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Abstract

Chronic myeloid leukemia (CML) is a malignant
disease induced by the oncogenic signal of the BCR-
ABL transcript resulting from the translocation between
chromosome 9 and 22, t (9:22). This genetic alteration
evoked the development of imatinib, a tyrosine kinas
inhibitor (TKI) targeting BCR-ABL tyrosine kinase. This
drug showed higher activity with durable response
compared with conventional interferon therapy and
became a standard therapy for newly diagnosed CML
patients. Dasatinib and nilotinib, the next generation TKls
are used for patients with chronic phase CML as first
line therapy as well after finding that these drugs exert
faster and deeper response than imatinib. Resistance
and intolerance to BCR-ABL TKis are the obstacles to
managing patients. Substantial new drugs are developed
for targeting mutations resistant to BCR-ABL TKIs. More
concern is paid to long-term management of patients
showing complications when taking these drugs, and
eventually stopping drugs in selected patient populations

are being evaluated.
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A& 590t} Busulfane] ARE-0 2 Z¢F AL 7|7H 3.5-4
0 2 Z7IRIIAIN EEA L R} Y ZERAEE U] 3}
FJghh= Ao] LA 1960dtiols ZERAEE 4 3}
F3}+= hydroxyurea?} 27% %tk Hydroxyureas= CML
o ARl B35 YERIANE S AL 7R 459 4
T2 S7PAY 196039 Nowelld} Hungerfordi= CML3F
Aol 228 G} oA oPgol EAHO R Lhehd
tha dhgael o of gholzl 224 HAAlE Hepdlajoleld
Al(Philadelphia chromosome)2} W&}t 19731 Janet
Rowleyell oJsf de}dajo} A= o 220 QAA <] 7
2Hlong arm)2] ol oJgl Azl AHAS vt 19704
o= CMLe] S8l ¢kx] Wb o 2 T 2& A Fo]xlo] A
P ot o]= kA E 3xjolut A-L3F 5= 919tk 1980w
ofl Talpazel] <J&} Lo} SIE}HE0] CMLo]| 229101 $i}e]
TY AL 7RIS 759008 AEE 4002 7T of
Oﬂ OIE] | 23} 3FA2 cytarabine?] WS XF 2 100 A
50| 0% I 1980dt] Zell A7z ==
2 xJol| = 27H] FARHOH G| o] ABL-7dAke} 22
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Al Bl ARl FiAke] Aikaql BCR-ABL wd
Faslo] CMLe] 93] 22 7Fsdeo] thFE2iTt 1990
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d P2 WA Tash Al AAlRbe= Ade] &
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W 7Pdshe @7t o4l 199359 BCR-ABL tyrosine
kinaseZ&3 Alote 2ol ¥k A7 A50 2 At
] 19964l Druker “5-¢] CGP571480]2}+ =%¢] BCR-ABL
tyrosine kinase2Hsg 9JAI3}e] BCR-ABL A A|xE2] A7
L el o 2 oAt AMAlS HhEslglal o] B2e STI-
5712 MW= 0™ 0] imatinib (Glivec®)o|2}a a7 =
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=7 Food and Drug Administration AP 2F& AJg 317 Al
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CML< WA 7|(chronic phase, CP), 7}4:7](accelerated
phase, AP) ¥ 5437|(blastic phase, BP)E Y-t} 71471

£ et e 71% 5 ol sffol Seht Al A9
ol W s F4oA] blast 10-19%; B33 91¢] basophil
20% o Aot Fsl Eadt HAF(<100 K/pl) B
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=L EH@' 182 Flghe (hematologic response,
HR), A|¥E-F-A8H (cytogenetic response) ZLg]al 1214 1t
~(molecular response) & 2 F-Fait) ehddN et uhg-
(CHR) WBC <10,000/1L; Basophils <5%; No myelocytes,
promyelocytes, myeloblasts in the differential count; Platelet
count <450 K/uL; Non-palpable spleeno|t}, A 3E-f-7g}
2 k32 complete (CCyR; No Ph+ metaphases), partial
(PCyR; 1- 35%; Ph+ metaphases), minor (mCyR; 36-65% Ph+
metaphases), minimal (minCyR; 66-95% Ph+ metaphases),
none (noCyR; >95% Ph+ metaphases)2 F-5F3l}, 414
Hk-3-2 Complete (CMR; F17H= 1040]32] 2t ZAPH O
2 29 A& AJgS) real time quantitative F=5 nested PCR
o] 4] BCR-ABL mRNA transcripts?} 7AZ&%A] &), Major
(MMR; international scale® ABL %+ T2 housekeeping
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genes®]] thak BCR-ABLY] H]& <01 %)Z E-F3HHI). o]
25} x| 2Hkg-0] Aol TKIZ X|2& A2t & 7} A7
2 A3 A857} =i leA] et 7ol Hoh AR
Hk-8-o] Zlo|7} of| o] Q3| International Randomized
Study of Interferon versus STI571 (IRIS)ol|4] 204782] A=
ZIekel wH437] CML $HA}-2 imatinibo 2 X835} 292 B
H 1270 LR 9k A E-FASHE BFS-(complete cytogenetic
response, CCyR)ol| =&k 7-9-ol] 1%A] 55k SAlE 1]
shef -t A WEE (overall survival, 092} F-zlg Y=
S (progression-free survival, PFS)& HtH10l, 2|5 5 187
A FQ EA} ¥H-8-(major molecular response, MMR)& &
S5l Zo| FAPARE S (event-free survival, EFS)¥ 34
7h ok I A3 AR CCyRe] F5of] H]ste] 5714
21 997 olSro] hzriz ob71A) Halsh) e

3) 512

Sokal 5ol &3t ol $212} Hasford ol 2|3k of 931
A7} E2 0 2 wol AREE T QltH12, 13], Sokal AlF+E
Exp 0.0116X(age in years -43.4)+0.0345X(spleen -7.51)+0.188
X[(platelet count=700)*-0,563] +0,0887x (blast cells 2,102
2 APy <0.8& low risk; 0.8-1.2- intermediate risk; >1.2
< high risko]t}. Sokal AFE FZF S1gTT S HT A
ols] WEHE 2 TR UE Wilo] YoH ol 1
Q37] 9130 Ak Hasford A% el 2e] Azt
2 7 vhejich, Hasford A4 0,66 (1}o] 504 ol kel 7
PH0.042xspleen)+1.0956 (platelet count >1,500x109/191 749
+(0.0584xblast cells)+0.20399(basophils >3%%1 73-$)+(0.0413
eosinophils) X1002 Ak <7802 low risk,; 781-1,480-2
intermediate risk,; >1480-2high risk 2 F-F31} TKI A 8%
uko. g71e] X2 AE B Sokal A5 W 9L 2}
o7} olls] ek Ao ek gl

3, Tyrosine kinase 2M|H| X| =
1) Imatinib

Imatinib-> BCR-ABL tyrosine kinase2] ATP ZAgHE-9]ol 74
Ao 7 Agtsle] o]F o] AT HEAAZS AMBIAAA Al

37} A= AL 90 24 BCR-ABLY) tyrosine kinase
2Ae] SEe 9 5] Dok AR Lehdnh, A5 W9
H 2FA7] CML (CP-CML)ZA} 110698 thAHC 2 Imatinib
400 mg (5531) T= U} olEj )2 X5} A8 cytarabine
o] BIIA|H(5535)S v|wsl= RIS 373 IAIHelA 18711
ol 757 1v 573712 ZIY81A| &= HlE-o] imatinib ol A=
96.7% L EFA|FelA= 91U o] Sli= Apols B
THP(0.00D) [7). o] A7-5 T3t A2 Ik CP-CMLeA}e]
A A8+ imatinibo] FFX|E 2 QP ATt IRIS -2
8d FA¢a A2 B imatinib Fo w2 $kajo] Os=
8506, CML#}F ¥ Apdahs 183 wh= OS7F 93%e]] ©]
ZE0}14], European LeukemiaNet] A|zlof| A= 2& CP-CML
el A A8 imatinibS 370l 400 mg o & ARfsl= A
S Auska JeHal. 2|zl thel Wk-3-& optimal, suboptimal,
failure, warning© 2 U-wt}. Optimal response?] 7152 %]
5 37]¥ell= CHReH HAgh mCyR; 07 €elle= 48k PCyR;
127} 4ell= CCyR; 187]€olli= MMR; o]® w2k MMRo] 4]
AU gAE= 790t} Suboptimal response?] 7]5ES 2
£ 7€l No CyR; 678 elli= PCyR w9k 127€ell= PCyR;
187 eli= MMR 1Rk o] wl2ke MMRE S84 =T}
7152 78-5-0lck. Failure®] 712 X5 371€oll= CHR 7]vk
67Rell= No CyR; 127]€ell= PCyR 1]ek 187]Lell= CCyR
ek ofd mzke CHRS 8714 COyRe 874 =10 &=
+ CCA/Ph+ (clonal chromosome abnormalities in Ph+ cells)
7} A7) 73$-o|tk. Warning sign X2 AJ2F Hell= high
risk, CCA/Ph+%] 73 127 olli== MMR "]¢h; ofH wjgl=
transcript level®| <584 CCA/Ph- (clonal chromosome
abnormalities in Ph-cells)7} 271 78-3-o]t}. Optimal?] 7-$-
o= @A AZE FrAl8HH suboptimal?] 78-F-oll= FUgh &
AN/ E AR WA S AP matinb
o] B (intolerability)2] 78-$-olli= 22} 2FAJ2] dasatinibo]
 nilotinib 2 2 WAL failureQ] 73-$-ol| %= dasatinibo|u}
nilotinib 2 WA, The} /447 712 A9 A%
oAU T3151 Eirdo |7} Hh st 7ol TE=E w0
= Adehs Zhe dadit A 25N §52 SIS e
BAE 7] S8l 400 mgT 800 mg & 2 F-2}9] date] |5
& A7} 800 mg FofellA 370 o7 A e MMR} 7)€
A2 CCyRo] ] =9k} (57% versus 45%, P=0,0146), 12711 €4]
2] MMR (46% versus 40%, P=0,2035) 5= CCyR (70% versus
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66%, P=0.3470) 2Fo7} QISTEHISL. of= 800 mg FotzollA]
2o gshy 548 Holon Hit Fof faF0] 6620 mg
o Ego B2 =& &eF] imatinibol] o] $4] 4%+
< ofnfgitt. TRl Bralar el whet 852 571
7 ekl 800 mgell 2 A St 12718 U] =2
MMR (59% versus 44%, P<0,001)& HFATHIO),

Pegylated interferon (IFN)-& imatinib 400 mgol] GI&
o] ARE3HE AT-ollA] 63679] 2| EHEA| 932 CP-CML3HA}
£ imatinib 400 mg, imatinib 600 mg, imatinib 400 mg¥}
cytarabine (20 mg/m’, 15-28%) B3}A| &, X imatinib 400
mg®} pegylated IFN-a2a (3 90 pg) B3| E 2 F-2H] vj
A3k} 1871l MMR H]&o| ZH} 42%, 50%, 53%, and
62% (P=0,004); 2471 8213 (complete molecular
response, CMR)H]-&-& ZF219%, 8%, 8%, and 16% (P=01)=
YERITHIZ), German CMLAV oA = 12716 MMR2)
35 Hol|A] pegylated IFNZ} imatinib 400 mg B3| 8
(34.796)°] 400 mg TH=(3.8%)9] HIsAE= ¢-LeHS 1A
vH imatinib 800 mg T5-r0] 54.8%2H= 344 MMR H]&-
& HOFATHI6). whebA imatinib IFNS] H3EQHo] o7
ATrollM FdE e Boeol® Eekal IFNS] -2k
S imatinib ool 7PE 27} oAlSe] & A4S 71
) B} olSol gieAl aehlsly

Imatinib®] 8 F-2h8-0 2= F2 A5 Z 7] W=
SFTREZ 9 UE Fol B RAgo] Y oA, AL
157l vk, Ao 21 5(fluid retention), SFEF9] &, T
T4, obgR §9 s} e 9 o vjEels
2Rg-o] ek olHgk F-2H8- 5 PN imatinibo] BCR-ABL
2k olug} PDGF, -KITS 3] SJAleh= 23 3ol =
0.2 HelT), tite] kg2 Alzle] AN 2 ok
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Wl o2} olaked ol dasatinib¥} nilotinib2 A1 EA] 2
4 CP-CMLEEAL]| AFR-3)& o 2 CCyR¥} MMRS K.
FACH18-201, AJEAl ke CP-CMLEHALE i de = &
T2Ee] 34F A S| A & nilotinib¥} dasatinib-& 25
CCyR and MMR &5 oA imatinib 400 mgol| ¥|a}e] ¢
Y3t 95 HoJFtH21, 22]. Evaluating NilotinibEfficacy

and Safety in Clinical Trials-Newly Diagnosed Patients
(ENESTnd)2haL Y8 37 dAI3elA, 84689 k17t
nilotinib 300 mg 3} 23], nilotinib 400 mg 3}5 23] &
+ imatinib 400 mg 3}F 18] Tl 2 11111 v &2 F3}
9] wPgd=Iet, 1270 €A CCyR &2 300 mg -ollA] 80 %,
400 mg ol 78%, imatinib ol 65% (P<0.001)2 HS]
o} 1270€A MMR H]E-2 nilotinib 300 mg T 44%, 400 mg
T 43%= imatinib 22%°] ¥]3] A <] 28] F2(P<0.001)S
HQItH22], Dasatinib versus Imatinib Study in Treatment
Naive CML Patients (DASISION) ¢3oll X3, AjgA] Zgke
CP-CML 5199¢] #2}7} dasatinib 100 mg B=3= imatinib 400
mg o & ¥2¢] w A==, CCyR H|E-0] dasatinib 83%
tf imatinib 72% (P<0.00)Z YEFHTH21], MMR H|-& 94|
dasatinibol|A B A JERFTHA6% versus 28%, P<0,0001),
oFE =40 7 g5 T H]E-S dasatinib (5%)3
imatinib (4%) Afole]] zFol7} §IAct. ol A& A
Wt 2| FHEEE AT E AEH o R fAIHE A
= HofFa Qloh23, 241 &%t 71 FAdzko] H gsiArt
1H-8-0] zlojel Ag71Rke] 23} Atolel] A k= A
ZHekshA dasatinib 100 mg¥} nilotinib 300 mg 35 28]7}
712¢] imatinib 400 mg¥} tlE-o] AEA ek CP-CML
ARe] A 2|52 WolEoAaL ek

Bosutinib< dasatinibo |t} nilotinib¥} 5-A}8F 5= THE 24]]
o] TKIZ imatinibXt} in vitroolX © F&sbd 283 1
5k BCRABL SO} 2|tk 2|25 4] 942 CP-CML
5021¢] k4= bosutinib¥} imatinib 0 2 T2+ vl 45}
12713t 28k 374 Q1A R] BELA $97} &2oll Ha
wIoH2s), Yk Z372l 1270€0]] CCyR H]E-2 bosutinib X
0] 70%, imatinib X850 68% (P=0.601)%t}. 1271€
o] MMR H|&-& bosutiniboll Al -LTH39% versus 26%,
P=0.002). CCyR¥} MMRl| Z=23}= Al7H2 bosutinib -0
A1 om) QA Fokort 3% B 4%9] I |F ol gl 43}
7] 715739l Z bosutinibS = H]E-0| imatinibdl] B]
3f 4ult =9kt o]l o] A A= 24 bosutinibe] g

2 ob%) 34l ergiet
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3) Imatinib #]3}A]

Imatinibell 22+ A13/d-& ZHA] H= A4 713-& BCR-
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ABL ©JA|¢] 3]7]o] 9|8t 20 2 BCR-ABL WF-2] kinase
domain E¢IHo]9} o]& 13} imatinibo| §3}A o 2 A3}
%] 2317 =7, genomic amplification B A&HA &
2ol 371481 ph GRS 97 Ho =M = BCR-
ABLE] Z3AmEQl 2o 2 AZFATH20-31, vHe5 e
Aol 5ol olefgt 71 gk SA7F F=38k BCR-
ABL} 733} 717ol] ofgk AY = Qirk

4 A A7 A A9 22 A=

24|t BCR-ABL &JA|A|¢] dasatinib¥} nilotinib2] &3
< imatinibel] B-§ = B0 SRS e 2 g
TollA] AFEACH32, 33]. Dasatinib-2- tj-5-2] imatinib A
%/ BCR-ABL EIH0]ol|X] &3P} gl Ao 2 B,
of| o] 0 & T3151 E¢IHo]o| A= dasatinibe] 37} §loH,
3171 &Aool 5] A3de HRITH34], Imatinib
A& ol HA datatinibell $5E] XS A= E =
Iol= G250E, F255V/K, V299L0[t}. Nilotinibx T2
imatinib A&/d BCR-ABL &¢Holol] 37} gl o} T3151
EHo o= B} §IoH3I), olelell FEEe] AFS 2
EoiHo] 2 Y253H, E255V/ K, F359V7} QITH33). Imatinib
B gl A 2af ofAle] el gt o of2st &
o] A& Ha g & < ). 53k dasatinib-2 pleural

%
=
effusion®] $J8o] AL, nilotinib& QT A%, IdA+<5,

e
lo

s
r'E o

O;

O

lipase 4, V715 Akl gl $lfol ez 74zt
b 3283 Tefslel ] BNARS 1Ee 2 el
2= 9Jt} Nilotinibo |4 dasatinib-& AF8-8F - W3-8 43215}

Al = ZellE 13151 B o7} ofujebd dsgte]
Ade =57 wizol SFAlE upA] ARRElE 5 QA
Dasatinibdg & X5 &2 A3 -9 dasatinibol] ASAILS
Holi= A E-AIH0](V299L, F3171, and T315A)+= imatinibol]
o}4] Bk-g-o] gl& &= 9l o, nilotinibol|lA] X|EHH-g-2] 22
7} A7 Eoo)= imatinibol| & AFA3E HolB 2 A X
B nilotinibel] Aojak gAtol|A] 22} X8 2A] imatinib-
efidol ¥7] e

=]
24

4) M= AE

A28 pan-BCR-ABL JAA| 2 74 AP24534 (pon-

atinib)9] 1% gAIES S3l D] BCR-ABL 7 oy
2} T31512} M351T, F359C, F317L, M244V, G250E S0l =
7H gztel| At MMRo| 215 HRITH301. Ponatinibo] 27
Aol FHtol WSl Pht acute lymphoblastic
leukemia (ALL), dasatinib B=x= nilotinibel] #3+d/EU4,
= T3151 EW0] $2HE50] 45 mge] ponatinib< AT
B89tk wh71e] A/ e Sk Follxde 25/604
(429%)0ll4] major cytogeneticresponse (MCyR, CCyR 157)
£, W9719] 13151 IR0l 7H1] $A} FollM= 13/237
G700 MCyR(CCyR 1178)& S5 A1 whd7]el)
A1e] MCyR H&-2 38/83%8(46%) (CCyR 267)0|30tt, 7147
ollM= A Bl deatel17/237(74%) 2] AL 178 T3151
31z}ol| 4] major hematologic response (MaHR)<S E53]T.
H7] B ALLAAN A EHE, A/ EHdeAte] 11/30
(37%), T3151 $k2k2] 6/22 (2790)914] MaHRS 253} cH37.
DCC-2036-2 BCR-ABL2] allosteric inhibitor2 1% 93]
3] Solt}. DCC-2036-2 kinase domain®] “switch” pocketo]]
Akl kinase?} inactive conformationg ZIeE sl =
538+ 28714 whiol] T31515 33 TKI-2-3-4 BCR-ABL
ool a3t gl Ao ZIETH38, 39). A&
alkaloid9! omacetaxine™ T2 gHAJ2] oA 2 72l
OFERA] BCR-ABL/T3151 EUHOIE PO 2 gF Aieo] 2
2} o Al3ollA] E3HE BSEH40l, Omacetaxine S =2 ¥l
o] B4 oA Hole] 7)710] 2 el YK oL E v)
ARAFEEE A BAo 2 AMEE & 9ks Flolth

[41-43),
5) 7147 B JA710 A8

717 =5 549719 CMLE imatinib 600-800 mg< A}
|3 imatinib A&/ EAHOE 7171 A9 24d) TKIE
ARSI SRR of2fst S-Sl AIA A5 o] fA|E=
7IRYo] o B2 TKI AHE $- QPgo] B FFXE A 3o
215 Aldahe Zlo] AH-Ert 12 XS 2 imatinibel] Aol 2
2} 2|82 dasatinib B=5 nilotinibS AFE3F & Sz
Mo S Algigiet. wetA] olefgh S5 AHEAl T
= obAle] QPAITE A o] I Bple] He) Abatol

25 gk



108 Hanyang Medical Reviews Vol. 32, No. 2, 2012

4 X=2o| E=

QM 7RE FRITKIE AR8-3HH ta2e] Stellx] A4
o= Z‘l’%" WA FojEa B AR real-time quan-
ve polymerase chain reaction .2 ZAASIEEE Hol
= T BAaE s = gl "loH23, 24] A As
2 0 e 29 5 Fol 5 e olel Tl 1}
B2 A oFS R e 2] Ael A
31 Afgtolt}. CML FAbollA] TKI 2| &
9 glo] B5 7 IS Aok sk A o/ 7RE F3t
o ABE e kg Zumel ohe} Az u]ge] 2
AN Za8F ZAo]t}. STopIMatinib (STIM) 37 20073
¥ 2009‘5 Atolof] # 4 317t imatinibS E-8-8}a1 4 2y
7F BCR-ABL CMRE ¢FA 0 2 §AJ5)1 ¢)= 3k} 1004
o AE FUl AIE B AT, ol
A 1270 ol FHHEH 69789 St 7 4276190904 A
WL 11 5 4092 70 oW, 1782 i, 12 1971
o] ApstaAct. 1270 H A&2%] 24 gels A &
E2 4%t AEIE 25 3= imatinibS THA] Foig),
< o §hE-ES HojA H‘?%?_ 2r39] 32} 3 167804 =BCR-
ABLO] 223190 26T A572] POR 348 ThA) 9
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