 064
s = 054 e ——————
g 05 : PR =
S 041 2 041
£ 0.3 §. 0.3 No. responders/Total no. patients
S 0.2 & 0.24 100 mg QD 83/167
a 09 0.1 140 mg QD 84/167
: : 50 mgBID 84/168
0.0- 0.0- 70 mgBID 90/168
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30
Months Months

Patients at risk

100mg QD 83 80 78 74 69 65 60 57 51 41 18 9 6 0 0
140mg QD 84 77 74 69 67 66 62 58 52 3 17 10 7 1 0
50mgBID 8 79 77 72 70 66 58 51 45 34 16 11 9 0 0
70mgBID 9 8 8 72 71 67 59 53 45 37 17 9 8 2 0
c ~——100mg QD ~——140mgQD ~~~50mMgBID ww=70mgBID D ~—100mg QD == 140 mg QD <= 50 Mg BID === 70 mg BID
*++ Gensored +++ GCensored Censored +++ Censored '+ Censored +++ Censored Censored  *+* Censored
1.0 1.0
<09 0.9 e
é 0.84 o 0.8
S 0.7 oo £ 0.71
S 0.6 I < 0.6
805 lL S 0.5
= (.44 Progression free survival rate (95% Cl) S 0.44 Overall survival rate (95% CI)
2 03 at 24 months S 03 at 24 months Died/n
S 100 mg QD 80% (72.5 t0 86.5) a 100mg QD 91% (86.1 to 95.5) 15/167
802 140 mg QD 75% (67.0 t0 82.2) 0.2 140mg QD 94% (89.7 to 97.4) 111167
a 0.1 50 mgBID 76% (67.9 to 83.1) 0.1 50 mg BID 90% (85.6 to 95.0) 17/168
0.0 70 mgBID 76% (68.0 0 83.1) 0.0- 70mgBID  88% (82.11t0 92.8) 22/168
R U e S S D S S L DL D S S T T T T T T T T T T T T T T T
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
Months Months
Patients at risk Patients at risk
100mg QD 167 162 157 151 143 137 131 123 116 114 111 104 59 33 12 1 0 100mg QD 167 166 166 163 160 155 151 149 146 143 142 136 88 48 17 3 0
140mg QD 167 155 147 140 134 125 119 117 116 110 103 96 49 29 10 2 0 140mg QD 167 161 158 154 154 151 150 148 146 146 142 134 87 51 17 6 0
50mg BID 168 161 153 145 140 135 122 113 108 98 96 8 46 30 10 3 0 50mg BID 168 165 161 158 157 155 153 150 146 145 141 136 88 51 19 5 0
70mg BID 168 154 148 141 134 127 121 116 109 104 99 92 48 30 8 3 0 70mg BID 168 163 160 158 155 153 150 146 143 139 137 130 84 49 18 7 0

Figure 2. Kaplan-Meier analyses. (A) Duration of complete cytogenetic response. (B) Time to complete cytogenetic response. QD, once daily;
BID, twice daily. (C) Progression-free survival (patients who had not died or progressed were censored on the last assessment date). (D)
Overall survival (patients lost to follow-up or who had not died were censored on the last date they were known to be alive).
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both the 140 mg once daily and 50 mg twice daily arms.

For patients treated with dasatinib 100 mg daily who
had not achieved CCyR by 6 months, the probability of
obtaining a CCyR by 2 years with dasatinib 100 mg once
daily was 50% for patients who had achieved a PCyR at
6 months whereas the probability of developing acceler-
ated/blast phase disease transformation by 2 years was
4%. In contrast, patients with a minor and minimal/no
cytogenetic response at 6 months had a small probability
of achieving CCyR by 24 months (8% and 5%, respec-
tively). On the other hand, these patients had a relatively
low likelihood of developing disease transformation by
24 months (Table 2). By 12 months, patients with a PCyR,
minor, or minimal/no cytogenetic response while receiv-
ing dasatinib 100 mg once daily had a probability of
achieving CCyR by 2 years of 35%, 20%, and 0%,
respectively. None of these patients experienced disease
transformation by 2 years. These results were compara-
ble among the imatinib-resistant/suboptimal response
and -intolerant patients (Table 2).

Overall and progression-free survival

The estimated progression-free survival rates at 24
months were 80% for 100 mg once daily, 76% for 70 mg
twice daily, 75% for 140 mg once daily, and 76% for 50
mg twice daily (Figure 2C). The estimated overall survival
rates were 91% for 100 mg once daily, 88% for 70 mg
twice daily, 94% for 140 mg once daily, and 90% for 50
mg twice daily (Figure 2D). A total of 65 deaths (9.7 %; 65
of 670 patients) were reported (Figure 2D). Of two deaths
thought to be related to drug toxicity, one patient had
pulmonary edema, congestive heart failure, neck pain,
and pleural effusion while the other had necrosis of the
colon.

Safety

Rates of cytopenias and treatment-related pleural effu-
sions were lower among patients receiving 100 mg once
daily relative to the patients in the other three treatment
arms (Online Supplementary Table S2). The difference in
the lower rate of treatment-related pleural effusions (any
grade) for the 100 mg once daily regimen (14%) com-
pared with the other three regimens (23-25%) was statis-
tically significant (P=0.049). Grade 3/4 pleural effusions
were reported in 2% of patients receiving 100 mg once
daily and in 4% to 5% of patients on the other three
treatment arms. For cytopenias the difference between
the lower incidence on the 100 mg once daily arm and
the other arms was also statistically significant for neu-
tropenia (P=0.034), leukocytopenia (P=0.017), and grade
3/4 thrombocytopenia (P=0.003).

Treatment-related adverse events, of which patients
could have had more than one, were less frequent in the
100 mg once daily arm, occurring in 85% of patients (141
of 165) relative to 93% (156 of 167) in the 70 mg twice
daily arm, 94% (153 of 163) in the 140 mg once daily
arm, and 92% (153 of 167) in the 50 mg twice daily arm.
The most common (= 20% in at least one group) treat-
ment-related non-hematologic adverse events that
occurred across treatment groups were fluid retention,
headache, diarrhea, nausea, fatigue, rash, and dyspnea
(Online Supplementary Table S2).

The median duration of dasatinib treatment was 22
months (range, <1-31) with a median average daily dose
of 99 mg/day (range, 10 -173). Among patients receiving
100 mg once daily, there were fewer dose reductions and
interruptions, with a higher frequency of dose escala-
tions (Online Supplementary Table S3). After 2 years of fol-
low-up, there were fewer discontinuations on the 100

Table 2. Probability analyses for patients randomized to 100 mg once daily.*

All patients

Imatinib-resistant/suboptimal

Imatinib-intolerant patients

n=164 response patients n=123 n=41
Cytogenetic n (%) Probability Probability of n (%) Probability of Probability of n (%) Probability Probability of
response of CCyR by progression due CCyRby progression due of CCyR by progression due
level 2years to tranformation 2years to tranformation 2yearsto  to tranformation to
to accelerated/blast to accelerated/blast accelerated/blast
[ B PR phase’ by 2 years phase' by 2 years
6 months
Complete 59 (36) NA 0% 37 (30) NA 0% 22 (54) NA 0%
Partial 26 (16) 50% 4% 22 (18) 50% 5% 4 (10) 50% 0%
Minor 12 (7) 8% 8% 10 (8) 10% 0% 2 (5) 0% 50%
Minimal/none 41 (25) 5% 5% 3321 3% 6% 8 (20) 13% 0%
Not assessed 26 (16) NA NA 21 (17) NA NA 5(12) NA NA
12 months
Complete 55 (34) NA 2% 35 (28) NA 3% 20 (49) NA 0%
Partial 23 (14) 35% 0% 17 (14) 29% 0% 6(15) 50% 0%
Minor 10 (6) 20% 0% 10 (8) 20% 0% 0(0) NA NA
Minimal/none 24 (15) 0% 0% 21 (17) 0% 0% 3(D) 0% 0%
Not assessed 52 (32) NA NA 40 (33) NA NA 12 (29) NA NA

NA: not applicable; *excludes patients who were Ph-negative and BCR-ABL-positive; 'proportion of patients who progressed due to development of accelerated/blast phase before 2 years.
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mg once daily arm than in the other three treatment arms
(Figure 1). Fifteen patients on 100 mg once daily, 22
patients on 70 mg twice daily, 11 patients on 140 mg
once daily and 17 patients on 50 mg twice daily died; of
these deaths 3, 5, 2, and 6, respectively, were within 30
days of the last dose. Cause of death as reported by the
investigator was disease progression in 26 patients, infec-
tion in 14 patients, complications of stem cell transplan-
tation (n=7), cardiovascular disease (n = 5), bleeding
related events (n = 2), drug toxicity (n = 2), “idiopathic
pneumonia syndrome” (n=1), overdose of narcotics
(n=1), suicide (n=1), motor vehicle accident (n=1), intes-
tinal ischemic necrosis (n=1), other malignancy (n=1),
and unknown (n = 3).

Discussion

After a minimum of 2 years of follow-up, these results
demonstrate that intermittent BCR-ABL inhibition with
dasatinib 100 mg once daily provides response rates that
are similar to rates observed with dasatinib regimens
that achieve more continuous target inhibition.
Importantly, MCyR durability, estimated progression-
free survival, and estimated overall survival were not
compromised with the 100 mg once daily dosing regi-
men despite the lower intended total daily dose.
Moreover, this regimen reduces the incidence of key tox-
icities (pleural effusion, neutropenia, leukocytopenia,
and thrombocytopenia), and is also associated with less
frequent treatment-related adverse events overall, imply-
ing that certain toxicities may be related to more pro-
longed target or off-target inhibition. Encouragingly,
grade 3/4 pleural effusion (2%) in patients treated with
dasatinib 100mg once daily remained uncommon with
longer follow-up.

The MCyR and CCyR rates for 100 mg once daily
(63% and 49%, respectively) and 70 mg twice daily
(61% and 53%, respectively) are comparable to those
reported after 2 years of follow-up in two phase 2 stud-
ies that employed the previously approved dasatinib
dose of 70 mg twice daily, which reported MCyR rates
of 53% and 62% and CCyR rates of 44% and 53%.7%
The MCyR and CCyR rates were consistent whether or
not the Ph-negative, BCR-ABL-positive patients were
included in the analysis. In this phase 3 study, the inclu-
sion criteria encompassed imatinib-resistant and -intoler-
ant patients, as well as suboptimal responders as defined
by the European LeukemiaNet criteria.”® Those patients
who had less than a complete hematologic response at 3
months, less than a PCyR at 6 months, and less than a
CCyR at 12 months" could be enrolled as the study def-
inition of primary resistance included less than a MCyR
(CCyR and/or PCyR) at 6 months or beyond or less than
a CCyR at 12 months or beyond.

In this study, cytogenetic responses were typically
achieved rapidly with dasatinib 100 mg once daily in
patients with imatinib resistance, intolerance, or subop-
timal response. Failure to achieve at least a PCyR by 6
months of therapy was associated with a low likelihood
of eventual achievement of CCyR. The relative likeli-
hood of these outcomes should be weighed in clinical

I N.P. Shah et a/

decision-making involving patients who do not have a
PCyR at 6 months of treatment with dasatinib 100 mg
once daily. Encouragingly, only four of the total 138 (3%)
patients with bone marrow assessments at 6 months
experienced transformation to accelerated/blast phase
disease by 2 years, and of 59 patients who had achieved
a CCyR at 6 months, none had suffered disease transfor-
mation at their last follow-up. Although the true prog-
nostic impact of achieving CCyR on dasatinib 100 mg
once daily will require longer follow-up, a goal of achiev-
ing at least a PCyR, and preferably a CCyR, with a 6-
month trial of dasatinib in patients who fail to benefit
from imatinib and have the option of pursuing allogene-
ic stem cell transplantation is supported by these data.

The preserved efficacy and reduced toxicity observed
with dasatinib 100 mg once daily are supported by recent
pharmacokinetic data.” Results of the exposure-response
analyses of patients treated on this study demonstrated
that higher dasatinib trough levels (Cmn) correlated with
dose reductions and interruptions; increasing trough lev-
els were also associated with a greater risk of pleural effu-
sion.” The lowest dasatinib Cwin levels were achieved in
the 100 mg once daily cohort. Importantly, achievement
of cytogenetic response in patients did not correlate with
trough levels,” and it can, therefore, be postulated that
response to dasatinib is driven by achieving effective
dasatinib peak plasma levels, which are presumably
obtained with any of the four dosing regimens tested.
Furthermore, an in vitro analysis of CML cell lines exposed
for 20 min to a clinically achievable concentration of
dasatinib found that most cells had died after 48 h,
whereas a supra-therapeutic concentration of imatinib
was required to achieve the same degree of cytotoxicity."
While the mechanism of action of pleural effusion associ-
ated with dasatinib remains to be elucidated, one hypoth-
esis involves dasatinib’s ability to inhibit platelet-derived
growth factor receptor beta (PDGEFRP)."***" A potential
rationale for the reduction in pleural effusions with dasa-
tinib 100 mg once daily is that the lower trough levels
associated with this regimen,” coupled with the short
half-life of the drug,” may reduce off-target exposure of
PDGFRB to dasatinib. Theoretically, the short terminal
half-life of dasatinib could make this drug less vulnerable
to certain resistance-conferring mechanisms, such as
genomic amplification of BCR-ABL, which have been
documented both in imatinib-treated patients as well as
in experimental systems employing continuous exposure
to imatinib.**** Interestingly, although BCR-ABL genomic
amplification has been well-described in a proportion of
imatinib-resistant cases, to date, no evidence for this
mechanism of resistance has been found in patients with
loss of response to dasatinib, but this issue requires future
study:.

The estimated overall survival at 2 years (91%) in
patients treated with dasatinib 100 mg once daily, cou-
pled with the very low likelihood of disease transforma-
tion (< 3% at 24 months) observed in the present study,
supports the use of dasatinib for 6 months at a minimum
dose in nearly all CP-CML patients with resistance, intol-
erance, or suboptimal response to imatinib. Moreover,
the results provided herein represent the first mature
clinical data to support the longer-term therapeutic
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promise of potent, intermittent kinase inhibition for the
treatment of CML and other human malignancies.

Appendix

The following principal investigators (study site specific), in addition to the
authors, also participated in this trial: Argentina: I Otero, | Milone, E Bullorsky,
] Garcia; Australia: T Hughes, C Arthur, | Gibson, ] Seymour, K Taylor, R
Herrmann; Austria: P Valent; Belgium: A Bosly, D Bron, GEG Verhoef, ] Van
Droogenbroeck, M Andre, W Schroyens; Brazil: A Moellmann-Coelho, CA De
Souza, N Hamerschlak, R Pasquini; Canada: P Laneuville, AR Turner, BF
Leber, C Gambacorti-Passerini; Czech Republic: H Klamova, ] Mayer;
Denmark: C Marcher, I Dufva, ] Nielsen; Finland: K Porkka; France: R
Herbrecht, A Charbonnier, F Guilhot-Gaudeffroy, F Huguet, ] Harrousseau, |
Cahn, M Michalet, M Leporrier, M Tulliez, T Facon; Germany: C Bokemeyer,
D Niederwieset, G Ehninger, OG Ottmann, T Fischer; Hungary: T Masszi;
Ireland: E Conneally, M O'Dwyer; Istael: A Nagler; Italy: B Rotoli, E
Abruzzese, E Pogliani, F Ferrara, G Alimena, G Saglio, V' Liso; Netherlands: A
Schattenberg, | Cornelissen; Norway: H Hjorth-Hansen; Peru: | Navarro, L
Casanova; Philippines: P Caguioa; Poland: A Skotnicki, A Hellmann, A
Dmoszynska, | Holowiecki, T Robak, W Jedrzejczak; Republic of Korea: HJf
Kim, K-H Lee, S-S Yoon; Russian Federation: N Khoroshko, A Zaritsky;
Singapore: C Chuah; South Africa: G Cohen, M Patel, N Novitzky, P Ruff, V
Louw; Spain: F Prospet, ] Odriozola, | Steegmann; Sweden: B Simonsson, N
Ekblom; Switzerland: A Gratwohl; Taiwan: | Tang, L Shih; UK: A Green, C
Craddock, | Apperley, R Clark, S O'Brien, T Holyoake; USA: E Asatiani, R
Collins, K Harris, | Cortes, R. Paquette, M. Deininger, A Rapoport, A Maniam,
A Liem, B Wong, C Schiffer, C Hagenstad, D Bodensteiner, E Hu, E Asatiani,
FA Greco, ] Schwartz, |G Berdeja, JF Dipersio, ] Lister, | Catlett, ] Hajdenberg,
K Jamieson, K Mcdonagh, L Fehrenbacher, M Saleh, M Devetten, M Goodman,
M Tallman, M Kalaycio, P Emanuel, R Larson, RV Stone, R Strair, R Mcintyre,
S Thomas, S Tarantolo, S Petersdorf, S Goldberg, T Shea. | Zamparo served as
the protocol manager for this trial.

Dasatinib 100 mg once daily in chronic-phase CML -

Authorship and Disclosures

NPS, HMK and AH designed and performed research,
collected, analyzed and interpreted data and wrote the
manuscript; DWK, RTS, HJK and JV-O performed
research, collected, analyzed and interpreted the data;
PDL and PR performed research; AE and MCM collected,
analyzed and interpreted the data; AL performed statisti-
cal analysis; JM collected, analyzed and interpreted data.
All authors provided final approval of the manuscript.

NPS has served as a consultant for Bristol-Myers Squibb
and Novartis; NPS also received institutional research
support by Dorris Duke Charitable Foundation; DWK has
received research funding from Bristol-Myers Squibb,
Novartis, Wyeth, ILYANG Co and Merck, honoraria from
Novartis, Merck and Hanmi Co. and is a member of an
advisory committee and Speakers Bureau for Novartis,
Merck and Bristol-Myers Squibb; HMK has received
research funding from Bristol-Myers Squibb and
Novartis; PR has received research funding from Bristol-
Myers Squibb and honoraria from Bristol-Myers Squibb
and Novartis; YM and AL are employees of Bristol-
Myers Squibb; YM declare ownership of stocks, stock
options or shares in Bristol-Myers Squibb and Glaxo
Smith Kline; AH has received research funding from
Bristol-Myers Squibb, Novartis, Wyeth and Merck and
served as a consultant for Bristol-Myers Squibb and
Novartis. AH also received institutional research support
by German José-Carreras Foundation (DJCLS H 03/01);
PDL received institutional research support by Bristol-
Myers Squibb. AE, JV-O, RTS, and MCM have no finan-
cial relationships to disclose.

References

1. Schiffer CA. BCR-ABL tyrosine kinase
inhibitors ~ for chronic myelogenous

rent clinical data. Expert Opin Investig
Drugs. 2006;15(5):553-61.

. Ranson M, Hammond LA, Ferry D, Kris M,

Tullo A, Murray PI, et al. ZD1839, a selec-
tive oral epidermal growth factor receptor-
tyrosine kinase inhibitor, is well tolerated

A, Timmer W, Pope S, et al. Sprycel for
chronic myeloid leukemia and Philadelphia
chromosome-positive acute lymphoblastic
leukemia resistant to or intolerant of ima-
tinib mesylate. Clin Cancer Res. 2008;
14(2):352-9.

leukemia. N Engl ] Med. 2007;357(8):258-65. and active in patients with solid, malignant ~ 14. Cortes J, Rousselot P, Kim DW, Ritchie E,

. Druker BJ, Talpaz M, Resta D], Peng B, tumors: results of a phase I trial. J Clin Hamerschlak N, Coutre S, et al. Dasatinib
Buchdunger E, Ford JM, L, et al. Efficacy Oncol. 2002;20(9):2240-50. induces complete hematologic and cytoge-
and safety of a specific inhibitor of the 9. Strumberg D, Clark JW, Awada A, Moore netic responses in patients with imatinib-
BCR-ABL tyrosine kinase in chronic MJ, Richly H, Hendlisz A, et al. Safety, resistant or -intolerant chronic myeloid
myeloid leukemia. N Engl ] Med. 2001; pharmacokinetics, and preliminary antitu- leukemia in blast crisis. Blood. 2007;109(8):
344(14):1031-7. mor activity of sorafenib: a review of four 3207-13.

. GLEEVEC (imatinib mesylate) tablets. phase I trials in patients with advanced  15. Guilhot F Apperley J, Kim DW, Bullorsky
Imatinib prescribing information. East refractory solid tumors. Oncologist. 2007; EO, Baccarani M, Roboz GJ, et al
Hanover, New Jersey, Novartis Pharma- 12(4):426-37. Dasatinib induces significant hematologic
ceuticals Corporation, Revised November. ~ 10. SPRYCEL (dasatinib). Dasatinib prescribing and cytogenetic responses in patients with
2007. information. New York, NY, Bristol-Myers imatinib-resistant or -intolerant chronic

. Peng B, Hayes M, Resta D, Racine-Poon A, Squibb, Revised November. 2007. myeloid leukemia in accelerated phase.
Druker BJ, Talpaz M, et al. Pharmacokinetics ~ 11. Shah NP, Kasap C, Weier C, Balbas M, Blood. 2007;109(10):4143-50.
and pharmacodynamics of imatinib in a Nicoll JM, Bleickardt E, et al. Transient  16. Hochhaus A, Kantarjian HM, Baccarani M,
phase I trial with chronic myeloid leukemia potent BCR-ABL inhibition is sufficient to Lipton JH, Apperley JE Druker BJ, et al.
patients. J Clin Oncol. 2004;22(5):935-42. commit chronic myeloid leukemia cells Dasatinib induces notable hematologic and

. Peng B, Capdeville R. In Reply. J Clin irreversibly to apoptosis. Cancer Cell. cytogenetic responses in chronic-phase
Oncol. 2005;23:3857-8. 2008;14(6):485-93. chronic myeloid leukemia after failure of

. Lu JE Eppler SM, Wolf ], Hamilton M,  12. Shah NP, Kantarjian HM, Kim DW, Réa D, imatinib therapy. Blood. 2007;109(6):2303-
Rakhit A, Bruno R, et al. Clinical pharmaco- Dorlhiac-Llacer PE, Milone JH, et al. 9.
kinetics of erlotinib in patients with solid Intermittent target inhibition with dasa- 17. Druker BJ, Guilhot F O’Brien SG,
tumors and exposure-safety relationship in tinib 100 mg once daily preserves efficacy Gathmann [, Kantarjian H, Gattermann N,
patients with non-small cell lung cancer. and improves tolerability in imatinib-resist- et al. Five-year follow-up of patients receiv-
Clin Pharmacol Ther. 2006;80(2):136-45. ant and -intolerant chronic-phase chronic ing imatinib for chronic myeloid leukemia.

. Motzer RJ, Hoosen S, Bello CL, myeloid leukemia. J Clin Oncol. 2008; N Engl ] Med. 2006;355(23):2408-17.
Christensen JG. Sunitinib malate for the 26(19):3204-12. 18. Baccarani M, Saglio G, Goldman J,
treatment of solid tumours: a review of cur-  13. Brave M, Goodman V, Kaminskas E Farrell Hochhaus A, Simonsson B, Appelbaum F

haematologica | 2010; 95(2) 239 -



I N.P. Shah et a/

19.
20.

21.

22.

23.

- 240 haematologica | 2010; 95(2)

et al. Evolving concepts in the management
of chronic myeloid leukemia: recommen-
dations from an expert panel on behalf of
the European LeukemiaNet. Blood. 2006;
108(6):1809-20.

Kantarjian HM, Smith TL, O’Brien S, Beran
M, Pierce S, Talpaz M. Prolonged survival
in chronic myelogenous leukemia after
cytogenetic response to interferon-alpha
therapy. The Leukemia Service. Ann Intern
Med. 1995;122(4):254-61.

Kloke O, Niederle N, Opalka B, Hawig I,
Seeber S, Becher R. Prognostic impact of
interferon alpha-induced cytogenetic remis-
sion in chronic myelogenous leukaemia:
long-term follow-up. Eur ] Haematol. 1996;
56(1-2):78-81.

Mahon FX, Fabéres C, Pueyo S, Cony-
Makhoul P, Salmi R, Boiron JM, et al.
Response at three months is a good predic-
tive factor for newly diagnosed chronic
myeloid leukemia patients treated by
recombinant interferon-alpha. Blood. 1998;
92(11):4059-65.

Tasigna (nilotinib). Nilotinib prescribing
information. East Hanover, Novartis
Pharmaceuticals Corporation, Revised
October. 2007.

Tam CS, Kantarjian H, Garcia-Manero G,
Borthakur G, O'Brien S, Ravandi E et al.
Failure to achieve a major cytogenetic
response by 12 months defines inadequate

24.

25.

26.

27.

28.

response in patients receiving nilotinib or
dasatinib as second or subsequent line ther-
apy for chronic myeloid leukemia. Blood.
2008;112(3):516-8.

Hughes T, Deininger M, Hochhaus A,
Branford S, Radich ], Kaeda J, et al.
Monitoring CML patients responding to
treatment with tyrosine kinase inhibitors:
review and recommendations for harmo-
nizing current methodology for detecting
BCR-ABL transcripts and kinase domain
mutations and for expressing results. Blood.
2006;108(1):28-37.

Hughes TP, Kaeda ], Branford S, Rudzki Z,
Hochhaus A, Hensley ML, et al. Frequency
of major molecular responses to imatinib or
interferon alfa plus cytarabine in newly
diagnosed chronic myeloid leukemia. N
Engl ] Med. 2003;349(15):1423-32.

Shah NP, Tran C, Lee FY, Chen P, Norris D,
Sawyers CL. Overriding imatinib resistance
with a novel ABL kinase inhibitor. Science.
2004;305(5682):399-401.

Mauro M], Baccarani M, Cervantes F
Lipton JH, Matloub Y, Sinha R, et al.
Dasatinib 2-year efficacy in patients with
chronic-phase  chronic  myelogenous
leukemia (CML-CP) with resistance or
intolerance to imatinib (START-C). J Clin
Oncol. 2008;26:374s[Abstract].

Rousselot PH, Facon T, Paquette R, et al.
Dasatinib or high-dose imatinib for

29.

30.

31.

32.

33.

patients with chronic myelogenous
leukemia chronic-phase (CML-CP) resist-
ant to standard-dose imatinib: 2-year fol-
low-up data from START-R. ] Clin Oncol
2008;26:375s[Abstract].

Wang X, Hochhaus A, Kantarjian HM, et al.
Dasatinib pharmacokinetics and exposure-
response (E-R): relationship to safety and
efficacy in patients (pts) with chronic
myeloid leukemia (CML). J Clin Oncol.
2008;26:175s[Abstract].

Lombardo LJ, Lee FY, Chen P, Norris D,
Barrish JC, Behnia K, et al. Discovery of N-
(2-chloro-6-methyl-phenyl)-2-(6-(4-(2-
hydroxyethyl)- piperazin-1-yl)-2-methyl-
pyrimidin-4-ylamino)thiazole-5-carboxam-
ide (BMS-354825), a dual Src/Abl kinase
inhibitor with potent antitumor activity in
preclinical assays. ] Med Chem. 2004;
47(27):6658-61.

Quintas-Cardama A, Kantarjian H, O’brien
S, Borthakur G, Bruzzi J, Munden R, et al.
Pleural effusion in patients with chronic
myelogenous leukemia treated with dasa-
tinib after imatinib failure. J Clin Oncol.
2007;25(25):3908-14.

Gorre ME, Mohammed M, Ellwood K, Hsu
N, Paquette R, Rao PN, et al. Clinical resist-
ance to STI-571 cancer therapy caused by
BCR-ABL gene mutation or amplification.
Science. 2001;293(5531):876-80.

le Coutre P, Tassi E, Varella-Garcia M, Barni



