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Objective: Primary testicular diffuse large B-cell lymphoma (PT-DLBCL) is relatively rare,
and risk factors of this disease are still not well understood. This study aims to identify
clinical features and prognostic factors of PT-DLBCL patients.

Methods: Thirty-two patients were included in this retrospective study who were diagnosed
as PT-DLBCL and treated in Fudan University Shanghai Cancer Center between
November 2010 and May 2018. The demographic details, clinico-pathological characteristics
of the patients were summarized, and the impact on progression-free survival (PFS) and
overall survival (OS) was analyzed.

Results: The median age of the patients was 57 (range 36-76) years old. All patients
received rituximab in combination with cyclophosphamide, doxorubicin, vincristine, and
prednisone (R-CHOP) for 4-6 cycles and central nervous system (CNS) prophylaxis, with
a CR rate 87.5% and an ORR 96.9%. Nineteen patients continued prophylactic contralateral
testis radiation therapy (PCTRT) in our hospital. The 3-year PFS and OS rates were 79% and
92%, respectively. None of the 19 patients who received PCTRT experienced local recur-
rence. All three patients who suffered from CNS relapse were germinal center B-cell
subtype. Kaplan—Meier analyses showed that PT-DLBCL patients with late-stage (Stage
IV) (P =0.022), higher IPI score (IPI> 2) (P =0.017), B symptoms (P =0.004), and elevated
LDH level (P =0.03) had a shorter PFS. More importantly, we found that patients with the
ratio of the LDH level in serum to that in CSF > 6.5 suffered from a worse PFS (P =0.028).
Conclusion: Our work revealed that staging IV, IPI score >2, having B symptoms and elevated
LDH level were risk factors for PT-DLBCL patients. Significantly, the PT-DLBCL patients with
a high ratio of LDH level in serum to that in CSF were indicated to have a worse PFS.
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Introduction

Primary testicular lymphoma (PTL) accounts for 1-2% of all non-Hodgkin’s
lymphomas (NHLs), and 1-9% of testicular malignancies.'”” The most common
histological subtype of PTL is diffuse large B-cell lymphoma (DLBCL).®> Since
patients with primary testicular diffuse large B-cell lymphoma (PT-DLBCL) usually
relapse in contralateral testis and in the central nervous system (CNS), multiple
modality treatment including chemotherapy (R-CHOP), prophylactic contralateral
testicle radiation therapy (PCTRT), and prophylactic intrathecal chemotherapy are
extremely important.*> Nowadays, indicators of therapeutic response remain una-
vailable. To identify the subtype of PT-DLBCL patients with aggressive behaviors,
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predictive or prognostic factors that could indicate precise
stratification and proper treatment modalities are required
in clinical practice.

Some studies have shown that age, Ann Arbor stage,
Eastern Cooperative Oncology Group (ECOG) perfor-
mance status and treatment might be prognostic factors
of PT-DLBCL.%’ However, certain biochemical markers
with high accuracy to predict disease progression are still
needed. Little is known about the prognostic significance
of biochemical factors in the cerebral spinal fluid (CSF).
At present, CSF examination is a routine clinical proce-
dure for most PT-DLBCL patients. This approach is able
to measure biomolecules such as glucose, protein, and
miRNAs in CSF, which may help to improve the accuracy
of CNS involvement diagnosis and prognostic estimation.®

In the current study, we retrospectively reviewed
a cohort of PT-DLBCL patients treated in our center.
Through integrative prognostic analyses, we seek to find
out key clinico-pathological or biochemical factors cap-
able of predicting outcome and therapy efficiency of PT-
DLBCL patients.

Materials and Methods

Patients and Samples

A total of 32 patients with newly diagnosed, PT-DLBCL
were included in this retrospective study. All the patients
were treated in Shanghai Cancer Center, China during
November 2010 to May 2018. All patients were pathologi-
cally confirmed as DLBCL and all pathological results were
reviewed by experienced pathologists in our center. Our
study was approved by the Institutional Review Board of
the Fudan University Shanghai Cancer Center, and the
research was conducted in accordance with the Declaration
of Helsinki. Informed consent was not required as the study
was based on retrospective anonymous patient data and was
not involved with patient intervention or the use of human
tissue samples. The demographic details, clinical and labora-
tory features of the patients are summarized in Table 1. For
each patient, the following data before treatment were col-
lected: patient demographics, subtype of germinal center
B-cell-like (GCB) or non-GCB, Ann Arbor stage, IPI score,
Eastern Cooperative Oncology Group (ECOG) performance
score, laboratory tests, type of treatment, and survival status.
All patients underwent prophylactic intrathecal chemother-
apy during treatment. Baseline CSF factors such as ALB
levels, LDH, white-blood cells, red blood cells and glucose,
chlorine were also routinely detected and recorded. The

Table | Baseline Characteristics of 32 PT-DLBCL Patients

Characteristic PT-DLBCL %
Age at diagnosis

>60 13 40.6

<60 19 59.4
Lugano stage

| 12 375

Il 8 25.0

v 12 375
Surgery

Yes 30 93.7

No 2 6.3
Subtypes (n=29)

GCB 10 345

Non-GCB 19 65.5
Ki67(n=30)

50-70% 3 10.0

>70% 27 90.0
B symptoms

Yes 2 6.3

No 30 93.7
ALB

<40 2 6.3

>40 30 93.7
LDH

Normal(<250) 25 78.1

Elevated 7 21.9
IPI

0 14 43.8

| 28.1

22 9 28.1
Location

Left 12 375

Right 18 56.3

Bilateral 2 6.2

SUVmax before treatment

MeantSD 13.031£9.25

Abbreviations: ALB, albumin; LDH, lactic dehydrogenase.

cytology examination of CSF at baseline in all patients was
negative for malignant cells.

Statistical Analysis

All analyses were performed using PASW Statistics 18
(SPSS Inc., Chicago). Kaplan—Meier survival curves
were constructed for survival analyses, and differences
were tested by the log-rank test. Overall survival (OS)
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was defined as the time between the date of diagnosis and
the date of death or the date of the last follow-up time.
Progression-free survival (PFS) referred to the period from
the date of diagnosis to the observed progression of the
disease or the occurrence of death for any reason. The data
of patients alive at the end of the study were censored.
Univariate and multiple Cox proportional hazards regres-
sion (backward, stepwise) were performed to identify the
independent factors with a significant impact on patient
survival. The hazard ratios (HRs) and 95% confidence
intervals of the prognostic factors were calculated. All
P values were two-sided, and the results were considered
significant if P < 0.05.

Results

Patient Characteristics

All 32 cases enrolled in this study were from hospitalized
patients. The median age was 57 (range 36-76) years.
According to the Ann Arbor staging system, 20 patients
(62.5%) and 12 (37.5%) patients were diagnosed with
stage I/Il and stage IV disease, respectively. The left
testicle was involved in 12 (37.5%) patients, the right
testicle in 18 (56.3%). Bilateral testicular involvement
was observed in two patients (6.2%). There were ten
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patients (34.5%) who were diagnosed with the germinal
center B-cell-like (GCB) and 19 (65.5%) with the non-
GCB subtype. The mean Ki67 index was 80% (range
50-95%) (Table 1).

Treatment Modalities of PT-DLBCL

Patients

All patients except two underwent orchiectomy at diagnosis.
All the patients received 46 cycles of R-CHOP regimens
(rituximab, cyclophosphamide, doxorubicin, vincristine and
prednisone), and were managed with prophylactic intrathecal
chemotherapy (12mg methotrexate and Smg dexamethasone
for 4-6 cycles). Nineteen patients underwent PCTRT after
chemotherapy in our hospital. Twenty-eight patients (87.5%)
achieved complete response (CR), three (9.4%) achieved
partial response (PR), and only one (3.1%) patient had pro-
gressive disease (PD). With a median follow-up time 946
days (range 156-2,976 days), two (6.2%) patients died of the
disease. None of the 19 patients who received PCTRT experi-
enced relapse in the contralateral testicle. Three patients
(9.4%) had central nervous system relapse and all of them
had GCB subtype. Median OS was not reached at the time of
reporting. The estimated 3-year PFS and OS rate were 79%
and 92%, respectively (Figure 1).
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Figure | Progression-free survival (PFS) and overall survival (OS) of PT-DLBCL patients in our study. Kaplan—Meier curves showing the PFS (A) and OS (B) of PT-DLBCL

patients in our study.
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Effect of Clinico-Pathological and

Biochemical Parameters on OS and PFS

To screen out the clinico-pathological and biochemical para-
meters linked to the outcome of PT-DLBCL, we firstly
incorporated patients’ basic information, histological charac-
ters, as well as the examination results of serum and CSF.
Then, all available factors were subjected to Kaplan—Meier
analyses. The results showed that PT-DLBCL patients char-
acterized by late-stage (Stage IV) (P =0.022), higher IPI
score (IPI > 2) (P =0.017), having B symptoms (P =0.004),
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elevated LDH level (P =0.03) had lower progression-free
survival (PFS) rates (Figure 2). Since only a few patients
reached the endpoint in overall survival analysis, all factors
failed to effectively separate the patients with distinguished
OS rates in the present cohort.

Likewise, the prognostic value of those relapse predic-
tors was also corroborated by the Cox regression model.
The univariate Cox regression analyses indicated that late-
stage, higher IPI score, having B symptoms, and elevated
LDH levels were contributing factors to lower PFS rate of
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Figure 2 Significant correlation of clinical and laboratory parameters with PT-DLBCL patients’ progression-free survival (PFS). Kaplan—-Meier curves showing the association
between IPl score (A), stage (B), B symptoms (C), serum LDH level (D) and PFS in PT-DLBCL patients in our study. All the P values are shown in the graph, by log-rank test.
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patients. Multivariate Cox proportional hazards model
suggested that IPI score and B symptoms were indepen-
dent prognostic factors in PT-DLBCL patients (Table 2).

LDH Ratio Indicates Recurrence of
PT-DLBCL Patients

LDH levels were conventionally tested both in the serum
and CSF. But the clinical significance of the LDH ratio is
unclear. Intriguingly, followed by a cutoff value derived
from the ROC curve, our results revealed that the ratio of
LDH level in serum to that in CSF was positively corre-
lated with patients’ recurrence (P =0.028). The relapses of
PT-DLBCL patients were more likely to occur in those
with the serum LDH/CSF LDH ratio >6.5 (Figure 3).

Discussion

Central nervous system recurrence is a devastating event for
DLBCL patients. Certain extranodal sites involvement such as
testis, adrenal, paranasal sinus, and breast confers increased
risk of central nervous system recurrence. It has been reported

that the CNS relapse rate of PT-DLBCL patients was 12-25%,
even early-stage PT-DLBCL patients who received complete
resection also took the risk of recurrence.”'® One way to
minimize the incidence of CNS relapse is CNS prophylaxis.
All the patients in our study received CNS prophylaxis and
had their baseline CSF examination just before initial intrathe-
cal injection. The CNS relapse rate in our study was lower than
those previously reported,'' ™" all three patients who suffered
from CNS relapse had the GCB subtype of DLBCL, which
was in consistent with other investigation.'* The estimated
3-year PFS and OS rates in our study were slightly higher
than previously reported, which may be attributed to the
combination treatment modalities. Nevertheless, there are
still some patients suffered from unfavorable outcomes in
clinical practice, even after CNS prophylaxis. Therefore, to
forecast the effectiveness of clinical management, a set of
predictive markers is still merit exploration.

Among clinical parameters, stage is firstly concerned. In
our study, 20 patients (62.5%) were diagnosed with early
stage (stage I and II), which was similar to the previous

Table 2 Univariate and Multivariate Analysis of Progression-Free Survival in PT-DLBCL Patients

Variable Univariate Analysis Multivariate Analysis
HR 95% CI P-Value HR 95% CI (95% CI) P-Value

Age

260 vs <60 2.337 0.494—11.059 0.284
Subtype

GCB vs non-GCB 4.136 0.754-22.683 0.102
Stage

Stage I/ll vs Stage IV 5.773 1.077-30.94 0.041 0.544 0.049-6.044 0.62
IPI score

0-1 vs =2 5.323 1.161-24.406 0.031 15.96 1.747-145.81 0.014
ALB in CSF

Normal vs elevated 0.037 0.000-254.577 0.464
LDH in CSF

Normal vs elevated 0.457 0.055-3.799 0.468
B symptoms

Yes vs no 8.32 1.509—45.869 0.015 36.669 3.067—438.441 0.004
ALB in serum

Normal vs elevated 0.726 0.081-6.467 0.774
LDH in serum

Normal vs elevated 4.701 1.02-21.669 0.047 1.303 0.161-10.56 0.804
Location

Unilateral vs bilateral 0.988 0.392-2.494 0.98

Abbreviation: HR, Hazard Ratio.
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Figure 3 ROC curve of serum LDH/CSF LDH and its impact on PFS. (A) ROC curve for the ratio of LDH level in serum to that in CSF. (B) Kaplan—Meier curve showing the
correlation between the ratio of serum LDH/CSF LDH and PFS in PT-DLBCL patients in our study.

report. We found that patients with late-stage (stage IV)
disease had poorer PFS (P=0.022), which was in consistent
with previous publications.*'> The correlation between
tumor location and survival of PT-DLBCL patients has
been controversial in previous literatures. Some studies
showed that left testicular involvement was associated with
worse PFS,” while others found that the difference was of no
statistical significance.'>'® Our results are in accord with the
latter one, showing no statistical difference among patients
with left, right or bilateral testicular involvement.

In our study, we found that higher IPI score, advanced
stage, having B symptoms, and elevated LDH level were
risk factors for a shorter PFS. Previous report also sug-
gested that patients who did not receive anthracycline-
containing chemotherapy and who did not receive rituximab
were associated with an increased risk of relapse.'
However, all patients in our study received anthracycline-
based and rituximab containing chemoimmunotherapy.

The highlight in our study was that we took into account
some parameters in CSF and/or the relative levels to those in
serum. The results suggested that the PT-DLBCL patients
with higher ratio of LDH level in serum to that in CSF were
indicated to have a worse PFS. The serum level of LDH has
long been appreciated as a prognostic factor for survival in
multiple types of malignancies. It may reflect tumor burden,
growth and invasive potential.'” High serum LDH concen-
tration was also reported to serve as the predictive factor for
CNS involvement for NHL patients.'® In our study, the LDH

level alone in CSF did not show a statistically significant
difference with PFS, which was in agreement with previous
report.'® Interestingly, the ratio of LDH level in serum to that
in CSF showed promising significant value with PFS, which
had not been previously reported. Our work may provide
new insights about the evaluation of CSF based on routinely
tested parameters. The high ratio of LDH level in serum to
that in the CSF might indicate patients at higher risk of
recurrence, and these patients might need more intense che-
motherapy. We hope that findings would guide the patients’
treatment plan, and assist in clinical decision-making.
Prospective studies aiming to reduce relapse in high-risk PT-
DLBCL patients either through additional CNS prophylaxis
or systemic intensification therapy are needed.

We cannot deny some limitations of this study currently,
such as the non-involved MYD88 mutation status and rela-
tively small sample size. The morbidity of PT-DLBCL is low
in China, which limit us to enroll a huge number of patients.
Nonetheless, we engaged to perform this retrospective inves-
tigation in the hope of providing some clinical insight about
the disease. Our results may shed light on novel ways in the
evaluation of PT-DLBCLs and inspired us to explore optimal
treatment modalities in clinical management of this disease.
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