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Background: Primary central nervous system lymphoma (PCNSL) is a highly aggressive extranodal non-Hodgkin’s lymphoma.
Moreover, there is currently no specific prognostic model for elderly PCNSL patients.

Methods: This study retrospectively selected patients diagnosed with PCNSL between 1975 and 2016 from the National Cancer
Institute Surveillance, Epidemiology, and End Results Database (SEER NCI). The COX model was used to determine the risk factors
for overall survival (OS) and disease-specific survival (DSS). The prognostic prediction models for DSS and OS were developed by
integrating significant covariates identified through multivariate analysis.

Results: A total of 3,554 patients with PCNSL were included in this retrospective study based on inclusion and exclusion criteria.
Significant differences exist in clinical profiles between elderly (=60 years) and younger (<60 years) patients with PCNSL. The results
showed that the age at diagnosis, pathological subtype, whether or not they have undergone surgical treatment, and whether or not they have
received chemotherapy are independent risk factors for DSS, among elderly PCNSL patients. In addition to the risk factors, etc for DSS,
human immunodeficiency virus (HIV) infection was also an independent risk factor for OS. Based on this, we developed nomograms to
estimate OS and DSS for 1, 2, and 3 years.

Conclusion: This study found differences in baseline data between elderly PCNSL patients and younger PCNSL patients. Surgery
and chemotherapy are associated with better OS and DSS. However, in the long run, radiotherapy is not beneficial to OS and DSS of
elderly PCNSL patients.
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Introduction

Primary central nervous system lymphoma (PCNSL) is a highly aggressive extranodal non-Hodgkin’s lymphoma
confined to the central nervous system.' At present, PCNSL accounts for about 1% of non-Hodgkin’s lymphoma
(NHL) and 3% of all primary brain tumors.>* PCNSL mainly involves the brain, brainstem, eye, or spinal cord. To
date, no systemic symptoms associated with PCNSL have been documented in clinical observations.* The clinical
symptoms of PCNSL mainly depend on the primary site of the lesion. The most common symptom of PCNSL is focal
neurological symptoms, which are observed in approximately 70% of patients. About half of the patients have
neuropsychiatric symptoms. This was followed by increased intracranial pressure signs and ocular symptoms.’ The
majority of cases (over 90%) are diffuse large B-cell lymphoma (DLBCL).°
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This highly aggressive disease occurs mainly in the elderly patients. Multiple European or American cohorts have reported
a median onset age of 60 to 70 years in patients with PCNSL.>’ At the same time, Eloranta et al® conducted statistics on the
incidence of PCNSL in Sweden from 2000 to 2013, and found that the incidence of PCNSL increased in the population over the
age of 70. PCNSL patients usually have a poor prognosis, and the overall survival (OS) of patients without proper treatment is
only 1.5 months.” High-dose methotrexate (HD-MTX) remains the cornerstone of all therapeutic regimens. However, the best
treatment currently available for patients with PCNSL is still controversial. The determination of the specific chemotherapy
regimen and whether surgery and radiation contribute to the patient’s prognosis remain inconclusive. '

The International Extranodal Lymphoma Study Group 32 (IELSG32), an international randomized Phase 2 trial,
addressed two key clinical questions through its dual randomizations:'" First, for PCNSL patients aged <70 years, the
combination induction therapy with methotrexate, cytarabine, thiotepa, and rituximab (MATRix regimen) yielded
significantly superior outcomes.'” Second, both WBRT and ASCT proved feasible and effective as consolidation
therapies following high-dose methotrexate-based induction.'® Furthermore, with a median follow-up of 88 months,"*
the trial demonstrated that MATRix was associated with excellent long-term outcomes, while WBRT and ASCT showed
comparable efficacy. However, WBRT was associated with impairments in attention and executive function, whereas
ASCT led to improvements in these functions, along with memory and quality of life. Over the past four decades, novel

b'>!® _have

therapeutic agents—including rituximab and Bruton’s tyrosine kinase (BTK) inhibitors such as Ibrutini
demonstrated significant therapeutic activity in the management of relapsed/refractory central nervous system lymphoma
and vitreoretinal lymphoma. Ibrutinib plays a central role in PCNSL treatment by targeting the B-cell receptor (BCR)
signaling pathway. Its mechanisms encompass inducing tumor cell apoptosis, inhibiting tumor proliferation, and
penetrating the blood-brain barrier, among others.'® Furthermore, although the efficacy of rituximab in PCNSL remains
controversial, existing clinical evidence indicates that adding rituximab to the HD-MTX plus high-dose cytarabine (HD-
AraC) regimen significantly improves the 7-year overall survival rate in newly diagnosed patients.'*

Despite therapeutic advances in recent decades, significant age-based disparities in treatment outcomes persist in PCNSL."”
This is possibly due to the intolerance to HD-MTX and hematopoietic stem cell transplantation of the elderly. Unfortunately, to
date there remains a lack of evidence-based consensus on optimized therapeutic protocols specifically tailored for elderly PCNSL
patients. Notably, there is no optimal model available to predict the prognosis and survival of elderly patients with PCNSL, and
most clinicians only rely on their own clinical experiences for treatment. Moreover, due to the stringent admission requirements of
randomized controlled clinical trials, the symptoms of enrolled patients will be modest, and it is more challenging to enroll older
people with PCNSL. In brief, there is rarely prospective clinical trial for PCNSL in the elderly, limiting its clinical progression.

The Surveillance, Epidemiology, and End Results (SEER) Database from the National Institutes of Health’s National
Cancer Institute (NCI) contains a wealth of information about patients diagnosed with diverse cancer types, offering valuable
opportunities to investigate and assess prognostic indicators for these pathological conditions. Using SEER database, we
analyzed elderly (>60 years) PCNSL patients’ clinical profiles, prognostic factors, and treatment impacts. Through multi-
variable Cox regression, we developed and validated a geriatric-specific prognostic model incorporating OS/DSS predictors.

Materials and Methods

Data Sources and Data Filtering

The data screening and processing procedures in this study were shown in Figure 1. Patient data included in this study were
downloaded from the National Institutes of Health NCI-SEER. The “ Incidence - SEER 18 Regs Custom Data (with
additional treatment fields)” data set was selected for analysis using the SEER*Stat software (version 8.9.3). PCNSL was
identified using the International Classification of Tumor Diseases (ICD-O-3) histological codes (9590-9595, 9670-9699,
9700-9719, 9720-9729) and primary sites localized to the central nervous system were identified using site-specific codes
(C71.0-C71.9)."® Subsequently, we excluded some unqualified cases, including incomplete baseline information (Race =
“Unknown ”, marital status at diagnosis =" unknown ), Unclear treatment protocol (Surg Prim site (1998+) = “Blank (s)”
Radiation recode ="Recommended, unknown if administered) and incomplete follow-up records (Survival months =
“Unknown”; Survival months =“0”; specific death classification = “Dead (missing/unknown COD)”). Finally, we obtained
the data of a total of 3,554 patients with PCNSL. Elderly patients with PCNSL (n =2146) were randomized 7:3 into a training
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Figure | Data filtering and processing flow in SEER database.

cohort (n = 1502) and a validation cohort (n = 644) for model construction and validation. The differences of each index
between the training cohort and the verification cohort were not statistically significant (Table S1).

Variable Definition

Firstly, we collected patient baseline data and defined elderly patients as those were more than or equal to 60 years. Then we
divided the age of elderly patients into three subgroups (60—69; 70-79; > 79), gender (male, female), race (the African Americans,
White, other), and marital status (Married, Single). Single includes Divorced, Separated, Unmarried or Domestic Partner, and
Widowed. The diagnosis included early diagnosis (1998—2007) and recent diagnosis (2008—2016). For disease-related status we
collected the patient’s HIV (human immunodeficiency virus) infection status (negative, positive), the site of the tumor (Superior,
infratentorial, Brain, NOS/Other), and the pathological subtypes of the tumor (Diffuse large B-cell lymphoma (DLBCL), Non-
DLBCL, Non-Hodgkin lymphoma (NHL)). Non-DLBCL mainly includes Mantle cell lymphoma, Burkitt lymphoma, Follicular
lymphoma, Peripheral T-cell lymphoma, NOS, Anaplastic Large Cell Lymphoma, etc. Finally, we analyzed the patient’s treatment
plan, and separately marked the operation, chemotherapy, and radiotherapy as “Performed, No/unknown”.

Statistical Method

The clinical characteristics of elderly patients were compared with those of younger patients using the Pearson y 2 tests.
This study selected Overall Survival (OS) and Disease-Specific Survival (DSS) as the primary endpoints. OS is defined
as the time from randomization to death due to any cause, while DSS specifically refers to deaths attributed to the studied
disease (deaths from other causes were excluded). OS and DSS were analyzed using the Kaplan-Meier method via the
R-package “Survival” (Version 3.2—-13) and “survminer (version 0.4.9)” and compared via the Log rank test. The risk
factors for OS and DSS were determined using the COX regression model in elderly PCNSL patients, and univariate and
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multivariate survival analyses were performed. Based on the significant results of multivariate Cox regression analysis,
nomograms were constructed to predict the OS and DSS of PCNSL at 1, 2, and 3 years. The R-package “SurvivalROC”
(Version 1.0.3) was used to plot the ROC curve of the prediction model for 1, 2, and 3 years. Calibration curves for
nomograms were also plotted using the R-package “rms” (Version 6.3—0) to determine if the predicted survival rate was
consistent with the actual survival rate. The study used R language (version 4.1.1) for data statistics and analysis.
Bilateral p-values < 0.05 were considered statistically significant.

Results

Clinical Characteristics of PCNSL

This retrospective study included data of 3,554 patients with PCNSL from SEER database, according to the inclusion and
exclusion criteria. We divide them into elderly patients (=60 years old) and young patients (<60 years old) based on their
ages. There are 2,146 in the elderly patient’s cohort and 1,408 in the young patient’s cohort.

Table | Comparison of Clinical Data Between Elderly (260 years Old) Patients with Primary
Central Nervous System Lymphoma and Young (<60 years Old) Patients with Primary Central

Nervous System Lymphoma

Factor Elderly Patients Young Patients Xz P
(N=2146) (N=1408)

Sex 40.13 P<0.001

Female 1112 (51.8%) 576 (40.9%)

Male 1034 (48.2%) 832 (59.1%)

Race 159.24 P<0.001

The African Americans 68 (3.2%) 207 (14.7%)

Other 287 (13.4%) 180 (12.8%)

White 1791 (83.5%) 1021 (72.5%)

Marital status 67.34 P<0.001

Married 1398 (65.1%) 722 (51.3%)

Single 748 (34.9%) 686 (48.7%)

Years of diagnosis 21.74 P<0.001

1998-2007 916 (42.7%) 714 (50.7%)

2008-2016 1230 (57.3%) 694 (49.3%)

Tumor site 0.19 0.9071

Brain, NOS/other 879 (41.0%) 585 (41.5%)

Infratentorial 152 (7.1%) 102 (7.2%)

Supratentorial 1115 (52.0%) 721 (51.2%)

Pathology Subtypes 36.7 P<0.001

DLBCL 1747 (81.4%) 1026 (72.9%)

Non-DLBCL 126 (5.9%) 130 (9.2%)

Non-Hodgkin lymphoma, NOS 273 (12.7%) 252 (17.9%)

Surgery 0.37 0.5453

No/unknown 1276 (59.5%) 822 (58.4%)

Performed 870 (40.5%) 586 (41.6%)

Chemotherapy 17.75 P<0.001

No/unknown 698 (32.5%) 364 (25.9%)

Performed 1448 (67.5%) 1044 (74.1%)

Radiotherapy 20.13 P<0.001

No/unknown 1418 (66.1%) 825 (58.6%)

Performed 728 (33.9%) 583 (41.4%)

HIV status 266.31 P<0.001

Positive 12 (0.6%) 192 (13.6%)

Negative/Unknown 2134 (99.4%) 1216 (86.4%)

88

https:

Blood and Lymphatic Cancer: Targets and Therapy 2025:15




Zhang et al

Firstly, to get an overall characteristic of elderly PCNSL patients, we analyzed and compared the epidemiology and
treatment plan of elderly PCNSL patient’s cohort and young patient’s cohort (Table 1). The results demonstrated that,
apart from age, significant differences were observed between the elderly and younger cohorts in gender, race, marital
status, year of diagnosis, pathological subtypes, receipt of chemotherapy, and HIV status. More precisely, compared with
young PCNSL patients, the proportion of female, married, and white in elderly PCNSL patients was higher. Of the total
PCNSL HIV-positive patients (n. 204), 5.9% were elderly and 94.1% were young (94.1%). At the same time, the
pathological types of more elderly patients with PCNSL are mainly DLBCL. Compared with young patients, the
treatment scheme for elderly patients seems more conservative: 74.1% of young PCNSL patients received chemotherapy,
while 67.5% of elderly patients received chemotherapy (P < 0.001). In terms of radiotherapy, we observed the same
phenomenon. 41.4% of young PCNSL patients received radiotherapy, while only 33.9% of elderly PCNSL patients
received radiotherapy (P < 0.001). However, no statistically significant difference in surgical intervention was observed
between the two age groups. In order to further analyze and show the differences between treatment methods of elderly
patients with PCNSL, we further analyzed and compared the data of chemotherapy and radiotherapy among different age
subgroups of elderly patients (>60 y). Figure S1 shows a statistically significant decrease in the number of patients
receiving chemotherapy as they age. At the same time, there was no significant difference in the proportion of patients
receiving radiotherapy between the different age subgroups.

Prognostic Factors of Elderly Patients with PCNSL

To further investigate the survival, as well as the risk factors of elderly PCNSL patients, we subsequently analyzed the
survival data of 2146 elderly patients cohort (median OS: 5 months). The results revealed a progressive decline in both
OS and DSS with advancing age among elderly patients with PCNSL. And single patients at the time of diagnosis often
had worse OS and DSS (P < 0.01) (Figure 2A and B). The OS and DSS of elderly patients with PCNSL diagnosed in
recent years (2008-2016) were better than those diagnosed in the early years (1998-2007) (P < 0.001) (Figure 2A and B).
Kaplan-Meier survival curves of disease-related factors are shown in Figure 2C and D. Results indicated that NHL
patients notably DLBCL patients have a worse OS and DSS than non-DLBCL. We further classified the existing clinical
data according to whether it was invasive or not. They can be divided into four categories: Aggressive B—cell NHL,
indolent B—cell NHL, NHL—NOS, and T—cell NHL. To further describe the effect of detailed pathological types on
prognosis, we analyzed the relationship between pathological subtypes and prognosis. Figure S2 shows that patients with
pathological type of indolent B—cell NHL had better OS and DSS. Meanwhile, patients with Supratentorial tumor had
poor DSS (P = 0.044), but there was no significant difference in OS (P=0.069) (Figure 2C and D). HIV-positive status is
a risk factor for OS in elderly patients with PCNSL (P=0.008), but there is no significant difference for DSS (P=0.43). In
addition, Figure S3 also showed there is no significant difference in terms of OS (A) and DSS (B) of elderly PCNSL
patients between ethnic groups and gender.

Effect of Therapeutic Regimen on Prognosis of Elderly Patients with PCNSL

To investigate the effect of therapeutic regimens on prognosis of elderly PCNSL patients, we subsequently compared the
effects of surgery, chemotherapy and radiation on the prognosis of patients. We found that patients who received
chemotherapy or surgical resection had a significant better OS and DSS than the not performed or unknown group.
However, radiation resulted in worse OS and DSS (P < 0.05) (Figure 3A and B). In order to further analyze and
demonstrate the impact of different surgical approaches on the prognosis of elderly patients with PCNSL, we further
analyzed and compared the data between subgroups of elderly patients receiving different surgical approaches.
According to the guidelines provided by the SEER database, we can further divide the surgical approach into the
following 5 parts: gross total resection GTR, Lobectomy, partial lobectomy, subtotal detection STR, and No/unknown.
Figure S2 shows that patients who have undergone Lobectomy have good OS and DSS.

Treatment options for elderly patients with PCNSL diagnosed in early years (between 1998 and 2007) and recent
years (between 2008 and 2016) were also analyzed. The results showed that the proportion of patients diagnosed in the
early years receiving chemotherapy (57.2%) was significantly lower than those diagnosed in recent years (75.1%).
Meanwhile, the proportion of patients diagnosed in the early years receiving radiation (46.6%) is significantly higher than
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Figure 2 Survival analysis of elderly (260 years) patients with primary central nervous system lymphoma stratified by epidemiological and disease-related data. (A) Overall
survival (OS) of elderly patients stratified by age (left), marital status (middle), and year of diagnosis (right); (B) Disease-specific survival (DSS) of elderly patients stratified by
age (left), marital status (middle), and year of diagnosis (right); (C) Overall survival (OS) of elderly patients stratified by histological type (left), tumor location (middle), and
HIV status (right); (D) Disease-specific survival (DSS) of elderly patients stratified by age (left), marital status (middle), and year of diagnosis (right).
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Figure 3 Survival analysis of treatment-stratified elderly patients (260 years) with primary central nervous system lymphoma. (A) Overall survival (OS) of elderly patients stratified
by chemotherapy status (with vs without, left), surgical status (with vs without, middle), and radiotherapy status (with vs without, right); (B) Disease-specific survival (DSS) of elderly
patients stratified by chemotherapy status (with vs without, left), surgical status (with vs without, middle), and radiotherapy status (with vs without, right); (C) The difference in the
proportion of elderly patients (260 years old) with PCNSL between different stages and different treatment options.

that of patients diagnosed in recent years (24.5%). However, the proportion of patients diagnosed in the early years
receiving surgery is not different from that of patients diagnosed in recent years (Figure 3C and Table S2).

We also explored the effects of combination therapy. The results of the chemotherapy combined with radiation or
surgery group showed that chemotherapy was beneficial for the OS in elderly patients with PCNSL (Figure 4A and B).
The effect of surgical resection on the patient’s OS cannot be completely determined (Figure 4B and C). However,
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Figure 4 Two-factor analysis of primary central nervous system lymphoma in the elderly (260 years). (A) Chemotherapy and radiotherapy: Group | is Chemotherapy =
Performed and Radiation = No/unknown, HR = |; Group 2 is Chemotherapy = No/unknown and Radiation = No/unknown, HR = 2.883; Group 3 is Chemotherapy = No/
unknown and Radiation = Performed, HR = 2.248; Group 4 is Chemotherapy = Performed and Radiation = Performed, HR = 1.305. (B) Chemotherapy and surgery: Group
| is Surgery = Performed and Chemotherapy = No/unknown, HR = I; Group 2 is Surgery = No/unknown and Chemotherapy = No/unknown, HR = 1.358; Group 3 is
Surgery = No/unknown and Chemotherapy = Performed, HR = 0.531; Group 4 is Surgery = Performed and Chemotherapy = Performed, HR = 0.485. (C) Surgery and
radiotherapy: Group | is Surgery = Performed and Radiation = No/unknown, HR = |; Group 2 is Surgery = No/unknown and Radiation = No/unknown, HR = 1.117; Group
3 is Surgery = No/unknown and Radiation = Performed, HR = 1.562; Group 4 is Surgery = Performed and Radiation = Performed, HR = 1.22.

elderly patients with PCNSL who have a radiation regimen in combination therapy tend to have poorer OS
(Figure 4A-C).

Construction of Clinical Prognosis Prediction Model for Elderly Patients with PCNSL
To better predict the prognosis of elderly PCNSL patients, we constructed a clinical prognosis model on the basis of the
SEER data. Through analysis, we definitively identified independent prognostic factors for both OS and DSS. The results
showed that for the elderly patients with PCNSL, the age at the time of diagnosis, the pathological subtype, whether or
not they have received surgical treatment, and whether or not they have received chemotherapy were the independent risk
factors for DSS. In addition to the risk factors for DSS (Table 2), whether or not they were infected with HIV was also
the independent risk factor for OS (Table 3).

Based on the results of multivariate Cox regression analysis, we developed a nomogram model to predict OS and DSS in
elderly patients with PCNSL. As shown in Figure 5A, the 1-, 2-, and 3- years OS of elderly PCNSL patients can be predicted by
integrating factors such as age, tumor pathological type, presence or absence of chemotherapy, HIV concomitant status, and
presence or absence of surgery. At the same time, we tested the predictive ability and robustness of the nomogram models of OS
in elderly patients with PCNSL. The time-dependent ROC curve showed that for OS prediction in elderly PCNSL, the AUC
values under the ROC curve at 1-year, 2-years and 3-years survival are 0.702, 0.709 and 0.705, respectively (Figure 5B). At the
same time, the calibration curve (Figure 5C) also shows a good consistency between the predicted survival rate and the actual
survival rate at 1, 2, and 3 years.

The 1-, 2, -and 3-year DSS of elderly patients with PCNSL can be predicted by integrating scores related to age,
tumor pathological type, presence or absence of chemotherapy and operation, and projecting the total scores to the
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Table 2 Univariate and Multivariate Analysis of Clinical Data Associated with Disease-Specific Survival (DSS)
in Elderly (260 Years)

Factor Subcategory Disease Specific Survival
Univariate Analysis Multivariate Analysis
HR 95% CI P HR 95% CI P
Age 60-69 Reference Reference
70-79 1.576 | 1.377-1.804 | P<0.001 | 1.462 | 1.276-1.675 | P<0.001
>79 2223 | 1.861-2.655 | P<0.001 | 1.813 | 1.511-2.175 | P<0.00I
Sex Female Reference e
Male 0.995 | 0.881-1.125 0.941 —_—
Race The African Americans Reference —_—
Other 0.782 | 0.540-1.132 | 0.193 —_—
White 0.865 | 0.622-1.202 | 0.386 —_—
Marital status Married Reference —
Single 1.258 | 0.990-1.280 0.07 —_—
Years of diagnosis 1998-2007 Reference —_—
2008-2016 0.731 | 0.646-0.828 | P<0.00I —_—
Tumor site Brain, NOS/other Reference —_
Supratentorial 0911 | 0.801-1.036 0.407 —_—
Infratentorial 1.107 | 0.871-1.408 0.154 —_—
Pathology Subtypes DLBCL Reference Reference
Non-DLBCL 0.619 | 0.470-0.814 | 0.001 0.542 | 0.411-0.714 | P<0.001
NHL-NOS 1.277 | 1.070-1.524 | 0.007 1.069 | 0.892-1.282 | 0.471
Surgery No/unknown Reference Reference
Performed 0.857 | 0.756-0.971 0.016 | 0.872 | 0.769-0.990 | 0.034
Chemotherapy No/Unknown Reference Reference
Performed 0.421 | 0.371-0.478 | P<0.001 | 0.454 | 0.395-0.522 | P<0.001I
Radiotherapy No/Unknown Reference Reference
Performed 1.296 | 1.143-1.469 | P<0.001 | 1.053 | 0.921-1.203 0.453
HIV status Negative/Unknown Reference
Positive 1.91 | 0.908-4.019 | 0.088

Table 3 Univariate and Multivariate Analysis of Clinical Data Associated with Overall Survival (OS) in Elderly
(260 Years)

Factor Subcategory Overall Survival
Univariate Analysis Multivariate Analysis
HR 95% ClI P HR 95% ClI P
Age 60-69 Reference Reference
70-79 1.574 1.386—1.788 | P<0.001 | 1.472 | 1.294-1.674 | P<0.001
>79 2.257 1.908-2.670 | P<0.00! | 1.863 | 1.565-2.216 | P<0.001
Sex Female Reference
Male 1.033 0.920-1.159 0.586
Race The African Americans Reference
Other 0.805 | 0.567-1.143 0.225
White 0.892 | 0.652-1.219 0.472
Marital status Married Reference Reference
Single 1.14912 | 1.018-1.297 | 0.0241 | 0.989 | 0.874-1.118 0.856
Years of diagnosis 1998-2007 Reference
2008-2016 0.7517 | 0.668-0.846 | P<0.001

(Continued)
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Table 3 (Continued).

Factor Subcategory Overall Survival
Univariate Analysis Multivariate Analysis
HR 95% ClI P HR 95% CI P
Tumor site Brain, NOS/other Reference
Supratentorial 0.921 0.817-1.039 0.182
Infratentorial 1.073 0.853-1.35 0.547
Pathology Subtypes DLBCL Reference Reference
Non-DLBCL 0.619 | 0.480-0.797 | P<0.00l | 0.54 | 0.418-0.698 | P<0.001l
NHL-NOS 1.25 1.056—1.479 0.009 1.03 | 0.866—1.224 0.738
Surgery No/unknown Reference Reference
Performed 0.853 0.759-0.960 0.008 0.87 | 0.773-0.981 0.023
Chemotherapy No/Unknown Reference Reference
Performed 0418 | 0.371-0.470 | P<0.00l | 0.448 | 0.393-0.511 | P<0.001l
Radiotherapy No/Unknown Reference Reference
Performed 1.324 1.177-1.490 | P<0.001 | 1.074 | 0.948-1.218 0.267
HIV status Negative/Unknown Reference Reference
Positive 2016 1.005—4.042 0.048 2.647 | 1.308-5.359 0.007

bottom scale (Figure 6A). For DSS prediction of elderly PCNSL patients, AUC values of 1-year, 2-years, and 3-years
DSS are 0.697, 0.705, and 0.704, respectively (Figure 6B). The calibration curve (Figure 6C) also showed also a good
consistency between the predicted survival rate and the actual survival rate, indicating that the prediction model has high
prediction ability. Similar results are shown in the internal verification queue (Figure S4).

Discussion

PCNSL is a highly aggressive extranodal NHL that primarily affects the elderly. Unfortunately, a retrospective review
reveals that the prognosis for younger patients has considerably improved, whereas the prognosis for older patients
remains inadequate.'” Multiple studies have consistently demonstrated that age and physical fitness are risk factors for
PCNSL patients.'*?%?' Researchers developed a large number of prediction models for PCNSL, including the IELSG
score’? developed by the International Study Group on Extranodal Lymphoma (IELSG), the MSKCC score constructed
by Memorial Si Long-Kettering Cancer Center (MSKCC)* and Nottingham/Barcelona (NB) score.>* Currently, the first
two are widely used. The IELSG score identifies age (> 60 years), elevated serum lactate dehydrogenase (LDH) levels,
physical status (PS) (=2), high CSF protein concentrations and extensive deep structures involved in the brain are
independent predictors of poor prognosis. The MSKCC score described the three risk groups based on age and Karnofsky
performance status (KPS). Both emphasize the crucial role of age in the prognostic evaluation of PCNSL. However, none
of the treatment-related information was included. At the same time, the above scoring system often cannot accurately
predict the prognosis of patients with PCNSL.?® Moreover, as a distinct subgroup of the disease, the elderly lack
examination of prognostic factors for large-scale data in this population. To the best of our knowledge, this work is the
first to utilize the SEER database for prognostic analysis in elderly patients with PCNSL.

In this study, we investigated a total of 3,554 patients with PCNSL from the SEER database and documented the
differences between elderly (>60 years) and younger (<60 years) patients with PCNSL concerning multiple clinical
variables. These findings not only illustrate the clinical differences between the two populations but also highlight the
significance of the age subgroup study. In terms of clinical baseline characteristics, we discovered that the proportion of
female, married, and Caucasian PCNSL patients in the elderly was greater than in the young PCNSL patient population.
In disease-related aspects, the elderly patient group has a higher proportion of diffuse large B-cell subtypes and a lower
HIV infection rate. This is congruent with the findings of a multi-center study conducted in the United States, which
found that HIV-positive PCNSL patients are younger than HIV-negative PCNSL patients.”® Regarding therapeutic
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Figure 5 Establishment of overall survival (OS) model for the elderly (260 years) with primary central nervous system lymphoma. (A) The nomogram is predicting the
overall survival (OS) of elderly patients (260 years) with primary central nervous system lymphoma at |, 2, and 3 years; (B) Time-dependent ROC curve for total survival
(OS) prognostic model: ROC curve of the |-,2-and 3-year total survival (OS) prognostic model for elderly (260 years) patients with primary central nervous system
lymphoma; (C) Calibration curves for the |- (left), 2-(middle), and 3-(right) year overall survival (OS) nomograms. The abscissa represents the survival rate predicted by the
nomogram, and the ordinate represents the actual survival rate. Notes: (A) is a nomogram, a tool used to visualize predictive models. It typically consists of a Variables Axis,
Points Axis, Total Points Axis, and Outcome Axis. The method of reading the nomogram is as follows. First, locate the corresponding score for each predictor variable on
the Points Axis. Next, sum the scores of all predictor variables to obtain the Total Points. Finally, convert the total points on the Outcome Axis to estimate the |-, 2-, and
3-year survival rates.

approaches, our findings align with previous studies indicating that elderly patients are more likely to receive con-
servative management or less intensive therapeutic regimens compared to the general patient population.?” This may be
due to their physiological status and increased prevalence of comorbidities in elderly patients with PCNSL.?® More
clinicians are concerned about the risk posed by treatment, and many treatment options exclude elderly individuals,
contributing to the poor prognosis for elderly PCNSL patients. This urges us to pay close attention to the selection of
treatment plans for elderly patients in the clinic, consider the patients’ tolerance to treatment more thoroughly, and
optimize the management plans for the subgroup of elderly patients.

We also identified various independent prognostic factors in elderly patients with PCNSL. In terms of clinical
baseline features, we discovered that age is a significant risk factor even in this subset of elderly PCNSL patients.
Interestingly, our study reveals that PCNSL patients who are unaccompanied likely to have a poor prognosis. This is
consistent with findings from previous studies.”” Multiple studies have demonstrated that marital status influences the

prognosis of patients with multiple tumors (such as breast cancer, skin melanoma, and glioblastoma multiforme),>*
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Figure 6 Establishment of disease-specific survival (DSS) model for predicting primary central nervous system lymphoma in the elderly (260 years). (A)The nomogram is
predicting 1-,2-and 3-year disease-specific survival (DSS) in elderly patients (260 years) with primary central nervous system lymphoma; (B) Time-dependent ROC curve for
disease-specific survival (DSS) prognosis model: ROC curve for the |-,2-and 3-year disease-specific survival prognosis model for elderly (260 years) patients with primary
central nervous system lymphoma; (C) Calibration curves for the |- (left), 2-(middle), and 3-(right) year disease-specific survival (DSS) nomograms. The abscissa represents
the survival rate predicted by the nomogram, and the ordinate represents the actual survival rate.

which may be since married patients can receive better mental, financial support and physical care, making them more
compliant with the treatment.

Concerning disease-related factors, we discovered that elderly patients with PCNSL who were infected with HIV had
a poor OS, while HIV infection status was unrelated to DSS in elderly patients with PCNSL. According to a meta-
analysis®> conducted in Italy, HIV infection was present in 6.1% of PCNSL patients, and Epstein-Barr virus (EBV) was
discovered in the cerebrospinal fluid of the majority of HIV-infected patients. With the deepening understanding on
PCNSL in recent years, researchers divided PCNSL patients into EBV-related type and EBV-negative type.** The two
subtypes exhibit distinct clinical characteristics. EBV-negative PCNSL shares features similar to the activated B-cell
subtype, such as constitutive NF-kB activation. In contrast, EBV-associated PCNSL typically occurs in immunocom-
promised hosts, and these cases often have poor outcomes. In another study, some immunocompromised EBV-associated
PCNSL cases were further subdivided based on the host’s HIV infection status into HIV-infected and HIV-uninfected
subtypes.®> The results demonstrated that EBV-associated PCNSL without HIV infection exhibited resistance to the
tumor microenvironment. Meanwhile, EBV-associated PCNSL with concurrent HIV infection showed low CD4+ T-cell
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counts, indicative of compromised immune function. These findings have revealed the complex clinical features of
PCNSL under different disease states, which may provide a broad framework for targeted therapeutic strategies.

According to previous research, the prognosis of PCNSL patients with HIV infection is much poorer than that of
PCNSL patients without HIV infection.>® We speculate that this may be due to the small number of cases included in this
study, the eventual death of our patient from other diseases, and the fact that PCNSL patients with HIV-infected have
taken antiretroviral therapy (ART) medications. As the majority of clinical studies on PCNSL have not provided precise
data for reference on HIV infection in combination with PCNSL, large-scale prospective studies on elderly PCNSL
patients with HIV infection are still required to determine the status of ART drugs in the treatment of elderly PCNSL
patients with HIV infection and the impact mechanism of HIV infection on elderly PCNSL patients. In addition, we
discovered that patients with supratentorial tumors and non-DLBCL tumors had a more favorable prognosis. Previous
research has demonstrated the predictive significance of the primary site of PCNSL.*’

The results of the study suggest that changes in treatment at different stages and the impact of treatment regimens on
the prognosis of patients may explain the differences in the prognosis of elderly patients with PCNSL at different stages.
In the early days, high-dose methotrexate combined with standard radiotherapy protocol was widely used in clinical
practice. With a greater understanding of PCNSL, researchers discovered that although the tumor in this disease is highly
sensitive to radiation, the long-term side effects of whole brain radiotherapy (WBRT), such as delayed neurotoxicity,
negate the benefits of OS and DSS during radiation for elderly PCNSL patients.*® Central neurotoxicity may result in
delayed progressive cognitive dysfunction, ataxia, and urinary incontinence, with typical features of leukoencephalopathy
and brain atrophy on MRI scans. This central neurotoxicity tends to be more severe in older patients than in younger
patients, resulting in irreversible dementia or lifelong bed rest, and previous studies indicate that this adverse effect
occurs earlier in older patients than in younger patients.*® Since 2000, the classical method of whole-brain radiotherapy
has been gradually phased out. The results of our research coincide with this conclusion. The results of Figure 4A clearly
describe the conclusion that the prognosis of patients receiving radiotherapy alone is not as good as that of patients
receiving radiotherapy and chemotherapy at the same time. However, it should be noted that the multivariate analysis
results of radiotherapy as a prognostic factor are not statistically significant when establishing a prognostic model.
Whether or not to receive radiotherapy still needs the support and proof of clinical data, such as large center randomized
controlled trial. In our study, we also found that the proportion of patients diagnosed in early years treated with radiation
was greater than that of patients diagnosed more recently. In recent years, researchers have attempted to reduce the
WBRT radiation dose and frequency, but this has led to the corresponding recurrence of cancer.’®

Additionally, this study reaffirms the value of chemotherapy as a long-standing first-line treatment. Higher MTX
doses have been associated with improved survival outcomes.*® However, due to the poor physical function of the
elderly, combined with a variety of diseases, and decreased tolerance to high-dose methotrexate, simple methotrexate
treatment often cannot achieve good results. With the development of diagnosis and treatment, more elderly patients with
PCNSL will choose many targeted therapies after receiving basic induction chemotherapy. Ibrutinib, as an inhibitor of
BTK, has shown potent single-agent activity in relapsed/refractory CNS lymphoma. A clinical trial explored the efficacy
of the combination of HD-MTX, rituximab, and Ibrutinib in patients with CNSL. The results showed that among the 9
patients with PCNSL, the CRR was 89% (8/9), and 6 of them (66.7%) achieved CR.*' As the third generation
immunomodulator, pomalidomide (POM) has shown excellent permeability to the central nervous system and significant
therapeutic activity against CNSL. A clinical study evaluated the efficacy of the combination of POM and dexametha-
sone (DEX) in the treatment of relapsed/refractory PCNSL and primary vitreoretinal lymphoma (PVRL). A total of 25
PCNSL patients were included in the trial, of which 72% were over the age of 60. The results showed that the Objective
response rate (ORR) was 48% (12/25), the CR was 24% (6/25), and 11 patients finally died.** In addition, the PD-1
inhibitor, nivolumab,* and the mTOR selective inhibitor, Temsirolimus,** have shown efficacy in elderly PCNSL
patients. With the deepening understanding of the disease, autologous stem cell transplantation (ASCT) and targeted
therapy may be a good option for elderly PCNSL patients.

The role of surgery in the treatment of elderly patients with PCNSL has always been uncertain, and various centres have
frequently reached divergent conclusions. Jahr et al** conducted a study on 79 patients with PCNSL and found that resection
did not significantly improve OS or Progression-Free Survival (PFS) in patients with PCNSL. They only recommend
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cytoreductive surgery to improve patients’ clinical symptoms in the case of cerebral hernia. However, in a randomized
controlled trial conducted in Germany among 526 PCNSL patients who received first-line treatment with HD-MTX in 2012,
the PFS and OS of patients who only underwent biopsy were inferior to those who received surgical treatment.*® It should be
noted that the results of this study indicated that elderly patients with PCNSL who underwent surgery had a favourable
prognosis, contrary to what was previously believed about the role of surgery in elderly PCNSL. Traditionally, resection has
been regarded as ineffective for significantly enhancing OS or PFS in patients with PCNSL due to the generally poorer
physical condition of the elderly and the greater prevalence of other underlying diseases.** Our study has yielded new ideas for
the treatment of PCNSL in elderly patients based on the results of a study conducted on the general population. However, due
to the characteristics of complex basic diseases of the elderly, a thorough evaluation of the tumor must be performed after its
discovery so that the operation can be performed with a risk of postoperative defects and perioperative complications that is
under control.*’

Nonetheless, this study has limitations. The collection of SEER database data is restricted in some ways. First, the
database only documents the incidence, mortality, and morbidity of millions of Americans with malignant tumors.
Conclusions cannot provide comprehensive recommendations for the diagnosis and treatment of PCNSL patients in other
countries. With such a large series, even small, clinically irrelevant differences can be statistically demonstrated. In
addition, the data recorded in this database lacks numerous crucial details. For instance, the treatment plan only specifies
whether or not the patient will undergo chemotherapy and radiotherapy; there is no specific chemotherapy and radio-
therapy plan or dose. In particular, the term “NO” in the raw data is described together with “unkown”, which makes it
impossible to distinguish between patients who have not undergone surgery/chemotherapy/radiotherapy and patients who
do not know whether surgery/chemotherapy/radiotherapy has been performed. Patients’ prognosis follow-up includes
only death and cause of death but no information on specific disease progression. Due to the low incidence of PCNSL,
this study lacked an external, independent validation data set in addition to the database itself. Furthermore, inherent to
the data collection characteristics of the SEER database, our study carries unavoidable methodological constraints in
variable selection. For instance, physically frail elderly patients may demonstrate disparities in treatment regimens and
clinical outcomes due to physiological intolerance - a confounding factor inherently associated with geriatric populations.
However, given that this investigation specifically focuses on prognostic evaluation in elderly cohorts, certain residual
confounding variables remain methodologically irreducible within the current research framework. These limitations
warrant systematic evaluation in subsequent studies. Therefore, basic research and prospective trials are required for
further diagnosis and treatment planning.

Conclusion

In this study, 3554 patients with PCNSL from SEER were analyzed, and it was found that there were differences in
multiple baseline data between aged PCNSL patients and ordinary PCNSL patients. Surgery and chemotherapy were
associated with better OS and DSS. In the long term, however, radiation was not beneficial for OS and DSS in elderly
patients with PCNSL. Multivariate Cox regression analysis showed that for the elderly patients with PCNSL, the age at
diagnosis, pathological subtype, whether or not they have received surgical treatment, and whether or not they have
received chemotherapy are the independent risk factors for DSS. In addition to the risk factors for DSS, whether or not
they are infected with HIV is also an independent risk factor for OS. Based on these findings, we developed
a prognostic model to predict 1-, 2-, and 3-year OS and DSS. The model demonstrated high predictive accuracy
upon validation.
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