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concgm ctg I-Bgé-ltoe— easd éAéhnsu)parrlse.on between Glivec and interferon-alpha (S.G. O'Brien, F.
Guilhot, R.A. Larson, et al, N. Engl. J. Med. 2003, 348: 994-1004). Imatinib at a dose of 400

mg daily has shown superior efficacy to IFN+Ara-C for newly diagnosed patients with CML in

chronic phase (CML-CP). Recently, five year IRIS follow-up data indicated an estimated cu-
mulative rate of complete cytogenetic response (CCR) of 87% among patients who received
first-line imatinib and an overali survival of 89% (Druker BJ, Guilhot F, O'Brien SG, et al on
behalf of the IRIS Investigators. Five-Year Follow-up of Imatinib Therapy for Newly Diag-



first-line imatinib and an overall survival of 89%
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CML belongs to the group of Ph+ leukemia. The results obtained with the CML patient popu-
tation described herein can be transferred directly to the whole group of Ph+ ieukemias. The
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wherein the dose remains unchanged.

The term “Ber-Ab! tyrosine kinase inhibitor” as used herein relates to organic compounds
that show inhibition of c-Abl or Ber-Abl from lysates of transfected cells with an IC50 value
below 0.1 pM in in vitro kinase assays performed on immunoprecipitates in an assay as de-
scribed by B.J. Druker et al in Nat, Med. 1996, 2, 561-5686.



scribed by B.J. Druker et al in Nat. Med. 1996, 2,
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(c) determining Cmin of the Ber-Abl tyrosine kinase inhibitor or of a metabolite thereof as
well as the MMR rates,

(d) assessing-a discrimination potential of trough plasma concentrations for MMR and identi-
fying a Cmin threshold for optimal sensitivity and specificity, €.g. by ROC curve analysis,
and

(&) adjusting the dose of the inhibitor of the Ber-Abl tyrosine kinase or a pharmaceutically
acceptable salt thereof applied to the individual patients from said patient population and,
optionally, future CML patients in a manner that a Cmin is achieved in each single patient

equal to or higher than the Cmin threshold obtained under step (d).

By the methodology described above, it was found that the Cmin threshold for the Ber-Abl ty-
rosine kinase inhibitor imatinib should be about 800 ng/mL, more preferably about 1000
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More specifically, the present invention relates to a method of treating CML in @ human pa-
tient comprising the steps of

(a) administering a predetermined fixed amount of Imatinib or a pharmaceutically acceptable
salt thereof to the human CML patient in need thereof,

(b) collecting at least one blood sample from said patient, e.g. within the first 12 months, es-
pecially the first 3 months, more especially the first 30 days, of treatment,

(c) determining the plasma trough level (Cmin) of imatinib, and

(d) adjusting the dose of Imatinib or a pharmaceutically acceptable salt thereof in a manner
that a Cmin of at least 800 ng/mL, especially between about 800 and about 3500 ng/mL
of Imatinib is achieved in said patient.
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methylphenyl}-4-(3-pyridyl)-2-pyrimidine-amine (CGP74588), and

(d) adjusting the dose of Imatinib or a pharmaceutically acceptable salt thereof in a manner
that a Cmin value of at least 150, especially between about 150 and about 800 ng/mL of N-
{5-[4-(piperazino-methyl)-benzoylamido]-2-methylphenyl}-4-(3-pyridyl)-2-pyrimidine-amine is

achieved in said patient.

In the latter method the dose of the pharmaceutically acceptable salt of Imatinib is adjusted
in a manner that a Cmin between about 250 and about 700 ng/mL of N-{5-{4-(piperazinc-
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(a) a predetermined fixed amount of Imatinib or a pharmaceutically acceptable salt thereof,
e.g. an oral daily dose 400 mg or 800 mg of the mono-mesylate salt of Imatinib, is adminis-
tered to the human patient suffering from a Ph+ leukemia,

(b) at least one blood sample from said patient is collected within the first 12 months, espe-
cially within the first 3 months, e.g. within the first 30 days, of treatment,

(c) the plasma trough level (Cmin) of Imatinib is determined, and

(d) the dose of Imatinib or a pharmaceutically acceptabte sait thereof is adjusted in a manner
that a Cmin of at least about 800, especially between about 800 and about 3500, ng/mL of
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Th'err]neE*hods described herein are particularly beneficial for CML patients having an Inter-
mediate Sokal score (ISS). Methods to determine the ISS are known to the person skilled in
the art.

Another important aspect of the present invention is the use of imatinib or a pharmaceuti-
cally acceptable salt thereof, especially Imatinib mesylate, for the manufacture of a medica-
ment for the treatment of a Ph+ leukemia, wherein the dose of the pharmaceutically accept-
able salt is adjusted in a manner that a Cmin of at least 800 ng/mL, e.g. about 1000 ng/m\_,
of imatinib is maintained in said patient.
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imatinib trouy t n
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body wei ght (BW or body surface area (BSA).

Fig. 5 shows the Imatinib trough level by body weight (BW) or body surface area {(BSA).

Fig. 6 shows CCR or MMR by imatinib trough level (Day 29).

Flg. 7 shows plasma trough levels corresponding to achievement of CCR and non-CCR in
CML-CP patients. Top and bottom walls of each box represent 75th and 25th percentiles.
Whiskers (error bars) above and below the box indicate the 90th and 10th percentiles, and
the dots represent 95th and 5th percentiles.



Fig. 6 shows CCR or MVR by imatinib trough I evel (Day
29). Fig. 7 shows plasnma trough |evels corresponding to
achi evenent of CCR and non-CCR in CM.-CP patients. Top
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carbon atom ahd unsuk utéd or substituted at the ni-
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of the ot hélt Rydr ggeh, or "t ower al kyl; one or two of the
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formula 11 -N(RB)-C(=X)-(Y)n-R o (11), wherein RO is
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wherein the amino group in each case is free, alkylated or acylated; 1H-indolyl or 1H-

imidazolyl bonded at a five-membered ring carbon atom; or unsubstituted or lower alkyl--
substituted pyridyl bonded at a ring carbon atom and unsubstituted or substituted at the ni-
trogen atom by oxygen;

R; and R; are each independently of the other hydrogen or lower alkyi;

one or two of the radicals R4, Rs, Rs, Ry and Rg are each nitro, fluoro-substituted lower

alkoxy or a radical of formula |l

N(Ro)-C(=X)-(Y)n-R1o (1,

wherein

R is hydrogen or lower alkyl,

X is oxo, thio, imino, N-lower alkyl-imino, hydroximino or O-lower alkyl-hydroximino,

Y is oxygen or the group NH,

nisQor1and

R., is an aliphatic radical having at least 5 carbon atoms, or an aromatic, aromatic-aliphatic,
cycloaliphatic, cycloaliphatic-aliphatic, heterocyclic or heterocyclic-aliphatic radical,

and the remaining radicals Ry, Rs, Rs, Ry and R; are each independently of the others hy-
drogen, lower alkyl that is unsubstituted or substituted by free or alkylated amino, piperaz-
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present invention, Dasatanib is used as the Bcr-Ab

wp;p@;yewgekmm@ger, maient application discloses Dasatanib (BMS 354825). In one

embodiment of the present invention, Dasatanib is used as the Ber-Abl tyrosine kinase in-

hibitor in the methods described herein.

The collecting of a blood sample from CML patients required under step (b) of the methods
described herein can be accomplished by standard procedures being state of the art. A suit-
able procedure for the determination of the plasma trough level Cmin of Imatinib and N-{5-
[4-(piperazino-methyl)-benzoylamido]-2-methylphenyl}-4-(3-pyridyl)-2-pyrimidine-amine was
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QUANTIFICATION OF RESPONSE TO THERAPY

The cytogenetic response to Imatinib mesylate therapy was assessed using a conventional
cytogenetic analysis of bone marrow metaphases. Cytogenetic responders were defined as
having CCR, i.e. 0 percent of Philadelphia-chromosome—positive metaphases among at
least 25 cells in metaphase in the bone marrow aspirate {Colombat M, Fort MP, Chollet C, et
al. Haematologica 2006;91:162-8.). Real-time quantitative reverse-transcriptase polymerase
chain reaction assay was used to assess BCR-ABL transcript levels and quantify the mo-
lecular response {Colombat M, Fort MP, Chollet C, et al. see above). Briefly, EDTA-
anticoagulated peripheral blood was collected to perform RNA extraction followed by real-



| east 25 cells in netaphase in the bone marrow aspirate
(Col onbat M Fort MP, Chollet C, et al. Haematol ogica
2006; 91:162-8.). Real-tinme quantitative

%g&aﬁgﬁagranscrl pt ase pol ymerase chain reactpgﬁgm%%%m

%0 assess BCR-ABL transcri pt |evels
guantify the no- |ecular response (Col onbat M Fort MP,
Chollet C, et al. see above)13Briefly, EDTA-
anti coagul at ed peri pheral bl ood was collected to
perform RNA extraction followed by real WO 2008/ 036792

tim@GlAMPRRR 16 r§ifSnscriptdsd Fé’[ﬁn%@éﬂﬁrﬂ@at‘tﬁ)n Total RNA was elxtracted

reverse-transcri pt ase nerase chain reaction.

g ABaT2Lle UL Y PaeBih 5108 SEARERTA Mol Cuantgatian of BCR-ABL

traﬁﬁnb@rﬂia% pésioRBe S4B Cto ﬁ@éohrﬁﬁémda%%bédtl? %de%‘ecpffor harmoniza-

ABL 't t f
10F GRS SR (U ). FOBR B £ Harshame: 0838 3. Hence

theDre sl SAdré w(eh'Ugng&\BI%en@Sé ﬂie@zﬂé cHhtrdriaRd AerSePres8éd a4 percent-

Bl Fod 2006; 108: 2 gc? the results were given
agg of RgRAML ’g%ﬁ\(e Alandg @@H’@s@@ﬁt“fa@IcaQHléte\ﬂé}Yé’“%%ﬁfl@%ggdatlo of

BCGRBABEY ABDn 4Cﬁé}ﬁorﬂé ﬁ’&% Mpéheﬁ%‘-ﬂorﬁb@b@ﬁ@i%@dﬁﬁfbre any treat-
basel i ne was ¢ CE ated bg measuring the ratio

megtrk opBRCHy sanple. this haseling WAP sgshg sual aﬂgtaﬁﬁﬁéhq @G%AB‘- tran-

scrhﬁt@éﬂilcﬁ&{ |AﬂﬂMRd~5%Qfe<ﬂh@d a1y rddueidnrin BERLABEREnRAfNevels of at least
nftt) this basel V\q used t eval ate and ass'%é
30,8 eaé%mhst?fawat'@%meﬁxf ate dhRTRRY arde JoBreniesgS. et al

" IntéSaforaPRbeddnased StuBChi-1ABHeloh3BR&QE swt57h gNReE)Sstafly GroupEREngl J
Hl&g after é mont hs of I matinib nesylate therapy
Meld é@g f_rQSR dda J, Branford S, et al. International
Random sed Study of Interferon versus STI571 (IR'S)
. l..J : 349: -
ficATIN QAR RIAe I RARANTH EaNGER AN rAT! s

Blc%dcs@mpﬁaarrw lﬁﬁtlﬁ:ﬁ Tpldsﬁﬁtduahtlmcﬁiuﬂﬁ@e @umtddfat e@fauwetavuewween 21
| ecte at S ween 21

C an
an 37 BOT Bl Hr AN RGEoR TIon Ples0a A BInis Fercerisstons pere de-
terfmt@eRINgaiigHopefons é@ced@uudtmfmm@giapw ddgplat gelp&Fdsprayasrigation

taﬁeﬂﬁ%gﬁg{]ﬂreggg S BREY KPRy ol et b JbeF BRggnit 2005:27:634-
40( [Eirdatust, Tiker Brugamshit200B02Ti8N0. ])EPur%treal'encé' Remples bYindtinibtmesylate

and ¢ gy Rranaiek et Bhiebre Kl confa Bidleverfs (Rl elpaison
Fran:d) IThe samblerpreparaticarsdasisted bhatidund-iquidBxtraeti@n, lperietmed from 200
S5 pRAA LR o Bl R S ar GO A oV hetosapnc
systamnr Tlod hlghl-penm'_hfatnberﬁqbld croomaGraphy Umlt)d:orlsstesl ofanpliasced 2690
A R R e B e
and hmatmiﬁ-lg wapdh yepanted ona sevetsed-phhsacoldhh aTera®)RFABIA 00x2.1 mil-
lin}%ﬁéo 9‘3 m:g orﬂne;]% g;’ lvgaté %?’{eg glia en[ & a%Et Mﬁ"&leﬁﬁ?tﬁ Ibgi?%ge'gotQM'un
timeearalysis paas & eiiutes aha flow eats ©l0.5 Inaikilrecrr uminuté XaTBEnib gQantification
wa@%%ﬁorr*e]do&ﬁ% t%n&'@.rﬁ mass spectrometry (QuattroMicro®, Watters, Miiford MA,
USA) with an electrospray-ionisation interface in positive ion mode. The cone voltage was
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electron volts for the two compounds. Imatinib and imatinib-D8 were detected in multiple re-
action monitoring transitions. To quantify Imatinib, the peak area corresponding to the m/z
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anelpseseiere done using SAS Software (version 9.1, Cary, NC, USA).

PATIENTS INCLUDED FOR INVESTIGATION

Ninety-five CML patients were considered for participation in the study. One patient was ex-
cluded because he was found in blast crisis. Twenty-four patients were excluded because of
an inadequate blood collection i.e. performed out of time limits for determination of trough
imatinib concentration. One patient was excluded because of recognized poor compliance to
imatinib therapy : this patient failed to respond haematologically and had plasma levels of
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ng 1444 710 49.2 1315 902 1629 603 2922 * Paraneters

of variations in trough plasma Imatinib concentrations
are expressed in ng per
* Parameters of variations in trough plasma Imatinib concentrations are expressed in ng per

millilitre and reported for each daily dose regimen of Imatinib mesylate: 400 mg (50 patients)
and 600 mg (18 patients). These data result from the analysis of blood sample collections
(using high-performance liquid chromatography coupled to electrospray-ionisation tandem
mass spectrometry) performed, at steady-state, in the 68 CML patients included in the study.
T Q 25 is the first quartile.

1 Q 75 s the third quartile.

§ SD is the standard deviation.

! CV is the coefficient of variation expressed in percent.

PATIENTS' CHARACTERISTICS ACCORDING TO RESPONSES TO IMATINIB
Of the 68 CML patients included for investigation, 56 achieved a CCR after at least one
year's freatment. Mean (+SD) trough piasma Iimatinib concentrations were 1123.3+616.6 ng

per millilitre and 694.2+556.0 ng per miliilitre in patients with CCR (56 patients) and without
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trations !

Age 34 507 +136 34 51.7 £137 0.76

Sokal score 32 0.9 +0.4 33 1.0 +0.4 0.33



therefore not tinme-dependent in our investigation.
Table 1.2. Patients' characteristics according to
nol ecul ar response to Imatinib therapy. Wthout MWR
/t.h value t Characteristics No. t dat
%@gﬂ&%ﬁﬁt itative features Trough plasma i naqaq'l}q%oowmsws
concen- 34 869.3 427.5 34 1452.1 649.1 < 0.001
trations Age 34 50.7 13.6 34751.7 13.7 0.76 Sokal
score 32 0.9 0.4 33 1.0 0.4 0.33 WO 2008/036792
PCT/ US2007/ 078978 -17- Qualitative features Sex 0.09
Qubfthtvegeitates 24 70.6 17 50.0 Fenmal e gender 10 29.4 17
50.0 Sokal risk group 0.69 < 0.8 15 44.1 14 41.2
[0.8-1.2] 12 35.3 11 32.4 > 1.2 5 14.7 8 23.5
Senccel er at ed- phase CM. 0.58 no 26 76.5 24 70.6 yes 8 0.09
fAgle gerker 29. 4 Interfepgn befowe imatinikp 0.63p9n0 15

4.1 13.38.2 yes 19 .9 2 1.8 Daily,imatinib dose
é“?"c‘%egeﬂﬂ)‘?ﬂ my 25 73. 5535 73°% 600 nyg o565 &9 5 MR
nmeans maj or nol ecul ar response (3 log reduction in

SoltkARlupt ranscript levels). The main characteristics 0.69
%'Bt he 68 CM. pati ent1§ ar qu assifi edu'& nto t4q%se with
or w t hout MVR
[08-1.2] 12 35.3 11 324
>1.2 5 14.7 8 23.5

Accelerated-phase CML 0.58
no 26 76.5 24 70.6
yes 8 23.5 10 29.4

Interferon before imatinib ‘ 0.62
no 15 441 13 38.2
yes 19 559 21 61.8

Daily imatinib dose ' 1.00
400 mg 25 735 25 73.5
600 mg 9 26.5 9 26.5

* MMR means major molecular response (3 log reduction in BCR-ABL transcript levels). The
main characteristics of the 68 CML patients are classified into those with or without MMR.

T P value was assessed using Student’s { test for quantitative variables and the ¥ test for
qualitative variables.

1 No. is the number of patients.

§ Data are mean values (£ standard deviation) for quantitative features. Data are proportions
in percent for qualitative features.

I Trough plasma Imatinib concentrations are expressed in ng per millilitre.

TROUGH PLASMA IMATINIB TRESHOLD FOR MAJOR MOLECULAR RESPONSE
The concentration—effect ROC curve analysis tested the discrimination potentiai of trough
plasma Imatinib concentrations for MMR (Fig. 1). For the latter, the area under the ROC
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ent between patients with different Imatinib plasma exposures grouped in quartiles

{p<0.025). Patients achieving CCR by one year had steady state concentrations of Imatinib
after one month that were higher than those not achieving CCR. Overall C,, values were
statistically significantly higher in patients who achieved CCR during the study (mean 1009
ng/mL vs 812 ng/mL). Thus, maintaining an Imatinib trough level at or above 1000 ng/mL
might be important for CCR. This result is consistent with the threshold value of about 100
ng/mL found in Example 1.

In this analysis, we assumed patients maintained adherence to Imatinib therapy, during both

the first and subsequent months. However, this is an unknown variable although patients
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Sur vi
manmdlfferent factors such as aCCESSIbllity of other treatments, intra-patient dose escalation

in the later time of treatment period, etc. Nonetheless, patients with a jow Imatinib trough
level tend to have a poor EFS than patients with higher Imatinib levels. As expected,
Imatinib exposure was correlated with the rate of discontinuation. Patients in the lower quar-
tile had the highest discontinuation rate than inter and upper quartiles. Interestingly, one of
the reasons for discontinuation was related to unsatisfactory therapeutic effect, which was
consistent with the findings from the correlation analysis between clinical response (CCR or

MMR) and imatinib quartile concentrations.
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Rates of CCR (defined as 0% Ph+ metaphase cells out of at least 20 examined) in the study
population and major molecular response (MMR, defined as = 3 log reduction in BCR-
ABL/BCR ratio from a standardized baseline) in subjects who achieved CCR before were re-
ported previously (O'Brien SG, Guilhot F, Larson RA, et al., see above).
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Data Analysis
Trough plasma concentrations (Cn value) of Imatinib and its metabolite after the first dose

and at steady state were analyzed and correlation analysis was performed retrospectively
with clinical responses including CCR and MMR, as well as patient disposition after 2 and 5
years of treatment. Correlation of PK trough levels with age, gender, body weight and body
surface area was assessed. Plasma trough levels of both Imatinib and CGP74588 on Days
2 and 29 were grouped into four quartiles. The lower quartile (Q1} includes data on the 25%
of patients with the lowest observed concentration values, whereas quartiles Q2 and Q3 ex-
tend 25% below and ahove the median concentration, respectively. The upper quartile {Q4)
includes the 25% of patients with the highest concentration values. The central 50% of the
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troumgh rcom@traﬂm'rsltﬁnh'mmlb and CGP74588 were 979.0 £ 529.6 ng/mL and 2419
105.5 ng/mL, respectively; the metabolite to parent drug concentration ratio was 0.268 *
0.085 (n=351). Based on the trough levels on days 2 and 29 on the same subject, the accu-
mulation ratio to steady state was estimated to be 2.21 £ 1.15 for Imatinib and 3.38 + 1.54
for CGP74588. The distribution of the trough concentrations of Imatinib at steady state is
shown in Figure 4. There were 19 patients with Day 29 trough levels >2000 ng/ml included
in the 4" quartile for analysis.

The plasma trough level of Imatinib was slightly higher in females than males (10781£514.5
ng/mL vs 9211530.8 ng/mL, respectively, and differed by 17.2%), probably due to body
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There appeared to be a trend in event free survival (EFS} with respect to Imatinib trough lev-
els, a relatively poorer EFS in Q1 group than other quartiles. However, no statistically signifi-
cant differences were achieved with the available dataset (Figure 8). A similar trend of cor-
relation between patients disposition (or discontinuation) and PK trough levels was observed
(Table 2.3). After 2 years treatment, the number of patients ongoing was low in Q1 group,
75.9%, comparing with 84.3% and 89.5% in 1Q and Q4 groups. After 5 year treatment, the
number of patients ongoing was 58.6%, 72.5%, and 76.7%, for Q1, IQ, and Q4, respectively.
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After 5 year treatnment, the nunber of patients ongoing

was 58.6% 72.5% and 76.7% for QL, 1Q and 4,

respectively. WO 2008/ 036792 PCT/ US2007/ 078978 -24 The
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Table 2.2 CCR and MMR rates (%) at different steady-state Imatinib trough level quar-

tiles

Qutcomes Quartile 1 Quartiles 2 and 3 Quartlle 4

(n=87) {n=178) {n=86)




Table 2.1 Steady-state trough | evels (Mean (SD)
[range]) of Imatinib and CGP74588 by quartiles Day 29
Data Overall Quartile 1 Quartiles 2 Quartile 4 N=351

N=86 N=178 Imatinib (ng/nm) 979
%%".’@?&gég (148.2) 1661 (602. 0)( [153) 3910]("11[2’?"33?“7%%“
644] [647, 1170] [1180, 3910] CGP74588 (ng/nl) 242
(105.5) 153 (48.5) 236 (65.8%5343 (126.1) [50.2, 841]

[50.2, 322] [105, 455] [160, 841] OCGP74588/ | mati nib
0.27(0.085) 0.32 (0.106) 0.27 (0.068) 0.21 (0.052)
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Table 2.3 Patients disposition after 2 and 5 year treatment grouped based oﬁ steady-

state Imatinib trough level

Qutcomes Quartile 1 Quartiles 2 and 3 Quartile 4
(n=87) (n=178) (n=866)
n (%) n {%) n (%)

Disposition after 2 years

Number of patients ongoing 66 (75.9) 150 (84.3) 77 {89.5)
Crossed-over to other treat- 4(4.6) 6 (3.4) 0(0)
ment arm

Discontinued treatment

1. Unsatisfactory effect 9(10.3) 11 (6.2) 4(4.7)
2. Adverse event(s) 3(34) 5(2.8) 2(2.3)
3. Death 0 3(1.7) 1(1.2)
4. Others* 9(10.3) 9(5.1) 2(2.3)

Disposition after 5 years

Number of patients ongoing 51 (58.6) 129 (72.5) 66 (76.7)

Crossed-over to other treat- 4 (4.6) 6 (3.4) 0(0)
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pharmaceutically acceptable salt thereof is
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| eukem a,



(b) at |east one blood sanple fromsaid patient is
collected within the first 3 nonths of treat- nent, (c)
the plasnma trough level (Cmin) of Imatinib is

determ ned, and (d) the dose of Imatinib or a
pharmaceutically acceptable salt thereof is adjusted in
a manner that a Cm n between about 1000 and about 3000
ng/m. of Imatinib is achiev@d-in patients not reaching
a Cm n between about 1000 and about 3000 ng/nL of
Imatinib. 2. The use according to claim1 wherein the
Ph+ | eukem a i s Phil adel phia chronbsone posi- tive
acute |ynphoblastic | eukenmia (Ph+ ALL) or chronic
WHRres gLaimeoksm a (CWL) .

1. Use of Imatinib or a pharmaceutically acceptable salt thereof for the manufacture of a
medicament for the treatment of a Ph+ leukemia, wherein

(a) a predetermined fixed amount of Imatinib or a pharmaceutically acceptable salt thereof is

administered to the human patient suffering from a Ph+ leukemia,

(b) at least one blood sample from said patient is collected within the first 3 months of treat-

ment,

- (¢} the plasma trough level (Cmin) of Imatinib is determined, and

(d) the dose of Imatinib or a pharmaceutically accepiable salt thereof is adjusted in a manner
that a Cmin between about 1000 and about 3000 ng/mL of Imatinib is achieved in patients

not reaching a Cmin between about 1000 and about 3000 ng/mL of Imatinib.

2. The use according to claim 1 wherein the Ph+ leukemia is Philadelphia chromosome posi-

tive acute lymphoblastic leukemia {Ph+ ALL}) or chronic myeloid leukemia (CML).



