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Objective: This study was conducted in order to study the clinical characteristics,
prognostic factors, and treatment outcomes in patients with primary central nervous
system lymphoma (PCNSL).

Materials and Methods: The data of a total of 5,166 PCNSL patients diagnosed
between 2000 and 2018 from the Surveillance, Epidemiology, and End Results (SEER)
database were obtained.

Results: The mean age was 63.1 ± 14.9 years, with a male to female ratio of 1.1:1.0. The
most common histologic subtype was diffuse large B-cell lymphoma (DLBCL) (84.6%). The
1-, 3-, and 5-year overall survival (OS) rates were 50.1%, 36.0%, and 27.2%, respectively,
and the corresponding disease-specific survival (DSS) rates were 54.4%, 41.3%, and
33.5%, respectively. Multivariate analysis with Cox regression showed that race, sex, age,
marital status, surgical resection, and chemotherapy were independent prognostic factors
for OS and DSS, but radiotherapy was only for OS. Nomograms specially for DLBCL were
established to predict the possibility of OS and DSS. The concordance index (C-index)
values of OS and DSS were 0.704 (95% CI 0.687–0.721) and 0.698 (95%CI 0.679–0.717),
suggesting the high discrimination ability of the nomograms.

Conclusion: Surgical resection and/or chemotherapy was favorably associated with
better OS and DSS. However, radiotherapy was not beneficial for OS and DSS in the long
term. A new predictive nomogram and a web-based survival rate calculator we developed
showed favorable applicability and accuracy to predict the long-term OS for DLBCL
patients specifically.
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INTRODUCTION

Primary central nervous system lymphoma (PCNSL) is an
uncommon and highly invasive tumor that involves the
leptomeninges, brain, eyes, or spinal cord without evidence of
systemic disease (1). PCNSL accounts for 1%–2% of non-
Hodgkin lymphoma (NHL) and most of the cases (over 90%)
are diffuse large B-cell lymphoma (DLBCL) (2, 3).
Immunocompromised individuals, such as HIV-infected or
immunosuppressive patients, are deemed to have a higher risk
of developing PCNSL (4, 5). PCNSL was historically associated
with poor prognosis, with an overall survival (OS) of 1.5 months
if the patient did not receive proper treatment. High-dose
methotrexate (HD-MTX) systemic chemotherapy is deemed as
the standard first-line treatment; however, few patients can
achieve long-term survival: the median progression‐free
survival (PFS) and OS were only 24.0 and 36.9 months,
respectively (6, 7), and the 5-year OS in the period 1992–1994
was increased only from 19.1% to 30.1% in the period 2004–2006
(4). Surgical resection was generally discouraged before 2010, but
the conventional view has been challenged with the development
of surgical techniques. Due to the high risk of neurotoxicity and
the lack of sustainable response, whole-brain radiation (WBRT)
is no longer considered as the first-line treatment. More research
has focused on whether different radiotherapy regimens
(including reduced dose and partial‐brain radiotherapy) in
combination with chemotherapy can bring benefits. However,
the conclusions are inconsistent. In recent years, novel agents
including immune checkpoint inhibitors, immunomodulatory
drugs (IMiDs), Bruton tyrosine kinase (BTK) inhibitor, PI3K/
AKT/mTOR inhibitors, and chimeric antigen receptor T cell
(CAR-T cell) therapy have been applied in several clinical trials,
which exhibit promising clinic outcomes. Even with an
impressive clinical response (8–11), more randomized clinical
trials are still needed to verify and identify the optimal therapy
for PCNSL patients.

Two prognostic classification systems of PCNSL are widely
used currently. The IELSG identified that age (>60 years),
elevated lactate dehydrogenase (LDH) serum level ,
performance status (PS) (≥2), high CSF protein concentration,
and extensive deep structure involved in the brain were
independent predictors of negative prognosis (12). In another
prognostic model, the MSKCC prognostic score described three
risk groups based on age and Karnofsky performance status
(KPS) (13). However, treatment information was not included in
these prognostic systems, and it was difficult to perform the
treatment options based on these prognostic systems. Therefore,
to develop a new, easily available prognostic system that includes
treatment information is needed.

Due to the low incidence of PCNSL, large-scale clinical trials
and prospective data are limited for us to investigate. The
Surveillance, Epidemiology, and End Results (SEER) contains a
wealth of relevant information on different types of cancer
patients based on the United States population which provides
excellent resources for us to study. Therefore, a large population-
based analysis was conducted to describe the clinical
characteristics, prognostic factors, and treatment outcomes of
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PCNSL using the SEER database, and based on the independent
prognostic factors of PCNSL, a nomogram was established to
predict the prognosis of PCNSL patients.
MATERIALS AND METHODS

Study data were obtained using the SEER*Stat software (version
8.3.9). Through the “Incidence-SEER Research Plus Data, 18
Registries, Nov 2020 Sub (2000–2018),” patients diagnosed with
PCNSL between 2000 and 2018 were identified. The International
Classification of Diseases for Oncology (ICD-O-3) histologic codes
(9590–9595, 9650–9699, 9702–9729) were used for lymphoma and
primary sites limited to the central nervous system were identified
by site-specific codes (C71.0–C71.9). Unknown age at diagnosis,
race, sex, marriage status, incomplete follow-up data, and secondary
to other tumors were excluded. The primary endpoint of this study
was OS and DSS.

Statistical Analyses
The OS and DSS were estimated with the Kaplan–Meier method
using the log-rank test, and the Cox regression model was used
for univariate and multivariate survival analyses. Nomograms
were constructed to predict the 1-, 3-, and 5-year OS and DSS
specifically for DLBCL according to the results of multivariable
Cox regression analysis. To evaluate the accuracy of the
nomograms, Harrell’s concordance index (C-index) was
calculated to quantify the discrimination performance, and the
calibration curve was plotted to identify whether the predicted
survival was consistent with the actual survival. The data were
analyzed using R software (R version 4.0.4). Statistical
significance was set at P <0.05 (two-sided).
RESULTS

Epidemiologic Characteristics of
PCNSL Patients
Totally, 5,166 PCNSL patients were included in the study. The
mean age at diagnosis was 63.1 ± 14.9, ranging from 3 to 97
years. The population was comprised of 2,679 (51.9%) males and
2,487 (48.1%) females, and the highest incidence of age group
was 70–79 years old. The characteristics of PCNSL patients are
summarized in Table 1.

Regarding clinical aggressiveness and cell of origin, 4,429
(85.7%) patients had aggressive B-cell NHLs, 166 (3.2%) had
indolent B-cell NHLs, 474 (9.2%) had NHL-NOSs, and 85 (1.6%)
had T-cell NHLs. As for the histological classification of PCNSL,
the most common subtype was DLBCL (84.6%), followed by
NHL not otherwise specified (NHL-NOS) (9.2%), follicular
lymphoma (FL) (1.3%), peripheral T-cell lymphoma (PTCL)
(1.2%), mucosal-associated lymphoid tissue (MALT) (1.2%),
Burkitt ’s lymphoma (BL) (0.7%), lymphoplasmacytic
lymphoma (LPL) (0.4%), anaplastic large cell lymphoma
(ALCL) (0.4%), and chronic lymphocytic leukemia/small
lymphocytic lymphoma (CLL/SLL) (0.4%). Except for ALCL
February 2022 | Volume 12 | Article 817043
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(median age 39.0), the median age for all the other subtypes was
over 60 years old. The epidemiologic characteristics and survival
outcomes are summarized according to histological subtype
in Table 2.

Survival Analysis
There were 3,660 patients who died during the follow-up period,
and 3,101 deaths were disease-specific. Kaplan–Meier curves
illustrating OS and DSS are shown in Figures 1A, B. The
median OS and DSS were 13.0 and 19.0 months. The 1-, 3-,
and 5-year OS were 50.1%, 36.0%, and 27.2%, respectively, and
the corresponding DSS were 54.4%, 41.3%, and 33.5%,
respectively. Patients diagnosed in 2009 to 2018 showed better
OS and DSS than those patients diagnosed in 2000 to 2008 (P <
0.0001) (Figures 1C, D).

In the whole cohort, the best 3-year OS and DSS were
observed in MALT (OS: 78.3%, DSS: 86.0%) and FL (OS:
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53.8%, DSS: 57.4%). In addition, the Kaplan–Meier survival
curves for OS and DSS of the main histological subtypes are
presented in Figures 1E, F. Furthermore, Kaplan–Meier survival
analysis was also performed stratifying patients according to sex,
age, race, marital status, and treatment. It was shown that
increasing age was significantly associated with worse OS and
DSS (Figures 2A, E). Females had significantly better OS and
DSS than males (Figures 2B, F). Patients who were others
(American Indian/Alaskan Native or Asian/Pacific Islander)
(Figures 2C, G) and married (Figures 2D, H) had better OS
and DSS according to the univariate analysis.

In terms of treatment, patients who underwent chemotherapy
(Figures 3A, D) or surgical resection (Figures 3C, F) achieved
significantly longer OS and DSS. However, radiotherapy led to
worse OS and DSS in the long term (Figures 3B, E). In addition,
a total of 2,126 patients underwent surgical resection, consisting
of 600 total resection, 1,331 partial resection, and 195 unknown
TABLE 1 | Patient and tumor characteristics of primary central nervous system lymphoma diagnosed in SEER 18 registries, 2000–2018.

Characteristic No. of patients Percentage (%)

Total 5,166 100
Age at diagnosis, years
Mean ± SD 63.1 ± 14.9
Median (range) 65.0 (3.0–97.0)

Sex
Male 2,679 51.9
Female 2,487 48.1

Race
White 4,182 81.0
Black 364 7.0
Othersa 620 12.0

Years of diagnosis
2000–2008 2,115 40.9
2009–2018 3,051 59.1

Age
<50 916 17.7
50–59 884 17.1
60–69 1,372 26.6
70–79 1,415 27.4
≥80 579 11.2

Marital status
Married 3,045 58.9
Singleb 2,121 41.1

Lineage
Aggressive B-cell NHLc 4,429 85.7
Indolent B-cell NHLd 166 3.2
T-cell NHL 85 1.6
NHL-NOS 474 9.2
Others 12 0.2

Surgery
No/unknown 3,040 58.8
Performed 2,126 41.2

Radiation
No/unknown 3,608 69.8
Performed 1,558 30.2

Chemotherapy
No/unknown 1,652 32.0
Performed 3,514 68.0
February 2022 | Volume 12
NHL, non-Hodgkin lymphoma; NOS, not otherwise specified.
aAmerican Indian/Alaskan Native or Asian/Pacific Islander.
bIncluded divorced/separated/widowed patients.
cIncluded diffuse large B-cell lymphoma, Burkitt’s lymphoma, mantle cell lymphoma, and intravascular large B-cell lymphoma.
dIncluded follicular lymphoma, chronic lymphocytic leukemia/small lymphocytic lymphoma, lymphoplasmacytic lymphoma, and mucosa-associated lymphoid tissue lymphoma.
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TABLE 2 | Patient characteristics according to histological subtypes.

Histology subtype n (%) Median age Male (%) Survival

Median OS, m 3-Year OS Median DSS, m 3-Year DSS

All patients 5,166
DLBCL 4,373 (84.6) 66.0 51.8 12 35.3 17 40.5
NHL-NOS 474 (9.2) 65.0 54.0 8 32.0 11 37.3
FL 65 (1.3) 67.0 41.5 58 53.8 77 57.4
PTCL 63 (1.2) 60.0 57.1 15 37.9 26 47.3
MALT 60 (1.2) 60.0 31.7 / 78.3 / 86.0
BL 34 (0.7) 60.0 64.7 19 38.3 19 42.3
LPL 22 (0.4) 63.0 45.5 / 50.9 / 50.9
ALCL 21 (0.4) 39.0 71.4 13 34.4 22 37.2
CLL/SLL 19 (0.4) 66.0 47.4 29 42.1 47 54.0
Others 35 (0.7) 62.0 54.3 / / / /
Frontiers in Oncology | ww
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n, number of cases; m, months; OS, overall survival; DSS, disease-specific survival; NHL, non-Hodgkin lymphoma; NOS, not otherwise specified; DLBCL, diffuse large B-cell lymphoma;
FL, follicular lymphoma; BL, Burkitt’s lymphoma; CLL/SLL, chronic lymphocytic leukemia/small lymphocytic lymphoma; MALT, mucosal-associated lymphoid tissue; PTCL, peripheral T-
cell lymphoma; ALCL, anaplastic large cell lymphoma; LPL, lymphoplasmacytic lymphoma.
A B

D

E F

C

FIGURE 1 | Survival analysis of primary central nervous system lymphoma. OS (A) and DSS (B) curves for all patients. Survival analysis according to the year of
diagnosis; OS (C) and DSS (D) have significantly improved in the past decades, P < 0.0001. Survival curves of OS (E) and DSS (F) according to the main
histological subtypes. MALT, mucosal-associated lymphoid tissue; DLBCL, diffuse large B-cell lymphoma; BL, Burkitt’s lymphoma; FL, follicular lymphoma; PTCL,
peripheral T-cell lymphoma; NHL, non-Hodgkin lymphoma; NOS, not otherwise specified.
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operative method. We further explored the partial resection and
total resection on PCNSL outcome and found that total resection
was associated with a survival benefit over partial resection (P <
0.0001) (Supplementary Material). We also explored the effects
of combination therapy and found that surgical resection
combined with chemotherapy was associated with better OS
and DSS (Figures 4A, B), but radiotherapy combined with
chemotherapy led to worse OS and DSS in the long term
(Figures 4C, D). Finally, we performed multivariate Cox
regression analysis and revealed that race, sex, age, marital
status, surgical resection, and chemotherapy were independent
Frontiers in Oncology | www.frontiersin.org 5
predictors of OS and DSS, but radiotherapy was only an
independent prognostic factor for OS (Table 3).

Construction of the Nomogram
Considering that DLBCL was the main histological subtype of
PCNSL, we developed a prediction model specifically for DLBCL
patients. DLBCL (n = 4,373) patients were randomly divided into
the training cohort (n = 3,061) and the validation cohort (n =
1,312) in a ratio of 7:3 for model construction and validation.
Firstly, univariate and multivariate Cox regression analyses were
conducted to select the independent prognostic factors for OS
A B D

E F G H

C

FIGURE 2 | Survival analysis of primary central nervous system lymphoma stratified by age, sex, race, and marital status. Significant statistical difference was found
in OS with age (A), P < 0.0001; sex (B), P = 0.0082; race (C), P = 0.0013; and marital status (D), P < 0.0001. Significant statistical difference was found in DSS with
age (E), P < 0.0001; sex (F), P = 0.036; race (G), P = 0.0038; and marital status (H), P < 0.0001. Inferior OS and DSS were significantly associated with older age,
male, black, and single status.
A B

D E F

C

FIGURE 3 | Survival analysis of primary central nervous system lymphoma stratified by treatment: chemotherapy, radiotherapy, and surgery. Significant statistical
difference was found in OS and DSS between patients with chemotherapy and no chemotherapy (A, D), radiotherapy and no radiotherapy (B, E), and surgery and
no surgery (C, F), P < 0.0001. Patients who underwent chemotherapy and surgery achieved significantly longer OS and DSS compared with those who did not.
However, radiotherapy led to worse OS and DSS in the long term.
February 2022 | Volume 12 | Article 817043
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and DSS. The univariate and multivariate analysis results are
displayed in Table 4. These significant prognostic factors from
univariate Cox regression analysis were incorporated into
multivariate analysis. Significant predictors of OS and DSS on
multivariate analysis were used to establish the nomograms. The
OS and DSS nomograms at 1, 3, and 5 years are shown in
Figure 5. Then, the nomogram performance was assessed with
discrimination and calibration by using the external validation
cohort. The C-index values of OS and DSS were 0.704 (95% CI
0.687–0.721) and 0.698 (95% CI 0.679–0.717), indicating the
high discrimination ability of the nomograms. The calibration
curves of the training cohort and the external validation cohort
are presented in Figure 6, which represented good agreement
among the predicted survival and the actual survival at 1, 3, and
5 years.

Web-Based Survival Rate Calculator
A dynamic web-based survival rate calculator based on the
nomogram was established to predict the long-term OS
(https://tangdongshengarticle.shinyapps.io/DynNomapp/). For
instance, a 75-year-old white married man was diagnosed as
PCNSL with DLBCL; if he refused surgical resection and
chemotherapy, his 3-year OS rate is approximately only 4.6%
(95% CI 0.022–0.101); if he was given surgical resection and
chemotherapy, his 3-year OS rate is approximately 34.0% (95%
CI 0.272–0.420) (Figure 7).
Frontiers in Oncology | www.frontiersin.org 6
DISCUSSION

PCNSL represents a rare but highly aggressive NHL with poor
prognosis. In light of the low incidence of PCNSL, the current
understanding of PCNSL is mainly based on retrospective
analysis with small series. Therefore, we conducted a study
based on a large population (SEER database) and 5,166 PCNSL
patients were included.

The mean age at diagnosis was 63.1 ± 14.9 years, and the male
to female ratio was 1.1:1.0, which was largely consistent with a
population-based study from Australia (14). Previous studies
have demonstrated that age was a significant and adverse
prognostic factor (15–17). In the present study, inferior OS
and DSS were significantly associated with older age, consistent
with previous results. Interestingly, our study revealed that
married patients tend to have better outcomes than single
patients (including divorced/widowed/separated patients),
which was consistent with another population-based study
(18). The mechanism between marital status and survival is
unclear, social–psychological factors may contribute to it (19),
and married patients may have better socioeconomic status and
more emotional support than single patients.

Although the introduction of HD-MTX has significantly
improved PCNSL prognosis, numerous patients still died of
treatment-related mortality, chemotherapy resistance, and
disease relapse (20). The recent progress in understanding the
A B

DC

FIGURE 4 | Effect of combination therapy on primary central nervous system lymphoma. Kaplan–Meier survival curves of the combined effect of chemotherapy and
surgery: OS (A) and DSS (B) and of chemotherapy and radiotherapy: OS (C) and DSS (D). Surgery combined with chemotherapy was significantly associated with
better OS and DSS, P < 0.0001. Chemotherapy combined with radiotherapy was associated with better OS and DSS in the early stage of the treatment; however,
the long-term OS and DSS were not superior to chemotherapy alone, P < 0.0001.
February 2022 | Volume 12 | Article 817043
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pathophysiology of PCNSL has led to novel therapeutics
introduced into clinical trials that have shown promising
results (21). Based on population analysis, we found that
patients diagnosed between 2009 and 2018 had better OS and
DSS than those diagnosed 2000–2008, which reflected the
development of novel therapies.

PCNSL is characterized by a frequent early wide dissemination
and the involvement of a deep part of the brain that leads to poor
efficacy of surgery (22). Previous research suggested that surgical
resection (including complete and partial surgical resection) has
no significant survival advantage and was even associated with
higher mortality that should be avoided (23–26). The role of
surgery is only to establish a diagnosis by stereotactic biopsy.
However, with a large number of applications of new techniques
and practices in recent years, including increased use of MRI,
frameless stereotyping, and tumor visualization, effectiveness and
tolerability have greatly improved. Survival advantage was proven
and the traditional view has been questioned in some studies (27–
29). This study showed that surgical resection might play a role in
significantly improving OS and DSS and was an independent risk
factor for survival. Moreover, combining surgical excision and
chemotherapy can bring favorable OS and DSS than
chemotherapy alone, which suggested that multimodal therapy
Frontiers in Oncology | www.frontiersin.org 7
may bemore beneficial. At present, there is insufficient evidence to
recommend surgical resection for PCNSL, and several small
population retrospective studies indicated that specific
subgroups of patients with single lesions and superficial tumors
might gain a survival benefit from resection (30, 31). Our study
also showed the advantages of surgical resection based on a large
population. However, the role of surgical resection should be re-
evaluated in large-scale prospective research.

Due to high sensitivity to radiation, newly diagnosed PCNSL
patients have historically received whole-brain radiotherapy
(WBRT). However, WBRT‐associated delayed neurotoxicity
has limited its use, especially for age older than 60 years (7, 32,
33). Given the higher risk of neurotoxicity and the limited
durability of treatment responses, WBRT is not considered as
the standard initial therapy for PCNSL patients (34, 35).
Recently, many clinical studies have engaged in whether
different radiotherapy regimens (including reduced dose and
partial‐brain radiotherapy) in combination with chemotherapy
can bring better clinical outcomes (36–40). However, the results
remain controversial. Based on a large population analysis,
radiotherapy did not improve long-term effects and was
associated with inferior OS and DSS compared with no
radiotherapy according to the univariate analysis. Multivariate
TABLE 3 | Multivariable Cox regression analysis of the independent prognostic factors for OS and DSS among PCNSL patients.

Variables Overall survival Disease-specific survival

HR 95% CI P HR 95% CI P

Race
White Reference Reference
Black 1.21 1.06–1.39 0.005 1.25 1.08–1.44 0.003
Others 0.92 0.83–1.03 0.138 0.91 0.81–1.02 0.094
Sex
Male Reference Reference
Female 0.84 0.78–0.89 <0.001 0.86 0.80–0.93 <0.001
Age
<50 Reference Reference
50–59 1.48 1.31–1.67 <0.001 1.32 1.16–1.50 <0.001
60–69 1.90 1.70–2.13 <0.001 1.69 1.50–1.90 <0.001
70–79 2.65 2.37–2.96 <0.001 2.28 2.03–2.56 <0.001
≥80 3.32 2.91–3.79 <0.001 2.76 2.39–3.19 <0.001
Years of diagnosis
2000–2008 Reference Reference
2009–2018 0.79 0.74–0.84 <0.001 0.77 0.72–0.83 <0.001
Marital status
Married Reference Reference
Single 1.21 1.13–1.30 <0.001 1.22 1.13–1.31 <0.001
Classification
Aggressive B-cell NHL Reference Reference
Indolent B-cell NHL 0.33 0.27–0.42 <0.001 0.31 0.24–0.40 <0.001
T-cell NHL 0.82 0.63–1.07 0.148 0.80 0.59–1.07 0.132
NHL-NOS 0.96 0.86–1.08 0.501 0.95 0.85–1.07 0.432
Others 1.08 0.52–2.28 0.834 1.09 0.49–2.43 0.838
Surgery
Performed Reference Reference
No/unknown 1.34 1.25–1.43 <0.001 1.36 1.26–1.46 <0.001
Chemotherapy
Performed Reference Reference
No/unknown 2.73 2.53–2.94 <0.001 2.59 2.39–2.81 <0.001
Radiation
Performed Reference Reference
No/unknown 1.12 1.04–1.20 0.003 1.08 1.00–1.17 0.054
February 202
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analysis revealed that radiotherapy was an independent
prognostic factor for OS, but not for DSS. We further explored
the combination of radiotherapy and chemotherapy and found
that patients may benefit from combination therapy in the early
Frontiers in Oncology | www.frontiersin.org 8
stage of the treatment; unfortunately, the long-term outcomes
were not superior to chemotherapy alone because of the high
incidence of delayed neurotoxicity. The benefit of radiotherapy
in establishing local control of tumors must be weighed against
TABLE 4 | Univariate and multivariate Cox regression analyses of the ability of each factor in predicting OS and DSS among DLBCL patients.

Overall survival Disease-specific survival

HR 95% CI P HR 95% CI P

Univariate analyses
Race
White vs. black 1.16 1.00–1.34 0.046 1.21 1.04–1.42 0.014
White vs. others 0.85 0.76–0.95 0.004 0.83 0.73–0.94 0.003

Sex
Male vs. female 0.92 0.86–0.99 0.021 0.93 0.86–1.00 0.054
Age
0–50 vs. 50–59 1.05 0.92–1.20 0.453 0.94 0.82–1.07 0.342
0–50 vs. 60–69 1.39 1.23–1.55 <0.001 1.22 1.08–1.38 0.001
0–50 vs. 70–79 2.19 1.96–2.45 <0.001 1.89 1.68–2.13 <0.001
0–50 vs. ≥80 3.25 2.83–3.73 <0.001 2.73 2.35–3.16 <0.001

Marital status
Married vs. single 1.23 1.14–1.32 <0.001 1.27 1.18–1.37 <0.001
Surgery
Performed vs. no/unknown 1.27 1.18–1.37 <0.001 1.30 1.21–1.41 <0.001
Chemotherapy
Performed vs. no/unknown 3.17 2.95–3.41 <0.001 3.03 2.80–3.28 <0.001
Radiation
Performed vs. no/unknown 0.83 0.77–0.89 <0.001 0.80 0.74–0.87 <0.001
Multivariate analyses
Race
White vs. black 1.17 1.01–1.36 0.042 1.18 1.00–1.39 0.048
White vs. others 0.88 0.79–0.99 0.028 0.86 0.76–0.97 0.017
Sex
Male vs. female 0.84 0.78–0.90 <0.001 0.86 0.79–0.93 <0.001
Age
0–50 vs. 50–59 1.35 1.18–1.54 <0.001 1.20 1.04–1.38 0.013
0–50 vs. 60–69 1.74 1.54–1.96 <0.001 1.53 1.35–1.74 <0.001
0–50 vs. 70–79 2.43 2.16–2.74 <0.001 2.10 1.85–2.38 <0.001
0–50 vs. ≥80 3.03 2.63–3.50 <0.001 2.55 2.18–2.97 <0.001

Marital status
Married vs. single 1.21 1.12–1.31 <0.001 1.23 1.13–1.33 <0.001
Surgery
Performed vs. no/unknown 1.32 1.22–1.42 <0.001 1.34 1.24–1.45 <0.001
Chemotherapy
Performed vs. no/unknown 2.97 2.74–3.22 <0.001 2.80 2.56–3.05 <0.001
Radiation
Performed vs. no/unknown 1.08 1.00–1.17 0.053 1.04 0.95–1.13 0.394
February 2
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FIGURE 5 | Nomogram to predict 1-, 3-, and 5-year OS (A) and DSS (B) probability in patients with primary central nervous system lymphoma. The OS and DSS
rates at 1, 3, and 5 years can be predicted by integrating scores related to race, age, sex, marital status, surgery, and chemotherapy and projecting the total points
to the bottom scale.
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the increased risk of long‐term neurotoxicity. In our opinion,
radiotherapy may not be the preferred consolidation therapy
strategy, autologous stem-cell transplantation (ASCT) may be
the better choice for appropriate patients (41), and radiotherapy
has a role in the treatment of PCNSL patients who cannot
tolerate chemotherapy or ASCT. Due to unknown information
Frontiers in Oncology | www.frontiersin.org 9
about detailed radiotherapy and chemotherapy regimens,
subgroup analysis could not be performed. Therefore, these
results should be interpreted cautiously.

The nomogram has become a useful tool for clinical decision-
making and visualization and quick risk assessment for
clinicians. In this study, it was found that race, age, sex,
A B

D E F

C

FIGURE 6 | Calibration curve of the nomogram for the prediction of 1-, 3-, and 5-year OS (A–C) and DSS (D–F). The abscissa represents the nomogram-predicted
survival rate, the ordinate represents the actual survival rate, and the calibration curves for 1-, 3-, and 5-year survival rates showed satisfactory agreements between
the predicted and actual values.
A B

C

FIGURE 7 | An example to illustrate the use of the web-based survival rate calculator. (A) A 75-year-old married white man was diagnosed as PCNSL with DLBCL;
if he refused chemotherapy and surgery, his 3-year OS rate is approximately only 4.7% (95% CI 0.022–0.101) (C); if he was given chemotherapy and surgery, his 3-
year OS rate is approximately 34.0% (95% CI 0.272–0.420) (C). (B) His survival curve depending on whether he was treated or not: received treatment (a) and
refused treatment (b).
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marital status, chemotherapy, and surgical resection were
independent prognostic factors for OS and DSS in DLBCL
patients, and we constructed the nomograms to predict 1-, 3-,
and 5-year survival based on these factors. The significantly
higher C-index 0.704 and 0.698 of the nomograms proved
discriminative power. Moreover, the calibration curve
exhibited good consistency among the predicted survival and
the actual survival. However, due to manual calculations, the
nomograms are not easy to apply in clinical practice, so we
further developed a dynamic web-based survival rate calculator
that can predict the long-term OS dynamically at different time
points for DLBCL patients based on the nomogram (https://
tangdongshengarticle.shinyapps.io/DynNomapp/).

This study has several limitations. Firstly, potential biases were
unavoidable as a retrospective study. Secondly, other potential
prognostic factors, such as Karnofsky performance status score,
size andnumberof lesions, andLDHlevel,werenot registered in the
SEER database and these factors cannot be combined to predict
prognosis. Thirdly, detailed chemotherapy and radiotherapy
regimens for patients were not available. We were unable to
further analyze the impact of different treatment regimen on
prognosis. Lastly, the nomograms were established and verified
by using the same database, so it was necessary to prospectively
verify the nomogram in another independent data set for reliable
evaluation. Therefore, the results of the present study should be
interpretedwith caution due to the above limitations. However, our
study still provided useful information and important insights on
PCNSL despite these limitations based on a large population.

In conclusion, age, race, sex, marital status, use of
chemotherapy, and surgical resection were independent
prognostic factors for OS and DSS, but radiotherapy was only
for OS based on the SEER database. Surgical resection might
have a therapeutic benefit for PCNSL patients. Radiotherapy was
effective in the therapeutic initial stage, but the long-term
outcome was not satisfactory. We also developed a predictive
nomogram and a web-based survival rate calculator to predict
Frontiers in Oncology | www.frontiersin.org 10
the long-term OS in DLBCL patients, which showed favorable
applicability and accuracy that could help in the prediction of
mortality and the treatment choice.
DATA AVAILABILITY STATEMENT

Publicly available datasets were analyzed in this study. These data
can be found here: https://seer.cancer.gov.
AUTHOR CONTRIBUTIONS

LY and CW designed the study. DT and YC wrote the
manuscript. YS and HT prepared the images. All the authors
contributed to the data collection and data analysis, critically
revised the manuscript, and approved the final version of
the paper.
FUNDING

This study was funded by Jiangsu Commission of
Health (H2019082).
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2022.
817043/full#supplementary-material

Supplementary Figure 1 | (A) The effect of extent of surgery on OS in PCNSL
patients. (B) The effect of extent of surgery on DSS in PCNSL patients. The total
resection was significantly associated with better OS and DSS than partial
resection, P < 0.0001.
REFERENCES
1. Holdhoff M, Mrugala MM, Grommes C, Kaley TJ, Swinnen LJ, Perez-

Heydrich C, et al. Challenges in the Treatment of Newly Diagnosed and
Recurrent Primary Central Nervous System Lymphoma. J Natl Compr Cancer
Netw: JNCCN (2020) 18(11):1571–8. doi: 10.6004/jnccn.2020.7667

2. Deckert M, Engert A, Brück W, Ferreri AJM, Finke J, Illerhaus G, et al.
Modern Concepts in the Biology, Diagnosis, Differential Diagnosis and
Treatment of Primary Central Nervous System Lymphoma. Leukemia
(2011) 25(12):1797–807. doi: 10.1038/leu.2011.169

3. Chihara D, Dunleavy K. Primary Central Nervous System Lymphoma:
Evolving Biologic Insights and Recent Therapeutic Advances. Clin
Lymphoma Myeloma Leukemia (2021) 21(2):73–9. doi: 10.1016/
j.clml.2020.10.015

4. Shiels MS, Pfeiffer RM, Besson C, Clarke CA, Morton LM, Nogueira L, et al.
Trends inPrimaryCentralNervousSystemLymphoma Incidence andSurvival in
the U.S. Br J Haematol (2016) 174(3):417–24. doi: 10.1111/bjh.14073

5. Haldorsen IS, Kråkenes J, Goplen AK, Dunlop O, Mella O, Espeland A. AIDS-
Related Primary Central Nervous System Lymphoma: A Norwegian National
Survey 1989-2003. BMC Cancer (2008) 8:225. doi: 10.1186/1471-2407-8-225

6. Camilleri-Broët S, Crinière E, Broët P, Delwail V, Mokhtari K, Moreau A,
et al. A Uniform Activated B-Cell-Like Immunophenotype Might Explain the
Poor Prognosis of Primary Central Nervous System Lymphomas: Analysis of
83 Cases. Blood (2006) 107(1):190–6. doi: 10.1182/blood-2005-03-1024

7. Han CH, Batchelor TT. Diagnosis and Management of Primary Central
Nervous System Lymphoma. Cancer (2017) 123(22):4314–24. doi: 10.1002/
cncr.30965

8. Lewis KL, Chin CK, Manos K, Casey J, Hamad N, Crawford J, et al. Ibrutinib
for Central Nervous System Lymphoma: The Australasian Lymphoma
Alliance/MD Anderson Cancer Center Experience. Br J Haematol (2021)
192(6):1049–53. doi: 10.1111/bjh.16946

9. Siddiqi T, Wang X, Blanchard MS, Wagner JR, Popplewell LL, Budde LE, et al.
CD19-Directed CAR T-Cell Therapy for Treatment of Primary CNS
Lymphoma. Blood Adv (2021) 5(20) :4059–63. doi : 10 .1182/
bloodadvances.2020004106

10. GhesquieresH, ChevrierM, LaadhariM, Chinot O, Choquet S, Moluon-Chabrot
C, et al. Lenalidomide in CombinationWith Intravenous Rituximab (REVRI) in
Relapsed/Refractory Primary CNS Lymphoma or Primary Intraocular
Lymphoma: A Multicenter Prospective ‘Proof of Concept’ Phase II Study of the
French Oculo-Cerebral Lymphoma (LOC) Network and the Lymphoma Study
Association (LYSA). Ann Oncol (2019) 30(4):621–8. doi: 10.1093/annonc/
mdz032

11. Korfel A, Schlegel U, Herrlinger U, Dreyling M, Schmidt C, Baumgarten LV,
et al. Phase II Trial of Temsirolimus for Relapsed/Refractory Primary CNS
February 2022 | Volume 12 | Article 817043

https://tangdongshengarticle.shinyapps.io/DynNomapp/
https://tangdongshengarticle.shinyapps.io/DynNomapp/
https://seer.cancer.gov
https://www.frontiersin.org/articles/10.3389/fonc.2022.817043/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.817043/full#supplementary-material
https://doi.org/10.6004/jnccn.2020.7667
https://doi.org/10.1038/leu.2011.169
https://doi.org/10.1016/j.clml.2020.10.015
https://doi.org/10.1016/j.clml.2020.10.015
https://doi.org/10.1111/bjh.14073
https://doi.org/10.1186/1471-2407-8-225
https://doi.org/10.1182/blood-2005-03-1024
https://doi.org/10.1002/cncr.30965
https://doi.org/10.1002/cncr.30965
https://doi.org/10.1111/bjh.16946
https://doi.org/10.1182/bloodadvances.2020004106
https://doi.org/10.1182/bloodadvances.2020004106
https://doi.org/10.1093/annonc/mdz032
https://doi.org/10.1093/annonc/mdz032
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Tang et al. Primary Central Nervous System Lymphoma
Lymphoma. J Clin Oncol (2016) 34(15):1757–63. doi: 10.1200/
JCO.2015.64.9897

12. Ferreri AJM, Blay J, Reni M, Pasini F, Spina M, Ambrosetti A, et al. Prognostic
Scoring System for Primary CNS Lymphomas: The International Extranodal
Lymphoma Study Group Experience. J Clin Oncol: Off J Am Soc Clin Oncol
(2003) 21(2):266–72. doi: 10.1200/JCO.2003.09.139

13. Abrey LE, Ben-Porat L, Panageas KS, Yahalom J, Berkey B, Curran W, et al.
Primary Central Nervous System Lymphoma: The Memorial Sloan-Kettering
Cancer Center Prognostic Model. J Clin Oncol: Off J Am Soc Clin Oncol (2006)
24(36):5711–5. doi: 10.1200/JCO.2006.08.2941

14. Farrall AL, Smith JR. Changing Incidence and Survival of Primary Central
Nervous System Lymphoma in Australia: A 33-Year National Population-
Based Study. Cancers (2021) 13(3):403. doi: 10.3390/cancers13030403

15. Liu C, Lin S, Yang C, Yeh C, Kuan A,Wang H, et al. A New Prognostic Score for
Disease Progression and Mortality in Patients With Newly Diagnosed Primary
CNS Lymphoma. Cancer Med (2020) 9(6):2134–45. doi: 10.1002/cam4.2872

16. Ahn Y, Ahn HJ, Yoon DH, Hong JY, Yoo C, Kim S, et al. Primary Central
Nervous System Lymphoma: A New Prognostic Model for Patients With
Diffuse Large B-Cell Histology. Blood Res (2017) 52(4):285–92. doi: 10.5045/
br.2017.52.4.285

17. Jang JE, Kim YR, Kim S, Cho H, Chung H, Lee JY, et al. A New Prognostic
Model Using Absolute Lymphocyte Count in Patients With Primary Central
Nervous System Lymphoma. Eur J Cancer (2016) 57:127–35. doi: 10.1016/
j.ejca.2016.01.016

18. Chang SM, Barker FGN. Marital Status, Treatment, and Survival in Patients
With Glioblastoma Multiforme: A Population Based Study. Cancer (2005) 104
(9):1975–84. doi: 10.1002/cncr.21399

19. Buja A, Lago L, Lago S, Vinelli A, Zanardo C, Baldo V. Marital Status and
Stage of Cancer at Diagnosis: A Systematic Review. Eur J Cancer Care (2018)
27(1):e12755. doi: 10.1111/ecc.12755

20. Grommes C, Rubenstein JL, DeAngelis LM, Ferreri AJM, Batchelor TT.
Comprehensive Approach to Diagnosis and Treatment of Newly Diagnosed
Primary CNS Lymphoma. Neuro-Oncology (2019) 21(3):296–305. doi:
10.1093/neuonc/noy192

21. Grommes C, Nayak L, Tun HW, Batchelor TT. Introduction of Novel Agents
in the Treatment of Primary CNS Lymphoma. Neuro-Oncology (2019) 21
(3):306–13. doi: 10.1093/neuonc/noy193

22. Shankar GM, Barker FGN. Primary CNS Lymphoma: The Role of Resection.
Oncol (Williston Park NY) (2014) 28:637–8, 40, 42.

23. Bellinzona M, Roser F, Ostertag H, Gaab RM, Saini M. Surgical Removal of
Primary Central Nervous System Lymphomas (PCNSL) Presenting as Space
Occupying Lesions: A Series of 33 Cases. Eur J Surg Oncol: J Eur Soc Surg
Oncol Br Assoc Surg Oncol (2005) 31(1):100–5. doi: 10.1016/j.ejso.2004.10.002

24. Bataille B, Delwail V, Menet E, Vandermarcq P, Ingrand P, Wager M, et al.
Primary Intracerebral Malignant Lymphoma: Report of 248 Cases.
J Neurosurg (2000) 92(2):261–6. doi: 10.3171/jns.2000.92.2.0261

25. Shao L, Xu C, Wu H, Jamal M, Pan S, Li S, et al. Recent Progress on Primary
Central Nervous System Lymphoma—From Bench to Bedside. Front Oncol
(2021) 11:689843. doi: 10.3389/fonc.2021.689843

26. Chukwueke U, Grommes C, Nayak L. Primary Central Nervous System
Lymphomas. Hematol/Oncol Clinics North Am (2022) 36(1):147–59. doi:
10.1016/j.hoc.2021.09.004

27. Weller M, Martus P, Roth P, Thiel E, Korfel A. Surgery for Primary CNS
Lymphoma? Challenging Paradigm Neuro-Oncol (2012) 14(12):1481–4. doi:
10.1093/neuonc/nos159

28. Villalonga JF, Alessandro L, Farez MF, Mormandi R, Cervio A, Alcorta SC,
et al. The Role of Surgery in Primary Central Nervous System Lymphomas.
Arquivos Neuro Psiquiatria (2018) 76(3):139–44. doi: 10.1590/0004-
282x20180002

29. Labak CM, Holdhoff M, Bettegowda C, Gallia G, Lim M, Weingart JD, et al.
Surgical Resection for Primary Central Nervous System Lymphoma: A
Systematic Review. World Neurosurg (2019) 126:e1436–48. doi: 10.1016/
j.wneu.2019.02.252

30. Wu S, Wang J, Liu W, Hu F, Zhao K, Jiang W, et al. The Role of Surgical
Resection in Primary Central Nervous System Lymphoma: A Single-Center
Frontiers in Oncology | www.frontiersin.org 11
Retrospective Analysis of 70 Patients. BMC Neurol (2021) 21(1):190. doi:
10.1186/s12883-021-02227-3

31. Schellekes N, Barbotti A, Abramov Y, Sitt R, Meco FD, Ram Z, et al. Resection
of Primary Central Nervous System Lymphoma: Impact of Patient Selection
on Overall Survival. J Neurosurg (2021) 135(4):1016–25. doi: 10.3171/
2020.9.JNS201980

32. Nelson DF, Martz KL, Bonner H, Nelson JS, Newall J, Kerman HD, et al. Non-
Hodgkin’s Lymphoma of the Brain: Can High Dose, Large Volume Radiation
Therapy Improve Survival? Report on a Prospective Trial by the Radiation
Therapy Oncology Group (RTOG): RTOG 8315.Int J Radiat Oncol Biol Phys
(1992) 23:9–17. doi: 10.1016/0360-3016(92)90538-S

33. Gavrilovic IT, Hormigo A, Yahalom J, DeAngelis LM, Abrey LE. Long-Term
Follow-Up of High-Dose Methotrexate-Based Therapy With and Without
Whole Brain Irradiation for Newly Diagnosed Primary CNS Lymphoma.
J Clin Oncol: Off J Am Soc Clin Oncol (2006) 24(28):4570–4. doi: 10.1200/
JCO.2006.06.6910

34. Grommes C, DeAngelis LM. Primary CNS Lymphoma. J Clin Oncol: Off J Am
Soc Clin Oncol (2017) 35(21):2410–8. doi: 10.1200/JCO.2017.72.7602

35. Yang H, Xun Y, Yang A, Liu F, You H. Advances and Challenges in the
Treatment of Primary Central Nervous System Lymphoma. J Cell Physiol
(2020) 235(12):9143–65. doi: 10.1002/jcp.29790

36. Iwabuchi M, Shibamoto Y, Sugie C, Ayakawa S, Ogino H, Baba F. Partial-
Brain Radiotherapy for Primary Central Nervous System Lymphoma: Multi-
Institutional Experience. J Radiat Res (2016) 57(2):164–8. doi: 10.1093/jrr/
rrv085

37. Kobayashi H, Yamaguchi S, Motegi H, Kaneko S, Endou S, Onimaru R, et al.
Long-Term Evaluation of Combination Treatment of Single Agent HD-MTX
Chemotherapy Up to Three Cycles and Moderate Dose Whole Brain
Irradiation for Primary CNS Lymphoma. J Chemother (Florence Italy)
(2019) 31(1):35–41. doi: 10.1080/1120009X.2018.1546984

38. Adhikari N, Biswas A, Gogia A, Sahoo RK, Garg A, Nehra A, et al. A
Prospective Phase II Trial of Response Adapted Whole Brain Radiotherapy
After High Dose Methotrexate Based Chemotherapy in Patients With Newly
Diagnosed Primary Central Nervous System Lymphoma-Analysis of Acute
Toxicity Profile and Early Clinical Outcome. J Neuro-Oncol (2018) 139:153–
66. doi: 10.1007/s11060-018-2856-y

39. Schlegel U, Korfel A. Is Whole-Brain Radiotherapy Still a Standard Treatment
for Primary Central Nervous System Lymphomas? Curr Opin Neurol (2018)
31(6):733–9. doi: 10.1097/WCO.0000000000000619

40. Burton EC, Ugiliweneza B, Kolikonda MK, Saaraswat T, Woo S, Boakye M,
et al. A Regional Multicenter Retrospective Analysis of Patients With Primary
Central Nervous System Lymphoma Diagnosed From 2000-2012: Treatment
Patterns and Clinical Outcomes. Cureus (2017) 9(7):e1512. doi: 10.7759/
cureus.1512

41. Seidel C, Viehweger C, Kortmann R. Is There an Indication for First Line
Radiotherapy in Primary CNS Lymphoma? Cancers (2021) 13(11):2580. doi:
10.3390/cancers13112580

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Tang, Chen, Shi, Tao, Tao, Zhang, Ding, He, Yu andWang. This is
an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
February 2022 | Volume 12 | Article 817043

https://doi.org/10.1200/JCO.2015.64.9897
https://doi.org/10.1200/JCO.2015.64.9897
https://doi.org/10.1200/JCO.2003.09.139
https://doi.org/10.1200/JCO.2006.08.2941
https://doi.org/10.3390/cancers13030403
https://doi.org/10.1002/cam4.2872
https://doi.org/10.5045/br.2017.52.4.285
https://doi.org/10.5045/br.2017.52.4.285
https://doi.org/10.1016/j.ejca.2016.01.016
https://doi.org/10.1016/j.ejca.2016.01.016
https://doi.org/10.1002/cncr.21399
https://doi.org/10.1111/ecc.12755
https://doi.org/10.1093/neuonc/noy192
https://doi.org/10.1093/neuonc/noy193
https://doi.org/10.1016/j.ejso.2004.10.002
https://doi.org/10.3171/jns.2000.92.2.0261
https://doi.org/10.3389/fonc.2021.689843
https://doi.org/10.1016/j.hoc.2021.09.004
https://doi.org/10.1093/neuonc/nos159
https://doi.org/10.1590/0004-282x20180002
https://doi.org/10.1590/0004-282x20180002
https://doi.org/10.1016/j.wneu.2019.02.252
https://doi.org/10.1016/j.wneu.2019.02.252
https://doi.org/10.1186/s12883-021-02227-3
https://doi.org/10.3171/2020.9.JNS201980
https://doi.org/10.3171/2020.9.JNS201980
https://doi.org/10.1016/0360-3016(92)90538-S
https://doi.org/10.1200/JCO.2006.06.6910
https://doi.org/10.1200/JCO.2006.06.6910
https://doi.org/10.1200/JCO.2017.72.7602
https://doi.org/10.1002/jcp.29790
https://doi.org/10.1093/jrr/rrv085
https://doi.org/10.1093/jrr/rrv085
https://doi.org/10.1080/1120009X.2018.1546984
https://doi.org/10.1007/s11060-018-2856-y
https://doi.org/10.1097/WCO.0000000000000619
https://doi.org/10.7759/cureus.1512
https://doi.org/10.7759/cureus.1512
https://doi.org/10.3390/cancers13112580
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Epidemiologic Characteristics, Prognostic Factors, and Treatment Outcomes in Primary Central Nervous System Lymphoma: A SEER-Based Study
	Introduction
	Materials and Methods
	Statistical Analyses

	Results
	Epidemiologic Characteristics of PCNSL Patients
	Survival Analysis
	Construction of the Nomogram
	Web-Based Survival Rate Calculator

	Discussion
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


