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Abstract
Purpose

We report here the �rst population-based incidence rates and prognosis of primary central nervous
system lymphoma (PCNSL) in Finland.

Methods

Finnish Cancer Registry data by histological diagnosis and tumor location (2007-2017) for cases with
diffuse large B-cell lymphoma.

Results

During 2007–2017, 416 new cases of PCNSL were reported (202 males, 214 females). The average age-
adjusted incidence in males vs. females for 2007-2009, 2010-2012, 2013-2015 and 2016-2017 was
0.57/100,000 vs. 0.48/100,000 person-years, 0.66/100,000 vs. 0.55/100,000, 0.53/100,000 vs.
0.63/100,000, and 0.76/100,000 vs. 0.66/100,000 respectively. The incidence was highest, 3.27/100,000,
among people aged 75–79 years. From 2007–2012 to 2013–2017, the 2-year age-adjusted survival rate
increased from 36% to 41%, and the 4-year survival rates from 31% to 37%. Among patients aged 70+
years, the corresponding 2-year survival rates were 25% and 29%, and the 4-year survival rates 25% and
22%.

Conclusion

Age-adjusted incidence of PCNSL increased from 0.57/100,000 (2007–2012) to 0.63/100,000 (2013–
2017). The annual increase was 3.8% being among the highest reported in the world. The prognosis was
poor, although a minor improvement in 4-year survival was found. 

What Is New?
PCNSL incidence and survival rates in Finland have not been published previously. This study provides
the �rst population-based estimates of PCNSL incidence and survival rates in Finland between 2007 and
2017. We discovered an increasing age-adjusted incidence of PCNSL in Finland, from 0.57/100,000
person-years for the period 2007-2012 to 0.63/100,000 person-years for 2013-2017. The annual increase
in PCNSL incidence was 3.8% (95% con�dence interval [CI]: 0.7% −7.1%, p = 0.016) between 2007 and
2017. A higher PCNSL incidence in comparison to other Nordic and European countries was discovered.

Introduction
Primary central nervous system lymphoma (PCNSL) is a rare disease. However, several reports have
described a growing incidence rate in Western countries [1-6]. The reasons for this increase are mostly
unknown. A growing number of patients with immunosuppression may explain some proportion of this,
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but an increase is evident among immunocompetent people as well. Some environmental or lifestyle
factors may explain these changes. It also seems that ethnic and genetic factors play a role, given that in
the United States, the risk is different for the African American and Caucasian populations [1,7]. The
literature examining Northern Europe describes incidence rates in Sweden of 0.26/100,000 in the period
2000–2013 [8], in Norway of 0.18/100,000 during 1999–2003 [2], and in Denmark of 0.16/100,000 for
1983–1994 [3].

The prognosis for PCNSL has been poor, but several clinical trials with relatively short follow-up times
have reported considerable progress in treatment outcomes among selected clinical trial populations [9-
13]. However, this is in contrast to most of the population-based reports, which have demonstrated only
minor improvement in long-term survival [1-6].

Here, we report Finnish Cancer Registry (FCR) [14] data concerning PCNSL incidence, age predisposition,
and survival patterns for the years 2007–2017.

Materials And Methods
The data were extracted from Finnish Cancer Registry by histological diagnosis and tumor location. The
data were ordered from the registry, and we received the completed calculations of the incidence and
survival numbers, which we then analyzed. The research group did not take part in the collection of the
data.

3.1 Finnish Cancer Registry
The FCR, established in 1952, is a nonpro�t organization funded by the Cancer Society of Finland [16]
and the Finnish Institute for Health and Welfare [17]. FCR receives cancer data from hospitals and other
institutions providing treatment for cancer patients, health care professionals, pathology and cytology
laboratories and Statistics Finland’s cause of death data. Health care workers have a statutory obligation
to report new cancer cases to the FCR. All cancer noti�cations since 2008 have been stored and coded by
using ICD-O-3 codes (International Classi�cation of Diseases for Oncology, Third Edition, WHO 2000, 1st
revision 2013). FCR has a high level of coverage, which is shown to be over 95% for solid tumors [18].
FCR data do not include information considering possible underlying immunosuppression, such as HIV.

3.2 Identi�cation of PCNSL in FCR
Inclusion criteria for the present study were histological or cytological veri�cation of the diagnosis. To
obtain reliable data, only cases of diffuse large B-cell lymphoma were included. For the present study,
PCNSLs were de�ned as lymphomas located within the central nervous system (CNS; brain, eye,
leptomeninges). A�sion limited only to the eye was also accepted. The time period was limited to the
years 2007–2017 because, during earlier periods, the histological subtyping was unreliable.
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3.3 Statistical Analysis
The incidence rates were calculated as the number of new cases per 100,000 person-years in each year
and age-adjusted as the number of new cases per 100,000 person-years using Nordic standard
population 2013 as a reference. [19,20]. Incidence rates were also reported by age groups and gender. The
follow-up period was calculated from the date of the diagnosis to the date of the death or the end of the
year 2017. A Poisson regression model was used to study annual incidence trends during 2007-2017 and
to compare incidence rates in 2007-2012 for 2013-2017. For rate parameters the 95% con�dence intervals
(95% CI) were also reported. Survival analyses were calculated using Kaplan-Meier method for all the
data and in different age and gender categories. Age-adjusted relative survival rates were calculated as
the observed patient survival (that is, overall survival) corrected for the expected survival of an equivalent
group in the general population with respect to age, sex and period. This is to eliminate the effect of
general changes in population survival over time. In order to obtain most up-to-date picture, denoted
period analysis was used for survival calculations [21,22]. P-values <0.05 were set to indicate statistically
signi�cant results.

Results

4.1 Incidence
During 2007–2017, 416 (214 females, 51%) new PCNSL cases were reported (Figure 1). A total of 7% of
the patients were under 50 years old, 14% were 50–59, 37% were 60–69, 32% were 70–79 years, and 10%
were aged 80+ years, as shown in Figure 2. We discovered an increasing age-adjusted incidence of
PCNSL in Finland, from 0.57/100,000 (2007-2012) to 0.63/100,000 person-years (2013-2017). For the
period 2007-2017, the annual increase in PCNSL incidence was 3.8% (95% CI: 0.7% −7.1%, p = 0.016).

The average age-adjusted incidence in males was 0.57/100,000 for the period 2007–2009 (0.54 to 0.60),
0.66/100,000 for 2010–2012 (0.40 to 1.00), 0.53/100,000 for 2013–2015 (0.47 to 0.63), and
0.76/100,000 for 2016–2017 (0.76 to 0.76). Similarly, in females the age-adjusted incidence was
0.48/100,000 for 2007-2009 (0.47 to 0.49), 0.55/100,000 for 2010-2012 (0.50 to 0.65), 0.63/100,000 for
2013-2015 (0.48 to 0.74), and 0.66/100,000 for 2016-2017 (0.46 to 0.85). The incidence was highest, at
3.27/100,000 person-years, among patients aged 75–79.

4.2 Survival
Concerning both brain and eye lymphomas, the 2-year age-adjusted relative survival rate was 38% (95%
CI 33–44%). In cases with brain involvement only, the corresponding number was 33% (95% CI 28–38%),
as shown in Figure 3a. From the earlier period between 2007 and 2012 to the later period between 2013
and 2017, the 2-year age-adjusted relative survival rate increased from 36% (95% CI 29–44%) to 41%
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(95% CI 34–48%) for the whole population, including eye involvement also. The corresponding 4-year
survival rates were 31% (95% CI 23–39%) and 37% (95% CI 29–44%), as shown in Figure 3b.

Older age was clearly related to an adverse disease outcome. The age-adjusted 2-year relative survival
rate among patients aged 70+ years was 25% (95% CI 15–37%) between 2007 and 2012 and 29% (95%
CI 19–40%) between 2013 and 2017. The corresponding 4-year survival rates were 25% (95% CI 14–39%)
and 22% (95% CI 12–35%). Age-adjusted survival is displayed in Figure 3c.

Discussion
Here, we report registry-based incidence rates and outcomes of PCNSL patients in Finland between 2007
and 2017. We discovered an increasing age-adjusted incidence, from 0.57/100,000 for the period 2007-
2012 to 0.63/100,000 for 2013-2017. The latter is among the highest of reported incidence rates in the
world [4-6,8]. While the prognosis for PCNSL still seems to be poor, during the study period, a trend to
minor improvement in 4-year survival rates, from 31% in 2007-2012 to 37% for 2013-2017, was
discovered.

5.1 Incidence

There are several registry-based reports describing an increasing incidence of PCNSL in countries with
Western lifestyles [4-6,8]. In the United States, the Surveillance, Epidemiology, and End Results (SEER)
database shows that the PCNSL incidence has increased from 0,1/100,000 in the 1970s to 0.4/100,000
in 2013 [4]. In the most recent years, the increase seems to be �attening. This incidence growth has been
greatest among people aged 70+, at a rate of 4.32/100,000 [23]. In Sweden, the overall incidence was
0.26/100,000 between 2000 and 2013, with an average annual increase of 4% [8]. In a population-based
study from the Netherlands, the PCNSL incidence increased from 0.30/100,000 for the period 1989–1995
to 0.44/100,000 for 2009–2015. The incidence particularly increased in age groups over 60 years [6]. In
Korea, the National Cancer Incidence Database shows that the average incidence of PCNSL was 0.17
between 1999 and 2009, with an annual rise of 9% [5].

The incidence in Finland seems to be among the highest reported in the world, and there seems to be no
�attening of the incidence curve. However, it should be noted that in this study, we had data from more
recent time periods than the studies mentioned above, which may have caused some of this difference.
The etiology behind this increase is unknown, but it is not explained by the population growth, which was
minor during the study period, being around 200,000. [24,25]. We believe that it is not explained by
improved diagnostics, either. MRI scanning has already been a routine research method in Finland during
the study period of 2007–2017 for patients suffering from neurological symptoms as well as for elderly
patients. Moreover, in PCNSL, the symptoms progress rapidly, leading to patient deterioration,
hospitalization, and diagnosis [26].

To evaluate whether the PCNSL incidence growth rate could potentially be explained by an increasing use
of diagnostic imaging, we compared the incidence rates of PCNSL with the incidence rates of glioma in
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Finland. The incidence of glioma among the entire Finnish population increased from 6.32/100,000
person-years between 2007 and 2012 to 6.82/100,000 person-years between 2013 and 2017, according
to data received from the FCR. During the study period of 2007–2017, the median annual increase in
glioma was 1.2% (95% CI: 0.3%–2.3%). The PCNSL incidence growth rate was higher compared to
gliomas but not statistically signi�cant.

Immunosuppression increases the risk of PCNSL. From the FCR data, we were not able to get data about
potential underlying HIV infection or other immunosuppression. However, we believe that the number of
these patients is small. According to the Finnish Institute for Health and Welfare, between 2007 and 2017,
the HIV incidence in Finland varied from 146 to 187 cases per year (187 cases in 2007 and 158 cases in
2017) [27]. In Finland, all HIV patients are treated with effective highly active antiretroviral therapy
(HAART), which further decreases the likelihood that the increase in PCNSL incidence could be explained
by increased number of new cases with HIV.

This fact is further supported by detailed unpublished data regarding patient comorbidities from the Oulu
University Hospital (OYS) district, which shows that among patients diagnosed between 2000 and 2018,
only 1 out of 112 PCNSL cases had a congenital immunosuppressive background, and there were no
patients with a history of HIV or organ transplantations (unpublished data from Oulu University Hospital
registry).

When analyzing the etiology behind these numbers, the difference in incidence rates between Finland and
other Nordic countries is interesting. During corresponding time periods, the incidence in Finland was
more than double the corresponding numbers of other Nordic countries. The genetic background of the
Finnish people differs remarkably from the rest of Europe, and there are also variations in genetics
between eastern and western Finns [28].

5.2 Prognosis

Worldwide, the prognosis for PCNSL has been dismal. Nevertheless, in recent years, several studies have
reported considerable progress in treatment outcomes [9-13,29]. For example, in the International
Extranodal Lymphoma Study Group-32 (IELSG-32), the 30-month progression-free survival rate in the
group treated with MATRix regimen (methotrexate, cytarabine, thiotepa, and rituximab) was 49%,
compared with 23% of those treated with methotrexate-cytarabine alone and 30% of those treated with
methotrexate-cytarabine plus rituximab [11]. This is in sharp contrast to the fact that in most population-
based studies, the outcome is still poor, especially among older age groups [2,5,6,8,23,30]. In Sweden,
there was no sign that new treatment options had translated into general survival improvements in a
population-based study covering 2000–2013 [8]. In the United States, data from two national databases
examining survival trends over time showed that the survival rate has increased in younger patients, while
the survival rate among the elderly population has not changed in the 40 years from 1970 to 2010 [23,30].
In the United States, the 5-year overall survival rate increased from 19% in 1992–1994 to 30% in 2004–
2006 [4]. Also, in a population-based study from the Netherlands, the 5-year relative survival rate
improved from 22% in 1989–1995 to 56% in 2009–2015 in patients under age 60, but at ages over 70,
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the corresponding rates were 3% and 6%, respectively. The overall 5-year age-adjusted survival rate
increased from 11% in 1989–1995 to 30% in 2009–2015 [6]. In Korea, the overall 5-year survival rate was
30% between 1999 and 2007. Among patients aged 50 and younger (children included), the rate was 40%,
and at ages older than 70, the corresponding rate was 4% [5]. Our results seem to be in line with those
from the United States and Korea, where we discovered a trend toward improved survival in later periods.
The reason for this improvement is probably the increasing use of combination immunochemotherapy.
However, this is only an assumption because we do not have exact data regarding the treatments given.

In several prospective clinical studies, the treatment results are clearly better compared to population-
based studies [11,13]. There may be several factors explaining this discrepancy. One is the fact that many
PCNSL patients have poor performance status during diagnosis, which is usually an exclusion criterion in
prospective clinical studies. Elderly patients are also rarely included. Because age and performance
status are the most important prognostic factors, this means that most prospective trials recruit only the
cases with the most favorable prognosis. Another possible reason for the discrepancy is that in contrast
to other aggressive lymphomas, PCNSL is a disease that may relapse many years after the diagnosis
[31,32]. In a Finnish retrospective study, the long-term results for immunochemotherapy-treated PCNSL
patients showed a constant pattern of relapse. Though demonstrating a favorable 2-year progression-free
survival rate of 53%, after longer follow-up period, only 1 patient out of 54 remained in remission at 60
months [31]. This was discovered also in a Japanese study with a follow-up for 14 years [33]. Because
prospective trials are usually reported with limited follow-up time, a considerable number of patients will
relapse after follow-up. Getting reliable insight into treatment e�cacy at a 10-year follow-up, at least, is
mandatory. In a population-based setting, new treatment options have not yet translated into major
general survival improvements, although the presence of long-term survivors among �t patients is
encouraging.

Conclusions
This study provides the �rst population-based estimates of PCNSL incidence and survival rates in
Finland. A higher PCNSL incidence in comparison to other Nordic and European countries was
discovered, which is unlikely to be caused by population growth or improved diagnostics. The change in
age distribution towards older age may explain part of this. We found minor improvements in PCNSL
survival during the study period, probably due to improved treatment options, although the survival of
aged patients is still dismal.

We discovered a high incidence rate, but if some systemic error exists, we consider it would more likely be
an underestimation than an overestimation. To get reliable data, we focused only on patients with diffuse
large B-cell lymphoma, which excludes the few cases with miscellaneous histologies. Only biopsy-proven
cases were included, and the fact that all aged patients with a declining physical performance status will
not proceed to diagnostic biopsy would further underestimate the incidence rate. There is also a chance
that the difference in survival rates between the time periods is due to random variation.
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Figure 1

Primary central nervous system lymphoma (PCNSL) incidence in Finland for 2007–2017, cases per year.
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Figure 2

Number of age-adjusted new cases and incidence rates of primary central nervous system lymphoma
(PCNSL) according to age.

Figure 3

a) Age-adjusted survival rate for all cases and the cases with brain involvement only. b) Age-adjusted 2-
and 4-year survival rates between 2007–2012 and 2013–2017 (all cases). c) Age-adjusted survival curve
according to the age and time of diagnosis (all cases).


