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Significance of the Ki-67 proliferation index
in the assessment of the therapeutic response
to cisplatin-based chemotherapy in patients
with advanced cervical cancer
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Abstract. - OBJECTIVE: The purposes of this
study were to examine the therapeutic response of
advanced cervical cancer to Ki-67 proliferative index
(Ki-67 PIl) dependent cisplatin chemotherapy, and to
determine Ki-67 Pl referential value that is expected
to provide asatisfactory therapeutic response of cer-
vical cancer to cisplatin chemotherapy.

PATIENTS AND METHODS: This prospective
study enrolled 59 patients treated for cervical can-
cer at Clinic for Oncology, Clinical Center Nis, Ser-
bia. According to the obtained Ki-67 Pl values, pa-
tients were divided into three groups, and all the
patients received the same cytostatic, cisplatin.
Therapeutic response to chemotherapy was eval-
uated in relation to disease progression presence
or absence and progression-free survival after a
year follow-up since the first chemotherapy.

RESULTS: Survival rate increases with an in-
crease of Ki-67 Pl by Kaplan-Meier survival analy-
sis, meaning that survival rate is statistically sig-
nificantly shorter in the group of patients with Ki-
67 Pl <40% in comparison to patients from other
two groups (p=0.010). Mann-Whitney test con-
firmed a statistically significant increase in sur-
vival rate among the groups of patients formed
according to Ki-67 Pl (p<0.05). Kaplan-Meier sur-

vival analysis confirmed that the mean survival
rate in the group of patients with Ki-67 PI values
over 60% is statistically significantly longer in
comparison to patients with Ki-67 Pl values below
orequal 60% (p<0.001).

CONCLUSIONS: Advanced cervical cancer
with ahigh Ki-67 Pl expression responds better to
cisplatin-based chemotherapy, thusresultingina
longer survival rate. The values of Ki-67 Pl were
determined: high Ki-67 Pl (=60%), moderate Ki-67
P1(40-60%), and low Ki-67 Pl (=40%).
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Introduction

With more than half a million new cases each
year, uterine cervical cancer (cervical cancer) is
the third most common malignant cancer affect-
ing women globally, accounting for 8.8% of all
carcinomas in female population. Staging of cer-
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vical cancer is based on the FIGO classification
staging system upon clinical and rectovaginal
examination. Incidence and mortality rates of
this disease are twice higher in less developed
countries than in developed ones'. The incidence
rate in Serbia in 2002 was 27.3 in 100,000 re-
spondents, which was the highest incidence of
cervical cancer in Europe. Currently, it is the sec-
ond most common cancer regarding new cases in
female population in Serbia, after breast cancer’.

New studies®* marked that protein kinase B
(AKT) pathway plays important roles in tumor
pathogenesis. This pathway has possible molec-
ular targets for preventing and treating cervical
carcinoma, which can provide a new treatment
strategy.

Proliferative activity may be determined by
counting active cells that are not in the GO phase
of the cell cycle in relation to the total number
of cells. The Ki-67 antigen is expressed in all
active phases of the cell cycle (Gl, S, G2, mi-
totic cell division), except in GO phase’. Ki-67
immunoreactivity is a highly relevant prognostic
marker in various tumors, including head and
neck carcinomas, and salivary glands®’. Back
in 1989 Haapasalo et al® introduced an approach
of determining mitotic activity as the number
of mitotic figures for the area of tumor tissue in
percentage, thus yielding the mitoses per volume
(MV) index. This method has been applied in
counting Ki-67 positive cells (Ki-67 proliferative
index). Estimation of Ki-67 proliferation index is
necessary for the standard determination of ther-
apeutic protocols in some types of cancer, such
as breast cancer, but it is still a novel approach
regarding cervical cancer, lacking literature data
on clearly defined cut-off points of Ki-67 prolif-
eration index (Ki-67 PI) for this type of cancer’.

Cisplatin (cis-diammine-dichloro-platinum) is
an inorganic compound and water-soluble plati-
num complex containing a central platinum at-
om surrounded by two chloride atoms and two
ammonia molecules. As an inhibitor of cellular
proliferation, cisplatin may be given either as
monotherapy or in combination with other an-
tiproliferative drugs'®'!. Cisplatin has significant
therapeutic effect in numerous malignancies and
is mainly used in combination chemotherapy
protocols for the treatment of numerous solid
tumors, such as: testicular tumors, ovarian can-
cer, small-cell and non-small-cell lung cancers,
head and neck squamous carcinomas, and so on.
It has also been shown that cisplatin possesses
antitumor activity in cervical cancer, bladder
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cancer, osteosarcoma, melanoma, neuroblastoma,
and esophageal cancer.

Cisplatin is the most commonly used chemo-
therapeutic agent in cervical cancer treatment.
Nowadays it is considered to be a drug of choice
for locally advanced, metastatic and recurrent
cervical cancer since it has demonstrated the
most consistent therapeutic activity'.

The aims of this study were to examine the
therapeutic response of cervical cancer advanced
stages (FIGO stages IIb and III) to Ki-67 PI de-
pendent cisplatin chemotherapy, and to determine
Ki-67 index referential value that is expected to
provide a satisfactory therapeutic response of
cervical cancer to cisplatin chemotherapy.

Patients and Methods

Patients

This was a prospective study that enrolled
59 patients treated for cervical cancer at Clinic
for Oncology, Clinical Center Nis, Serbia. Only
the patients indicated for this type of treatment
according to official treatment protocols were
included in the study. Exclusions criteria encom-
passed the patients having la, Ib, and Ila stages
and undergoing surgery, as well as patients with
stage IV due to spreading metastases. This re-
search was approved by the Ethics Committee of
Faculty of Medicine (No. 12-1250/7), University
of Nis, Serbia.

According to obtained Ki-67 PI values, pa-
tients were divided into three groups. The first
group comprised 17 patients with a Ki-67 PI val-
ue <40%, the second group included 19 patients
with a Ki-67 PI value from 41 to 60%, and the
third group of 23 patients was with a Ki-67 PI
value >60%. All the patients in these three groups
received the same cytostatic, cisplatin (Cisplatin
“Ebewe”, EBEWE Pharma, Ges.m.b.H. Nfg.KG,
Unterach, Austria), for six therapeutic cycles at a
dose of 40 mg/m? body surface area once a week.
Therapeutic response to chemotherapy was eval-
uated in all three groups of patients (classified
on the basis of positivity for the Ki-67 marker)
in relation to disease progression presence or ab-
sence and progression-free survival after a year
follow-up since the first chemotherapy.

Immunohistochemical Analysis

Squamous cell carcinoma (planocellular) as a
histological type of cervical cancer has been con-
firmed in all the patients in experimental groups.
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Table I. Distribution of patients in groups and according to the stage of the disease.

Disease stage Patients numbers I group Il group Ill group
1Ib 24 7 8 9
111 35 10 11 14
Total 59 17 19 23

The analyses of all histopathological samples and
additional immunohistochemical staining on Ki-
67 proliferative marker that was used in this study
were performed at the Pathology and Pathological
Anatomy Center, Clinical Center Nis, Serbia.
While reviewing the hematoxylin-eosin (HE)
stained slides of available paraffin blocks, a slide
with a representative tumor, certain diagnosis
and adequate cellular tissue was selected from
each case for immunohistochemical staining.
Immunohistochemical staining was applied
to formalin-fixed and paraffin-embedded tissue
using Dako-Autostainer Link 48 (Dako, Burling-
ton, Ontario, Canada). Developing of color was
made by EnVision Flex Target Retrieval Solutions
(Dako) using diaminobenzidine (DAB) as the
chromogen. In accordance with manufacturer’s
instructions, detection Kit (Dako) was used. An-
ti-Ki67 (MiB-1, ready to use; Dako, Glostrup,
Denmark) antibody was applied in this analysis.

Ki-67 Proliferation Index

Ki-67 proliferation index was calculated from
the ratio of the number of cervical tumor cells
stained by Ki-67 to the total number of cervical
tumor cells counted per microscopic field.

Statistical Analysis

A software package SPSS version 16.0 (SPSS
Inc., Chicago, IL, USA) was used for statistical
data analysis. The non-parametric Mann-Whitney
U test was used to compare numerical variables,
since the data were not normally distributed. Uni-
variate and multivariate regression analysis was
used to determine predictive factors with Tukey
post hoc test, whereas the Kaplan-Meier curve
was used for estimation of survival time. The
results for p<0.05 were considered statistically
significant.

Results
As previously mentioned, aiming at the pos-

sibility of significant survival rate, the patients
were divided into three groups (the first group

with Ki-67 PI value <40%; the second group with
Ki-67 PI value 40-60%; the third group with Ki-
67 PI value >60%). The distribution of patients
in relation to the stage of the disease and formed
groups is shown in Table I.

Kaplan-Meier analysis showed that the mean
survival time in the group IIb did not statistically
significantly differ in relation to stage III cervical
cancer (Log-rank=0.382; p=0.537).

Figure 2 shows that survival rate increases
with an increase of Ki-67 PI by Kaplan-Meier
survival analysis, meaning that survival rate is
statistically significantly shorter in the group of
patients with Ki-67 PI < 40% in comparison to
patients from other two groups, as can be seen in
Table III (Log-rank=9.189; p=0.010).

Figure 1 shows Kaplan-Meier survival curve
in relation to the stage of the disease. Table II
demonstrates Ki-67 PI values according to the
stages of the disease.

As illustrated in Figure 3, Mann-Whitney test
confirmed a statistically significant increase in
survival rate among the groups of patients formed
according to Ki-67 PI (p<0.05).

Additionally, the patients may be divided into
two groups according to ROC curve analysis
that established 60% as the cut-off value of
Ki-67 PI (the first group <60% and the second
group >60%). Kaplan-Meier survival analysis
confirmed that the mean survival rate in the
group of patients with Ki-67 PI values over 60%
is statistically significantly longer in comparison
to patients with Ki-67 PI values below or equal
60% (Log-rank=35.349; p<0.001).

Table IV shows the mean survival rate in
comparison to the groups defined on the basis of
Ki-67 PI value of 60%.

Table Il. Ki67 PI values according to the stage of the disease.

X SD Log-rank test p
IIb(m=24) 1071  0.56
I (=35 12.00 0.00 0.382 0.537
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Figure 1. Kaplan-Meier survival curve in re-
lation to the stage of the disease.
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Figure 2. Kaplan-Meier survival curve
in relation to experimental groups formed
by Ki-67 proliferative index.
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Table Ill. Mean survival time in relation to examined group according to Ki-67 proliferation index.

Groups X SD 95% CI Log-rank P
<40 (n=17) 10.17 0.75 8.709-11.644 9.189 0.010
40-60 (n=19) 12.00 0.00 12.00-12.00
> 60 (n=23) 12.00 0.00 12.00-12.00

Table IV. Mean survival time in comparison to two groups formed on the basis of Ki-67 proliferation index.

Groups X SD 95% CI Log-rank P
<60% (n=34) 7.18 0.45 6.306-8.062 35.349 <0.001
>60% (n=25) 11.61 0.16 11.310-11.928
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Figure 3. Comparison of survival rates

among the experimental groups of pa-
tients (*p<0.05).
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Discussion

Cisplatin was approved for clinical use in
bladder, cervical, esophageal, head and neck,
testicular, and ovarian cancers by the U.S. Food
and Drug Administration in 1978%. The mecha-
nism of its action is inhibition of cell division in
all the phases of the cell cycle because it causes
DNA breakage during replication by its ability to
crosslink with the purine bases, to interfere with
DNA repair mechanism, and to induce apoptosis
in cancer cells'. It was proven that cisplatin can
induce autophagy, for example, in HO8910 ovar-
ian cancer cells'.

To achieve optimal therapeutic outcome while
minimizing side effects, cisplatin dose should
rely on clinical, renal, and hematologic status
of the patient. The usual dose regimens include
the range of 50 to 120 mg/m? body surface over
a period of 6 to 8 hours once every 3-4 weeks
depending on the tumor type and patient’s status,
or 15 to 20 mg/m? body surface administered as
an intravenous infusion daily for 5 consecutive
days every 3-4 weeks. For treatment of cervical
cancer a recommended dose of cisplatin is 40 mg/
m? body surface weekly for 6 therapeutic cycles'.
The therapeutic approach depends on the stage of
the disease, thus surgical management is feasible
only in locally advanced invasive cervical cancer,
stages Ib and Ila. Patients with these stages of
the disease undergo to radical hysterectomy with

regional pelvic lymphadenectomy. Treatment rec-
ommendation for advanced stages of the disease
higher than IIB includes radical or palliative
radiotherapy.

Chemotherapy is employed in the treatment
of early-stage invasive cervical cancer (Ib, Ila),
where pathohistological samples surgically ob-
tained reveal the presence of metastases in local
pelvic lymph nodes or the presence of lympho-
vascular invasion. Patients with advanced stages
of the disease (higher than IIb) are most com-
monly treated with a combination of radiation
therapy and chemotherapy. Based on the results
of clinical trials, chemotherapy applied concur-
rently with radiation therapy, chemoradiation, is
a new standard of therapy for advanced stages
of cervical cancer'®". Our study included the pa-
tients treated with cisplatin-based chemotherapy
concurrently with radiation therapy.

Proliferation marker Ki-67 has already been
recognized and validated as a specific and sen-
sitive marker in cervical intraepithelial neopla-
sia’®"®. The Ki-67 protein may be a biomark-
er of the proliferative activity and progressive
potential of normal, dysplastic and neoplastic
cervical changes, with certain therapeutic im-
plications*?'. Also, Ki-67 may be a sensitive
biological indicator of progression, independent
of age and menopausal status®’. In spite of ad-
vancement in understanding the role of Ki-67
in the assessment of dysfunctional cervical le-
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sion, its prognostic value in cervical cancer is
still controversial. Although some authors have
not shown any associations regarding Ki-67 and
cervical cancer prognosis, others have advocated
the importance of Ki-67 for the evaluation of cell
kinetics in response to the therapy?®.

Available literature data have not revealed cut-
off values of the Ki-67 proliferation marker for
cervical cancer. Our patients were divided into three
groups with the values of the Ki-67 proliferation
index differing for 20% in each group and statistical
analysis showed that an increase of Ki-67 prolifer-
ation index of 20% caused statistically significant
survival rate increase for p<0.001 in relation to the
previously observed group. In our study the cut-off
value of Ki-67 proliferation marker was determined
to be 60% and it affected the statistically significant
survival of patients with cervical cancer.

Since the study included patients with ad-
vanced stage of the malignant disease when sur-
gical treatment is not indicated, the survival rate
in these patients depended on the cervical cancer
sensitivity to chemotherapy administered. The re-
sult of the study showed the statistically significant
positive correlation between the Ki-67 PI values
and therapeutic response to cisplatin-based chemo-
therapy. The higher Ki-67 PI, the higher the cell
count in active phase in cell division, thus being
the most sensitive to chemotherapy.

Conclusions

We proved that advanced cervical cancer with
a high Ki-67 PI expression responds better to
cisplatin-based chemotherapy, thus resulting in
longer survival rate. The values of Ki-67 PI were
determined as high Ki-67 PI (> 60%), moderate
Ki-67 PI (40-60%), and low Ki-67 PI (< 40%)
according to statistically significant differences
in the survival rate of patients with cervical
cancer. Patients with high Ki-67 PI (> 60%)
demonstrated the best response to cisplatin-based
chemotherapy and consequently had the longest
survival rate. Since cisplatin shows toxicity as a
chemotherapeutic agent, determination of Ki-67
PI value before further therapeutic decisions are
made may help in selecting the patients who are
believed to be associated with a favorable treat-
ment response. In this way, consistently with
modern principles of oncology patients manage-
ment, determination of Ki-67 PI in advanced cer-
vical cancer may allow an individualized treat-
ment approach for each patient.
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