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In this study we analyzed the prognostic value of single and combined immuno-
histochemical markers, according to algorithms proposed by Hans et al. and Muris
et al. in 66 de novo diffuse large B-cell lymphoma (DLBCL) cases. The main aim of
our study was to compare usefulness of these two immunohistochemical algo-
rithms for the subdivision of DLBCL into prognostically relevant subgroups. 
Cases classified as germinal centre B-cell (GCB) had a significantly lower risk of
death (p = 0.008) compared with the non-GCB group. The 5-year overall survival
(OS) rate was 85% for the GCB group and only 30% for the non-GCB group 
(p = 0.003). Furthermore, division into the GCB and non-GCB group predicted
prognosis in cases with low International Prognostic Index (IPI) (p = 0.03). GCB
patients with a low IPI score had a significantly better OS than those from the non-
GCB group (93% versus 45%) (p = 0.02). Although the 5-year OS of favourable
group 1 from Muris algorithm was slightly better than in group 2, the difference
was not significant (p = 0.241). In summary, our results indicate that the algo-
rithm of Hans et al. has a significantly better prognostic value. By using immuno-
histochemistry and this algorithm, we can subclassify DLBCL into prognostically
distinct subgroups and further refine the prognosis based on IPI.

Key words: diffuse large B-cell lymphoma, immunohistochemical algorithms,
prognosis.

Introduction

Diffuse large B-cell lymphoma (DLBCL) is one of
the most common subtypes of non-Hodgkin’s lym-
phomas of adults and accounts for approximately
40% of cases [1]. It is a clinically, morphologically
and genetically heterogeneous group of tumours [1].
This heterogeneity is well reflected by the clinical
course of the disease. 40% of patients with diffuse
large B-cell lymphoma respond well to the current
therapy and show long-term survival, but at least
50% have relapse after conventional therapy [2]. The
most effective clinical tool for predicting the outcome
of patients with DLBCL is still the International
Prognostic Index (IPI), which identifies subgroups of
patients with very poor or good prognosis [3].
Although the importance of IPI was validated in
many studies [3, 4], it is less helpful for predicting
treatment response in individual patients. The index

alone is insufficient to distinguish between patients
who should be cured with conventional therapy and
those who will have relapse or progressive disease and
require more aggressive therapy. 

Because the heterogeneity of DLBCL has an
impact on the clinical course of the disease and
patients’ response to conventional methods of treat-
ment, it was necessary to find a useful tool, inde-
pendent of the IPI, for predicting outcome and opti-
mizing the treatment. Therefore, with the use of
different techniques, investigators tried to subclassify
DLBCLs and to identify prognostically important
groups of patients.

Alizadeh et al. showed diversity in gene expression
among DLBCLs and identified molecularly distinct
forms of DLBCL, which had gene expression patterns
indicative of different stages of B-cell differentiation
[5]. According to cDNA microarray-based gene
expression profiling, DLBCL was divided into 3 pro -
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gnostically important subgroups [5]. Patients from
the germinal centre B-cell (GCB)-like subgroup of
DLBCL had significantly better overall survival com-
pared to those from the activated B-cell (ABC)-like
subgroup [5]. This prognostic significance was inde-
pendent of IPI [5-7]. The third type of the gene
expression profile (a group of unclassified cases),
described by Alizadeh et al., was a heterogeneous and
poorly described subtype [5]. This type was associat-
ed with a poor outcome similar to the ABC group [5,
6], and was later classified as the non-germinal cen-
tre group [6]. 

The results of their study was further confirmed
by others [6-8]. However, the cDNA microarray
technique is expensive, time-consuming and general-
ly unavailable routinely because it depends on the
availability of fresh frozen samples. Therefore, this
method is impractical as a clinical tool. In an
attempt to find a simpler and more practical method
of DLBCL subclassification, the investigators started
using immunohistochemistry in their studies [9-15].
As a result of these studies, two immunohistochemi-
cal algorithms have been proposed [9, 10]. The first
one, proposed by Hans et al. [9] (Fig. 1A) was based
on expression of CD10, Bcl-6 and MUM1. With the
use of these combined markers the authors divided
DLBCLs into GCB and non-GCB subgroups. They
noticed markedly better survival of patients in the
GCB group than those in the non-GCB group [9].
The second algorithm [10] (Fig. 1B) identifying two
prognostically important subtypes of DLBCL was
later proposed by Muris et al. and was also based on
expression of three markers: Bcl-2, CD10 and
MUM1 [10]. Authors of this study [10] suggested
that this algorithm had a stronger prognostic value
than the previous one. 

In our study, we have investigated immunohisto-
chemically pretreatment, diagnostic samples from
66 DLBCL cases in attempt to compare these 2 algo-
rithms and establish which markers and algorithm
are most useful for the subdivision of DLBCL into
prognostic relevant subgroups.

Material and methods

Patients

Formalin-fixed, paraffin-embedded tissue block
specimens of 66 DLBCLs, sampled between 2000
and 2006, were selected from the archives of the
Department of Pathology, Chair of Oncology of
the M. Kopernik Memorial Hospital in Łódź,
Poland. Only specimens obtained at the time of
diagnosis, before initiation of any treatment were
included. All cases were reviewed by morphologic
features and immunohistochemical staining to verify
that all specimens were DLBCL according to the

present WHO classification system. Patients with
the diagnosis of follicular lymphoma or other type of
indolent lymphoma with transformation into diffuse
large B-cell lymphoma were not included. Cases
were selected only on the basis on availability of
complete clinical information and sufficient histolog-
ical material. The clinical records were reviewed in
all of the DLBCL patients with particular reference
to age at diagnosis, site of initial involvement, Ann
Arbor stage at presentation, response to treatment,
achievement of complete remission (CR), the occur-
rence of relapse or progression and survival. The fol-
low-up period was counted from the day of diagno-
sis until death or the date of the last follow-up for
living (censored) patients.

TMA blocks construction

For the tissue microarray (TMA), haematoxylin
and eosin-stained sections from each paraffin-
embedded, formalin-fixed block were used to define
diagnostic areas, and 3 random, representative 1 mm
cores were obtained from each case, using a puncher
tissue microarrayer (1 mm punch set, code: MP10;
Beecher Instruments, Silver Spring, MD). The con-
struction (protocol) of the TMA block was compiled
from two articles [16, 17]. Briefly each retrieved tis-
sue core was trimmed minimally at one end with
a razor blade and then was attached on the adhesive
platform (prepared from double-sided adhesive tape
attached to computer-generated paper grid and x-
ray film). The array of tissue cores was embedded in
an embedding mould, which was filled with liquid
paraffin. Then the blocks were cooled, the adhesive
platform was peeled off, and after this, the cutting
surface was ready for sectioning (TMA blocks were
prepared in the Department of Pathology, Centre of
Oncology of Kielce). 

GCB (9 cases)

non-GCB (31 cases)

GCB (9 cases)

group 1 (24 cases)

group 1 (4 cases)

Bcl-6
MUM1

CD10
MUM1

non-GCB (17 cases)

group 1 (13 cases)

group 2 (25 cases)

+
A

B

–
+

–

+

–

CD10

–

+
–

+

–

+

Bcl-2

Fig. 1. Immunohistochemical algorithms identifying prognostical-
ly important subgroups of DLBCL: A – proposed by Hans et al;
B – proposed by Muris et al.
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Immunohistochemistry

Sections (2 micrometers) were cut from each TMA
block and stained with antibodies. 

The following markers were used: CD20, CD10,
Bcl-6, Bcl-2, MUM1/IRF4, Ki67, p53. Formalin-
fixed paraffin sections were previously deparaffinized
and rehydrated. Heat-induced antigen retrieval was
performed. Endogenous peroxidase activity was
blocked. Slides were incubated for 20 to 40 minutes
with primary antibodies and then the DAKO Envi-
sion+ System HRP (DAB) was used as a secondary
antibody and as a chromogen. Sections were coun-
terstained with Mayer haematoxylin. The immu -
noreaction was done in an automated Dako
Autostainer Plus (Dako, Glostrup, Denmark). The
source of the antibodies, dilution used and antigen
retrieval procedures employed are shown in Table I.

Cases were considered as positive for CD10, 
Bcl-6, MUM1 and p53 if 30% or more of the
tumour cells were stained with antibody, whereas for
Bcl-2, a cut-off level of 50% positive cells was used.
The cut-off values for positive staining were estab-
lished according to studies of the recent literature 
[9-12, 21]. We used results from the CD10, Bcl-6,
Bcl-2 and MUM1 staining to divide all DLBCL cas-
es into subgroups according to two different algo-
rithms proposed by Hans et al. (Fig. 1A) and Muris
et al. (Fig. 1B). 

Statistical analysis

Overall survival was calculated according to the
Kaplan-Meier method from the date of primary
diagnosis to the date of death or the last follow-up
whereas disease-free survival was calculated to the
date of recurrence or the last follow-up. Differences
in survival distributions were evaluated by a log-rank
test. Univariate and multivariate survival analyses
were performed with the use of the Cox’s propor-
tional hazard regression model. Pearson’s χ2 test or
Fisher exact test were used to compare proportional
data between groups. All results were considered sta-

tistically significant when two-sided p was less than
0.05. The analyses were performed using the Stats-
Direct software (StatsDirect Ltd., the United King-
dom).

Results

Patient characteristics

Clinical data were available for all 66 patients and
are summarized in Table III. As the International
Prognostic Index (IPI) was evaluated retrospectively
not, all factors were available for all patients. Com-
plete information of the IPI was available in 58 of
the 66 cases. All patients were treated with CHOP-
based chemotherapy (cyclophosphamide, doxoru-
bicin, vincristine and prednisone), none of them
received anti-CD20 antibody (rituximab) because all
cases in this series were treated before introduction of
rituximab as a routine treatment of DLBCL in
Poland. The median follow-up period for all patients
was 37 months (range 1-97 months), for censored
patients it was 43.5 months (range 20-97 months).
34 patients are still alive, 31 have died of the disease
and 1 of unrelated cause. The 5-year OS rate for the
entire group was 44.9%. Median survival time was
45 months. 

The results of the univariate analysis of overall sur-
vival are shown in Table II. Younger age, low Ann
Arbor stage at presentation, low IPI score (0-2),
achieving of CR were all associated with a decreased
relative risk of death (Table II). The primary site of the
disease (nodal vs. extranodal), the gender of patients,
B symptoms, level of LDH and B2-mi croglobulin did
not show a significant impact on OS (Table II). 

Expression of the single and combined
immunohistochemical markers

Expression of CD10 was seen in 14% (9/66) of
cases, Bcl-6 in 53% (35/66), MUM1 in 55% (36/66),
Bcl-2 in 64% (42/66) and p53 in 26% (17/66). Rep-

Table I. Antibodies used for immunohistochemical stains with pretreatments and dilutions

ANTIBODY CLONE SOURCE DILUTION ANTIGEN RETRIEVAL

CD20 L26 Dako, Glostrup, Denmark 1 : 400 EDTA 20
CD10 56C6 Novocastra, Newcastle upon Tyne, UK 1 :  50 EDTA 20
Bcl-6 PG-B6p Dako, Glostrup, Denmark 1 :  20 EDTA 40
Bcl-2 124 Dako, Glostrup, Denmark 1 :  50 EDTA 20
MUM1 MUM1p Dako, Glostrup, Denmark 1 :  50 EDTA 20
Ki67 MIB-1 Dako, Glostrup, Denmark 1 : 100 EDTA 20
p53 DO-7 Dako, Glostrup, Denmark – EDTA 20
EDTA 20 indicates 20 minutes at 97°C in Tris/EDTA buffer, pH 9 (Dako Target Retrieval Solution, pH 9), EDTA 40 indicates 40 minutes at 97°C 
in Tris/EDTA buffer, pH 9.9 (Dako Target Retrieval Solution, pH 9.9)
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resentative examples of immunohistochemical staining
are shown in Figure 2. The univariate analysis showed
a distinct trend, although not significant, between
expression of CD10 and longer OS (p = 0.074) Simi-
lar relationship was observed between expression 
of Bcl-6 and longer OS (p = 0.073). Expression of
other markers: MUM1, Bcl-2 and p53 did not pre-
dict OS.

Using the algorithm of Hans et al. based on the
expression of CD10, Bcl-6 and MUM1 we divided
66 cases into two groups (Fig. 1A). Non-GCB group
was more common phenotype – 73% (48 of 66 cas-
es) than GCB group – 27% (18 of 66 cases). In the
GCB group, 50% (9/18) expressed both markers
(CD10 and bcl-6), whereas 50% (9/18) expressed
Bcl-6 alone. In our study, there was no case which
had CD10 expression alone. MUM1 was expressed
in 22% (4/18) cases of GCB group. Of the non-GCB
cases, 31% (15/48) expressed MUM1 alone, 35%
(17/48) expressed both MUM1 and Bcl-6 and 33%
(16/48) were negative for both markers. Bcl-2 posi-
tive staining was seen in 42 cases, 11 of them (26%)
belong to GCB group and 31 to non-GCB group
(74%). Expression of bcl-2 was not associated with
a significant difference in OS in both groups (data
not shown). 

Using the alternative algorithm proposed by
Muris et al. based predominantly on expression of
Bcl-2, CD10 and Bcl-6 we divided 66 cases to
favourable group 1 and to unfavourable group 2
(Fig. 1B). Of the 66 cases, 41 (62%) were classified
as favourable group 1 and 25 cases (38%) as
unfavourable group 2. 

The clinical features of the patients classified with
TMA as GCB/non-GCB group and group 1/2 phe-
notype are summarized in Table III. 

Prognostic value of two immunohistochemical
algorithms

Cases classified by TMA as GCB had a signifi-
cantly better OS (p = 0.008) compared with non-
GCB group (Fig. 3). The 5-year OS rate for the GCB
was 83.0% compared with only 30.2% for the non-
GCB group (p = 0.003). For the entire group,
patients that presented low IPI scores had signifi-
cantly better OS (p = 0.001) than those who pre-
sented high IPI scores. When considering those cas-
es (patients with low IPI and with high IPI)
separately while applying to them the GCB/non-
GCB division, the 5-year OS for patients in GCB
group with low IPI was 92.9% vs. 45.4% for
patients in non-GCB group and low IPI (p = 0.021)
(Fig. 3). Similar analysis among patients with high
IPI scores was impossible to perform because the
number of patients in GCB group was too small.
After comparing Muris et al. division with Hans et al.
classification, 23 non-GCB cases were classified as
favourable group 1 (according to Muris algorithm).
This could be the explanation of the slightly worse
survival of patients with group 1 category (5-year OS
rate 49.9%) than patients in GCB group (5-year OS
83.0%) (Fig. 3). However, in all patients there was
no statistically significant difference in OS between
group 1 and group 2 category.

Multivariate analysis

Cox regression multivariate analysis of OS was per-
formed in 60 cases with complete information on the
IPI risk group, Ann Arbor stage, status of remission,
Hans GCB/non-GCB groups and group 1/2 pheno-
type (according to Muris et al.). In the final model,
only IPI retained independent prognostic significance

Table II. Results of univariate survival analysis – prognostic value of immunohistochemical stains, immunohistochemi-
cal algorithms and clinical features

PARAMETER NO. OF CASES HR 95% CI P

CD10 (positive vs. negative) 9 vs. 57 0.163 0.022-1.194 0.074
Bcl-6 (positive vs. negative) 35 vs. 31 0.523 0.257-1.063 0.073
Bcl-2 (positive vs. negative) 42 vs. 24 1.309 0.618-2.773 0.482
MUM1 (positive vs. negative) 36 vs. 30 1.113 0.553-2.241 0.763
p53 (positive vs. negative) 17 vs. 49 1.604 0.756-3.404 0.218
non-GCB group vs. GCB group 18 vs. 48 5.065 1.537-16.691 0.007
group 2 vs. group 1 (Muris algorithm) 41 vs. 25 1.515 0.748-3.067 0.248
IPI high vs. low 30 vs. 38 2.305 1.413-3.761 0.001
ann Arbor stage (IV vs. III vs. II vs. I) 15/15/19/17 1.532 1.114-2.107 0.008
ann Arbor stage (III/IV vs. I/II) 30 vs. 36 1.843 0.908-3.738 0.091
age ≥60 years vs. <60 years) 41 vs. 25 2.782 1.244-6.222 0.013
remission (not-CR vs. CR) 23 vs. 43 13.242 5.581-31.418 < 0.001
HR – hazard ratio of death, 95% CI – 95% confidence interval for HR
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(p = 0.023) but there was a clear tendency towards
significance of Hans algorithm (p = 0.072) with
a hazard ratio of death 4.00 (95% CI: 0.88-18.11) for
non-GCB group vs. GCB group. None of other vari-
ables predicted an clinical outcome independently. 

Discussion

Diffuse large B-cell lymphoma is one of the most
common non-Hodgkin’s lymphomas but it is also
one of the most heterogeneous [1]. Because this het-
erogeneity has an impact on the clinical course of the
disease and patient response to treatment [2] it was
necessary to find a useful tool for predicting outcome
and making a treatment decision beyond the IPI.

In this study we analyzed prognostic value of the
single and combined immunohistochemical markers
of 66 de novo DLBCL cases. The main aim of our

study was to evaluate usefulness of two different
immunohistochemical algorithms [9, 10] for pre-
dicting outcome.

Our results indicate that the algorithm proposed
by Hans et al. [9] has better prognostic value for
DLBCL cases than the alternative algorithm [10].
Cases classified as GCB had a significantly better OS
compared with non-GCB group. The 5-year OS for
the GCB group was 83% compared with only 30%
for the non-GCB group. The division into GCB and
non-GCB group also predicted prognosis independ-
ently from IPI. Patients with low IPI scores from
GCB group had a significantly better OS than those
from non-GCB group (93% vs. 45%). Although the
5-year OS of favourable group 1 from Muris algo-
rithm was slightly better than that of group 2 (50%
vs. 37%), this difference did not achieve statistical
significance. 

Table III. Clinical features depending on the results of the algorithm of Hans (GCB/non-GCB) and the algorithm of
Muris (group 1/group 2)

NO. OF CASES (%) GCB (%) NON-GCB (%) P GROUP 1 (%) GROUP 2 (%) P

Total no. 66 (100) 18 (27) 48 (73) – 41 (62) 25 (38) –
Sex
male 30 (45) 8 (44) 22 (46) 0.999 18 (44) 12 (48) 0.746
female 36 (55) 10 (56) 26 (54) 23 (56) 13 (52)
Age, years
median 64 59 66 – 63 65 –
range 22-100 22-100 35-88 22-100 35-88
Age
<60 years 25 (38) 9 (50) 16 (33) 0.214 16 (39) 9 (36) 0.806
≥60 years 41 (62) 9 (50) 32 (67) 25 (61) 16 (64)
Ann Arbor stage
I/II 36 (55) 16 (89) 20 0.001 23 (56) 14 (56) 0.994
III/IV 30 (45) 2 (11) 28 18 (44) 11 (44)
Ann Arbor stage
I 17 (26) 9 (50) 8 (17) 0.002 13 (32) 4 (16) 0.427
II 19 (29) 7 (39) 12 (25) 10 (24) 9 (36)
III 15 (23) 2 (11) 13 (27) 8 (20) 7 (28)
IV 15 (23) 0 (0) 15 (31) 10 (24) 5 (20)
B symptoms
yes 18 (27) 2 (11) 16 (33) 0.119 10 (24) 8 (32) 0.501
no 48 (73) 16 (89) 32 (67) 31 (76) 17 (68)
Localization
nodal 49 (74) 11 (61) 38 (79) 0.205 28 (68) 21 (84) 0.157
extranodal 17 (26) 7 (39) 10 (21) 13 (32) 4 (16)
LDH
normal 13 (20) 6 (33) 7 (15) 0.156 8 (20) 5 (20) 0.999
high 45 (68) 10 (56) 35 (73) 28 (68) 17 (68)
IPI risk
low (0-2) 30 (45) 13 (72) 17 (35) 0.008 18 (44) 12 (48) 0.737
high (3-5) 28 (42) 3 (17) 25 (52) 18 (44) 10 (40)
Complete 
remission
yes 43 (65) 17 (94) 26 (54) 0.003 28 (68) 15 (60) 0.493
no 23 (35) 1 (6) 22 (46) 13 (32) 10 (40)
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Hans’ algorithm [9] is based on the expression of
3 markers: CD10, Bcl-6 and MUM1. CD10 is a pro-
teolytic enzyme which expression is restricted to ger-
minal centre cells [18]. Several studies have exam-
ined the prognostic significance of CD10 positivity
in DLBCL with contradicting results. Some of these
studies reported an association between CD10
expression and a better prognosis [9, 11, 12, 15, 
19-22] contrary to other studies that had not found
any difference in outcome between CD10+ and
CD10- tumours [13, 23]. These discrepant findings
could depend on different techniques used in the
identification of an antigen and different numbers of
examined patients. In the studies using immunohis-
tochemistry on paraffin sections and the largest
groups of patients [12, 19, 21], CD10 expression
was correlated with improved overall survival and
predicted prognosis in the group of low IPI [19]. In
our study there was a strong tendency between
expression of CD10 and better OS. However, these
conflicting data suggest that using CD10 alone may
not be useful in the prediction of survival in DLBCL.

The second GCB marker, Bcl-6 acts as a tran-
scriptional repressor and represses genes involved in
lymphocyte activation and differentiation, cell cycle

control and inflammation [24]. Bcl-6 expression in
DLBCL tends to be the single most important pre-
dictive factor of good prognosis. Most studies have
suggested that expression of Bcl-6 is associated with
better prognosis and it might be a useful prognostic
marker in DLBCL [9, 11, 21, 22, 26], however, in
some studies the difference was not at a statistically
significant level [15, 20]. Only in Colomo et al. study
[13], investigators had not found any difference in
overall survival depending on Bcl-6 expression.
These differences could be explained by the differ-
ences in the cut off value, in staining techniques and
may be related to the heterogeneity of the examined
group of patients. Because the variable number of
tumour nuclei are positive, investigators used a dif-
ferent cut-off value (from 10% to 30%) for positive
staining. Previously, 10% have been most common-
ly chosen [11, 12, 20] but further studies have
shown that this level might be too low to subdivide
DLBCLs into appropriate and reproducible sub-
groups of patients [9] and now in most studies 
[21, 22, 25] 30% is considered as a better cut-off
value. These findings suggest that using this antigen
alone as a prognostic marker may give divergent
results. The last marker from Hans algorithm [9],

Fig. 2. Examples of the immunohistochemical positive staining of markers: 
Bcl-2 – expression showing membranous staining pattern (original magnification 200×), MUM1 – expression showing nuclear/cytoplasmic
staining pattern (original magnification 200×), CD10 – expression showing membranous staining pattern (original magnification 200×),
Bcl-6 – expression showing nuclear staining pattern (original magnification 200×)   
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MUM1/IRF4 is expressed in plasma cells and in
small subset of germinal centre cells [27]. The stud-
ies that evaluated prognostic significance of MUM1
expression in DLBCL brought different results. Hans

et al. [9] have reported that expression of MUM1 in
at least 30% of tumour cells is associated with sig-
nificantly worse outcome [9], which was supported
by Chang et al. [15]. But other studies did not found
any correlation between MUM1 expression and
overall survival [11, 13, 20, 21] or this relation did
not achieve a statistical level [22]. These differences
could be partially explained by the use of monoclon-
al antibody by Hans et al., whereas others used
a polyclonal one. 

These different findings suggest that any of these
3 markers used alone does not give a sufficiently cer-
tain prognostic value but after connecting them
together (according to the algorithm proposed by
Hans et al.) a useful tool can be constructed to iden-
tify prognostically important subgroups of DLBCL.

Although many studies have reported that this
three-marker model is useful to identify non-GCB or
GCB phenotype which is thought to have a strong
prognostic significance for patients with DLBCL,
there are studies that did not confirm this observation
[13]. Therefore, during last few years there have been
attempts to improve Hans’ algorithm and to propose
an alternative one. Results of these efforts were as fol-
lows: a new algorithm proposed by Muris et al. [10],
division into 3 groups in Chang et al. study [15] and
an attempt to improve Hans’ algorithm made by
Amen et al. [22]. The best known and most often
researched is Muris et al. algorithm [10]. It is based
on expression of the antiapoptotic protein, Bcl-2
added to CD10 and MUM1 markers. Muris et al.
[10] has divided DLBCL into favourable group 1 and
unfavourable group 2 and has suggested that this
algorithm has a stronger prognostic value than the
previous one [9]. In our study we decided to check it. 

Evaluation of Bcl-2 expression was a basic difference
between these two algorithms. The prognostic value of
this marker expression was the subject of numerous
studies. Several studies reported that high expression of
Bcl-2 was an adverse prognostic factor [11, 12, 22, 28,
29] alone and also in connection with other factors, but
other studies had not found any statistically significant
difference in overall survival [30, 31]. An influence of
Bcl-2 on OS independent of IPI was reported only by
Barrans et al. [12] and Gascoyne et al. [29]. These dif-
ferent results could arise due to absence of the deter-
mined cut-off value. The investigators did not use the
same criteria to classify Bcl-2 positive or negative cas-
es and the fluctuation of cut-off point was within the
10% to > 50% range. However, most studies indicate
that a higher cut-off value is related with more signifi-
cance of marker expression [32]. In more recent stud-
ies authors have suggested that expression of Bcl-2 is
an adverse prognostic factor only in non-GCB sub-
group [21, 28]. In our study the expression of Bcl-2
did not relate with OS equally in the entire group of
patients and in non-GCB subgroup. 
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Fig. 3. Overall survival time for: 
A – the GCB subgroup (upper line) compared with the non-
GCB subgroup (lower line) based on the algorithm of Hans et al.
B – patients with low IPI scores and the GCB subgroup (upper
line) compared with the non-GCB subgroup (lower line)
C – ‘favourable’ group 1 (upper line) compared with
‘unfavourable’ group 2 (lower line) based on the algorithm 
of Muris et al.
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The subclassification of DLBCL into the GCB
type and ABC type using gene expression profiling
or immunohistochemical staining was made before
the era of immunochemotherapy. It was reported
that the GCB type of DLBCL showed a significantly
better overall survival than the ABC type; however,
the patients were treated with the CHOP regimen
without rituximab. Recently published studies have
indicated improvement in clinical outcome in non-
germinal centre type of DLBCL and elimination the
differences between GCB and non-GCB DLBCL
after addition of rituximab to the CHOP regimen
[33-35]. With the well-accepted addition of Ritux-
imab to the typical large B-cell lymphoma
chemotherapeutic regimen, revalidation of any sur-
vival differences between large B-cell lymphoma
subtypes is necessary and prospective clinical trials
are needed. 

Because of diversity of the results received in dif-
ferent studies and introduction of rituximab to stan-
dard regimens, dividing DLBCL into prognostically
important subgroups independently of IPI seems to
be a complex and multifaceted problem. The aim of
our study was to compare the two best known prog-
nostic algorithms and the results indicate unequivo-
cally the benefit of the algorithm originally
describedby Hans et al. It has a significant impact on
DLBCL prognosis and this division is independent of
IPI score. 
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