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Purpose

Primary central nervous system lymphoma (PCNSL) is an uncommon brain tumor account-
ing for 2%-5% of all primary brain tumors. Few population-based analyses of survival for
patients with PCNSL have been conducted, particularly in Asian countries.

Materials and Methods

Using the Korea National Cancer Incidence Database, 1,062 cases of PCNSL newly diag-
nosed from 1999 to 2009 were analyzed. The crude rate, age-standardized rate (ASR), and
annual percent change were calculated. To estimate the observed survival, we restricted
the data to between 1999 and 2007 and followed the cases until December 2010. The
overall survival was estimated using the Kaplan-Meier method, and piecewise Poisson
regression model.

Results

The ASR for PCNSL between 1999 and 2009 was 0.17 per 100,000, and the annual
percent change from 1999 to 2009 was 8.8% (p < 0.001). The ASR of males was higher
than that of females, and the older groups (60s or over) showed the largest increase in
incidence rates. For all ages, the five-year survival from PCNSL was 29.9% between 1999
and 2007. Survival from PCNSL is known to show strong association with age at diagnosis.

Conclusion
These results are similar to those of previous studies. Our findings may be helpful to clini-
cians and patients in determining long-term prognoses for PCNSL.
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Introduction

Primary central nervous system lymphoma (PCNSL) is an
uncommon brain tumor accounting for 2%-5% of all primary
brain tumors [1,2]. Between 1970 and 1990, the incidence of
PCNSL increased significantly in both immunocompromised
and immunocompetent individuals [3]. The age-adjusted
incidence of PCNSL has increased substantially over the past
30 years [2,4]. These increases cannot be completely

| http://www.e-crtorg |

explained by changes in medical practice, or by changes in
nosology and are independent of overall trends in the inci-
dence of brain tumors and non-Hodgkin lymphoma (NHL).
PCNSL comprises 2.0% of all brain tumors in Korea, with an
increase from 1.2% in 1999 to 3.3% in 2009.

In 1980, the Korean Ministry of Health and Welfare started
a nationwide, hospital-based cancer registry (the Korea
Central Cancer Registry, KCCR). The Korea National Cancer
Incidence Database was constructed by merging the KCCR
database and all eight population-based regional cancer
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Table 1. Demographic characteristics of primary central nervous system lymphoma, Korea, 1999-2009

Characteristic No. of cases (%)
Total 1,062 (100)
Gender
Male 614 (57.8)
Female 448 (42.2)
Age group (yr)
0-14 18 (1.7)
15-39 116 (10.9)
40-49 171 (16.1)
50-59 263 (24.8)
60-69 303 (28.5)
>70 191 (18.0)

Crude rate
0.20 0.17

Age-standardized rate

0.23 0.22
0.17 0.14

0.02 -
0.05 -
0.20 -
0.47 -
0.78 -
0.70 -

Age-standardized rate per 100,000 was standardized using world standard population.

Table 2. Trends in central nervous system lymphoma
incidence, Korea, 1999-2009

Year No. of cases (%) Crude rate Age-standardized rate
1999 55(5.2) 0.12 0.11
2000 58 (5.5) 0.12 0.11
2001 55(5.2) 0.11 0.11
2002 72 (6.8) 0.15 0.14
2003 84(7.9) 0.17 0.15
2004 97 (9.1) 0.20 0.18
2005 101 (9.5) 0.21 0.18
2006 114 (10.7) 0.23 0.20
2007 130 (12.2) 0.26 0.22
2008 134 (12.6) 0.27 0.21
2009 162 (15.3) 0.33 0.25
1999-2009 1,062 (100) 0.20 0.17

Annual percent change 8.8% (p < 0.001)

Age-standardized rate per 100,000 was standardized using
world standard population.

registry databases, data from an additional medical record
review survey, and the cancer mortality database. Since 2005,
the KCCR database has been especially useful for showing
trends in cancer registration, including benign and border-
line tumors of the central nervous system (CNS).

One study reported population-based survival data
between 1999 and 2004 for primary brain tumors in Korea
[5]. To predict the future incidence of PCNSL in Korea and
to facilitate the implementation of efficient health care plan-
ning, we have performed a new analysis for nationwide
population-based incidence and survival of PCNSL.
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Materials and Methods

The KCCR had been collecting information on approxi-
mately 80%-90% of cancer cases from more than 150 training
hospitals across the country. The KCCR then expanded
cancer registration to cover the entire population under the
population-based regional cancer registry program, and
additional medical record surveys have been conducted
since 2003. The national cancer incidence reports for cancer
patients diagnosed since 1999 have been published since
2005. KCCR data from 1999 to 2002 and from 2003 to 2007
have been published in Cancer Incidence in Five Continents
Vol. 9 [6] and Vol. 10 [7], which reflects the completeness of
the incidence data.

The basic information available included demographic
characteristics of the patients, date of diagnosis, primary site,
and histological type of the tumor according to the Interna-
tional Classification of Diseases for Oncology, 3rd edition
(ICD-0-3).

A total of 1,062 cases of primary CNS lymphoma newly
diagnosed from 1999 to 2009 were analyzed. For survival
analysis, we restricted the data to patients diagnosed with
histologically confirmed PCNSL from 1999 to 2007. We
excluded cases that could not be followed up due to
mismatched personal identification numbers and cases that
were not first primary sites. As a result, 688 newly diagnosed
cases of PCNSL from 1999 to 2007 were included. Passive
follow-up was performed until December 31, 2010. The
survival duration in each case was determined as the time
difference (in months) from the date of initial diagnosis to
the date of death, date of loss to follow-up, or the closing date
for follow-up, whichever came first.

Crude rates (CRs) and age-standardized rates (ASRs) were
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Table 3. Survival of central nervous system lymphoma patients in Korea by gender, year of diagnosis (1999-2007), and age
at diagnosis

o Median Kaplan-Meier survival (%)
Characteristic - - -
survival (mo) 3yr
Total 688 21.0 60.2 39.1 29.9
Gender 0.099
Male 416 19.0 55.5 37.5 28.7
Female 272 24.0 67.3 41.5 31.8
Year of diagnosis 0.157
1999-2001 161 18.0 57.1 34.8 23.0
2002-2004 227 21.0 63.9 38.8 322
2005-2007 300 225 59.0 41.7 31.3
Age group (yr) < 0.001
0-14 13 NA 69.2 69.2 61.5
15-39 83 NA 71.1 62.7 58.4
40-49 114 33.0 719 48.3 40.4
50-59 188 28.0 66.5 44.7 28.5
60-69 199 16.0 55.3 31.2 22.6
>70 91 6.0 31.9 7.7 3.7
NA, not applicable.
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Fig. 1. Incidence rate trends in central nervous system
lymphoma, Korea, 1999-2009.

Fig. 2. Trends in age-specific rates of central nervous
system lymphoma by period of diagnosis, Korea, 1999-
2009.

calculated. The ASR was determined using Segi’s world
population as a standard [8]. Annual percent changes (APC)
for the incidence rates were calculated using a linear model
according to the following formula: (exp(b)-1)x100, where b
is the slope of the regression of the natural logarithm of the
ASR in a calendar year [9]. Kaplan-Meier analysis was used
to compare overall survival over sex, age group, and year of
diagnosis using the log-rank test. We also applied piecewise
Poisson regression model adjusting sex, age, and year of

diagnosis. Two-tailed tests were used for all comparisons.
All analyses were performed using SAS ver. 9.1 (SAS Insti-
tute Inc., Cary, NC) and Stata ver. 11.2 (StataCorp LP, College
Station, TX).
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Fig. 3. Survival curves by age of diagnosis (yr), 1999-2007.
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Fig. 4. Survival curves by year of diagnosis, 1999-2007.

Results

1. Epidemiological characteristics of registered primary
CNS lymphoma

A total of 1,062 primary CNS lymphoma patients were
registered between 1999 and 2009; 614 (57.8%) were males
and 448 (42.2%) were females (Table 1). The ASR for CNS
lymphoma was 0.17 per 100,000 between 1999 and 2009. The
ASR for males was 0.22, and that for females was 0.14. The
age group between 60 and 69 years old was the largest
(n=303, 28.5%). The median age of primary CNS lymphoma
patients was 58 years (range, 48 to 67 years) (data not
shown). The ASR was 0.11 per 100,000 in 1999 and 0.25 in
2009 (APC, 8.8%; p < 0.001) (Table 2); these increases began
in 2002 (Fig. 1). Increases in age-specific rates for those in
their 60s and 70s or over were the largest in 1999-2001 and
2006-2009 (Fig. 2).
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Fig. 5. Survival curves by sex, 1999-2000.

2. Survival from primary CNS lymphoma by gender and
age

We analyzed survival data for 688 PCNSL patients diag-
nosed with histological verification between 1999 and 2007
by gender, year of diagnosis, and age group (Table 3, Figs.
3-5). The median survival for the 688 PCNSL patients was
21.0 months. The 1-year survival was 60.2%, 3-year survival
was 39.1%, and 5-year survival was 29.9%. For males (n=416),
the median survival was 19.0 months compared with 24.0
months for females (n=272, p=0.099). The 10-year survival of
CNS lymphoma patients diagnosed from 1999 to 2000 was
17.6%; the survival of females was slightly higher than that
of males, but the difference was statistically non-significant
(Table 4, Fig. 5).

3. Multivariable survival analysis of primary CNS lym-
phoma patients

Poisson regression model estimated that the overall
mortality rate for patients aged 60-69 and over 70 increased
3.16 folds, and 6.67 folds compared to patients aged 0-14,
respectively. Female patients showed relatively good
survival (23%) compared to males (Table 5).

Discussion

Comparison of survival between countries is difficult due
to possible differences in pathological assessment of tumors
and changes in the standard of care over time. However, the
survival in Korea is as good as that reported in other studies
[2,10,11].
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Table 4. Ten-year survival of central nervous system lymphoma patients diagnosed in 1999-2000 by gender and age at
diagnosis

Kaplan-Meier survival (%)

Characteristic
3yr 5yr
Total 108 57.4 37.0 24.1 17.6
Gender 0.995
Male 60 58.3 40.0 2543 16.7
Female 48 56.3 383 25.0 18.8
Age group (yr) 0.001
0-14 1 100.0 100.0 0.0 0.0
15-39 22 59.1 54.6 50.0 40.9
40-49 17 76.5 47.1 41.2 294
50-59 32 59.4 43.8 15.6 9.4
60-69 25 52.0 20.0 12.0 8.0
>70 11 27.3 0.0 0.0 0.0
Table 5. Multivariable piecewise Poisson model of central a threefold increase in the incidence of PCNSL [4]. In our
nervous system lymphoma patients in Korea study, PCNSL increased from 1.2% in 1999 to 3.3% in 2009.

It is important to examine the question of whether the

Sl Bl L Il O e e ) increase in PCNSL incidence is real or an artifact of the
Gender increasing age of the population, increased use of health
Male 1.00 screening tests, or improved diagnostic techniques.
Female 0.7 (0.64-0.93) Older age, Eastern Cooperative Oncology Group (ECOG)

Year of diagnosis performance status > 2, multifocal or meningeal disease, and

1EE2 A0 1L uncleaved histology have been associated with shorter
CLV U U7 e i) survival among CNS lymphoma patients [11,14]. Among
:005'2007 0.73 (0.59-0.92) these factors, survival is known to show strong association
Og;group ) 100 with age at diagnosis. Our findings were similar to those of
1;_) 39 1' 12 (0.44-2.86) other papers regarding these characteristics.
1049 1’8 6 (0'75_ 4' 6) Many studies have reported a further increase in PCNSL
50-59 2'2 6 (0'92_5'53) during the eighties and early nineties in immunocompetent
60-69 316 (1'29_7'70) patients [15,16]. In Korea, the age group between 60 and 69
-0 6.67 (2.69-16.50) years old was the largest (n=303, 28.5%). Our study is based

on data from a nationwide, population-based cancer registry.
Although many reports on PCNSL are based on hospital
series, survival from population-based registry data has
rarely been reported. Population-based survival reflects the
average prognosis of unselected patients with a variety of
natural histories and treatment patterns. Use of survival as a
criterion reduced the likelihood of selection bias.

The data in the KCCR are of high quality, and complete-
ness has been estimated as over 97% in recent years [17].
However, no information on chemotherapy method or radi-
ation extent was available; therefore, we could not precisely
analyze prognostic factors.

PCNSL affects all age groups, with a peak incidence in the
fifth to seventh decade in non-acquired immune deficiency
syndrome (AIDS) patients. It has become the most common
brain tumor in AIDS patients, although the introduction of
highly active anti-retroviral therapy (HAART) in 1995 has
resulted in dramatically reduced occurrence of all NHL [12],
such that the incidence rates of primary and secondary brain
lymphomas dropped from 2.8 per 1,000 patient-years in 1990
to 0.4 in 1998 [13]. Despite this reduction, there has been no
concomitant decrease in the rates for immunocompetent
individuals. A study based on the Surveillance, Epidemiol-
ogy and End Results (SEER) programs, which included
approximately 10% of the United States population, reported
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Conclusion

The ASR for PCNSL between 1999 and 2009 was 0.17 per
100,000. Males had higher incidence than that of females, and
the older groups (60s or over) showed the largest increase in
incidence rates. The 5-year survival from PCNSL was 29.9%
between 1999 and 2007. Our findings may be helpful to
clinicians and patients in determining long-term prognoses
for PCNSL, and could be used as a master control data set
for single-arm clinical trials, especially in Asian populations.
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