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INTRODUCTION

Diffuse large cell lymphoma (DLCL) is the 
most common type of non-Hodgkin lym-
phoma, accounting for almost 35-40% of 
all non-Hodgkin lymphoma. It is most fre-
quently diagnosed in elderly patients, over 
65 years of age and makes almost one half 
of all lymphoma diagnosed in that life pe-
riod.1 
In clinical practice numerous prognostic 
parameters are used to define the outcome 
of the treatment, whose significance still 
remains unrecognised. It is especially im-
portant to emphasize the fact that the sig-
nificance of already accepted prognostic 
parameters alters constantly as a result of  
introducing new modalities of treatment, 
which results in lack of clinical significance 
of those parameters.
Germinal center phenotypes (GC) and non-
germinal center phenotypes (non-GC) are 
the predictors of outcome of diffuse B-cell 
lymphoma  and can be used to differentiate 
the patients of  high and low risk.
Various studies attempted to identify the 
phenotype of the germinal and non-ger-

minal center using markers such as bcl-6, 
CD10, Ki-67, MUM-1 and CD138. Generally 
speaking, the germinal center phenotype, 
especially including bcl-6 expression, is 
connected with more favourable prognosis 
of disease.2,3
BCL-6 is a protooncogen involved in DLBCL 
pathogenesis. Reverse transcriptase PCR 
(polimerase chain reaction) in real time 
was introduced in practice in order to en-
sure  accuracy and evaluate the expression 
of m-RNA of bcl-6 proteins. Bcl-6 mRNA ex-
pression was observed in tumor samples of 
patients with DLBCL.
The expression of bcl-6 protein, marker of 
genesis of GC neoplasm, is associated with 
more favourable outcome of DLBCL.4 
The growth fraction of the tumor in pa-
tients with NHL showed correlation with 
the survival period in retrospective studies. 
The growth fraction of the tumor can be 
evaluated by IHH tecnhiques that use Ki-67 
monoclonal antibody (MoAb), which marks 
the nuclear protein material in mytotic 
cells. The expression of Ki-67 MoAb is asso-
ciated with malignant prognosis of DLBCL. 
It is neccessary to provide secure treatment 
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of diagnostic material and interpretation of results by 
an experienced hematologist. The use of an adequate 
thin needle biopsy should preserve the architecture of 
the lymph node.     
Algorithm for treating advanced relapsed/refracto-
ry form of DLBCL is as follows: Rituximab+CHOP 21 
should be viewed as a standard treatment for patients 
with advanced stadium of DLBCL, no matter to which 
risk group they belong to. The role of support therapy 
after induction with Rituximab remains unclear. 
The aim of our study was to analyse the expression of 
Ki-67 and bcl-6, in large cell B lymphoma tissue, in pa-
tients treated with CHOP and CHOP+R protocol, and to 
determine the level of therapeutic response and dura-
tion of progression free survival in patients with large 
cell B lymphoma, treated with therapeutic protocols 
CHOP and CHOP+R, and the influence of Ki-67 and bcl-
6 expression.

PATIENTS AND METHODS

Investigation was retrospective-prospective using con-
secutive sample of 60 patients who were diagnosed 
with DLBCL patohistologically and immunohistochem-
ically, and who were afterwards treated with therapeu-
tic protocol CHOP (n=30) and CHOP+R (n=30). The 
study included patients both male and female, regard-
less of the age, hospitalized in JZU University Clinical 
Center Tuzla, from 2003 to 2009.
    For analysis of Ki-67 and bcl-6 expression, archived 
samples of lymphoma tissue were used from the De-
partment of Pathology UKC Tuzla. All the samples were 
previously fixed in 10% formalin solution and inserted 
into parrafin. Histological slices with thickness of 4 μm 
were after deparaffinization and blocking the endog-
enous peroxidase, treated in citrate buffer (10 mM pH 
6.0) on 100°C in duration of 15 minutes. In the center 
for immune staining Sequenzy-Shanadon, all levels of 
incubation were performed. Following the preincuba-
tion period with 100% normal bovine serum, a three 
level immunoperoxidase treatment was performed. 
Primary antibodies Ki-67 (MIB) and bcl-6 (PG-B6p) in 
solution 1:20 were used (DAKO, Glostrup, Denmark).
    Positive reaction was defined as clear brown staining 
of the lymphoma cells nuclei, with no unspecific stain-
ing of the enviroment.  Positive result was considered 
as the expression of Ki-67 and bcl-6 in nuclei in more 
than 10% lymphoma cells, while the level of expression 
was determined in per cents after analysis of 500 tu-
mor nuclei. 
    Treatment of large cell B lymphoma was conduct-
ed with standardized therapeutic protocol CHOP and 
CHOP+R.5,6,7,8 Patients were continuously followed 
from 2003 to the end of 2009. The evaluation of thera-
peutic response was done after total administration of 
therapy, based on physical examination, level of serum 
LDH, ultrasound examination and computerized to-
mography. The therapeutic response was defined as 
complete remission, if the previously mentioned meth-
ods  could not detect the presence of the tumor, partial 
response, if there was a residual tumor present after 
complete treatment, and absence of response if the tu-

mor/stadium increased after complete treatment, and 
finally progression of disease if the tumor/stadium 
increased in spite of  completed therapy. Progression 
free survival was defined as a period during which 
the disease made no progression, from the moment of 
posttherapeutic evaluation untill the next evaluation in 
which progression of the disease was determined.
    All data were analysed using statistical package SPSS 
18.0 (SPSS Inc, Chichago, IL, USA). Standard tests of 
descriptive statisitics were done (central tendency 
and dispersion). All variables were tested according to 
central distribution using Kolomogorov-Smirnov test. 
Quantitative variables were tested using Students t-test 
if they were normally distributed, and Mann-Whitney 
test, if they were distributed assimetrically. Qualitative 
variables were tested using hi-square test. Significant 
correlation between variables was tested using non-
parametric Spearman test.
    The evaluation of the progression free survival was 
done using Kaplan-Meier analysis, while testing the 
influence of individual factors on the duration of pro-
gression free survival was done using Cox regression 
analysis. All tests were done with the level of signifi-
cance 95% (p<0.05).

RESULTS

    The median of procentual expression of bcl-6 in total 
sample was 15.5% with interquartile range of 5.5% to 
54.5%, minimum 0% and maximum 99%. Considering 
the criterion of positivity of bcl-6 of 10% positive lym-
phoma cells, in total sample there was 29/50 (48.3%) 
positive to bcl-6.
    Comparing the two treatments, there was no differ-
ence in level of expression of bcl-6 (Mann-Whitney; 
U=398; p=0.44) –Figure 1. There was also no signifi-
cant difference in incidence of bcl-6 positive patients 
(considering the criterion of more than 10% expres-
sion in lymphoma cells) between two types of treat-
ment (X2=0.60; df=1; p=0.44) – Table 1.

                                                      

 
                                                            Treatment  

Figure 1. Comparison of bcl-6 expression between two therapeutic groups before the 

treatment 

 

 

Table 1. Procentual distribution of bcl-6 expression in both therapeutic groups 

Type of treatment                         bcl-6 positive (%)                        bcl-6 negative 

(%) 

 

CHOP                                                      43.3                                                 56.7 

 

CHOP+R                                                53.3                                                 46.7 

 

     

The median of procentual expression of Ki-67 in total sample was 59% with interquartile 

range of 33% to 74%, and minimum of 11% to 96%. All the patients were Ki-67 positive, 

taking into account the criterion of  more than 10% positive lymphoma cells. Comparison 

Treatment 

Figure 1. Comparison of bcl-6 expression between 
two therapeutic groups before the treatment
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The median of procentual expression of Ki-67 in total 
sample was 59% with interquartile range of 33% to 
74%, and minimum of 11% to 96%. All the patients 
were Ki-67 positive, taking into account the criterion 
of  more than 10% positive lymphoma cells. Compari-
son between two therapeutic groups showed no differ-
ence in the level of Ki-67 expression (Mann-Whitney; 
U=403.5; p=0.49) – Figure 2.

between two therapeutic groups showed no difference in the level of Ki-67 expression 

(Mann-Whitney; U=403.5; p=0.49) – Figure 2. 
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Figure 2. The level of expression of Ki-67 in both therapeutic groups 
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Figure 2. The level of expression of Ki-67 in both 
therapeutic groups

Separate Cox analysis for both groups of treated pa-
tients were done in order to investigate prognostic in-
fluence of bcl-6 and Ki-67 on duration of progression 
free survival.
  

In the group of patients treated with CHOP proto-
col niether the level of expression of bcl-6 (OR=0.99; 
%CI=0.96-1.02; p=0.44) nor Ki-67 (OR=0.99; 
%CI=0.97-1.02; p=0.60) showed significant influence 
on duration of progression free survival.

In the group of patients treated with CHOP+R pro-
tocol, there was also no significant bcl-6 expression 
(OR=0.93; %CI=0.82-1.07; p=0.32) nor Ki-67 expres-
sion (OR=1.02; %CI=0.97-1.08; p=0.42) that influenced 
the duration of progression free survival – Figure 3.

 
Figure 3. Duration of progression free period in both therapeutic groups 
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Figure 3. Duration of progression free period in both 
therapeutic groups

DISCUSSION

Reffering to the WHO classification, DLBCL is defined 
as a mature B-cells neoplasm. Imunophenotypically tu-
mor cells show markers on B-cells CD19, CD20, CD22, 
CD97a as well as CD45, monoclonal surface IgM anti-
gen. In rare cases of DLBCL, cells show markers CD10+ 
and CD5+. A few morphological variants of DLBCL 
posses characteristic CD45 receptors on their surface 
along with pan-B-cell marker CD20 and CD79a, based 
on morphological appearence of cells, cell enviroment 
and immunophenotype. The combination of  staining 
techniques for CD10, bcl-6 and MUM-1 have been used 
as an immunocytochemical surrogate for identification 
of germinal center phenotype (CD+ or CD10-, bcl-6+ or 
MUM1-) as opposed to non-germinal center DLBCL.5,6 
    
The expression of bcl-2 protein is evident in 30-50% 
patients. A proportion of cases express CD5, but these 
are negative for cyclin D-1. Staining for CD30 is seen 
in some cases (up to 16% in some series). Expression 
of CD138 may be seen in cases showing plasmablastic 
morphology, but is rarely seen in other cases.
   
 DLBCL imunnophenotypically has high expression of 
B-cells markers, especially CD20, then CD19, CD22 and 
CD79a. HLA-DR is the most frequent activation antigen, 
while the expresion of CD23 is rarely found. One third 
of patients has CD5 and CD10 which is a sign of trans-
formation of small cell lymphoma or follicular lympho-
ma to DLBCL.
    Numerous variants of DLBCL are discribed in terms 
of morpfological and immunohistochemical charac-
teristics. WHO classification divides DLBCL in medi-
astinal or thymic, intravascular and primary effusion 
lymphoma (PEL). Cytogenetic and mollecular analysis 
provide additional insights in DLBCL pathogenesis. 
For example, rearangement of bcl-2 is seen in 20-30% 
of patients and is associated with the less favourable 
prognosis. Similar to that, bcl-6 gene, which is known to 

Type of 
treatment (%)

bcl-6 positive 
(%)

bcl-6 negative 
(%)

CHOP 43.3 56.7
CHOP+R 53.3 46.7

Table 1. Procentual distribution of bcl-6 expression 
in both therapeutic groups
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have structural similarities with the class of transcrip-
tional factors included in control, proliferation and dif-
ferentiation of cells, is often found in some subtypes of 
DLBCL and correlates with better income of disease.
    Alizedah at al. published in the year 2000 the aplica-
tion of complementary DNA (cDNA) microarray tech-
nique for diagnosis of DLBCL, showing that the diver-
sity in gene expression in DLBCL reflects the level of 
proliferation, patient response to therapy and state of 
differentiation of the tumor. After that, international 
group of scientists connected these results by review-
ing the gene expression of DLBCL in 240 patients, us-
ing microarray technique. Three subgroups were iden-
tified with the clear gene expression: germinal center 
type (GC), activated B-cell and diffuse large cell B lym-
phoma. Two very important moments were observed: 
bcl-2 translocation and C-REL amplification were only 
detected in subgroup GC, which showed the best 5-year 
survival period.7
    Shipp et al. showed that the result of treatment of 
DLBCL with standard PHT was evidently dependent on 
gene expression which regulated the B-cell response 
to signalling, critical serin/treonin phosphorilation 
paths and apoptosis. Recent study of Stanford Univer-
sity tried to identifie the level of expression of 6 genes: 
LMO-2, bcl-6, CCND-2, SCYA-3, BCL-2 and Ki-67 us-
ing PCR technique, which was sufficient to predict the 
overall survival in patients with DLBCL.8
    The results of evaluating the prognostic markers of 
DLBCL are widely investigated. Apart from biological 
variations, this can cause differences in laboratory tech-
niques being used. International cooperation in clini-
cal research of lymphoma is based on validation and 
standardization of immunohistochemical techniques 
for identifiing some currently most popular prognostic 
markers of DLBCL. DLBCL is characterized with signifi-
cant level of morphological and clinical heterogeneity. 
Parameters have been established to predict the out-
come of treatment and help in identification of patients 
who can benefit from therapy, which is adapted to the 
risk-group to which they belong.
    Jane N. Winter et al. made a prospective study in 2000 
with the aim to evaluate the prognostic significance of 
bcl-6 protein in patients who were treated with Ritux-
imab added to PHT (CHOP).9 In phase three of the 
study  which compared R/CHOP with CHOP protocol 
199 patients were included. Bcl-6 negative patients 
treated with R/CHOP protocol showed longer failure 
free survival (FFS) an overall survival (OS) compared to 
patients treated with CHOP protocol only (2-year FFS 
76% to 9% and OS 79% to 17%). As a contradiction 
to that there was a clear evidence of no difference in 
FFS and OS in the observed group of patients with posi-
tive bcl-6 protein. The only significant predictor of the 
treatment outcome was IPI.
    In the year 2007 a group of authors examined the way 
the combination of Rituximab with PHT influenced the 
clinical income of patients with DLBCL with different 
phenotypes. GC anf non-GC phenotypes were immuno-
histochemically identified from the samples of 90 de 
novo diagnosed patients. These patients were treated 
with the combined protocole R/CHOP. 104 patient 
were previosly treated with PHT CHOP alone and they 

were used as a control group. In correlation with the 
previous studies, patients treated with PHT with IHH 
defined GC phenotype, showed significant increase of 
OS and FFS compared to non-GC group of patients (OS 
70% to 47%, FFS 59% to 30%). In contradiction to that, 
IHH defined GC phenotype was not the predictor of the 
treatment outcome in patients treated by immunoche-
motherapy (OS 77% to 76%, FFS 68% to 63%). Finally, 
it was concluded that Rituximab combined with PHT 
eliminates the prognostic significance of immunohis-
tochemically defined GC and non-GC phenotype in pa-
tients with DLBCL.
    The growth fraction of tumor in patients with NHL 
showed correlation with survival in retrospective stud-
ies. The growth fraction can be evaluated by IHH tech-
niques which use Ki-67 monoclonal antibody (MoAb), 
which marks the nuclear protein material in mytotic 
cells. TP Miller et al. made a study in 1994 with the 
aim to evaluate the clinical benefit of Ki-67 MoAb in 
prognosis of disease outcome.10 Applying the design 
of prospective study in multiinstittutional coopera-
tive study groups, proliferative index, clinical outcome 
and statistical correlations were made independently 
for patients with no previous treatment. The relation 
between Ki-67 positive cells was determined using 
method of snap frozen thin tissue section. The pro-
liferative index was 80% and more, as determined in 
previous retrospective studies. It identified the group 
of patients with highly negative Ki-67  associated pro-
liferation index in comparison with the patients who 
had low proliferation index. One-year overall survival 
(OS) was 82% (low proliferation index) to 18% (high 
proliferation index). Multivariant analysis of  disease 
regression which contained commonly used factors of 
clinical prognosis, confirmed the independent effect 
of proliferation on the period of survival. It was con-
cluded that Ki-67 MoAb identifies the group of patients 
with agressive NHL, for whom the existing therapeutic 
protocoles are not adequate.
    Taking into account different clinical and biological 
parameters in patients with large cell B lymphoma, 
divided into different subgroups with different prog-
nostic factors, individual approach was concluded 
necessary in treatment of these patients. CHOP (cy-
clophosphamid, adriamicin, oncovin, prednison) pro-
tocol combined with immunotherapy represents gold 
standard for treatment of DLBCL. In the middle 70s of 
the last century the appearence and development of 
genetic ingineering produced monoclonal antibodies 
for treatment of large cell B lymphoma. Introduction 
of monoclonal antibodies that bind to CD20 antigens 
in therapy of DLBCL, so- called anti-CD20 antibodies 
started in 1980. The results of the first randomized 
study III phase GELA study (Group d’Etude des Lym-
phomes de l’Adulte)10 which included 399 previously 
untreated patients age 60-80 years with DLBCL, ran-
domized to receive VIII cycles of PHT CHOP protocol 
for 21 days or the same therapy with the addition of 
Rituximab (R+CHOP), which was administered on the 
first day of every cycle, show that the complete remis-
sion in patients with combined therapy (CHOP+R) was 
77%, compared with 64% in patients treated with 
CHOP protocol only. Two year free survival for patients 
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treated with CHOP+R was 73%, and for patients treat-
ed with CHOP only it was 61%.11
    Another study, published by Pfeundschuh et al. in 
2008, showed that patients age 18-61, treated with 
CHOP+R, achieved complete remission in 81 cases, 
while patients treated with CHOP only achieved com-
plete remission in 67% cases.12 Anti-CD20 antibodies, 
after binding to transmembranic CD20 antigen on B-
lymphocytes, react in two ways: they induce antibody 
dependent cell mediated cytotoxicity or complement 
dependent cytotoxicity, or in other words they initiate 
apoptosis (programmed cell death). Anti-CD20 anti-
bodies inhibit the proliferation of lymphoma cells, and 
they make them more sensitive to cytotherapy. Addition 
of antiCD-20 antibodies to the standard CHOP protocol 
in patients with DLBCL gives a possibility of achieveing 
longer 5-year survival. This was acknowledged with re-
sults of many studies that compared achieved results in 
patients treated with CHOP and CHOP+R protocol.
    The addition of Rituximab to CHOP protocol in elderly 
patients was investigated in the USA, including patients 
over the age of 60 with previously untreated advanced 
DLBCL. Patients were randomized in groups that were 
treated with VI-VIII cycles of CHOP protocol or CHOP 
combined with Rituximab. Second randomization ref-
fered to patients that were only observed and second 
group of patients who recieved support therapy with 
Rituximab once a week, in duration of 4 weeks in inter-
vals of 6 months. Total of 632 patients initially treated 
with addition of Rituximab were divided to observa-
tion or support therapy with Rituximab. There was 
significant difference in 3-year failure free survival-FFS 
in the group that recieved R+CHOP in comparison with 
the group of patients that were treated with CHOP pro-
tocol only (53% to 46%) The advantage of aplication of 
supporting therapy with Rituximab was obviously lim-
ited to patients who did not recieve this medicine as a 
first line therapy. There was no significant difference in 
overall survival between these two groups, due to the 
fact that 40% patients in the group that received CHOP 
protocol only, also recieved Rituximab in the second 
randomization.13
    Other results that show benefit of Rituximab were 
published in retrospective study from British Colum-
bia, Canada, which showed longer FFS and OS in young-
er low risk patients who were treated with Rituximab. 
The benefit of Rituximab in younger low risk patients 
was shown in MinT (Mabthera Inernational Trial).14 
This study included patients with DLBCL „bulky dis-
ease“ I to II-IV stadium, age 18-60 years with IPI score 
0 and 1. Treatment included VI cycles of CHOP, CHOEP 
or similar PHT regimes with or without Rituximab, 
which was administered on the first day of treatment 
in 326 randomized patients. Time to treat failure (TTF) 
was 76% for patients treated with PHT combined with 
Rituximab in comparison with 60% for patients treated 
with PHT only. Overall survival was 94% to 87%. These 
results should conclude that addition of Rituximab had 
benefit in all risk groups. Further analysis should show 
that the expresssion of byological markers such as bcl-
2 protein could differentiate patients  who could ben-
efit from adding Rituximab to their classic PHT.
    

There is no clear evidence that supports the usage of high 
dose therapy and stem cells transplantation as a first line 
therapy, even for patients with low risk. This approach 
should be further investigated in prospective studies.
    
The median of bcl-6 expression in total sample was 
15,5% with range 5,5 to 54,5%, minimum 0% and 
maximum 99%. Considering the criterion for bcl-6 pos-
itivity of 10% positive lymphoma cells, in total sample 
there were 29/60 (48.3%) cells positive to bcl-6. The 
comparison between the two groups of patients treat-
ed with different protocols showed no difference in 
level of bcl-6 expression, nor in incidence of bcl-6 posi-
tive patients in these two groups. Patients treated with 
CHOP protocol had 43.3% bcl-6 positivity, and 56.7% 
negative bcl-6 expression. Patients treated with pro-
tocol CHOP+R had 53.3% bcl-6 positivity and 46.7% 
showed no positivity.

The median value of procentual Ki-67 expression in to-
tal sample was 59% with interquartile range of 33% to 
74%, and minimum 11% to 96%. All the patients were 
Ki-67 positive, considering the criterion of more than 
10% expression in lymphoid tissue. Compared within 
two therapeutic groups, there was no difference in level 
of Ki-67 expression. In the group of patients treated with 
CHOP protocol niether bcl-6 nor Ki-67 had no influence 
on duration of progression free survival. In the group of 
patients treated with CHOP+R protocol, there was also 
no significant influence of bcl-6 nor Ki-67 expression on 
duration of progression free survival period.
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