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ABSTRACT

Background: Cell kinetic data are important indicator
of the aggressiveness of tumour and clinical response. The
Ki-67 antigen plays a pivotal role in maintaining cell pro-
liferation and the expression of this antigen was found to
be a valuable indicator for aggressive disease in a variety
of neoplastic disorders. Aim of the study: This study aimed
to assess the prognostic significance of the expression of
Ki-67 antigen in peripheral lymphoid tissues and bone
marrow, using the monoclonal antibody MIB-1 that is ap-
plicable in formaline-fixed paraffin embedded samples in
cases with high-grade non-Hodgkin's lymphomas. Materi-
al and methods: The MIB-1 immunostaining was per-
formed on 96 samples from 48 patients with high-grade
non-Hodgkin's lymphomas. The study was performed on
tissue sections, nodal or extranodal, as well as on BM
smears or BM paraffin embedded sections of same pa-
tients. Ki-67 index was determined using image analyzer.
Results: Forty-five out of the studied 48 cases (93.8%)
were positive with a median labelling index of 20.425%
(Range, 0-58%). We were able to detect bone marrow in-
volvement by detecting MIB-1 positive cells in BM sam-
ples of 29 patients who were not morphologically diag-
nosed to have BM infiltration. There was a strong
correlation between BM positivity for Ki-67 and Ki-67 la-
belling index (p < 0.001). Twenty-eight (58.3%) out of the
studied 48 cases achieved complete remission (CR). The
median duration of CR was 35 months (range, 8-42
months) and the overall survival at 48 months was 35.4%
(median 22 months, 95% CI, 13-31 months). The median
Ki-67 index (20.425%) was chosen as a cut-off level for
statistical analysis of the variables that influence clinical
outcome. The probability of inducing CR was associated
with low and low intermediate International Prognostic In-
dex (IPI) whereas a low growth fraction was associated, al-
though not significant, with a trend toward a higher prob-
ability of inducing a CR. In univariate analysis, high MIB-
1 labelling index and increased IPI were associated with
shorter duration of complete remission and overall survi-
val time. Multivariate analysis showed that an extended
overall survival time was associated with low MIB-1 label-
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ling index and with the known clinical variables included
within the IPI. Patients with high intermediate or high IPI
who expressed high Ki-67 labelling index had a worse
overall survival compared with patients with low or low
intermediate IPI and low Ki-67 index (p < 0.001). BM in-
filtration as detected by MIB-1 was correlated in univari-
ate analysis (p = 0.04), although not confirmed in multi-
variate analysis, with poor survival. Conclusion: In
conclusion, the MIB-1 monoclonal antibody immunostain-
ing appears to be a simple and reproducible method of de-
termining tumour proliferative index and provides useful
prognostic information in patients with high-grade NHL.
We recommend using apoptotic markers in addition for
proper assessment of the impact of detecting MIB-1 posi-
tive cells in BM on disease outcome.
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INTRODUCTION

Non-Hodgkin's lymphomas (NHL) represent
a spectrum of haematological malignancies
characterized by a highly diverse clinical beha-
viour in terms of clinical presentation, histolo-
gy, immunophenotype, genetic alternation,
prognosis and response to therapy.

Although the International Prognostic Factor
Project was developed to provide a model sys-
tem for predicting the outcome of patients with
aggressive NHL depending on some clinical pa-
rameters (age, stage, performance status, num-
ber of extranodal sites and serum lactic dehy-
rogenase level) [12], an accumulating informa-
tion's has shown that cell proliferation activity
may contribute to a more precise identification
of patients at different risk [19].

The identification of proliferating cells in
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tissue sections has previously required the as-
sessment of number of mitosis in histological
sections or the use of the costly and time con-
suming quantitation of S-phase cell fraction uti-
lizing active incorporation of tritiated thymi-
dine [4], or by quantifying nuclear DNA content
of individual cells by flow cytometry [5]. In all
of these studies a significant correlation was
found between S-phase index and overall survi-
val.

The Ki-67 antigen plays a pivotal role in
maintaining cell proliferation and is expressed
in all phases of cell cycle except GO and has
been extensively used as a marker of cell pro-
liferation in a variety of neoplastic [7] and non-
neoplastic disorders [1].

The monoclonal antibody anti-Ki-67 was the
only available till the early 90s and it had the
inherited drawback that it could be applied only
to sections from fresh-frozen tissues. Recently,
using recombinant parts of Ki-67 protein as an
immunogen, an equivalent monoclonal anti-
body, MIB-1, has been developed [7] and can
be utilized as a routine stain on paraffin-
embedded sections from fixed tissues through
microwave process [3] providing an interest in
the prognostic validation of MIB-1 in different
human tumors, including NHL.

The purpose of this study was to determine
whether MIB-1 labelling index could add to the
information provided by International Prognos-
tic Index in patients with high-grade NHL and
to define the impact of detecting bone marrow
infiltration on disease outcome by applying the
MIB-1 immunostaining technique to bone mar-
row sample of the same patients.

PATIENTS AND METHODS

Patients:

Ninety-six samples from 48 previously un-
treated patients with non-Hodgkin's lymphoma
presented to the National Cancer Institute, Cai-
ro University in the period between August
1997 and September 2001 were studied.

Samples were lymph nodes in 33 cases, ex-
tranodal tissue in 15 cases and bone marrow as-
pirate or biopsy in 48 cases. All cases were
staged according to Ann Arbor Staging System
[2] and pathologically classified according to
the Revised European American Lymphomas
(REAL) classification [12].
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All patients had received an anthracycline
containing regimen which included, CHOP
(Cyclophosphamide 750 mg/m2, Vincristine 1.4
mg/m2, Doxorubicin 50 mg/m2 IV on dl and
oral Prednisone 60 mg/m2 for 5 days) (30 cas-
es), CHOP followed by involved field irradia-
tion (9 cases), or leukaemia-like regimen incor-
porating weekly Doxorubicine, Vincristine and
Prednisone, central nervous prophylaxis and
maintenance therapy for patients with Lympho-
blastic and Burkitt's lymphomas (9 cases).

Complete re-staging was scheduled at the
end of the treatment program and periodic fol-
low up examinations were performed every 3 to
4 months for the first 2 years after completion
of therapy and every 6 months thereafter.

Clinical variables:

Age, clinical stage, performance status, ser-
um LDH level and the number of extranodal
sites of the disease were used as criteria as de-
termined by the International Prognostic index
[1]. Complete remission (CR) was defined as
the resolution of clinical and radiological evi-
dence of disease for a minimum of 4 weeks.
Other degrees of response were considered to
represent the failure of treatment.

Nodal organ was assigned to those cases
with a clinical presentation in lymph nodes,
waldeyer's ring, spleen or bone marrow by the
criteria of Kramer et al. [16]. Extranodal organ
was defined as presentation in other sites with
or without local lymph node involvement.

Immunohistochemistry:

Five-ym thick paraffin sections from the
samples were mounted onto poly-L-lysine coat-
ed slides (Sigma, Milan, Italy) and dried over-
night at 37°C. Subsequently, sections were de-
waxed in xylene, redydrated according to
histopathological standards. Slides were im-
mersed in a jar filled with sufficient antigen re-
trieval solution (BioGenex Cat. No. HK 090-
5K) at a dilution of 1:4 with deionized water.
The slides were processed for two cycles of 5
minutes at maximum power (1000w) in a mi-
crowave oven (Goldstar, USA). Sections were
never allowed to dry. The sections were incu-
bated with the monoclonal antibody MIB-1 (Bi-
oGenex ready-to-use) at room temperature
overnight in a humid air and successively with
a biotinylated rabbit anti-mouse IgG serum.
Then treated with an avidin-biotin system (No-
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vostain super ABC kit, Novocastra Laborato-
ries, Newcastle, UK) for 30 minutes followed
by rinsing with buffer for 10 minutes. The anti-
gen-antibody complex was visualized using
DAB (3,3"-diaminobenzidine tetrahydrocloride)
and then counterstained with haematoxylin. A
tissue with known positive immunostaining for
MIB-1 or Ki-67 was used as positive control;
negative controls were obtained by omission of
the primary monoclonal antibody. The CAS-
200 Image analyzer system was used for Ki-67
quantitation. A cell was considered positive
when it exhibits a weak, moderate or strong nu-
clear and/or nucleolar staining. At least 1000
cells from the most representative areas of each
tumour were scored and the MIB-1 index was
evaluated as the ratio between positive cells and
total tumour cells.

Statistical analysis:

SPSS version 10.0 was used for data analy-
sis. Chi-square and Fisher exact test were used
for testing proportions independence. Disease-
free survival and OS were studied by the Ka-
plan Meier method and the survival curves
were compared by the log-rank test [15]. Cox
backward proportional hazard model was per-
formed for multivariate analysis of the factors
that might be of independence significance in
influencing the overall survival. Factors includ-
ed in the maximum model were IPI (Low and
Low intermediate or high intermediate and
high), MIB-1 (< 20.425% or = 20.425%) and
bone marrow MIB-1 (negative or positive). All
p values were always two tailed and values of
0.05 or less were considered statistically signifi-
cant.

RESULTS

Immunoreactivity to MIB-1 was always nu-
clear (Fig. 1) and was found to be expressed in
45/48 (93.8%) of the studied tissue samples
with a mean index of 23.4£18.9 and a median
value of 20.425% (range, 0%-58%) while 3 cas-
es were completely negative for Ki-67.

Twenty-nine cases expressed positive immu-
nostaining to MIB-1 in bone marrow sections in
absence of BM infiltration by morphology (Fig.
2). The positive Ki-67 BM cases, which were
not morphologically diagnosed to have BM in-
filtration, included 24 cases with aggressive and
5 cases with highly aggressive lymphomas.
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There was a strong correlation between BM
positivity for Ki-67 and Ki-67 labelling index.
The positive BM for Ki-67 had a median index
of 30% (range, 1.7%-57.92%) while negative
BM cases had a median of 1.76% (range, 0%-
24.62%) p < 0.001.

Clinical outcome:

The clinicopathological characteristics of the
28 (63.9%) male and 20 (36.1%) females in-
cluded in the study are shown in Table (1).
Their age ranged between 3 and 71 years (me-
dian 42 years).

Table (1): Clinicopathological features of the studied 48

NHL cases.
Total Number / %

Age (years):

<60 41 (85.4)

> 60 7 (14.6)
Sex:

Male 28 (58.3)

Female 20 (41.7)
PS (ECOG):

0-1 15 (31.2)

>2 33 (68.8)
Stage:

I-11 15 (31.2)

II-1v 33 (68.8)
Extranodal disease:

0-1 33 (68.8)

>2 15 (31.2)
LDH :

Normal 18 (37.5)

High 30 (62.5)
IPI:

Low 12 (25)

Low intermediate 10 (20.8)

High intermediate 21 (43.8)

High 5(10.4)
Pathology:

- Aggressive 39 (81.3)
Diffuse large 32 (66.7)
Peripheral T-cell 7 (14.6)

- Highly aggressive 9 (18.7)
Burkitt's lymphoma 7 (14.6)
Lymphoblastic lymphoma 24.1)

Ki-67 labelling index:
<20.425% 24 (50)
>20.425% 24 (50)
BM Ki-67:
Negative 19 (39.6)
Positive 29 (60.4)
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Twenty-eight patients (58.3%) achieved
complete remission (CR). The median duration
of CR was 35 months (range, 8-42 months) and
the overall survival at 48 months was 35.4%
(median 22 months, 95%, CI, 13-31 months).
The median Ki-67 index (20.425%) was chosen
as a cut-off level for statistical analysis of the
variables that influence clinical outcome.

Analysis of probability of inducing CR
showed that, poor performance status > 1 (p =
0.04), extranodal disease > 1 site (p = 0.003)
and increased IPI (p = 0.01) were significantly
associated with decrease probability of achiev-
ing CR Table (2).

Analysis of the factors which affect the du-
ration of CR showed that, advanced clinical
stage (p = 0.05), high serum-LDH level (p =
0.003), increased IPI (p = 0.002) and MIB-1 la-
belling index greater than 20-425% (p = 0.01)
were significantly associated with shorter dura-
tion of CR (Table 3; Figs. 3&4).

The investigation of overall survival showed
that, advanced clinical stage (p = 0.01), extra-
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nodal disease > 1 site (p = 0.002), poor perfor-
mance status > 1 (p = 0.007), high serum-LDH
level (p = 0.006), increased IPI (p < 0.001),
MIB-1 labelling index = 20.425% (p = 0.01)
and BM positivity for MIB-1 (p = 0.04) were
significantly associated with shorter overall sur-
vival time (Table 4; Figs. 5,6&8).

Nine out of the 12 patients with low or low
intermediate IPI who expressed low Ki-67 la-
belling index < 20.425% and achieved CR are
alive disease-free at 42 months (median survi-
val, 48 months; range 12-48 months). Whereas
all of the 6 out of the 14 patients with high in-
termediate or high IPI and high Ki-67 labelling
index = 20.425% who achieved CR, had re-
lapsed (median survival, 8 months; range 3-29
months). The difference was statistically highly
significant (p < 0.001) (Fig. 7).

In Cox's regression model, the parameters
associated with a prolonged overall survival
were MIB-1 index (< 20.425%) and the clinical
variables included within the International
Prognostic Index (Table 5).

Table (2): Effect of various variables on achieving complete remission (CR).

CR (58.3%) NO CR (42.7%)
p-value
Number % Number %

Age (years):
<60 25 61 16 39 0.42
> 60 3 429 4 57.1

Stage:
I-I1 11 733 4 26.7 0.16
MI-1v 17 51.5 16 48.5

PS (ECOG):
0-1 12 80 20 0.04
22 16 48.5 17 51.5

Extranodal:
0-1 24 72.7 9 27.3 0.003
22 4 26.7 11 73.3

LDH:
High 16 533 14 47.7 0.36
Normal 12 66.7 6 333

IPI:
Low & low intermediate 17 71.3 5 22.7 0.01
High & high intermediate 11 423 15 57.7

Ki-67 labelling index:
<20.425% 15 62.5 9 375 0.5
>20.425% 13 54.2 11 45.8

BM Ki-67:
Negative 13 68.4 31.6 0.25
Positive 15 51.7 14 46.3
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Table (3): Factors affecting duration of CR. Table (4): Univariate-survival analysis.
Dur(?:lig:llﬂ?:)CR value Median survival p-value
Mean+SE* P (months)
Age (years): Age (years):
<60 3143 0.97 <60 25 0.5
> 60 2848 > 60 13
PS(ECOG): PS(ECOG):
0-1 3543 0.17 0-1 48 0.007
>2 2743 >2 16
Stage: Stage:
I-1T 372 0.05 I-1T 48 0.01
M-IV 2743 I-1vV 16
Extranodal disease: Extranodal disease:
0-1 3243 0.5 0-1 29 0.002
22 2617 22 12
LDH: LDH:
Normal 38+1 0.003 Normal 48 0.006
High 2543 High 16
IPI: IPI:
Low & low intermediate 372 0.002 Low & low intermediate 48 <0.001
High intermediate & high 2244 High intermediate & high 13
Ki-67 labelling index: Ki-67 labelling index:
<20.425% 372 0.01 <20.425% 48 0.01
220.425% 2343 220.425% 16
BM Ki-67: BM Ki-67:
Negative 3443 0.3 Negative 48 0.04
Positive 2743 Positive 16
* Because median time to disease progression was not attained in many
factors, survival was estimated by mean + standard error.
Table (5): Multivariate analysis of factors that influence overall survival by Cox's regression model.
RL RR 95% CI p-value
IPI Low & low intermediate 0.2031 0.0854-0.4831 <0.001
Ki-67 labelling index <20.425 0.4529 0.2077-0.9879 0.04
BM Ki-67 Negative 1.409 0.6224-3.1919 0.41

Abbreviation: RR: Risk ratio in disease-specific mortality.
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RL: Reference level.
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Fig. (1): NHL, diffuse large cell showing diffuse strong nuclear Ki-67 Fig. (2): Oil immersion magnification of BM aspirate paraffin
immunostaining (ABC immunoperoxidase-DAB chromogen, x block showing 2 positive cells (x 1000).
400).
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Fig. (3): Time to disease progression in 28 cases with high grade
NHL according to IPI (International prognostic index).
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Fig. (5): Overall survival in 48 cases with high grade NHL ac-
cording to IPI (International prognostic index).
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Fig. (7): Overall survival of patients with low and low intermedi-
ate IPI, low Ki-67 index compared with patients with high in-
termediate and high IPI, high Ki-67 index.
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Fig. (4): Time to disease progression in 28 cases with high grade
NHL according to Ki-67 labelling index.
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Fig. (8): Overall survival in 48 cases with high grade NHL ac-
cording to Ki-67 (bone marrow).
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DISCUSSION

MIB-1 labelling index was estimated using
the CAS-200 image analyzer in the tissue sam-
ples of 48 NHL cases. The MIB-1 index had a
mean of 23.4+18.9 and a median of 20.425%
with a range of 0-58%. Three cases (7.2%)
were completely negative for Ki-67 immunos-
taining. This was explained by Lopez et al. [17],
who stated that among the cycling cells anti-
gen's expression is transiently minimal during
GI phase, thus not all the Ki-67 negative cells
are non-cycling cells. It is therefore; in accurate
to identify the percentage of Ki-67 positive
cells as the growth fraction as is commonly
practised [6].

The median value of Ki-67 labelling index
in the studied group is close to those of Hall et
al. [11] and Sanchez et al. [21], but lower than
that reported by Gerdes et al. [8] whose cut-off
point was 26% and Houmand et al. [13] who
used 45% Ki-67 positivity as the cut-off point
in their studies.

This variation in results may be due to sam-
pling errors and counting of non-neoplastic
cells as there is a variable and often large, num-
ber of reactive proliferating cells other than the
neoplastic population present in non-Hodgkin's
lymphomas [10]. Careful morphological exami-
nation is required to establish a diagnosis of
malignant lymphoma rather than the quantita-
tion of nuclear Ki-67 immunoreactivity in isola-
tion.

The question whether to study areas of max-
imum Ki-67 positivity or random field in typi-
cal tumour area is a subject of some debate [17].
In our study, random number table for selection
of fields, counting a sufficient large number of
cells and careful examination of hematoxylin
and eosin stained serial sections were used to
avoid false high results [1].

The relationship between the cell prolifera-
tion marker and clinical outcome has not been
conclusively defined. In fact, a high Ki-67 in-
dex was correlated with a poor outcome with
low-grade lymphoma [11], whereas for high-
grade lymphoma, inconsistent data have been
reported. In the study of Hall et al. [11], a very
high index was correlated with a good survival,
whereas Grogan et al. [9] reported contrasting
findings, which were confirmed by Miller et al.
[18], Mochen et al. [19] and Sanchez et al. [21].
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High MIB-1 index (= 20.425%) was in this
series associated with statistically significant
shorter duration of CR (p = 0.01) and overall
survival (p = 0.01) in univariate analysis. More-
over, multivariate analysis showed that MIB-1
labelling index provided predictive information
on survival independent of other clinical vari-
ables included in IPI.

In our study, all the patients with high inter-
mediate or high IPI who expressed high Ki-67
labelling index have been relapsed with poor
overall survival as compared with the group of
patients with low or low intermediate IPI and
low Ki-67 index (p < 0.001). These results, if
confirmed in a larger study, suggest that Ki-67
labelling index should be added to the prognos-
tic factors included within the IPI in patients
with high-grade lymphoma as it could identify
a sub-group of patients with a very poor prog-
nosis when treated with conventional chemo-
therapy.

Indeed very little is known about Ki-67 reac-
tivity in non-neoplastic conditions. Van Bock-
staele et al. [22] could not detect any convincing
Ki-67 positivity in the nuclei of normal BM
cells. They evaluated the Ki-67 reactivity in
samples of normal human BM in order to have
an inherent control for proliferation. Although
the BM is the most obvious natural example of
proliferating cells yet they reported that cycling
cells in normal human BM do not express de-
tectable amount of Ki-67 nuclear antigen.

In this study normal BM was considered as
the negative control during the immunostaining
of BM sections with MIB-1. Because no Ki-67
positive cells were observed in normal BM
samples used as negative control. BM smears or
aspirate were considered positive when at least
1% of lymphoid cells showed a nuclear staining
with MIB-1 monoclonal antibody. BM positivi-
ty for MIB-1 detected as nuclear brown staining
of cells, was strongly correlated (p = 0.001)
with the median Ki-67 labelling index. Based
on the fact that normal BM cells growing un-
der-steady state conditions, showed no Ki-67
positivity in nuclei of normal BM samples, we
were able to detect BM infiltration by detecting
Ki-67 positivity in BM samples of patients who
were not morphologically diagnosed to have
BM involvement.

BM infiltration as detected by MIB-1 mono-
clonal antibody in BM samples was associated
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with a trend, although not significant, toward
decreased probability of achieving CR and a
short duration of disease free survival. With sta-
tistically significant (p = 0.04) shortened over-
all survival time in univariate but not in multi-
variate analysis.

Careful consideration is required in the as-
sessment of the impact of the detection of BM
infiltration by MIB-1 monoclonal antibody on
disease outcome as during the study performed
by Qiao et al. [20], they discovered in cancer co-
lon and acute promyelocytic leukaemia (M3), a
sub-population of apoptotic cells. This sub-
population strongly expressed PCNA and Ki-
67, suggesting that their specificity as prolifera-
tion markers may need re-assessment. Thus, in-
cluding apoptotic markers in addition to ex-
clude this sub-population would be appropriate.

In conclusion, Ki-67 immunostaining using
the monoclonal antibody MIB-1 represents a
simple, quantifiable and reproducible method
that enables he histopathologists to define the
tumour proliferation index. These data also
prove that Ki-67 labelling index in lymphoid
tissues is determinant factor in BM involve-
ment. To our knowledge this is the first report
to clarify this positive correlation. Furthermore,
it would be prudent to include MIB-1 labelling
index for predicting DFS and OS in addition to
the clinical parameters that have already been
recognized in patients with high-grade lympho-
ma.

Based on the fact that normal BM cells
growing under-steady state conditions, showed
no Ki-67 positivity in nuclei of normal BM
samples, we were able to detect MB involve-
ment by detecting MIB-1 positive cells in BM
samples of patients who were not morphologi-
cally diagnosed to have BM infiltration. How-
ever, not all cases could be shifted to stage IV,
because of the false positivity, which could be
expressed by apoptotic sub-population of cells.
We recommend using apoptotic markers in ad-
dition to exclude this subcategory in a larger
study.
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