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Abstract. Background: Non-Hodgkin’s lymphomas (NHLs)

are malignant tumours of the lymphoid system. Various risk
factors have been described which are helpful in diagnosing,
monitoring of the clinical course and predicting survival time
of the patients. Proliferative activity of the tumour, measured
by expression of Ki-67 antigen, is linked to the tumour
proliferation rate and represents a recognised prognostic
index in various tumours. In this study, the prognostic and
predictive value of Ki-67 expression in NHL was evaluated.
Patients and Methods: Expression of Ki-67 was examined
using an immunohistochemical technique in archival
paraffin-embedded sections taken from 56 previously
untreated patients with diagnosed primary NHL. An attempt
was made to test correlation between Ki-67 expression on
one hand and clinical parameters of the patients and their
survival on the other. Results: Expression of Ki-67 antigen
was noted in 75% of the tumour cases. In the group
manifesting higher Ki-67 indices, survival of the patients was
significantly shorter (p=0.03). No significant correlation
could be detected between Ki-67 antigen expression and
clinical or pathological parameters of the patients.
Conclusion: The results demonstrate that the most cases of
NHL display the expression of Ki-67. Moreover, shortened
survival was noted in patients with high expression of Ki-67.

Despite continuous development of diagnostic and therapeutic
methods, among all malignant tumours, NHLs occupy the sixth
position in respect to their incidence and resulting mortality
(1). NHLs form a heterogenous group of lymphoid tumours
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which vary in clinical pattern, dynamics of their course,
response to treatment and in prognosis. Chemotherapy
represents the principal means of treatment. Determination of
an optimum therapeutic schedule is dependent on diagnosis of
the histopathomorphological type of the tumour and on
definition of prognostic indices, which modulate course of the
disease and response to therapy. The prognostic parameters
include variables related to individual patients (age, gender),
those related to biological characteristics of the lymphoma
(stage of advancement, mitotic activity, immunological markers
and cytogenetic aberrations in lymphoma cells) and also
variables dependent on the patient’s capacity to adjust to the
neoplastic disease (efficiency, anaemia, plasma albumin level)
(2). The indices allow the evaluation of the relative severity of
the clinical course in NHL but are frequently insufficient to
effectively monitor the clinical course and to provide prognosis
as to the duration of survival of the patients.
Studies in recent years stress the prognostic significance of
the evaluation of tumour biology and, linked to it, processes
of cell proliferation. The proliferative activity of the tumour is
related to its growth rate, providing a recognised prognostic
index, related to survival of patients with various types of
tumours (3-7). The proliferative activity of a tumour can be
examined using e.g. flow cytometry, autoradiography and
evaluation of nucleolar organizer region. At present,
immunohistochemical (IHC) methods represent an effective
approach, detecting antigens typical for cells in the cell cycle
(e.g. Ki-67, PCNA, Mcm-2) (8, 9).
Ki-67 antigen represents a non-histone nuclear antigen
present only in proliferating cells. Its increased expression
was noted in terminal stages of the S-phase in the cell cycle,
in phases G1-G2 and in mitosis (10). No Ki-67 expression
was noted at the G0-phase. The antigen was found to be
expressed both in normal and in neoplastic cells. In recent
years, a number of reports have been published on the
application of Ki-67 antigen in oncology (11). The results
have demonstrated prognostic significance of the protein
1113

ANTICANCER RESEARCH 28: 1113-1118 (2008)
Table I. Ki-67 and clinical characteristics of patients with non-Hodgkin’s lymphoma.
Characteristic

No.

All cases
53 (100)
Age (years, mean±SD)
56.36±13.19
≤60
28
>60
21
Gender
Female
22
Male
27
Ann Arbor stage
I/II
7
III/IV
36
Performance status
≥2
14
<2
9
Tumour grade
Indolent
22
Aggressive
25
Very aggressive
1
B symptoms
Yes
28
No
14
IPI score
Low
22
Medium/low
6
Medium/high
7
High
7
Extranodal involvement
≤1
22
>1
23
BM/CNS involvement
Yes
16
No
29
LDH level (before Ch-th)
≤Normal
15
>Normal
8

Ki-67 expression
[n (% )]

P-value

13(27)
12(24)

15(31)
9(18)

0.527b

11(22)
14(29)

11(22)
13(27)

7(30)
4(17)

7(30)
5(22)

0.382a

16(38)
5(12)

0.507a

2(5)
20(46)

0.512a

5(12)
16(37)

0.366a

15(31)
10(21)
0

7(15)
15(31)
1(2)

0.072a

12(28)
3(7)
3(7)
2(5)

10(24)
3(7)
4(10)
5(12)

0.759a

9(20)
13(29)

7(16)
16(35)

0.463a

12(29)
9(21)

18(40)
20(44)

8(35)
4(17)

Ki-67 expression
[n (% )]

P-value

Low
High
(score 0-2) (score 3)
n=29
n=24

4(9)
3(7)

0.948a

7(30)
4(17)

0.210b

Specimens. The IHC studies were conducted on retrospective
samples of tissues sent for routine diagnostic studies to the Chair
and Department of Pathological Anatomy in Wrocław, in 19942003, isolated from patients treated at the Chair and Department of
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No.

Low
High
(score 0-2) (score 3)
n=29
n=24

expression in various human malignant tumours, e.g. in
multiple myeloma, soft tissue tumours, prostate tumours and
in mammary cancer (12, 13).
In this study we attempted to correlate expression of Ki-67
antigen with clinical and pathological variables in primary NHL
and to define the prognostic value of the antigen in the prediction
of survival time and relapse-free time in NHL patients.

Patients and Methods

Characteristic

LDH level (after Ch-th)
≤Normal
>Normal
β2– Microglobulin* level
≤Normal
>Normal
Anaemia
Yes
No
Infection with HCV
Yes
No
Infection with H. pylori
Yes
No
Clinical response
CR
PR
SD
PD
Relapse
Yes
No
Progression
Yes
No
Death
Yes
No

13
12

6(24)
5(20)

7(28)
7(28)

16
28

5(11)
17(39)

11(25)
11(25)

0.104a

2
46

1(2)
24(50)

1(2)
22(46)

0.678a

5(11)
16(36)

2(5)
21(48)

0.765a

9(20)
12(27)

13(30)
10(23)

0.591a

3
6

2
46

10
15
4
1
7
37
26
18
22
22

1(11)
3(33)

1(2)
24(50)

3(10)
10(33)
2(7)
0

11(25)
10(23)

0.420b

2(22)
3(33)

0.656b

1(2)
22(46)

0.698a

7(23)
5(17)
2(7)
1(3)

0.409a

15(34)
8(18)

0.525a

CR: Complete response, PR: partial response, SD: stable disease, PD:
progressive disease; normal level of LDH: 200-480 U/L, of
β2–Microglobulin: 0.7-1.8 mg/l; aANOVA rank test of Kruskal-Wallis;
brank correlation according to Spearman.

Haematology, Blood Neoplasms and Bone Marrow Transplantation,
University School of Medicine in Wroclaw, Poland. A group of 56
earlier untreated patients with NHL qualified to participate in the
studies (Table I); this group included 52 cases of lymph node
tumours and four cases of extranodular tumours. In 49 cases, B-cell
tumours and in 5 cases T-cell tumours were diagnosed. In the
patients, tumour clinical advancement was defined according to the
Ann Arbor classification (14). Twenty-six cases (14 women and 12
men) were found to represent a low degree of malignancy, while 27
cases (9 women and 18 men) carried an aggressive (in one case
highly aggressive) lymphoma. All the patients were subjected to
chemotherapy and/or radiotherapy and were then monitored using
periodic control examinations. During the period of observation
(102 months), 7 patients (14% ) developed a relapse, 31 patients
(62% ) manifested progression and 25 patients (50% ) died. The
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Figure 1. Immunohistochemical localization of Ki-67 expression in non-Hodgkin’s lymphoma. A: Faint nuclear reaction; B: Strong nuclear reaction.
Magnification x400.

Figure 2. Survival curves according to Kaplan-Meier in the studied group of non-Hodgkin’s lymphomas with lower or higher expression of Ki-67:
(A) expression of Ki-67 and survival time, (B) expression of Ki-67 and progression-free time.

mean progression-free survival amounted to 32 months and the
mean total survival time was 40 months. In line with the
International Prognostic Index (IPI) (15), patient’s age,
advancement of the tumour, serum lactic dehydrogenase (LDH)
level, efficiency and number of extranodular sites involved by the
disease were taken into account to divide the patients into four risk
groups: low, moderately low, moderately high and high risk.

Immunohistochemistry. Tissue samples were fixed in 10% buffered
formalin and embedded in paraffin. In each case, hematoxylin and
eosin-stained preparations were subjected to histopathological
evaluation by two pathologists. Formalin-fixed, paraffin-embedded
tissue was freshly cut (4 μm). The paraffin sections were mounted
on Superfrost slides (Menzel Gläser, Germany), dewaxed with
xylene and gradually rehydrated. The IHC reactions were
performed on paraffin sections, using antibodies and reagents
originated from Dako (Copenhagen, Denmark). Activity of

Table II. Evaluation scale for appraising frequency of cells with
expression of Ki-67.
Percentage of cells with colour reaction
<5%
5-15%
16-30%
>30%

Score
0
1
2
3

endogenous peroxidase was blocked by 30 min exposure to 1%
H 2O 2. All the studied sections were boiled in Target Retrieval
Solution for 20 min at 500W in a microwave oven. IHC reactions
were performed using monoclonal mouse antibody against Ki-67
(clone MIB1 diluted 1:50). The antibody was diluted in antibody
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diluent with the background reducing component. Tested sections
were incubated with antibody against Ki-67 overnight at a
temperature of 4˚C. The investigated antigen was visualized using
biotinylated antibodies, streptavidin-biotinylated peroxidase
complex (LSAB+ kit) and diaminobenzidine (DAB). All the
sections were counterstained with Meyer’s hematoxylin (20
second). Every test was accompanied by a negative control in
which specific anti-Ki-67 antibody was substituted by PBS
(Phosphate Buffered Saline).

Evaluation of the intensity of IHC reaction. The intensity of Ki-67
antigen expression was conducted using a scale which took into
account the percentage of cells manifesting nuclear colour reactions:
less than 5% - 0 points, 5-15% - 1 point, 16-30% - 2 points and
more than 30% - 3 points (Table II). Percentage of positive cells
was evaluated scoring the brownish-labeled cell nuclei detected after
screening of all cell nuclei under x400 magnification (Olympus BX
41 light microscope with the visual mode AnalySis 3.2 software for
computer-assisted image analysis). The intensity of the IHC
reactions was independently evaluated in coded preparations by two
pathologists; in doubtful cases a re-evaluation was performed using
a double-headed microscope and staining was discussed until a
consensus was achieved. The examining pathologists knew no
clinical details related to the respective patient.
Statistical analysis. The results were subjected to statistical
analysis using Statistica 97 PL software (Statsoft, Poland). The
relationship between the expression of Ki-67 antigen and age of
patients and serum protein levels (LDH, β-microglobulin) was
examined using Spearman’s rank correlation. The relationship
between intensity of Ki-67 expression and clinical and
pathological data was examined using ANOVA rank test of
Kruskal-Wallis. Analysis of the relationship between protein
expression and overall survival time and progression-free time
took advantage of Kaplan-Meier’s analysis using SPSS, version
10.0 software (SPSS Inc., Chicago, IL, USA). Differences were
accepted as significant at p<0.05.

Results

Expression of Ki-67 antigen in NHL. IHC reactions were
performed in the group of 56 cases of NHL. In evaluation of
protein expression, 3 cases were rejected due to significant
damage of the studied material.
Positive Ki-67 reaction was demonstrated in 40 cases
(75% ). It developed in the cell nuclei (Figure 1) and the
mean expression of the protein on the evaluation scale of 0 to
3 was 2.04±1.15 SD.

Relationship between Ki-67 antigen expression and
clinicopathological data. In our studies a hypothetical
relationship was tested between Ki-67 expression and
clinicopathological variables in the patients. All the
clinicopathological variables qualified for the analysis are
listed in Table I. No significant relationships were
demonstrated between Ki-67 expression and the listed
variables (p>0.05; Table I).
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Expression of Ki-67 antigen and overall survival and
relapse-free survival. Survival time was diagnosed as the
time between diagnosis and a patient’s death, while
progression-free survival was defined as the time period
between diagnosis and progression or relapse. The survival
time and the progression-free survival time proved to be
comparable between groups differing in intensity of Ki-67
antigen expression. Using the three-degree scale for
evaluation of the frequency of immunopositive cells, two
groups were distinguished: a group with the highest degree
of intensity in Ki-67 antigen expression (valued at 3) and a
group with a lower degree of Ki-67 antigen expression
(valued at 0 to 2). No relationship was demonstrated
between the expression of the studied antigen and overall
survival or progression-free survival of NHL patients over
the entire period of observation (102 months) (p>0.05;
Figure 2A, B). Considering the fact that the studied group of
patients were subjected to intense chemotherapy which could
significantly affect the biology of the tumour cells, the
relationship between Ki-67 expression and survival were
examined in short-term follow-up. The analysis was
conducted with the observations considered up to 30 and 50
months. The Kaplan-Meier analysis demonstrated that the
overall survival time was significantly shorter in the group
with higher expression of Ki-67 in the course of 30 months
observation (p=0.0381; Figure 2A). No effect of Ki-67
expression could be demonstrated on survival over 50
months observation (p>0.05; Figure 2A) or on progressionfree survival time over either 30 months or 50 months
observation (p>0.05; Figure 2B).

Discussion

The study aimed at the examination of the prognostic and
predictive significance of Ki-67 expression in malignant
non-Hodgkin’s lymphomas. Ki-67 undergoes expression
exclusively in proliferating cells. Synthesized at the
beginning of the cell proliferation process, it is
indispensable for cell division and it is effectively degraded
at the end of the proliferative cycle. Nevertheless, the
specific function of the protein remains unknown. IHC
reaction with anti-Ki-67 allows proliferating cells to be
distinguished from cells in the G0-phase of the cell cycle.
Demonstration of Ki-67 expression in tumour cells
followed by calculation of the proportion of
immunopositive cells allows the determination of the
proliferative activity of the tumour. The Ki-67 index
permits the growth fraction in the tumour to be determined
and for years has focused attention of investigators. Among
the numerous reports, papers which document the
prognostic value of the protein expression in various human
malignant tumours constitute a significant share, although
the results are not always unequivocal (3-6, 9, 16).
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In our experiments, we demonstrated a high level of Ki-67
expression in the NHL cases studied. However, no significant
relationship was shown between Ki-67 expression on one
hand and clinical or pathological variables on the other.
Abbreviation of the observation to 30 and 50 months
permitted lesions accompanying the long-term therapy to be
eliminated. Thirty months observation showed that survival
in the group with lower expression of Ki-67 was extended as
compared to the group with more pronounced Ki-67
expression. Similar results have been obtained by Tiemann
et al. (17), who have shown that in patients with diagnosed
mantle zone lymphoma, high proliferation index has
correlated with shorter survival time. Martin et al. (18),
examining follicular lymphomas, also found that a lower
proliferative index was associated with longer survival time
even though no prognostic value as related to relapse-free
survival time was found.
Both the original studies from the early 1990 and later
ones have indicated a relationship between expression levels
of Ki-67 on one hand and the histological type of the
tumour, which affects the degree of malignancy, and
survival time in NHL on the other (3-6, 19-23). In line with
other clinical parameters, the Ki-67 antigen has been
recognised as a marker useful in establishing biological
prognosis of NHL development. However, in studies on
primary central nervous system lymphomas (PCNSL)
determination of tumour proliferative activity seems to carry
just marginal significance. In the study of Aho et al. (16),
the Ki-67 index failed to correlate with tumour histological
type and duration of survival. Studies of Roser et al. (24)
have confirmed that most PCNSL manifest less
advantageous response to treatment independently of their
proliferative activity and degree of malignancy. The
apoptotic index has shown an inverse correlation with the
proliferative index, corresponding to a more aggressive
clinical course of the disease. Other studies on, for example
malignant tumours of soft tissues, mammary gland
carcinoma, lung cancer, brain tumours and melanoma, have
shown that a high Ki-67 index has been associated with
large size of the tumour, a high degree of malignancy, an
aggressive course of the disease, worse response to therapy
and shorter survival (3, 25-28). Similar results have been
obtained by Scholzen and Gerdes (12), who confirmed the
prognostic value of Ki-67 expression in predicting survival
in multiple myeloma, soft tissue sarcoma and mammary
gland carcinoma. On the other hand, no relationship
between Ki-67 proliferative marker expression and the
clinical course of a disease, a lack of its prognostic value,
as compared to other prognostic markers, were
demonstrated in studies on astrocytoma and primary ovarian
cancer (29, 30). In turn, in cancer of the uterine cervix and
prostate cancer, expression of Ki-67 has been found to be
less important for predicting the course of the disease (11,

13). Similarly, Nylander et al. (31) negated the significance
of the Ki-67 index for prognosis in squamous cancer of the
head and neck, while Spafford et al. (32) reproduced the
result in patients with laryngeal cancer. On the other hand,
Welkoborsky et al. (33) found that in laryngeal cancer, the
Ki-67 index carries a prognostic value as to the duration of
the tumour-free time and expression of PCNA antigen
allows prediction of overall survival time of the patients.
In conclusion, expression of Ki-67 was demonstrated here
in most cases of NHL. No relationship was established
between the expression of Ki-67 antigen and clinical or
pathological variables in the NHL group. At 30 months
observation, a lower expression of Ki-67 antigen was linked
to longer survival time. The evaluation of proliferative
activity using the Ki-67 index allows a group of NHL
patients with a predicted survival time to be distinguished.
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