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The aim of the study was to assess the incidence of CD5-positive diffuse large
B-cell lymphoma (DLBCL) in the Polish population and to describe its morpholog-
ic and clinical characteristics. The study included 36 patients with CD5-positive
DLBCL, diagnosed and treated in the Maria Sktodowska-Curie Institute and On-
cology Centre, Warsaw, Poland and the Medical University of Warsaw, Poland in
the years 2002-2013. The control group consisted of 28 patients with CD5-nega-
tive DLBCL. CD5-positive DLBCL accounted for 6.26% of all DLBCL cases diag-
nosed in the Maria Sklodowska-Curie Institute and Oncology Centre in the years
2008-2012. The incidence is comparable to other European countries, lower than
noted in Japan and higher than in the US. Patients with CD5-positive DLBCL, in
comparison to the CD5-negative group, were characterized by: (1) older age (= 60
vs. younger) and worse general status (ECOG 2> 2 vs. < 2), (2) lower frequency of
complete remission (CR), (3) higher expression of unfavorable prognostic factors
(BCL2, FOXP1, CD44) and MMP-9, and (4) lower expression of CD30, cyclin D1,
cyclin D3 and TIMP-2.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is the
most frequent aggressive non-Hodgkin’s lymphoma
(NHL). It occurs predominantly in the elderly, typi-
cally follows an aggressive clinical course and requires
prompt medical treatment {1].

CD5-positive DLBCL remains an insufficiently
studied, relatively new entity, which accounts for
5-10% of the DLBCL population [2}. The mean age
of patients with CD5-positive DLBCL is 70 years,
with a moderate female predominance (1 : 1.2), in

contrast to CD5-negative DLBCL, which prevails
in males (1.4 : 1). The majority of patients with
CD5-positive DLBCL have a high International
Prognostic Index (IPI) score {3, 4, 51.

Relatively few literature reports suggest worse clin-
ical outcomes in patients with CD5-positive DLBCL,
resulting from resistance to chemotherapy. It remains
debatable whether CD5-positive DLBCL constitutes
a separate clinical entity or merely an immunopheno-
typic variant of DLBCL with adverse prognostic fea-
tures. The limited knowledge in this field stimulates
further research on this lymphoma [6}].
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Immunohistochemistry IHC) plays a crucial role
in the diagnosis and subclassification of DLBCL.
There are multiple prognostic factors described
in DLBCL, which not only facilitate the diagnosis,
but also support proper treatment decisions in spe-
cific patients. Favorable prognostic factors include,
among others, the expression of CD30 {7}, BCL6
[8} and a low proliferative index {9]. Adverse prog-
nostic factors comprise the expression of cyclin D2
{10}, CD138 {81, CD44 {11}, p53 {121, BCL2 {13,
14, 151, and more importantly, the co-expression of
BCL2 and CD10{16}. The role of cyclin D3 {17, 18},
FOXP1 {13, 19} and CD10 as prognostic factors in
patients with DLBCL is not fully elucidated on the
basis of the available literature {20, 21, 22}.

C-MYC protein overexpression is a new ad-
verse prognostic factor in DLBCL. Identification of
this antigen helps determine DLBCL patients with
poor prognosis {23]. Other recently described anti-
gens associated with unfavorable clinical outcomes
and shorter overall survival of DLBCL patients are
MAGE-A3 {24}, CD43 {25} and PD-L1 {26}

Extracellular matrix metalloproteinases (MMPs)
belong to the family of zinc endopeptidases. Their
expression and function is detected in the majority of
human cells {27}. The main role of MMPs is the deg-
radation of extracellular matrix (ECM), which pro-
motes cell migration and stimulates release of growth
factors, proapoptotic factors, chemokines and cyto-
kines {28}. In physiologic conditions, MMPs take part
in multiple important processes such as angiogenesis,
apoptosis, embryogenesis, tissue remodeling, healing
of injuries or scar formation. The excessive activity
of MMPs is observed in various diseases, including
malignancies, Alzheimer disease, cardiovascular dis-
orders, autoimmune diseases, osteoarthritis, psoriasis
and liver cirrhosis {291. MMP activity is regulated
at various stages of their biosynthesis. Moreover, tu-
mor infiltrating inflammatory cells, stromal cells and
malignant cells secrete growth factors and cytokines
which modulate the activity of MMPs. MMP expres-
sion is also tightly controlled by a-2-macroglobulin,
a non-specific metalloproteinase inhibitor, and by
endogenous tissue inhibitors of metalloproteinases
(TIMPs), which include TIMP-1, TIMP-2, TIMP-3
and TIMP-4 [30}.

MMP-2 and MMP-9 play an important role in
the development of DLBCL and are associated with
progression of the disease. MMP-2 and MMP-9 de-
grade type IV collagen, which is a part of basement
membranes. They are involved in lymphoma process-
es through pro-inflammatory cytokines, chemokines
and other proteins which are released during degra-
dation of the ECM, e.g. osteopontin and interleu-
kin-6 {31}. MMP-2, MMP-9 and TIMP-2 together
comprise a crucial proteolytic axis which regulates
numerous aspects of neoplasia in DLBCL. TIMP-2
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creates complexes with MMP-2. Lymphoma patients
with the highest levels of the aforementioned com-
plexes have a greater risk of relapse {32].

The aim of this study was to compare the clin-
ical characteristics of patients with CD5-positive
DLBCL with the CD5-negative DLBCL subgroup
and to precisely assess the detailed immunopheno-
type of CD5-positive DLBCL with the special con-
sideration of prognostic factors and extracellular ma-
trix metalloproteinases, as well as proteins connected
with the enzymatic function.

Material and methods

Eight hundred and forty-six cases of diffuse large
B-cell lymphoma (DLBCL) were diagnosed in the Ma-
ria Sklodowska-Curie Institute and Oncology Center
in the years 2008-2012. In 53 cases CD5 expression
was detected. Paraffin-embedded tissue blocks were
available for further investigation only in 15 cases out
of this group, because material sent for consultation
was returned to primary sites, and some diagnoses
were made on the basis of flow cytometry alone. The
remaining cases were treated and diagnosed in the
Medical University of Warsaw in the years 2002-
2013. Finally, the study material included 36 spec-
imens of CDS5-positive DLBCL (27 lymph nodes,
5 stomachs, 2 brains, 1 intestine, 1 testis) obtained
from 19 females (52.8%) and 17 males (47.2%) aged
between 29 and 87 years (mean age 69) treated and
diagnosed in the Maria Sklodowska-Curie Institute
and Oncology Centre and the Medical University of
Warsaw in the years 2002-2013. The control group
comprised 28 specimens of CD5-negative DLBCL
(23 lymph nodes, 3 stomachs, 1 intestine, 1 liver)
obtained from 14 women (50%) and 14 men (50%)
aged between 24 and 82 years (mean age 58.5).

Histological procedures

Tissue samples for histological analysis were fixed
in 4% formalin buffer, embedded in paraffin blocks
according to standard procedure and then cut into
slices 3-4 um thick. Slices were subsequently stained
with hematoxylin and eosin (HE).

Immunohistochemical procedures

Immunohistochemical staining (IHC) was per-
formed in the Autostainer Link 48 automatic staining
system manufactured by Dako or manually at room
temperature (20-25°C). Staining protocols were based
on standard methodology and manufacturers’ rec-
ommendations in the case of the following antibod-
ies: CD20, CD3, CD5, CD10, Ki67, MUM1, BCL2,
BCLG, cyclin D1, CD138 and CD30. In the case of
several antibodies (VEGF, CD44, HIFlo, MMP-2,
TIMP-2, MMP-9, cyclin D3, FOXP1 and SOX11) an
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Table I. Individual THC staining protocols developed for studied antigens

ANTIBODY CHOSEN DILUTION ~ ANTIGEN RETRIEVAL LINKER PRIMARY ANTIBODY INCUBATION TIME
(15 MIN)

anti-VEGF 1/25 pH 9.0 — 20 min
anti-CD44 1/50 pH 6.0 — 20 min
anti-MMP-2 1/30 pH 9.0 yes 30 min
anti-TIMP-2 1/50 pH 9.0 - 20 min
anti-MMP-9 1/100 pH 9.0 - 30 min
anti-cyclin D3 1/50 pH 9.0 - 20 min
anti-FOXP1 1/300 pH 9.0 — 20 min
anti-SOX11 1/100 pH 9.0 - 20 min

individual staining protocol was developed, including
selection of buffer for antigen retrieval, concentration
and duration of incubation (Table I). The staining pro-
tocol with MMP-2 additionally included the linker re-
agent to enhance the IHC reaction.

Detection of the primary antibodies bound with
the antigens listed above was obtained using sec-
ondary antibodies conjugated with horseradish per-
oxidase (HRP). Visualization of this reaction was ac-
quired using 3,3’-diaminobenzidine (DAB). The last
step was the counterstaining with hematoxylin to
visualize the nuclei.

Basically, the assessment of staining was based on
estimation of both the amount of cells with a posi-
tive reaction (0-100%) and the staining intensity (0,
+, ++, +++). The reactions with VEGF, MMP-2,
MMP-9 and TIMP-2 were evaluated according to the
Remmele score, whose final result is the product of
the proportion score assigned for the amount of posi-
tive cells (0-4 points) and the reaction intensity score
(0-3 points), known as the Immunoreactive Score
(IRS), ranging from O to 12 points {33}].

Statistical analysis

Statistical analysis was performed using the IBM
SPSS Statistics 19 software. The Fisher exact test
with 2 X 2 contingency tables was used to assess
the significance of the differences in distribution of
sex, elevated LDH level, general symptoms (A/B),
IPI risk groups, response to treatment, ECOG per-
formance status > 2, clinical stage III-IV, age over
60 years and number of extranodal sites involved be-
tween CD5-positive and CD5-negative DLBCL. The
significance of the differences between THC staining
scores in patients with CD5-positive and CD5-neg-
ative DLBCL was assessed using the Mann-Whitney

test. The results were regarded as statistically signif-
icant if the P value was below 0.05 for each of the
aforementioned tests.

Results

CD5-positive DLBCL accounted for 6.26% of all
DLBCL cases diagnosed in the Maria Sklodowska-Curie
Institute and Oncology Center in the years 2008-2012.
Full clinical data were collected for 58 patients with the
exception of six cases of CD5-positive DLBCL, which
were treated in various oncologic centers in Poland and
the tissue material was sent for consultation only.

Among the analyzed clinical data, only three
parameters differed significantly between study
groups (Table II). Age > 60 years and ECOG per-
formance status > 2 were more frequently observed
in CD5-positive DLBCL in comparison to patients
with CD5-negative DLBCL (Fisher exact test p =
0.006 and p = 0.034, respectively). As a result,
patients with CD5-positive DLBCL were more fre-
quently classified in the high-risk group according to
the International Prognostic Index (IPI). Moreover,
response to treatment defined as complete remission
(CR) was significantly better in CD5-negative DLBCL
than in CD5-positive DLBCL (Fisher exact test p =
0.03). The remaining parameters did not differ sig-
nificantly between the study groups.

Significant differences between DLBCL patients
grouped according to CD5 expression were found
only in the case of selected IHC stains (Tables III, IV).
The Mann-Whitney test showed higher expres-
sion of BCL2 (p = 0.000), FOXP1 (p = 0.000),
CD44 (p = 0.003), and MMP-9 (p = 0.045) in pa-
tients with CD5-positive DLBCL in comparison to
CD5-negative cases (Figs. 1-3). On the other hand,
the expression of CD30 (p = 0.000), cyclin D1

237



NiNa WoznNiaLs, BEATA GIERE], LiDiA POPEAWSKA, ET AL.

Table II. Clinical parameters in patients with CD5-positive DLBCL and CD5-negative DLBCL

PARAMETER DLBCL CD5(+) DLBCL CD5(-) (%) P VALUE
(%)
Sex F 52.80 50 0.512
47.20 50
Age > 60 86.7 53.6 0.006
LDH > ULN 56.7 71.40 0.185
Stage III-IV 46.7 71.4 0.49
General symptoms A 50.0 32.1 0.133
B 50.0 67.9
ECOG PS> 2 43.3 17.9 0.034
IPI low 16.7 25.0 0.573
intermediate 60.0 60.7
high 23.3 14.3
Extranodal involvement > 2 sites 26.7 25.0 0.562
Response to treatment CR 63.3 78.6 0.03
PR 6.7 7.1 0.593
SD 6.7 10.7 0.38
PD or death 23.3 3.6 0.06

CR — complete remission; PR — partial remission; SD — stable disease; PD — progressive disease; LDH — lactate debydrogenase; ULN — upper limit of normal; ECOG
PS — Eastern Cooperative Oncology Group Performance Status scale; IPI — International Prognostic Index

Table III. Mean percentage of positive IHC staining cells in CD5-positive DLBCL and CD5-negative DLBCL with
statistical assessment

ANTIGEN DLBCL CD5(+), MEAN DLBCL CD5(-), MEAN P VALUE
CD20 0.96 0.94 0.095
CD3 0.16 0.16 0.418
CDs5 0.96 0.00 0.000
CD10 0.21 0.22 0.259
Ki67 0.85 0.79 0.070

MUM1 0.66 0.54 0.362
BCL2 0.84 0.51 0.000
BCL6 0.58 0.49 0.057

Cyclin D1 0.00 0.08 0.000

Cyclin D3 0.24 0.36 0.037

CD138 0.00 0.00 1.000

FOXP1 0.83 0.47 0.000
CD44 0.89 0.75 0.003

SOX11 0.00 0.00 1.000
CD30 0.00 0.16 0.000

Discussion

(p = 0.000), cyclin D3 (p = 0.037), and TIMP-2
(p = 0.000) was higher in the CD5-negative DLBCL The 4™ edition of the WHO classification (2008)
group. The results of the remaining stains were com- recognizes 3 immunohistochemical subgroups of
parable between the study groups. DLBCL, not otherwise specified (NOS): germinal cen-
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Table IV. Mean results of IHC staining according to the Remmele score in CD5-positive DLBCL and CD5-negative

DLBCL with statistical assessment

ANTIGEN DLBCL CD5(+), MEAN DLBCL CD5(-), MEAN P VALUE
MMP-2 0.58 0.93 0.667
MMP-9 2.06 1.30 0.045
TIMP-2 0.72 7.07 0.000
VEGF 1.08 0.96 0.188

ter B-cell (GCB), non-GCB and, the least frequent,
CD5-positive DLBCL, which accounts for 5-10% of
DLBCL, NOS. In Texas, USA, the frequency of this
lymphoma has been estimated to be 5% (13/260) of
the DLBCL population {34}, in a Scandinavian study
it was 7% (9/125) {35}, whereas in Japan it was as
high as 10% (24/240) {36}. In the Polish population
analyzed in the present study, CD5-positive DLBCL
accounted for 6.26% (53/846) of all DLBCL cases.

CD5-positive DLBCL is considered as a subtype
of DLBCL with aggressive clinical characteristics. It
occurs in the elderly with female predominance and
more frequent extralymphatic localization. In com-
parison to the CDS5-negative DLBCL population,
patients with CD5-positive DLBCL are characterized
by a more advanced clinical stage at diagnosis, worse
general condition, higher LDH level and more fre-
quent central nervous system involvement, as well as
a worse response to chemotherapy {371

The results of the present study confirm high-
er incidence of CD5-positive DLBCL in the elderly
(> 60 years) and worse general condition of these
patients (ECOG performance status > 2) in compar-
ison to the CD5-negative DLBCL population. These
are two of five prognostic factors used to assess the
risk group according to the International Prognostic
Index (IPI). The remaining parameters used to assess
IPI (clinical stage according to Ann Arbor classifica-

Fig. 2. Immunohistochemical staining with anti-FOXP1
in a case of CD5-positive DLBCL (magnification 400 X)

tion, number of extranodal sites involved and serum
LDH activity) did not differ significantly between the
analyzed groups.

Patients with CD5-positive DLBCL were charac-
terized by a significantly lower CR rate in comparison
to the group with CD5-negative DLBCL, which indi-
cates its aggressive course and unfavorable prognosis.

The results obtained by Ennishi ez /. confirm the
poor clinical outcomes in CD5-positive DLBCL. The
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Fig. 1. Immunohistochemical staining with anti-MMP-9
in a case of CD5-positive DLBCL (magnification 400 X)

Fig. 3. Immunohistochemical staining with anti-CD44 in
a case of CD5-positive DLBCL (magnification 400 X)
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overall survival (OS) and event-free survival (EFS)
reported by these authors were 91% and 73%, re-
spectively, in the CD5-negative group, and 45%
(p = 0.001) and 18% (p < 0.001), respectively, in
the CD5-positive group {51. The studies by Chan ez
al. {3} and Zheng et 4l. {4} also confirm this obser-
vation.

The results of immunohistochemical analyses
performed by the authors of the present study also
indicate the aggressive behavior of the disease. It is
characterized by higher expression of unfavorable
prognostic factors and lower expression of favorable
prognostic factors. Wiodarska ez #/. documented in-
tensive FOXP1 expression in DLBCL [38]. More-
over, it is more often observed in the non-GCB sub-
type. Some authors reported that the expression of
FOXP1 on lymphoid cells was associated with worse
clinical outcomes [19}. In the present study, the ex-
pression of FOXP1 was noted both in CD5-positive
DLBCL and CDS5-negative DLBCL. However, the
intensity of staining was different, being significant-
ly higher in CD5-positive DLBCL (Mann-Whitney
test, p = 0.000). This observation is a notion towards
the association between FOXP1 expression and clin-
ical course of the lymphoma. However, Nyman ez /.
suggest that the prognostic significance of FOXP1 is
doubtful, especially in contrast to BCL2 {13}, whose
unfavorable impact in DLBCL remains firmly docu-
mented {13, 14, 15}, and may be further enhanced in
cases with co-expression of CD10 {16}. High BCL2
expression, found in 40-60% of the DLBCL popula-
tion, leads to uncontrolled proliferation of lymphoid
cells {14}. In line with these results, the staining
performed in the present study showed significantly
higher BCL2 expression in patients with CD5-pos-
itive DLBCL in comparison to the CD5-negative
group (Mann-Whitney test, p = 0.000).

The neoplastic cells in DLBCL frequently show
positive immunostaining for CD44, an adhesion fac-
tor facilitating the dissemination of malignant cells
in the body and thus the progression of the disease.
According to the reported data, its expression is high-
er in non-GCB in comparison to the GCB subtype,
which may partially explain the unsatisfactory treat-
ment outcomes in the former type of DLBCL [11}.
The CD44 protein plays a major role in promoting
angiogenesis and disease progression. It simulates
proliferation and motility of neoplastic cells, enables
metalloproteinase activity, and enhances the develop-
ment of tumor vasculature {39]. Inagaki et 2/. de-
scribed the association between high CD44 expres-
sion and shorter OS in patients with DLBCL {40].
In the present study, high expression of CD44 was
documented in the CD5-positive DLBCL population.
The majority of cases showed CD44 expression in
100% of malignant cells. In contrast, CD5-negative
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DLBCL cases showed significantly weaker CD44 ex-
pression (Mann-Whitney test, p = 0.003).

The presence of CD30 on the surface of neoplas-
tic cells was found in 32% of cases in CD5-negative
DLBCL (9/28), whereas it was completely absent in
CD5-positive DLBCL (0/36) (Mann-Whitney test,
p = 0.000). Hu ez @/. {71 concluded that CD30 ex-
pression is a favorable prognostic factor in DLBCL
patients. The results of immunostaining with an-
ti-CD30 antibody performed in the present study
further confirm the worse prognosis in patients with
CD5-positive DLBCL.

Angiogenesis is a complex process of new blood
vessel formation on the basis of the existing vascula-
ture. The first step is the proteolytic degradation of
the extracellular matrix by metalloproteinases. Subse-
quently, migration and proliferation of the endotheli-
al cells ensues, and finally, formation and maturation
of blood vessels occur. The first scientist to indicate
the potential role of angiogenesis in cancer develop-
ment was Judah Folkman in 1971 {41}. There are
multiple factors with pro- and antiangiogenic prop-
erties. Depending on the domination of one or the
other group, induction or inhibition of angiogen-
esis ensues. Formation of new vessels is stimulated
by various cytokines, including vascular endothelial
growth factor (VEGF), which inhibits apoptosis and
stimulates proliferation of endothelial cells, as well as
increasing permeability of vascular walls {42].

There are conflicting literature reports concern-
ing VEGF expression and its clinical impact in
DLBCL. Zhu et al. {43} observed that VEGF ex-
pression is associated with worse response to che-
motherapy and unfavorable prognosis in patients
with DLBCL. However, Gratzinger ¢ a/. {44} sug-
gest that increased tumor vascularization is associ-
ated with shorter survival of patients with DLBCL.
Nevertheless, the authors found that a high level of
VEGF expression in malignant cells did not correlate
with the degree of regional vascularization. Similarly,
the results of immunohistochemical reactions with
anti-VEGF performed in the present study did not
confirm any association between the level of VEGF
expression and the clinical behavior of DLBCL. Both
study groups, CD5-positive and CD5-negative DLB-
CL, were characterized by comparable expression of
this protein (Mann-Whitney test, p = 0.188).

Extracellular matrix metalloproteinases play an
important role in the process of angiogenesis. MMPs
degrade the stroma, creating space for new malig-
nant cells and budding blood vessels. MMPs also in-
duce angiogenesis through release of multiple growth
factors and proangiogenic factors from the surface of
cells [451. Pathologic processes in the body are usual-
ly accompanied by a decrease of TIMP activity. This
in turn leads to increased activity and enhanced ex-
pression of MMPs in the malignant tissue. Excessive
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MMP synthesis with concomitant TIMP deficiency
results in intensification of tissue degradation and, fi-
nally, in deterioration of the neoplastic disease. This
process promotes migration of malignant cells and
predisposes to the development of metastatic foci
[46]. Increased TIMP expression is frequently found
both in tumor stroma and in malignant cells. There
are data to confirm the thesis that overexpression of
TIMPs in malignant cells reduces their aggressiveness
and ability to form metastases. Among others, Qi e
al. documented that TIMP-3 inhibits tumor growth
and angiogenesis intensity {47}.

The present study showed that the level of MMP-2
expression was comparable in patients with CD5-pos-
itive and CD5-negative DLBCL (Mann-Whitney test,
p = 0.67). On the other hand, MMP-9 expression
was higher in CD5-positive DLBCL (Mann-Whitney
test, p = 0.045). It may be associated with adverse
clinical course of this lymphoma subtype, because
MMP-9 releases multiple factors from the extracellu-
lar matrix, which promote growth and dissemination
of the malignant disease. One of them is KIT ligand,
which induces angiogenesis and thus facilitates dis-
semination of neoplastic cells {48]. Moreover, sig-
nificantly higher TIMP-2 expression was noted on
malignant cells in CD5-negative DLBCL, in compar-
ison to CD5-positive DLBCL (Mann-Whitney test,
p = 0.000). Unarguably, it is associated with lower
ability to metastasize in this subtype of lymphoma, as
TIMPs inhibit metalloproteinase activity.

The majority of authors have reported similar ob-
servations to those made in the present study, name-
ly that the expression of MMPs in malignant cells,
including MMP-9, is associated with unfavorable
prognosis in patients with aggressive NHL, such as
DLBCL {49, 50, 51}. Feng ¢t al. reported that the
expression of MMP-9 was higher in DLBCL in clin-
ical stage III and IV in comparison to clinical stage
I and IT {52}. Nevertheless, there are reports suggest-
ing that the expression of MMP-2, MMP-9, TIMP-1
and TIMP-2 has no influence on survival in DLBCL
patients {53}.

The knowledge about the mechanism of action
of MMPs and development of their inhibitors may
significantly influence future treatment strategies,
creating an alternative to conventional chemothera-
py and radiotherapy. The aim of such therapy would
be to inhibit their enzymatic activity in target tis-
sues. Synthetic MMP inhibitors could potentially re-
strain tumor growth, as well as its ability to develop
metastases {46}. MMP inhibitor are currently being
assessed in clinical trials {54}. Preclinical studies on
tumor models gave promising results. Unfortunately,
the results of clinical studies in cancer patients are
still unsatisfactory {27]. Studying the mechanism of
action of metalloproteinases and their inhibitors may

be necessary in future to create novel therapeutic mo-
dalities in DLBCL.

Conclusions

1. The expression of CD5 on DLBCL cells was as-
sociated with poor prognosis factors (BCL2, FOXP1,
CD44) and MMP-9.

2. The expression of CD5 on DLBCL was noted in
the minority of these patients (6.26%) and charac-
terized a group with different clinical features, course
and prognosis.

3. Patients with CD5-positive DLBCL in com-
parison to patients with CD5-negative DLBCL were
more frequently classified in the high-risk group ac-
cording to the International Prognostic Index (IPI),
were older (> 60 years) and were in worse clinical
condition (ECOG performance status > 2).

Further studies on metalloproteinases and their
inhibitors in the future may provide important prog-
nostic information and create a basis for targeted
therapy in a selected group of patients with lympho-
mas.

The anthors declare no conflict of interest.
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