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Abstract: Background: The existing studies on primary bladder lymphoma (PBL) are retrospective
analyses based on individual cases or small series studies, and the research on PBL is not unified and
in-depth enough at present because of the scarcity of PBL and the lack of relevant literature. This
study is designed to develop and validate nomograms for overall survival (OS) and cancer-specific
survival (CSS) prediction in patients with PBL. Methods: According to the Surveillance, Epidemiology,
and End Results (SEER) database, 405 patients diagnosed with PBL from 1975 to 2016 were collected
and randomly assigned to training (n = 283) and validation (n = 122) cohort. After the multivariable
Cox regression, the OS and CSS nomograms were developed. The discrimination, calibration and
clinical usefulness of the nomograms were assessed and validated, respectively, by the training and
validation cohort. Furthermore, all of the patients were reclassified into high- and low-risk groups
and their survival were compared through Kaplan-Meier method and log-rank test. Results: Age,
subtype, Ann Arbor stage, radiation and chemotherapy were identified as independent prognostic
factors for OS and age, sex, and subtype for CSS, then corresponding nomograms predicting the 3-
and 5-year survival were constructed. The presented nomograms demonstrated good discrimination
and calibration, which the C-index in the training and validation cohort were 0.744 (95% confidence
interval [CI], 0.705–0.783) and 0.675 (95% CI, 0.603–0.747) for OS nomogram and 0.692 (95% CI,
0.632–0.752) and 0.646 (95% CI, 0.549–0.743) for CSS nomogram, respectively. Furthermore, the
nomograms can be used to effectively distinguish Patients with PBL at high risk of death. The clinical
usefulness of the nomograms was visually displayed by decision curve analysis. Conclusion: We
updated the baseline characteristics of patients with PBL and constructed OS and CSS nomograms to
predict their 3- and 5-year survival. Using these nomograms, it would be convenient to individually
predict the prognosis of patients with PBL and provide guidance for clinical treatment.

Keywords: primary bladder lymphoma; overall survival; cancer-specific survival; nomogram;
Surveillance, Epidemiology, and End Results (SEER)

1. Introduction

Bladder lymphoma can be categorized into primary bladder lymphoma (PBL) and
secondary bladder lymphoma. The former originates in the urinary bladder, without
lymphoma found in other tissues of the body, and the latter is related to lymphoma
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originating from other tissues outside the bladder [1–4]. PBL cases have been reported since
1885, and as a relatively rare disease, it accounts for only 0.2% of extranodal lymphomas
(25% to 40% of all lymphomas) and less than 1% of all primary bladder tumors [2,5–7].

PBL tends to develop in middle-aged females, with a reported male-to-female ratio of
1:3 by Al-Maghrabi et al. to 1:6.5 by Ohsawa et al., and most patients are diagnosed in their
sixties [8–10]. The most common and obvious clinical symptom of PBL is gross hematuria,
and symptoms such as urinary frequency, dysuria, abdominal pain, and weight loss may
also occur [8,11,12]. The imaging findings of bladder lymphoma were submucosal masses,
of which 70% were solitary mass, 20% were multiple masses and 10% were diffuse thick-
ening of the bladder wall [4]. Most PBL are low-grade tumors, while high-grade tumors
only account for 20% [2]. The most common type among low-grade PBL is extranodal
marginal zone/mucosa-associated lymphoid tissue (MALT) lymphoma, accounting for
86% of low-grade cases and 53% of all cases [5,10,13], and the most common type among
high-grade PBL is diffuse large B-cell lymphoma (DLBCL) [12]. Currently, there are no
standardized protocols or guidelines for the treatment of PBL. Partial or radical cystectomy,
radiotherapy or chemotherapy, or comprehensive therapy have been reported to treat PBL,
and according to Hughes et al., no matter which treatment is taken, the complete remission
rates of Patients with PBL approach nearly 100% [4,13].

It has been reported that PBL has a generally good prognosis, with a relatively long-
median survival time and slow disease progression [5,12]. Factors reported to be associated
with PBL prognosis include age [14], histological subtype [4], grade and stage of the
tumor [4,15], etc. However, the existing studies on PBL are retrospective analyses based
on individual cases or small series studies, and the research on PBL is not unified and
in-depth enough at present because of the scarcity of PBL and the lack of relevant literature.
Hence, we attempted to explore the baseline characteristics and prognostic factors of PBL
by using the data of the Surveillance, Epidemiology, and End Results (SEER) database, and
then established prognostic nomogram in order to help clinicians accurately estimate the
prognosis and to provide guidance and assistance for clinical treatment.

2. Materials and Methods
2.1. Patients and Data Collection

Information about patients who were diagnosed with primary bladder lymphoma
from SEER database (https://seer.cancer.gov/, accession number: 15751-Nov2020, accessed
on 21 January 2022.) were collected through SEER*Stat software. The inclusion criteria
were: (1) diagnosis of lymphoma; and (2) the primary site was urinary bladder. The
following were exclusion criteria: (1) without complete demographic or clinicopathological
information or follow-up information; (2) if the primary site of the tumor was confined
to the ureteral orifice, for the reason that only one record was not allowed to be grouped.
Specially, we used the AYA site recode/WHO 2008 code 2 lymphomas and primary site
codes C67.0–C67.9 to identify lymphoma that primarily found in the bladder, and finally,
405 patients who had received a diagnosis between 1975 and 2016 were included. The
following clinicopathological information were of concern: age, sex, race, marital status, site,
subtype, Ann Arbor stage, and three therapy methods, including surgery, radiotherapy, and
chemotherapy, etc. The Ann Arbor stage system is the classification criteria for lymphoma,
and stage I to IV refers, respectively, to (I) one group of adjacent nodes involvement or
single extranodal lesions without nodal involvement, (II) two or more nodal groups on
the same side of the diaphragm or limited contiguous extranodal involvement, (III) nodes
on both sides of the diaphragm involvement or nodes above the diaphragm with spleen
involvement, (IV) additional noncontiguous extralymphatic involvement [16]. Overall
survival (OS) is defined as the time from diagnosis to death regardless of cause and cancer-
specific survival (CSS) is defined as the time from diagnosis until death because of PBL or
end of follow-up, which are the primary outcome of the study.

After screening by the above methods, all eligible PBL randomly assigned to training
and validation cohort in proportion of 7:3. Figure 1 shows the flowchart of the study.

https://seer.cancer.gov/
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Case of patients diagnosed as primary bladder
lymphoma in SEER database from 1975 to 2016

( N = 406 )

Case for OS and CSS analysis
( N = 405 )

Training cohort
( N = 283 )

Validation cohort
( N = 122 )

The univariate and multivariate
Cox regression analysis

Establish and evaluate the OS
and CSS nomogram

Exclude

Seed = 666

Site = “Ureteric orifice” ( N = 1 )

Figure 1. Flowchart of case selection and analysis process of patients diagnosed as primary bladder
lymphoma from SEER database. SEER, Surveillance, Epidemiology, and End Result; OS, overall
survival; CSS, cancer-specific survival.

2.2. Model Development

The univariable and multivariable Cox regression algorithm were performed in the
training cohort to analyze clinicopathological predictors for OS and CSS, and significant
predictors were selected according to backward stepwise selection. Finally, nomograms
predicting OS and CSS at the 3- and 5-year stage were developed [17,18].

2.3. Performance Assessment and Validation of the Model

The nomograms’ performance was assessed through the Harrell’s concordance index
(C-index), calibration curves and the area under the curve (AUC) of the receiver operator
characteristic (ROC). Discriminative ability was quantitatively assessed by the C-index [18],
and calibration by calibration curves. It was worth mentioning that the C-index was ac-
quired by bootstrapping with 1000 resampling procedures. The nomogram multivariable
Cox regression formula was implemented to the validation cohort, and the same perfor-
mance evaluation was performed in the validation cohort to validate the performance.

2.4. Survival Risk Classification Based on the Nomogram

According to the formula from multivariable Cox regression, all of the patients’ risk
scores were+ calculated.

Risk score = a1F1 + a2F2 + . . . + aiFi

where ai and Fi represent the selected survival-related risk factors and the associated
coefficient, respectively.

The X-tile software was used to obtain the optimal risk score cutoff value [19], and
according to the cutoff value, patients with PBL were reclassified into high- and low-risk
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groups. The differences of OS and CSS between the two groups were demonstrated through
Kaplan-Meier method and log-rank test.

2.5. Clinical Usefulness of the Nomogram

Decision curve analysis (DCA) was carried out to assess the nomogram’s clinical
usefulness, which is a method for estimating the clinical benefit of the model, using the
curves of full treatment regimen curves and no treatment regimen as two references, and
the net benefit is quantified at different threshold probabilities of the nomogram [20].

2.6. Statistical Analysis

We used the X-tile software version 3.6.1 (Yale University School of Medicine, New
Haven, CT, USA) to carry out X-tile plots for determining the optimal cutoff value of risk
score, and R statistical software, version 4.1.1 (The R Foundation for Statistical Computing,
https://www.r-project.org/, accessed on 21 January 2022.) to all other statistical analyses.

The Cox regression model, nomogram and calibration curve, ROC curve was com-
pleted by the R packages “survival” and “MASS”, “rms”, “survivalROC”, respectively. The
function “stdca.R” was used to perform DCA. Continuous data and categorical variables
were shown as median [interquartile range (IQR)] and number (percentage), respectively.
p-value < 0.05 (2-sided) was the standard of statistically significant.

3. Results
3.1. Baseline Characteristics of Total Patients with PBL

A total of 406 patients diagnosed with PBL were collected in SEER database from
year 1975 to 2016, and 1 patient met the exclusion criteria, so eventually 405 patients
were included. These 405 patients were then randomly assigned to training (n = 283) and
validation (n = 122) cohort according to the ratio of 7:3 (Table 1). The median age of patients
with PBL was 76.00 years old (interquartile ranges [IQR], 64.00–84.00 years old), with an
approximate 2:3 male to female ratio. Most of patients were white people (n = 342, 84.4%),
with black people (n = 23) and other/unknown races (n = 40) accounting for 5.7% and 9.9%,
respectively. The sites of most lymphoma in the bladder were not otherwise specified (NOS).
The subtypes were as follows: 50.1%, aggressive B cell non-Hodgkin’s lymphoma (NHL);
30.4%, indolent B cell NHL; 11.6%, NHL-NOS; and 7.9%, Other/unclassified. Patients at
Ann Arbor stage I accounted for the majority (n = 213, 52.6%), while 15.1%, 4.2%, 16.8%
for patients at stage II, III, IV, respectively. Over 75% (n = 317) of the patients received
radiation, while only about half underwent surgery (48.6%) or chemotherapy (52.6%).
During follow-up, 262 patients (64.7%) dead among all 405 patients involved, and the
median follow-up time for total patients with PBL was 31 months (IQR, 5–92 months).

3.2. Model Development

The Cox regression analysis was performed on 10 potential variables, age, sex, race,
marital status, site, subtype, Ann Arbor stage, surgery, radiation and chemotherapy, in the
training cohort, for the purpose of determining independent prognostic factors for survival
of PBL, and Figure 2A,B demonstrates the result of the Cox regression analysis for OS and
CSS, respectively. Finally, age, subtype, Ann Arbor stage, radiation and chemotherapy
were identified as independent prognostic factors for OS and age, sex, and subtype for
CSS. Then 2 prediction models were built based on these factors, which were visualized via
nomogram (Figure 3A,B) to predict patients with PBL’ 3- and 5-year survival.

https://www.r-project.org/
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Table 1. Baseline characteristics of original data set patients with primary bladder lymphoma
(N = 405).

Training Cohort, N = 283 Validation Cohort, N = 122 p Value

Age (median [IQR]) 75.00 [64.50, 83.00] 77.00 [64.00, 84.00] 0.727
Sex 0.464

Female 175 (61.84%) 70 (57.38%)
Male 108 (38.16%) 52 (42.62%)

Race 0.236
White 237 (83.75%) 105 (86.06%)
Black 14 (4.95%) 9 (7.38%)
Other/Unknown 32 (11.30%) 8 (6.56%)

Marital status 1.000
Married/Unknown 250 (88.34%) 108 (88.52%)
Unmarried 33 (11.66%) 14 (11.48%)

Site 0.231
Trigone of bladder 14 (4.95%) 4 (3.28%)
Dome of bladder 8 (2.83%) 6 (4.92%)
Lateral wall of bladder 15 (5.30%) 11 (9.02%)
Anterior wall of bladder 9 (3.18%) 3 (2.46%)
Posterior wall of bladder 22 (7.77%) 15 (12.29%)
Bladder neck 10 (3.53%) 6 (4.92%)
Overlapping lesion of bladder 27 (9.54%) 5 (4.10%)
Bladder, NOS 178 (62.90%) 72 (59.01%)

Subtype 0.324
Aggressive B cell NHL 144 (50.88%) 59 (48.36%)
Indolent B cell NHL 79 (27.92%) 44 (36.06%)
NHL-NOS 35 (12.37%) 12 (9.84%)
Other/unclassified 25 (8.83%) 7 (5.74%)

Ann Arbor stage 0.828
Stage I 147 (51.94%) 66 (54.10%)
Stage II 41 (14.49%) 20 (16.39%)
Stage III 11 (3.89%) 6 (4.92%)
Stage IV 49 (17.31%) 19 (15.57%)
Unknown 35 (12.37%) 11 (9.02%)

Surgery
Yes 139 (49.12%) 58 (47.54%) 0.855
No/Unknown 144 (50.88%) 64 (52.6%)

Radiation
Yes 215 (75.97%) 102 (83.61%) 0.115
No/Unknown 68 (24.03%) 20 (16.39%)

Chemotherapy
Yes 150 (53.00%) 63 (51.64%) 0.886
No/Unknown 133 (47.00%) 59 (48.36%)

Follow-up time (median [IQR]) 27.00 [5.00, 91.00] 37.00 [6.00, 93.75] 0.726

IQR, interquartile range; NOS, not otherwise specified; NHL, non-Hodgkin’s lymphoma.
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Variable

Age
  Age
Sex
  Female
  Male
Race
  Black
  White
  Others/unknown
Marital status
  Married
  Unmarried
Site
  Trigone of bladder
  Dome of bladder
  Lateral wall of bladder
  Anterior wall of bladder
  Posterior wall of bladder
  Bladder neck
  Overlapping lesion of bladder
  Bladder, NOS
Subtype
  Aggressive B cell NHL
  Indolent B cell NHL

  Other/unclassified
Ann Arbor stage
  Stage I
  Stage II
  Stage III
  Stage IV
  Unknown
Surgery
  No/Unknown
    Yes
Radiation
  No/Unknown
    Yes
Chemotherapy
  No/Unknown
    Yes

1.05 (1.04, 1.07)

1.08 (0.81, 1.45)

1.25 (0.61, 2.54)
1.13 (0.48, 2.64)

0.50 (0.29, 0.86)

0.86 (0.32, 2.32)
0.66 (0.29, 1.53)
0.94 (0.36, 2.42)
0.60 (0.28, 1.28)
0.50 (0.18, 1.35)
0.63 (0.30, 1.31)
0.50 (0.27, 0.92)

0.42 (0.29, 0.60)
0.76 (0.49, 1.18)
0.82 (0.51, 1.34)

0.85 (0.53, 1.36)
2.18 (1.14, 4.20)
1.46 (0.99, 2.15)
1.21 (0.76, 1.94)

0.81 (0.61, 1.08)

0.73 (0.52, 1.02)

0.77 (0.58, 1.03)

1.06 (1.04, 1.07)

0.29 (0.19, 0.44)
0.59 (0.37, 0.92)
0.54 (0.33, 0.91)

1.14 (0.70, 1.87)
1.98 (1.01, 3.89)
2.59 (1.72, 3.91)
1.33 (0.80, 2.19)

0.62 (0.44, 0.89)

0.60 (0.43, 0.83)

0.50 1.0 2.0 4.0 8.0
W

Univariable
Multivariable

Univariate analysis
P value

Multivariate analysis
P valueHazard ratio (95% CI) Hazard ratio (95% CI)

<0.001*

0.604

0.541
0.781

0.012*

0.764
0.334
0.892
0.185
0.169
0.213
0.027*

<0.001*
0.226
0.437

0.498
0.019*
0.055
0.429

0.152

0.069

0.077

<0.001*

<0.001*
0.021*
0.020*

0.598
0.047*

<0.001*
0.271

0.009*

0.002*

Age
  Age
Sex
  Female
  Male
Race
  Black
  White
  Others/unknown
Marital status
  Married
  Unmarried
Site
  Trigone of bladder
  Dome of bladder
  Lateral wall of bladder
  Anterior wall of bladder
  Posterior wall of bladder
  Bladder neck
  Overlapping lesion of bladder
  Bladder, NOS
Subtype
  Aggressive B cell NHL
  Indolent B cell NHL

  Other/unclassified
Ann Arbor stage
  Stage I
  Stage II
  Stage III
  Stage IV
  Unknown
Surgery
  No/Unknown
    Yes
Radiation
  No/Unknown
    Yes
Chemotherapy
  No/Unknown
    Yes

1.03 (1.01, 1.05)

1.29 (0.83, 2.00)

1.35 (0.42, 4.29)
1.68 (0.46, 6.13)

0.85 (0.42, 1.70)

0.88 (0.21, 3.69)
1.13 (0.37, 3.47)
0.27 (0.03, 2.32)
0.60 (0.19, 1.89)
0.20 (0.02, 1.72)
0.99 (0.35, 2.80)
0.50 (0.20, 1.27)

0.30 (0.15, 0.57)
0.83 (0.43, 1.59)
0.83 (0.39, 1.75)

1.01 (0.51, 2.03)
1.81 (0.65, 5.09)
1.66 (0.93, 2.96)
1.50 (0.75, 3.01)

0.70 (0.45, 1.09)

0.74 (0.44, 1.26)

0.93 (0.60, 1.44)

0.001*

0.266

0.613
0.429

0.642

0.862
0.825
0.233
0.381
0.143
0.979
0.143

<0.001*
0.570
0.618

0.971
0.258
0.089
0.250

0.112

0.272

0.729

1.03 (1.02, 1.05)

1.64 (1.04, 2.59)

0.28 (0.14, 0.54)
0.76 (0.39, 1.46)
0.74 (0.35, 1.57)

<0.001*

0.035*

<0.001*
0.404
0.430

0.50 1.0 2.0 4.0 8.0
W

Variable Univariate analysis
P value

Multivariate analysis
P valueHazard ratio (95% CI) Hazard ratio (95% CI)

Univariable
Multivariable

A B

Figure 2. The Univariate and Multivariate Cox regression analysis in training cohort (N = 283) of patients with primary bladder lymphoma for OS (A) and
CSS (B). OS, overall survival; CSS, cancer-specific survival. * p < 0.05.
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Figure 3. Nomograms to predict 3-year and 5-year OS (A) and CSS (B) of patients with primary bladder lymphoma, and calibration curves and ROC of the OS
nomogram (C,D) and CSS nomogram (E,F) in the training cohort. The AUC at 3-year (the blue line) and 5-year (the orange line) was 0.721(95% CI, 0.658–0.784) and
0.741(95% CI, 0.681–0.802) for the OS nomogram, and 0.701 (95% CI, 0.624–0.779) and 0.739 (95% CI, 0.662–0.816) for the CSS nomogram. NHL, non-Hodgkin’s
lymphoma; NOS, not otherwise specified; OS, overall survival; CSS, cancer-specific survival; ROC, receiver operating characteristic curve; AUC, areas under
the curve.
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3.3. Performance Assessment and Validation of The Nomogram

The C-index in the training and validation cohort of OS nomogram was 0.744 (95% CI,
0.705–0.783) and 0. 675 (95% CI, 0.603–0.747), respectively, and 0.692 (95% CI, 0.632–0.752)
and 0. 646 (95% CI, 0.549–0.743) of CSS nomogram, showing considerably good discrim-
ination of newly established nomograms. Calibration curves in the training cohort for
OS nomogram (Figure 3C) and CSS nomogram (Figure 3E) separately demonstrated a
great consistency between actual and predicted survival, analogously, calibration curves
(Supplementary Figure S1) in the validation cohort and all patients demonstrated the
consistent pattern.

According to the nomogram, ROC curves were drawn to verify ability in order
to accurately predict survival. In the training cohort, the 3- and 5-year AUC of OS
nomogram’s ROC curve was 0.721 (95% CI, 0.658–0.784) and 0.741 (95%CI, 0.681–0.802)
(Figure 3D), and 0.701 (95% CI, 0.624–0.779) and 0.739 (95% CI, 0.662–0.816) of CSS nomo-
gram’s ROC curve (Figure 3F), showing good sensitivity and specificity of the nomo-
gram. At the same time, as shown in Supplementary Figure S2, for OS nomogram,
the 3- and 5-year AUC in the validation cohort was 0.667 (95% CI, 0.566–0.769) and
0.653 (95% CI, 0.546–0.760), and 0.708 (95% CI, 0.654–0.761) and 0.717 (95% CI, 0.664–0.770)
in all patients; for CSS nomogram, the the 3- and 5-year AUC in the validation co-
hort was 0.699 (95% CI, 0.577–0.821) and 0.611 (95% CI, 0.467–0.754), and 0.698 (95% CI,
0.633–0.764) and 0.701 (95% CI, 0.632–0.770) in all of the patients. Therefore, both nomo-
grams performed well.

3.4. Survival Risk Classification Based on the Nomogram and Prognosis Analysis

The nomogram’s Cox regression coefficients and risk score’s calculating formula for
OS nomogram were provided in Supplementary Tables S1 and S2, and for CSS nomogram
in Supplementary Tables S3 and S4. After calculating the patient’s final score by summing
up each element in the nomogram, the optimal cut-off value was set to be 11.14 for the
OS risk score and 11.62 for the CSS risk score in patients with PBL with the help of X-tile
software (Supplementary Figure S3).

Patients with a OS nomogram risk score ≥ 11.14 and a CSS nomogram risk score ≥ 11.62
were reclassified into OS high-risk group and CSS high-risk group, respectively, while the
other into corresponding low-risk group. The Kaplan-Meier curves in the training cohort
indicated worse OS and CSS in high-risk group with statistically significant difference
(p < 0.0001, Figure 4). Analogously, the same association also appeared in the validation
cohort and all of the patients for either OS (p < 0.0001) or CSS (p = 0.029 and p < 0.0001)
(Supplementary Figure S4). The results indicated that the 2 nomograms can be used to
effectively distinguish patients with PBL at high risk of death. Among 405 patients in-
volved, the median survival time for the high- and low-risk group was 44 months (IQR,
10–101 months) 2 months (IQR, 1–10 months) when it comes to OS, and 42 months (IQR,
6–100 months) and 6 months (IQR, 1–15 months) when it comes to CSS.

3.5. Clinical Usefulness of the Nomogram

DCA were demonstrated in Supplementary Figure S5 to visualize the net benefit
at the 3- and 5-year stage. The results of the DCA indicated that using nomogram to
predict survival and make treatment decisions would be more beneficial than either the
full treatment regimen or the no treatment regimen. Therefore, the nomograms constructed
in the study is clinically useful.
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Figure 4. The OS (A) and CSS (B) Kaplan-Meier curves between high- and low-risk group of patients
with primary bladder lymphoma in the training cohort. High-risk of OS: nomogram score ≥ 11.14;
Low-risk of OS: nomogram score < 11.14; High-risk of OS: nomogram score ≥ 11.62; Low-risk of
CSS: nomogram score < 11.62; OS, overall survival; CSS, cancer-specific survival.

4. Discussion

From the SEER database, we included 405 patients to describe and analyze the char-
acteristics of PBL and then build prognostic prediction models. Age, subtype, Ann Arbor
stage, radiation and chemotherapy were eventually identified to predict OS, and age, sex
and subtype were eventually identified to predict CSS. The nomograms had a good dis-
crimination, calibration, and clinical usefulness. Therefore, the established PBL prediction
models play an auxiliary role in explaining the characteristics and making clinical decisions
for patients with PBL.

In our study, the median age of patients with PBL was 76 years, which was older than
the previously reported 64 years by Ohsawa et al. [8]. Given that the sample size included
in this study was more than 100 times that of previous studies, we believe that the average
age of onset we obtained this time is more convincing. The results of the analysis also
revealed a negative correlation between age and survival. Consistent with previous reports,
the prevalence of PBL in women is higher than that in men in our study. However, the male-
to-female ratio of PBL was 2:3, which was different from the values previously reported
by Al-Maghrabi et al. and Ohsawa et al. [8,10]. We still believe that our study calculated
the ratio more accurately due to our larger sample size. Interestingly, past research has
shown that estrogen can inhibit lymphoma in female patients by reducing serum IL-6, so
the incidence of lymphoma in women is generally lower in women than in men [21,22].
However, PBL has an obvious tendency to occur in women, and the mechanism remains to
be studied.

Khaitan et al. and Fernández et al. found that chronic cystitis was often presented as
the baseline characteristic in patients with PBL, and about 20% of cases were confirmed to
have a history of chronic cystitis [5,23]. Considering that the bladder is an organ lacking
naturally occurring lymphoid tissue, cystitis is thought to be a possible cause of PBL [2,13].
However, cystitis is a common disease and PBL is rare. Therefore, some researchers believe
that cystitis may only play a part in the complex process of PBL formation [14]. If this
hypothesis is confirmed, it may explain why PBL tends to occur in women, because the
unique anatomical structure and physiological characteristics of women (such as short
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urethra, urethra near the vagina and anus, menstruation, etc.) lead to their susceptibility
to urinary tract infections. Unfortunately, the item of cystitis is not included in the SEER
database, so this idea is unable to be verified currently and further research is needed.

As an important prediction model, nomograms have been extensively used in prognos-
tic research [24]. In this study, age, subtype, Ann Arbor stage, radiation and chemotherapy
were identified as independent prognostic factors for OS in patients with PBL, age, sex and
subtype for CSS, then corresponding OS and CSS nomogram predicting the 3- and 5-year
survival were constructed. In order to check whether the constructed prediction model
is over-fitting or under-fitting, and to make it generally applicable and persuasive, the
validation of nomograms’ performance is necessary. In this study, all assessments indicated
that the nomogram could precisely predict the survival and make treatment decisions more
beneficial. Ground on the nomogram, clinicians can predict the outcome of a PBL patient
and make subsequent treatment plans accordingly.

Although PBL is reported to have a generally good prognosis, there are still a small
number of patients with PBL with a poor prognosis, for whom it is difficult to achieve long-
term survival after treatment. In order to detect these patients with PBL with potentially
poor prognosis in time, we reasonably and innovatively proposed to reclassify patients with
PBL into high- and low-risk group with OS nomogram score of 11.14 and CSS nomogram
score of 11.62 as the cut-off value and confirmed a worse survival of high-risk group.
Therefore, if the nomogram identifies a patient whose OS score is greater than 11.14, or CSS
score is greater than 11.62, the clinician can be vigilant and adjust the follow-up treatment
methods in time, such as using combined modality therapy as soon as possible, in order
to make the patient obtain better curative effect. Under the circumstances, the nomogram
plays a great role.

There are inevitably some limitations to this study. First, we collected information
from a single database for retrospective analysis, therefore, whether the nomogram can be
extended to the prognostic analysis of all patients with PBL remains to be verified. It should
be emphasized that some prospective external validations are needed before ap-plying the
nomogram in clinical practice. Secondly, because the existing literature was insufficient
and the items owned by SEER data were limited, some potential prognostic factors, such
as cytokines and disease complications, might not be found by us. Thirdly, among the
patients with PBL we enrolled, the time interval between the earliest data and the latest
data was quite long, during which the detection and treatment techniques may change
and may affect the survival and status of patients. Finally, limited by too few cases of
hodgkin lymphoma of PBL in the SEER database, we failed to classify them separately, so
we also hope to refine bladder lymphoma into Hodgkin’s lymphoma and non-Hodgkin’s
lymphoma in the future, thus, its prognosis can be more accurately predicted. Although
these limitations exist, it is still the first study developing a nomogram with the largest
number of PBL cases so far, so the results of our analysis can still provide important help
for the research and treatment of PBL. We hope that the follow-up studies can optimize this
prediction model.

5. Conclusions

In conclusion, we updated the baseline characteristics of patients with PBL and con-
structed OS and CSS nomograms to predict their 3- and 5-year survival. These nomograms
and the corresponding risk classification system can help clinicians estimate the prognosis
accurately and provide guidance for clinical treatment.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm11113188/s1, Figure S1. Calibration curve in the validation
cohort and all patients of the OS nomogram (A,B) and CSS nomogram (C,D); Figure S2. The ROC in
the validation cohort (A) and in all patients (B) of the OS nomogram and in the validation cohort
(C) and in all patients (D) of the CSS nomogram; Figure S3. The optimal cut-off value calculated
by X-tile software was 11.14 for the OS nomogram score and 11.62 for the CSS nomogram score;
Figure S4. The Kaplan-Meier curves in the validation cohort (A) and in all patients (B) of the OS
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nomogram and in the validation cohort (C) and in all patients (D) of the CSS nomogram for patients
with primary bladder lymphoma in the high- and low-risk group; Figure S5. DCA for OS in the
training cohort (A,B), validation cohort (C,D) and in all patients (E,F), and for CSS in the training
cohort (G,H), validation cohort (I,J) and in all patients (K,L); Table S1. The Cox regression coefficients
of the OS nomogram; Table S2. The Cox regression coefficients of the CSS nomogram; Table S3. The
formula of each variable to calculate the OS risk score; Table S4. The formula of each variable to
calculate the CSS risk score.
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