
Ki-67 as a prognostic marker in colorectal cancer but not in gastric cancer

C.T.F. OSHIMA, K. IRIYA, N.M. FORONES

Oncology Group, e-mail: nora@gastro.epm.br, Gastroenterology Division and Pathology Department Universidade Federal de Sao

Paulo, Brazil

Received January 26, 2005

The growth of tumors is highly variable and this probably reflects even its clinical course. The monoclonal antibody

Ki-67 recognises an antigen present in the nuclei of cells in all phases of the cell cycle except G 0.

In the current study, we examined by immunohistochemistry the proliferative activity, based on Ki-67 labeling index

(Ki67LI), in formalin-fixed and paraffin-embedded sections of 152 tumors, being 70 gastric and 89 colorectal cancers. The

results obtained were correlated with the clinicopathologic factors.

The carcinomas showed a wide range of Ki-67LI, reflecting a variation in proliferative activity. The tumor labeling index

ranged from 10 to 85 per cent positivity, being the mean level in gastric cancer tissue 0.52 and in colorectal cancer 0.44.

There was also heterogeneity of labeling within many of the tumors. No significant correlation was found between Ki-67LI

and sex, age, clinical stage in these cancers. In colorectal cancer, but not in gastric cancer, high levels of Ki67LI have been

correlated with poor survival.

Ki-67 staining is a simple and useful method for estimating proliferative activity. The importance of Ki-67 as an indicator

of tumor behaviour is not clear. In colorectal cancer this index may be used as a marker of prognosis.
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The growth of tumors is highly variable and this probably

reflects even its clinical course. Methods of assessing cell

proliferation in routinely fixed and processed tissues are of

great interest in histopathology because they preserve tissue

architecture and allow retrospective studies.

The classical morphological method for assessing cellular

proliferation is the identification and counting of mitoses.

Other methods are bromodeoxyuridine labeling [18], flow

cytometry [14], nucleolar organizer regions [19] and immu-

nohistochemistry [11, 12, 16].

Ki-67 is the monoclonal antibody that recognises an anti-

gen present in the nuclei of cells in all phases of the cell cycle

except G0. A simple immunohistological method using this

antibody allows the demonstration of proliferating cells [11,

12].

Recent reports have described the immunohistological re-

activity of Ki-67 in colorectal and gastric cancers, and they

have suggested that Ki-67 immunostaining may provide data

of clinical value [2, 8, 20].

Gastric cancer is the fourth most common, and colorectal

cancer the third most common cancer in the world [10]. In

Brazil 23160 new cases of gastric cancer and of colorectal

cancer had been diagnosed in 2003 [3].

Although the surgical resection of the tumor is possible,

the recurrence of the cancer is the main cause of death among

these patients. Until now, pathologic variables associated

with clinical findings have been the most important form to

establish the prognosis. These parameters, however, do not

reflect biologic behaviour of the individual cancer tissue that

correlates with tumor aggressiveness and reccurrence risk,

which may enable some groups to undergo a more intensive

adjuvant treatment. In recent years, the results of research

aims to identify the correlation between cellular proliferative

activity and the malignant potential of recurrence derived

from various methods of cell proliferation have been con-

flicting.

The purpose of this study was to investigate the

proliferative activity by studying the Ki-67 immnunostaining

in colorectal and gastric adenocarcinomas as well as to corre-

late this activity with prognosis.
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Patients and methods

Retrospectively, 70 cases of gastric adenocarcinomas and

89 cases of colorectal adenocarcinomas were analyzed using

paraffin-embedded blocks. The cancer tissues were fixed in

formalin and routinely developed by using the paraffin-em-

bedding method, thus obtaining 3 µm-thick tissue sections.

The pathologist revised all the hematoxilin-eosin stained

slides and the diagnosis was confirmed.

The patients were staged according to the UICC classifica-

tion, and gastric cancer was also classified into intestinal or

diffuse according to the classification of Lauren.

Immunohistochemistry. Sections of 3 µm were dewaxed in

xylene, taken through ethanol to water to rehydrate and sub-

mitted to microwave irradiation for 15 min in 10 mM citrate

buffer (pH 6.0) to detect masked and unmasked antigen sites.

Endogenous peroxidase activity was blocked by incubat-

ing the sections in a solution of 3% hydrogen peroxide in

phosphate buffered saline (PBS) for 20 minutes. After wash-

ing in PBS, the sections were incubated with the primary

monoclonal antibody Ki-67, clone MIB-1 (DAKO) in the di-

lution of 1:100, overnight at 4 °C. The sections were washed

with PBS and incubated with a biotinylated secondary anti-

body for 30 minutes, followed by incubation with strepto-

avidine-biotin-peroxidase complex for further 30 minutes, at

room temperature. Staining was carried out using a solution

3-3’diaminobenzidine (Sigma), containing 1% hydrogen

peroxide. Finally, sections were lightly counterstained using

Harris hematoxilin.

Sections were scored as positive if a distinct nuclear

immunoreaction was found in the identifiable tumor cells. A

section of colorectal and gastric adenocarcinoma with in-

tense Ki-67 expression was included as a positive control.

The Ki-67 staining intensity and patterns were analysed by

two observers who were unaware of patient identity. Any

scoring discrepancies were resolved by consensus. The label-

ing index was determined observing 1000 nuclei in areas of

the section with the highest labeling rates, and the percentage

of Ki-67-labeled nuclei was used for analyses. The tumors

were also classified into two groups, as follows: A <40% and

B ≥40%.

Statistical analysis. The clinical stages were categorized in

fewer categories (I+II and III+IV) to avoid statistics with

small numbers. The Mann-Withney test was used for com-

parison of continuous variables. The calculus of the survival

estimators was carried out through the Kaplan-Meier tech-

nique. The Cox’s proportional hazards model was used for

multivariate analysis. A level of 5% significance was

adopted. Descriptive levels (p) below this value were consid-

ered significant.

Results

The clinical parameters of patients with colorectal and gas-

tric cancer were described in Table 1. The photomicrography

of proliferative activity of gastric and colorectal adenocarci-

noma as defined by Ki-67 immunohistochemistry was pre-

sented in Figure 1.
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Table 1. Clinical parameters of patients with gastric or colorectal cancer

Clinical parameters of the patients
GC

N (%)
CRC
N (%)

Sex Male 47 (67) 36 (40)

Female 23 (33) 53 (60)

Age < 50 14 (20) 19 (23)

≥ 50 56 (80) 64 (77)

Stage I 19 (27) 0

II 15 (22) 42 (47)

III 22 (32) 40 (45)

IV 12 (17) 7 (8)

Follow-up Alive 28 (40) 50 (56)

Recurrence 4 (6) 2 (2)

Death due to the cancer 24 (34) 25 (28)

Death due to another cause 6 (9) 0

Lost to follow up 8 (11) 12 (14)

N – number of patients, GC – gastric cancer, CRC – colorectal cancer

A

B

Figure 1. Photomicrography showing proliferative activity in gastric

(A) and colorectal adenocarcinomas (B) as defined by Ki-67 immuno-

histochemistry.



In the gastric cancer group 47 patients were male and 23 fe-

male, the mean age was 62±14 years. In relation to the clinical

stage, 49% were stage I and II; 49% were stages III and IV and

in 2% of the cases it was not possible to determine the clinical

stage. The tumors were most frequently located in the antrum

(63%). According to Lauren classification 48 (60%) were of

the intestinal type. The patients were observed for a period of

time that varied from one to 84 months (average of 33

months). On the time of the study, 46% remained alive (40%

without disease). The mean level of Ki67LI was 0.52±0.18.

In the colorectal cancer group 36 patients were male and

53 female. The mean age of colorectal cancer patients was

59±14 years, 47% were stage II, 45% stage III and 8% IV.

Thirty-three had cancer in the rectum and 56 in the colon. The

patients were observed for a period of time that varied from

10 to 84 months (average of 42 months). On the time of the

study, 58% remained alive (56% without disease). The mean

level of Ki67LI was 0.44±0.16.

Ki-67 immunoreactivity was found in the nuclei of

neoplasic cells in all cases of gastric and colorectal cancers

(Fig. 1). In general, diffuse nuclear staining was present in all

cases and there were however intra-tumor variations in the

distribution of labeled cells.

We did not observe any correlation between Ki67LI and

sex, age, clinical stage in either cancer (Tab. 2 and 3). There

was no difference in the Ki67LI between the intestinal and

diffuse type (p=0.41). There was no difference in the Ki67LI

in colon cancers when compared to rectal cancer (p=0.33).

Kaplan-Meier’s curve of survival was not different for group

A (<40%) or B (≥40%) in gastric or colorectal cancer (Fig. 2

and 3). Cox regression showed that Ki67 is an independent

predictor of survival in colorectal cancer (p=0.009), but not

in gastric cancer (p=0.44) (Tab. 4).

Discussion

Previous studies have shown conflictive results about the

correlation between proliferative activities and worse prog-

nosis in a variety of tumors. As growth fraction is one of the

important variables in tumor cell kinetics, it was chosen to be

investigated.

Immunohistochemical methods of assessing cell prolifera-

tion have particular advantages over other techniques be-

cause of the maintenance of cellular and tissue architecture,

the relative simplicity of the methodology, and the rapidity of

results [13].

The suitability of monoclonal antibody Ki-67 for detection

of growth fraction in tumors had previously been reported in

studies in malignant lymphoma [10] and breast tumor [23].

Besides these results, the usefulness of the Ki-67LI for pre-

dicting tumor progression and prognosis in patients with

colorectal and gastric cancer has been reported [1, 2, 15].

Ki-67LI ranged from 0.10 to 0.82 with a mean of 0.44 in

the cases of colorectal carcinoma, and from 0.13 to 0.86 with

a mean of 0.52 in gastric carcinoma, which was significantly‘

higher than for colorectal carcinoma.

In a study published by the same authors in 38 colorectal

cancers tissue had shown a similar mean of Ki67LI (0, 40).

However, there were no differences among Dukes’ stage,

percentual of recurrence and this index. Due to the small

number of tumors the results had not been compared with

survival [8].

KAKEJI et al [17] have shown that the combination analysis

of depth of invasion with Ki-67 LI gives a more precise pre-

diction of nodal metastasis, compared with histological anal-

ysis alone in gastric cancer. We did not find this correlation.

Although a previous study [20] reported a strong suggestion

that diffuse carcinomas had a tendency to have higher
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Figure 2. Survival of patients according to the values of Ki-67LI <0.40

or 0.40 in gastric cancer.

Figure 3. Survival of patients according to the values of Ki-67LI <0.40

or 0.40 in colorectal cancer.
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Ki-67LI as compared to intestinal carcinomas, in this study

the differences was not statistically different.

We did not find any correlation between the Ki-67LI and

sex, age, histological type, or clinical stage of patients in

colorectal and gastric cancer.

High proliferating activity of tumors was associated with

poor survival of patients in colorectal cancer but we have

been unable to demonstrate the same correlation in gastric

cancer.

Several studies measuring proliferative activity in cancer

Dukes’ stage B2 or C using flow cytometry noted that a high

proliferative index predicts great probability of recurrence,

and diminished survival [5, 24].

Besides the correlation between proliferative activity and

survival, some assays on flow cytometric DNA analysis sug-

gest that highly proliferative tumors have an increased sensi-

tivity to neoadjuvant and adjuvant chemotherapy in breast

cancer [21, 22]. In contrast, the chemotherapy for slowly pro-

liferating tumors is controversial [4, 6]. Colorectal cancer

with a high proliferative activity is more likely to respond to

radiotherapy [9] and chemotherapy [1, 2].

According to these results, proliferative markers have the

potential to distinguish patients with rapidly proliferating tu-

mors that are likely to respond to chemotherapy from patients

with slowly proliferating tumors who may not need aggres-

sive treatment. Selection of those patients, by assessment of

the proliferative activity, may be a reliable approach to pre-

dict which patients will respond to chemotherapy.
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