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The Significance of Cytokeratin-20 Detection in
Peripheral Blood and Bone Marrow of Breast
Cancer Patients

Youn Ki Min, M.D., Namryeol Kim, M.D., Seok Hyung
Kang, M.D., Seong Jin Cho, M.D." Han Kyeom Kim,
M.D.1, Jeoung Won Bae, M.D. and Bum Hwan Koo, M.D.

Purpose: It is very important to detect hematogenous
spread of cancer cells early in breast cancer patients in
order to properly determine the prognosis and adjuvant
therapy. In this study, we attempted to detect Cytokeratin-20
(CK-20) as a mRNA marker of cancer cells in peripheral
blood and bone marrow using the reverse transcriptase-poly-
merase chain reaction (RT-PCR).

Methods: We obtained peripheral blood and bone marrow
from 41 breast cancer patients who had been treated by
Korea University Hospital. Using the RT-PCR method, we
detected the CK-20 and compared the positive detection rate
and concordance rate between two sources. Furthermore,
we analysed the correlation with other known prognostic and
predictive factors.

Results: The CK-20 detection rate was 36.5% in peripheral
blood and in bone marrow. The concordance rate between
both sources was 56%. In CK-20 detection, there was no
significant correlation seen between peripheral blood and
bone marrow (p>0.05). Additionally, there were no statisti-
cally significant correlations found between the other predic-
tive factors (ER, PR, p53 protein expression, nm23 protein
expression). Six cases who were CK-20 positive and were
detected in both (peripheral blood, bone marrow) source
showed advanced stage and axillary lymph node metastasis
(p<0.05).

Conclusion: The detection of CK-20 in peripheral blood and
bone marrow correlated with stage and axillary nodal status.
Therefore, this may suggest poor clinical prognosis if CK-20
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is detected in both sources in a breast cancer patient. The
RT-PCR assay for detection of CK-20 is a very sensitive
method, however the standardization and quality control of
the RT-PCR method are important and multi-center trials are
required. (J Korean Surg Soc 2001;61:259-265)

Key Words: Micrometastasis, Cytokeratin-20, Breast cancer,
Prognostic factor, RT-PCR

oM™ ol, sto| E72tE-20, 7kt of =2l
A AXAL BRELES

sS4

chof:

Departments of Surgery and 1Pathology, Korea University
Medical College, Seoul, Korea

7F A A ghor
ol FHE FYt Fabol
(Adjuvant therapy)E }A4|
7 Rol7t wAshdl A 1849 Yoz 9
LAGA] oln| FokAl e AR e g Q%
ek () Ssrel ol A BAAE b
A& AF A WA Relrt w
th(2) el ofe] Ag-gell oJzn
ole] W 27| JEEE 3
of Fa gleh(5) webd oled B4 UAA
Al Aol g 270l At = ofg] 7HA Jefe] A
=
& AES B2y
=
Aol Yglon oled AE
Ael 5% ¥ Bzd NLE
3]

dZFetels ALz A4

=
2
=
AgeAL, AFE G
g Aol oleidt By



260 [HSIRANSISIXI - Kl 61#H R3S 2001

A vl Helg ¥ F e 3 FEAAEA Cyto-
keratin-20 (o]3} CK-20) 3| AE] AEEHE T4}
& intermediate filament protein®] UZE O Z = A Lol
ZAstA] kow dFA At §, FE FAsAE
Az A gk A4 3 el EASA ge Ao
A A glo] A AlZollA] 7|13k A H3Y W &
Mg & T de AeE EHA AUrh(6-8) AAES ol
3k CK-20& 9AAL S 4HH2(Reverse transcriptase poly-
merase chain reaction: RT-PCR)-S o] & 7+-2 3}z}o] whx
Yozl BRI AEE AEste] 7} AAT] 2
o vk 7|ES 4R A FAAET vlaste] o
ou| 5 golR 3z} &rl.
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1) CH&t 2hxt

ZF RGO AT SN BA F FETA ofv]
AAMI7t FARGYAL 2 2Tl RelA AA 47
5ol wob 1% Fopol o} 94 b B4 52

Fo B eigich g Akl
3L H 4ol 35AellA Ha o
22 T2 JaA Rl
3301(80%) % 7H wkar, TuldT]shol 340(7.3%), 2+
§hol 3¢l1(7.3%), A Addol 1624%), FEEF+FY
o] 1e]]24%)°I%lct. TNM W 7]A|Alol] <3t W7 ==
DCIS 3 LCIS 5<] 07] §Fo] 3dll, 17]7} 3¢, Ila 9 IIbE
E 3 717} 29|, 1Mla B HIbE 3+ 117]7} 694]0] 9}
t}(Table 1).

2) HiH

oH

(D) A AHF H WAL SERELESRT-PCR): A

Table 1. Patient characteristics (n=41)

Mean age 49.3+8.8 years old

Pathologic type

Infiltrating ductal carcinoma 33 (80.0%)
Metaplastic carcinoma 3 (7.3%)
DCIS (ductal carcinoma in situ) 3 (7.3%)
Invasive papillary carcinoma 1 (2.4%)
Invasive lobular carcinoma 1 2.4%)
Stage
0 3 (7.3%)
I 3 (7.3%)
I 29 (70.7%)
I 6 (14.6%)

AE A3k gete] 17
mig ¥ ¥ vhe 10 cco] YU AHste] EDTA %2
9§76l gol 90 ASE A
dolglow], B4 BAe fuet £ 9% AAnk

[}
slollA] Silverman needle-g o] &

3 AAstel 25
Ag AN olFo zAe W FYsi

gt

t}8- o & Total RNA Hg| & g3slo] 0.5 mle] w2 v =
4 "dolg 0.5 ml®] TRI REAGENT (MRC Ind., Cincinnati,
OH, USA)E 3|43t 3 A fA|Z ALY Z g EFol ula}
A RNAE Eg|3F & 0.2 ml chloroform& 7}3f hud
AL AAs}, 4°C 54 2087F 14,000 GE YA
glsto] ASUE 2ol A wheoll A TS F RNA 23
S ¢3 0.3 ml9] isopropranol-& 7}slict. 335 RNA
L 0% oBeE 4 F A%AZ e diethylpyro
carbonate X X| = Z5Fol =9 & —20°Col] HFs}ict.

22 RT-PCR #A o 24 50 ng® RNAFZES 0.02
mM¢2] deoxynucleotide triphosphate (dNTP), 25 ng/ xL2]
oligodithiothreitol (dT), 2 unit/ #L RNAsin 22| 3L 5 pL2] 5
vl reverse transcriptase reaction buffer E3H&E3} HF-S-A] 7
cDNAE- 3143l & Table 19] Cytokeratin-20 primerE- o]-&
ZZ A7t} o]al2] PCR condition©. & 95°Col|A] 5E7F 1
cycle®] denaturing A A X 95°CollA] 1874 35
cycle, 55°CoA] 187}, 72°CoNA] 187}, 72°Cel| 4] 58-719]
ulA 2} cycled Y x| ¥bEslglon] 5~8 4L9| aliquots
PCR AJiha-5 2% agarose gels ollA] A7] 455 A3t
ohS bromide $34) % 2914 B Shel A AAse] B
it} # % Cytokeratin-20 PCR AHE2- 349-bpe] v £ )
Ehfiglom = WAl PCR a3 303-bpe] ] & vhERSL

Table 2. The primer sequence of beta-microglobulin and synthetic
oligonucleotide primers of CK-20 RT-PCR

Product size

mRNA Primers 5°-3 (bp; base pair)

Beta-microglobulin
F: TGA CGG GGT CAC CCA CAC TGT GCC

R: CTA GAA CCA TTG GGG TGG ACG ATG o! PP
CK-20
(First PCR)
F: CAG ACA CAC GGT GAA CTA TGG
349 bp

R: GAT CAG CTT CCA CTG TTA GAC G
(Second PCR)
F: CTG TTT GTT GGC AAT GAG AAA ATG G

R: GTA TTC TCT CAG TCT CAT ACT 303 bp
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M N1 23 45 6 MNI1T2 3 4 56 Table 3. The comparison between bone marrow and peripheral

M: M.W. markers
N: Normal healthy donor

Beta-microglobulin

Fig. 1. Pictures of electrophoresis results showing the 281 bp size
beta-microglobulin (Lt.) and the 303 bp size CK-20
RT-PCR gene product (Rt.).

t} o]E3k PCR #A o] HAA & 7F3817] 9134 281-bp
9] beta-microglobulin primerE- o]-£-3¥] ]—S"iB}(Table 2)(F1g D).
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ZHEA Hl: 7 shAbe] wxdoy g E *é_%‘«] CK-20
Az AT SACE ARG F 2P 7 A9
CK-20 79 dA&5 Fslalon, dxdH CK-20 <
Aelal 2", EFEY CK20 FA(ol3) “F%
A7), Bz g FF "l B CK-20 A ()8l “BF 9
A7), Wx " EFF BF CK200] AEEA ¢k 7 (olst
“RF AN Wl o g vro] CK-200] ZAEH Al
whe ekl W), 27 Bel, etk AZA Aol 4, o
2ESA Y ZeALHE 484, nm23 chalulke gho] 3
HAE vlaslich o AEZAN 8 ZRALHE FEA,
283 nm23 gk Fok = o] shehyl EejzF o
et Z+7bo] wlEE 314 (monoclonal antibody)E- o] -&-3F ™
o] 27 3}tod AW (immunohistochemical stain)S- ©]-£-3}o]
AEskdot

RS Ch1-Square test%
7l 4 EAdoR
Jsich. oleld mE %
21ag o] gehelrk

[N

CK-202- =g HollA] 417 5 157 ellA] ZEw] o] 36.5%
o AEES B3k 25 o A 4179 F 159 (36.5%)
oA AEE ot HxgNI 5 AoA] Fh3 A

blood in CK-20 detection

Bone marrow

Negative Positive Total
Peripheral Negative 17 (41.4%) 9 (21.9%) 26 (63.4%)
blood Positive 9 (21.9%) 6 (14.6%) 15 (36.5%)
Total 26 (63.4%) 15 (36.5%) 41 (100%)

Concordance rate of CK-20 detection between peripheral blood and
bone marrow: 56% (p>0.05).

FE HQl BAee B S B 60ll(14.3%), BF &
A& Hol 184|(42.9%)5 E83l 2402 A] 572%2 ¥X
o Bglom Hxdin Z PHdlA]e] CK-209] 7
T AR 73 ARBATE P9 ckp > 0.03).
2) 2t AAGIM CK-20 HE0 ME CHE O|F XY
O| AbmM(Table 4)
T AA BrellA] A AR ddle WY el A 24,
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HzA Hol& Hrh(Fig. 3). o 2EZZ &4 ——*454
b 149 & 89 (57.1%)0l14 CK20& 2% 248 By,
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Table 4. The correlation with other prognostic factors according to CK-20 detected source

CK-20 detected in

Factors p-value
Both negative PB BM Both positive
(=17, 41.5%) (=9, 22.0%) (n=9, 22.0%) (n=6, 14.6%)
Pathologic type
Infiltrating ductal (n=33) 13 (39.4%) 8 (24.2%) 5 (15.1%) 6 (18.1%)
DCIS (n=3) 1 (33.3%) 1 (33.3%) 1 (33.3%)
Metaplastic (n=3) 2 (66.7%) 1 (33.3%) NS
Invasive papillary (n=1) 1 (100%)
Invasive lobular (n=1) 1 (100%)
Stage
0 (n=3) 1 (33.3%) 1 (33.3%) 1 (33.3%)
I (n=3) 1 (33.3%) 2 (66.7%)
I (n=29) 15 (51.7%) 6 (20.7%) 6 (20.7%) 2 (6.9%) 0.014
I (n=60) 1 (16.7%) 1 (16.7%) 4 (66.7%)
Axillary node metastasis
Negative (n=19) 7 (36.8%) 6 (31.6%) 6 (31.6%) 0,039
Positive (n=22) 10 (45.5%) 3 (13.6%) 3 (13.6%) 6 (27.3%)
ER receptor expression
Negative (n=14) 8 (57.1%) 1 (7.1%) 3 (21.4%) 2 (14.3%) NS
Positive (n=27) 9 (33.3%) 8 (29.6%) 6 (22.2%) 4 (14.8%)
PR receptor expression
Negative (n=15) 10 (66.7%) 1 (6.7%) 3 (20.0%) 1 (6.7%) NS
Positive (n=26) 7 (26.9%) 8 (30.8%) 6 (23.1%) 5 (192%)
pS53 protein expression
Negative (n=17) 7 (41.2%) 4 (23.5%) 5 (29.4%) 1 (5.9%) NS
Positive (n=24) 10 (41.7%) 5 (20.8%) 4 (16.7%) 5 (20.8%)
nm23 protein expression
Negative (n=10) 3 (30.0%) 3 (30.0%) 4 (40.0%) NS
Positive (n=31) 14 (45.1%) 6 (19.3%) 5 (16.1%) 6 (19.3%)
NS = not significante; PB = peripheral blood; BM = bone marrow; ER = estrogen receptor; PR = progesteron receptor.
B Both(+) HE BM(+) I3 PB(+) [J Both(-) 2ETIME 223 ol SHQ0SRE), T ol A
100 - 2 ol 40(16.7%)0] P.or] SHlQ08%)NAE k8
% BFolA CK-200] AZHT). AT o] oA EAH
80 o2 9u] 9 Aol ohirhp>005). nm23 G
AR 100 F B S ol 3¢(30.0%) T FAEY
%07 1‘—;— 3/1(30.0%), %é FAQ ol 40l](40.0%)019) .
e | BIEekAI0] o= glglr). nm23 chulukd okAlol 31o] 3
A 14041(45 1%)E B5F 94, 60(19.3%)% s ool A4t 5
619014 THolAn AFsigon 2 g
207 R 611(19.3%)] Slol A B nm23 v&ﬂﬂ %A
WS Uiehiglh kAR o] 94 CK-209] AT o
° Stage 0 I Stage | I Stage Il I Stage Ill I Aol §UrHp>005). Table 4ell4 K= niel Zro]
_ - , CK200] A5 el sk 22 §4e) o, 22
Fig. 2. The composition of CK-20 detected sources according to B g2 ubel 9 553 chululel 95 nmo3 chuluyel A

stage (PB = peripheral blood, BM = bone marrow). bl SO Ao]E HolA] skoror}. w79} ool EA A
WEAR—"T> O el °— LA
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Fig. 3. The composition of CK 20 detected source according to
axillary lymph node status. All of the both positive cases
were included in axillay node metastasis group (PB;
peripheral blood, BM: bone marrow).

o] Zel= 4 Toll wet A& Fol3k ZolE HArhp=
0.014, 0.039).(Table 4) 18|31 25 FAAZES Wl 3z}
T-(both positive)¥} L} A 3F&} F-(both negative, W& %k

A, B FDE vaetgle W Wrlek ek =4 Ao

Aele o3k ol & B 4 919 rh(p=0.000, p=0.005). 3}

vk W& A (PB)Y F4 A BM)Q 3} & vt
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£ X g (concordance rate) Hich gl FF
Yol A 9] CK-20 & A& o3 AdaA
ERA] eEokek(p>0.05). vhE Eell o] CK-20
7| Cytokeratin®] €%l CK-19v= 9 3hAle] =
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23 & gglort B4 % WY LFol|4 CK200] 7]
%5909 679 A TNM 9714 07 7ol 8
A Wl I, We) BAzA goides B Wl
2 5 gdolh B AT Az olslz B 4uie 3] %

d

B2 Aol A 1o, T FHollA] 1] CK-200] %A 7
25} AN Feel P RdlA A% ol
9lgith. olet §AslA CK-198 £3)] guleke] w4 Aol
off #all AT Schoenfeld 5(16)2] AF-olA = FH4
A gApe] FollA] CK-197F AEFH AW oIS Hars)
ou] 7 Al QoA W] AAE & zHel|A n)
Al A g(micro-invasion)-& LAY = vty Bt
g}, Ao} A Ho] & - Fob CK-208] A% o] A
o QJolA] F4e Wz ol 747ke] CK-20 713} He} 2
24 Ao| § - Tk FANOE % 4AAAL 27
g F alolon) F A BFollA CK-200] HEE AW 6
o R ofol A=A Aol AQl 3HAFo|on] o

g A 22 Wrle 124 Ho 17} AE AyE
ot Bhatoll Qlol A T4 W dxP o B4 CK-200] 7
Z5E AEgS 2ok A4 F4 9 g o)A
A= R GAIET BF Ho|Fko g Al A
< olUm feElEl FAAESY ik BAE A A
As|a g2 PZA, o], 7 SollA AAFY o] F
I8 FAF] FRAE FollA Holol] Hggk AE Fol

ZAE w) AA JGH 2ot e Hol|Fdor Al
L Qo A vh(19,20) Bae (2N s Ao 4
CK20 %o B AT Fol BR 249 F4e #4
ol Al FAZkAtell mlel] W] CK-20 FHEEo] o
w PR, ps3 whi] o nm23 ghuudlo] W wxsel
CK-20 HEEL SAHLE on| e Aol & HolA o
._;].J_ B }_oi 1,]_ od:'Loﬂ/(_]‘— ar ] Ul—}_'a‘:loﬂoﬂ

- =T %
A9 CK-20 7% <¢k43} ER, PR £ %

e

T
[=R.

=5

IS
ofo
2
o
T

23 whikalse] QRS wo] FA sisk
3k Cytokeratin family2] 7
S}

=
=
ok

e Lot
o
X
r~
2 5
18
o
o
ng
&
o

rJ oft
(o T

A Fe Bus
glow 25 u]xﬂ Aol %—0&9] 27, W3 4,
A A S AR ARAAES Bl Basta 9
AE S E 3 Lee 5(16)2 CK-199] A=
T ul A Aolet el =2 14, Tk, ¥
2z Ho| A, A AEZA F£8&4 Wy $F B

N
IH 3 to °
of
2
il
-+
=)
)
)
o
2

o
mH :E i

o3t AaAZE gl e 2 Haskgivh CK-20 7
I} o ol ¥AAET Y] AR ol R = Frl B
5 ez d7E AT AES WE T U
o2 AZt=r) Braun 5(22)2 Cytokeratinel] o3l &

GAE ol & Wejssd g Ba BoalA w4 A
E Felsdd gAtellA] o FHAEET AA AL
& Bt ol Slert ¥ Tl A48 RIPCR 32

el vidlel UG S50 AAR
%o} CK-209] 7% &Holwl mhxdol
HAES] EA7H 171 A 5 9ol
A gAe] ol mAE Gl AL A7I7re] F
WEE B¢ Hastk obg glov] $F F we B4
Wgo AYI7re] FAA] BeY Aol

=

01ﬂ M

L)
12
2 o
o mlm _I°"‘ I‘-?i'
w24 e

(o)

4 lo rlo mo O rfu Y e < ol oft R AW

lo,
o
A CH

)

4 g
2 el f2l SAIES] A A S P
2 RT-PCRE of§- 917Hst whylo A 24 9 Wy
9] CK-202 A& n]23t A X9 74%%3 Eﬁ’ig A
A7) AHEL F 51%2 BA ghol B mi wxy
N o]l 3 AAd] gk 74/&]-UPO£ clré 7-1 ol gk A
4# X3 = gk s oA, 4 9 WA
TFollA] CK- 200] AZEE 5L TNM W 7)4 11, 119

4

M A wlolA el B el @A kol gt
w2l A A Rl CK200] AEE A9 7129 1
B 997 dFenst 4ude Rel e o
Aol g AEET FHAZE 5 olFol e 9
& A4 24 B2e Fol BAsIolol & Aol 1zl
S olel]l A4EE RT-PCRE ol$- w173k Ao} 4
2 Ao ulAg golol SJalAE AT} wl vhs
e 4 glo} 1 ubiAbe] BES) o] RolAo} ohnl
ofe) Q7| RellA e AEA} o] FolAE Aol Fod)
o sk

REFERENCES

1) Schlimok G, Riethmuller G. Detection, characterization and
tumorigenecity of disseminated tumor cells in human bone
marrow. Semin Cancer Biol 1990;1:207-15.



o] Q- w7

SHO] Ux SN U ZR(|A Cytokeratin-20 21=0| |0 265

2) Osborne MP, Rosen PP. Detection and management of bone
marrow micrometastases in breast cancer. Oncol 1994;8:25-31.

3) Cote RJ, Rosen PP, Lesser ML, Old LJ, Osborne MP. Pre-
diction of early relapse in patients with operable breast cancer
by detection of occult bone marrow micrometastases. J Clin
Oncol 1991;9:1749-56.

4) Diel 1J, Kaufmann M, Goerner R, Costa SD, Kaul S, Bastert
G. Detection of tumor cells in bone marrow of patients with
primary breast cancer: a prognostic factor for distant meta-
stasis. J Clin Ibcik 1992;10:1534-9.

5) Mansi JL, Easton D, Berger U, Gazet J-C, Ford HT, Dearnaley
D, et al. Bone marrow micrometastases in primary breast
cancer: prognostic significance after 6 years’ follow up. Eur
J Cancer 1991;27:1552-5.

6) Bae JW, Choi KH, Kim HK, Park SH. The detection of
circulating breast cancer cells in peripheral blood by reverse
transcriptase-polymerase chain reaction. J Korean Med Sci
2000;15:194-8.

7) Burchill SA, Bradbury MF, Pittman K, Southgate J, Smith B,
Selby P. Detection of epithelial cancer cells in peripheral blood
by reverse transcriptase-polymerase chain reaction. Br J
Cancer 1995;71:278-81.

8) Bostick PJ, Chatterjee S, Chi DD, Huynh KT, Giuliano AE,
Cote R, et al. Limitations of specific reverse-transcriptase
polymerase chain reaction markers in the detection of mi-
crometases in the lymph nodes and blood of breast cancer
patients. J Clin Oncol 1998;16:2632-40.

9) Eltahir EM, Mallinson DS, Birnie GD, Hagah C, George WD,
Purushotham AD. Putative markers for the detection of breast
carcinoma cells in blood. Br J Cancer 1998;77:1203-7.

10) Diel 1J, Kaufmann M, Goerner R, Costa SD, Kaul S, Bastert
G. Detection of tumor cells in bone marrow of patients with
primary breast cancer: a prognostic factor for distant meta-
stasis. J Clin Oncol 1992;10:1534-9.

11) Johnson PWM, Burchill SA, Seiby PJ. The molecular detection
of circulating tumour cells. Br J Cancer 1995;72:268-76.
12) Goeminne JC, Guillaume T, Symann M. Pitfalls in the detec-
tion of disseminated non-hematological tumor cells. Ann On-

col 2000;11:785-92.

13) Mori M, Mimori K, Ueo H, Tsuji K, Shiraish T, Barnard GF,
et al. Clinical significance of molecular detection of carcinoma
cells in lymph nodes and peripheral blood by reverse trans-

cription-polymerase chain reaction in patients with gastroin-
testinal or breast carcinomas. J Clin Oncol 1998;16:128-32.
14) Fuches E, Weber K. Intermediate filaments: structure, dyna-
mics, function, and disease. Ammu Rev Biochem 1994;63:
345-82.
Zippelius A, Pantel K. RT-PCR based detection of occult
disseminated tumor cells in peripheral blood and bone marrow

15

~

of patients with solid tumors: an overview. Ann NY Aca Sci
2000;906:110-23.

Lee MH, Suh WS, Cheon HJ, Jo KS, Shin EJ, Park KK, et
al. Determination of Sensitivity of RT-PCR for Cytokeratin 19
and detection of micrometastasis from bone marrow of breast
cancer patients. J Korea Surg Soc 2000;58:34-43.
Schoenfeld A, Kruger KH, Gomm J, Sinnett HD, Gazet JC,
Sacks N, et al. The detection of micrometastases in the

16

~

17

~

peripheral blood and bone marrow of patients with breast
cancer using immunohistochemistry and reverse transcriptase
polymerase chain reaction for keratin 19. Eur J Cancer 1997,
33:854-61.

18) Gribben JG, Neuberg D, Barber M, et al. Detection of residual
lymphoma cells by PCR in peripheral blood is significantly
less predictive for relapse than detection in marrow. Blood
1994;83:3800-7.

19) Garcia-Olmo D, Ontanon J, Garcia-Olmo DC, et al. Detection
of genomically-tagged cancer cells in different tissues at
different stages of tumor development: Lack of correlation
with the formation of metastasis. Cancer Lett 1999;140:11-20.

20) Putz E, Witter K, Offner S, Stosiek P, Zippelius A, Johnson
J, et al. Phenotypic characteristics of cell lines derived from
disseminated cancer cells in bone marrow of patients with
solid epithelial tumors: Establishment of working models for
human micrometastases. Cancer Res 1999;59:241-8.

21) Bae JW, Choi KH, Min YK, Lee JB, Lee ES, Koo BH. De-
tection of circulating cancer cells in peripheral blood of breast
cancer patients by reverse transcriptase polymerase chain re-
action. Abstract Book of Korea Surg Soc Meeting 2000
(spring);Abstract No 46.

22) Braun S, Pantel K, Mller P, Janni W, Hepp F, Christina RM,
et al. Cytokeratin-positive cells in the bone marrow and
survival of patients with stage I, II, or III breast cancer. New
Eng J Med 2000;342:525-33.



