
The changing incidence of primary central nervous system lymphoma is
driven primarily by the changing incidence in young and middle-aged

men and differs from time trends in systemic diffuse large B-cell
non-Hodgkin’s lymphoma
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There has been an overall decline in the United States incidence of Primary CNS Lymphoma (PCNSL) from
1998 to 2008. This study’s intent was to characterize the cohorts contributing to it. First, calculated the
PCNSL incidence rates from nine Surveillance, Epidemiology, and End Results (SEER) registries for time
period 1973 to 2008. Second, examined the time trends overall and by age and gender. Third, used 1992–
2008 SEER data from the same registries to obtain overall trends for diffuse large B-cell lymphoma
(DLBCL). Last, rates were age-adjusted to the 2000 US standard population and reported per 100,000
person-years. Rates continued to increase in women at all ages and men aged 65 and older. In men aged
20–39 and 40–64 years incidence rates peaked in 1995 and then declined dramatically, stabilizing after
1998. The trends in the incidence of PCNSL over this time frame were significantly different from DLBCL
for ages 20–39 (P < 0.001) and 40–64 (P < 0.001) years but were not different for the 65 years and older age
group (P 5 0.99). The overall PCNSL incidence rate declined since 1995 and was driven primarily by the
changing incidence in young and middle-aged men. The rate has continued to increase in men aged 65
years and older and in women. The trends in incidence in the younger age groups over this time period did
not parallel those observed for DLBCL. Am. J. Hematol. 88:997–1000, 2013. VC 2013 Wiley Periodicals, Inc.

Introduction
An updated analysis of the Surveillance, Epidemiology,

and End Results (SEER) data through 2008 found that Pri-
mary central nervous system (CNS) Lymphoma (PCNSL)
incidence peaked in 1995 and then declined in all age
groups under the age of 65 years, while rates continued to
increase in those aged 65–74 years and most strongly in
those aged 751 years [1]. The aim of the present study
was to use SEER data to evaluate trends by age group and
sex and to compare these to overall trends for systemic dif-
fuse large B-cell lymphoma (DLBCL). We used the same
methods and nine SEER registries as in our prior study of
PCNSL incidence in the US [2]. We also conducted the
same sensitivity analyses (exclusion of data from the San
Francisco registry and never married men) as in our prior
report [2]. Lastly, we compared PCNSL rates to time trends
for Kaposi sarcoma (KS) (as a surrogate for impact of the
HIV epidemic) and systemic DLBCL (to determine if PCNSL
trends were unique or part of a broader pattern).

Materials and Methods

Data sources

Incidence data from 1973 to 2008 were derived from the original nine
databases (SEER 9) used in the Olson et al. [2] report—Connecticut,
Hawaii, Iowa, New Mexico, Utah, Atlanta, Detroit, Seattle, and San
Francisco-Oakland. PCNSL was classified using the third edition of the
International Classification of Disease-Oncology (ICD-O-3) [3]. PCNSL
was defined by cancer diagnoses in anatomic sites of spinal cord, cranial
nerves, and other parts of the CNS (ICD-O-3 codes C70.0-C72.9) and
specified non-Hodgkin’s lymphoma (NHL) morphologies (ICD-O-3 codes
9590–9595 and 9670–9723). We also obtained data on KS (ICD-O-3
codes 9140) from the nine SEER registries [3]. We used the approach of
Morton et al. for DLBCL incidence rates in the nine SEER registries over
the time span 1992–2008 [4].

Statistical methods

Age-adjusted incidence rates for male and female patients were cal-
culated by calendar year using the SEER*STAT program. Rates were
age-adjusted to the 2000 US standard population and reported per
100,000 person-years. All analyses were restricted to persons aged

�20 years. Age-adjusted rates were examined from the original nine
registries. Trends over time and group comparisons were assessed
using Poisson regression. P-values were two-sided and P< 0.05 was
considered statistically significant. As in the Olson et al. article [2], due
to a historically high prevalence of HIV in the San Francisco-Oakland
area, the data from this registry and never-married men and women in
any registry were excluded in sensitivity analyses as an indirect
approach to assess the impact of the HIV epidemic on the overall
results. As a test of the validity of this exclusion, we also compared the
impact of the exclusion on the rates for KS, a cancer strongly associ-
ated with HIV [5].

Results
Table I reports the incidence rates for the 1998–2008

update along with rates for 1973–1984 and 1985–1997 [2].
The rates reported in Table I are age-adjusted to the 2000
US standard population; our previous publication used the
1970 US standard population. Figure 1a depicts PCNSL
incidence for all age groups derived from the original nine

1Department of Neurology, Mayo Clinic, Rochester, Minnesota; 2Mayo Clinic
Cancer Center, Mayo Clinic, Rochester, Minnesota; 3Department of Health
Sciences Research, Mayo Clinic, Rochester, Minnesota; 4Mayo Medical
School, Mayo Clinic, Rochester, Minnesota

Conflict of interest: Nothing to report

Presented in part at the 11th International Conference on Malignant Lym-
phoma, June 15, 2011 Lugano, Switzerland.

*Correspondence to: Brian Patrick O’Neill, M.D., Department of Neurology,
Mayo Clinic, 200 First Street SW, Rochester MN 55905. E-mail:
boneill@mayo.edu

Contract grant sponsor: Mayo SPORE in Brain Cancer; Contract grant num-
ber: P50 CA108961; Contract grant sponsor: Brain SPORE Supplement;
Contract grant number: P50CA108961-03S; Contract grant sponsor: Iowa/
Mayo Clinic Lymphoma SPORE; Contract grant numbers: P50 CA97274,
R03 CA137757; Contract grant sponsor: “Steve’s Run,” Dowagiac MI.

Received for publication 5 June 2013; Revised 11 July 2013; Accepted 15
July 2013

Am. J. Hematol. 88:997–1000, 2013.

Published online 22 July 2013 in Wiley Online Library
(wileyonlinelibrary.com).
DOI: 10.1002/ajh.23551

VC 2013 Wiley Periodicals, Inc.

American Journal of Hematology http://wileyonlinelibrary.com/cgi-bin/jhome/35105997



SEER registries. The overall incidence of PCNSL in the
general population increased from 1973 to a peak in 1995
(P<0.001), and has decreased and stabilized since that
time point (P<0.001). Figure 1b shows that the incidence
inflection was seen only in men. When we excluded the
San Francisco-Oakland SEER Registry and never-married
men and women, the incidence rates were somewhat
lower, but the pattern remained. The validity of this exclu-
sion approach was assessed by examining the annual inci-
dence of KS with and without the same exclusion criteria.
KS incidence increased dramatically from 1982 and peaked
in 1989 (5 years earlier than for PCNSL), followed by a
dramatic decrease and leveling off in 1997.

PCNSL incidence rates increased to 1995 and then
decreased in the 20–39 and 40–64 age groups (P<0.001
in each comparison). In contrast, PCNSL incidence steadily
increased in the 65 and older age group. Using the 1995
inflection point, the trend up to 1995 was statistically signifi-
cant (P< 0.001) and then the increase was only marginally
significant (P 5 0.058). When incidence rates were
assessed by sex and age groups, the incidence inflection
point only occurred for men 20–39 (Fig. 2a) and 40–64
years of age (Fig. 2b). Lastly, we compared these rates to
the SEER data for systemic DLBCL (Fig. 3). For the total
and for each age group, the DLBCL and PCNSL incidence
rates are significantly different from each other (P< 0.001
in each case). The rate change over time was also signifi-
cantly different for the total, age 20–39, and age 40–64
(P< 0.001 in each case). The rate change over time was
similar for the two diseases in the 65 years and older age
group (P 5 0.99).

Discussion
The current analysis confirmed the observations of Vil-

lano et al. that PCNSL incidence rates, which were increas-
ing prior to 1995, have leveled off [1]. Our data extend
those observations and add four key points. First, when
data was analyzed as a whole, important age and sex dif-
ferences were obscured. Specifically, we documented a
dramatic rise and then decline in the 1980s–1990s among
men <65 years of age (and most striking for <40 years of
age) which was not observed for women or for men 65
years and older. The pattern remained even after exclu-
sions designed to limit the impact of the HIV epidemic.
Second, rates were only slightly higher for men compared
to women in the 65 years and older age group, and for
both sexes in this group there was a steady increase in
incidence over time. Third, the trends in incidence in young
age groups in this time period were significantly different
from DLBCL for ages 20–39 (P<0.001) and 40–64
(P< 0.001) years, but there was no difference for the 65
years and older age group (P 5 0.99). Fourth, the pattern
remained even after a “sensitivity analysis [2] was used as
an indirect approach to assess the impact of HIV infection
on the overall results.

Since PCNSL is an “AIDS-defining tumor” it is assumed
that the increase and then decrease among younger male
patients was driven mostly by HIV infection. HIV infection

TABLE I. Primary Central Nervous System Lymphoma (PCNSL) Surveillance,
Epidemiology, and End Results (SEER) Program Incidencea

Incidence rates (per 100,000)b

Populations 1973–1984 1985–1997 1998–2008

All SEER registries 0.2 0.9 0.7
Male 0.2 1.5 0.8
Female 0.2 0.5 0.5

All SEER registries
20–39 years 0 0.7 0.2

Male 0.1 1.4 0.3
Female 0 0.1 0.1

40–64 years 0.2 0.9 0.6
Male 0.2 1.5 0.8

Female 0.2 0.4 0.4
65 years or older 0.5 1.4 1.8

Male 0.5 1.7 2.0
Female 0.5 1.3 1.7

Non-San Francisco registries
with marital exclusions

0.2 0.8 0.6

Male
Female 0.2 1.1 0.7

Non-San Francisco registries

with marital exclusions
20–39 years 0 0.5 0.2

Male 0.1 0.9 0.3
Female 0 0.1 0.1

40–64 years 0.2 0.7 0.5
Male 0.2 1.0 0.7
Female 0.2 0.4 0.4

65 years or older 0.4 1.5 1.8
Male 0.5 1.7 2.0

Female 0 1.3 2.0

a Data excluded never-married cases and those cases in which the marital
status was unknown. Calculated from SEER.

b STAT 3.0.14.

Figure 1. (a) Incidence rates derived from the original nine registries. The overall incidence in the general population increased from 1973 to a peak in 1995

(P< 0.001) and then decreased and stabilized since that time point (P<0.001) [solid line]. Exclusion criteria (see text) resulted in a slightly lower rate, but the pattern
remained (dotted line). (b) Incidence rates (with exclusions). Shows incidence rates by age group. PCNSL incidence rates increased in 1995 and then decreased in the
20- to 39-year-old age group and 40- to 64-year-old age group (P<0.00) in each comparison). In contrast, incidence steadily increased in the 651 year old age group.
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data are not uniformly recorded in SEER but in Norway,
where AIDS status is defined, an increasing incidence of
PCNSL was demonstrated in the years 1989–2003 [6]. Fol-
lowing that, the absolute incidence rate of PCNSL per
1,000 person-years decreased during the consecutive 5-
year periods. Thus, a partial explanation for the slowing in
the increase of PCNSL rates overall might be the reduction
in the number of AIDS cases in younger male patients.
Besson et al. [7] showed that the incidence of AIDS-related
lymphomas (ARL) before and after the use of highly active
retroviral therapies (HAART) in HIV-infected patients in the
French HIV Hospital Database decreased between 1993–
1994 and 1997–1998 from 86.0 per 10,000 to 42.9 per
10,000 person-years.

Nevertheless, the use of HAART cannot explain the drop in
incidence of Kaposi’s since its inflection point predated its
availability. What alternate explanations might be considered?
First, the “inflection” could relate to inherent differences in
immunocompetence of younger versus older patients. If one

considers CD4 counts as a valid surrogate for immunocom-
petency, an expanding literature suggests that CD4 lympho-
cytopenia is not unusually rare in the elderly [8]. Such
potentially valuable paraclinical information is not available in
SEER. Second, the “inflection” could relate to a decrease in
HIV infection among younger patients but not in older person
where there has been an increased incidence of HIV/AIDS in
patients over the age of 50 [9]. However if the observed
changes in incidence among younger patients were due to
HAART, one would have expected to see the same differen-
tial in PCNSL incidence before and after the mid-1990s in the
older male patients. Third, the continuing rise in PCNSL inci-
dence in older patients was unaffected by the use of the
“Exclusion Criteria” as a HIV infection surrogate [2]. Since
SEER doesn’t record HIV status, better surrogates will need
to be developed and validated. Fourth, since PCNSL is gen-
erally regarded as a unique extranodal DLBCL, the slowing
of overall incidence and the decrease in incidence in younger
male patients might relate to a decline in incidence of lym-
phoma in general. Our data for younger men and women do
not support this interpretation. Last, DLBCL that occur in
immune-privileged sites such as the brain and testis may
have a distinct biology. Braggio et al. [10] demonstrated
genomic differences between samples from 17 PCNSL
patients and 59 systemic DLBCL patients in four distinct
domains, while Booman et al. [11] showed that genomic alter-
ations and gene expression differ between testicular and
nodal DLBCL.

In summary, our data demonstrated that first, the overall
PCNSL incidence rate has declined since 1996; second,
the rate has continued to increase in men and women over
age 651; and the rapid-rise peak in the mid-1990s and
then sudden decline in incidence in younger patients was
specific to male patients.
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Figure 2. (a) Incidence rates by gender (20- to 39-years old). Demonstrates incidence rates assessed by sex and age groups. Shows that the dramatic peak in inci-
dence only occurred for men 20–39 years of age. (b) Incidence rates by gender (40- to 64-years old). Demonstrates incidence rates assessed by sex and age groups.
Shows that the dramatic peak in incidence only occurred for men 40–64 years of age.

Figure 3. DLBCL by age group. Shows incidence rates for systemic DLBCL. For
the total in each age group, the DLBCL and PCNSL incidence rates are signifi-

cantly different from each other (P< 0.001 in each case). Please note that the
absolute values do not allow PCNSL and DLBCL rates to be shown in the same
figure.
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