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Abstract

Testicular large B-cell lymphoma (TLBCL) is an infrequent and aggressive lymphoma arising in an immune-privileged site and has
recently been recognized as a distinct entity from diffuse large B-cell lymphoma (DLBCL). We describe the genetic features of
TLBCL and compare them with published series of nodal DLBCL and primary large B-cell lymphomas of the CNS (PCNSL). We
collected 61 patients with TLBCL. We performed targeted next-generation sequencing, copy number arrays, and fluorescent
in situ hybridization to assess chromosomal rearrangements in 40 cases with available material. Seventy percent of the cases
showed localized stages. BCL6 rearrangements were detected in 36% of cases, and no concomitant BCL2 and MYC rearrange-
ments were found. TLBCL had fewer copy number alterations (p < 0.04) but more somatic variants (p < 0.02) than nodal DLBCL
and had more frequent 18g21.32-q23 (BCL2) gains and 6q and 9p21.3 (CDKN2A/B) deletions. PIM1, MYD88?%F, CD79B,
TBL1XR1, MEF2B, CIITA, EP300, and ETV6 mutations were more frequent in TLBCL, and BCL10 mutations in nodal DLBCL. There
were no major genetic differences between TLBCL and PCNSL. Localized or disseminated TLBCL displayed similar genomic
profiles. Using LymphGen, the majority of cases were classified as MCD. However, we observed a subgroup of patients classified
as BN2, both in localized and disseminated TLBCL, suggesting a degree of genetic heterogeneity in the TLBCL genetic profile.
TLBCL has a distinctive genetic profile similar to PCNSL, supporting its recognition as a separate entity from DLBCL and might
provide information to devise targeted therapeutic approaches.
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INTRODUCTION

Testicular lymphoma is a rare and aggressive lymphoma accounting for
1%-2% of all non-Hodgkin's lymphomas (NHL) and 4% of extranodal
lymphomas.>? Approximately 80%-90% of testicular lymphomas corre-
spond to diffuse large B-cell lymphoma (DLBCL).3 The 5th edition of the
World Health Organization (WHQ) classification defines a new entity,
“Primary large B-cell lymphoma of immune-privileged sites,” encompass-
ing primary large B-cell lymphoma of the CNS, vitreoretinal compartment,
and testes.* The International Consensus Classification of Mature Lym-
phoid Neoplasms recognizes primary DLBCL of the testis as a separate
entity, but it remains uncertain whether extranodal lymphomas arising in
immune-privileged sites should be grouped as a unique entity.® The ma-
jority of testicular large B-cell lymphoma (TLBCL) patients present with
localized stages (stage I-Il), although 20%-30% of the cases may exhibit
disseminated disease.® TLBCL has marked extranodal tropism, being the
central nervous system (CNS) and contralateral testis as the most com-
mon sites of dissemination.”® Although the outcome of TLBCL patients
substantially improved after the introduction of rituximab, they still show
frequent relapses or treatment failure and, therefore, a poor prognosis.®?

Around 70%-90% of TLBCLs resemble the activated B-cell (ABC)
or nongerminal center subtype of nodal DLBCL,*°~*? and the majority
of cases cluster among the recently described molecular subgroups
MCD/C5, with frequent genetic alterations of NF-kB, Toll-like receptor
(TLR), and B-cell receptor (BCR) signaling pathways, including somatic
mutations of MYD88:26°F CARD11, and CD79B.23"1% TLBCL develops
in an immune-privileged site behind the blood-testis barrier and shares
some genetic alterations with primary large B-cell lymphomas of the
CNS (PCNSL), including the mutations described above, CDKN2A
(9p21) mutation/loss, structural rearrangements in the PD-1/PD-2 loci
(9p24), and frequent loss of HLA class | and Il expression or loss of HLA
loci (6p21), leading to immune evasion.1¢”

The genetic alterations in TLBCL, including the similarities with
PCNSL and differences from nodal DLBCL, have not been fully char-
acterized. Herein, we investigated the genomic profile of TLBCL, looking
at the clinical impact of the genetic lesions in the immunotherapy era, and
compared the results with previously published series of PCNSL and
nodal DLBCL.

MATERIALS AND METHODS
Patients and samples

We included 61 patients diagnosed with TLBCL according to the updated
4th edition of the WHO?8 classification between 2005 and 2021 in seven

institutions from the Spanish group of lymphomas (GELTAMO). The
staging was performed according to standard procedures, including PET/
CT, unilateral bone marrow biopsy, and lumbar puncture for cerebrospinal
fluid analysis by cytology and flow cytometry.'? We considered localized
disease in those cases in Stage | or Stage Il with only locoregional lymph
nodes involved; all the remaining cases were considered as disseminated.
Patients provided written informed consent in accordance with the De-
claration of Helsinki, and the study was approved by the Institution's
Review Board (HCB/2020/0787). The main clinical-biological features,
response to therapy, and outcome were recorded and analyzed. All but
five patients were treated with chemoimmunotherapy, followed by
radiotherapy to the contralateral testis in 62% of the patients (Table 1).
Responses were assessed by end-of-therapy PET/CT according to stan-
dard guidelines.?°

Two independent series were used to compare the genetic
features of TLBCL: (i) 112 patients with nodal DLBCL from our
institution? and (ii) 39 PCNSL patients previously published.??

Histological review

Histological diagnosis, including morphology and immunohisto-
chemistry, was reviewed by expert pathologists. MYC, BCL2, BCL6, JAK2,
and IRF4 rearrangements were assessed by Fluorescence in situ hy-
bridization (FISH) using break-apart and/or dual-color dual-fusion com-
mercial probes (Metasystems) (Supporting Information S1: Materials and
Methods). HLA class | (HLA-A) and Il (HLA-DR) expression were de-
termined by immunohistochemistry (Supporting Information S1: Table 1
and Supporting Information S1: Materials and Methods). Cell-of-origin
(COOQ) assessment was performed by immunohistochemistry (IHC) ac-
cording to the Hans' algorithm and, in the cases with available RNA,
through the Lymph2Cx Assay (NanoString Technologies) (Supporting In-
formation S1: Supplementary Materials and Methods).

Copy number alterations (CNA) and targeted
next-generation sequencing analysis

DNA and RNA were isolated from 42 formalin-fixed paraffin-
embedded (FFPE) and one fresh frozen tissue from diagnostic samples
using the AllPrep DNA/RNA FFPE Kit (Qiagen) and QIAmp DNA/RNA
Mini Kit (Qiagen), respectively. CNA were analyzed in 42 samples using
the Oncoscan CNV FFPE assay and in 1 sample using CytoScan® HD
assay (Thermo Fisher Scientific) (Supporting Information S1: Table 2).
Nexus version 9.0 Discovery Edition software (Biodiscovery) was used
to analyze and visualize results. The human reference genome used
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TABLE 1  Main baseline features, treatment, and response of the 61
patients with TLBCL.

Characteristics N (%)
Median age (range) 70 (30-89)
ECOG-PS 22 6/48 (12)
B symptoms 6/55 (11)
LDH >UNL 19/50 (38)
Bone marrow infiltration 4/59 (7)
CNS involvement 6/60 (10)
Stage

| 30 (49)

Il 13 (21)

\% 18 (30)
COO Hans' algorithm

Germinal center B-cell 9/53 (17)

Nongerminal center B-cell 44/53 (83)
COO LymphC2x

Germinal center B-cell 7/42 (17)

Activated B-cell 30/42 (71)

Unclassified 5/42 (12)
FISH

MYC rearrangement 4/50 (8)

BCL2 rearrangement 2/45 (4)

BCL6 rearrangement 17/47 (36)
IPI

Low risk 27/49 (55)

Low-Intermediate risk 9/49 (18)

High-Intermediate risk 3/49 (6)

High risk 10/49 (21)
HLA loss

HLA class | 37/41 (91)

HLA class Il 28/43 (62)
Treatment

R-CHOP 47 (77)

Intensive chemoimmunotherapy 5(8)

R-CVP 4(7)

Died before starting treatment or palliative care 5(8)
Response to treatment

Complete response 45/56 (80)

Partial response 1/56 (2)

Progressive disease 10/56 (18)

Note: Intensive chemoimmunotherapy includes BURKIMAB (rituximab,
methotrexate, ifosfamide, vincristine, etoposide, cytarabine, cyclophosphamide,
doxorubicin, vindesine, and dexamethasone) and Hyper-CVAD
(cyclophosphamide, vincristine, doxorubicin, methotrexate, cytarabine, and
dexamethasone).

Abbreviations: CNS, Central nervous system; COO, cell-of-origin; ECOG-PS, Eastern
Cooperative Oncology Group performing status; FISH, fluorescence in situ
hybridization; IPI, International Prognostic Index; R-CHOP, rituximab,
cyclophosphamide, doxorubicin, vincristine, prednisone; R-CVP, rituximab,
cyclophosphamide, vincristine, and prednisone; UNL, upper normal limit.

was GRCh37/hgl9. Driver CNAs were determined by the GISTIC
algorithm (2.0.23).2°

Single nucleotide variants (SNVs) and short insertions/deletions
(indels) were evaluated in 42 samples using a B-cell malignancy-
oriented targeted panel covering 115 genes (SureSelectXT; Agilent
Technologies) (Supporting Information S1: Table 3 and Supporting
Information S1: Methods) and sequenced in a MiSeq instrument (lI-
lumina). The bioinformatic analysis was performed using an updated
version of our in-house pipeline?*?> (Supporting Information
S1: Methods). The LymphGen 2.0 probabilistic classification tool was
used to classify TLBCL cases into the recently described genetic
subtypes.*®

Statistical analysis

Fisher's exact test was used to evaluate the association between
categorical variables. Negative binomial generalized linear models,
implemented in the gim.nb function of the MASS R package, were
used to evaluate the associations between the accumulation of al-
terations and the lymphoma entities, adjusting for the COO. An exact
conditional test implemented in the mantelhaen.test R function was
used to evaluate the association between the presence of an altera-
tion and the lymphoma entity, adjusting for the COO. The endpoints
were progression-free survival (PFS) and overall survival (OS). The
log-rank test or Cox regression was used to evaluate the association
between the endpoints and categorical or quantitative variables, re-
spectively. Cox regression was also used to estimate the hazard ratios
(HR). p-Values were adjusted using the Benjamini-Hochberg method.
To reduce the potential bias created by the detection sensibility of
mutations and CNAs by the different technologies used in the TLBCL
and PCNSL series, when comparing those series, TLBCL mutations
with VAF < 10% and PCNSL CNA segments smaller than 100 kb were
filtered out. The Non-negative Matrix Factorization method solved
with the brunet algorithm, implemented in the NMF R package, was
used to perform an unsupervised cluster analysis of the cases from
the TLBCL, DLBCL, and PCNSL series.?® The input variables were the
presence/absence of alterations in the driver CNAs and in the panel
genes available in the three series. Genes/regions with less than five
alterations were filtered out in this analysis, as well as cases with
missing information in any of the input variables. Two stable clusters
were identified according to the cophenetic metric.

RESULTS
Baseline features

The main clinical-biological characteristics of the patients are listed
in Table 1. The median age was 70 years and 30% of the patients
had disseminated disease at diagnosis, including 6 cases with CNS
involvement (Supporting Information S1: Table 2). A high prevalence
of loss of HLA class | (37/41, 91%) and HLA class Il (28/43, 62%)
expression was observed (Supporting Information S1: Figure 1).
To determine the COO by Hans' algorithm, immunohistochemical
evaluation of CD10, BCL6, and MUM1 was available in 53 cases, of
which 44 (83%) were categorized as non-GCB subtype, and 9 were
classified as GCB subtype. Among the nine GCB cases, eight of them
had an ambiguous phenotype with co-expression of CD10 and
MUM1. Lymph2Cx assay classified 42 cases into three categories:
71% ABC, 17% GCB, and 12% unclassified. The concordance rate
between the Lymph2Cx assay and Hans' algorithm was 76%
(Supporting Information S1: Figure 2). Three of the eight patients with
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ambiguous immunophenotypes by Hans' algorithm were classified as
ABC and one remained unclassified by Lymph2Cx. Of note, in any of
these cases, neither plasmablastic morphology nor IRF4 rearrange-
ment (available in 4 out of 8) was observed (Supporting Information
S1: Table 2). On the other hand, MYC, BCL2, and BCLé rearrange-
ments were found in 8%, 4%, and 36% of cases, respectively. Two
cases showed simultaneous MYC and BCL6 rearrangement, while no
concomitant BCL2 and MYC rearrangement were detected. Double-
expressor phenotype was observed in 39% of the cases (N =11/28).

Copy number profiling

To determine the recurrent chromosomal abnormalities, including CNA
and copy number neutral loss of heterozygosity (CN-LOH), we per-
formed SNP arrays on 43 cases. Our analysis revealed a median of 13
CNAs per case (range 1-43), comprising 6 gains (range 0-24), 6 losses
(range 0-28), and 2 CN-LOH per case (range 0-10) (Supporting In-
formation S1: Table 4). The most frequently observed CNA regions
(>10%) were: (i) gains 19913 (SPIB), 1q, 18q21-q22 (BCL2), 6p25-p22,
9p13 (ZCCHC?), 4q, 11q24-q25 (ETS1, FLI1), 9p24 (JAK2), and 17q12-
g21; (i) trisomies 18, 3, 7, 12, and 21; and (iii) losses of 9p21 (CDKN2A/
B), 6g21 (PRDM1), 6q23-q24 (TNFAIP3), 1q32-q44, 15q15 (B2M), 17p13
(TP53), 6p21 (HLA-C, HLA-B), 1p35, 14932 (BCL11B, EVL), and 1p36, and
CN-LOH 9p, 6p25-p23, 3p, and 3q (Figure 1). We also observed
homozygous deletions at 9p21 (CDKN2A/B) and high copy gains at
18921.31-g23 (BCL2) in 51% (22/43) and 9% (4/43) of the cases, re-
spectively. Using GISTIC, we identified five driver CNA (g < 0.05): losses
of 1p35, 6p21 (HLA-C, HLA-B), 621 (PRDM1), 9p21 (CDKN2A/B), and
1q gains (Supporting Information S1: Table 5). The 9p24.1 genomic re-
gion has been previously described as frequently altered in TLBCL;*¢ we
identified seven cases (16%) with genomic alterations in this region,
including four gains detected by arrays and two gains and one break
detected by FISH using a JAK2 probe. Chromothripsis was observed in
12 (28%) cases, involving frequently (>2 cases) chromosomes 1, 6, and 7
(Supporting Information S1: Figure 3). Notably, 58% (7/12) of these
cases harbored genomic alterations (mutations or deletions) in TP53,
ATM, or SETD2 loci, previously associated with genomic instability and
chromothripsis.2”~%°

Genomic alterations and integrative analysis

A 115-gene custom-targeted sequencing panel was used to analyze
42 samples. The mean coverage of the samples was 599x (range
32-2001) (Supporting Information S1: Table 6). The median number of
mutations per sample was 14 (range 1-132) (Supporting Information
S1: Table 7). Integrating CNA, SNV, and indels in the 40 cases with
NGS and CNA available, the genes/regions altered in >40% of the
cases were PRDM1 (68%), CDKN2A/B (68%), TNFAIP3 (65%), SGK1
(62%), ARID1B (60%), MYD88"2%*F (57%), SPIB (55%), PIM1 (55%),
CD79B (50%), KMT2D (48%), SETD1B (48%), OSBPL10 (42%), and gain
of 1913 (52%) and 1q (48%) (Figure 2). Concomitant mutations in
MYD882¢°P cD79B, and PIM1 were detected in twelve (29%) cases
(note that case TLBCL3 only had NGS data available). Seventy-one
percent of the cases (30/42) could be classified into a molecular sub-
group according to the LymphGen tool, the distribution was as follows:
MCD, 20 cases (66%); BN2, 7 cases (24%), EZB, 2 cases (7%); com-
posite (EZB/MCD/ST2), 1 case (3%) (Figure 2).

However, within both the localized and disseminated TLBCL co-
horts, we have identified a subset of patients categorized as BN2.
Notably, these individuals lacked concurrent alterations in
MYD88-24>P/PIM1/CD79B (Supporting Information S1: Figure 4) and
did not exhibit amplification of 9p24.3-p24.1. Instead, they exclusively

manifested biallelic alterations in TNFAIP3 and BCL10 mutations. Ad-
ditionally, they demonstrated a decreased frequency of mutated genes
associated with immunoevasion, such as CD58, CIITA, and loss of
6p21.33. Moreover, we identified that the BN2 group is enriched in
the GBC subtype and BCLé rearrangement (p = 0.029 and p = 0.006,
respectively; Supporting Information S1: Table 8). In contrast, the MCD
group is characterized by the ABC subtype. After correcting for mul-
tiple testing, we found that MYD8824°" and KMT2D alterations are
significantly enriched in the MCD subgroup (adj. p=0.007 and
p =0.045, respectively). Collectively, these findings underscore the
genetic heterogeneity present within TLBCL.

Localized versus disseminated disease

We compared patients with localized (stages | and Il, N = 43) versus
patients with disseminated disease (stage IV, N = 18) since some of
the latter might not correspond to primary TLBCL. As expected,
patients with systemic disease significantly showed more frequent
B symptoms, poorer performance status (ECOG index), higher LDH
levels, and higher International Prognostic Index (IP1) scores. No major
differences were observed in the COO subtype, LymphGen subgroups,
and MYC, BCL2, or BCL6 rearrangements (Figure 2 and Supporting
Information S1: Table 9). Interestingly, patients with localized or
disseminated disease displayed similar genomic complexity based on
the number of CNAs and mutated genes (Supporting Information S1:
Figure 5). For this reason and to increase the statistical power both
clinical groups were considered together and compared with nodal
DLBCL and PCNSL series.

TLBCL and PCNSL share genetic alterations that differ
from nodal DLBCL

We compared the CNAs and the mutational profile of TLBCL with
previously published series of DLBCL?! (NGS panel and CNA) and
PCNSL?2 (whole genome sequencing). For the comparative analyses,
only the overlapping genes from both NGS panel designs were
considered (N = 60). PCNSL copy number profiles were assessed by
ACE-seq, and the mutational analysis was made only considering the
regions from the 115 genes present in the TLBCL panel. Due to the
differences between the methodologies employed for the PCNSL and
TLBCL sequencing analyses, only mutations in the TLBCL series with a
variant allele frequency (VAF) greater than 10% were considered.
To account for the different ABC/GCB frequencies between the
three entities, all comparisons were adjusted for the COO (cases
without COO information were excluded).

Compared with nodal DLBCL, localized and disseminated TLBCL
have less CNA complexity (p=0.008 and p=0.039, respectively)
but showed a higher number of mutations (p=0.011 and p <0.001,
respectively) and a higher number of mutated genes (p=0.027 and
p <0.001, respectively) (Supporting Information S1: Figure 5). TLBCL
presented more frequently 189q21.32-q23 (BCL2) gains, and 6q and
9p21.3 (CDKN2A/B) deletions (Figure 3 and Supporting Information S1:
Table 10). In contrast, 2p16.2-p13.3 (REL and BCL11A) and 8qg22.3-
q24.3 (MYC) gains, trisomy 5, and 1p and 13q14 deletions were more
frequently observed in nodal DLBCL. Furthermore, PIM1, MYD88-2%%F,
CD79B, TBL1XR1, MEF2B, CIITA, EP300, and ETV6 mutations were
enriched in TLBCL, and BCL10 mutations in nodal DLBCL (Figure 3 and
Supporting Information S1: Table 11). Importantly, biallelic inactivation
of CDKN2A/B and PRDM1 was more prevalent in TLBCL compared to
nodal DLBCL (Supporting Information S1: Table 12).

No clear differences in the number of mutations or the number
of mutated genes were observed between TLBCL and PCNSL
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FIGURE 2 Recurrent genomic alterations in TLBCL according to disease stage. The Oncoprint encompasses the 40 samples analyzed using next-generation
sequencing and copy number analysis. Each column represents one tumor sample, and each row represents one gene/region. Altered genes and genomic regions with
a frequency 210% are ordered by decreasing frequency. From top to bottom: stage of the disease; COO by Hans' algorithm and Lymph2Cx; MYC, BCL2, and BCL6
rearrangements; molecular subgroups according to LymphGen analysis; single nucleotide variants (SNVs), small insertions/deletions (indels), and copy number
alterations (CNA). *Low coverage, higher probability of false positives.
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FIGURE 3 Comparison of the copy number alterations (CNA) and mutation frequencies between testicular large B-cell ymphoma (TLBCL), diffuse large B-cell
lymphoma (DLBCL), or primary large B-cell lymphomas of the CNS (PCNSL). (A) Comparison of CNA between TLBCL cases and nodal DLBCL, highlighting biologically
relevant regions with differential frequency (color denotes the enriched group). (B) A comparative plot of copy number alterations between TLBCL cases and PCNSL,
highlighting the biologically relevant region with differential frequency. PCNSL CNA segments with lengths below 100 kbp were filtered out for this comparison.
Frequent alterations in centromeric and telomeric regions and IG loci (IGK, IGH, and IGL) were displayed but not indicated as differentially altered regions since they
were not filtered out in the PCNSL series. (C) Comparison of gene mutation frequencies between TLBCL, DLBCL, and PCNSL. Only genes mutated in more than 7.5%
of the cases are shown. TLBCL mutations with VAF<10% were filtered out when comparing the TLBCL and PCNSL series, but not in the represented frequencies.
*Denote several adjusted p-value (Q-value) thresholds when comparing the TLBCL series to the DLBCL or the PCNSL one.

(Supporting Information S1: Figure 6). The CN complexity was not
assessed considering the different resolutions of the applied tech-
nologies. 6p21.32 (HLA-DRA) deletion was the only alteration more
prevalent in PCNSL, and no significant differences in specific genes
between both groups were observed (Figure 3 and Supporting
Information S1: Tables 13 and 14).

We also performed the comparative analysis considering only
localized TLBCL cases with similar findings, with main driver genes like
PIM1, MYD88:2%°F CD79B, ETV6, and TBLIXR1 being enriched in
TLBCL (Supporting Information S1: Figure 7). In addition, we also
identified enrichment of BTG1 mutations in localized TLBCL compared
to nodal DLBCL, not detected in the above comparison between
TLBCL (localized/disseminated) versus nodal DLBCL. Regarding the CN
profile, no clear differences were observed between the groups, which
could be explained by the loss of statistical power when using fewer
cases for comparisons. When comparing localized TLBCL versus
PCNSL, 6p21.32 deletions remained more frequent in PCNSL (10% vs.
46%, adj. p =0.19) (data not shown).

Finally, despite adjusting for the COO to account for the varying
frequencies of ABC/GCB between the three entities, we exclusively
compared ABC TLBCL to ABC DLBCL finding a lower number of CNA
and a higher number of mutated genes and mutations in ABC TLBCL
versus ABC DLBCL (p=0.015, p=0.032, p =0.01, respectively) (Sup-
porting Information S1: Figure 5). Furthermore, PIM1, MYD88-2%F
CD79B, BTG1, TBL1XR1, and ETVé mutations were more prevalent
in ABC TLBCL (Supporting Information S1: Figure 8). Even when
comparing only localized ABC TLBCL versus ABC DLBCL, PIM1,
MYD882%F cD79B, BTG1, and ETV6 alterations were more frequent in
localized ABC TLBCL. We observed no clear differences in the CN
profile between the groups, ABC TLBCL versus ABC DLBCL or localized
ABC TLBCL versus ABC DLBCL. However, due to the low number of
TLBCL-GCB cases (n = 5), we could not compare GCB TLBCL with GCB
DLBCL. Nonetheless, the genomic profile of these cases is displayed in
Supporting Information S1: Figure 9. Overall, regardless of the COO
subtype, TLBCL localized or disseminated were enriched in PIM1,
MYD882%F cD79B, and ETV6 alterations as compared to nodal DLBCL
or only ABC DLBCL (Supporting Information S1: Figure 10).

Conversely, TLBCL displayed a similar genomic profile to PCNSL,
except for 6p21.3 (HLA-DR) deletions, which were enriched in
PCNSL.

We further applied hierarchical clustering analysis based on the
genetic alterations of the cases from TLBCL, DLBCL, and PCNSL co-
horts. Most TLBCL and PCNSL clustered together, whereas the majority
of DLBCL grouped in a different cluster (Supporting Information S1:
Figure 11). Genetic aberrations in several genes distinguished TLBCL
and PCNSL from DLBCL, supporting the grouping of primary large B-cell
lymphoma of the testis and CNS.

Clinical impact of initial variables and genetic lesions

After frontline treatment, 45 (80%) patients achieved complete
response (CR), 1 (2%) had a partial response, and 10 (18%) were

refractory, including six early deaths. Among CR patients, 13/45
(29%) eventually relapsed at a median of 26 months from achieving
CR (range 3-93 months). PFS and OS at 5 years were 49% (95%
confidence interval [Cl]: 36-65) and 51% (95% Cl: 40-69), respec-
tively. With a median follow-up of 7 years, 29 patients (48%) had
died: 13 patients due to progression, including two patients that
received palliative care, and 16 due to causes other than TLBCL, in-
cluding second neoplasms (N =4), infection, and treatment-related
toxicity (N =5) and other (N =7). Patients with evidence of CNS at
diagnosis had a shorter PFS (HR: 3.28, 95% CI: 1.1-9.8; p =0.02).
Clinical variables associated with a shorter OS in the univariate ana-
lysis were high B2-microglobulin (HR: 2.99, 95% Cl: 1.1-8.2; p = 0.02)
and CNS involvement (HR: 3.32, 95% Cl: 1.1-9.7; p=0.03) (Sup-
porting Information S1: Table 15). The only two mutations associated
with poor PFS were ATM (HR: 4.1, 95% Cl: 1.5-11.1; adjusted
p=0.161) and SPEN (HR: 3.8, 95% CI: 1.3-10.8; adjusted p = 0.209)
(Supporting Information S1: Table 16).

DISCUSSION

In the present study, we analyzed the clinical and biological features
of 61 cases of TLBCL treated in the rituximab era and compared the
genetic profile with that previously published in nodal DLBCL and
PCNSL series.??2 In our cohort, 30% of the patients presented with
disseminated disease at diagnosis, in line with previous studies.>?
Although distinguishing stage IlI/1V TLBCL from systemic DLBCL with
secondary testicular involvement is difficult and somewhat arbitrary,
we did not find major differences in CNAs or mutational profiles
between the two situations. In a recent study by Wong et al.,*! few
genetic differences were observed between isolated TLBCL confined
to the testes and those with advanced-stage disease. They observed
CD58 truncating mutations more frequently in stages -1V (31%;
g <0.1), while BTG2 mutations were more commonly detected in
stage | disease (37% vs. 8%; g < 0.1). Similarly, our analysis revealed
an enrichment of BTG1 mutations in localized TLBCL compared to
nodal DLBCL.

We confirmed that most TLBCL have a non-GC phenotype, with
only 17% classified as GCB phenotype by IHC and Lymph2Cx. This
supports the rarity of TLBCL cases with a GCB subtype, as previously
reported, with the ABC/non-GCB phenotype representing 69% to
96% of cases.»19712 Of note, eight of the nine GCB subtype cases by
Hans' algorithm had an ambiguous immunophenotype, co-expressing
CD10 and MUM1, and 3 of these cases were reclassified as ABC and
1 as unclassified by Lymph2Cx. Booman et al.,*? reported that 8 out
of 22 cases of TLBCL (36%) were classified as ambiguous by IHC and
were mainly reclassified as ABC subtype (7/8) using gene expression
analysis. Our findings agree with those of Frauenfeld et al.>? who
described a series of DLBCL coexpressing CD10, BCL6, and MUML1.
According to GEP, 32/54 (59%) cases were classified as GCB, 16/54
(30%) as ABC, and 6/54 (11%) as unclassifiable. This highlights the
low correlation between Hans' algorithm and GEP profiling in cases
with aberrant CD10 and MUM1 coexpression.
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Using a comprehensive genomic analysis, we identified that
TLBCL is characterized by alterations in genes involved in BCR acti-
vation (CD79B, SGK1), TLR signaling (MYD88), NF-kB (PIM1, TNFAIP3)
pathway, genomic instability or cell cycle control (CDKN2A/B), im-
mune evasion (HLA-C and HLA-B), B cell differentiation (PRDM1), and
epigenetic modulators (ARID1B). In the recent proposed molecular
classification for DLBCL, most TLBCLs cluster within the MCD/C5/
MYD88 group,t>1433 enriched for MYD88 and CD79B mutations.
Using the LymphGen algorithm, the MCD group was the most fre-
quent in our series, accounting for 66% of the cases. Alterations in
MYD882%°P and CD79B are a hallmark of extranodal.'>¢ Several
studies reported the high prevalence of these mutations in PCNSL,
breast, and intravascular DLBCL.*>1¢2234-3% Fyrthermore, additional
alterations detected in TLBCL as TNFAIP3 inactivation or BCL2 gains
have been reported to cooperate with MYD88-2%5F 40

Mutations within genes mediating immune surveillance are key
players in the TLBCL pathogenesis, including losses of the HLA class |
and Il loci, which are associated with reduced expression of major
histocompatibility complexes (MHC).** In our series, we detected
6p21 (HLA) losses in 15% of the cases, and MHC | and MHC Il loss of
expression in 91% and 62% of the cases, respectively. Other studies
consistently report that there are twice as many cases of TLBCL
lacking MHC I and Il expression compared to nodal ABC-DLBCL.174?
Other immune evasion mechanisms described in TLBCL are the
9p24.1 (PD-L1/PD-L2) gains or translocations and deletions/muta-
tions of B2M gene on 15G21. Chapuy et al.1® reported PD-L1 and/or
PDL-L2 gains in half of TLBCL and PD-L1 or PD-L2 translocation in 4%
of the cases. Nevertheless, the high prevalence of 9p24 alterations
was not corroborated in a recent study,17 neither in our cohort. In
contrast, we confirmed the prevalence of 1521 (B2M) deletions in
TLBCL (21%, 9/43 cases), mutations in 10 cases (24%, 10/42), and
concomitant deletions and mutations in 3 cases (8%, 3/40).

The genetic landscape of TLBCL shows some similarities to nodal
DLBCL, but it has also distinct features. The genetic instability in
TLBCL is driven by CDKN2A/B deletions, whereas nodal DLBCL is
usually characterized by 13q14 (RB1) losses, 8g24 (MYC) gains, or
TP53 alterations.?®424% A noteworthy observation was the marked
occurrence of TBLIXR1 and MEF2B mutations in TLBCL compared to
nodal DLBCL. TBL1XR1 mutations modify the humoral immune response
by promoting memory B cells and have been linked with extranodal ABC
DLBCL that originate from memory B cells.** Consistent with previous
discoveries in PCNSL>? we observed a simultaneous occurrence of
mutations in MYD882%*P and TBL1XR in 86% (12/14) of the cases. On
the other hand, MEF2B deregulates the transcription of BCL6 oncogene.*
Lastly, ETVé alterations were also more prevalent in TLBCL compared to
DLBCL. ETV6 alterations have been previously detected more frequently
in PCNSL than in systemic DLBCL, corroborating the similar genomic
profile of both extranodal DLBCL, PCNSL, and TLBCL.164¢47

TLBCL cases exhibited genomic heterogeneity, with seven out of
40 cases classified as B2N, indicating that not all TLBCL cases have
the MCD genetic profile. This suggests that TLBCL is not a homo-
geneous disease in terms of its genetic profile. However, further
cases are needed to confirm this finding.

Although previous studies pointed to some common genetic
alterations between TLBCL and PCNSL, a distinguishing feature of our
study is the relatively large sample size (N = 40 patients with genomic
analysis) and the integration of targeted NGS and CNAs arrays, with
a substantially higher number of evaluated genes (115 genes).
Compared to PCNSL, TLBCL did not show major differences in CNA
or mutational profile. A potential constraint of our study is that
we employed targeted sequencing rather than whole-exome or
whole-genome sequencing methods, which would have allowed for
the assessment of genes not encompassed in our panel design.

Due to the number of cases, it was difficult to find significant
correlations with prognosis in the current study. Nevertheless, it is
noteworthy that patients carrying ATM and SPEN alterations had a
shorter PFS. ATM is a well-known key regulator of the double-strand
break DNA damage response pathway and cooperates with other key
kinases of DNA damage. ATM has been described as recurrently al-
tered in chronic lymphocytic leukemia and conventional mantle cell
lymphoma, facilitating the development of structural genomic com-
plexity of these tumors with a negative impact on the outcome of the
patients.*®4° SPEN alterations, a gene that encodes a hormone-
inducible transcriptional repressor, have been previously described in
indolent and aggressive lymphomas and associated with poor PFS.5%51

In conclusion, our comprehensive analysis of the mutational
profile and CNAs in TLBCL revealed frequent alterations that overlap
with that of another aggressive lymphoma arising in an immune-
privileged site, PCNSL. Our findings demonstrated that TLBCL has a
distinctive genomic signature, supporting its recognition as a separate
entity from DLBCL, encouraging the grouping of primary large B-cell
lymphoma of the testis and CNS, and might provide relevant
information to tailor therapeutic approaches.
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