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Primary testicular diffuse large B-cell lymphoma (DLBCL) shares
phenotypic features with nodal activated B-cell–like (ABC)
DLBCL, but originates in an immune-privileged site. Recent
studies suggest that it belongs to the MCD or cluster 5 (C5)
DLBCL genetic subgroup, which includes extranodal lympho-
mas associated with immune evasion1,2 and that often harbor an
MYD88L265P mutation, a feature observed in ;60% to 70% of
cases of primary testicular DLBCL.2,3 It has a proclivity toward
involvement of the central nervous system (CNS), which occurs in
;10% to 25% of cases.4-6 Because the CNS-International Prog-
nostic Index (CNS-IPI)7 has limited utility in testicular DLBCL,
objective biomarkers assessable at diagnosis would be valuable in
identifying high-risk patients.

Recurrent genomic rearrangements have been described in
testicular DLBCL, as well as primary CNS lymphoma, another
immune sanctuary tumor.3,8,9 However, the clinical relevance
remains unknown. We used fluorescence in situ hybridization
(FISH) and immunohistochemistry (IHC) to investigate biomarker
associations with clinical outcomes, including CNS risk, in tes-
ticular DLBCL.

A tissue microarray of 1.0-mm duplicate cores was constructed
on all available diagnostic formalin-fixed, paraffin-embedded
pretreatment DLBCL orchiectomy specimens (n 5 89; diagnosis
range, 1981 through 2008) that were reviewed according to the
World Health Organization’s classification.10 Seven were ex-
cluded (supplemental Methods; available on the Blood Web
site); thus, 82 cases were included in the present study. Patients
with bilateral testicular involvement were considered to have
limited stage disease in the absence of distant sites. Most pa-
tients (n 5 68; 83%) received curative-intent, anthracycline-
based treatment, with rituximab added for 37 patients, and
8 of them received CNS prophylaxis, with only 2 receiving IV
high-dose methotrexate (Table 1).

Break-apart FISH was performed for the BCL2, BCL6, and MYC
genes,11 in conjunction with a previously published FISH analysis
of programmed death ligand-1 (CD274) and -2 (PDCD1LG2), as
well as CIITA8 (supplemental Table 1). IHC was performed with
previously defined thresholds (Table 1; supplemental Table 1).12,13

The cell of origin was determined by using the Tally and Hans
algorithms.14 MYD88 mutation testing (L265P) was performed in

48 cases for which there was available tissue. Other clinical details
and outcome variables are provided in the supplemental Meth-
ods. This study was approved by the University of British Co-
lumbia/BC Cancer Research Ethics Board.

Across the 5 loci surveyed via FISH, 36 (43%) cases harbored at
least 1 rearrangement. BCL6was themost frequently rearranged
locus, occurring in 17 (23%) patients, and 6 (8%) harbored a PDL
rearrangement (Table 1). In keeping with a prior study,3 27 of 76
cases (35.5%) had a PDL copy number alteration (PDL amplifi-
cation, n 5 3; 4%; PDL gains, n 5 24; 31.5%; Table 1). Two (3%)
were double-hit DLBCL (MYC-BCL2, n 5 1; MYC-BCL6, n 5 1).
BCL6 and PDL rearrangements were largely mutually exclusive,
with only 1 case having both rearrangements. As expected, most
cases were ABC/non-germinal center B-cell (non-GCB), by either
the Tally (93%) or the Hans (60%) algorithm (Table 1).14 Of in-
terest, the frequency of MYD88L265P mutation was similar to that
reported in other studies (32 of 48; 67%; Table 1)2,3 and was
comparable in patients with limited- or advanced-stage (extra-
testicular) disease (61.5% vs 73%; P5 .41), supporting that those
with extratesticular involvement are most likely on the spectrum
of primary testicular DLBCL.

The median follow-up time for living patients was 7.1 years
(range, 5.2-29). Excluding 1 patient with CNS involvement at
diagnosis, the 5-year cumulative incidence of CNS relapse was
20% for the whole cohort, 22% for curative intent–treated pa-
tients, and 15% and 29% for limited and advanced-stage cases,
respectively. The median time to CNS relapse was 2.96 years
(0.24-15.26). The CNS-IPI was not predictive of CNS relapse risk
(P 5 .42). However, as previously reported,5 kidney/adrenal
involvement was associated with a high CNS risk, with 4 of 5
patients having CNS relapse. Interestingly, patients harboring
either a PDL1/2 or BCL6 rearrangement had a significantly el-
evated risk of CNS relapse (PDL1/2, P , .01; BCL6, P 5 .03;
Figure 1). Findings were similar in those treated with curative
intent (supplemental Figure 1A-B). Patients with a BCL6 re-
arrangement were younger (P 5 .02) and more likely to have
B symptoms (P 5 .05), but there was no association with stage
(P 5 .86). There were no clinical factors associated with PDL1/2
rearrangements (results not shown). Taken together, 22 of 75
patients (29%) had either a BCL6 and/or PDL rearrangement that
conferred a significantly increased risk of CNS relapse compared
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with those who did not harbor either rearrangement (5-year risk,
41% vs 13.5%; P, .01; supplemental Figure 2A-B). Neither gains
or amplifications in PDL nor BCL6 were associated with CNS
relapse (results not shown).

PDL rearrangements were associated with PDL1 (P , .001), but
not PDL2 (P 5 .11) protein expression, strongly suggesting that
PDL1 is the principal target of PDL rearrangements in testicular
DLBCL (supplemental Figure 3). BCL6 rearrangement was as-
sociated with BCL6 protein expression (P 5 .048). Overall,
9 (11%) and 37 (45%) specimens expressed surface PDL1 and
PDL2, respectively, with 6 (7%) demonstrating expression of
both ligands. PDL1/2 and BCL6 protein expression were not
associated with CNS recurrence (not shown).

Considering other potential CNS risk factors, there was no as-
sociation with the presence of a MYD88L265P mutation (P 5 .51),
MYC rearrangement (P5 .47), double-hit mutations (P5 .55), or
dual-expresser status (MYC/BCL2 IHC1; P 5 .47). Cox multi-
variable analysis indicated that the presence of a PDL (HR, 8.41;
95% CI, 2.27-31.07; P5 .001) or BCL6 rearrangement (HR, 4.36;
(95% CI, 1.45-13.03; P , .01) were independently associated
with CNS relapse. Similar results were observed when we in-
corporated the CNS-IPI or considered only curative-intent cases
(supplemental Tables 2 and 3).

In the curative-intent cohort, PDL rearrangements were associ-
ated with an elevated risk of lymphoma relapse (P 5 .03);
however, there was only a trend of reduced disease-specific
survival (DSS; P 5 .09). Neither PDL1 nor PDL2 expression was
associated with lymphoma relapse (PDL1, P 5 .59; PDL2,
P5 .60) or DSS (PDL1, P5 .16; PDL2, P5 .65). There was a trend
toward reduced DSS with BCL6 rearrangement (P5 .06) but not

Table 1. Clinical, molecular, and immunohistochemical
features of testicular DLBCL

All patients, n (%)

Clinical features (n 5 82)*
Median age years (range) 70 (26-93)
Age .60 y (n 5 82) 61 (74)

Stage (n 5 81)
Limited stage 53 (65)
Advanced (extratesticular) stage 28 (35)

B symptoms (n 5 80) 13 (16)

Performance status .2 (n 5 81) 17 (21)

Elevated LDH (n 5 74) 23 (31)

Extranodal sites .1 (n 5 81) 20 (25)

Bulky $10 cm (n 5 80) 7 (9)

IPI (n 5 73)
Low risk, 0, 1 36 (49)
Intermediate risk, 2, 3 24 (33)
High risk, 4, 5 13 (18)

CNS-IPI (n 5 73)
Low risk, 0, 1 9 (12)
Intermediate risk, 2, 3 43 (59)
High risk, $4 21 (29)

Curative-intent chemotherapy 68 (83)
CHOP-like 31
R-CHOP 37
No or palliative chemotherapy† 14 (17)

Prophylactic contralateral RT or
orchiectomy (n 5 82)‡

59 (72)

Adrenal and/or kidney involvement
(n 5 81)

5 (6)

Any CNS relapse 26 (32)
Parenchymal only 18
Parenchymal and leptomeningeal 1
Parenchymal and ocular 1
Leptomeningeal only 6

Table 1. (continued)

All patients, n (%)

Molecular and immunohistochemical
features (%)‡
Cell of origin

Hans algorithm non-GCB 49/82 (60)
Tally algorithm ABC 76/82 (93)

MYD88 mutation positive‡ 32/48 (67)
Limited stage 16/26 (61.5)
Advanced (extratesticular) stage 16/22 (73)

PDL1/2 rearrangement 6/76 (8)
PDL1/2 amplification 3/76 (4)
PDL1/2 gains 24/76 (32)
PDL1-IHC ($10%) 9/82 (11)
PDL2-IHC ($10%) 37/82 (45)
BCL6 rearrangement 17/75 (23)
BCL6 amplification 3/74 (12)
BCL6 gains 26/74 (35)
BCL6-IHC ($30%) 64/82 (78)
BCL2 rearrangement 5/75 (7)
BCL2-IHC ($50%) 71/82 (87)
CIITA rearrangement 7/76 (9)
HLA class II IHC $10% 16/82 (19.5)
MYC rearrangement 6/73 (7)
MYC and BCL2 and/or BCL6
rearrangement positive§

2/73 (3)

MYC-IHC ($40%) 15/82 (18)
MYC ($40%) and BCL2 ($50%) dual

expression
15/82 (18)

N 5 82 patients. For clinical features, number in parentheses denotes total cases with
information available. For the molecular and IHC features, counts are presented as a
fraction, wherein the denominator denotes the number of cases for which a particular
feature could be obtained. Rearrangement (break-apart) positive denotes a separation
of the green and red signals or a loss of 1 signal in .5% of scored nuclei per case.
Amplification denotes in excess of 4 fusion signals per nuclei, with .10% of nuclei having
this signal pattern per case. Estimates are rounded.

*Missing clinical information: stage, n 5 1; B symptoms, n 5 2, performance status, n 5 1;
lactose dehydrogenase, n 5 8; mass size, n 5 2; IPI/CNS-IPI, n 5 9 PDL.

†No chemotherapy or palliative chemotherapy: chemotherapy refusal, n 5 7; frail, n 5 6;
CVP (cyclophosphamide, vincristine, prednisone) n 5 1.

‡Failed MYD88 mutation analysis, n 5 2; failed FISH analysis: BCL2, n 5 7; BCL6, n 5 7;
PDL1/2, n 5 6; MYC, n 5 9, CIITA n 5 6.

§Double hit: MYC rearrangement/BCL2 rearrangement, n 5 1; MYC rearrangement/BCL6
rearrangement, n 5 1.
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reduced risk of lymphoma relapse (P 5 .38), highlighting the
specificity for CNS relapse, which most often occurred in iso-
lation. No associations were observed for BCL6 protein ex-
pression (results not shown). Of interest, in contrast to nodal
DLBCL, the dual-expresser phenotype was not associated with
CNS relapse or DSS.

Few biomarkers have been associated with CNS relapse in
DLBCL. ABC/non-GCB and dual expression of MYC and BCL2
have been associated with an elevated CNS recurrence risk15,16;
however, this does not translate to testicular DLBCL. In contrast,
the presence of either or both BCL6 and PDL rearrangements
appears to confer a heightened CNS risk that is not explained by
the presence of other risk factors.

The mechanisms by which BCL6 and/or PDL rearrangements
enable CNS seeding remain unclear. We postulate that cases
involving BCL6 and/or PDL rearrangement may be characterized
by unique cross talk with the tumor microenvironment and a
propensity for CNS migration as another immune privilege site.
Interestingly, BCL6 rearrangements in primary CNS lymphoma
have been reported to confer poor outcome.9 Future studies
evaluating the expression profile may be informative regarding

the tendency toward CNS relapse in testicular DLBCL, as not all
CNS relapses are captured.

We confirm that most patients with testicular DLBCL harbor
a MYD88 mutation, including those with advanced disease,
supporting a spectrum of primary testicular DLBCL and mem-
bership in the MCD/C5 subgroup. Further, although validation
studies are needed, we report for the first time, to our knowl-
edge, that the presence of BCL6 and/or PDL rearrangements is
associated with a high risk of CNS relapse, which is particularly
important, given the limitations of clinical risk models in tes-
ticular DLBCL. With PD1 inhibitors under evaluation in testicular
DLBCL17 (www.clinicaltrials.gov #NCT02857426), further studies
should correlate these biomarkers with clinical efficacy.
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Figure 1. PDL1/2 or BCL6 chromosome maps and cumulative risk of CNS relapse by PDL or BCL6 rearrangement. The maps display relative probe positions for break-
apart assays, and representative rearrangement-positive cases are depicted, with arrows denoting nuclei. Images were obtained with an Olympus BX61 microscope, original
magnification340, at room temperature, with ARIOL software, v3.4; (Genetix). The cumulative risk of CNS relapse (using competing risk analysis) among cases with or without a
PDL1- or -2 (A) or a BCL6 (B) rearrangement, as determined by FISH.
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