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Abstract

Objective: We developed and validated a nomogram for overall survival (OS) and cancer-
specific survival (CSS) prediction in patients with primary testicular diffuse large B-cell lymphoma
(PT-DLBCL).

Methods: Patients diagnosed with PT-DLBCL were selected from the Surveillance, Epidemiology,
and End Results (SEER) database. Independent prognostic factors were analyzed to establish a
nomogram of OS and CSS. Patients were reclassified into high- and low-risk groups; survival was
compared using Kaplan—Meier curves and log-rank tests.

Results: We collected 1099 PT-DLBCL cases (2000-2019) from SEER and randomized into
training (n =771) and validation (n = 328) cohorts. In univariate and multivariate Cox regression
analyses, five prognostic indicators (age, treatment modality, diagnosis year, Ann Arbor stage,
laterality) were used to establish a nomogram of OS and CSS. The nomogram demonstrated
excellent discrimination and calibration, with concordance indices in the training and validation
cohorts of 0.702 (95% confidence interval [CI], 0.677-0.727) and 0.705 (95% CI 0.67-0.74) for
OS and 0.694 (95% CI 0.663—-0.725) and 0.680 (95% Cl 0.63-0.72) for CSS. The calibration curve
and ROC analysis indicated good predictive capability of the nomogram.

Conclusions: The constructed prognostic model showed good predictive value for PT-DLBCL
to assist clinicians in developing individualized treatment strategies.
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Introduction

Primary testicular lymphoma (PTL)
accounts for 1% to 2% of all cases of non-
Hodgkin lymphoma and 3% to 9% of all
testicular malignancies. However, PTL is
the most pervasive malignant testicular neo-
plasm in individuals aged more than 60 years
and increases with age."> The most common
pathological type of PTL is primary testicu-
lar diffuse large B-cell lymphoma (PT-
DLBCL), which comprises 80% to 90% of
all primary lymphomas of the testis.
Although the addition of a combined regi-
men has greatly improved the prognosis of
patients with PT-DLBCL in recent decades,
this type of PTL demonstrates substantial
extranodal tropism, and its recurrence
often involves the central nervous system
(CNS) and contralateral testis. PT-DLBCL
has a poor prognosis and a higher risk of
late disease-related death than nodal
DLBCL.**

Developing an optimal method for accu-
rately predicting prognosis and determining
individualized treatment in PT-DLBCL
remains an urgent clinical problem to be
solved. The International Prognostic Index
(IPI) has become the main clinical tool for
risk stratification of lymphoma in planning
treatment and surveillance. However, some
studies report that approximately 70% of
patients with PTL are in stage I/II at the
first diagnosis, and their IPI score (always
less than 2) has limited prognostic value.’
Although positron emission tomography—
computed tomography (PET-CT) is the
main criterion used in staging and response
evaluation, several studies have revealed
that treatment measures based on PET-CT

have not improved patient prognosis.*¢
Therefore, further investigation is needed
to develop an effective and accurate predic-
tion model to screen patients with
PT-DLBCL and formulate individualized
therapeutic regimens.

The nomogram is a useful tool in onco-
logical medicine that shows constructed
proportional hazards regression models in
a visual form to estimate patient prognosis.
Because of its rarity, efforts to clarify the
clinical characteristics and prognostic out-
comes of PT-DLBCL have mostly relied on
individual cases or small series studies.™’
Therefore, to improve prognosis, it is clinical-
ly important to collect detailed information
for individual patients to develop a novel
predictive nomogram for this population in
a large real-world setting. Surveillance,
Epidemiology, and End Results (SEER) is
one of the most representative large tumor
databases in North America and an excellent
resource for the study of malignant and rare
tumors.

We conducted the present research using
the SEER database to explore the baseline
characteristics and prognostic factors of PT-
DLBCL and establish a prognostic nomo-
gram to assist clinicians in accurately
estimating patient prognosis and to provide
guidance and assistance in clinical treatment.

Methods

Patients and data collection

We extracted data for patients with
PT-DLBCL diagnosed between 2000 and
2019 from the SEER database using
SEER*STAT software (version 8.4.0.1).
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DLBCL was identified using International
Classification of Diseases for Oncology his-
tology codes (9680/3, 9675/3, 9684/3).°
DLBCL originating from the testis was
identified using lesion numbers C62.0,
C62.1, and C62.9."

The inclusion criteria were defined as fol-
lows: histologically proven DLBCL; the
primary site was the testis; and complete
follow-up information. The exclusion crite-
ria were defined as unknown Ann Arbor
staging and missing survival information.

We collected the following clinicopatho-
logical features for included patients: age,
race and ethnicity, marital status, laterality,
year of diagnosis, Ann Arbor stage, therapy
modality (surgery, surgery + chemotherapy,
surgery 4+ chemotherapy + radiation,  sur-
gery + radiation, and other), and survival
outcomes (survival months, vital status,
cause of death). Patients were randomly
assigned to the training set and validation
set at a ratio of 7:3.

Opverall survival (OS) and cancer-specific
survival (CSS) were the endpoints of inter-
est, which were defined as duration of sur-
vival from the diagnosis of PT-DLBCL to
the last follow-up/death from any cause or
PT-DLBCL, respectively.

Owing to the nature of this retrospective
study and the use of publicly accessible data
from the SEER database, there was no
requirement for ethics approval and patient
informed consent in the current study.

Construction and validation of
the nomogram

We conducted univariate and multivariate
Cox regression analyses to determine the
independent prognostic variables and sig-
nificant factors associated with OS or
CSS. On this basis, we developed a nomo-
gram to predict OS and CSS at 3 years and
5 years. Performance of the nomogram was
assessed using Harrell’s concordance index
(C-index), calibration curves, and the area

under the receiver operator characteristic
(ROC) curve (AUC). Discriminative ability
was quantitatively assessed using the
C-index, and calibration was assessed with
calibration curves.

Statistical analysis

We used R statistical software, version 4.2.1
(The R Project for Statistical Computing,
Vienna, Austria) for all statistical analyses.
The results of univariate and multivariate
Cox risk regression analyses are expressed
as the hazard ratio (HR) and corresponding
95% confidence interval (CI). The Cox
regression model, nomogram, calibration
curve, and ROC curve were analyzed using
the R packages “survival” and “foreign,”
“rms,”  “ggplot2,” and “survivalROC,”
respectively. The function “stdca. R” was
used to perform DCA. The calibration
reflected the consistency between the predic-
tion probability of the model and the actual
observation results. DCA was carried out to
assess the nomogram’s clinical usefulness.
Kaplan—Meier (KM) survival curves were
drawn by dividing the mortality rates into
high-risk and low-risk groups using the
maximum Jordan index as the best cutoff
value. Log-rank tests were used to compare
differences between high-risk and low-risk
groups.'’ All statistical tests were two-sided,
and p < 0.05 indicated a significant difference.

Results

Baseline characteristics of patients

Data for a total of 1099 eligible patients
diagnosed with PT-DLBCL from 2000 to
2019 were collected from the SEER data-
base. These patients were then randomly
assigned to training (n=771) and valida-
tion (n=328) cohorts at a ratio of 7:3.
The demographic and clinicopathological
features are compiled in Table 1.
Patients” year of diagnosis was divided
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Table . Patients’ demographic and clinical characteristics.

All patients Training set Validation set
N=1099 (%) N=771 (%) N =328 (%) p
Age, y 05118
<60 272 (24.75) 188 (24.38) 84 (25.61)
61-69 281 (25.57) 203 (26.33) 78 (23.78)
70-79 356 (32.39) 254 (32.94) 102 (31.10)
>80 190 (17.29) 126 (16.34) 64 (19.51)
Marital status 0.7071
Married 756 (68.79) 536 (69.52) 220 (67.07)
Unmarried 130 (11.83) 90 (11.67) 40 (12.20)
Other 213 (19.38) 145 (18.81) 68 (20.73)
Race and ethnicity 0.9033
White 952 (86.62) 669 (86.77) 283 (86.28)
Other 147 (13.38) 102 (13.23) 45 (13.72)
Ann Arbor stage 0.9891
I 635 (57.78) 443 (57.46) 192 (58.54)
I 181 (16.47) 130 (16.86) 51 (15.55)
I 68 (6.19) 48 (6.23) 20 (6.10)
v 179 (16.29) 125 (16.21) 54 (16.46)
Unknown 36 (3.28) 25 (3.24) Il (3.35)
Treatment modality 0.5365
Surgery 246 (22.38) 164 (21.27) 82 (25.00)
Surgery + chemotherapy 397 (36.12) 275 (35.67) 122 (37.20)
Surgery + chemotherapy + radiation 391 (35.58) 285 (36.96) 106 (32.32)
Surgery + radiation 15 (1.36) Il (1.43) 4(1.22)
Other 50 (4.55) 36 (4.67) 14 (4.27)
Laterality 0.8255
Left 494 (44.95) 348 (45.14) 146 (44.51)
Right 526 (47.86) 370 (47.99) 156 (47.56)
Bilateral 79 (7.19) 53 (6.87) 26 (7.93)
Year of diagnosis 0.6289
20002005 373 (33.94) 255 (33.07) 118 (35.98)
2006-2010 358 (32.58) 256 (33.20) 102 (31.10)
20112015 368 (33.48) 260 (33.72) 108 (32.93)

into three groups: 2000 to 2005, 2006 to
2010, and 2011 to 2015. Most patients
were White (n =952, 86.62%); the remain-
ing 147 patients (13.38%) were of other/
unknown race and ethnicity. Patients” ages
were as follows: 272 (24.75%) patients were
aged <60 years, 281 (25.57%) were aged 61
to 69 years, 356 (32.39%) were aged 70 to
79 years, and 190 (17.29%) patients were
aged >80 years. Unilateral testicular
involvement was found in 1020 (92.81%)

patients and bilateral testicular involvement
was observed in only 79 (7.19%) patients.
More than half of patients (n=756,
68.79%) were married. Most patients had
Ann Arbor stage I (n=635, 57.78%), and
16.47%, 6.19%, 16.29%, and 3.28% of
patients had stage II, III, IV, and unknown,
respectively. Over 95.4% (n=789) of
patients received surgery whereas 65.9%
and 70.5% of patients underwent radiation
therapy and chemotherapy, respectively.
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Table 2. Continued

CSS

(ON

Multivariate analysis Univariate analysis Multivariate analysis

Univariate analysis

p

HR (95% Cl)

p

HR (95% Cl)

p

HR (95% CI)

p

HR (95% CI)

Variable

Laterality

Ref

Ref
0.99 (0.82-1.2)

Left

0.0434
0.0229

1.3 (1.01-1.67)
1.67 (1.07-2.6)

0.334

0.003

1.13 (0.93-1.37) 02249  1.13 (0.88-1.45)
0.0145 1.89 (1.24-2.88)

1.57 (1.09-2.27)

0.934
0.015

Right

1.53 (1.09-2.15)

Bilateral
Year of diagnosis

Ref

Ref
0.74 (0.59-0.91)

0.7 (0.55-0.89)

2000-2005

<0.001

<0.001 065 (0.49-0.86)  0.003 0.53 (0.4-0.71)
0.68 (0.5-0.91)

0.58 (0.46-0.72)

0.005

2006-2010

0.0075

0.009 0.66 (0.49-0.9)

0.0015

0.004 0.67 (0.53-0.86)

2011-2015

OS, overall survival; CSS, cancer-specific survival; HR, hazard ratio; Cl, confidence interval; Ref, reference; NA, not applicable.

Identifying independent prognostic factors
for OS and CSS

The results of univariate and multivariate
analyses are presented in Table 2. Cox
regression analysis was performed for
seven potential parameters in the training
cohort for the purpose of determining inde-
pendent prognostic factors for survival in
patients with PT-DLBCL.

Finally, age, year of diagnosis, Ann
Arbor stage, treatment modality, and later-
ality were identified as independent prog-
nostic factors for OS and CSS.

Construction of the nomogram

The prognostic nomogram for 3- and 5-year
OS and CSS are shown in Figure 1. By
adding a score on the point scale of each
selected variable, a patient’s probability of
individual survival can be easily calculated.
The OS was better for younger patients,
patients with early Ann Arbor stage, and
patients who were diagnosed from 2006 to
2010. After surgery, patients who received
chemotherapy and radiation therapy also
exhibited better OS. We found that left-
side involvement was associated with
better outcomes. Additionally, the prognos-
tic nomogram for 3- and S5-year CSS of
PT-DLBCL was similar to that for OS, in
general.

Validation of the nomogram

The nomogram was validated internally.
The C-indices in the training and validation
cohorts of the OS nomogram were 0.702
(95% CI 0.677-0.727) and 0.705 (95% CI
0.67-0.74), and those of the CSS nomogram
were 0.694 (95% CI 0.663-0.725) and 0.680
(95% CI 0.63-0.72), respectively, indicating
considerably good discrimination of the
newly established nomogram (Figure 2).
DCA curves in the training cohort for
the OS nomogram and CSS nomogram sep-
arately demonstrated great consistency
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Figure |. Prognostic nomogram of patients with primary testicular diffuse large B-cell lymphoma based on
five risk factors for overall survival and cancer-specific survival.

C, chemotherapy; R, radiotherapy; S, surgery.

between actual and predicted survival.
Analogously, calibration curves in the vali-
dation cohort and all patients demonstrated
a consistent pattern (Figure 3).

We drew ROC curves to verify the ability
of the nomogram to accurately predict sur-
vival. In the training cohort, the 3- and

S-year AUCs of the OS nomogram were
0.77 and 0.779 (Figure 4a) and those of the
CSS nomogram were 0.789 and 0.779
(Figure 4b), respectively, showing good sensi-
tivity and specificity for the nomogram. In
the validation cohort, the 3- and S5-year
AUCs of the OS nomogram were 0.764 and
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Figure 2. Calibration plot of the prognostic nomogram for each cohort. (a) The 3- and 5-year OS
calibration plots for the development set; (b) 3- and 5-year CSS calibration plots for the development set;
(c) 3- and 5-year OS calibration plots for the validation set and (d) 3- and 5-year CSS calibration plots for the

validation set.
OS, overall survival; CSS, cancer-specific survival.

0.78 (Figure 4c), and those of the of the CSS
nomogram were 0.752 and 0.742 (Figure 4d).
Therefore, the nomogram performed well.

Survival analysis

Patients with mortality lower than the
cutoff point were defined as the low-risk
group. The remaining patients were defined
as the high-risk group, and a log-rank test
was used for comparison (Figure 5). The
optimal cutoff points for 3- and 5-year OS
mortality in the development cohort were
0.263 and 0.362, respectively. Figure 5a
shows the development cohort probability
of survival at 3 years in the low-risk group
(0.84, 95% CI1 0.81 to 0.88; p<0.0001) and
high-risk group (0.53, 95% CI 0.48-0.58;
p <0.0001). Figure 5b shows the develop-
ment cohort probability of survival at

5 years in the low-risk group (0.78, 95%
ClI 0.74-0.82; p<0.0001) and high-
risk group (0.40, 95% CI 0.35-0.45;
p <0.0001). The optimal cutoff points for
3- and 5-year CSS mortality in the develop-
ment cohort were 0.257 and 0.338, respective-
ly. In the development cohort, the 3-year
survival was 0.85 (95% CI 0.82-0.88;
p<0.0001) and 0.61 (95% CI 0.55-0.67;
p<0.0001) in the low-risk and high-risk
groups, respectively (Figure 5¢). The 5-year
survival rates were 0.80 (95% CI 0.76-0.84;
p<0.0001) and 0.50 (95% CI 0.45-0.57;
p<0.0001) in the low-risk and high-risk
groups, respectively (Figure 5d).

Discussion

PT-DLBCL is a rare and aggressive type of
lymphoma that mainly affects older men.>'?
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5-year CSS survival DCA for the development set; (c) 3- and 5-year OS survival DCA for the validation set
and (d) 3- and 5-year CSS survival DCA for the validation set.

DCA, decision curve analysis; OS, overall survival; CSS, cancer-specific survival.

As such, PT-DLBCL research has been lim-
ited to case reports and small-sample retro-
spective studies."* !> Some clinical features
such as patient age at diagnosis, stage, and
absolute lymphocyte counts in the
peripheral blood have been shown to be
prognostic factors in PT-DLBCL. No spe-
cific prognostic score has yet been devel-
oped for PT-DLBCL.'®!”

Our study was the first to develop and
validate a clinical prognostic model for PT-
DLBCL using the SEER database. We
included the information of 1099 patients
diagnosed with PT-DLBCL from SEER.
Using Cox multivariate analysis, we found
that age, treatment modality, year of diag-
nosis, Ann Arbor stage, and laterality were
risk factors associated with survival. To the
best of our knowledge, this is the largest
study to construct a visual nomogram to
predict the 3- and 5-year OS and CSS in

patients with PT-DLBCL. The good predic-
tive and clinical net benefits of the devel-
oped nomogram were demonstrated using
the ROC, calibration, and DCA curves.
The developed nomogram can help clini-
cians predict survival in individual patients
and make treatment decisions.

According to previous studies, the
median age at diagnosis in patients with
PT-DLBCL is 68 years. In our study
cohort, patients were slightly older (70
years) than those in past studies.
Gundrum et al. reported that approximate-
ly 70% of patients with PT-DLBCL were in
stage I or II at the first diagnosis.” In our
study, most patients (74.52%) were diag-
nosed in the early stage of the disease
(stage I-II), which is in accordance with
previous reports. Our prognostic nomo-
gram for patients with PT-DLBCL also
confirmed that compared with patients aged
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Figure 4. ROC curves. (a) The 3- and 5-year ROC curves of the development set for OS; (b) 3- and 5-year
ROC curves of the development set for CSS; (c) 3- and 5-year ROC curves of the validation set for OS and
(d) 3- and 5-year ROC curves of the validation set for CSS.

ROC, receiver operating characteristic; OS, overall survival; CSS, cancer-specific survival.

<60 years, those older than age 80 years had
a 3 to 7 times higher risk of death in terms of
OS and CSS. Additionally, patients in earlier
stages had longer OS and CSS than those in
stages III and IV, which is consistent with
previous findings that advanced age and
stage are prognostic factors of adverse
outcomes. '

The relevance of laterality in the progno-
sis of PTL is controversial. A 2009 study
including 769 cases in the SEER database
showed that lymphoma involvement of the
right testis is associated with improved
CSS.’ Another study from China including
32 cases conducted in 2011 showed that left
testicular involvement was a negative prog-
nostic factor for OS.? Unlike previous stud-
ies, our results showed that bilateral
involvement was significantly associated
with worse outcomes. Bilateral testicular

swelling was observed in 7.19% of patients
in our study; this low proportion may have
influenced the results. Another possible
explanation was that the low incidence of
PTL and the population analyzed were dis-
tinct, which may represent an unknown
bias in the selection. In general, a larger
amount of research evidence from real-
world settings is needed.

A large retrospective study including
1169 patients reported that a later period
at diagnosis was a good prognostic factor
of survival in PTL.'” We also found that the
OS and CSS of patients diagnosed during
2006 to 2010 and 2011 to 2015 were signif-
icantly improved compared with those of
patients diagnosed in 2000 to 2005. This
improvement in patients’ survival may be
attributable to advancement in treatment
strategies and increased access to therapy
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KM, Kaplan-Meier; OS, overall survival; CSS, cancer-specific survival.

for patients. In 2017, Kridel et al. indicated
that rituximab was associated with signifi-
cantly improved progression-free survival
(PFS) and 0S."

The selection of therapeutics is an impor-
tant factor in survival of PT-DLBCL.
Owing to the lack of randomized phase 111
trials, no standard treatment for PT-
DLBCL has yet to be established. The
European Society for Medical Oncology
Clinical Practice Guidelines state that
orchiectomy remains a mandatory step in
therapy to remove a potential sanctuary
site formed by the blood—testis barrier and
provide histological samples for diagnosis.
In our analysis, 95.5% of patients under-
went orchiectomy. A retrospective study
including 769 patients demonstrated that

prophylactic radiation to the contralateral
testicle prevented testicular relapse and was
also associated with Dbetter survival.
Interestingly, however, patients in our
cohort who received radiation after surgery
had no significant outcomes compared with
those who did not. The relatively small
sample size (only 15 patients with PT-
DLBCL) and older patient age (>70
years) may understate the role of radiother-
apy and may introduce potential bias. The
recommendations of prior phase II trials
promote the use of combination therapy:
surgical resection, chemotherapy associated
with CNS prophylaxis, and radiotherapy of
the contralateral testicle.”” The use of mul-
timodal therapy is associated with an
increase in the 5-year survival rate from
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30% to 86.6%.%" ** Xu et al. also reported
that chemotherapy and radiotherapy fol-
lowing orchiectomy are associated with a
significantly longer PFS.'® Our study
showed that patients who received com-
bined modality therapy had a better prog-
nosis, which is consistent with previous
findings that combining radiotherapy with
chemotherapy and surgery results in
favorable OS. However, patients with
PT-DLBCL are usually older and many
may not tolerate combined regimens. In
real-world settings, final decisions regard-
ing the therapy regimen should be made
by the patients.

Study limitations

This study has some limitations that should
be taken into consideration. First, we only
used the SEER database and did not use
information from other databases for exter-
nal validation. Second, some potential inde-
pendent prognostic variables, such as
biomarkers, B symptoms, and IPI, were
lacking in our analysis; this lack of infor-
mation should be addressed in future
research. Third, the SEER database pro-
vides no information regarding chemother-
apy and rituximab use.

Conclusion

We developed and validated a nomogram
for predicting 3- and S-year OS and CSS
in patients with PT-DLBCL. The nomo-
gram provided accurate individual survival
predictions, which will help physicians
make appropriate clinical decisions for indi-
vidual patients.
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