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Abstract: Primary testicular lymphoma (PTL) is a rare malignancy of testis. Although the 
multimodality treatment (including orchiectomy, systemic chemotherapy, scrotal radiotherapy, 
and preventive central nervous system (CNS)-targeted treatment) is widely used to treat PTL, 
recurrence, especially CNS recurrence, occurred frequently. Patients with relapsed PTL have 
a dismal prognosis and limited treatment options. In this report, we described the case of a 63- 
year-old man with early-stage PTL. The patient received the multimodality treatment, but CNS 
relapse occurred 3 months following the front-line therapy. We gave him a combined chemo-free 
regimen treatment, including rituximab, ibrutinib, and lenalidomide (RIL), based on the tumor’s 
gene mutation profile and the patient’s preference. A complete response was achieved after the first 
cycle of treatment. Whole-brain radiotherapy was delivered as consolidative treatment following 
three more cycles of RIL. Thereafter, ibrutinib and lenalidomide continued as maintenance treat
ment. As of the submission of this manuscript, the response has lasted for more than 16 months. 
Based on the case, we believe chemo-free regimen RIL might be a favorable approach for PTL 
patients with CNS relapse, especially those frail elderly patients, when alternative treatments are not 
available. 
Keywords: primary testicular lymphoma, chemo-free regimen, central nervous system 
relapse, case report

Introduction
Primary testicular lymphoma (PTL) represents 1–7% of all testicular malignancies and is 
the most common testicular neoplasm in patients over 60 years of age. Histologically, the 
most common type of PTL is diffuse large B-cell lymphoma (DLBCL), which accounts 
for approximately 90% of all cases.1,2 PTL has a tendency to disseminate to the 
contralateral testis and central nervous system (CNS). Due to the rarity of this disease, 
no randomized prospective trials have been conducted so far to optimize the management 
of PTL. However, in practice, multimodality treatment, including orchiectomy, systemic 
chemotherapy, scrotal radiotherapy (RT), and preventive CNS-targeted treatment, is 
widely used to treat PTL. Although aggressive treatment was applied, recurrence 
occurred frequently. In patients with long-term follow-up, the 10-year cumulative risk 
of all relapses is as high as 55% and the 10-year cumulative risk of relapses in the CNS 
and contralateral testis is 21%.3 The prognosis of patients with relapsed PTL is dismal, 
with a median survival time of 4.5 to 10 months, and neither salvage chemotherapy nor 
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stem cell transplant had impact on survival.3–5 The prognosis 
is even worse for patients with CNS relapse, as the treatment 
options for this extranodal relapse are more limited. So far, 
only a few PTL patients with CNS relapse have been reported 
to be successfully treated with salvage therapy. Therefore, 
novel treatment modalities are urgently needed for this type 
of patients. In this case report, we introduce a PTL patient, 
who developed CNS relapse but achieved a durable response 
following a chemo-free treatment including rituximab, lenali
domide, and ibrutinib. Given the lack of a comprehensive 
understanding of PTL, we have also reviewed the relevant 
literature of PTL here.

Case Presentation
In April 2019, a 63-year-old man was admitted to the 
Department of Urology in our hospital when he found 
a painless mass in his left testis. He had a history of 
hypertension for 20 years and diabetes for 2 years. Both 
diseases were well managed with oral drugs.

Ultrasound examination showed a low-density mass in 
his left testis with abundant blood supply (Figure 1A). 
Laboratory examination found noticeable abnormalities. 
The patient underwent a left testis orchiectomy on 

April 16, 2019. Following surgery, the mass was pathologi
cally diagnosed as DLBCL. The tumor cells were positive 
for CD20, CD19, BCL-6, MUM-1 (dim), and C-MYC, and 
negative for CD10. BCL-2 was expressed in 90% of tumor 
cells and Ki-67 was positive in 90% of cells (Figure 2). In 
situ hybridization of Epstein–Barr encoding region (EBER) 
was negative. BCL-2, BCL-6, and MYC gene rearrangements 
using FISH were all negative (Supplementary materials 
Figure S1). The patient was then transferred to our depart
ment for further diagnosis and treatment. PET/CT showed an 
FDG-avid lesion in the right testis with SUVmax of 11.4, 
which was considered to be lymphoma involvement 
(Figure 1B and C). Laboratory parameters were normal, 
and there was no abnormality on head magnetic resonance 
imaging (MRI). Cerebrospinal fluid (CSF) examination was 
negative. The patient was diagnosed with PTL stage I.

The patient received six cycles of R-CHOP regimen 
(rituximab, cyclophosphamide, epirubicin, vincristine, and 
prednisone) immunochemotherapy. Intravenous high-dose 
methotrexate (HD-MTX) was added to the R-CHOP regi
men in the first four cycles of immunochemotherapy to 
prevent CNS relapse. During the last cycle of immuno
chemotherapy with HD-MTX, the patient experienced 

Figure 1 Imaging features of the patient’s lymphoma. (A) Ultrasonography demonstrates a focal area of hypoechogenicity with hypervascularity in the left testis. (B and C) 
Post-orchiectomy PET/CT shows an FDG-avid lesion (green arrow) in the right testis. (D) PET/CT-based CR was achieved after first-line immunochemotherapy. (E and F) At 
the first follow-up examination, MRI horizontal and frontal views show a new lesion (red arrow) involving right basal ganglia and pons. (G and H) MRI horizontal and frontal 
views show that the new lesion disappeared after the first cycle of chemo-free treatment.
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reversible renal dysfunction. The HD-MTX was replaced 
by intrathecal chemotherapy (ITC) with MTX and cytar
abine in the last two cycles of immunochemotherapy, to 
prevent CNS relapse. A complete response (CR) evaluated 
by PET/CT was achieved at the end of immunochemother
apy (Figure 1D). Following systemic immunochemother
apy, 40 Gy of radiotherapy (RT) were delivered to the 
whole scrotum in 20 fractions. The entire treatment 
ended in October 2019.

In March 2020, the patient returned for the first follow- 
up. He had no discomfort. Physical and laboratory examina
tions found no abnormalities, but head MRI showed a new 
lesion involving his right basal ganglia and pons, which was 
considered as a CNS relapse secondary to PTL (Figure 1E 
and F). Next-generation sequencing of the initially resected 
tumor tissue revealed gene mutations in CD79B, MYD88, 
PIM1, PRDM1, PCLO, TCF3, FOXO1, BCL6, RB1, and 
SMARCA4 (Supplementary materials Table S1). Salvage 
chemotherapy was recommended, but the patient detested 
chemotherapy. Concomitant CD79B and MYD88 mutations 
may be a genetic marker for the efficacy of BTK 
inhibitors.6,7 Taking into account the tumor’s gene mutation 
profile and the patient’s preference, we gave him an indivi
dualized treatment, a combined chemo-free regimen includ
ing rituximab (375 mg/m2 d1 iv q3w), lenalidomide (25 mg 
d1-10 po q3w), and ibrutinib (560 mg po daily) (RIL). After 
the first cycle of treatment, repeated head MRI showed that 

the intracranial lesion disappeared (Figure 1G and H), indi
cating that a CR was achieved. Three more cycles of RIL 
were given. No adverse events were observed. After that, 
autologous stem cell transplantation (ASCT) was recom
mended, but the patient was very satisfied with the chemo- 
free treatment and refused the ASCT. Whole-brain RT (23.4 
Gy in 13 fractions) was delivered to the patient as consoli
dative treatment. Thereafter, lenalidomide (25 mg d1-10 po 
q3w) and ibrutinib (560 mg po daily) continued as main
tenance treatment. As of the submission of this manuscript, 
the treatment is still ongoing, and the response has lasted for 
more than 16 months. During this treatment, there were still 
no adverse events observed. The treatment timelines are 
shown in Figure 3.

Discussion and Literature Review
Clinical Characteristics of PTL
PTL was first reported by Malassez in 1877 and subsequently 
defined as a clinical entity by Curling in 1878.8 PTL is a rare 
and peculiar clinical subtype of hematological malignancy in 
an immune privileged site, which accounts for only 1–2% of 
extranodal lymphomas. The annual incidence of PTL is 
0.09–0.26 per 100,000 individuals.2 The median age of 
patients at diagnosis is 52 to 70 years, depending on indivi
dual reports,4−5−10−25 but the onset age can be as young as 2 
years old.2 Pathologically, approximately 90% of PTL 

Figure 2 Immunohistochemical features of the patient’s tumor. The lymphoma cells were positive for CD20, CD79a, Mum-1 (dim), BCL-6, BCL-2, and C-MYC, and negative 
for CD10. Ki-67 proliferation index was about 90%. Original manifestation 400×.
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patients are DLBCL type, and more than 80% of testicular 
DLBCL are ABC type based on gene expression profile 
signature.1–3 Other lymphoma subtypes, such as follicular 
lymphoma, Burkitt lymphoma, T/B-cell lymphoblastic lym
phoma, NK/T-cell lymphoma, mantle cell lymphoma, mar
ginal zone B-cell lymphoma, and plasmablastic lymphoma, 
have also been reported.2,26–30 At the time of diagnosis, most 
patients presented with unilateral painless testicular masses, 
and bilateral testicular involvement was seen in about 2– 
13.6% of cases.2–5,13,19,20,22 Also, 56–93.8% of the patients 
presented with Ann Arbor stage I/II disease (Table 1).

Molecular Features
Genetically, PTL and primary CNS lymphoma (PCNSL) 
have similar gene mutation profiles, characterized by 
a high prevalence of MYD88 mutations with or without 
CD79B mutations. The frequency of mutated MYD88 in 
PTL ranges from 60% to 82% (Table 2). Coexistence of 
MYD88 and CD79B mutations, now referred to as the 
MCD type, was observed in 18.9% of the cases in one 
study and 91% in another study.31,32 Following MYD88, 
the frequently mutated genes are PIM1, TBL1XR1, 
KMT2D, KMT2C, BTG2, ETV6, FAT1, CREBBP, 
PRDM1, DUSP2, ARID1A, B2M, CIITA, ETS1, 
NOTCH1, ACTB, CD58, RELN, BRCA1, BRCA2, ATM, 
FOXO1, and KDM2B.33

BCL6 rearrangement seems to be a common molecular 
event in PTL, observed in 16.2–48% of cases, while BCL2 
or MYC rearrangement was observed in 4–7% of cases 
(Table 2). In phenotyping studies, 70% of cases were 
BCL-2 positive (cutoff 70%), and 13% were MYC posi
tive (cutoff 40%),34 while BCL-2 and MYC double 
expressor was observed in 15.1–21.4% of cases (Table 2).

Similar to PCNSL, high frequencies of 9p24.1 or PDL 
gene aberrations were observed in PTL. PDL 

rearrangement occurred in 4–8% of cases, while PDL 
gain or amplification was observed in 35.5–54% of cases 
(Table 2). These aberrations can lead to increased PDL 
protein expression, which was observed in 50–66.7% of 
cases.32,35,36

In addition, a complete loss of HLA-A expression was 
observed in 66% of testicular DLBCL.37 This molecular 
abnormality may be associated with immune privilege and 
high propensity for CNS relapse.38

Conventional Treatment and Prognosis
Although the incidence of PTL has increased significantly 
in the past few decades, there is currently no consensus on 
a standard therapeutic regimen.

In the early days, the prognosis of PTL was very poor due 
to insufficient understanding of the biological behavior of the 
disease and suboptimal treatment. The 5-year overall survi
val (OS) was only 15.4% before 1977.13 In the early 1980s, it 
was recognized that patients with surgery alone or surgery 
plus locoregional radiation had a high rate of distant relapse, 
so systemic chemotherapy was introduced. However, the 
recurrence of the CNS or contralateral testis was still com
mon. In 1995, a combined modality treatment was recom
mended for PTL to reduce the risk of CNS and contralateral 
testicular recurrence, including systemic anthracycline-based 
chemotherapy, prophylactic ITC, and scrotal RT. This multi
modality treatment was referred to as the standard of care 
(SOC) by Caumont et al.24 The superiority of SOC was 
supported by a series of retrospective studies. In a study 
conducted by the International PTL Consortium on 280 
PTL patients, only those who received chemotherapy in 
combination with both prophylactic ITC and RT had 
a better survival than those who received chemotherapy 
alone or chemotherapy plus either prophylactic ITC or RT.3 

Similarly, Caumont et al reported that after analyzing the 

Figure 3 Treatment timelines of the patient.
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Table 1 Reported PTL Studies

Study N Year Limited 
Stage

Treatment (% or n) OS (Time) PFS (Time) Incidence of 
CNS Relapse 
(Time)

Other Sites Commonly Involved at 
Relapse (n or %)

Zucca4 373 1968– 

1998

79% Anthracycline-based CT (68%), ITC (18%), 

RT (36%), Orc (95%), HD-MTX (8%)

48% (5-y) 

27% (10-y)

48% (5-y) 

33% (10-y)

19% (5-y) 

34% (10-y)

Contralateral testis (31), bone, skin, bone 

marrow, lung, soft tissue

Zouhair10 36 1980– 

1999

83.3% CHOP (29), Orc (35), ITC (17), RT (20) 47% (5-y) 66% (5-y) 22.2% (median 42 

ms)

NA

Hasselblom11 35 1985– 

2000

91.4% CHOP-like (28), ITC (17), RT (12), Orc 

(34)

3.9 ys (median) NA 17.1% (median 45 

ms)

Contralateral testis (1)

Linassiera12 16 1988– 

1998

100% Anthracycline-based CT (all), Orc (all), RT 

(14), RT to brain (9), ITC (all)

65% (median 73.5 

ms)

70% (median 73.5 

ms, DFS)

6.3% (median 73.5 

ms)

Contralateral testis (1)

Avilesb40 34 1993– 

1998

100% CHOPB (all), Orc (all), HD-MTX (33), RT 

(all)

30% (5-y) NA 0 (median 74 ms) Lung (7), bone marrow (2)

Mazloom13 75 1977– 

2008

62% Orc (70), Doxorubicin-based CT (37), 

R-CHOP (22), ITC (30), RT (72)

53% (5-y) 

(15.4% before 

1977; 86.6% after 
2000)

46% (5-y) 

(15.4% before 

1977; 59.3% after 
2000)

12.9% (5-y) Lymph nodes (8), contralateral testis (5), 

soft tissue (5), bone or bone marrow (3)

Avilesc14 38 2000– 
2005

100% R-CHOP14 (all), HD-MTX (33), RT (all) 66% (5-y) 70% (5-y, EFS) 0 (median, 64.8 
ms)

Lung (3), stomach (2), disseminated (5)

Cao15 32 1985– 
2009

93.8% CHOP-like ± R (27), Orc (all), ITC (7), RT 
(8)

72.9% (5-y) 
68.3% (10-y)

57.4% (5-y) 
47.8% (10-y)

21.7% (median 
48.9 ms)

Contralateral testis (4), nasopharynx (2)

Vitolod16 53 2001– 
2006

100% R-CHOP (all), Orc (all), ITC (50), RT (47) 85% (5-y) 82% (5-y) 6% (5-y) Pleura, skin, lymph nodes

Twa35 82 1981– 
2008

65% CHOP (like) ± R (68), RT or Orc (59) NA NA 20% (5-y) NA

Xu2 1169 1973– 
2013

68.6% Systemic therapies were unknown, Orc 
(all), RT (34.9%)

CSS: 44%–70.4% 
(different periods) 

(5-y)

NA NA NA

Pollari41 74 1983– 

2013

64% Anthracycline-base CT ± R (60), ITC (7), 

intravenous CNS prevention (34), RT (12)

56% (5-y) 53% (5-y) NA NA

Kim18 12 2000– 

2012

83.3% CHOP ± R (all), Orc (13), RT (12), ITC (0) 89% (3-y) 81% (3-y) 7.1% (median 39 

ms)

Contralateral testis and bone marrow 

(1), skin (1)

(Continued)
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Table 1 (Continued). 

Study N Year Limited 
Stage

Treatment (% or n) OS (Time) PFS (Time) Incidence of 
CNS Relapse 
(Time)

Other Sites Commonly Involved at 
Relapse (n or %)

Deng3 280 1993– 

2014

77% Orc (87%), CHOP (like) (91%), R (64%), 

ITC (34%), RT (39%)

58% (5-y) 

68% (CT with R) 
34% (CT without 

R)

46% (5-y) 

56% (CT with R) 
36% (CT without 

R)

15% (5-y) 

21% (10-y)

Contralateral testis (9), skin and/or soft 

tissue (6)

Kridel19 134 1982– 

2015

62% CHOP±R (all), ITC (12), RT (92), Orc 

(133)

60% (with R, 5-y) 

54% (without R, 

5-y)

51% (with R) 

44% (without R)

25% (5-y) NA

Mannisto25 189 1987– 

2013

63% RT (47%), ITC (24%), R (63%), CT (NA), 

Orc (NA)

60% (5-y) 52% (5-y) 10% (median 80 

ms)

NA

Zhou20 37 2009– 

2014

56% CHOP ± R (36), ITC (18), RT (10), Orc 

(all)

57% (3-y) NA 20% (3-y) Contralateral testis (3)

Jovanovic21 21 2002– 

2016

66% R-CHOP (all), ITC (10), RT (9) 4 ys (median) NA NA NA

Ma5 22 1993– 

2017

68.1% CHOP-like ± R (19), Orc (20), ITC (12), 

RT (8)

57.6% (5-y) 46.7% (5-y) 9% (median 30 

ms)

Nodal (18.2%), Contralateral testis 

(13.6%),

Liu22 32 2010– 

2018

62.5% R-CHOP (all), Orc (30), ITC (all), RT (19) 92% (3-y) 79% (3-y) 9.4% (median 31.5 

ms)

NA

Zhu36 30 2006– 

2017

66.7% Anthracycline-base CT ± R (23), Orc (all), 

RT (11), ITC (18)

NA NA 3.3% (median 23.5 

ms)

Contralateral testis (3.3%)

Chen23 28 2008– 

2018

68% CHOP± R (12), Orc (26), RT (5), ITC (8) 53.4 (5-y) 35.4% (5-y) NA NA

Wang33 90 2007– 

2018

NA CHOP± R (all), RT (12) NA NA NA NA

Caumont24 1897 2006– 

2016

73.1% 

(SOC 
group) 

63.6% 

(non-SOC 
group)

SOC group (891) 

Non-SOC group (1006)

74.1% (5-y, SOC 

group) 
51.2% (5-y, non- 

SOC group)

NA NA NA

Note: a,b,c,dProspective studies. 
Abbreviations: OS, overall survival; PFS, progression-free survival; CNS, central nervous system; CT, chemotherapy; ITC, intrathecal chemotherapy; RT, radiotherapy; Orc, orchiectomy; HD-MTX, high-dose methotrexate; CHOP, 
cyclophosphamide, doxorubicin, vincristine, and prednisone; ms, months; y, year; ys, years; NA, not available; DFS, disease-free survival; EFS, event-free survival; CSS, cause specific survival; R, rituximab; SOC, standard of care including 
orchiectomy, chemotherapy, and radiotherapy.
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records of 1897 PTL patients from the National Cancer 
Database (NCDB), the 5-year survival rate of patients receiv
ing SOC treatment was significantly better than that of 
patients receiving non-SOC treatment (74.1% vs 51.2%).24

PTL shows a continuously high risk of recurrence, and 
its survival curve following primary treatment does not 
have a plateau. In addition, once it recurs, PTL has 
a considerable propensity to involve other extranodal 
sites, especially the CNS and the contralateral testis. In 
the long-term follow-up series of 280 cases, the 10-year 
cumulative risk of relapse was 55%, the risk of extranodal 
relapse was 46%, and the risk of CNS relapse or contral
ateral testicular relapse was 21%.3 In another study with 
373 cases, the 10-year risk of CNS relapse was 34% and 
72% relapses involved extranodal organs or tissues.4 In 
addition to the CNS and contralateral testis, the frequently 
involved sites at relapse are bone, skin, bone marrow, 
lung, soft tissue, adrenal glands, liver, and gastrointestinal 
tract (Table 1). The prognosis of PTL patients after relapse 
is extremely poor.3,4

Orchidectomy
There is universal agreement that orchidectomy is the 
diagnostic and first therapeutic procedure for PTL. 
Practically, almost all PTL patients received orchidectomy 
because the urologist was their first consultant when they 
found a testicular mass. It is unknown if the orchidectomy 
can be omitted when the entire scrotum and bilateral testis 
are covered by radiation.

Chemotherapy
Systemic chemotherapy is the most important treatment 
for PTL, because systemic dissemination is almost inevi
table in patients who only receive local-regional 
treatment.39 Although the optimal combination is 
unknown, CHOP or CHOP-like regimens are most com
monly used worldwide (Table 1). By comparing the out
comes of PTL patients receiving anthracycline-containing 
chemotherapy with non-anthracycline-containing che
motherapy in a retrospective study of 280 cases, Deng 
et al concluded that anthracycline-containing chemother
apy is beneficial in improving survival.3

Retrospective studies with small sample sizes and 
heterogenous treatment have observed the contradictory 
effects of rituximab on PTL.19 To date, there have been 
only four small nonrandomized prospective trials in 
patients with PTL, two in the pre-rituximab era and two 
in the rituximab era. Linassier et al analyzed 16 patients Ta
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with early-stage PTL as part of a prospective multicenter 
study that included 494 cases with stage I/II aggressive 
lymphoma in the pre-rituximab era. All 16 patients under
went orchiectomy, anthracycline-based chemotherapy, 
and prophylactic ITC. Also, contralateral radiation was 
delivered to 14 patients and prophylactic whole-brain 
radiation to 9 patients. After a median follow-up of 73.5 
months, the OS was 65%.12 Another pre-rituximab era 
study included 34 cases with stage I/II PTL, who were 
uniformly treated with orchiectomy, CHOPB regimen 
(CHOP plus bleomycin) chemotherapy, contralateral tes
ticular RT, and HD-MTX (except 1 patient). The 5-year 
survival rate was 30%.40 In the two prospective studies 
conducted in the rituximab era, the 5-year survival rates 
were 66% and 85%, respectively, which were higher than 
those in the pre-rituximab studies.14,16 Besides, in three 
retrospective studies that spanned the pre- and post- 
rituximab eras and included relatively large sample 
sizes, the 5-year survival rate of patients who received 
and did not receive rituximab-containing chemotherapy 
was 60–70.4% vs 34–54%.2,3,19 Collectively, these data 
show that PTL patients can benefit from rituximab-based 
treatment.

RT
Prophylactic scrotal RT plays an important role in the 
multimodality treatment of PTL to reduce the contralateral 
testicular relapse. The scrotal relapse rate in patients who 
did not receive scrotal radiation was as high as 35%, while 
the relapse rate of patients who received scrotal radiation 
was 0–10%.20 The IELSG study of 373 patients reported 
that in patients who did not undergo prophylactic RT, the 
continuous risk of contralateral testicular relapse was 15% 
at 3 years and 42% at 15 years.4 In another study involving 
280 cases, 39% of the patients received RT to the contral
ateral testis, and the 10-year cumulative risk of relapse of 
the contralateral testis was 21%.3 In addition to reducing 
contralateral testicular relapse, prophylactic scrotal RT 
also reduces CNS relapse and improves the 5-year 
survival.2,3

For stage I disease, RT should cover the entire scrotum 
and the contralateral testis; for stage II disease, paraaortic, 
iliac and pelvic lymph nodes should be covered addition
ally. Although the radiation technique, delivered dose, and 
target volume vary from institute to institute, a prescribed 
dose of at least 30 Gy is necessary for better survival.39

Given the high rate of CNS relapse, a prospective study 
added prophylactic whole-brain RT into the multimodality 

treatment for PTL. Of the 16 patients, 9 cases considered 
to be at high risk of CNS relapse received a total dose of 
24 Gy of radiation to the brain and meninges above 
the second cervical vertebra. After a median follow-up 
period of 73.5 months, only one patient had CNS 
relapse.12 It seems that this approach reduces the risk of 
CNS relapse, but neurotoxicity is a big concern.

Preventive CNS-Targeted Treatment
Compared with other lymphoma subtypes, the most strik
ing feature of PTL might be the continuously high risk of 
CNS relapse. In most reported series, CNS was the most 
commonly involved organ in patients with relapsed PTL 
(Table 1). CNS relapse occurred continuously for up to 10 
years after diagnosis.4 Compared to advanced stage dis
ease, limited-stage disease has a longer median time to 
CNS recurrence (5.4 years vs 0.5 year). The addition of 
rituximab does not seem to reduce the risk of CNS 
relapse.19 In long-term follow-up retrospective studies, 
the 5-year cumulative incidence of CNS relapse was 19– 
25%, and the 10-year relapse rate was 21–34%.3,4,19,35 

However, the incidence of CNS relapse was 0–6.3% in 
four prospective studies involving 16 to 53 cases.12,14,16,40 

There may be two reasons for this discrepancy: first, these 
prospective studies only included cases of stage I/II dis
ease with a relatively low risk of CNS relapse compared 
with advanced-stage disease; second, patients in prospec
tive studies received homogenous treatment. In these pro
spective studies (two in the pre-rituximab era and two in 
the rituximab era), almost all patients uniformly received 
anthracycline-based chemotherapy, orchiectomy, contralat
eral testicular RT, and preventive CNS-targeted treatment.

Preventive CNS-targeted treatment is considered to be 
a critical part of multimodal treatment. Although the best 
strategy to prevent CNS relapse remains undetermined, 
ITC with cytarabine and MTX was the most commonly 
used method in the reported studies (Table 1). Some stu
dies have shown the protective effect of ITC,3,11 but more 
studies have failed to support its efficacy in reducing the 
risk of CNS relapse.3,4,10,20,23,25 In addition, the brain 
parenchyma is a more common site of CNS involvement 
in relapsed PTL than the leptomeninges.4,13 A study ana
lyzed the relationship between relapse pattern and disease 
stage. It found that patients with limited stage mainly had 
parenchymal relapse (90%), and patients with advanced 
stage had more recurrence in the leptomeninges (83%).19 

These data highlight that ITC is a problematic approach 
for preventing CNS relapse.
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Intravenous HD-MTX has been used as a preventive 
CNS-targeted treatment in a few studies. In two prospective 
studies, one in the pre-rituximab era and the other in the 
rituximab era, intravenous HD-MTX was employed to pre
vent CNS relapse. The results showed that there was no CNS 
recurrence after a median follow-up duration of 74 months 
(pre-rituximab era study) and 64.8 months (the rituximab era 
study).14,40 In two other prospective studies, one in the pre- 
rituximab era and the other in the rituximab era, ITC was 
used as a prophylactic method. After a median follow-up 
period of 73.5 months (pre-rituximab era study) and 5 years 
(the rituximab era study), the CNS relapse rates were 6.3% 
and 6%, respectively.12,16 It seems that intravenous HD- 
MTX is better than ITC in preventing CNS relapse. 
A retrospective study compared the effects of intravenous 
MTX/cytarabine and ITC on the outcomes of PTL patients. It 
found that intravenous MTX/cytarabine but not ITC 
improved patients’ OS, but the impact on CNS relapse was 
not statistically significant.25 It should be noted that these 
data are generated from studies with small sample sizes.

Prognostic Factors
The 5-year OS rate of PTL patients seems to be compar
able to that of DLBCL-NOS patients (Table 1). However, 
DLBCL-NOS rarely relapses 5 years after primary treat
ment, while continuous relapses are observed in patients 
with PTL. So far, only a few studies have reported the 10- 
year OS of PTL. In two studies involving 280 and 373 
cases, the 10-year OS rate was 24% and 27%, 
respectively.3,4 Note that a considerable number of patients 
in these studies did not receive SOC. In addition, Cao et al 
reported a 10-year OS of 68.3%, but they only observed 32 
cases, of which 93.8% had early-stage disease.15

It has been reported that the commonly used prognostic 
factors for DLBCL-NOS, such as advanced stage, older 
age, poor performance status (PS), multiple extranodal site 
involvement, elevated lactase dehydrogenase (LDH), and 
non-anthracycline-based chemotherapy, also have prog
nostic values for PTL. Besides, prophylactic contralateral 
testicular RT and CNS-targeted treatment are PTL-specific 
prognosticators. In addition to these clinical parameters, it 
is reported that tumor microenvironment features (eg, 
macrophage and lymphocyte infiltration, CXCR4 and/or 
pCXCR4 expression) and specific gene (eg, B1XR1, 
TBL1XR1) mutations are also associated with patients’ 
survival (Table 3).23,33,34,41,42 However, the most com
monly mutated genes MYD88 or CD79B do not affect 
the prognosis of PTL patients.43 The prognostic value of 

concomitant MYD88 and CD79B mutations has not been 
reported. Since most reports are retrospective studies with 
small sample sizes and heterogenous treatments, these 
prognostic factors need to be further evaluated in prospec
tive studies.

Table 3 Prognostic Factors for PTL

Parameter Prognostic Factor Reference

OS or PFS Advanced stage [2–5,10,11,13,23,25, 

43]

Higher IPI score [4,11,15,19,23,25,43]

Older age [2,4,10,12,25]

Non-SOC treatment [3,10,24]

Non-rituximab-containing CT [2,3,19]

PS >1 [4,15,25]

B symptoms [4,5,13]

More than one extranodal sites involved [4,5,25]

Without contralateral testis RT [2,4,25]

Non-anthracycline-based CT [3,4]

Treatment era [2,13]

Elevated LDH level [13,25]

CNS involvement [15]

Without ITC [3]

Without intravenous CNS-targeted CT [25]

Low PD-L1+CD68+ macrophage and 

PD-1+ lymphocyte contents

[41]

Lower amount of tumor-infiltrating 

CD4+ and CD8+ T cells

[42]

CXCR4 and/or pCXCR4 expression [34]

B1XR1 mutation [23]

TBL1XR1 mutation [33]

CNS relapse Kidney/adrenal involvement [15,19]

BCL6 or PDL rearrangement [35]

Advanced stage [19]

Elevated LDH level [25]

More than one extranodal sites involved [25]

Without ITC [11]

Abbreviations: OS, overall survival; IPI, international prognostic index; SOC, 
standard of care (SOC) including orchiectomy, chemotherapy, radiotherapy, and 
preventive CNS-targeted treatment; CT, chemotherapy; PS, performance status; RT, 
radiotherapy; LDH, lactate dehydrogenase; CNS, central nervous system; ITC, 
intrathecal chemotherapy.
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Given the high propensity of CNS relapse in PTL 
patients, identifying the predictors for CNS relapse is of 
importance. In individual studies, several factors have 
been reported to be associated with an increased risk of 
CNS relapse, including advanced stage, elevated LDH 
levels, and involvement of multiple extranodal sites.19,25 

In particular, renal or adrenal involvement is a robust 
indicator of CNS relapse.15,19 In the report by Twa et al, 
4/5 patients with renal/adrenal involvement had CNS 
relapse. The authors also found that the presence of 
BCL6 and/or PDL gene rearrangements increased the risk 
of CNS relapse; in patients with BCL6 and/or PDL rear
rangements, the 5-year cumulative incidence of CNS 
relapse was as high as 41%. However, MYC rearrange
ment, double hit and dual expressor, and expression of 
BCL-6, PD-L1, and PD-L2 are not associated with CNS 
recurrence.35

Moreover, the OS of patients with PTL is significantly 
influenced by the treatment era.2,13 In a study that included 
1169 PTL patients in the SEER (Epidemiology, diagnosis, 
and End Results) database from 1973–2013, the 5-year 
survival rate increased from 44.0% in 1973–1997 to 
70.4% in 2006–2013.2 It can be said that the significant 
improvement in survival is mainly due to the optimization 
of multimodal treatment.

Novel Treatment Strategies
Frequent CNS relapses and poor prognosis require novel 
treatment strategies for patients with PTL. It must be 
admitted that there are huge challenges in the treatment 
of PTL with CNS relapse: first, relapsed diseases are 
intrinsically resistant to chemotherapy. Second, due to 
the natural defense of the blood–brain barrier, most anti- 
cancer drugs are ineffective against CNS metastases. 
Third, most PTL patients are elderly, for whom intensive 
treatments are not always applicable.

In recent years, various chemo-free treatments for can
cer patients have emerged. These new therapies may over
come chemoresistance through totally different anticancer 
mechanisms with mild toxicity. These non-cytotoxic drugs 
have shown excellent antitumor activities in specific lym
phoma subtypes, such as BTK inhibitors in mantle-cell 
lymphoma and chronic lymphocytic leukemia/small lym
phocytic lymphoma (CLL/SLL), BCL-2 inhibitors in CLL/ 
SLL, immunoregulatory agent lenalidomide in follicular 
lymphoma, and PD-1/PD-L1 inhibitors in classical 
Hodgkin lymphoma and NK/T-cell lymphoma. However, 
these drugs are largely disappointing in DLBCL. For 

DLBCL, current guidelines recommend the use of BTK 
inhibitors and lenalidomide for second-line treatment in 
certain cases, and the XPO1 inhibitor selinexor and anti- 
CD19 CAR T-cell therapy for third-line treatment. 
Nevertheless, these drugs have not yet been tried in PTL 
patients. So far, only two PTL cases with CNS relapse 
have been successfully treated with chemo-free therapy. 
Nayak et al reported that a PTL patient with CNS relapse 
achieved a CR and PFS > 14 months after receiving the 
PD-1 inhibitor nivolumab.45 As mentioned above, PTL 
harbors frequent 9p24.1 or PDL gene aberrations and 
increased PDL protein expression, which are regarded as 
a predictor of response to anti-PD-1/PD-L1 immunother
apy. Therefore, in the absence of alternative treatment, PD- 
1/PD-L1 inhibitors are a reasonable choice for relapsed/ 
refractory PTL. Ping et al reported that a PTL patient with 
CNS relapse was successfully treated with CAR-T 
therapy.46 This case indicates that CAR T-cell therapy is 
applicable to selected cases with metastatic CNS cancer, 
although most clinical trials involving CAR T-cell therapy 
excluded patients with CNS metastases. In this case report, 
we present a PTL patient with CNS relapse who achieved 
durable remission after a combined treatment of ibrutinib, 
lenalidomide, and rituximab and was well tolerated. To our 
knowledge, this is the third case of CNS relapse of PTL 
that has been successfully treated by chemo-free therapy, 
and the first case of relapsed PTL in the brain that has been 
successfully treated by RIL regimen. The outstanding effi
cacy of the RIL regimen in this case can be explained by 
several reasons. CD79B with or without MYD88 muta
tions, which are common in PTL, might be a genetic 
marker for the efficacy of BTK inhibitors.6,7 Moreover, 
the NF-κB pathway is commonly activated by mutated 
MYD88 in PTL,43 while lenalidomide is a blocker of NF- 
κB pathway.9,34 More importantly, both ibrutinib and lena
lidomide can cross the blood–brain barrier,47,48 thereby 
acting on CNS metastases. Nevertheless, the efficacy and 
the general applicability of the treatments in these reports 
need to be verified in more patients.

Conclusion
PTL has unique genetic and clinical characteristics differ
ent from DLBCL-NOS. Although the optimal treatment 
has not yet been determined, it is recommended that PTL 
patients undergo a combination of orchiectomy, anthracy
cline-based chemotherapy, scrotal radiation, and preven
tive CNS-targeted therapy. CNS relapse is common in 
PTL, but the preferable method to prevent CNS is 
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unknown. Patients with relapsed PTL have a dismal prog
nosis and limited treatment options. Chemo-free regimen 
RIL might be a favorable approach for PTL patients with 
CNS relapse, especially those frail elderly patients, when 
alternative treatments are not available.
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