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Abstract

Background: Diffuse large B cell lymphoma (DLBCL) is considered the most common type of non-Hodgkin
lymphoma. The global incidence of DLBCL has been doubled in the past decades, highlighting the need for more
effective treatment regimens. The curability of DLBCL is heavily influenced by a number of factors, such as the
age, the international prognostic index (IPI) score, the molecular cell of origin (COO) subtype, and presence/
absence of specific chromosomal rearrangements or protein expression. Recent gene profiling studies have
classified DLBCL into two main categories, germinal center B-cell type (GCB) and activated B-cell type (ABC).
Validation of these subtypes has become more applicable after the immunohistochemical algorithm suggested by
Hans, which included three commercially available markers, CD10, BCL6, and MUM-1/IRF4. In addition to this
classification, DLBCL prognostic models based on different sets of genes or immunohistochemical markers have
been proposed. More recently, DLBCLs with translocations of MYC, along with a B-cell lymphoma 2 (BCL?2)
and/or B-cell lymphoma 6 (BCL6) rearrangement, are now called double-hit lymphoma (DHL) or triple-hit
lymphoma (THL), respectively. Furthermore, the co-expression of MYC and BCL2 proteins without underlying
rearrangements is considered a new adverse prognostic indicator termed double-expressor lymphoma (DEL).
The present study is aiming to combine morphological, immunophenotypical, and genetic features of DLBCLs
to reach a more reproducible subtyping. Aim: To identify the relation between clinicopathological features as
patient age, sex, site of tumor, clinical presentation and tumor stage and the germinal center differentiation in
DLBCL (germinal center B-cell (GCB) or activated B-cell (ABC)) and the double/triple genetic hits status.
Material and Methods: The material of this study comprised 52 formalin-fixed paraffin- embedded blocks
representative of diffuse large B cell lymphoma cases retrieved from the archival material available at the Pathology
Department, Faculty of Medicine, Alexandria University. Subclassification of cases into (germinal center / and
post-germinal center types) using a panel of immunohistochemical markers including CD10, BCL6 and MUM 1
was done and scoring of double/triple hit expression using a panel of immunohistochemical markers including
c-MYC, BCL6 and BCL2 was also done and correlation with their subtypes and clinical data was performed.
Results: there was significant association between germinal center differentiation and tumor stage (Mp= 0.018).
Conclusion: Germinal center differentiation status is a valid method to evaluate the prognosis of DLBCL
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is  diagnosed lymphomas worldwide. DLBCL represents
the most common type of non-Hodgkin lymphoma  a spectrum of malignancies morphologically and
(NHL), accounting for 30% to 40% of all newly  biologically heterogeneous which is reflected in its highly
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variable clinical course and markedly diversified outcomes
[1]. This heterogeneity encouraged numerous investigators
to study the biology of DLBCL, with focus on whether
it could be further subdivided into different entities [2].

Historically, lymphoma classification has been based
on either the morphology of tumor cells (into centroblastic,
immunoblastic, anaplastic and other rare morphologies
like plasmablastic), that was adopted by the old Kiel
classification, or on the suggested normal counterpart
(cell of origin) that was adopted by The REAL (Revised
European American Lymphoma) /WHO classification of
NHL, 3% edition 2001 [3, 4]. However, adopting those
methods as the sole mean of classification is inadequate or
incomplete in defining certain subtypes of lymphoma [5].

The 2008 WHO classification listed a large
number of DLBCL sub-groups based not only on the
putative cell of origin but also on the morphologic,
biologic, immunophenotypic and clinical parameters [6].
Although this classification was more reproducible than
the old ones, still many cases of DLBCL did not fit into
any of the specific disease subgroups described and were
referred to as DLBCL non-otherwise specified (NOS)
which remained as a diagnosis of exclusion and were
considered as the most common category of DLBCL [7].

Long-term remission was achieved since rituximab (R)
was added to cyclophosphamide, doxorubicin, vincristine,
and prednisone (CHOP) approximately a decade ago, and
R-CHOP has now become the standard treatment [8&].
Nevertheless, approximately 40% of patients with DLBCL
suffer relapses within a short time frame and eventually
die as a result of the disease [9].

In the year 2000, Alizadeh et al [ 10] studied two distinct
molecular entities of DLBCL using gene expression profile
(GEP). Based on these studies, DLBCLs have been divided
into two main groups based on the putative cell of origin.
The first group is the germinal center B cell-like (GCB)-
DLBCL which exhibits a transcriptional profile that
resembles that of a GCB cell with the expression of CD10
and the transcriptional repressor BCL6 and harbouring
highly mutated immunoglobulin genes with ongoing
somatic hypermutations (SHM) [11]. The activated B cell-
like (ABC)-DLBCL group which shows several features of
B cell receptor (BCR) activated B-cells with up-regulation
of genes required for plasma cell differentiation namely
the multiple myeloma 1 / interferon regulatory factor 4
protein (MUM1/IRF4) [11, 12].

Hans et al [13] in 2004 proposed a small set of
immunohistochemical markers including CD10, BCL6,
and MUMI that demonstrated an 80% concordance to
GEP. However, this classification was not adopted in the
more recent 2016 WHO classification, and still it needs
more specifications [14].

Translocation of the MYC gene, which is a gene
involved in many cellular functions including proliferation,
has been shown to be prognostically unfavorable [15, 16].
In addition, translocation of BCL2, which is known to be
a central anti-apoptotic gene, and found to be a marker of
poor prognosis in some studies but not all [17, 18].

DLBCL with translocation of both MYC and BCL2,
termed double-hit lymphoma (DHL), is characterized
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by poor response to standard therapy and an aggressive
clinical course. This fact reveals the synergistic clinical
effect of combined activation of these both genes; MYC
promotes cellular proliferation and BCL2 blocks cellular
death [19, 20]. A new entity was introduced focusing
on BCL6 translocation, which also has a prognostic
implication, and when combined with both MYC and BCL2
will give rise to a triple-hit lymphoma [21].

Studies of MYC, BCL2 and BCL6 in DLBCL have
focused on molecular methods, mainly fluorescence in situ
hybridization (FISH). However, activation of those genes
leads to increased expression of the protein products that
could be traced by immunohistochemical studies [22].
Later on, a new term was introduced which is the double
expressors and triple expressors lymphoma. However,
it may not be related to the underlying chromosomal
aberrations and the relation between genetic hit and protein
expression is still a dilemma [23].

Classifications of diffuse large B-cell lymphoma, NOS,
is a great diagnostic and prognostic dilemma, not only
facing pathologists but also confronting clinicians and
researches. A good classification of lymphoma is surely of
great help in risk stratification of patients and in directing
therapeutic modalities especially when targeted therapy
was introduced in the field of lymphoma. Combined
morphological, immunophenotypical, and genetic features
should be incorporated in any classification of DLBCL if
a reproducible subtyping is aimed.

Aim of the work

To correlate between the germinal center differentiation
in DLBCL (germinal center B-cell (GCB) or activated
B-cell (ABC)) and the double/triple genetic hits status.
Also to identify the relation between these classifications
and other clinicopathological features as patient age, sex,
site of tumor, clinical presentation and tumor stage.

Materials and Methods

The material of this study comprised 52 formalin-fixed
paraffin- embedded blocks representative of diffuse large
B cell lymphoma, NOS cases retrieved from the archival
material available at the Pathology Department, Faculty
of Medicine, Alexandria University.

Inclusion Criteria

Cases of diffuse large B cell lymphoma, NOS, primary
diagnosed non recurrent cases with available complete
clinical data and enough tissue for immunohistochemistry
panel.

Immunohistochemical staining

Four micron thick sections were prepared from the
paraffin blocks of each case and mounted on positively
charged slides. The avidin —biotin immunoperoxidase
method was applied.

-Assessment of germinal center differentiation
was carried out by two different pathologists for
subclassification of cases into (germinal center /
and post-germinal center types) using a panel of
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immunohistochemical markers including CD10, BCL6
and MUMI.

- Scoring of Double/Triple Hit expression: using a
panel of immunohistochemical markers including c-MYC,
BCL6 and BCL2.

- Immunohistochemistry was be performed following
manufacturer’s protocols [24].

Finally, both classifications were be statistically
analysed using SPSS statistics software version 23.
Quantitative data were tested for normality using
Kolmogorov-Smirnov test. Monte-Carlo Exact test was
used to test the association between qualitative variables.
In all applied statistical tests of significance, P value
(<0.05) was considered significant.

Results

This study included 52 cases of DLBCL. Their ages
ranged from (14-92 years) with a mean (52.2+17.1years).
Twenty eight patients (53.8%) were males and twenty four
(46.2%) were females with male to female ratio of 1.16:1.

As regards site of the tumor, twenty nine cases (55.8%)
were nodal with the first presenting nodal site cervical in
11 cases, abdominal in 5 cases, axillary in 6 cases and
inguinal in 7 cases. Further twenty three cases (44.2%)
were extranodal (Tonsils in 6 cases, stomach in one case,
intestinal mass in 3 cases, nasopharengeal mass in 4 cases,
skin in 2 cases, thyroid in one case, and retroperitoneal or
intramuscular mass in 6 cases). The studied cases were
staged according to Modified Ann Arbor staging system
of lymphoma [25] into, stage I (9 cases, 17.3%), stage 11
(21 cases, 40.4%), stage II1 (13 cases, 25%) and stage [V
(9 cases, 17.3%).

Figure 1. DLBCL, GCB, A, Showing Positive
Membranous Staining of CD10 Immunostain, (CD10,
X400); B, Showing Positive Nuclear Staining of BCL6
Immunostain, (BCL6, X400); C, Showing Negative
Staining of MUM-1 Immunostain. (MUM-1, X400);
Relation between clinical data and germinal center
differentiation
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Famor Stage

Figure 2. Relation between Germinal Center

Differentiation and Tumor Stage

Immunohistochemical assessment

In the current study, 28 cases (54%) were positive
for CD10 and 24 cases (46%) were negative. Regarding
BCLG6, 30 cases (58%) were showing positive nuclear
staining in > 30% of tumor cells and 22 cases (42%) were
showing negative staining or staining less than 30% of
tumor cells. MUM-1 staining was positive in more than
30% of tumor cells in 11 cases (21%) and was negative
or less than 30% in 41 cases (79%). According to Hans
classification [13] 30 cases (57.7%) were classified as
germinal center B-cell like DLBCL (GCB-DLBCL)
and 22 cases (42.3%) were classified as non-germinal
center activated B-cells DLBCL (NGC/ABC- DLBCL)
(Figure 1).

Cases were further classified according to expression
of BCL6, BCL2 and c-MYC into three groups, cases were
expressing non or single expressor (Non/SE) which
shows negative results of three markers or only one
positive marker and those were 36 (69.2%) while 12 cases
expressed a combination of C-MYC and BCL-2 or BCL-6
(DE) (23%) and only four cases (7.8%) were expressing
the three markers (TE). Out of 30 cases of GCB-DLBCL,
19 cases (63.3%) were only expressing one marker or
negative for the three markers, 9 cases (30%) were double
expressors and 2 cases (6.7%) were triple expressors.
Regarding the 22 cases of ABC-DLBCL, 17 cases (77.3%)
were (Non/SE), 3 cases (13.6%) were double expressors
and 2 cases (9.1%) were expressing the three markers.

As regards sex; percentage of male patients was
a little higher in GCB-DLBCL than ABC-DLBCL
(54.5% Vs 53%), but this was statistically not significant
(x2=.008, p=0.931, Chi-Square test) and concerning the
tumor site, although nodal site was higher in both GCB
and ABC-DLBCL than extranodal sites, there was no
statistically significant association (y2= 0.023, p=0.879,
Chi-Square test). As regard tumor stage, it was found
that most of GCB-DLBCL cases were stage [ and II
(24 cases out of 30, 80%) while most of ABC-DLBCL
cases were higher stage, III and IV, (16 out of 22 cases,
72.8%) and this finding was statistically significant
(x2=15.1,p= 0.002, Chi-Square test) (Figure 2).

There was no statistically significant association
between age of patients and germinal center differentiation,
(t=.294, P=.77, Independent sample t test).
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Table 1. Relation between (BCL2, BCL6 and c-MYC) Expression and Clinical Parameters

Expression Classification Test of Significance (P)
Non/SE (n=36) DE (n=12) TE (n=4)
No. % No % No %
Sex
Male 18 50 66.7 2 50 MCp=0.739
Female 18 50 4 333 2 50
Site
Nodal 20 55.6 7 58.3 2 50 MCp=10
Extranodal 16 44.4 5 41.7 2 50
Stage
I 7 19.4 2 16.7 0 0 MCp=0.289
I 12 333 7 583 2 50
11 8 22.2 3 25 2 50
v 9 25 0 0 0 50
Age (Years)
Mean = SD 53.19+15.51 50.08+20.64 50.0+£24.11 H=1.167,
Median (Min. -Max.) 53.5 (14-78) 48 (25-92) 44 (28-84) p=0.558

MC, Monte Carlo exact probability; H, Kruskal-Wallis test; SD, Standard deviation

Relation between clinical data and double/triple hit
expression

Concerning age, the median was nearly the same
between the three groups (Non/SE, DE and TE) as (53, 50
and 50 years respectively) with no statistical significance
in this distribution, (H=1.167, p= 0.558, Kruskal-Wallis
test). Regarding gender, it was found that (Non/SE) group
and (TE) group are showing equal distribution of male
and female (1:1), while in case of (DE) group males
were double the number of females (2:1), but this was
statistically not significant (M“p= 0.739, Monte Carlo
exact probability). The (Non/SE) group and (DE) group
were detected more in nodal site but in the (TE) group,
they were detected in nodal and extra nodal sites equally.
Statistically, there was no significance for this distribution
(M= 1.0, Monte Carlo exact probability) (Tablel).

In the matter of tumor stage, it was found that most
of DE and TE cases were stage II and III (83.3% and
100% respectively) while in (Non/SE) group, cases were
arranged near equally between stages (I and II) and (III
and IV) (52.7% and 47.3% respectively) This finding
was statistically not significant (Mp=0.289, Monte Carlo
exact probability).

Discussion

Diffuse large B cell lymphoma (DLBCL) is considered
the most common type of non-Hodgkin lymphoma,
representing 35% to 40% of new cases annually
worldwide. The global incidence of DLBCL has been
doubled in the past decades, highlighting the need for
more effective treatment regimens [26].

The curability of DLBCL is heavily influenced by
a number of factors, such as the age, the international
prognostic index (IPI) score, the molecular cell of
origin (COO) subtype, and presence/absence of specific

chromosomal rearrangements or protein expression.
According to the World Health Organization (WHO)
guidelines, it becomes standard to determine molecular
subsets of DLBCL cases; which highlights the impact
of genomic alterations on disease biology and prognosis
[12,27].

In this paper, we report that the germinal center
differentiation is a useful algorithm to predict the clinical
outcome of DLBCL in the rituximab era, with the GCB
subtype associated with a favourable prognosis. Out of 52
cases, 30 cases (57.7%) were classified as germinal center
B-cell like DLBCL (GCB-DLBCL) and 22 cases (42.3%)
were classified as non-germinal center activated B-cells
DLBCL (NGC/ABC- DLBCL) and there was statistically
significant relation with stage which as most of higher
stage cases were ABC. This agreed with the results of
Zizhen et al. [28], who found that the non-GCB DLBCL
was significantly associated with higher stage.

Alizadeh and colleagues used GEP to classify DLBCL
cases into GCB and non-GCB type. Although they used
hundreds of genes to stratify the cases, they concluded that
there was residual clinical heterogeneity that cannot be
explained by their classification. They could not identify
which of the genes that distinguish GCB from non-GCB
cases were the most important determinants of response
to therapy [10].

Although FISH is a gold standard for detecting DHL.
However, FISH is difficult to perform and takes long time
to operate. Besides, the reagents are expensive. In contrast,
it is convenient, rapid and low cost to detect the protein
expression of corresponding genes by IHC. Therefore,
IHC is commonly used in clinics to detect C-MYC, BCL-2,
and BCL-6 protein expression in DLBCL.

In this study, regarding tumor stage, it was found that
most of double expressors and triple expressors cases
were stage Il and III (83.3% and 100% respectively)
while in (Non/SE) group, cases were arranged near
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equally between stages (I and II) and (III and IV) (52.7%
and 47.3% respectively) This finding was statistically
not significant and this was against literature as Green
et al.[29] reported that in DLBCL, “double expression”
is also associated with poor prognosis of lymphoma.
Swerdlow et al.[30] believe that although 70-80% of
DHL or THL also shows “double expression,” DEL is not
equivalent to and is more common than DHL, accounting
for 18-33% of DLBCL (Green et al., 2012b; Valera et al.,
2013), and only <20% of patients in DEL showed DHL
[29,30]. This finding in our study could be attributed to
small sample size and that most of our cases (36 out of
52) was negative for the three markers or expressing only
one of them.

In conclusion, DLBCL should be classified into GCB
and non-GCB subtypes because they prognostically differ.
Hans’ algorthim is a simple and reliable method for the
classification of DLBCL, but it should be applied on a
large number of cases to be used as a routine method for
DLBCL evaluation.
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