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[Abstract] Objective To compare the clinical features between the 2 cohorts developing
myelodysplastic syndrome or acute myelogenous leukemia in Philadelphia chromosome- negative cells
(Ph™ MDS/AML) and maintaining disease stable in the patients with Philadelphia chromosome- positive
chronic myeloid Ieukemia (Ph* CML) who had clonal chromosomal abnormalities in Philadelphia
chromosome- negative metaphases (CCA/Ph™) during tyrosine kinase inhibtor (TKI) - therapy. Methods
We retrospectively analyzed Ph® CML patients who developed CCA/Ph™ during TKI- therapy from May
2001 to December 2017. Results Data of CCA/Ph™ 63 patients, including 7 progressing to Phm MDS/AML
and 56 remaining disease stable were collected. Compared with those with stable disease, patients with Ph
MDS/AML had lower hemoglobin (P =0.007) and platelet (P=0.006) counts, and higher proportion of
peripheral blasts(P < 0.001) when the first time CCA/Ph” was detected, and more mosonomy 7 abnormality
(5/7, 71.4% ) when MDS or AML was diagnosed; meanwhile, trisomy 8 (32/56, 57.1% ) was more
common in those with stable disease. Outcome of the patients with Ph™ MDS/AML were poor. However,
most of those with CCA/Ph™ and stable disease had optimal response on TKI-therapy. Conclusions A few
patients with Ph" CML developed CCA/Ph™ during TKI-therapy, most of them had stable disease, but very
few patients developed Ph™ MDS/AML with more common occurrence of monosomy 7 or unknown
cytopenia. Our data suggested the significance of monitoring of peripheral blood smear, bone marrow
morphology and cytogenetic analysis once monosomy 7 or unknown cytopenia occurred.

[Key words] Leukemia, myeloid, chronic, BCR- ABL positive; Philadelphia chromosome;
Tyrosine kinase inhibtor
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Pk G TR U A1 ) 750) (T 3 A ol R 18 1
B 1 55 (CML) £ 25 19 Ph 4 (8 R 5% [, O 4 2%
B T ERFE MBS, S CML R FEALE TKLA
b R b 2x B Ph B v B G (5 44 57 8 (Clonal
Philadelphia
chromosome- negative metaphases, CCA/Ph™) , } #
CCA/Ph [ R 35 28 R FR 73 1 KRR , il B A
TKIVRYT R B rf & 2E Pho s A4 v 45 ik bk
B2 % (MDS/AML) > EAMIFTE K HL, X 7
FBAETENG R R EA BT AR, i A Gl
Ry, FATT B 5T 17 4Rk w2 IR BE B9 CML
B B R, He A Ph-MDS/AML £H 5 Pho# i
R R Wi RN A0 M 35 A% 27 R R Y 22 57

chromosomal abnormalities in

a5 77i%
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[ JE 43 BT [ 2001 4F 5 H 22017 4F 12 A 5ki2
TIBE 2 CML 9 2 115 6501, Frf &1
LI ML 2 E R A2 CML, %
S M UL WHO 2001 Frifs

IR KRN W

i BE Y2 SR e RSB Ss T
BICIRIT , ik e A& RIS I ELN2013
Fer . AE TKUVAY P R, 2 A 7 Il s 4
TR AL G W A3 A 0 B AL R S N, T A
TEILSCHR[ 12 ],

1. A BB AL 2 50T B REARAS 28 G Al I A
Yoo (A% Y, AR CON S A R 35t 1% 27 [ B iy 24 AR 1
(ISCN, 2013) )T #4312 B E RIS ET A
TKUAYT AR5 A8 34 H 64T 1 U BE e, 15
G5 A A 5% 2% ) N (CCyR) |, B J5 5 2 ~ 4 4
R 12K

2. TR R BE A A A £ 2006 4F 5, R FH AN E
I AR AR 28 52 B 1 2R A i 5% 0 (RQ-PCR) £z il
BCR-ABL 7K, R Sanger il ¢ 46 TKI i 24 £
ABL 72 H UL SRk 13 ],

M D 20 R 22 CREI 2 =20% ) i), SR
Tt 2 200 A ARG D 4 e g3 e AR, i L ST
Bk[14], 456120 AML N, K gE R 1¢S5
Fr % , A4 #§ AMLI1- ETO. CBFp- MYH11, PML-
RARo  NPM1 ,FLT3-1TD % [ & 48 R A& & H L%
(MLL) AR A FE R, BRA i B 7

=X

1. CCA/Ph™: TEFA T Bl Y CLARAZ B 3 AT I, 2
FE=2 A~ Ph [ 40 A RS s (] — o S A 7R s
UCE Y R AZ AL AT RS =1 1> Ph B PE4I i p
Ay ] — o S H A% Y, ) SR CCA/Ph

2. Phn MDS/AML: 4 £ i} CCA/Ph B}, 7E 3K 1%
CCyR & 4hJ# it BCR-ABL/ABL < 1% 5% K , #5&
BEk AN I SR AN 5% ~ 19% , U %E LA Ph
B REYG A S H LR A AR IR LR 40 i3 2 (MDS-EB) ;
B BE AN E I RS R R AR A =20% , W e ol
Ph"AML.

3. Phofiim ke iE - 2446 HH CCA/Ph ), 25 50 Ak
F CML 12 P4 3 I 3k 15 58 4 ML 2% ) v (CHR) , 6
1 Ph 40 i b 2 75 35 31 CCyR, 28 S P i B
E o

Dy . B

TR 12 RE VT B s b 7 =X, B Dk
HI 20174512 H

. GeiteEAb

KR ES T, 40 A N H 22 R R
Tk FEAH] WAL, AR Rl AT ROk e, 1% 22
A% i £ 4T Mann-Whitney IE S B K . P<0.05 4
ZREGIEE L. R SPSS22.0 ¥k it 41481t
3T

# R

63 15l CML & 35 7€ TKLiR 7 i B2 H 81 ccA/
Ph, Horp 7 I LE S Y CCA/Ph [R]85 22 )5 % 2E Ph
MDS/AML, 56 il &b T Ph ¥t e o

— . Ph"-MDS/AML 41 Fil Ph 5k i 5 41 A 45AE
HeAs

P40 £8 E TE 0 2 B AE IS L TKIRTIR Y7 58 .
CML 2 Wi 45 TKIRY 7 I ] 7 Uk i CCA/Ph
sk IR FH TR 2SI 1 4 114507 T 22 S5 34 T4 1+
B (P{EY) >0.05). {H5 Phyfighese AAH L, Pho
MDS/AML 41 1 K # i CCA/Ph™ I} Il 41 & H
(P =0.007) F1 PLT (P =0.006) /K F BAK , ¥} J& i 4
4 f LE A1) (P = 0.000) B /55 , CCA/Ph Y4 o {4 1% 780 2
BA G X (P=0.001) : Phn MDS/AML 41 DX
“=77 A8 R UL B R e A DL 87 i 2 L
HRA-Y” Y7 487 BT -7", FEWLE L,

1. P MDS/AML 4 : 7 51| & 4= Ph- MDS/AML
FHL 46 B2 R AARRE 51(22 ~ 78) % L 12
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AR MR A 2019427 25405455 73 Chin J Hematol, July 2019, Vol. 40, No. 7 +549-

6 > H WITEA B8 JE 400 mg/d 1697, 2 19 (15 2 . 4)
FE T Z R NRIGYT 11 R 7240 7 5 FF 06 IR A A
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CCyR,
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B IF 8 7K (=100x 10°/L) 5 28415 , Hv 4 4]
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415 () 4 ~7) B & 1E TKIIR 7 A CCA/Ph
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35 kg Kt CCA/Ph Ji AEREEE TKIARYT H i 2B e
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BCR-ABL/ABL < 1% , H:rp 2 {4 # 3% J5&L CCA/Ph 2%
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“+87 LR LA 227 S 2 Bl =77 2 W Ph
AML, HILEE2,

7 151 £ # AE 12 M Ph-MDS/AML BB i34 JC ]
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WA B

2. Phoge i R e 41« 56 BB ke i vh 7
TKI H 73697 20(2 ~ 154) 4~ H ki iy CCA/Ph™, EA
r A7 1 R G 40 M L A5 R 0.5% (0~ 5% ) , 33 14l
(58.9% ) AbF CCyR, A1JAE i+ /37 BCR-ABL/ABL 7K
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] (28.6% ) J& 2L A AT B # Y4 4K K A, 40 il
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Ji CCA/Ph A= 7A8 Ak, Ho 1 (A “+87 5 01 “-77,
Bfif5 -7 L8 B I +67

—RITHA
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15),FFKi i CCA/Ph R =77 B IF 4217 R IK Fl 1T
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1 Ph MDS/AML 41l Ph e e 4 H & A Hu AR
Bzt Ph"MDS/AML £H (744 ) Ph it e 21 (56 441) Giitide PH
BEELBI(%)] 4(57.1) 33(58.9) 0.001 1.000
WSR2, MGERD ] 51(22~78) 40(26 ~73) 145.500 0.269
TKIFHATF S 1% ) ] 5.435 0.143
FRHENR 0(0.0) 10(17.9)
THER 2(28.6) 5(8.9)
ieis 0(0.0) 6(10.7)
R TKIH ARyt [, MGERD ] 0.5(0~72) 0.75(0 ~ 108) 172.000 0.584
TKIIAYT E M CCA/PRE] [ A, MGER) | 33(8~96) 20(2 ~ 154) 120.500 0.121
HURKE T CCA/PhI Y TKUIRYFB11( %) ] 1.056 0.304
—% 2(28.6) 32(57.1)
TEE 5(71.4) 24(42.9)
B A CCA/PhI TKI A 4377 0.112
HEE e 2(28.6) 27(48.2)
Jewke e 4(57.1) 20(35.7)
KR 1(14.3) 9(16.1)
UK CCA/Ph I FR 4R
WBC[x10%/L, M (FE[) ] 4.6(1.58~10.52) 4.2(2.19~15.63) 143.000 0.437
HGB[g/L,M (JEF) ] 96(52 ~ 106) 118(64 ~ 151) 63.500 0.007
PLT[x10°/L, H0i i) ] 21(12~112) 107(7 ~325) 63.000 0.006
SRR AR AR % , M(FE D ] 1(0~4) 0(0~0) 72.000 0.000
AL % , MGERD ] 6(0~50) 0.5(0~5) 118.500 0.149
CCyR[ (%) ] 5(71.4) 33(58.9) 0.052 0.820
MMR[ (%) ] 3(42.9) 19(35.8) 0.000 1.000
BCR-ABL/ABL[ %, M (&) ] 0.11(0~31) 1.16(0 ~ 100) 167.000 0.670
CCA/PhEZIZEHL[ (%) ] 23.477 0.001
+8° 3(42.9) 32(57.1)
-7 3(42.9) 0(0)
-Y 0(0) 10(17.9)
+Y 0(0) 4(7.1)
add(21)(q22) 1(14.3) 0(0)
+8 4 -7 0(0) 2(3.6)
HAl® 0(0) 8(14.3)

T : MDS/AML : F- i A S 2 B A/ B 2R 1 I 5 TR : B8 2 WM 57 s CCA/PhT . Ph B SR e ¢ (R 57 5 CCyR - 52 A2 A3t
AB2f s MMR s B T4 5 * TMVIEE G T HAL CCA/Ph 288, B4 -7 5 {2 45+9 . +18., -2, +15 ,+3 .59 tmar , +mark SR ;© KI5 {Hak

Mann-Whitney U{H

1 B BER I, B 45 6 ~ 121 A A 1 7%) 598 4il4)
& Ph'CML-CP {83, fEf e e ik Je ik
Je S B e iR YT L R, 10% 1Y B A B CCA/
Ph, LAY FI“+8" R 2 UL, 4 il f 5 b by 77, Hivp
2 50 BIHE A Th R e R g B e a ) T & 4 T Ph
MDS/AML. Deininger %4t T 515 6l +HL KA
7 22 W) CML-18 P 153 (CP) A sl 01 i 3 e
B JeI697 b 5.8% K Y CCA/Ph, LL“=Y " F1“+8" Ny
Z UL, 2 4] “=7"F1“inv (1)/del (10) " 2 H B Ph-
MDS. Kovitz %7 3%3 3 1] Ph' CML £ 2 75 I

R rh & A CCA/Ph, Hor 2 il “ 7" /B e 34 H
WA T PhMDS/AML., #% % H i, £k CikdikiE
t CML # % 1 Bl CCA/Ph 1 % /- Ph MDS/AML A~
it 40 ], PSR JE I8 e AT e Al
JEIRIT NI KA Y, L ELN2013 F5 /R
24K CCA/Ph =771, AR A TRV YT )
R KSCHGE Y PhrMDS/AML B 7R
Bl JeisE e kU RIRIT T ¥R CCA/
Ph™, Jf %4 PhMDS/AML,

KWIDIE A& 8 CML i35 78 4k 15
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%2 PhMDS/AML B H AL CCA/Ph R I IR &
] b FHz4 il WBC HGB PLT PRI BCR-ABL/
L ER ; iy ] (%), PR 7% I
= Fpzk (x10°/L) (g/L) (x10°/L) ABL(%)
(%) (H) PB/BM)
1 B2 R 3 3.5 89 20 0/0  46,XY,t(3;21)(q26.2;q22)[171/46,XY[3] 0
10 NA NA NA 03 46,XY[20] 0
18 4.65 106 39 0/7  46,XY,add(21)(q22)[20] 0.14 Ph MDS
19 437 99 21 10121 46,XY,add(21)(q22)[19] 0.73 Ph  AML
ZJG 0.067  fKFTICRL FET
2 B0 RIRER 6 45 102 107 0/0  47,XY,+8[7]/46,XY[3] 5
40 3.73 103 58 0/0  45X,der(Y)?Inv(Y)(pllql2),-7[5]/47,XY, 0.0221
+8[3]/46,XY[2]
43 448 87 24 0/7  45,Y,der(Y),X,~7[11/45,XY,-7[11/46,XY[2]  0.0131 Ph MDS
44 9.64 98 27 0/4  45XY,~7[20] 0.0038 RIAIT,IEIE
3 /78 o 8 46 106 112 0/0  46,XX,t(9;22)(q34:q11)[10]/47,XX,+8[ 8] 31
41 1.4 99 40 0/0  46,XX,t(9;22)[21/45,XX,-7[71/47,XX, 0.63
+8[ 1]/46,XX[2]
46 NA NA NA 0/1  45XX,-7[15]/47,XX,+8[3]/46,XX[2] 0.3
50 NA NA NA 0/0  45,XX,-7[3]/47,XX,+8[31/46,XX,t(9;22) 8.0
[3]/46,XX[ 1]
58 NA NA NA 03 46,XX,t(9;22)[21/45,XX,t(9;22),~7[ 11/45, 0.0037
XX,-7[16]/46,XX[ 1]
72 NA NA NA 0/4  46,XX,-7[20] 0.047
104 348 71 7 46/30 45XX,-7[191/46,XX[1] 0 Ph” AML
ZJE AT IR e
4 /57 RV 1 1052 96 12 1/7.5  46,XX,t(9;22)(q34;q11)[161/45,XX,~7[ 4] 5.4
3 1.68 111 162 0/0  46,XX,t(9;22)(q34;q11)[20] 20.6
6 881 83 11 135 45,XX,~7[61/46,idem,+21[6] 0.11 Ph  AML
ZJE fb97 3k CR J5
KVi
5 18 REEE 43 6.38 52 21 4/50  46,XX,-7[20] 0.11 Ph" AML
reise s 279 85 117 0/4  45,XX,t(9;22)(q34;q11),-22[1] 52 CRi
IrRIEEE 8 NA NA NA 0/5  45,XX,-7[3]/46,idem,+21[4]/45,idem, 1.2
t(9;22)[1]/46,XX[3]
reisEe 9 581 46 18 022 NA 029 EX
reiEge 17 179 53 48 12/56  NA 0.003  7Fi%
6 /49 JRIEEE 26 758 96 38 1/6  45,XY,-7[20] 0.099 Ph- MDS
29 803 75 25 027  45,XX,-7[181/45,idem,t(9;22)[ 2] 0.048 Ph” AML
ZE ERE RS
7 555 JRisRe 39 1.58 76 21 1/8  47XY,+8[41/46,XY [18] 0.06 Ph”MDS
40 158 52 29 1/10  47,XY,+8[1]/46,XY[20] 0.045 Ph”MDS
45 213 75 31 122 46,XY,+8,-22[11/46,XY[19] 0.0016 Ph" AML
ZJE MG AT

1 : MDS : B AL R 2R AR AML : b

058 AR AU B A
CCyR J&i 1 B AR BE G A A W A0 R | AR R
Jor o, S5 U R FH A0 JE Il W I BCR-ABL f9 ¥ ff P
TP, TIAS5E 46 100 12 A TR RIF R
W a8 A K CML g 52 il F B 58 Jé 19 Ph'CML i
HLBI(11% ) TSR SR YT 3 ~29 4 H A il

25 (UL s NA JCI (L PB L ANE UL s BM 88 ;. CR: 52422511 ;s CRi: LN EOR 52 21k
vh LA Ll A5 L 435k 23 % 28 %

CCA/Ph, P LIEEE 18 ~ 30 H , B F IR TEIFEE .
I 2 A5 2R IE 1) 419 1] CML 235 4 1 030 143 [H] 3
B AE AN MR AR T, 19 0 (1.9% ) B RilAR A K H
CCA/Ph™, i M x 6 f8 {47 #b J& Ifil BCR- ABL/
ABL 5 R WU, AR AR TC 3 & 8 CCA/Ph o AAF 5%
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7B, 6 B DB e IR T ROR BIAR B A AR
TKI, SR A AT ZE A T SR AT , AT 7R 5% 1k
ZETECY A &% BT CCA/Ph Fll PhrMDS/AML, 1fij
[ 3404 1l BCR-ABL/ABL K 43R # A% . £ T
B BEREIN , MR A TCHE & X CCA/Ph B B DR LA 20 i 14
£ 1% 4= P MDS/AML U $m 64k, 3R AT N
A8 i 35 PRI 5 AN B 50 A U RE NI . 25T
CCA/Ph kA= A%, & £ PhrMDS/AML B /M5
Foff, ATV AR I A BB AE R4S CCyR 5 2
WEIE RS . AHESE b Y B S FERE T CCA/Ph B
3 2 A1 ) R i 40 P/, S R o /AR
A i L AN E I O R R AR PR, X
TKIIGY7 AN BE M R A 1M 40 A s b, FR AT T
VOB T ARSI TR e A0 T 245 R e € A A 7Y
3T, ARisi2

Ph'CML (83 H /DN Az CCA/Ph AL
AW . HEM CCA/Ph B H 3 AT BEAFAE LA T HILTH -
(DCCA/Ph £ CML 2 Wi i} B A7 1E , CCA/Ph A7 1E
FIRYT AT Ph Z AN /N i fE . Chen %52 & B 1 4]
CML B & 112 Wit “+8” BIfEAE T CCA/Ph™ K CCA/
Ph'it, QCCA/Ph iYL TKIZ59)IA YT sbe (b
LY ER AN . TKIAIR YT ¥ I £ -3 i S 4
S TR IE R R D 28, 1] Phe A Ak A [ s
215 Ph 4HHARASSE IR AR AR e M 76 PhY sa e 1
BE 2 W5 P PR A A 23 (R B i P 1S ' Andersen
L0 B, N A T e R AR A N TR R
H M 5 A H CCA/Ph I HL BB R . Bumm %6 & 3K,
it CCA/Ph i) B 347 B i A e AR 2R i 5l o
CCA/Ph 1 & AT e 5 e b 71 5 25 W B Ph 4l il 3K
HILHATREFM K, AL Ph"CML 44 % 4E Ph
MDS/AML [ #L il 42 S BBy o A BF 58 48 30, Ph
MDS/AML {4 % 4= 7] g 5 CML £ 34 0 Fi 77 76 1Y
S S B AR DG 2 TRIIR YT i i se b 1 L R 57
1E £ E AT F &4 PhrMDS/AML, Krysia %' %
B, 2 5 Ph"CML 5 7E TKUIRY T PRAFIRIZ 7 T2 R
N5 %4z Phr AML, 3 o AR e H CML Al
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