o
il
gt
2
ol

Hsto|Xl - M 382 M 1= 20034 L

ol
0
M.
3
oc
10k
I
Ot
z
iy
=
o,
iy
02
=

The Cytogenetic Analysis of Leukemia Patients;
A Study of 515 Cases

Jung-Sook Ha, M.D.", Nam-Hee Ryoo, M.D.", Dong-Seok Jeon, M.D.",
Jae-Ryong Kim, M.D.", and Young-Jae Kim, M.D.2

Department of Laboratory Medicine', University of Keimyung
College of Medicine, Daegu,
Department of Laboratory Medicine’, Sungkyunkwan University School of Medicine,
Masan Samsung Hospital, Masan, Korea

Background : Cytogenetic study is important in prediction of prognosis and evaluation of
treatment effect in leukemia. The cytogenetic aberrations of leukemia are nonrandom, but uneven
geographic distribution of specific abnormalities have been reported in a few studies. So we
analyzed cytogenetic study to find these uneven distribution patterns.

Methods : The conventional cytogenetic study was performed for 515 cases with acute and
chronic leukemia on initial diagnosis. The results were analysed in each subtypes classified according
to FAB criteria.

Results : The aberration rate was 62.0% in acute myelogenous leukemia (AML), 72.0% in
acute lymphoblastic leukemia (ALL), 92.8% in chronic myelogenous leukemia (CML), 37.5% in
chronic lymphocytic leukemia (CLL), 56.9% in myelodysplastic syndrome (MDS) and 36.4% in
acute undetermined leukemia. The frequent anomalies were t(8;21)(g22;022), t(1517)(@22;q11), -V,
+8, +21 in AML, t(9:22)(g34:q11), del(6g), +8, t(1;19)(g23;p13), +21, =20 in ALL, -7/del(7q), +8,
del(12p), +11 in MDS. Philadelphia chromosome was found in 94.8% of CML and +22g-, +8
was frequent secondary changes. The incidence of 1(821)(g22;g22) in M2, t(15;17)(g22;q11) in M3,
1(9:22)(q34:q11) in ALL and -5/del5q, -7/del7q in MDS were 54.9%, 95.2%, 23.6%, 4.0% and
40.0%, respectively.

Conclusion : There were no marked differences in distribution pattern of common aberrations
compared to previous reports. But the frequency of some anomalies showed specific findings. The
incidence of t(821) in M2 subtype and t(9;22)(g34;q11) in ALL were higher in oriental countries
including our results than in western countries. The incidence of -5/del(5g) in MDS was lower in
oriental countries. These findings suggest the geographic heterogeneity which may give some help
to investigate the genetic and environmental influence on the karyology of tumors. (Korean J He-
matol 2003:38:8 ~14)

Key Words : Leukemia, Cytogenetic study, Geographic heterogeneity, t(8;21), 1(9;22)(q34;q11),
-5, del(5q)
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FAB (French-American-British, 0|5} FAB) 25 71&
o wiEt S4EFLEwEY (acute myelogenous leukemia;
o5} AML), S8 Zolrduey (acute lymphoblastic
leukemia; ©]8} ALL), BFYE4u8EH (chronic myelo-
genous leukemia; ©]8F CML), THYEIZFMuieid
(chronic lymphocytic leukemia; 013} CLL), &40]
Z 5 (myelodysplastic syndrome; 013} MDS) % 7
gomg TEOINCH, T BE} HASEHM o
TU HETALE 728 & 9L, HIEXAEA
AlsH] 53lE 9= n1EF S48 @Y (acute leukemia
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7¥sle] 14~17A17F 27 i & AZHS Wl 10'M

s
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& 5158 & 47080 (91. 3%) oAl w2l HS519 2,

Table 1. The culture success rates according to
FAB classification

FAB dassfficaiton N o chgs”“rraete(o/o)
AML 187 171 (91.4)
ALL 109 100 (91.7)
CML 131 125 (95.4)
CLL 16 8 (50.0)
MDS 47 44 (936)
Acute leukemia undertermined 25 22 (88.0)
Total 515 470 (91.3)

Abrreviations : AML, acute myelogenous leukemia; ALL, acute lym-
phoblastic leukemia; CML, chronic myelogenous leukemia; CLL,
chronic lymphocytic leukemia; MDS, myelodysplastic syndrome
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SEHEFT AML 91.4%, ALL 91.7%, CML 95.4%, CLL SHEE M6 100%, M3 68.0%, M2 64.5%, M4 55.6%,

50.0%, MDS 93.6%, n]25 Fouedy 88.5%9) 4 M7 50.0%, M1 50.0%, MO 40.0%, M5 33.3%%01}

&S HATH(Table 1). 3308 (70. 2%) oAl o] a3ig S & r} 0] & 71AH HIE 7} =2 o] 4E 2 ((8:21) (q22:q22)

25t 4= QIAL, AML 62.0%, ALL 72.0%, CML 92.8 2 318 (29. 2%) ol Al BEF AL, £(15:17) (q225q11) 20

%, CLL 37.5%, MDS 56.9%, BD|2E ZAJulsiy (18.9%), -Y 1381 (12.3%), +8 128 (11.3%), +21

36. 4% 0141 BEEQC} (Table 2~6). 68l (5.7%), del(7q) 58l (4. 7%) Q.2 VIERIT}. THYo]

AOZE 1(8521) (q22;022) 138, t(15517) (@225q11) 12

2. 784 olalsy g, +8 7, +21 3¢ &olH, -Y& 13d 2F t(8;
21) (q22;q22) 9 &8k FeNXTt (Table 2).

AML2 1063 (62. 0%) ollA] o1& o] W& YT, o} ALL2 728 (72.0%) ol A] o] Fo] BEFUIL, t(9;

Table 2. The distribution pattern of chromosome aberrations in acute myelogenous leukemia

MO M1 M2 M3 M4 M5 M6 M7 no subtype”  Total

No. Case 5 24 75 30 18 9 4 2 3 171
No. abnormal karyotype (%) 2 (400) 12 (50.0) 51 (B45) 21 (6800 10 (55.6) 3 (333) 4 (1000 1 (5000 1333 106 (62.0)
Nonrandom abnormalities
+1 1 1
t(1:7)(q10;p10) 1 1
1(3:3)(q21;026) 1 1
+4 1 1 2
-5 1 1 2
del(5q) 1 1
1(6:11)(027:023) 1(1) 1)
t(7;11)(p15:p15) (1) (1) 2
-7 3(1) 3 (1)
del(7q) 1 (1) 1 2 (1) 5
+8 2 (2 3@ 3 2 (1) (1) (1) 12 (7)
1(8:21)(22:022) 28 (11) 3 31 (13)
-9 1 1
+9 1 1 2
del(9a) 3 3
1(9:22)(q34:q11) 1(1) () 2

+10 (1) (1)

+11 1(1) 11
1(11;17)(023,025) () (1)
t/del(11g23) 1 1
+12 1 1
t/del(1 2p) 1 1 2 4
t(1517)(@22;q11) 20 (12) 20 (12)
i(1 )(q 0 1 1
-18 1 2 3
-19 1 1
-20 (1) 1 1 3 (1)
-2 2 2
+21 (1) 3@ 1 1 6
+22 2 (1) 2 (1)
=Y 12 1 13

Other abnormalities’

‘Unclassifiable cases by FAB classification; " number of solitary change; ¥ -1, del(1)(p13;p32), t(1;X)(p31.2p22.1), 1(1;2), del@t(2;?), 1(2:12)(g33;p12.1)
S 1319)(q21.3.0134), 14:8), t(413)(pterg21), t57:12:18)(p13:022q1 3,pter) 151 2)(g22,g15), -6, r(6)(p25;q27), 1(6;10)(g21;p15), +7q, del?)(p11),
1(7:9)(022:022), 1(7:12) t(7:21)(032:022), t(7;?), iQ)(p10), Y+, t(9%17), -10, =11, del(11)(q14q12), t(11 ,22)(p1 2q 2), t(12:21),(12:22), del(13q), t(14:?),
del(14)(g24), -15, t(15:18), -16, =17, t(17:20)(q21;pter), 1(19;?), (22;?)(q 32’7) 1(22:7)(@13.3:7), =X, t(Y;9)(q12:q13); Sdetected as solitary change




22) (q34;q11) 1781 (23.6%), del (6q) 9% (12.5%), t(1;
19) (q23;p13) 58 (6.9%), +8 58 (6.9%), +21 58
(6.9%), -20 4#(5.6%)c0%, TAOINS t(9;22)
(q34:qll) 98, del(6q) 48], -20 38 £OF =53] &z
EQTE L12 aolmiAl 122 (30.8%), AoluiAl 68 (15. 4
%)%, L2v JOTMA 78l (22.6%), AolpAl 97 (29.0

Table 3. The distribution pattern of chromosome
aberrations in acute lymphoblastic leukemia

no

L1 2 L3 sublype” Total

No. Case 54 43 1 2 100
No. abnormal karyotype 39 31 1 1 72
(%) (722) (72.1) (100) (5000 (72.0)
Hypodiploidy

<45 1 2 0 1 3

45 5 7 0 1 12
hyperdiploidy

47~49 8 4 1 4 14

>50 4 3 0 0 7
Nonrandom abnormalities
(1'14)(p32'q11) 10 1)
t(1:19)(023;p13) 42 1 52
1(4;11)(q21:023) 2(1) 1(1) 3
del(6a) 7@ 2@ 9 (@)
+8 4 (1) 1 5(1)
1(8,14)(q24,032) 1 1
del(9p) 2 2
t/dic(9;12)(p11-12:p11-13) 1 1
i(9q) 1 1
1(9;22)(q34:g11) 4(2) 13 (7) 17 9
1(11;19)(@23:p13) 1 3 4
del(12p) 2 2
+13 1 1 2
+16 1 1
+18 3 1 4
-20 4 Q) 4 (3
=21 2 2
+21 3 2 5
-X (1) (1)

Other abnormalities’

“unclassifiable cases by FAB classification; *number of solitary
change; ¥ +1, del(1)(p22), del(1q), inv(1)(@25:042), i(10),1(1;3)(q36.1;

026), 1(1:3)(q44,027), t(1:6)(p34.1:q13), del(1q), t(1;13)(p13:032), t(1;13) 13)
(912:032),1(1;16)(023,022)%, t(1;16)(q23;p13.3), t(1;5:2;2)(a32:031;031;?),
1(2:8)(p21:qgter), 1(29), t(2512)(p16.3-21;p13.3), 1(2,12)(p23;013), 1(2;9;14)
(q13021;012913,024), +3, T(39)(q21 p24), 1(3;13)(p23;034), +4, 1(4;?),
t417:8), -5, +5, del(5)( 4), de|(5)(Q13) t5; 7,8)(015.2?p13;q11.2),
+6, 16,1314)(q23,022:032.2), 1(6:21)(q16:022), i6p), -7, +7, del
(7032), 1(7:7)(022;7), 1(8:21)(qterg11.2), 81420) -9, +9, del(9)(g22),
19:11)(p24;p11), 1(9;12) (gq10:g10), (91 (qu 1), 19:18)(p24:q11)
+10, t10;14)(q11;ater), +11, del(11)(q13q14), -12, +12, -14, +14,
t(14;17), 15, +15, del(1 6q) i(160), nv(16)(9 3,922) =17, +17,
t(17;7), -18, i(18q), -19, der(19t(19;?), +22, +der(22)t(9;22)(t134:q11)
X, del(Xa22), r(?), 1(?,20); Sdetected as solitary change

et dstaX - M 382 M1s 20038 11

%) = LERL, Lloile IOIHA 7L, L20lAe AOJulA|
o nlgo] gz 559} (Tabl 3).

Nl

T} 68l Holgd e g, "/Pr:‘ﬂoloﬂ 23419} 37HA oldel ¢
AR 7 A SehHold agloln] BT AutHo] 99349}
22ql1e ZEgkoirt. 18#lolA] Pholl SHEE F710]40]
HEEEH +22¢-9 +80] 7ta 23] SHERTE Ph
7V BEE A 2 158 & 9l gl 6l thE
o]&jo] T AT} (Table 4).

MDS= 258 (56.9%) ofl 4] o]&siEo] AT, RA
(refractory anemia) 37.5%, RARS (refractory anemia
with ringed sideroblasts) 33.3%0¢ H|5] RAEB (re-
fractory anemia with excess blasts) 69.2%, RAEB-T
(refractory anemia with excess blasts in transformation)
68.8% = oldAHI BlEo] =Tt 7t ol Wik E=
-7/del (7q), +8, del(12p), +11019L, -5/del (5q) &
1#Eo A2 BEL AT (Table 5).

CLL2 3% (37.5%) ol ATk o]Jaigo] #akeal Fasl
o] AzE HlEo| =Tt PIER SEUEHdA AE &
ojdo] &S oldE" Yo
A gHloflAlE THSEH o

Rl
B

Table 4. The chromosome aberrations in chronic
myelogenous leukemia

No. Case 1
No. abnormal karyotype (%) 1
philadelphia positive 1
standard 1

variant” 6

additional changef 18
philadelphia negative 15
normal karyotype 9
other’ 6

(1 2)(p13,g11) 2cases, 139:22)(14:934q11), 1(7:9.9:22)(q36:034024;
1), 19 222 (@34:013,ag11), 19;13:22)(a34:q14:011); de|(1) (p22),
(1;2)(a14p23pter), 1(1;2:5:22), t(1;417)(p36.3,023;p13), 1(23) (P22
), 127), 1(3:21)(026.2,022.1), 1(7;16), -8, +8, 1(8;17;21), t(8;21)(g22;

|ns
q28

22), iderQ)(@10t(9:22)(q34a11), inv(16), del(17)(p11.2), -21, +22,
der( J10:22)(034:a11); T 4:22)(023-25022), del(5)(q13g33),  del(s)
(@22), -7, 1(8:13)(p23:q14), +9, i(17q)
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Table 5. The distribution pattern of chromosome aberrations in myelodysplstic syndrome subtypes

RA RARS

RAEB

RAEBT CMMoL no subtype” Total

8
3 (375

3
1(333)

No. Case

No. abnormal karyotype (%)
Nonrandom abnormalities
1(3:3)(G21;026)

del(50)

-7 1
del(7q)

+8
1(8:21)(022;022)
+11

del(11q)
del(12p)

21 1
=Y

Other abnormalities’

13
9 (69.2)

N — N —

44
25 (56.9)

16
11 (689

3 1
1333 0

wW N O N oo
s=e=0

NN AN

unclassmable cases by FAB classification;
12:9)°, del(3)(p22-24),del(3)(26), 1(3:6;17)(pR2;a21,025),
detected as solitary change

r4), -8,

Table 6. Chromosome aberrations in chronic lym-
phocytic leukemia and acute leukemia undeter-
mined

CLL Acute leukemia

undetermined
No. Case 8 22
No. abnormal karyotype (%) 3 (375) 8 (36.4)
Nonrandom abnormalities
+3 1()
del(6q) 1
+8 !
+13 1(1)
inv(14)(@11g32) 1
-17 2
Other abnormalities”
‘number of solitary change; " dup(1)(@21.3-931.3), ins(1;7)(@21;7),
12:8)(p21;012), 1(212)(p23;p13), 1(4;8),1(5:11)(g31.1;pter), i(8q), 1(8;13)
(023;q14), -17, t(19Y)(p13;q11), del(17)(p12), =Y

o] wldE =0l AML 55~78%, % ALL 60~85%"" &
B 2/38TolA #Eo] JEsdhl, MDSE  38.8~
60. 4% W Z AML, ALLO| HIAIE ) CLLY AL

A7t ot ol g Hals|1 7 A ke, B-CLL

o

9 AL Bcell BEERME 2 5 40~100%" 71K 0|4k
AFS w5 Qlou}, B AFolAlE 37. 5%0]A11k o]
Ao] WAE T By ddo] wo| BAT| MY 2A%
RAQ AFES BIRG) Me WHo) /o] Bas RO
WZyEIC),

7} S5 2 581 0|42 AMLOIA (8521) (q225q22)

-9, -10,

" number of solitary change; *1(1;6)(q22;p21.1), t(1;20)(g41;gter), del@)(q
t(11;12)(pter;p12.3),

33), 1(3,7:17)(p22:029;p15-21;p15.3)
(1

t(11;12)(022,021.3), t(11:19), i(120), 14, 18, -20; s

t(15:17) (q22;q11), +8, -Y, ALLOlA] t(9:22) (q34;
qll), t(4:;11), del(6q), +8, t(8:14), t(1;19), +21,
MDSOIA -5/del (5q), -7/del (7q), +8 E0&¥¥ = o
Fo| At FABIIC

I8l 2 Q8 oldEY B s AYHE 01§ Ho|
g, b9 M2olA] £(8:21) 9 BITE 9 18.8~53.8%,

0)= 12.5~27.3%0] B3] 5= 74.1%, Y= 58.3%%
so0loA B &l AEs BV B dTdAME
49.5%, 54.9%2 =& HTE Ho, SYeloA] E7]
t8:20) 9 HIT7t =gg I ¢ Jrh M?)OW
t(15;17) 9 BIEE 2 A7 95 2%E HIEd) 58 58~
89.7%, Y& 96%, T|= 88.9~100% %2 EF =2 WL
g Holm Ao¥ }01 7 dct JEu, B oA
t(15; 179 WHES 66. 7% % Lo}, EARFHSH AAl
£ HAIBHA B3 989 Faag T2 oldaEnio)
a7l thalAls WAl 1(15517) Q) 7Hsd € ulAl
g 4l

ALLoW del (bq) & +8, +219 WL =7pEE 20
7F 9L, 1(9522) (q34;q11) S £ 5.4~19%, b=
1.3~3.6%0l vlah =Y 50%, =" 26.4%, = AT
23.6%% L= H =2 BEE B

MDSIAE -5/del (5q) & B1%7} B 15.8~21. 6%,
£ 24~32.6%0] &l Y=

. OEE 14.7%, B

13%" 2 B 27}olA] e éof% Hol=H], & @+
ME 4%2 1R ot IEE Ajol9] Thsyol it
£ "= 10.5~25%, =Y 12~23.9%, 42
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4.5%, TR} 32.6%, SF= 11.9%9] Aol H5) =
TOlAME 40.0% 2 MS =A LA, Sh=ollA E
HOog wo] BaE= Ao B trisomy 1¢=
ToAlE AR 921, +110] 37 (12.0%) =2 “EHEQ
Z A #Eno] 4o E ¢ B SHE teESH 48
7t 2 Q35
CMLE 90%0]40] 4] PhE &S 4= glom, ™% pp
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g #Est £ g™ 15Ee ¢ aom geskd oz
CMLO] HE B9E BEAFASE MAAPT o] 27t}
FAAAE 5801 H1AE CMLoILE FEfsHE @X19]
7}-‘5@2 HAE 4= A Roltk Phol SHix= OJAH
olet Bolle 8 +22q-, i(17q), +19, -Y, +21, +
17, -70] 7} 88k, ¥ 2 P +22q 9} +80]
2¥7% 68 (334)9} 28 (11%) 2 A SR, AMLO]
L} ALLE A8k Foll w2 o] xFH o] dol A& ﬂ?;j S
7} BA got Eolg HISH AlolEE §
olaigo] HEE A &
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9] ol& gl digshs 440l QA‘EN Lot AL SIRAT

OIFHE ol EX2E HTEUTE

d 1 olAEe FHILEMEE (AML) 62.0%, =
HEZTEuEy (ALL) 72.0%, THEISEuEd (CML)
92.8%, THIRZTAuEY (

= =
A, =8k o2 AML t(8;21) (422;022), t(15517)
(@22;q11), -Y, +8, +21, ALL t(9:22) (q34; qll),
del (6q), +8, t(1:;19) (q23:p13), +21, -20, MDS-7/
del (7q), +8, del(12p), +11501%C) CMLOlAIE 94. 8
%0l 4] Philadelphia G4A]7} BEEIROH, 22q-9F +8
o] &gt o]xjol2olArt. M2olA t(8:21) (q22;q22) 2=
54.9%, M3oIA t(15517) (@22;q11) < 95.2%, ALLOIA]
t(9:22) (q34;q11) & 23.6%, MDSOIA] -5/del5q} -7/
del7q= 217t 4.0%, 40.0% % BEEACE

4 B 7 SYHEE 59} o2 o]F Hile FAKINAL
M20iIA] £(8521) (q22;a22) I ALLO) 1(9:22) (q34;5q11) 9
HTE TE sY=719k 2ol Mg dlal B1=7F =04,
MDSollA] -5/del (5q) & 2512 SYolA] e F2S BN
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