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Assessment of MIB1 (Ki-67) Labeling Index
and Correlation with Other Well Established
Prognostic Factors in Breast Cancer

Chang Dae Ko, M.D., Hee Joon Kang, M.D., Sung-Won
Kim, M.D., Yeo-Kyu Youn, M.D., Seung Keun Oh, M.D.,
Kuk Jin Choe, M.D. and Dong-Young Noh, M.D.

Purpose: The MIB1 labeling index is new method utilizing
a monoclonal antibody against Ki-67 antigen and useful for
evaluating the proliferation rate in breast cancer due fo its
ease of use and reliability. We compared the MIB1 labeling
index to other, well established prognostic factors and as-
sessed the prognostic value of MIB1 in 564 breast cancers.
Methods: The MIB1 (Ki-67 equivalent monoclonal antibody)
proliferation rate, MIB1 labeling index, was determined in
formalin-fixed, paraffin-embedded tissue specimens of 564
primary breast cancer patients who underwent surgery
between March 1998 and February 2000 at Seoul National
University Hospital. The clinicopathologic characteristics of
the primary tumor such as age, tumor size, histologic type,
nuclear grade, histologic grade, hormone receptor status and
various tumor markers (p53, c-erbB-2, bcl-2) were compared
with the value of the MIB1 labeling Index.

Results: The mean value of MIB1 labeling index was 6.9.
MIB1 labeling index was correlated to younger age (p=
0.011), histologic types, low nuclear grade (p=0.0001), high
histologic grade (p=0.0001), p53 positive (IDC) (p=0.0001),
c-erbB-2 positive (DCIS) (p=0.01), comedo type (DCIS) (p=
0.001) and inversely correlated to hormone receptor positivity
(p=0.0001), bcl-2 positive (IDC) (p=0.001). No correlation
was found in tumor size, lymph node status and c-erbB-2
positive (IDC).
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Conclusion: The MIB1 labeling index correlated well with
well-established poor prognostic factors. The MIB1 labeling
index may be an important prognostic determinant in breast
cancer. (J Korean Surg Soc 2001;60:361-367)

Key Words: MIB1, Ki-67, Breast cancer, Ductal carcinoma
in situ (DCIS), Invasive ductal carcinoma (IDC)
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FE5LS MI (Mitotic Index),
TLI (Thymidine-Labeling Index), BrdUrd (Bromodeoxyuridine)
labeling Index, -F-A|EE4-& &3 S-phase fraction 4 =L
2|32 PCNA (Proliferating Cell Nuclear Antigen) %-°] i
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() MEEHSSAN U 24: sebsl Tojg) 258 4
©m —,—771]5 A3k =] silane Yt poly-L-lysino] ] 2|l
slideol] o] 549 WA E d-sletdsla FHRTE A
< F 3% AT AE SEZF XAk oy 10 mM
citrate buffer (ph 6.0)o]] Y= 2] 750 W microwaveol] 5%
28] 3 trypsinol] 5% % X]3}3L phosphate buffered saline
(PBS) &Ho 2 A3t 57 B4 5 EHoFE 2087 vhE-
AlZch ol7]ol] 1500 3]4% MIB1 -2 3}1(DAKO®
Denmark)E ¢Jo] 305 9ol ¥l-2-4]7] & PBS S0 & A4
3t & A8+ (labeled antibody; avidin-biotinylated peroxidease
complex) & 3027t vF-SA| At} w2 diaminobenzidine-&
AE35191 2 Meyer#| hematoxylin® & thz o3 Msl9lc}.
3 el el Aol SsA 10709 g A okl
A ZA5 FERA bA el i3k dE A2e] vl E)9
7% labeling index® A s}¢]c}.

() HEME QIX}IE: vro]= 354, 55415 7|FoE,
Tk arle Welzd AA Bl Adtel uie} 2 cm,
5emE J|Fo g aglx g=A Aol Al 071, 171, 4
NE AFoR ro] BAGAL, 2AH §3E WHO
BEel b 47t 1FE UrAe SEFS Black
MM 59 25l mhel, 2288 S-S Scarff-Bloom-
Richardson 3-5jol] w3k}, wled 2 3}3ted 4] Ashol] v
g} | 2EZA F8&A|, TEALHE &4, p53 282

bcl-2:= Ho QA Y] slo| w3l A% AL Hl-a—.}oo}:,%]
0 AHQT cobB2E UL AE o] wste]
AAE A BAFH ez Ak el AAAH
2 Ki-67 gkoll et £F3+E 7] (cut-off value)7} o}Z]
7HA 7] Wi gl ol SAZFXE cut-off X & A3}o]
wlwehA ghebw 7b 3EolA ekt gkel =i7lel] whet
B A 2FOE bRl A umele

Q) SHEN A 74 FollA ] olFlAEe] W ul
%+ chi-square test 3 chi-square test for trend W2]-&, 7}
Tl A 9] MIB1 3 #37k9] 8] i+ student’s t-test2} ANOVA
AR & AAs| o] &sto] nlasllar PEke] 0.05 o]l
A4S geleltn Aolegich & ATl EAH
242 SPSS for windows, release 8.5%5 o]-g3}3t}.
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5647 2] 3}z}ol| 4] MIBI labeling indext= 0~90%7}
Zl W TEE Ve B 69+-13.3%0] ek o
4 BA5e] BAS Asiu ole] 7%, 26415 82
AETEAH: 473A)7HA ehekslla 354 o]slrh 577
(10.1%), 35A)e1 4] 554] Ako|7} 3979 (70.4%) L& 3L 55A)
o] o] 1109 (19.5%) 0. 350114 554 Arol7} 7}aF wkgk
o} Wg|zZA A §o AL HeAAL 4389, FAly]
et 719, A AGY 119 283 7]E) 389o]gl o
o] % b4 B 49 ARt A, 2717 2 em
o]&}, 2~5 cm LA 5 cm EZ¥Ql A7t 27 41.1%,
50.7%, 82%% A3 sk Hol7t A g A%
7} 51.0%, 8F Mol A A /Mo Aol7} 7+ A7) 259% 1

2|3 vl A o] 4l A7t 23.1%F XA skeh. FFEA
A HAFE L AEERA FEA 51.6%, ZRALHE
T84 37.3%, p53 51.8%, bcl-2 59.6% 1|3l c-erbB-2
57.4%4 7tz VER Q) ch(Table 1).

2) MIB2} X=X|&tx RS9 ZHA|
ZA32 G2 AaARe 4389, AadLde 61,
TAAG 119, A 61, 73t 133, AL 15
v, Pk 27, opx =z Q) 29 el ATt TI o]
vielstel A aqke] MIBIL 3 obE 223§
7H fHeEel MBI ghe ZH7t vlatsigle u fde
(P<0.0001), $AAHP<0.0001), THAF

JoHP < 0.0001), O}E
Z=HP<0.0001) 18] AP <0.000)ell 4 &
A B¢kl Blsle] MIBI index Zko] FolslA YAl 1t
FIL HEALALAAE FA8 BAE Bglor, 5
AR 2l a AN E G etAl EA vebyket
(Table 2).
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Table 1. Clinicopatholologic characteristics

Factors No. of patients (%)
Age (years) Mean 473
<35 57 (10.1)
35~55 397 (70.4)
55< 110 (51.8)
Histologic types IDC nos 438 (77.6)
ILC 60 (1.1)
DCIS 71 (12.6)
Others 38 (6.7)
Tumor size <2 232 (41.1)
(cm) 2~5 286 (50.7)
5< 4.6 (8.2)
LN status 0 287 (51.0)
1~3 146 (25.9)
4< 131 (23.1)
ER + 291 (51.6)
— 273 (48.4)
PR + 210 (37.3)
- 354 (62.7)
P53 + 292 (51.8)
— 272 (48.2)
bel-2 + 336 (59.6)
— 228 (40.4)
c-erbB-2 —+ 324 (57.4)
- 240 (42.6)
MIBI (%) Mean 6.9+13.3

gkokar fZA Aol MO, 1~3, Ml o] hHekE Foldt
zpo]7F gl ont, 3hate] vho] & Al (<35, 35~55, 55
Al ol ez vhro] vlaatle w4 2FT feldk 2
olF W A AFLTFF MIBI Zho] FoslAl &7
VERL o (P=0.011) 555 S+ Lu(l, 2/3) o2 Blas)
9g W B3hEsl v 19e]4 MIBI Zho] f-olsiAl =
Al Ve aL(P=0.0001) = 3HE FF- F Lw (I, 10D
o7 Hlaslele vl F3Et v Yol A f-oskAl
=A JeERFHP=0.0001). o] uf] NE=F 3¥I ZZ3HA
B3 199 A$ 3 TS HolA 287 1ol 247
XA A v sl el (Table 3).
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Table 3. MIB1 and clinicopathologic factors

Factors MIBI index (%) p-value
Tumor size (cm) 1 5.6+14.8 NS
2 89+14.8
3 64+7.6
LN status 0 6.9+13.6 NS
1~3 6.3+12.1
4< 99+139
Age <35 12.1+£20.1 0.011
>35, <55 74+133
55< 4.6+9.8
NG 1 11.1+14.7 0.0001
2/3 4.6+109
HG /I 3.6+8.0 0.0001
1 12.1+16.6

LN status = lymph node status; ER = estrogen receptor; PR

= progesterone receptor.

NS = not signficant; NG = nuclear grade; HG = histologic
grade.

Table 2. MIB and histologic types

H types n Mean S deviation Range p-value
IDC mos 438 7.4 13.8 0~90 & s
ILC 6 25 3.7 0.1~10 U 0.021
Medullary 11 21.2 18.4 0.1~50 i 0.001
Metaplastic 6 23.3 289 09~75 i 0.006
Papillary 13 1.0 0.7 0.1~2 [} <0.001
Mubular 15 2.0 2.1 0~5 U <0.001
Aplerine 2 2.0 0.7 0.1~2 [} <0.001
DCIS 71 29 14.0 0~50 U <0.001
Total 564 6.9 13.3 0~90 & &

Htype = histologic thpe; n = number; S-deviation = standard deviation; IDC nos = invasive ductal carcinoma not otherwise

specified; ILC = invasive lobular carcinoma;

DCIS

ductal carcinoma in situ.
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Table 4. MIB1 and tumor markers

Markers Number % MIBI1 index (%) p-value
ER + 293 52.0 3.1t57 0.0001
— 271 48.0 11.0+17.4
PR + 223 39.1 29+53 0.0001
- 304 60.9 9.5+16.1
p53 + 267 51.8 9.1+15.8 0.0001
— 248 48.2 4.7+10.3
bel-2 + 336 59.6 53+115 0.001
— 228 40.4 9.1+15.4
c-erbB-2 + 324 57.4 6.9+13.1 NS
— 240 42.6 6.8+13.7
—o— comedo+ - PR+ —e— Bcl2+
—— NG1  --- P53+ ---- cerbB2+ —o— NGT e PR+ —e— Bcl?2 +
ER+ —— HGlII ----= pb3+ ---- cerbB2+
100 - —a— ER+
100
zg 00
80
10 70 -
z © 0
io € 504
30 40 1
Qg 30
20
101 § 0-
0 - 1 0
1 (n=45) 2.(an9) 3(n=7) 1 5 3 4 5
MIB1 labeling index groups (n=206) (n=126) (h=61) (n=28) (n=17)
1. MIB1<1,  2:.1<MIB1<10,  3:10<MIB1 MIB1 labeling index groups
1. MIB1<1, 2:1<MIB1<10, 3:10<MIB1<25

Fig. 1. Correlation between MIBI labeling index groups and pro-
gnostic factors (DCIS).

Z Zol7t glo] oF 40~60%4 XASAL 1 F FL ol
%‘dz}i A7 o 2ERZA &4 (p=0.0001), ZEA~
2 482 (p=0.0001) 12| bel-2 (p=0.001)o]] 4] wl& ok
A ol 54 Lol vlgke] MIBI index Zko] F2]3}7]
UA VrebE R U of] Q122 Al p53 (p=0.0001)e]]
Ae BhGA 2FAA 24 2Fel vlste] fosiA =
Al ebdeh SRR U of| 391k E 47l c-erbB-2 L
FolA = gt ZolE Ho|A gkghrh(Table 4).

5) THYILHA0IA MIBLR} Of FQIXFSTHO| ZHA|

I NEY gt w}i H23lo] MIBI index 7+S
3 1 1~10%, 3: 10% <)o & 1}
I 7F agellA 9 %_%BEZIZ} FAAE vE(%) & Yot
a I £ vlasgicl. 247+ aFellA 459

A
197 zela 799 A7} A=l ol E 33%9-3

4: 25<MIB1<b0, 5: MIB1=50

Fig. 2. Correlation between MIBI labeling index groups and pro-
gnostic factors (IDC).

ZrE WEF(P=000D), 3= 155(P=005) 12|
<rbB-2 k4] (P=0.06)9] H]go] oA i 3L Eo AL A

EE gt A vehhs 2R ARRAE ot o
ZEEA F8A P4 (P=0.009), ZEZALEE FEA| &
A(P=0.002)& MIBlo] % 1§02 245 719 Yeh}
A ke A4VPAE BI I bel-29) pS3e] H$ FBP
AlE HeolA] ekgkrh(Fig. 1).
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6) EFHEA0M MIB1Y} O FQIXISTHO| HA|

olo]& thAl 2E(1: <1, 2: 1~10, 3: 10~25, 4: 25~50,
5:50<)02 VW 7 2EolA elFelase) opura
Qolu 1E7e] Hol B vlLelsic). Z7tel
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IEol A 206, 1269, 619, 289 1g]x 1799 3A7}
AR gho]l 2 SAFOE ZF d 2A4%H F
F(P=0.0001), p53 °F41(P=0.0001), & &N=F(P=0.0001)0]
oAl = ARJAE H YA bel-2 (P=0.001), | AEZA
£4) 9FA(P=0.0001), ZEAXHE ¢8| %4 (P=0.0001)
< T AA Jehde 4BRBAE R -
erbB-2 FAlof| A= ALAAIE HolA] gokrh(Fig. 2).
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o] olFolA Qi A % bz Foel 7],
o] zelal YAAC|E V|FoE = TNM ¥
AuAom Agstol AR A U ol FE
FAsto] gkdek. shAINE 22 W71 ShAtellA = vhekt
% el Gustel 54z deel Az ol
QA5 Q1T ksl o Fold P WA= TNM 2
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2740 FRoz WA Ao A wel Agem 9
t}. 21 9]ol| = Thymidine labeling index, S-phase fraction
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Ki-67 ©+&Z38x|+= Hodgkin-disease-derived cell line2]
nuclear fractionol] T} immunoglobulin murine ¥H&E &k
9 o} IgGloll &3keh(n) 100 Al EAfsh= 74
zpol] 9 X|sko] AE F7] F 7] G1, S, M 181 G2 7]
of| A W]+ Ki-67 32 A3k (9) A2 F4E
& 24T 5 Uk shlel U0z LN Ki6T ghol
ofu] AHA & AE FAHY ZFHWH  S-phase
fraction, Mitotic Index,(5-7) Tymidine labeling index,(8) DNA
aneuploidy(5) =12] 3L 5-bromodeoyuridine labeling index(9)2]
gt ABBATE ek Zlo] YHA L FHEHERE obY
o OE G B U9E AREAEE, duch A4
S zelm o 5o lFUAZAE Be AT} o] %
o1 ok101]) 1Y ZHlA AAE AYE F gt
© A "ol AR A ALATA Felal et
Aul & Alx=2E ZAW o] sl}el PCNA (proliferating
cell nuclear antigen)E =}e}3l A=A NA HAAE 715
a4 8 PC-10, KI-S1 18] 3L Ki-S5 ©+EE28-4|7} By
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S 797 deX oba 7S vk ofye) A=
oflA AL Ki-673k3 £ ARBAIE 7HAL A3(U3)
Ki-67 ©2&8A Hrtx o212t 2 A9 7271 o] Q&
Bk oy (14 olu] gElAl kg dAFAEFHE
TAPZE Qb AT BHavk ewA 1§84 0] 7z
of QAH oz A gATEE AEsh ol Ausm gu.

B qlTollA MIBI gk 0~90%2] H9]ollA vrebska
HFE 6.9%ZE Isolas(5)o] Kzl 6.3%L+ B384
"}t Barbareschi5(15)3} Pinders-(I16)0] B3t 15%, 27.3% X
th= yoltl, 22983 MIBl 3ES H]3] ¥ Dettmar
(4 Pinderg(16)> 2233 MIBL ghol A7}
ek Hasged 2 AR FAHe| Erka &
7 A4St 3HAAGlIA Fhol A vhghar, AtHA
o7 o7t Foka 4R F FE(FE AN, A,

JIAAE HHP<0.0001). 1] I Isolas(5)S HFA 4
Aol Al Ki-67 kol YAl Ugkvlan Hauslgla 2
A E FY3 ARE Hlrh 7oA FAAIqte]
AJ3qtol]l wlste] o7} EAuF MIB1 EA] Ugkel,
AR dlF7t £ AL AolE AsA gv o+
A wifolal MIB1 gre] =& 21 FAAYoE Agst
kel diite] Ak & 59 ool ¥ e AF <
ol vk o AR HFALALE] 45 MIBL Fho
YA Ugkedl o] Ao Aol Xtk 3 51l o]} 5
ol Al 106 Atolof|A] A & nlzalAl vehde ke 54
3 QdgtHckar of AZIeh kel ol el e SA 3 v
a3l B, T 2719 735 ABBAT) Yekis,17,19)
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27h Qe ATl Al TFeE rolAl wl s}
Ae w4 TFL KO Al T Byom PEFF =
© MIBI gk B9, o 9 U 24579 4% oy
H. o

B Ao A ARBAT Grkm Bl
(4-7.16,19.2022) B ATFANAE EIE7} vh TFolA
I A ket oln] A delR B FFEAR
E3b e B, TR 5829 A4S 4RAL 9
tha H.31(1820,22,23)3F o] Qrt4,67)3 Rid AR
o Bkl B QTR o AERA 8, Z2AL
HE 584 2§ 47olAl §o% Aol F Balrh psael
A AVA} AEDE B YAT B QT4
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£ $o% Aol Hglom b 29 ALAE S8 %
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B QoA AF7A QdFEo] & dlFAAES
AW 25T ARG 2F2F vFa 7 2l
A MIB19| Zh& Z7]oll whe} o] of|$Q1AE9] W
H & (%)& AZE Blazste] Hokeh WA A NG 15
olA Bl gko] =& 3LFolAE Vi of| I E L
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A G cabB2 Y, MEY, 223 G BEFY W
& Hlgo] Egm o] 2 GFAAE FeiAl oliE
27 $8A Py, TEAZNE FEA P4 0

£ ool Uskort bel2 P43 ps3 BA S MIBIZE
o] zpolol] wpE ®iztE Ho|A| ¢kokrh. o] Bamness(24)
o] Bgsdel) WEGol AL Ee S} WU
gk AL ek Hargk

ol A c-erbB-2 kA, & =
zpol & Ho|A ofd Zo] AT et 2FRME 7HAI AL 1
a9 E W £ MBI Ze] 1
frelatAl wol vehtes Ae & o dedl ole HEY,
4o eln o) AEolA SHET L cerbB2 23]
o 543 WAL ol Ao AT Beez e
A3oF 2FoA Bl MIBI Fho] 945 1 o359l
A2 GHA 2o 2AEF p53 A agln S €AlEF
o] frolstAl wol Velka vidol] F2 ol ¥t E 4
A bel-2, AEEZA LA agla Z2AILHE F
84 AL FolebA A Ehsker) cebB2sl 749
AA| Skt A vhebd A3t vprbA 2 o3 Aol & B
o7 oksk

A2 SolAE Ki67 e olu] 2 AN e ¥
AET FAC L3 A7 ARF o] g A
71 Y23 9lv}. Niewiadomska$-(25)2 p533} Ki-67%
A A8 o Doz AN gud A4z Ae
7FX7F ¥ ksl Basl9 32 loachimS-(10)2 EFGR (Epi-
dermal growth factor receptor), c-erbB-2 12|31 Ki-67% %
Alell Z3skl& ol 7k 7F B Qhvba B as)gl o m Railo
(27)& Ki-67 FAT} N 2EZA F&A4] A4 o] ZA o L}
Erbe 7% 73 b ol%E vehicn Rasilc
o glol] H Aol A= AJ3FA] kANt X 5] AA

of Uit Be ake] Gl WA $4 B4 1ES Y

ruﬁ. o

S & o] Ki-67 gho| olFAARA 7HX7} vk Ha
7} wo]l Vo1 Qi) A 2o A =3 4 g

£t B F drks Ruesst 24 FARAAe R
& 2ol K7 ik Fslol YA L
BAES A& F dve 23129 5% 9

JeE 3 LGRS TS GG L9 AT
B Z odFulc} ofE cut-off valueE A -8-A| 7 =1 Bou-
zubar’s-(7)2 Ki-67 labeling index cut-off X & 20% & &}
P Wl F2 ke Kol gAtellA] AtEo] Fopxlvta
B 1138193 Wintzers(30)2 16%5 7|08 sfo] 1 o]

ole Hi r

el A aFelA e T U U 4Eee 1)
Elictar B 3819 31 Railos(27)2 10%S 7|50 2 sfo]

e §oI3 Aolrl AAAR AEEIE Bl
o] gixivka Haslict 2H7ke] ol Ftuicl A& E = Q1A
So| 234 theA] HusE AL 7} /Bt Ki6 la-
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