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Abstract Primary central nervous system lymphoma

(PCNSL) is a rare non-Hodgkin’s lymphoma that occurs in

immunocompetent and human immunodeficiency virus

(HIV) patients. Despite treatment advances, previous

reports have produced conflicting information about sur-

vival trends over time. Using the Surveillance, Epidemi-

ology, and End Results (SEER) data, 2,557 patients

diagnosed with PCNSL between 1973 and 2004 were

identified and classified by HIV status. Potential predictors

of survival were evaluated using log-rank tests. Hazard

ratios and 95% confidence intervals (CIs) were computed

using a Cox proportional hazards regression model. The

cohort included 1,732 (67.7%) HIV-negative patients and

825 (32.3%) HIV-positive patients. Median overall sur-

vival was 12 months (95% CI 10, 13) among HIV-negative

patients. In this group, median survival increased over

time, from 7.5 months (95% CI 6, 14) for patients

diagnosed in the 1970s, to 14 months (95% CI 11, 20) for

patients diagnosed in the 2000s. Independent predictors of

mortality included older age (hazard ratio [HR] 1.03 [95%

CI 1.02, 1.03]), earlier year of diagnosis (HR 0.98 [95% CI

0.98, 0.99]), male sex (HR 1.20 [95% CI 1.08, 1.34),

married status (HR 0.70 [95% CI 0.63, 0.78]), and receipt

of radiation therapy (HR 0.69 [95% CI 0.61, 0.77]). HIV

positivity was a powerful adverse prognostic factor in the

overall cohort (HR 4.55 [95% CI 4.01, 5.16]). Despite

treatment advances, survival among PCNSL patients in the

United States remains poor. However, in the subset of

PCNSL patients who are HIV-negative, survival has

improved over time.
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Introduction

Primary central nervous system lymphoma (PCNSL) is a

rare extra-nodal non-Hodgkin’s lymphoma (NHL) that

involves the brain, spinal cord, meninges, and eyes.

Approximately 2,000 cases are diagnosed annually in the

United States [1]. Although the incidence is declining in

patients with human immunodeficiency virus (HIV) [2],

most data demonstrate an increasing incidence among

immunocompetent adults. Reasons for the rising incidence

are unclear but may include improved diagnosis with

ascertainment bias [3].

PCNSL is sensitive to both radiation and chemotherapy.

Unfortunately, this treatment sensitivity has not translated

into high rates of disease control or cure [3]. This is

unexpected since the cure rate of localized extranodal
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systemic NHL is approximately 70%. Untreated, PCNSL is

a rapidly fatal neoplasm. Traditionally, whole brain radi-

ation therapy (WBRT) has been the treatment of choice,

with median survival of approximately 1 year [4]. The

combination of WBRT with chemotherapy is limited by

high rates of neurotoxicity, particularly in patients over

60 years of age [5]. This is an important obstacle because

the median age of diagnosis is 60 years old [1]. Clinical

trials during the 1990s demonstrated that high-dose meth-

otrexate (MTX)-based chemotherapy regimens are active

against PCNSL with high response rates and prolongation

of survival. Median survival is reported in the range of

14 months to 5 years, depending on the specific population

studied and the regimen used [6]. There is no standard-of-

care for PCNSL, but there is a consensus that optimal

therapy includes MTX with or without additional chemo-

therapy agents, possibly followed by WBRT [6]. There is

similarly no standard approach to the treatment of HIV-

associated PCNSL. Effective approaches may include

MTX-based chemotherapy, radiation therapy, and highly-

active anti-retroviral therapy in the absence of specific anti-

tumor treatment [6].

Few studies have evaluated the use of MTX-based

treatment regimens in the community. In a study of 579

patients older than 65 years of age with PCNSL diagnosed

between 1994 and 2002 and identified from Surveillance,

Epidemiology, and End Results (SEER) cancer registry

data linked with Medicare claims, 20% of patents received

no treatment. Of those who received treatment, radiation

therapy alone was the most common approach (46%),

followed by combination therapy (33%) and chemotherapy

alone (22%) [7]. These data suggest that failure of patients

in the community to receive optimal therapy may explain

why population-based data have not consistently identified

an improvement in survival over time [8]. Among 1,565

diagnosed in the United States from 1975 to 1999, there

was no survival trend over time [9]. Similar findings were

reported in 122 Canadian patients from 1990 to 2003 [10]

and 98 Norwegian patients from 1989 to 2003 [11].

However, 739 Japanese patients diagnosed between 1985

and 2004 did demonstrate improved survival over time

[12]. Patients diagnosed in the intervals from 1985 to 1994,

1995 to 1999, and 2000 to 2004 had median survival of 18,

29, and 24 months, respectively. Independent comparisons

of the two more recent intervals to the oldest interval

yielded statistically significant survival differences. Addi-

tionally, among HIV-positive patients with PCNSL, those

diagnosed between 1997 and 2002 had prolonged survival

compared to those diagnosed between 1994 and 1996 [13].

Given increasing awareness of the value of MTX-based

chemotherapy in treating PCNSL patients in the United

States, we hypothesized that PCNSL patients diagnosed

more recently have a survival advantage over patients

diagnosed further in the past.

Materials and methods

Cases were identified from the SEER database of the

National Cancer Institute from 1973 to 2006 who had NHL

subtypes (ICD-O-3 histology codes 9590, 9591, 9670-

9699, 9701-9705, 9714, 9719, 9727-9729) confined to the

CNS (ICD-O-3 topography codes C70.0-C72.9). To

examine a homogenous study population and to reduce the

probability of including individuals with metastatic lesions,

subjects were excluded if PCNSL was not the first primary

cancer. Subjects were also excluded if the case was iden-

tified from autopsy or death certificate data.

In addition to topography and histology, information on

sex, race, age, marital status, radiation therapy, and year of

diagnosis was available. In order to protect patient confi-

dentiality, the SEER registry does not make information

about chemotherapy available to researchers. Surgery

information was not reviewed because its role in PCNSL

therapy is limited to biopsy for tissue diagnosis. Because

there is a major prognostic difference between HIV-asso-

ciated PCNSL and the same disease in immunocompetent

patients, we attempted to identify subjects with HIV-

associated PCNSL and exclude them from the primary

analysis. The SEER database does not report HIV status

but provides cause-of-death data. Patients who died of HIV

or ‘‘other infectious and parasitic diseases’’ are classified

under SEER cause-of-death code 50040. For this analysis,

patients with cause-of-death code 50040 were assumed to

have HIV and are referred to as HIV-positive. This is

similar to the approach taken by others in a recent SEER

analysis [9]. We also classified patients with Kaposi’s

sarcoma, a common AIDS-associated malignancy, as HIV-

positive. All other patients were assumed to be immuno-

competent and are referred to as HIV-negative. Because

our approach was less robust in identifying patients living

with HIV, as compared with patients who had died with

HIV, we excluded cases diagnosed in 2005 and 2006. This

decision ensured that fewer than 10% of subjects were

alive at the time of analysis.

Race was defined according to categories of White and

non-White, because of small sample sizes in subdivisions

of the non-White category. Marital status was dichoto-

mized as currently married or not currently married. Age

and year of diagnosis were used as continuous variables in

the proportional hazards model. For stratified log-rank

tests, age was categorized as 0–39, 40–59, and C60 years

old, and year of diagnosis was categorized by decade.

Radiation therapy was dichotomized as received or not
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received. The primary outcome variable was time to death

as measured in months.

Differences between the HIV-positive and HIV-negative

cohorts were evaluated using Wilcoxon tests for continuous

data and Chi square or Fisher’s exact tests for categorical

data. Kaplan–Meier product limit curves were constructed

and stratified by potentially relevant predictors of survival.

This approach was not used in the HIV-positive cohort

because of the marked homogeneity of the cohort with

respect to predictors of survival. Differences in survival

were evaluated with log-rank tests. Hazard ratios were

computed using a Cox proportional hazards regression

model [14]. All analyses were completed using the SAS

statistical software package (version 9.1.3). Statistical tests

were two-tailed with type one error of 0.05.

Results

Patient characteristics

There were 3,057 cases of primary CNS NHL diagnosed

between 1973 and 2004 in the SEER database. Of these,

104 were excluded from the analysis because they were

identified at death. Of the remaining 2,953 cases, 396 were

excluded because NHL was not the first primary cancer.

The remaining 2,557 cases were included in the analysis.

Subject characteristics are summarized in Table 1. Of the

total, 1,732 (67.7%) patients were classified as HIV-nega-

tive and 825 (32.3%) as HIV-positive. Median age was

52 years (interquartile range 38–68 years). The HIV-neg-

ative cohort was substantially older than the HIV-positive

cohort (median ages 63 and 37 years, respectively;

P \ 0.0001). The large majority of subjects were diag-

nosed in 1980 or later.

In the HIV-negative cohort, 55.3% of subjects were

male, whereas 91.8% of subjects in the HIV-positive cohort

were male (P \ 0.0001). The race distribution also differed

between the cohorts. In the HIV-negative cohort, only

12.7% of subjects were classified as non-White, as com-

pared to 30.7% of subjects in the HIV-positive cohort

(P \ 0.0001). While most of the HIV-negative subjects

were married at the time of diagnosis (61.2%), most of the

HIV-positive subjects were unmarried (89.4%; P \
0.0001). The large majority of cases occurred in the brain.

Relatively few occurred in the meninges, cranial nerves, or

spine. More HIV cases were reported to the San Francisco-

Oakland registry (40.1%) than to any other registry. The

next largest number of cases was reported to the Atlanta

registry (14.4%). Among HIV-negative subjects, the largest

numbers of cases were reported to registries in Detroit

(18.5%), San Francisco-Oakland (18.0%), Connecticut

(15.7%), Seattle (13.6%), and Iowa (13.5%). The largest

proportion of cases was identified in the 1990s; this decade

accounted for 82.6% of HIV-associated cases compared to

47.2% of HIV-negative cases, likely due to an increase in

the geographic areas covered by SEER during this time.

Table 1 Subject characteristics

All subjects HIV-negative HIV-positive

N (%) N (%) N (%)

All patients 2557 (100.0) 1732 (67.7) 825 (32.3)

Age, years

0–39 736 (28.8) 237 (13.7) 499 (60.5)

40–59 803 (31.4) 489 (28.2) 314 (38.1)

60? 1018 (39.8) 1006 (58.1) 12 (1.5)

Year of diagnosis

1973–1979 119 (4.7) 116 (6.7) 3 (0.4)

1980–1989 557 (21.8) 472 (27.3) 85 (10.3)

1990–1999 1499 (58.6) 818 (47.2) 681 (82.6)

2000–2004 382 (14.9) 326 (18.8) 56 (6.8)

Sex

Male 1714 (67.0) 957 (55.3) 757 (91.8)

Female 843 (33.0) 775 (44.8) 68 (8.2)

Missing 3 (0.1) 0 (0.0) 0 (0.0)

Race

White 2081 (81.5) 1510 (87.3) 571 (69.3)

Non-White 473 (18.5) 220 (12.7) 253 (30.7)

Missing 3 (0.1) 2 (0.1) 1 (0.1)

Marital status

Married 1117 (44.8) 1031 (61.2) 86 (10.6)

Not married 1377 (55.2) 653 (38.8) 724 (89.4)

Missing 63 (2.5) 48 (2.8) 15 (1.8)

Radiation

Yes 1748 (69.3) 1218 (71.5) 530 (64.7)

No 774 (30.7) 485 (28.5) 289 (35.3)

Missing 35 (1.4) 20 (1.7) 6 (0.7)

Site of disease

Brain 2004 (78.4) 1285 (74.2) 719 (87.2)

Meninges/cranial

nerves

97 (3.8) 89 (5.0) 21 (2.6)

Spine 127 (5.0) 114 (6.6) 13 (1.6)

Other/missing 329 (12.9) 244 (14.1) 72 (8.7)

Registry

Atlanta 241 (9.4) 122 (7.0) 119 (14.4)

Connecticut 338 (13.2) 271 (15.7) 67 (8.1)

Detroit 419 (16.4) 321 (18.5) 98 (11.9)

Hawaii 106 (4.2) 86 (5.0) 20 (2.4)

Iowa 257 (10.1) 234 (13.5) 23 (2.8)

New Mexico 108 (4.2) 86 (5.0) 22 (2.7)

Seattle 370 (14.5) 236 (13.6) 134 (16.2)

San Francisco-

Oakland

642 (25.1) 311 (18.0) 331 (40.1)

Utah 76 (3.0) 65 (3.8) 11 (1.3)
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Causes of death in the full cohort were coded as HIV

(32.3%), non-Hodgkin’s lymphoma (39.0%), brain tumor

(5.3%), other neoplasms (2.5%), cardiac or cerebrovascular

disease (3.2%), and other (2.8%). At the time of reporting to

SEER, 239 patients were alive (9.4%).

Radiation trends

The likelihood of receiving radiation therapy was approx-

imately one-third in both HIV-positive and HIV-negative

cohorts. There was a decrease in the proportion of subjects

who received radiation therapy over time (Table 2;

P \ 0.0001). In the 1970s and 1980s, approximately three-

quarters of subjects received radiation, whereas approxi-

mately half of subjects received radiation between 2000

and 2004. This trend was apparent in both HIV-negative

(P \ 0.0001) and HIV-positive (P = 0.008) cohorts.

Survival

For the HIV-negative cohort, median survival was

12 months (95% CI 10, 13), and for the HIV-positive

cohort, 2 months (95% CI undetermined; Fig. 1). The

remaining survival analyses were performed in the HIV-

negative cohort only (Table 3). Median survival increased

over time (P = 0.0001) from 7.5 months (95% CI 6, 14)

for patients diagnosed in the 1970s, to 14 months (95% CI

11, 20) for patients diagnosed in the 2000s (Fig. 2). Sig-

nificant predictors of mortality in unadjusted analyses

included White race (11 months [95% CI 9, 13] compared

to 17 months [95% CI 12, 15]), older age (7 months [95%

CI 6, 9] in the C60 years category compared to 15 months

[95% CI 10, 22] in the 0–39 years category and 27 months

[95% CI 23, 26] in the 40–59 years category), married

status (14 months [95% CI 12, 16] compared to 8 months

[95% CI 6, 10]), and receipt of radiation therapy

(14 months [95% CI 13, 17] compared to 3 months [95%

CI 3, 4]). Results of multivariable modeling are presented

in Table 4. Independent predictors of mortality included

older age (hazard ratio (HR) 1.03 [95% CI 1.02, 1.03]),

earlier year of diagnosis (HR 0.98 [95% CI 0.98, 0.99]),

male sex (HR 1.20 [95% CI 1.08, 1.34]), married status

Table 2 Time trends in provision of radiation therapy

Diagnosis year Proportion of subjects receiving radiation therapy

N (% of subjects diagnosed the same decade)

Overall cohorta HIV-negativeb HIV-positivec

1973–1979 89 (74.5) 86 (74.1) 3 (100.0)

1980–1989 436 (79.1) 375 (80.3) 61 (72.6)

1990–1999 1019 (68.9) 582 (72.6) 437 (64.6)

2000–2004 204 (54.6) 175 (55.0) 29 (51.8)

a P \ 0.0001
b P \ 0.0001
c P = 0.008

Overall
HIV Negative
HIV Positive

P
ro

po
rt

io
n 

A
liv

e

0.00

0.25

0.50

0.75

1.00

Months
0 12 24 36 48 60 72 84 96 108 120

Fig. 1 Kaplan–Meier curve showing survival in the overall cohort

and stratified by HIV status

Table 3 Median overall survival stratified by potential univariate

predictors of survival

Median survival, months (95% CI)

Overall cohort HIV-negative

Age, yearsa

0–39 3 (–, –) 15 (10, 22)

40–59 7 (5, 8) 27 (23, 36)

60? 7 (6, 8) 7 (6, 9)

Year of diagnosisa

1973–1979 7 (5, 13) 7.5 (6, 14)

1980–1989 8 (6, 11) 12 (9, 16)

1990–1999 4 (–, –) 10 (8, 13)

2000–2004 11 (8, 14) 14 (11, 20)

HIV statusa

Negative 12 (10, 13) –

Positive 2 (–, –) –

Sexa

Male 4 (–, –) 11 (9, 13)

Female 10 (8, 13) 13 (10, 15)

Raceb

White 6 (5, 6) 11 (9, 13)

Non-White 4 (3, 5) 17 (12, 25)

Marrieda

Yes 12 (10, 14) 14 (12, 16)

No 3 (3, 4) 8 (6, 10)

Radiationa

Yes 7 (7, 8) 14 (13, 17)

No 2 (1, 2) 3 (3, 4)

a P B 0.0001
b P = 0.01

490 J Neurooncol (2011) 101:487–493

123



(HR 0.70 [95% CI 0.63, 0.78]), and receipt of radiation

therapy (HR 0.69 [95% CI 0.61, 0.77]). HIV positivity was

a powerful adverse prognostic factor in the overall cohort

(HR 4.55 [95% CI 4.01, 5.16]). Results were unchanged

when age and year of diagnosis were entered into the

multivariable model in categorical fashion.

Discussion

These are the first population-based data collected in the

United States to demonstrate an improvement in survival

over time for HIV-negative patients with PCNSL. This

study also confirms the value of well-known predictors of

survival including age, receipt of radiation therapy, and

HIV status. Additionally, the data indicate that male sex is a

relatively weak but significant predictor of reduced overall

survival in PCNSL. As has been observed for systemic

cancers [15] and other brain tumors [16], we found that

patients who are married at diagnosis have favorable sur-

vival compared to their unmarried counterparts.

A possible explanation for improving survival over time

is increasing use of methotrexate-based chemotherapy

regimens, although we cannot specifically examine that

hypothesis as the data do not include information on

chemotherapy. Alternatively, increases in survival with

time could be attributed to improved supportive care or

increasing rates of aggressive treatment. These data do not

permit us to specifically investigate these possibilities.

As others have reported [9], we found that the propor-

tion of patients receiving radiation therapy has declined

over time. This trend was apparent in both HIV-positive

and HIV-negative cohorts. Presumably this reflects

increasing awareness of the fact that the combination of

radiation therapy with chemotherapy is neurotoxic, par-

ticularly among patients over the age of 60 years, who

represent approximately half of the PCNSL population. As

anticipated, our data showed survival prolongation for

radiation therapy in HIV-positive and HIV-negative

patients over the age of 60 years (data not shown).

These data confirm the generally recognized fact that

PCNSL is associated with poor survival. Even in the most

recent decade, median survival for immunocompetent

patients is only 14 months in the SEER cohort. Patients

with HIV-associated PCNSL have dismal median survival

of 2 months. Although clinical trial data and retrospective

studies from academic medical centers have reported much

higher median survival numbers [17–20], these population-

based data may accurately reflect PCNSL-associated out-

comes in the community.

These conclusions must be interpreted in the context of

the known limitations of the study. Among the most

important of these is the failure of SEER data to capture

potentially important prognostic information related to

chemotherapy, comorbidities, performance status, and

socioeconomic status. Our effort to identify patients with

HIV used approaches that were previously reported [9, 21].

Although there are no better methods, these have inherent

flaws. Because the SEER cause-of-death classification has

combined HIV with ‘‘other infectious and parasitic dis-

eases,’’ some of the subjects classified here as HIV-positive

were likely misclassified. In addition, this classification

scheme relies primarily on causes of death. As a result,

most of the patients who were alive at the time of SEER

registry reporting (n = 239; 9.4%) are classified here as

HIV-negative. In order to limit the number of patients for

1973-1979
1980-1989
1990-1999
2000-2004

P
ro

po
rt

io
n 

A
liv

e

0.00

0.25

0.50

0.75

1.00

Months
0 12 24 36 48 60 72 84 96 108 120

Fig. 2 Kaplan–Meier curve showing survival in the HIV-negative

cohort, stratified by year of diagnosis

Table 4 Multivariate

predictors of mortality
Predictor Overall cohort HIV-negative cohort

HR (95% CI) P value HR (95% CI) P value

Age 1.02 (1.02, 1.03) \0.0001 1.03 (1.02, 1.03) \0.0001

Year of diagnosis 0.98 (0.98, 0.99) \0.0001 0.98 (0.98, 0.99) \0.0001

White race 1.03 (0.93, 1.15) 0.57 1.09 (0.92, 1.28) 0.32

Male sex 1.21 (1.10, 1.33) 0.0002 1.20 (1.08, 1.34) 0.0008

Married 0.69 (0.63, 0.77) \0.0001 0.70 (0.63, 0.78) \0.0001

Radiation received 0.56 (0.51, 0.61) \0.0001 0.69 (0.61, 0.77) \0.0001

HIV-positive 4.55 (4.01, 5.16) \0.0001 – –
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whom HIV status misclassification was possible, we

restricted the analysis to patients in the SEER database

diagnosed in or before 2004.

The inability to accurately classify HIV patients in the

SEER data has the potential to introduce bias. If the HIV-

negative cohort includes a significant number of HIV-

positive patients, improved survival over time could reflect

advances in HIV treatment. The observation that survival

in the HIV-negative cohort is slightly lower in the 1990s

(when the prevalence of HIV was highest) than in the

1980s raises a concern about contamination of the HIV-

negative cohort with HIV-positive patients. In addition to

random misclassification, improvements over time in the

accuracy with which the SEER database classifies HIV

infection could also lead to an inaccurate conclusion of

improved survival over time. There are no published data

that specifically address this possibility. A recent report

from the San Diego/Orange County cancer registry found

that HIV patients were accurately classified in the large

majority of cases [22], although this finding may not apply

to the SEER data.

We considered repeating the analysis after excluding all

patients who were alive but ultimately opted against this

approach. Because our primary objective was to evaluate

survival trends over time, and most of the living patients

were diagnosed in the current decade, this would have

substantially decreased the statistical power of the study.

Furthermore, because HIV-positive patients with PCNSL

have much shorter survival than HIV-negative patients, the

misclassification of living HIV-positive patients as HIV-

negative would tend to falsely reduce survival in the 2000–

2004 cohort. Therefore, the finding that survival has

increased over time seems likely to be accurate, and the

magnitude of the difference may be an underestimate.

In summary, these data indicate that survival rates for

HIV-negative patients diagnosed with PCNSL in the Uni-

ted States are improving over time. This result differs with

a 2005 report that examined an earlier version of the SEER

data ending in 1999 [9]. We suspect that increased use of

methotrexate-based chemotherapy regimens accounts for

increasing survival over time. Future studies using datasets

that capture provision of chemotherapy are required to

specifically test this hypothesis.

References

1. CBTRUS (2008) Statistical report: primary brain tumors in the

United States, 2000–2004. Published by the Central Brain Tumor

Registry of the United States

2. Hoffman S, Propp JM, McCarthy BJ (2006) Temporal trends in

incidence of primary brain tumors in the United States, 1985–

1999. Neuro Oncol 8:27–37

3. Abrey LE (2009) Primary central nervous system lymphoma.

Curr Opin Neurol, 2009 [Epub ahead of print]

4. Nelson DF, Martz KL, Bonner H, Nelson JS, Newall J, Kerman

HD, Thomson JW, Murray KJ (1992) 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 23:9–17

5. Abrey LE, Correa DD (2005) Treatment-related neurotoxicity.

Hematol Oncol Clin North Am 19:729–738 viii

6. Morris PG, Abrey LE (2009) Therapeutic challenges in primary

CNS lymphoma. Lancet Neurol 8:581–592

7. Panageas KS, Elkin EB, Ben-Porat L, Deangelis LM, Abrey LE

(2007) Patterns of treatment in older adults with primary central

nervous system lymphoma. Cancer 110:1338–1344

8. Abrey LE, Panageas KS (2006) Identifying and addressing bar-

riers to the delivery of optimal therapy for primary central ner-

vous system lymphoma in the broader community. Leuk

Lymphoma 47:2449–2452

9. Panageas KS, Elkin EB, DeAngelis LM, Ben-Porat L, Abrey LE

(2005) Trends in survival from primary central nervous system

lymphoma, 1975–1999: a population-based analysis. Cancer

104:2466–2472

10. Shenkier TN, Voss N, Chhanabhai M, Fairey R, Gascoyne RD,

Hoskins P, Klasa R, Morris J, O’Reilly SE, Pickles T, Sehn L,

Connors JM (2005) The treatment of primary central nervous

system lymphoma in 122 immunocompetent patients: a popula-

tion-based study of successively treated cohorts from the British

Colombia Cancer Agency. Cancer 103:1008–1017

11. Haldorsen IS, Krossnes BK, Aarseth JH, Scheie D, Johannesen

TB, Mella O, Espeland A (2007) Increasing incidence and con-

tinued dismal outcome of primary central nervous system lym-

phoma in Norway 1989–2003 : time trends in a 15-year national

survey. Cancer 110:1803–1814

12. Shibamoto Y, Ogino H, Suzuki G, Takemoto M, Araki N, Isobe

K, Tsuchida E, Nakamura K, Kenjo M, Suzuki K, Hosono M,

Tokumaru S, Ishihara S, Kato E, Ii N, Hayabuchi N (2008) Pri-

mary central nervous system lymphoma in Japan: changes in

clinical features, treatment, and prognosis during 1985–2004.

Neuro Oncol 10:560–568

13. Kreisl TN, Panageas KS, Elkin EB, Deangelis LM, Abrey LE

(2008) Treatment patterns and prognosis in patients with human

immunodeficiency virus and primary central system lymphoma.

Leuk Lymphoma 49:1710–1716

14. Cox DR (1972) Regression models and life tables. J R Stat

Soc[B] 34:187–202

15. Goodwin JS, Hunt WC, Key CR, Samet JM (1987) The effect of

marital status on stage, treatment, and survival of cancer patients.

JAMA 258:3125–3130

16. Chang SM, Barker FG II (2005) Marital status, treatment, and

survival in patients with glioblastoma multiforme: a population

based study. Cancer 104:1975–1984

17. Ferreri AJ, Dell’Oro S, Foppoli M, Bernardi M, Brandes AA,

Tosoni A, Montanari M, Balzarotti M, Spina M, Ilariucci F, Zaja

F, Stelitano C, Bobbio F, Corazzelli G, Baldini L, Ponzoni M,

Picozzi P, Caligaris Cappio F, Reni M (2006) MATILDE regi-

men followed by radiotherapy is an active strategy against pri-

mary CNS lymphomas. Neurology 66:1435–1438

18. Hoang-Xuan K, Taillandier L, Chinot O, Soubeyran P, Bogdhan

U, Hildebrand J, Frenay M, De Beule N, Delattre JY, Baron B

(2003) Chemotherapy alone as initial treatment for primary CNS

lymphoma in patients older than 60 years: a multicenter phase II

study (26952) of the European Organization for Research and

Treatment of Cancer Brain Tumor Group. J Clin Oncol 21:2726–

2731

492 J Neurooncol (2011) 101:487–493

123



19. Zhu JJ, Gerstner ER, Engler DA, Mrugala MM, Nugent W, Ni-

erenberg K, Hochberg FH, Betensky RA, Batchelor TT (2009)

High-dose methotrexate for elderly patients with primary CNS

lymphoma. Neuro Oncol 11:211–215

20. Shah GD, Yahalom J, Correa DD, Lai RK, Raizer JJ, Schiff D,

LaRocca R, Grant B, DeAngelis LM, Abrey LE (2007) Combined

immunochemotherapy with reduced whole-brain radiotherapy for

newly diagnosed primary CNS lymphoma. J Clin Oncol 25:4730–

4735

21. Pulido JS, Vierkant RA, Olson JE, Abrey L, Schiff D, O’Neill BP

(2009) Racial differences in primary central nervous system

lymphoma incidence and survival rates. Neuro Oncol 11:318–322

22. Diamond C, Taylor TH, Im T, Wallace M, Saven A, Anton-

Culver H (2007) How valid is using cancer registries’ data to

identify acquired immunodeficiency syndrome-related non-

Hodgkin’s lymphoma? Cancer Causes Control 18:135–142

J Neurooncol (2011) 101:487–493 493

123


	Survival among patients with primary central nervous system lymphoma, 1973--2004
	Abstract
	Introduction
	Materials and methods
	Results
	Patient characteristics
	Radiation trends
	Survival

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /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 true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /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 true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


