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Background: Primary testicular lymphoma is a rare type of non-Hodgkin lymphoma, mostly of the diffuse large B cell lymphoma
(DLBCL). Although a consensus on standard treatment has been established, unresolved issues remain, such as recurrence in the
central nervous system (CNS).

Methods: We retrospectively analyzed the clinical characteristics and survival outcomes of 65 testicular DLBCL patients according to
clinical settings and treatment modalities.

Results: The median age of the patients in our study was 65 years, and two-thirds of them had disease limited to one testis. There was
no right or left lateralization of testicular involvement. Over a median follow-up of 53.9 months (95% confidence interval 34.0-73.7
months), patients with stage I disease and a low international prognostic index score showed better survival outcomes than those in
other categories. Orchiectomy, six cycles of chemotherapy, and radiation therapy (RT) to the contralateral testis demonstrated survival
benefits, whereas CNS prophylaxis therapy did not reduce CNS recurrence. During the follow-up period, the survival curves showed
continuous decline, mostly due to disease progression. CNS recurrence was observed in 15% of patients, and parenchymal involve-
ment was dominant. However, no factors were associated with CNS recurrence in our analyses. Although our molecular analyses were
performed in a small number of patients, MYD88, CD79B, and PIM1 mutations were frequent.

Conclusion: In our study, treatment with orchiectomy, six cycles of immunochemotherapy, and contralateral RT was effective.
However, because CNS prophylaxis is an essential part of testicular DLBCL management, better treatment strategies than intrathecal
therapy are required.
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Introduction

Primary testicular lymphoma, which accounts for less than 2% of non-Hodgkin lymphoma (NHL) cases, has similarities to extra-
nodal NHL that occurs in immune-privileged sites, such as the eye and central nervous system (CNS)." Pathologically, 80-90% of
primary testicular lymphoma cases demonstrate diffuse large B-cell lymphoma (DLBCL) with non-germinal center/activated
B-cell (ABC) subtype.* At diagnosis, most cases of testicular DLBCL show localized disease described as stage I/II. However,
distinction between stage III/IV testicular DLBCL and systemic DLBCL with secondary testicular involvement is somewhat
arbitrary. The rate of advanced testicular DLBCL is less than 20%.*
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Due to the rarity of testicular DLBCL, treatment strategies have been adopted based on small-scale, non-randomized,
Phase 2 studies or retrospective studies.*>”” Currently, the standard treatment scheme is orchiectomy of the disease-
involved testis, immunochemotherapy combined with rituximab, contralateral testicular radiation therapy (RT), and CNS
prophylaxis with intrathecal (IT) or intravenous (IV) methotrexate (MTX).*'® Although the ability of rituximab to
penetrate immune-privileged sites, including CNS, is uncertain, previous studies have demonstrated improved survivals
in testicular DLBCL when rituximab is added to the CHOP (cyclophosphamide, doxorubicin, vincristine, and predni-
sone) regimen.®'''* Therefore, the standard systemic treatment for testicular DLBCL is RCHOP, as for other systemic
DLBCL. However, previous results have shown that RCHOP did not mitigate CNS recurrence, and that patients who
experienced CNS recurrence had dismal survival outcomes.'>'® IT or IV MTX is commonly recommended for testicular
DLBCL to prevent CNS recurrence. In the IELSG-10 study, the CNS recurrence rate was 6% among stage I/II testicular
DLBCL patients treated with IT MTX at a 12mg total dose, weekly for four weeks.” In the IELGS-30 study, CNS
prophylaxis consisted of four doses of IT liposomal cytarabine and two courses of IV MTX (1.5g/m?). Those researchers
reported no CNS recurrences during five years of follow-up.'” However, given that the median age of testicular
lymphoma patients at diagnosis is older than 65 years, the dosage and route of administration of MTX required to
provide effective CNS prophylaxis remain unclear in terms of safety and efficacy.’

Therefore, we recognize the needs for research to consider novel treatment schemes, but such studies are difficult to
perform due to the small number of patients. In this retrospective study, we classify the clinical features and survival
outcomes of testicular DLBCL patients according to the clinical characteristics and treatment modalities. Based on our
analyses, we discuss the optimal treatment modalities for resolving CNS recurrence and improving dismal survival
outcomes. We also consider the prognostic factors that influence survival and CNS recurrence.

Methods

Study Analysis and Patient Collection

We collected 65 Korean patients with testicular DLBCL from two prospective observational cohort studies (NCT
#01877109 and NCT #03117036) and the lymphoma registry of Samsung Medical Center between 1996 and 2021.
Although the main subjects of this study were patients with primary testicular DLBCL, patients with DLBCL in other extra-
nodal sites were also included. Among the 65 patients, 63 received orchiectomy for biopsy confirmation and treatment aim,
and two were diagnosed with DLBCL by biopsy of a site other than the testis. Pathologic diagnosis was conducted by
lymphoid malignancy pathology experts (J.C. and Y.H.K.). The cell of origin (COO) of lymphoma was determined
according to the Hans algorithm.'®'? The immunohistochemistry for Bcl-2 and c-Myc was performed for the diagnosis
of double-expressor type whereas we did a fluorescence in situ hybridization (FISH) using the probe for MYC, BCL2 and
BCLG to identify cases having double-hit/triple-hit lymphomas.?® We retrospectively reviewed the medical records of the
patients, who were all registered in the cohorts or the lymphoma registry, after receiving approval of the Institutional
Review Board of Samsung Medical Center (approval number. 2022-01-120). This study was conducted under the ethical
principles of the Declaration of Helsinki and the Korea Good Clinical Practice guidelines, and written informed consent was
waived due to the retrospective study nature. In this study, all data of patients accessed complied with relevant data
protection and privacy regulations. The last update of survival and disease status occurred in February 2022.

We collected the following clinical and laboratory information from medical records at the time of diagnosis and
during treatment and follow-up: age, complete blood count, lactate dehydrogenase (LDH), beta-2 microglobulin, Eastern
Cooperative Oncology Group performance status (ECOG-PS), presence of extra-nodal site involvement, Ann Arbor
stage, international prognostic index (IPI), and CNS-IPI. After reviewing the imaging results, we defined a limited stage
of testicular DLBCL as cases involving one or both testes without nodal or extra-nodal involvement, and we defined the
advanced stage as cases involving the testes and lymph nodes or extra-nodal sites. In addition, we analyzed the archived
results of next-generation sequencing (NGS) conducted in clinical practice at diagnosis, although that analysis included
only patients with tumor tissue available for targeted sequencing using HemaSCAN, which contains 425 genes associated
with hematological malignancies, as previously described.”'** Mean sequencing coverage was greater than 700x, and

somatic alterations were called using a previously described pipeline.”**
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Treatment Modalities

We collected the following treatment-related information: unilateral or bilateral orchiectomy, chemotherapy, prophylactic
contralateral testicular RT, and CNS prophylaxis. All patients were recommended to receive four to six cycles of chemotherapy
(CHOP or RCHOP). The institute advocated for prophylactic contralateral testicular RT on patients who completed primary
treatment. Irradiation was performed using a single anterior field of 12-MeV electrons or single to multiple fields of X-rays with 4—
10 MV. A total dose of 30 grays in 10-15 fractions was delivered over two to three weeks. CNS prophylaxis was also
recommended for all patients at a fixed dose of 15mg of MTX for IT treatment or 1.0 g/m® MTX for IV treatment. The response
rates were estimated after completion of the planned treatment modalities and were assessed by the Lugano classification for
lymphoma using computed tomography scans, brain magnetic resonance imaging, and [18F] 2-fluoro-2-deoxy-D-glucose
positron emission tomography in cases with measurable nodal or extra-nodal lesions.”> A small number of patients with suspected
or confirmed CNS involvement underwent cerebrospinal fluid (CSF) studies before, during, or after treatment.

Statistical Analysis

Descriptive statistics are given as percentages and medians, and intergroup comparisons of categorical variables were
conducted using the y* test or Fisher’s exact test. The Kaplan—Meier method was used to estimate overall survival (OS),
progression-free survival (PFS), and event-free survival (EFS) for CNS recurrence. The OS was assessed from diagnosis
to death or the last follow-up date; PFS was estimated from diagnosis to disease progression or death from any cause; and
EFS was calculated from the end of treatment to the confirmation date of CNS recurrence. To elucidate factors associated
with CNS recurrence and survival following the diagnosis of testicular DLBCL, we performed univariate and multi-
variate analyses using Cox proportional hazard models. All data were analyzed using the Statistical Package for Social
Sciences software, version 24.0 (IBM Corp., Armonk, NY, USA).

Results

Patient Characteristics

The median age of patients at diagnosis was 65 years (33—83 years). More than 60% of the patients were older than 60 years,
and approximately 30% of the patients were older than 70 years (Table 1). Most patients presented ECOG-PS of 0 or 1 (n =
62, 95.3%). Of the 53 (81.5%) patients who had identifiable COO, 16 (24.6%) manifested the germinal center B cell (GCB)
type, and 37 (56.9%) exhibited the non-GCB type. Forty-three (66.2%) patients presented limited stage testicular DLBCL.

Table | Baseline Demographics and Disease Characteristics at Diagnosis (n = 65)

Characteristics n (%)
Age, years Median, range 65 (33-83)
<60 23 (35.4%)
= 60 42 (64.6%)
<70 44 (67.7%)
=70 21 (32.3%)
ECOG-PS 0-I 62 (95.4%)
24 3 (4.6%)
Location Left 29 (44.6%)
Right 31 (47.7%)
Bilateral 5(7.7%)
Ann Arbor stage | 43 (66.2%)
2|l 22 (33.8%)
(Continued)
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Table | (Continued).

Characteristics n (%)
Extra-nodal involvement outside testis Lymphoma involvement in more than two sites 11 (16.9%)
Bone marrow involvement 3 (4.6%)
CNS involvement I (1.5%)
Kidney/adrenal gland involvement 3 (4.6%)
Serum LDH Elevated 25 (38.4%)
Serum B-2 microglobulin Elevated 16 (24.6%)
IPI score 01 42 (64.6%)
2-5 23 (35.4%)
CNS-IPI score Low to intermediate 55 (84.6%)
High 10 (15.4%)
Cell of origin of lymphoma Non-GCB type 37 (56.9%)
GCB type 16 (24.6%)
Not evaluable 12 (18.5%)
Double-expressor phenotype Present 19 (29.2%)
Double/triple-hit phenotype Present I (1.5%)

Abbreviations: ECOG-PS, Eastern Cooperative Oncology Group performance status; LDH, lactate dehydrogenase; IPl, International
Prognostic Index; CNS, central nervous system; GCB, germinal center B-cell.

Six patients with stage II disease having multiple intraabdominal lymph node involvement were classified as advanced
disease. Three patients (4.6%) had DLBCL with bone marrow involvement, and another three (4.6%) showed kidney or
adrenal gland involvement. The number of patients with elevated LDH was 25 (38.4%). Forty-two patients (64.6%) had
a low-risk IPI (score 0 or 1) whereas 23 patients (35.4%) had two or more than two IPI scores. Ten (15.3%) patients had
a high CNS-IPI score due to adrenal gland or kidney involvement, old age, and high LDH level (Table 1).

Treatments

Most patients were diagnosed with testicular DLBCL after orchiectomy. Although the treatment strategy after orchiectomy
was systemic chemotherapy plus CNS prophylaxis followed by contralateral testicular RT, not all patients received the same
treatment due to various reasons including patients’ refusal and physicians’ decision based on patients’ condition
(Figure 1A). Out of 65 patients, six patients only underwent orchiectomy because they refused systemic chemotherapy
whereas 59 patients received chemotherapy after orchiectomy. Most patients received RCHOP (n = 52) but seven patients
who were diagnosed before 2003 received CHOP because rituximab was not used in Korea before 2003. Among 59 patients
receiving chemotherapy, 49 patients received six cycles of chemotherapy. However, the remaining 10 patients received less
than 4 cycles because they were elderly and frail patients including six patients older than 75 years receiving one or two
cycles of chemotherapy. Basically, IT MTX injection for CNS prophylaxis was recommended in all patients, however, 30
patients received IT MTX because it was difficult to be done in elderly or uncooperative patients. Only two patients received
IV administration of MTX for CNS prophylaxis based on physicians’ decision. After completion of planned chemotherapy
and CNS prophylaxis, 39 patients received contralateral testicular RT at a median dose of 2750 centigrays (cGy) (range, 750—
3750 cGy) in 15 fractions (range, 7-22). Of the 43 patients with limited disease, five (11.6%) received orchiectomy alone,
two of whom had systemic disease progression and eventually died. The remaining 38 patients received orchiectomy and
chemotherapy as primary treatment. Twenty-nine (67.4%) patients received contralateral testicular RT after primary
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Figure | (A) Treatment modalities for patients according to disease stage. (B) Overall and progression-free survival. (C) Comparison of overall and progression-free
survival between stage | and stage II-IV.
Abbreviations: Op, orchiectomy; ChT, chemotherapy; RT, radiation therapy; CNS Px, central nervous system prophylaxis therapy.

treatment, and 20 (46.5%) received CNS prophylaxis. Seventeen patients (39.5%) received tri-modality treatment of
orchiectomy, chemotherapy, and contralateral testicular RT (Figure 1A). Of the 22 patients with advanced disease, six had
stage II disease, and 16 had stage IV testicular DLBCL. One patient was diagnosed with lymphoma through orchiectomy, but
no further treatment was performed due to his old age and poor performance status. In addition, two patients received
systemic chemotherapy immediately after diagnosis without removal of the lymphoma-involved testis due to their severe
disease status. Thus, in 19 advanced-stage patients (excluding those three patients), 10 (45.5%) and 12 (54.5%) received
contralateral testicular RT and CNS prophylaxis, respectively (Figure 1A).

Clinical Outcomes According to Patient Characteristics and Treatment
With a median follow-up duration of 53.9 months (95% confidence interval [CI] 34.0-73.7 months), the median OS and
PFS for primary treatment were 138.0 months (95% CI: 86.4-189.6 months) and 92.9 months (95% CI: 25.3-160.4
months), respectively (Figure 1B). Thus, the 5-year OS and PFS were 68.2% and 55.7%, respectively. The patients
diagnosed with limited-stage disease had significantly better OS (P = 0.025) and PFS (P = 0.005) than those diagnosed
with advanced-stage disease (Figure 1C). In addition, patients with IPI score 0 or 1 presented better survival outcomes
than patients with IPI score >2 (OS: P < 0.001 and PFS: P < 0.001; Figure 2A). However, the survival outcomes did not
differ according to lateralization of testicular involvement (OS: P = 0.140 and PFS: P = 0.049, Figure 2B) or COO (OS:
P =0.176 and PFS: P = 0.703; Supplementary Figure 1). Moreover, we assessed PFS according to CNS-IPI and showed
that it was similar among the 10 patients (15%) with high CNS-IPI score and others (P = 0.220, data not shown).

The OS of patients who received six cycles of chemotherapy showed better than that of patients receiving only one to four

cycles of chemotherapy regardless of stage (Figure 3A). Although the numbers were relatively small, the OS of patients receiving
CHOP was worse than that of patients receiving RCHOP (data not shown). Radiotherapy to the contralateral testis after primary
treatment significantly affected OS, resulting in longer OS even in patients with advanced-stage disease (Figure 3B). However,
CNS recurrence did not differ significantly between patients who received CNS prophylaxis and those who did not although late
CNS relapses were observed in stage I patients who did not receive CNS prophylaxis (Figure 3C). Regardless of disease stage,
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Figure 2 (A) Comparison of overall and progression-free survival between patients with IPl score 0 or | and patients with IPl 2 2. (B) Comparison of overall and
progression-free survival according to the involved sites of testis.
Abbreviations: IPl, international prognostic index; Rt, right; Lt, left.

patients who received tri-modality treatment, with or without CNS prophylaxis, showed better clinical outcomes than those who
received bi- or mono-modality treatment (Figure 3D).

Patients with Relapsed or Progressive Disease

During the follow-up period, 22 (33.8%) patients experienced disease progression or recurrence. The clinical features and
treatment course of those patients are summarized in Figure 4. Among those patients, 13 had stage I disease, and the
remaining nine had advanced stage disease at the time of diagnosis. Among patients with disease progression or
recurrence, 20 (91.0%) experienced distant disease relapse, and two had regional lymph node recurrence (Figure 4).
Although no patient experienced disease relapse in the contralateral testis, CNS recurrence occurred in 10 patients
(15.4%, Figure 4). The median time to CNS recurrence was 30.9 months (6.6—-181.3 months). Among them, seven
presented parenchymal CNS involvement, one showed leptomeningeal seeding, and two had both parenchymal and
leptomeningeal involvement. Out of 10 (15.3%) patients having a high CNS-IPI score at diagnosis, only one patient
experienced CNS relapse (Patient 19, Figure 4), thus, CNS-IPI at diagnosis was not related with CNS relapse in this
study. Likewise, the CNS recurrence rate did not differ significantly according to disease stage [stage I: 16.2% (7/43) vs
stage II, III, IV: 13.6% (3/22)]. Through univariate and multivariate analyses, we found prognostic variables that affected
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Figure 3 (A) Comparison of overall survival according to cycles of chemotherapy. (B) Comparison of overall survival according to use of radiation therapy to contralateral
testis. (C) Comparison of cumulative incidence of CNS recurrence according to CNS prophylaxis. (D) Comparison of overall survival according to combined modality
treatment.

Abbreviations: RT, radiotherapy; CNS, central nervous system.

OS and PFS (Table 2). Contralateral testicular RT and good performance status (ECOG-PS 0-1) offered significant
benefit to both OS and PFS. However, no variables predicted CNS recurrence (data not shown).

Mutation Profiles of Testicular DLBCL

We obtained mutation profiles of eight patients using tumor tissue samples at diagnosis (Figure 5A). The MYD88 and
PIMI1 mutations, commonly observed somatic mutations in primary testicular lymphoma, were found in all eight patients.
In addition, CD79B, CDKN2A, HISTIHIE, PCLO, and EIF3A mutations were found in six patients (75.0%). As the
number of analyzed cases was too, the impact of mutation profiles on survival could not be evaluated (Figure 5A). Out of
eight patients, only one case (patient 3) died due to disease progression whereas the remaining seven patients survived
without relapse at the time of analysis (Figure 5B). Patient 3 experienced repeated disease recurrence and a short first
PFS of 10.1 months even though he had stage I disease and received tri-modality treatment. He showed disease
recurrence in distant extra-nodal sites including bone and nasal cavity.
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Relapsed or Refractory
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Number | Age Stage | Laterality | Orchiectomy | Chemotherapy | Testicular RT CNS prophylaxis CNS | Liver | Skin | Bone | LNs [ ENs |HD MTX| ChT |IT MTX| Auto |Clinical trial
1 44 | Lt. Yes CHOP Yes No - 441 L
2 50 1 Lt Yes CHOP No No | ] 929 P
3 57 | Lt. Yes R-CHOP No IT MTX |l 6.6 P
4 73 1 Rt. Yes CHOP No No | ] 89
S 53 | Rt. Yes CHOP Yes No - 293 B
6 59 | Rt. Yes R-CHOP Yes No B | s | P
7 66 | Rt. Yes R-CHOP Yes No - 325 PL
8 61 | Rt. Yes R-CHOP Yes IT MTX . 28.5 P
9 67 | Rt. Yes R-CHOP No No . 175
10 71 1 Rt Yes R-CHOP Yes IT MTX | ] 1054 No treatment
11 70 | Rt. Yes R-CHOP Yes IT MTX 1] 10.1 [
12 78 | Rt. Yes No treatment No No || 4.7 No treatment
13 59 1 Both Yes R-CHOP No IT MTX || 86
14 53 Il Lt Yes R-CHOP No IT MTX ] 1282 | P |1 | |
15 72 Il Lt. Yes R-CHOP No No | ] 237 No treatment
16 68 v Lt. Yes CHOP Yes mavmx_ [l 16.1 P [ [ [ [
17 68 v Lt. Yes R-CHOP No IT MTX ] 94 L | [ | |
18 81 v Lt. No R-CHOP No No 1 33 No treatment
19 62 v Rt. Yes R-CHOP Yes IT MTX . 9.5
20 65 v Both Yes R-CHOP No No . 20.5
21 44 v Both Yes R-CHOP Yes IT MTX . 138
22 48 v Both Yes R-CHOP No IT MTX 193

Figure 4 Clinical characteristics and subsequent treatments of relapsed patients.
Abbreviations: Lt, left; Rt, right; RT, radiotherapy; IT MTX, intrathecal methotrexate; CNS, central nervous system; P, parenchyma; L, leptomeninges; LN, lymph node; ENs,
other extranodal site; HD MTX, high-dose methotrexate; ChT, chemotherapy; Auto, autologous stem cell transplantation.

Discussion

We retrospectively analyzed clinical characteristics of patients with primary testicular DLBCL who were histologically
proven and compared survival outcomes according to their disease status and treatment modalities with the median
follow-up of 53.9 months (95% CI: 34.0-73.7 months). In this study, stage I or II accounted for more than 65% and the
elevation of serum LDH was observed in less than 40% of patients (Table 1). Accordingly, most patients (n = 42, 64.6%)
belonged to a low-risk IPI (score 0 or 1). Nevertheless, more than 60% of patients were older than 60 years including
around 30% of patients older than 70 years (Table 1). This finding suggested aggressive treatment strategies might not be

Table 2 Univariate and Multivariate Analyses

Variables Univariate Multivariate
HR (95% CI) p HR (95% CI) p
oS
Age > 60 years 3.505 (1.093-11.241) 0.030 1.277 (0.243-6.714) 0.773
Age > 70 years 3.740 (1.233-11.340) 0.017 1.844 (0.300-11.341) 0.509
ECOG-PS > 2 4.278 (1.386-13.202) 0.009 6.424 (1.502-27.475) 0.012
IPI score > 2 2.933 (0.993-8.666) 0.048 2.159 (0.379-12.308) 0.386
High CNS-IPI score 1.490 (0.372-5.973) 0.572 -
Ann Arbor stage > Il 2.424 (0.821-7.162) 0.105 -
Bilateral testicular involvement 3.500 (0.538-22.765) 0.168 -
Bone marrow involvement 1.050 (0.090-12.275) 0.969 -
Elevated B-2 microglobulin 1.944 (0.606-6.241) 0.260 -
Elevated serum LDH 1.758 (0.609-5.069) 0.294 -
Addition of rituximab 0.208 (0.058-0.750) 0.012 0.404 (0.084-1.934) 0.256
CNS prophylaxis 0.417 (0.141-1.232) 0.109 -
Radiation to contralateral testis 0.092 (0.027-0.314) < 0.001 0.070 (0.017-0.287) < 0.001
(Continued)
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Table 2 (Continued).

Variables Univariate Multivariate
HR (95% CI) p HR (95% CI) p
PFS
Age > 60 years 1.705 (0.623-4.666) 0.297 -
Age > 70 years 1.747 (0.612—4.990) 0.295 -
ECOG-PS > 2 3.714 (1.226-11.252) 0.017 4.333 (1.239-15.151) 0.022
IPI score > 2 2.340 (0.829-6.609) 0.105 -
High CNS-IPI score 1.391 (0.361-5.369) 0.631 -
Ann Arbor stage > 1l 2.696 (0.938-7.753) 0.062 -
Bilateral testicular involvement 6.000 (0.632-57.004) 0.083 -
Bone marrow involvement 2.769 (0.238-32.184) 0.398 -
Elevated p-2 microglobulin 2.870 (0.894-9.220) 0.071 -
Elevated serum LDH 1.385 (0.505-3.793) 0.526 -
Addition of rituximab 0.256 (0.069-0.945) 0.033 -
CNS prophylaxis 0.711 (0.265-1.908) 0.497 -
Radiation to contralateral testis 0.153 (0.051-0.460) 0.001 0.138 (0.042-0.448) 0.001

Note: The bolded text represents the P value < 0.05.
Abbreviations: OS, overall survival; ECOG-PS, Eastern Cooperative Oncology Group performance status; IPl, International Prognostic Index; CNS,
central nervous system; LDH, lactate dehydrogenase; PFS, progression-free survival.

possible for this disease entity. Indeed, out of 65 patients, six patients did not receive chemotherapy and 10 patients
received less than 4 cycles of chemotherapy because they were elderly and frail patients. Likewise, IT MTX injection for
CNS prophylaxis only could be done in less than a half of patients.

Thus, the basic treatment protocol for primary testicular DLBCL consisting of orchiectomy, chemotherapy with CNS
prophylaxis, and prophylactic contralateral testicular RT might not always be feasible in clinical practice. However, the
histological and genetic features of primary testicular DLBCL were unfavorable because our study showed more than 50% of
cases with non-GCB type (Table 1), and frequent mutations of MYDS8S8, PIM1, and CD79B (Figure 5A) consistent with a previous
study reporting unfavorable mutation profiles of primary testicular DLBCL.*® Considering these unfavorable characteristics, the
active application of treatment might be important for improving the prognosis of primary testicular DLBCL. Indeed, the OS of
patients who received six cycles of chemotherapy was better than that of patients receiving only one to four cycles of
chemotherapy regardless of stage (Figure 3A). Likewise, the survival outcome of patients who completed the planned treatment
protocol consisting of tri-modality treatment was better than that of patients who did not (Figure 3D).

Previous studies also reported improved survival outcome of patients receiving chemotherapy and contralateral
testicular RT.*'>?7 In our study, patients who received radiotherapy to the contralateral testis also had longer OS even
in patients with advanced stage (Figure 3B). However, disease relapse involving the contralateral testis was not
documented in patients who did not receive RT to contralateral testis in our study. This finding might not support the
role of additional RT to contralateral testis in patients with primary testicular DLBCL. However, disease relapses in
distant sites might be related to microscopic involvement of contralateral testis that was not be detected by radiologically.
Thus, the current treatment protocol including contralateral testicular RT should be done in patients with primary
testicular DLBCL.

CNS recurrence is another important factor influencing the prognosis of primary testicular DLBCL because CNS
recurrence was observed in 6-23% of patients.®!**® In our study, CNS recurrence occurred in 10 patients including late
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Figure 5 Paired analysis of mutation profiles in eight patients (A) and their swimmer plot (B).

relapse in CNS (Figure 4) consistent with previous studies reporting that CNS recurrence could occur as late relapse.>*°

However, there was no association between CNS relapse and CNS prophylaxis (Figure 3C). Out of 10 patients who had
CNS recurrence, nine patients had brain parenchyma involvement including two cases with simultaneous leptomeningeal
involvement in our study. Indeed, it has been reported that CNS recurrence in primary testicular DLBCL mainly occurs in
the brain parenchyma rather than the leptomeninges.>' Therefore, currently used combined modality therapy might be
insufficient to effectively reduce CNS recurrence due to low intra-CSF level of rituximab®® and the limitations of IT
chemotherapy.’'~* In several studies, IV administration of MTX as part of combined modality treatment showed survival
benefits and reduced CNS recurrence.'’>* However, given that primary testicular DLBCL most commonly occurs in
elderly people, intensified CNS prophylaxis with [V chemotherapy should be selectively performed in patients with high
risk and generally good condition. Therefore, it is important to identify patients at risk of CNS relapse requiring active
CNS prophylaxis. A recent study reported that lymphoma involvement in the kidney/adrenal gland appears to predict
CNS recurrence, and rearrangement of PDL or BCL6 increases the risk of CNS recurrence in testicular DLBCL.>
However, out of ten patients with a high CNS-IPI score due to adrenal gland or kidney involvement, only one patient
experienced CNS relapse in our study implying the limited value of CNS-IPI in patients with primary testicular DLBCL.
Although our study failed to show the impact of CNS prophylaxis on the occurrence of CNS relapse, our results should
be cautiously interpreted because this study retrospectively analyzed the patients with testicular DLBCL who were
treated in clinical practice. As not all patients received CNS prophylaxis and there were no established criteria for CNS
prophylaxis, our results might be influenced by selection bias.

Although our study has some limitations, such as being a retrospective study based on clinical information for a small
number of patients, it does reinforce the benefits of tri-modality treatment (orchiectomy, immunochemotherapy with
RCHOP, and RT to contralateral testis). However, CNS recurrence remains an unresolved issue, thus, further research to
prevent CNS recurrence is needed. Currently, few biomarkers can predict the prognosis and CNS recurrence of primary
testicular DLBCL, and therapies targeted for specific molecular abnormalities. For example, novel agents such as
Bruton’s tyrosine kinase (BTK) inhibitors can cross the blood-brain barrier and act on immune-privileged site
diseases.*® In addition, BTK inhibition may be an attractive treatment strategy in testicular lymphoma, given its biology
of harboring frequent mutations such as CD79B and MYD88.>* Taken together, treatment with orchiectomy, six cycles of
immunochemotherapy, and contralateral RT was effective in this study. However, further studies should be warranted to
explore more effective CNS-directed prophylaxis and improve outcome of patients with primary testicular DLBCL,
especially in case of advanced disease.
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