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Primary testicular diffuse large B-cell lymphoma (PT-DLBCL) represents a rare
and aggressive extranodal non-Hodgkin’s lymphoma (NHL) with some specific
features that differ from other NHLs.

Formalin fixed, paraffin wax embedded (FFPE) samples of 21 PT-DLBCLs and
30 comparative patients with DLBCL were analysed. All PT-DLBCL patients were
treated with rituximab-containing regimens, intrathecal prophylaxis (10 patients),
and irradiation of the contralateral testis (9 patients). FFPE samples were addi-
tionally analysed by immunohistochemistry (Bcl-2, c-Myc protein expression) and
fluorescence 7n situ hybridisation (FISH) (BCL2 and MYC).

The patients with PT-DLBCL (median age 48.5 years), had low frequency of
B symptoms (28.6%) and were often diagnosed in I and II Ann Arbor clinical
stage (66.0%). The majority of PT-DLBCL (80.9%) had a non-germinal centre
B-cell-like immunophenotype. Immunohistochemical staining showed increased
c-Myc protein expression in the PI-DLBCL group compared to the control group
(p = 0.016). MYC rearrangement was detected in 1 of 14 (7.0%), and MYC
amplification in 3 of 14 (21.0%) patients. One of the 14 cases (7.0%) in the PT
DLBCL group showed BCL2 rearrangement, and four of 14 (28.05%) cases
showed BCL2 amplification. Complete remission (CR) was achieved in 75.0%
of PT-DLBCL patients who had superior survival compared to those who did not
achieve CR (median 48 vs. 21 months, p = 0.012).

Patients with PI-DLBCL express some immunohistochemical, biological, and clin-
ical features that might differentiate them from nodal and extranodal DLBCL pa-
tients, indicating the need for a more personalised treatment approach.
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Introduction

Primary testicular lymphomas are rare, comprising
3.0% to 5.0% of all testicular tumours, with diffuse
large B-cell lymphoma (DLBCL) as the dominant
lymphoma subtype [1, 2}. Primary testicular diffuse
large B-cell lymphoma (PT-DLBCL) has an aggres-
sive clinical course and inferior response to current
treatment therapy {3].

According to the cell of origin, PT-DLBCL are
more often non-germinal centre B-cell-like (non-
GCB) type, as are other primary extranodal lym-
phomas {4, 5, 6]. Most studies have shown that
the clinical outcome of non-GC DLBCL is worse than
germinal centre B-cell-like (GCB) subtype {5, 6, 7}.

Numerous prognostic factors have been tested in
DLBCL, including BCL2 and MYC translocations
and protein expression {8}. In DLBCLs, a signifi-
cant advance in understanding of MYC alterations
has been made recently. MYC is rearranged in 5.0%
to 15.0% of DLBCL, not otherwise specified (NOS),
and is frequently associated with BCL2 or BCL6
translocation, in the so-called “double-hit” or “tri-
ple-hit” lymphoma {9, 10, 11, 12}. C-Myc protein
expression is detected in a much higher proportion
of DLBCL (30.0-50.0%) than MYC alterations (5.0-
15.0%) and is associated with concomitant protein
expression of Bcl-2 in 20.0% to 35.0% of cases {13,
14, 15}. Most of these tumours do not carry MYC/
BCL2 alterations and have been named “double-ex-
pressor lymphoma”. Several studies have shown that
the double-expressor lymphomas have a worse out-
come than other DLBCL, NOS {13, 14, 15}. How-
ever, due to its rarity and aggressiveness, and im-
provements on the molecular field, PT-DLBCLs are
currently under investigation.

The aim of the current study was to analyse clini-
cal, histological, immunohistochemical, and biologi-
cal features of PT-DLBCL, and to compare them with
nodal and extranodal DLBCLs.

Material and methods

The pre-therapy formalin fixed, paraffin wax em-
bedded (FFPE) samples of 21 PT-DLBCLs available
for histological, immunohistochemical, and biological
evaluation were analysed. Primary testicular lympho-
ma was defined as the presence of a testicular mass,
with orchiectomy and no evidence of previously di-
agnosed lymphoma of other sites. As a comparative
group, 30 newly diagnosed DLBCL patients (19 nod-
al and 11 extranodal, DLBCL, NOS), with available
FFPE were additionally analysed. The control samples
were randomly chosen by using a table of random
numbers among the available FFPE archived samples
of DLBCL, NOS. Subsequently, clinical data were col-
lected. All patients were diagnosed in the Unit of Hae-

matopathology, Department for Pathology, Clinical
Centre of Serbia, Belgrade, between 2002-2016, and
were treated at the Clinic for Haematology, Clinical
Centre of Serbia, Belgrade, during the same period.
All patients underwent standard staging procedures
(physical examination, laboratory analyses, imaging
techniques, and bone marrow biopsy). The patients
with PT-DLBCL were regarded as advanced stage if
there was evidence of enlarged lymph nodes elsewhere
in the body according to Ann Arbor staging system.
The International Prognostic Index was used for pre-
diction of survival {16}. Twenty PT-DLBCL patients
were treated with R-CHOP (rituximab, cyclophospha-
mide, doxorubicin, vincristine, and prednisolone) ther-
apy, plus contralateral testicular radiotherapy applied
in nine patients, and intrathecal therapy in 10 patients
(Table I). All patients in the control group were treat-
ed with R-CHOP/R-CHOP-like regimens. Treatment
response was evaluated according to the previously re-
ported response criteria {17}. This work was done in
accordance with the Declaration of Helsinki and was
approved by the Ethics Board of the Faculty of Medi-
cine, University of Belgrade.

Histologic review

Immunohistochemistry was performed on archived
FFPE tissue samples of PT-DLBCL obtained after
orchiectomy, and archived FFPE tumour tissue sam-
ples of DLBCL patients. For diagnostic purposes,
immunohistochemical stains for CD20 (L26; Dako),
CD3 (SP7; Thermoscientific), CD5 (4C7; Leica Bio-
systems), CD10 (clone 56C6; Dako), Ki-67 (MIBI;
Dako), BCL6 (clone PG-B6p; Dako), MUMI1 (clone
MUM1p; Dako), BCL2 (clone 124; Dako) Cyclin D1
(SP4; Thermoscientific), CD23 (1B12; Leica Biosyste-
ms), and TdT (Clone EP266; Dako) were performed,
according to the manufacturer’s directions and current
laboratory protocol applying an avidin-biotin complex
method (LSAB2 kit peroxidase; Dako) using AEC as
a chromogen. C-Myc was detected using Leica Bond
Max Refine KIT method (Leica Bond Polymer Refine
detection system — DS9800) and rabbit monoclonal
anti c-Myc antibody (Abcam Rabbit monoclonal anti
c-myc, Clone Y69) diluted 1 : 50. Sections were coun-
terstained with Mayer haematoxylin.

Cases were considered positive when at least 50%
of tumour cells expressed Bcl-2 protein and > 40%
of tumour cells expressed c-Myc, according to other
studies {2, 4]. The patients were classified into ger-
minal centre B-cell-like (GCB) and non-GCB sub-
types according to the Hans algorithm [4}].

Fluorescence 7z situ hybridisation

All cases with available additional paraffin-em-
bedded material were studied using fluorescent n
situ hybridisation (FISH) for MYC and BCL2 using
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Table I. Clinical characteristics of 21 patients with primary testicular diffuse large B cell lymphoma (PT-DLBCL)

No AGE ANN ARBOR IPI THERAPY Rrx IT CR RELAPSE (0N VITAL
STAGE (MONTHS)  STATUS
1 74 1-1v High R-CHOP No Yes Yes No 28 Alive
2 67 I-II Low R-CHOP No No Yes No 24 Alive
3 61 II-IV High R-CHOP No Yes Yes Yes 10 Alive
intermediate
4 62 I-11 High R-CHOP Yes Yes No Resistant 24 Dead
intermediate disease
5 67 II-IV High R-CHOP Yes No Yes Yes 16 Dead
intermediate
62 I-11 High R-CHOP Yes No Yes No 39 Alive
64 I-11 Low R-CHOP Yes No Yes No 72 Alive
intermediate
55 III-1V Low R-CHOP Yes No Yes No 20 Alive
66 I-11 Low R-CHOP Yes Yes No No 16 Alive
10 78 I-1I Low N/A N/A N/A N/A N/A N/A N/S
11 77 I-1I Low R-CHOP N/A Yes Yes No 8 Alive
12 69 II-1v High R-CHOP No Yes No Resistant 7 Dead
intermediate disease
13 72 I-1I Low R-CHOP No No No Resistant 9 Alive
disease
14 70 I-11 Low R-CHOP No No Yes No 44 Dead
15 54 I-1I Low R-CHOP Yes Yes Yes Yes 18 Dead
16 66 I-1I Low R-CHOP No Yes Yes No 46 Alive
17 59 II-1V High R-CHOP No Yes No Resistant 21 Dead
intermediate disease
18 76 I-11 High R-CHOP Yes No Yes No 40 Alive
intermediate
19 32 I-1I Low R-CHOP Yes Yes Yes No 12 Alive
20 58 II-1v Low R-CHOP No No Yes Yes 48 Dead
intermediate
21 64 I-11 Low R-CHOP No No Yes No 119 Dead
intermediate

IPI — International Prognostic Index; Rix — radiotherapy; IT — intrathecal therapy; CR — complete remission; OS — overall survival; R-CHOP — rituximab, cyclo-

phosphamide, vincristine, prednisone; N/A — not applicable

commercial, directly labelled split probes, BCL-2 and
C-MYC so as with centromeric probes for chromo-
somes 8 and 18 (Abbott Vysis, USA) [18}.

Results

Clinical evaluation

Clinical characteristics of patients with PT-DLBCL
are summarised in Table I. The median age at pre-
sentation was 64 years (range, 32 to 78 years), with
the majority of patients (14 patients, 66.0%) diag-
nosed in early disease stage (I and II) according to
the Ann Arbor classification, and seven patients
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(33.0%) in advanced stage (III and IV) of disease.
Six patients (28.6%) complained of B symptoms.
High and high-intermediate IPI was present in
10 (47.6%) PT-DLBCL patients. The median age
in the control group of DLBCL patients (15 men/
15 females) was 49 years (range 19 to 81 years).
They were more often diagnosed in advanced Ann
Arbor clinical stage compared to PT-DLBCL (22 pa-
tients, 73.3%, p = 0.011), more often complained
of B symptoms (23 patients, 76.7%, p = 0.002), and
had bulky disease (seven patients, 23.3%, p = 0.033).
Low and low-intermediate IPI was seen in 18 patients
(60.0%), which did not differ from that of PI-DLBCL
(p > 0.05).
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Table II. Immunohistochemical and FISH analysis of 21 patients with primary testicular diffuse large B-cell lymphoma

(PT-DLBCL)
No CELL CD10 Bci-6 MUM-1  Bci-2  c¢-Mxyc DousLE C-Mmyc  BCL-2 DouBLE
OF ORIGIN (%) EXPRESSORS  FISH FISH HIT FISH
1 Non GCB No No Yes No 40 No AMP AMP No
2 Non GCB No Yes Yes Yes 20 No NEG AMP No
3 Non GCB No No Yes Yes 60 Yes NEG NEG No
4 Non GCB No No Yes Yes 10 No NEG NEG No
5 Non GCB No Yes Yes No 40 No NEG NEG No
6 GCB Yes Yes No Yes 40 No REA NEG No
7 GGB Yes Yes Yes No 80 No NEG NEG No
8 Non GCB No No Yes Yes 40 No NEG NEG No
9 Non GCB No No Yes Yes 10 No NEG NEG No
10 Non GCB No Yes Yes Yes 20 No NEG REA No
11 GCB No Yes No Yes 1 No AMP NEG No
12 Non GCB No Yes Yes Yes 80 Yes NEG NEG No
13 GCB Yes Yes Yes Yes 60 Yes NEG AMP No
14 Non GCB No Yes Yes Yes 10 No AMP AMP No
15 Non GCB No Yes Yes Yes N/A N/A N/A N/A N/A
16 Non GCB No Yes Yes Yes N/A N/A N/A N/A N/A
17 Non GCB No No N/A Yes N/A N/A N/A N/A N/A
18 Non GCB No Yes Yes Yes N/A N/A N/A N/A N/A
19 Non GCB No Yes Yes Yes N/A N/A N/A N/A N/A
20 Non GCB No No N/A No N/A N/A N/A N/A N/A
21 Non GCB No No N/A no N/A N/A N/A N/A N/A

FISH — fluorescence in situ hybridisation; GCB — germinal centre B cell; N/A — not applicable

Morphological, immunohistochemical,
and FISH analysis

A centroblastic morphology was shown in all cas-
es. All cases were CD20 positive. GC marker, CD 10
was expressed by three of 21 (14.0%), Bcl-6 by
13 of 21 (61.0%), and MUM-1 by 16 of 18 (88.0%)
PT-DLBCL cases (Table II). Most cases of PT-DLBCL
(17 of 21, 80.95%) had a non GCB-like immuno-
phenotype. Four of 21 (19.0%) cases were classified
as GCB-like subtype. Two of four GCB cases had all
three markers positive (CD10+, Bcl-6+, MUM-1 +).
In the control group, 23 of 30 cases (76.0%) were
non-GCB subtype (p > 0.05).

Bcl-2 protein expression was detected in 16 of 21
(76.0%) PT-DLBCL patients and in 67.0% of pa-
tients in the DLBCL NOS control group (p > 0.05).

C-Myc protein was overexpressed in eight of
14 cases (57.0%), compared to 23.0% in the con-
trol group (p < 0.05; Fig. 1). There was an observed
difference in c-Myc protein expression in the PT-
DLBCL group (median 40.0%, n = 14) and control
group (median 10.0%, n = 29) Mann Whitney test,
U = 11150,z = —2.415, p = 0.016).

Concurrent protein expression of c-Myc and Bcl-2
was present in 5 of 14 PT-DLBCL patients (36.0%),
and classified as “double expressors”. In the control
group, there was a 13.0% rate of “double expressors”
(p > 0.05).

In total, four of 14 (28.5%) patients showed MYC
alterations by FISH in the PT-DLBCL group. MYC
rearrangement was detected in one of 14 (7.0%), and
MYC amplification in three of 14 (21.0%) patients
(Fig. 2). One case with MYC rearrangement lacked
BCL2 rearrangement, but showed c-Myc and Bcl-2
protein overexpression, and GCB immunopheno-
type. Two PT-DLBCL cases (two of four, 50.0%)
with MYC alterations showed c-Myc staining in
> 40.0% of tumour cells (range 40.0-80.0%). Six
cases with positive c-Myc protein expression did not
have MYC alterations. Two cases with MYC ampli-
fication also had BCL2 amplification. In the control
DLBCL group, three patients (10.0%) had MYC re-
arrangement, and three patients had amplifications
(10.0%).

One of the 14 cases (7.0%) in the PT-DLBCL group
showed BCL?2 rearrangement, four of 14 (28.05%) cases
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showed BCL2 amplification. Four of five cases with
BCL2 alterations showed Bcl-2 positivity by immuno-
histochemistry. One patient had BCL2 translocation
associated with the non-GCB subtype (Table II).

In the mentioned cases with MYC amplifica-
tion signals, at least five of them were seen in each
of the analysed nuclei.

Therapy response and survival

Complete remission (CR) was achieved in 15 of 20
PT-DLBCL patients (75.0%), while four patients had
primary resistant disease. Three patients out of four
with resistant disease died within two years following
the diagnosis. Among the patients who achieved re-
mission, four out of 16 PT-DLBCL patients (25.0%)
relapsed. During the follow-up period, eight patients
(40.0%) with PT-DLBCL succumbed to the disease.
Regarding control group, CR was achieved in 24 pa-
tients (80.0%).

The median follow-up of PT-DLBCL patients was
22.5 months (range 7-119 months). The median overall
survival (OS) for the PT-DLBCL group was 48 months
(95% CI: 21.084-74.916) (Fig. 3). PT-DLBCL pa-
tients with low and low-intermediate IPI had me-
dian OS of 48 months vs. 24 months for high-in-
termediate and high IPI (95% CI: 21.084-74.916,
log-rank = 3.192, p = 0.074). The PI-DLBCL pa-
tients who achieved CR had significantly superior
OS compared to those who did not achieve CR (me-
dian 48 months vs. 21 months, log-rank = 6.240,
p = 0.012). When other clinical, morphological,
immunohistochemical, and biological parameters
were analysed by Kaplan-Meyer method and log-
rank test, none of them showed any influence on
survival. Regarding the control DLBCL group, OS
was influenced by the presence of B symptoms (log-
rank = 7.777, p = 0.027), IPI (log-rank = 10.932,
p = 0.001), achievement of CR (log-rank = 37.884,
p < 0.0001), and detected amplification of CMYC
by FISH (log-rank = 8.977, p = 0.011).

Discussion

Primary testicular diffuse large B-cell lymphoma
is the most common malignant testicular tumour in
men over the age of 60 years {3, 6}. In our study, age,
clinical stage, and B symptoms were in accordance
with literature data {3, 6}.

Despite significant progress in treatment of DLBCL
patients, with the addition of rituximab to standard
chemotherapy, radiotherapy, and central nervous sys-
tem (CNS) prophylaxis, the outcome is fatal in al-
most half of patients with DLBCL {6, 19, 20, 21}.
The role of CNS prophylaxis and radiotherapy is
still unknown {20, 21}. The outcome of PT-DLBCL
has been inferior compared to nodal DLBCL, ac-
cording to the specificity of testicular anatomic and
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Fig. 1. c-Myc protein expression in PT-DLBCL (immuno-
histochemistry c-Myc, original magnification 200 X)
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Fig. 2. Overall survival of PT-DLBCL

Fig. 3. MYC rearrangement in PT-DLBCL (FISH)
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functional properties {1, 2}. Regarding OS, in
the current study, our data suggest inferior survival
of PI-DLBCL, potentially due to disease aggressive-
ness. Furthermore, many reports have indicated that
IPI has an important role as a prognostic index on
the survival of DLBCL patients {22]. This was con-
firmed in our control DLBCL group, where IPI re-
tained its prognostic value. Regarding PT-DLBCL,
our data confirm that the majority of PT-DLBCL
patients present with limited stage disease, and have
typically low and low-intermediate IPI risk, which
has, however, limited prognostic utility.

Although clinical factors may contribute to
the outcome after rituximab-based therapy, there is
a need for evaluation of molecular and genetic mark-
ers associated with survival [23}. Booman ez «/. {7},
demonstrated that PT-DLBCL has an almost ex-
clusive activated B cell (ABC) type of gene expres-
sion, while one-third of the same lymphomas show
an ambiguous protein expression pattern with strong
co-expression of both germinal centre and activated
B-cell markers. Most cases of PT-DLBCL in the study
of Deng ¢t al. {23} had a non-GCB-like (84.0%) im-
munophenotype and an ABC-like (86.0%) gene ex-
pression profile (GEP) subtype. In our study, most
of the PT-DLBCL cases (81.0%) showed non-GCB
immunophenotype (compared to 76.0% of control
DLBCL patients); two were clearly GCB, and two
cases were ambiguous with CD10+, Bcl-6+, and
MUM-1+. Some authors reclassified ambiguous
cases as ABC type by gene expression analysis {71.
This predominance of non-GCB-like type may par-
tially account for the historically poor outcomes from
PT-DLBCL [1}.

The prognostic significance of Bcl-2 protein expres-
sion in DLBCL is controversial, but some recent stud-
ies have shown it to be associated with aggressive be-
haviour and shortened overall survival {13, 14, 15, 24}.
However, it is observed that Bcl-2 overexpression
has prognostic value in the GCB subtype only, relat-
ed to the concomitant presence of BCL2 transloca-
tions, which are more frequently found in the GCB
subtype [24}. In our study, Bcl-2 protein expression
was seen in 76.0% of non-GCB-like PI-DLBCL
cases. BCL2 translocation was observed in only one
patient and was associated with a non-GCB im-
munophenotype. The incidence of the BCL2 genetic
changes and Bcl-2 protein expression in our study is
similar to that found in other series {12, 13, 14, 15].

Our data support the results of previous studies
that have reported c-Myc protein to be overexpressed
in a higher percentage of PT-DLBCL patients com-
pared to other DLBCL cases {2, 12, 13, 14, 15}
Regarding FISH analysis, in our study, MYC rear-
rangement was observed in 7.0% of PI-DLBCL cas-
es, which did not significantly differ from DLBCL

patients in the control group, and was in accordance
with previously reported data {11, 12, 24, 25}.

We did not detect MYC/BCL2 double-hit cases
by FISH, but “double-expressor” DLBCL cases were
present in 36.0% of PT-DLBCL patients. In the con-
trol group, there were 13.0% of “double-expressor”
cases. Patients with ¢-MYC/Bcl-2-positive tumours
had significantly inferior outcomes compared with pa-
tients with tumours that did not display both ¢-MYC
and Bcl-2 positivity {11, 12, 13, 14, 25, 26, 27}.

Our results confirm previously published data
showing more frequent occurrence of non-GCB sub-
type among PT-DLBCL. Despite the evident patho-
logic overlap between PT-DLBCL and systemic or
nodal DLBCL, the introduction of high-throughput
sequencing procedures revealed numerous mutated
genes that contribute to sustained signalling path-
ways in PT-DLBCL {28}. BCR, NF-xB, and PI3K
signalling are specifically deregulated in PT-DLBCL,
which represent potential drug targets. Ibruti-
nib, lenalidomide, checkpoint inhibitors, and other
agents are currently under investigation in not only
systemic and nodal DLBCL patients, but also in
PT-DLBCL [28}. They might contribute to improved
outcome of PT-DLBCL. However, future studies
are needed to reveal weather PT-DLBCL truly has
the mutational underpinnings and phenotypic pro-
file that will classify this entity separately from nodal
non-GCB DLBCL and provide specific therapeutic
strategies for PT-DLBCL.

Conclusions

Data from our study demonstrate that PT-DLBCL
has immunohistochemical and biological features
that differ from its nodal and other extranodal coun-
terparts. Regarding clinical data that might support
such a conclusion, the IPI lost its prognostic signifi-
cance in PT-DLBCL compared to the control group.
Despite the limitations of the current study, it em-
phasises the variability of PT-DLBCL, potential in-
ferior survival, and disease aggressiveness. Because
of the rarity of PI-DLBCL, prospective multination-
al studies are needed to advance our understanding
of the biology of this tumour and revision of the cur-
rent treatment approach.
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