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ABSTRACT
Background: The aim was to describe the incidence and mortality of Hodgkin lymphoma (HL) in
Finland in 1996–2015 including classic Hodgkin lymphoma (cHL) subtypes and nodular lymphocyte
predominant Hodgkin lymphoma (NLPHL).
Material and Methods: This study included 2851HL cases registered in the population-based Finnish
Cancer Registry between 1996 and 2015. All not otherwise specified (NOS) morphology codes were
manually checked and re-coded into cHL subtypes or NLPHL according to the International
Classification of Diseases for Oncology 2011, if possible. Thereafter, we analyzed the incidence and
mortality of HL by age, gender and time trends and by subtypes.
Results: According to our registry-based study, the incidence of HL was increasing with a 5-year rate
of change of 0.3% (95% confidence interval 0.2–0.5), and the mortality was decreasing with –2.8%
(95%CI –3.8 to –1.8) correspondingly. The incidence of nodular sclerosis (NS) was 1.57/100 000 person
years (n¼ 1529) and the incidence and mortality remained constant over 1996–2015. The incidence of
mixed cellularity (MC) was 0.32/100 000 (n¼ 453) and it was decreasing with –2.2% (95%CI –3.7 to
–0.5), yet the mortality was increasing with 2.7% (95%CI 1.9–3.6). The incidence of NLPHL was 0.29/
100 000 accounting for 13% of all HL diagnoses (n¼ 374), and the incidence and mortality remained
constant over the study period. The incidence of lymphocyte-rich (LR) subtype was 0.20/100 000
(n¼ 252) and remained constant while the mortality decreased. There were only 30 cases of lympho-
cyte depletion (LD) HL. In this study, 36% of all HL patients were over 50 years old.
Conclusion: The incidence of HL is slightly increasing and the mortality is decreasing in Finland.
NLPHL represents 13% of all HL cases in Finland. Over one third of HL patients are over 50-year-old.
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Background

Hodgkin lymphoma (HL) is a hematological malignancy origi-
nating from the immune system. HL is one of the most com-
mon cancers in young adults in the developed Western
countries where the highest incidence rates are typically
observed at the age of 15–35 and over 55 years. In Finland,
HL constitutes 0.6% of all cancers in men and women with
approximately 180 new cases per year, but even 8.4% in the
age group of 15–35 years [1,2]. The age-standardized (WHO
world standard population) incidence of HL is higher in
Finland compared to all Nordic countries, 3.0/100 000 per-
son-years versus 2.6/100 000 in men and 2.5/100 000 versus
2.1/100 000 in women. Mortality is at the same level as in all
Nordic countries, around 0.3/100 000 in men and 0.2/100
000 in women, respectively [3–5].

HL can be classified into five different subtypes with dif-
ferent morphology. The classic HL (cHL) includes nodular
sclerosis (NS), mixed cellularity (MC), lymphocyte-rich (LR)
and lymphocyte depletion (LD) subtypes. NLPHL was first
recognized as it’s own disease entity in the revised
European-American classification of lymphoid neoplasms
(REAL) in 1994 and was later on separated from the classic

HL subtypes as ‘non-classical’ [6]. It is distinguished from
classic HL by its rarity (only 5% of all HL), different clinical
and histological characteristics, and by more indolent behav-
ior. According to literature, NLPHL occurs generally at
30–40 years of age and predominantly in men [7–12].

Epidemiological information on different cHL subtypes
has not been studied nationally in Finland, since the
International Classification of Diseases for Oncology (ICD-O-3)
was adopted by the Finnish Cancer Registry (FCR) in 2007.
Until that time, all HL cases were coded by the FCR as not
otherwise specified (NOS). Thereafter, all HL cases were
recoded backwards from years 2000–2006.

Subtype-specific information on the epidemiology of cHL
and NLPHL has been reported earlier from Norway
(1971–1995) [13], Sweden (2000–2013 [14], 1973–2009 in
over 19-year-olds [15], and 1985–2009 in children [16]) and
Iceland (1955–1982) [17]. Additionally, in Finland NLPHL
cases in 1953–2009 were searched using text mining from
pathology notifications in order to study the familial cluster-
ing of NLPHL [8].

Information on the incidence and mortality trends of cHL
subtypes and NLPHL is important in order to meet the
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demands of treatment and in search for the etiologic factors
contributing to HL development. The aim of this study was
to describe the incidence and mortality of Hodgkin lymph-
oma by age, sex, different cHL subtypes and NLPHL over the
past two decades in Finland.

Material and methods

We obtained our data from the Finnish Cancer Registry
(FCR), which keeps the national population-based registry on
all cancer diagnoses given in Finland since 1953. All hospi-
tals, pathology laboratories and health care professionals are
obliged to report new cancer diagnoses to FCR. The reports
include information about the patient and the cancer case,
such as date of diagnosis, primary site, histology, method of
diagnosis, and spreading. The quality of FCR data was
recently analyzed by Leinonen et al. and the completeness
of HL was estimated at 93.4%, and 99.7% of HL cases were
morphologically verified [18].

All HL cases in the FCR from years 1996–2015 with
Hodgkin NOS morphology (M9650/3) were re-coded to
match the current morphology classification criteria, the
International Classification of Diseases for Oncology 2011
(ICD-O-3.1) [19] We re-coded cases into subtypes only if the
subtype was sufficiently clearly spelled out in the pathology
or clinical report. An oncologist specialized in lymphomas
was consulted in unclear cases. In all, 68 full original path-
ology reports were ordered from district pathology laborato-
ries to obtain more information in unclear cases. Tissue
samples were not histologically re-analyzed in this study.

The data were classified into entities based on the morph-
ology code of ICD-O-3.1 [19], which includes the recommen-
dations made in the WHO Classification of Tumors of the
Hematopoietic and Lymphoid Tissue in 2008 [20]. Guidelines
made for European cancer registries such as HAEMACARE
Manual for Coding and Reporting Haematological
Malignancies 2008, and European Network of Cancer
Registries (ENCR) recommendations were applied in our
study [21,22]. The morphology codes M9663/3 Nodular scler-
osis, M9652/3 Mixed cellularity, M9651/3 Lymphocyte-rich,
M9653/3 Lymphocyte depletion, M9659/3 NLPHL and
M9650/3 Hodgkin NOS were used in re-coding and sub-typ-
ing cases. The HAEMACARE working group recommends that
the nodular sclerosis subtype is coded solely as M9663/3
(Nodular sclerosis NOS), although more specific codes exist
in the ICD-O-3.1 (M9664/3 Nodular sclerosis cellular phase,
M9665/3 Nodular sclerosis grade 1, M9667/3 Nodular scler-
osis grade 2). This resulted in changing 4 cases of M9665/3
and 4 cases of M9667/3 morphology codes in to M9663/3.
Also, a total of 5 patients had two different HL diagnoses,
and only the first one was taken in our study.

Age and sex-specific incidence and mortality rates were
calculated in four five-year calendar periods. Incidence rates
were age-standardized using the WHO world standard popu-
lation. We used 5-year age strata in calculating the age-
specific rates, and in addition, to analyze changes in the
age-specific incidence over time we used stratification to
three age groups (0–14, 15–44 and 45þ), respectively.

The average annual percent change (APC) and the corre-
sponding 95% confidence interval (CI) were calculated using
log-linear regression analysis as well as joint-point regression,
which identifies specific shifts in trends. The Davies test was
used for selection of breakpoints. Differences between the
groups of median age were tested using a Mann-Whitney U
test. Statistical analyses were all done using the statistical
software R, version 3.6.0.

Results

Patient characteristics

This study included all HL cases diagnosed in Finland and
reported to the FCR between years 1996 and 2015 resulting
in a total of 2851 patients (Table 1); 1586 males (56%) and
1265 females (44%) with a median age of 37 (range 5–97),
41 years in males and 33 in females, respectively (Table 2). Of
all HL patients, 36% (n¼ 1013) were over 50 years of age
at diagnosis.

Incidence of HL by age, gender and time trends

In 1996–2015, there were from 124 to 182 new HL diagnoses
per year (median 139). During the study period, the inci-
dence of HL was higher in males (2.76/100 000 person-years)
than in females (2.34/100 000 person-years) (data not
shown). There was a small, yet statistically significant,
increase in the incidence of HL during the study period (5-
year rate of change 0.3%; 95% CI 0.2–0.5) (Table 1). When
stratified by gender, the increase in incidence was significant
only in males (data not shown).

The age-incidence curve has a bimodal appearance with
the first peak in the young ages and a second one in the
elderly (Figure 1). The highest age-specific incidence of HL
was observed in the age group of 20–24 years, where the
incidence in females and males was 6.2 and 5.4 (per 100 000
person-years), respectively. The second peak in the elderly is
wider than the first one and differs between males and
females. In males, the second peak is divided into two peaks
at the age groups of 60–64 and 75–79 years. In females, the
second peak is wide and comes in the age group of
70–84 years (Figure 1).

The age-specific incidence of HL did not show any signifi-
cant change over time in 1996–2015 in Finland when strati-
fied by age into groups of 0–14, 15–44 and 45þ years. At
the age group of 45þ years, a breakpoint was found (year
2004) after which the 1-year APC was þ4.8% (95%CI 2.7–7.0)
(Figure 2).

Incidence by cHL subtypes

The most common cHL subtype was NS (54%), with the inci-
dence rate of 1.57/100 000 person-years (1.40 in males and
1.75 in females, respectively) (Table 1, Figure 3). The inci-
dence of NS remained constant over the study period. NS
was observed mostly in young patients with only 19% being
over 50 years old. The median age of NS patients was
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30 years in males and 27 years in females, respectively, and
the difference between median ages was statistically signifi-
cant (p< .001) (Table 2). Interestingly, NS is more common in
females at young ages but the proportion of males grows
larger at old ages (Figure 1). The age-specific incidence of NS
increased in the age group of 15–44 years (1-year APC þ1.2,
95% CI 0.1–2.2) during the study period when stratified by
age groups 0–14, 15–44 and 45þ years. At the age group of
45þ a breakpoint was found (year 2004) after which the
1-year APC was þ5.9% (95%CI 2.0–10.0) (Figure 2).

The second most common subtype was MC with the inci-
dence of 0.32/100 000 person-years (0.41 in males and 0.24
in females, respectively) (Table 1) and it was more common
in males almost at all ages (Figure 1). MC was mainly pre-
sented in the elderly patients with 59% of the patients being
over 50 years old (Table 2). There was a statistically signifi-
cant decrease in the incidence of MC during the study
period (APC –2.1%, 95% CI –3.7 to –0.5) (Table 1, Figure 3).
When stratified by gender, the decreasing trend was statistic-
ally significant only in females (data not shown). Age-specific
incidence rates showed a decreasing trend at the age group
of 15–44 years (1-year APC –3.7%, 95% CI –6.8 to –0.6) while
there was no significant change in older population
(Figure 2).

The incidence of LR subtype was 0.20/100 000 person-
years (0.28 in males and 0.11 in females, respectively), and
it did not change significantly during the study period

(Table 1, Figure 3). The median age in males and females
was 45 years and 57 years, respectively (p< .001) (Table 2).

The lowest number of new cases was observed in LD sub-
type throughout the whole study period and the incidence
was slowly decreasing (5-year rate of change –6.0%, 95% CI
–10.2 to –1.6) (Table 1, Figure 3). When stratified by gender
this decrease was statistically significant only in males (data
not shown). 70% of the patients were over 50 years of age
with the highest median age both in males (64 years) and in
females (66 years) compared to all other subtypes (Table 2).

Of all HL diagnoses, 7,5% (n¼ 213) were classified as
Hodgkin NOS during the study period. The incidence of
Hodgkin NOS remained constant during the study period
(Table 1).

Mortality of HL by age, gender and time trends

HL mortality was 0.25/100 000 person-years during the study
period in Finland (0.31 in males and 0.2 in females, respect-
ively). There was a statistically significant decrease in mortal-
ity both in the 1-year (APC –3.0%, 95% CI –5.0 to –0.9) and
5-year (–2.8%, 95%CI –3.8 to –1.8) rate analysis. (Table 1) The
decrease in mortality was statistically significant both in
females and in males. Mortality in men was constantly a bit
higher throughout the study period and decreased with a
slower rate compared to women (data not shown).

Table 1. Incidence, mortality and the estimate of percent annual change in classic Hodgkin lymphoma subtypes and nodular lymphocyte predominant Hodgkin
lymphoma in Finland in 1996–2015.

Incidence (/100 000) and
number of new cases

Estimate of percent annual
change in incidence (95%Cl)

Mortality (/100 000) and
number of deaths

Estimate of percent annual
change in mortality (95%Cl)

Subtype Incidence n 1-year period 5-year period Mortality n 1-year period 5-year period

Nodular sclerosis 1.57 1529 0.8 0.7 0.1 144 –1.8 –1.9
(1.49–1.65) (–0.04 to 1.7) (–0.1 to 1.4) (0.08–0.12) (–5.5 to 2.0) (–5.9 to 2.3)

Mixed cellularity 0.32 453 –2.1 –2.2 0.05 99 2.3 2.7
(0.29–0.36) (–3.7 to –0.5) (–4.0 to –0.4) (0.04–0.06) (–1.9 to 6.7) (1.9–3.6)

NLPHL 0.29 374 –0.8a 1.5 0.02 24 3.3
(0.26–0.32) (–2.9 to 1.2) (–1.3 to 4.4) (0.01–0.03) (–9.9 to 18.4)

Lymphocyte-rich 0.2 252 –1.1 –0.9 0.03 35 –6.4
(0.17–0.23) (–4.5 to 2.3) (–5.7 to 4.3) (0.02–0.04) (–9.8 to –2.9)

Lymphocyte depletion 0.02 30 –6.0 0.01 16 5.4
(0.01–0.03) (–10.2 to –1.6) (0.01–0.02) (–3.1 to 14.5)

NOS 0.15 213 1.7a 2.0 0.07 133 –7.7
(0.12–0.17) (–1.2 to 4.7) (–2.9 to 7.1) (0.06–0.09) (–12.8 to –2.3)

All 2.54 2851 0.4 0.3 0.25 451 –3.0 –2.8
(2.44–2.65) (–0.2 to 1) (0.2–0.5) (0.23–0.28) (–5.0 to –0.9) (–3.8 to –1.8)

NLPHL: Nodular lymphocyte predominant Hodgkin lymphoma; NOS: not otherwise specified. Statistical significance is demonstrated as bolded numbers in the
estimate of percent annual change (APC) paragraphs with 95% confidence intervals (95%CI). 1-year period APC values are missing in the mortality paragraph for
NLPHL, lymphocyte-rich, lymphocyte depletion and NOS due to too small number of patients, as is also 1-year APC value in the incidence paragraph for
lymphocyte depletion.
aAPC was calculated using jointpoint regression analysis.

Table 2. Median age and the proportion of over 50-year old patients in each Hodgkin lymphoma subtype in total and by gender.

Total Male Female

Subtype median age �50 yrs median age �50 yrs median age �50 yrs p-value

Nodular sclerosis 27.9 19% 29.7 23% 26.5 16% <.001
Mixed cellularity 56.8 59% 56.3 59% 61.0 60% <.05
NLPHL 47.7 47% 44.5 40% 59.8 67% <.001
Lymphocyte-rich 47.6 45% 44.8 38% 57.2 59% <.001
Lymphocyte depletion 64.3 70% 64.3 65% 66.0 80% .588
NOS 61.5 65% 59.4 65% 65.1 66% .059
All 37.0 36% 40.6 38% 32.5 33% <.001

NLPHL: Nodular lymphocyte predominant Hodgkin lymphoma; NOS: not otherwise specified; p-value is for the median age in male and female patients.
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Age-specific mortality started to increase after the age of 50
in males and after the age of 60 in females (Figure 1).

Mortality by cHL subtypes
Mortality from the NS subtype was 0.1/100 000 person-years
and there was a decreasing trend over the study period
although not statistically significant (Table 1). When stratified
by gender, mortality from NS decreased more rapidly in
males, but the decrease still remained non-significant (data
not shown). The age-specific mortality remained substantially
low at all ages and both genders (Figure 1).

Mortality from MC was 0.05/100 000 person-years and it
was slowly increasing during 1996–2015 (5-year rate of
change 2.7%, 95% CI 1.9–3.6), but the increase was statistic-
ally significant only in males (data not shown). Age-specific
mortality started to increase after the age of 55–60 in males
and after 60–65 in females, was constantly higher in males
and reached the highest rates in 80–85-year-old males (1.11/
100 000 person-years) (Figure 1).

In the LR subtype, mortality was 0.03/100 000 and it
decreased significantly in both genders over time (5-year
rate of change –6.4%, 95% CI –9.8 to –2.9) (Table 1).

The mortality to incidence ratio of LD was 0.5 (0.01 versus
0.02 per 100 000 person-years), which indicates that LD is an

aggressive cHL subtype. There was no change in the mortal-
ity trends of LD subtype during the study period (Table 1).

Incidence and mortality of NLPHL

NLPHL accounted for 13% of all HL cases (n¼ 374) in Finland
reaching MC in incidence by 2011–2015 (Figure 3). There
were no statistically significant changes in the net or gender-
specific incidence rates (Table 1). Age-specific incidence rates
showed an increasing trend in the age groups of 15–44 and
45þ years although the APC remained statistically non-sig-
nificant (Figure 2). NLPHL was much more common in men
than in women (76% males) and men were diagnosed at ear-
lier ages than women with a median age of 45 years in males
and 60 years in females (p< .001), respectively (Table 2).
Mortality from NLPHL remained stable and substantially low
in all age groups and in both genders during the study
period (Table 1, Figure 1).

Discussion

The incidence of HL has been slowly increasing over time
while HL mortality has been steadily decreasing in Finland
during 1996–2015. The proportion of NLPHL was 13% of all
HL cases, which is in good coherence with an earlier study

Figure 1. Age-specific incidence and mortality of Hodgkin lymphoma (all), nodular sclerosis, mixed cellularity and nodular lymphocyte predominant Hodgkin
lymphoma (NLPHL) in Finland.
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made from Finland [8] – yet clearly higher than reported
from other Western countries [1,10,23–25].

NS was the most common subtype of cHL as reported in
earlier studies [25,26]. The net or gender-specific incidence of
NS did not show any significant change during the study
period but instead, the age-specific incidences rates
increased in the age group of 15–44 years, and after year
2004 also in the age group of 45þ years. Interestingly, the
incidence of MC was decreasing but mortality was increasing,
which could be explained by the fact that elderly males had
the highest age-specific incidence rates and 59% of patients
were over 50 years of age (Figure 1). According to our study
and the report made previously by Saarinen et al. [8], the
incidence of NLPHL is clearly higher in Finland compared to
reports from other Western countries, and remained constant
during the study period suggesting that this is a true finding
(Figure 3). Interestingly, a report from France by Laurent
et al. found a 10,2% proportion of NLPHL [27] and further-
more Glaser et al. reported that the incidence of NLPHL is
increasing in the United States [25]. The reason for the differ-
ences between these findings remains yet unknown. There is
a germline mutation originating in Finland, which causes a
high familial risk of NLPHL, but this is hardly the sole explan-
ation for the high incidence, as found also previously [8]. In

our study, 76% of NLPHL patients were males, the incidence
was highest at 35–45 years of age, and the mortality rates
were constantly very low, all of these being in good coher-
ence with earlier studies [7–12].

The age-incidence curve of HL remained bimodal in shape
but the second peak in males was nearly as high as the first
peak (incidence 5.4/100 000 at 20–24 years and 4.4/100 000
at 75–79 years) indicating that HL is diagnosed in elderly
males also (Figure 1). This is clearly in contrast to an earlier
report made from Nordic countries over 1978–1997 (Hjalgrim
et al.) [28] where the first peak in the bimodal curve
increased in magnitude and even shifted toward younger
ages, whereas the incidence decreased in over 40-year-olds.
In our study, the incidence of HL increased by annual rate of
change of þ4.8% in the age group of 45þ years during the
past decade (2004–2015). In other age groups there were no
statistically significant changes nor breakpoints found in our
analysis (Figure 2).

In our study, 36% of all the HL patients were over 50 years
of age, which is in good coherence with earlier studies
[14,29]. This is important since elderly patients are known to
have worse prognosis and there are more limitations to
treatment options; aggressive treatments are less tolerated
because of weaker physical condition of the patient [14,29].

Figure 2. Time trends in the incidence of Hodgkin lymphoma (all), nodular sclerosis, mixed cellularity and nodular lymphocyte predominant Hodgkin lymphoma in
children (0–14), adults (15–44) and older population (45þ) over 1996–2015 in Finland.
APC1: 1-year estimate of percent annual change in incidence with 95% confidence interval in brackets. APC5: 5-year estimate of percent annual change in incidence with 95% confidence
interval in brackets. �A breakpoint was found using the Davies test. APC was calculated using joinpoint regression analysis (breakpoint 2004). 2004–2015 APC1þ 4.8% (2.7–7.0).��A breakpoint was found using the Davies test. APC was calculated using joinpoint regression analysis (breakpoint 2004). 2004–2015 APC1þ 5.9% (2.0–10.0). APC values are missing for
children in mixed cellularity and NLPHL due to too small number of patients in this age group.
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Even though the proportion of elderly patients is increasing
the mortality of HL is decreasing steadily, which could indi-
cate improved diagnostics in Finland enabling identification
of accurate subtypes, risk stratification and stage, and based
on this information also improved treatment options.
However, mortality of MC subtype is increasing reflecting
challenges in the treatment of elderly patients with HL.

The strengths of our study include the use of nationwide
population-based cancer registry data, where pathology
reports are received from all hospital districts, private practi-
ces and pathology laboratories all over Finland. All patients
diagnosed with cancer are reported to the FCR by law, as is
also the information from death certificates. An individual
level linkage system enables national cause of death surveil-
lance. Hence the mortality rates calculated from the FCR
data are highly reliable and there are no losses to follow up.

Registry data is known to have its limitations, which
should be noticed when analyzing the results of our study
[30]. First, we did not perform any histological re-analysis of
tissue samples but relied on the information sent to the FCR
(pathology and clinical reports) when re-coding HL NOS
morphology codes into HL subtypes. In unclear cases the full
original pathology reports were ordered. Second, the pathol-
ogists who had analyzed tissue samples over the years were
not all specialists of hematopathology, which is known to
affect the accuracy of the correct diagnosis [7,11,31,32].
Third, a clear limitation in analyzing HL subtypes (especially
when stratified further by age, gender and time) is the small

number of patients due to HL being a rare disease in Finland
with good survival (83% and 84% in women and men,
respectively). Statistical errors are prone to occur when small
data is stratified too far, and caution should be used when
interpreting such results.

The role of Epstein-Barr virus (EBV) in the pathogenesis of
HL is being actively investigated worldwide and it has been
even suggested that EBV status should be included in the
classification of cHL [33–35]. In this registry-based study we
did not have the EBV status, as it was not routinely included
in the pathology reports during the study period. Neither
was long-term treatment toxicity analyzed in our study.
Further studies on pan Nordic data are warranted to study
subtype specific data, such as EBV status or survival.

Surprisingly many HL NOS codes were present also in the
most recent years. We were able to recode only 35 Hodgkin
NOS morphology codes out of 151 from years 2007 to 2015
(when the ICD-O-3 was used at the FCR). The reason stated
for this in the original pathology report was that the biopsy
material was insufficient or it included two classification
choices. It could be possible that it is difficult to interpret
the specific subtypes of the elderly patients’ HL representing
an increasing proportion of the specimen (65% of HL NOS
patients were over 50 years of age). Single coding errors
were also noticed. We did not notice any unexpected or
deviated changes in the incidence and mortality rates
around year 2007, when the classification criteria changed in
the FCR.

Figure 3. Incidence of classic Hodgkin lymphoma subtypes and nodular lymphocyte predominant Hodgkin lymphoma according to time trends in 1996–2015.
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As the immunohistochemical approaches improve, the
diagnostics and categorizing HL into different subtypes
become more and more specific. Hence it is important for
clinicians and pathologists to know the current trends in the
epidemiology of different cHL subtypes and NLPHL. The clas-
sification criteria for HL did not change in the 2016 revision
of the World Health Organization classification of lymphoid
neoplasms [36], but more specific information on the pos-
sible features of NLPHL and lymphocyte-rich HL was added.
It is emphasized that classification to different cHL subtypes
and NLPHL is important because they differ from each other
by clinical and prognostic features and can affect treatment
choices. Therefore we suggest co-work in the future between
Nordic countries to add data for more complex analysis on
cHL subtypes and NLPHL.
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