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Next-generation sequencing of primary
testicular lymphoma and relapse in the glans
penis after prophylactic radiation therapy:

a rare case report
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Abstract

Background Primary testicular lymphoma (PTL) is relatively rare. The contralateral testis is a common site of PTL
relapse; therefore, once complete remission is achieved, radiation therapy (RT) is administered to the contralateral
testis to prevent relapse.

Case presentation A 76-year-old man was diagnosed with PTL and received RT as described above. However,
despite achieving and maintaining complete remission, a mass diagnosed as diffuse large B-cell lymphoma by
tissue biopsy developed in the glans penis 6.5 years after prophylactic RT. We investigated whether the glans penile
lymphoma was PTL relapse or a new malignancy by genomic analysis using next-generation sequencing of DNA
extracted from two histopathological specimens.

Conclusions We found the same variant allele fraction in four somatic genes (MYDSS, IL7R, BLNK, and FLT3) at similar
frequencies, indicating that the glans penile lymphoma had the same origin as the PTL. To the best of our knowledge,
this is the first case report of PTL relapse in the glans penis.
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Background

Primary testicular lymphoma (PTL) is a rare disease,
accounting for 1-2% of all non-Hodgkin’s lymphomas [1,
2]. High orchiectomy of the affected testis is performed to
attain the diagnosis, and systemic chemotherapy, such as
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[1, 5]. The central nervous system (CNS) is also a com-
mon site of PTL relapse [1-4, 6].

We conducted a comprehensive genomic analysis by
targeting the exons of oncogenes and tumor suppressor
genes via next-generation sequencing (NGS) of DNA
extracted from histopathological samples both at the
initial diagnosis and at relapse in the glans penis. We
hypothesized that if exactly the same variant allele frac-
tion is detected in some somatic genes at similar frequen-
cies in the two histopathological samples, then the glans
penile lymphoma shares the same origin as the initial dif-
fuse large B-cell lymphoma (DLBCL) in the testis, con-
firming the diagnosis of relapsed PTL.
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Case report

A 76-year-old Japanese man visited our hospital with
painless swelling of the right testis. He underwent high
orchiectomy for diagnostic purposes. Pathologic exami-
nation revealed marked infiltration of atypical lympho-
cytes extending from the testis to the epididymis, and
immunostaining revealed monoclonal proliferation of B
cells positive for CD20 and CD79a. These findings led to
a diagnosis of DLBCL (Fig. 1A-D). No infiltration of any
other organs was detected by either fluorodeoxyglucose
positron emission tomography/computed tomography
or bone marrow biopsy. Thereafter, the final diagnosis of
the primary testicular DLBCL, Ann Arbor stage I, was
confirmed. The patient’s serum lactate dehydrogenase
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Fig. 1 Histological and immunohistochemical features of the (A-D) testicular and (E-H) penile samples. Hematoxylin and eosin staining revealed (A)
diffuse infiltration of large atypical lymphocytes in the testicular sample and (E) diffuse atypical lymphocytes in the penile sample. The tumor cells in the
testicular and penile tissues exhibited diffuse monoclonal expression of (B, F) CD20 and (C, G) CD79a. (D, H) The Ki-67 index was approximately 70-75%

in both samples. Each bar represents 50 um
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concentration was elevated, and his International Prog-
nostic Index score was 2 points [7]. According to this
score, he was deemed at low/intermediate risk and
received three cycles of the R-CHOP regimen. During
R-CHOP therapy, he also received three doses of intra-
thecal methotrexate at 15 mg for CNS prophylaxis. The
penis was lifted and taped to the abdominal wall for
exclusion from the irradiation field, and prophylactic RT
was delivered to the contralateral testis with an 8-MeV
electron beam at a dose of 2 Gy/fraction to a total dose
of 30 Gy. Although the patient remained in complete
remission after RT, a mass developed in the glans penis
6.5 years after prophylactic RT. The mass grew, and the
entire glans penis was swollen. T2-weighted magnetic
resonance imaging revealed a large soft tissue mass from
the glans penis to the corpus cavernosum (Fig. 2). Tissue
biopsy of the mass in the glans penis revealed marked
infiltration of atypical lymphocytes, and immunostain-
ing revealed monoclonal proliferation of CD20- and
CD79a-positive B cells. These findings led to a diagno-
sis of DLBCL (Fig. 1E-H). Fluorodeoxyglucose positron
emission tomography/computed tomography revealed
infiltration of the glans penis (Fig. 3) and right inguinal
lymph node. Magnetic resonance imaging revealed no
infiltration of the CNS or contralateral testis. Because
the pain in the glans penis was severe, palliative RT was
prioritized over systemic therapy. Three-dimensional
conformal RT was delivered to the entire penis and right

Fig. 2 Magnetic resonance imaging of the glans penile tumor. A T2-
weighted image revealed a large soft tissue mass in the glans penis and
corpus cavernosum (white arrows)
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inguinal lymph node using 6-MV photon beams at a
dose of 2 Gy/fraction to a total dose of 40 Gy. The glans
penile lymphoma markedly decreased in size after RT. A
urinary catheter was placed after RT because the patient
exhibited grade 2 urinary retention according to the
National Cancer Institute Common Terminology Criteria
for Adverse Events (CTCAE) v5.0 [8]. Because relapsed
DLBCL was considered likely, second-line chemotherapy
with polatuzumab vedotin plus bendamustine and ritux-
imab (Pola-BR) was initiated after RT [9]. CTCAE grade
4 skin rashes subsequently appeared, prompting treat-
ment discontinuation after two cycles of Pola-BR. Com-
puted tomography revealed disappearance of the lesion
199 days after RT, and no relapse was observed up to 549
days after treatment completion.

Next-generation sequencing

The site of the relapse in this patient, the glans penis, is
an extremely rare site for relapse of PTL and was located
close to the primary radiation field in this case. Addi-
tionally, a 6.5-year progression-free period is unusual for
aggressive lymphomas. Thus, to distinguish relapse of
PTL or secondary DLBCL, we performed a comprehen-
sive genomic analysis using NGS of DNA extracted from
both histopathological specimens obtained at the initial
diagnosis and at relapse after obtaining written informed
consent from the patient.

DNA was extracted from both the initial PTL and glans
penile lymphoma specimens. NGS was conducted using
the Ion AmpliSeq™ Comprehensive Cancer Panel on the
Ion Torrent platform (Thermo Fisher Scientific, Waltham,
MA, USA). The Ion AmpliSeq™ Comprehensive Cancer
Panel provides complete exon coverage of more than 400
cancer-associated genes. The same variant allele fraction
in four somatic genes, namely MYD88, IL7R, BLNK, and
FLT3, was detected in both histopathological specimens
at similar frequencies (37.8-54.9%) (Table 1). Therefore,
the glans penile lymphoma was found to share the same
origin as the PTL in this patient, leading to a diagnosis of
relapsed PTL. Although these genes are not oncogenic,
mutations of these genes have been detected in patients
with DLBCL and leukemia [10—14]. In particular, MYD88
encodes for an adaptor protein that mediates Toll-like
receptor and interleukin-1 receptor signaling, and muta-
tions in this gene are reportedly important drivers of
lymphomagenesis in PTL [11].

Discussion

PTL is an aggressive extranodal non-Hodgkin’s lym-
phoma that relapses in various sites at a high frequency
of 52.0-80.0% even after first-line therapy [1-3]. Com-
mon extranodal sites of PTL relapse include the CNS and
contralateral testis [1-3]. The relapse rate in the contra-
lateral testis is 15% at 3 years without prophylactic RT;
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glans penile tumor was confirmed (white arrows; maximum standardized

Fig. 3 Sagittal fused fluorodeoxyglucose positron emission tomography/
computed tomography image. High fluorodeoxyglucose uptake in the
uptake value, 33.3)
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however, RT significantly reduces the relapse rate [1].
One study showed that the relapse rate in the contra-
lateral testis was 10% after prophylactic RT [4], whereas
another study showed that no relapse was observed in
any patients who received prophylactic RT [5]. Thus,
the National Comprehensive Cancer Network Clinical
Practice Guidelines in Oncology and the International
Lymphoma Radiation Oncology Group recommend that
prophylactic RT should be delivered to the contralateral
testis after chemotherapy regimens such as R-CHOP [15,
16]. Although prophylactic RT is the standard of care for
PTL, statistical data from the US Surveillance, Epidemi-
ology, and End Results program showed that only 35.9%
of patients received RT [17]. However, prophylactic RT to
the contralateral testis has also been reported to improve
overall survival [4, 17]. Although other extranodal sites of
relapse reportedly include Waldeyer’s ring and the skin,
no report has described relapse in the glans penis [1, 3, 4,
6]. A rare case of bilateral synchronous testicular involve-
ment of PTL was recently reported, but the spermatic
cord and glans penis were intact by surgical examination
[18]. Also in our patient, no infiltration of the spermatic
cord by surgical examination at initial high orchiectomy.
PTL relapse after first-line therapy occurs relatively
early, at a median of 0.8 to 3.0 years. However, relapse
in the contralateral testis tends to occur at a median of
45 months after treatment [3, 4]. In our patient, PTL
relapsed in the glans penis, but not the contralateral tes-
tis, 6.5 years after prophylactic RT. In general, the con-
tralateral testis, CNS and skin of the PTL patient should
be evaluated carefully for the management of undiag-
nosed relapse. But we may also need to evaluate the penis
henceforth considering our case. Primary penile lym-
phoma is extremely rare; approximately 30 cases have
been reported to date. Although the use of chemother-
apy, RT, surgery, or their combination has been reported,
no standard of care has been established for primary
penile lymphoma [19-22]. In our patient, palliative RT
was prioritized over systemic therapy because of severe
pain in the glans penis, and the glans penile lymphoma
lesion markedly decreased in size.

A commonly reported histological subtype of primary
penile lymphoma is DLBCL [19, 21, 22]. Because both
the PTL and glans penile lymphoma in our patient were
histologically diagnosed as DLBCL, we performed a com-
prehensive genomic analysis by targeting the exons of
oncogenes and tumor suppressor genes via NGS of DNA
extracted from two histopathological samples to deter-
mine whether the glans penile lymphoma shared the
same origin as the PTL in this patient or whether it was
a new primary lesion such as radiation-induced second-
ary malignancy. Given the reported association between
exposure to radiofrequency waves and testicular cancer
[23], we were concerned about.
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unexpected exposure of the glans penis to a very low
dose of radiation from the previously prophylactic RT
of the contralateral testis. Although the penis was lifted
and taped to the abdominal wall for exclusion from the
irradiation field, the corpus spongiosum and cavernosum
might have been included the irradiation field. We used
small electron cones, and the RT dose in these tissues
continuous with the glans penis could not be precisely
determined. Because identical mutations in four somatic
genes were detected from the two histopathological spec-
imens at similar frequencies, the glans penile lymphoma
was found to share the same origin as the PTL, leading
to a diagnosis of relapsed PTL. In high-grade BCL, gene
expressions such as MYC and BCL-6 alterations have
been widely known to be associated with poor prognosis
and these specific expression patterns were investigated
in PTL [24, 25]. But in our patient, a comprehensive
genomic analysis including MYC and BCL-6 extracted
from both histopathological specimens revealed no alter-
ations in MYC and BCL-6.

Conclusion

In summary, lymphoma developed in the glans penis
after a long period following prophylactic RT for PTL.
A comprehensive genomic analysis using NGS allowed
us to definitively eliminate the possibility of radiation-
induced secondary malignancy. To the best of our knowl-
edge, this is the first case report of an NGS-confirmed
relapse of PTL in the glans penis.
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