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Abstract. The expression ofKi-67 antigen in 71 patients with advanced gastric cancer was
studied by immunohistochemical technique. Immunohistochemical staining with Ki-67 pro-
duced clear labeling of a portion of tumor cell nuclei, and the nucleoli stained intensely. The
Ki-67labeling rates ofthe 71 specimens ranged from 7.7 to 70.5% (mean: 29.2%; standard
deviation: 12.9%). There was no significant association between Ki-67 labeling rates and
macroscopic type, peritoneal metastasis, or serosal invasion. The tumors showing high Ki-67
l~beling rates (> 25 %) are more likely to have liver metastasis and lymph nade involvement.
Larger tumors, with a diameter > 6 cm, more frequently showed high Ki-67 labeling rate
than those with a diameter < 6 cm. When the Ki-67 labeling rate and 9 clinicopathologic
parameters, as conventional prognóstic factors, were entered simultaneously into the regres-
sion model, nodal status and Ki-67 labeling rate emerged as independent prognostic factors.
These results indicate that the in situ determination ofthe growth fraction by Ki-67 antibody
may be a reliable prognostic marker of advanced gastric cancer. ..

Introduction ciated with prognosis [6-8]. Recently, mea-
surements of cell cycle kinetics have been
found to correlate with clinical course [9-
12]. We previously reported that patients
with gastric cancer with high bromodeoxy-
uridine labeling indices (BrdU LI) have
lower survival cates iban patients with low
BrdU LI [13]. However, BrdU labeling re-
quires in vitro incubation of viable tumor
tissues. Recently, extensive literature has de-
veloped on the prognostic efficacy of flow

Advanced gastric cancer continues to
carry a dismal prognosis despite great efforts
to improve the radical treatment of this dis-
fase, with 5 year survival rates ranging from
10 to 30% [1]. Many attempts to identify
factors predictive of survival among patients
with this type of neoplasia have been made
[2;..5]. Numerous clinical and pathologic fea-
tures of gastric cancer are known to be asso-
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cYtometry in the cell kinetics of malignant
c

tumors [10-12, 14]. S-phase fractions of
breast carcinomas determined by flow cy-
tometry closely correlated, withresults ob-
tained by thymidine labeling [9, 15], and
many investigators have reported the prog-
nosticvalue of S-phase fraction by flow cy-.
tometry. However, fue S-phase fractlon ob-.
tamed by flow cytometry reflects not only
the proliferative activity of tumor cells, but
a.Iso the proportion of nonproliferating stro-
mal cells in a tumor. In addition, the over-
lapping cell cycle distribution from DNA
aneuploid clones as well as from nuclear
debris may also interfere with the anaIysis of
S-phase fractions. Volm et al. [12] reported
that cell cycle analyses were possible in only
65% of cases by flow cytometry. More re-
cently, a mouse monoclonal antibody (Ki-
67) has become available defining a nuclear
antigen present in proliferating cells
throughout the cell cycle [16]. Ki-67 enables
the immunocytochemical detection of cy-
cling cells without the need of external ad-
ministration of BrdU or 3H-thymidine. The
antigen is present in fue late G¡, S, G2, and
M phase [17]. The present study was aimed
at determining whether proliferative activity
determined by Ki-67 monoclonaI antibody
was associated with histopathologic findings
and the clinical outcome of patients with
surgically resectable gastric cancer.
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mounted on albumin-coated slides, and immediately
fixed withaceton/ether (60%/40%) for 20min. The
sectionswere first washed in 0.5 M, Tris-buffered
saline (TBS), pH 7.2 for 2 min and then incubated at
roomtemperature for 45 min aIternately \\;th al: 10
dilution of Ki-67 antibody, biotinylated goat anti-
mouse IgG (Vector Laboratories, Burlingame, CaIif.
USA) and avidin-biotinylated horseradish peroxidase

complex (ABC) (Vector Laboratories).
Between the incubations the slides were washed

with TBS. The tissue sections were then incubated
with 0.05% 3-3'-diaminobenzidine and H2O2. Final-
Iy, the slides were lightly stained \\;th hematoxylin.
Alllabeled nuclei, demonstrated by the use of Ki-67
antibody, were regarded as positive. Between 1,000
and 2,000 cells were counted in each of 10-15 micro-
scopic fields to determine the average Ki-67 labeling
rates. Ki-67 labeling rates were counted by two ob-
servers independently, and the afeas of the sections
with the highest labeling rates were used for counting.
The mean of the two percentages of Ki-67-labeled
nuclei was calculated and used in the statistical anal-
yses described below.

The data are presénted as mean :!: standard devia-
tion of mean. StatisticaI anaIyses were performed by
xl test. The outcome of different groups of patients
was compared by generalized Wilcoxon test. The Cox
proportional hazard model was used in the muitivar-
iate regression analyses of survivaI data. Throughout
this report, information of a previous publication is
used for the description and classification ofthe vari-
ables [18]. The cut-offpoint forlow or high fraction of
cell cycle was determined by a Cox proportional haz-
ard model [19]. This is an efficient graphic tOal for
determining those levels of q~antitative prognostic
factors at which the most pronounced deterioration of
prognosis takes place.

Results

Materials and Methods
Immunohistochemical staining with Ki-

67 produced clear labeling of a portion of
tumor cell nuclei in each section (fig. 1), and
the nucleoli stained intensely. The Ki-67 la-
beling rates of the 71 specimens ranged from
7.7 to 70.5% (mean: 29.2%; standard devia-
tion: 12.9%). The correlation between histo-

Tumors from 71 patients with advanced gastric
cancerwere analyzed using the monoclonal antibody
Ki-67 (Dakopatts, Copenhagen, Denmark), and the
results compared with respect to Ki-67 labeling rates
and histopathologic features. Tissue samples were
frozen in liquid nitrogen and stored at -70.C until
use. The frozen specimens were sectioned 6 ~m thick,



logic findings and Ki-67 labeling rates is
summarized in table l. The tumors were di-
vided into two groups by the Ki-67 labeling
rates. The tumors named 'high Ki-67 labe-
ing' had Ki-67 labeling rates ~ 25 %, and
those with Ki-67 labeling rates <25% were
named 'low Ki-67 labeling'. The tumors
showing high Ki-67 labeling rates are more
likely to have liver metastasis and lymph
node involvement. Regarding the histologi-
cal type, 81 % (21/26) of the well-differen-
tiated cancers showed Ki-67 labeling rates
> 25 %, whereas 52 % of poorly differen-
tiated cancers revealed Ki-67 labeling rates
> 25 %. Two mucinous cancers were classi-
fied as poorly differentiated carcinoma.
There was a significant difference between
these two groups. Larger tumors with a di-
ameter > 6 cm more frequently showed high
Ki-67 labeling rates than those with a diam-
eter < 6 cm. However, there was no correla-
tion between Ki-67 labeling rates and perito-
neal dissemination, serosal invasion, or mac-
roscopic type. Ki-671abeling rates and prog-
Dosis indicated that the patients whose tu-

~2S%< 25%

38
6

27
17 NS

6
38

14
30

NS

Hepatic metastasis
Negative 27
Positive O

Peritoneal metastasis
Negative 20
Positive 7

Nodal status
Negative 9
Positive 18

Serosal invasion
Negative 11
Positive 16

Histologic type
Differentiated 5
Poorly differentiated 22

Macroscopic type
LocaIized 8
Infiltrating 19

Tumor size
>6cm 16
56 cm 11

21
23

<0.05

15
29

NS

13
31

<0.05



Fig. 2. Survival curves of pa-
tients with gastric cancer, subdi-
vided according to the Ki-67 label-
ingrate.

Table 2. Clinicopathologic findings and Ki-67 labeling rate as prognostic factors in 71 patients with
advanced gastric cancer

CasesVariable Multivariate analysisUnivariate analysis

Z value p value F value p value

65
6

47
24
15
56
25
46
26
45
23
48
29
42
27
44
15
56
39
32

Hepatic metastasis 1.137 0.29061.421 0.1553

Peritoneal metastasis 3.702 0.0002 3.701 0.0591

Nodal status 3.408 0.0001 4.831 0.0316

Serosal invasion 0.0060 2.297 0.13462.750

Histologic type .0.039 0.84510.095 0.9241

Macroscopic type 0..29422.271 0.0231 119

Tumor sÍze 2.536 0.0112 0.532 0.4686

Ki-67 labeling rate 0.0325 4.431 0.03932.139

negative
positive
negative
positive
negative
positive
negative
positive
ditTerentiated
poorly ditTerentiated
localized
infiltrating
>6cm
~6cm
2:25%
<25%
> 60 years old
~ 60 years old
male
female

Age 0.8559 0.659 0.42010.182

Sex 0.28360.142 0.8871

1.170'~~~~~~
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labeling rates were related to poor prognosis.
Patients with tumors showing high Ki-67
labeling rates had a fivefold higher relative
risk of death, as compared to those with
tumors showing low Ki-67 labeling rates. In
addition, the Cox proportional hazard
model revealed that the Ki-67labeling rate is
a powerful independent prognostic indicator
of gastric cancer. The high malignant pote n-
tial oftumors with high Ki-67 labeling rates
mar be related to the potential of hematoge-
nous and lymphatic metastases. ~~-
s\!lts indicate th~t th,. in ~;+" A4+4r~;~"+;"n

~~o~~ _~r~cti()n hv.Ki-67. a~~
mar be a reliable ro nostic marker of ad-

vance~ .g~st~cc~n~r. Furthermore, the.im-
munohlstochemical assay of Ki-67 labeling
rates obtained by biopsied tissues mar be
useful in designing the operative procedure
and multimodal therapy for the individual
patients with advanced gastric cancer pre-
operatively. W~ ar~ no: trving to measur_e
the roliferative activit of bio si materi-
als using Ki-67 monoclonal antibody.--

~ors had high Ki-67 labeling rates died sig-
i1ificantly earlier than those with lower pro-
liferative activity (fig. 2). When the Ki-67c,

labeling rates and 9 clinicopathologic para m-
eters, as conventional prognostÍc factors,
were entered simultaneously into the regres-
sion model, nodal status and Ki-67 labeling
rate emerged as independent prognostic fac-
tors (table 2). However, serosal invasion, tu-
mor size, histologic type, age, sex and macro-
scopic type were of little independent prog-
nostic value.

Discussion

Tbere bave been no reports on tbe expres-
sion of Ki-67 antigen of gastric cancer by
immunobistocbemistry. Tbe antigen recog- I
nized by Ki-67 monoclonal antibody is
known to be present in tbe G¡, S, G2, and MI
pbase oftumor cells, and tbe ~-6Z labcliM
rate substan iall rovides an esti I
~oliferative activity of tbe tu~ In gener-1
al, bigb proliferative activity of tumors is
associated witb poor prognosis and survival
[10-14]. In breast cancer, bigb numbers of
Ki-67-positive cells are found in tumors witb
bigh mitotic rates, bigh nuclear grade, and
bigb bistologic grade [20]. Carpin et al. [21]
described tbat Ki-67 immunostaining was
related to vascular invasion, and tbe pre-
sense of axillary lympb node metastases, and
tbat tbe Ki-67 immunocytocbemical assay
provides relevant information on selecting
subgroups of patients at bigber risk for re-
lapse. In OUT study, tumors showing higb Ki-
67 labeling rates were more likely to have
liver metastasis and lymph node involve-
mento In addition, tumors with low Ki-67
labeling rates were associated with favorable
prognosis, whereas those with higb Ki-67
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