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A B S T R A C T   

Purpose: Sarcomas are rare cancers with many subtypes in soft tissues, bone and cartilage. International survival 
trends in these cancers are not well known. We present 50-year survival trends for soft tissue sarcoma (STS) and 
bone sarcoma (BS) in Denmark (DK), Finland (FI), Norway (NO) and Sweden (SE). 
Methods: Relative 1-, 5/1 conditional- and 5-year survival data were obtained from the NORDCAN database for 
years 1971–20. We additionally estimated annual changes in survival rates and determined significant break 
points. 
Results: In the last period, 2016–20, 5-year survival in STS was best for NO men (74.6%) and FI women (71.1%). 
For the rarer BS, survival rates for SE men (72.0%) and DK women (71.1%) were best. Survival in BS was lower 
than that in STS in 1971–75 and the difference remained in 2016–20 for men, but for women the rates were 
almost equal. Sex- and country-specific differences in survival in STS were small. The 50-year improvement in 5- 
year survival in STS was highest in NO men, 34.0 % units and FI women, 30.0 % units. The highest improvements 
in BS were in SE men 26.2 % units and in FI women 29.2 % units. 
Conclusions: The steady development in survival over the half century suggests contribution by stepwise im-
provements in diagnostics, treatment and care. The 10–15% mortality in the first year probably indicates 
diagnostic delays which could be improved by organizing patient pathways for aggressive rare diseases. Early 
diagnosis would also reduce metastatic disease and breakthroughs in treatment are a current challenge.   

1. Introduction 

Connective tissue tumors or sarcomas are a heterogeneous group of 
neoplasms that arise from cells of mesenchymal origin and account for 
less than 1% of all malignancies [1]. The International Classification of 
Diseases (ICD) uses separate codes for soft tissue and bone tumors, of 
which soft tissue sarcomas (STSs) are more common than bone sarcomas 
(BSs) [2–4]. STSs may be diagnosed in any part of the body. The inci-
dence in STS increases with age but BS has two age maxima, one before 
age 20 (common for osteosarcoma and Ewing sarcoma) and the other at 
around 75 years (chondrosarcoma and osteosarcoma) (https://nordcan. 
iarc.fr/en) [4]. Although the causes of these tumors are largely 

unknown, some environmental risk factors, such as ionizing radiation, 
immunosuppressive drugs, human immunodeficiency virus, and occu-
pational exposures are known or suggested risk factors [5,6]. Family 
histories of STS and BS are other known risk factors [7,8]. A small 
fraction of STSs and BSs may be attributed to rare hereditary cancer 
syndromes, including Li-Fraumeni syndrome [9,10]. Soft tissue tumors 
are characterized by frequent somatic chromosomal rearrangements, 
including translocations (such as translocation between chromosomes 
11 and 22 in Ewing sarcoma), which have diagnostic and clinical im-
plications [11–14]. 

Symptoms for sarcomas include swollen tissue, pain and problems 
with movement [4]. Diagnostics may not be easy because of rarity of 
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sarcomas, their possibly vague symptoms and the multiplicity of the 
tumor types; thus guidelines advise referral of patients to specialists 
without delays [4]. New imaging tools, including diffusion-weighted 
imaging and magnetic resonance imaging radiomics, allow assessment 
of tumor extension and help tumor grading but biopsy is required for 
histological confirmation [10,15]. Upfront diagnostics of fusion proteins 
are part of the current diagnostic routine [14,15]. Standard treatment 
for STS and for BS is based on complete surgical resection with or 
without adjuvant (or with neoadjuvant) radiotherapy and chemo-
therapy; for chemotherapy, multidrug regimens are often used [4, 10, 
14, 15]. Novel chemotherapeutic regimens have become available with 
possible help to patients with metastatic disease, and improvements in 
radiotherapy have reduced local adverse effects with sustained good 
local control [4,15]. Whenever possible, the treatment should be done in 
specialist clinics by multidisciplinary teams [4]. Between 1999 and 
2007, 5-year survival in Europe for STS was estimate at 60% and for BS 
at 50% [16]. Recent 5-survival for both of these cancers has reached 
close to 70% in the Nordic countries [17]. 

We will assess relative survival in STS and BS in Denmark (DK), 
Finland (FI), Norway (NO) and Sweden (SE) for a 50-year period from 
1971 to 2020 with focus on changes in survival times between the 
countries and discuss the possible causes of observed survival changes. 
In addition to 1- and 5-year survival we report conditional survival from 
1st to 5th (5/1) year and annual changes in survival. As background data 
to survival, we show incidence and mortality data on STS and BS from 
these countries. 

2. Methods 

The data were obtained from NORDCAN database 2.0 [18,19]. The 
data for NORDCAN were delivered by the cancer registries of each 
country, and these included both incidence and mortality data [20]. We 
accessed NORDCAN at the International Agency for Cancer (IARC) 
website (https://nordcan.iarc.fr/en) [20], and the available tools were 
used to extract data on incidence, mortality and 1-year and 5-year sur-
vival. ICD version 10 codes were used in NORDCAN to describe the 
tumor locations. For STS the code was C49 (including gastrointestinal 
stromal tumors, C49. A2) and for BS it was C40 and C41. 

The follow-up was terminated at death, emigration or loss of follow- 
up or by the end of 2020. Incidence and mortality data were age- 
standardized for the world standard population. For incidence and 
mortality data, the starting date was 1961 (the earliest available for all 
countries). We considered that such early data were informative because 
such nation-wide data were not available elsewhere. Survival data for 
relative survival were available from 1971 onwards and the analysis was 
based on the cohort survival method for the first nine 5-year periods, and 
a hybrid analysis combining period and cohort survival in the last period 
2016–2020, as detailed [21]. Age-standardized relative survival was 
estimated using the Pohar Perme estimator [22]. Age standardization 
was performed by weighting individual observations using external 
weights as defined on the IARC website. Age groups 0–89 were 
considered. The DK, FI, NO and SE life tables were used to calculate the 
expected survival. 

Statistical modelling and data visualizations were performed using R 
statistical software (https://www.r-project.org) in the R studio envi-
ronment (https://posit.co/) (code available at https://github.co 
m/filip-tichanek/nord_female). For a graphic presentation of incidence 
and mortality rates, lines were smoothed by the cubic smoothing spline 
using the R function ‘smooth.spline’ with a smoothing parameter (‘spar’) 
of 0.4 and with 12 knots. 

Time trends of 1-year and 5-year relative survival (in %; obtained 
from NORDCAN for each of the 5-year periods) were modelled using the 
Gaussian generalized additive models (GAM) with thin plate splines (5 
knots) and identity links. The GAM model included the effect of country 
and country-specific non-linear effect of time (timepoint = middle year of 
each 5-years period) as predictors, allowing estimation of the relative 

survival across a continuous time scale despite the discrete distribution 
of data points. As the input data (estimates of the 1-year and 5-year 
survival in each of the 5-year periods) were variably uncertain, stan-
dard errors for each data point (obtained from confidence intervals 
shown in the NORDCAN database) were included in the model. Models 
were run in the Bayesian framework using the ‘brms’ R package [23,24], 
which employs ‘Stan’ software for probabilistic sampling [25]. Separate 
models were used for different cancers and 1-year and 5-year survival. 

The prior distribution for the effect of the country was explicitly 
defined to have Gaussian distribution with zero mean and sigma of 30. 
Default brms priors were used for other parameters. We used Hamilto-
nian Monte Carlo sampling (2 chains, each of 7000 samples including 
2000 warm-ups). All models were checked in terms of convergence, 
effective sample sizes and posterior predictive check. 

For the 5/1-year survival ratio estimation, we divided the posterior 
draws from the 5-year survival model by the posterior draws from the 1- 
year model to get the posterior distribution of the conditional survival 
and its estimated annual changes over time. 

For all survival measures (relative 1-year and 5-year survival and 5/ 
1-year ratio), we evaluated when the survival was changing over time 
with at least 95% plausibility (95% credible interval [Ci] of the 1st 
derivation of given survival measure did not cross zero for at least 5 
years). We also aimed to identify ‘breaking points’, i.e. times when the 
annual change of survival changed with at least 95% plausibility. This 
was assessed by calculation of the 2nd derivation of the given survival 
measure and its 95% Ci; the ‘breaking point’ was defined as a peak value 
within at least a 3-year interval where 95% Ci for the 2nd derivation did 
not cross zero. 

Comparisons with the US Surveillance, Epidemiology and End Re-
sults (SEER) data for years 2012–18 on Non-Hispanic white were done 
through (https://seer.cancer.gov/statistics-network/explorer/applica-
tion.html? 
site=1&data_type=1&graph_type=2&compareBy=sex&chk_sex_3 
=3&chk_sex_2 
=2&rate_type=2&race=1&age_range=1&hdn_stage=101&advopt_pre-
cision=1&advopt_show_ci=on&hdn_view=0&advopt_display=2#grap-
hArea). 

3. Results 

In Table 1 we show case numbers, incidence and mortality rates, 
cumulative risks and median ages for STS and BS in the Nordic countries 
for years 2011–2020. The incidence was over two times higher in STS 
compared to BS, and the male rates were somewhat higher than the 
female rates. Cumulative incidence up to age 74 was over 0.2% for male 
STS, below 0.2% for female STS, below 0.1% for male BS, and even 
lower for female BS. With a large adolescent patient share, the median 
diagnostic age in BS was lower than that in STS. 

Incidence and mortality rates over 60 years are shown in Fig. 1. The 
incidence for STS and BS, both for men and women, was approximately 
equal in 1960, but thereafter incidence increased for STS and remained 
stable or decreased for BC, resulting in over 2-fold difference in 2020. 
Mortality for male STS declined in FI but remained fairly stable in the 
other countries. BC mortality, particularly for men, declined over time. 

Fig. 2 shows relative 1-, 5/1- and 5-year survival for STS and BS in DK 
men (a, b) and women (c,d), The DK curves for both cancers were 
almost linear but the curves for BS started at a lower level and ended 
close to the level of STS, which can be witnessed as larger annual 
changes (bottom small panels). A breaking point was found for male 1- 
year survival at 1988 marking the trend change. 

For FI in Fig. 3 and NO in Fig. 4 the curves show time dependent 
downward bending which indicated decreased rates of improvement. 

The curves for SE (Fig. 5) were approximate linear except for female 
BS for which the development stopped after year 2000 for all survival 
parameters and particularly for 5-year survival. 

Supplementary Table 1 lists 1- and 5-year survival rates in STS and 
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BS in 5-year periods to allow comparison of the country-specific rates. In 
2016–20, 5-year survival in STS was best for NO men (74.6%) and FI 
women (71.1%). Overall the country-specific differences were small. For 
BS, SE men (72.0%) and DK women (71.1%) were on top. Comparing sex 
differences for 5-year survival in 2016–20 in STS, male rates were higher 
than female rates in all countries but FI; for BS, female rates were higher 
in all countries but SE. 

Data from Supplementary Table 1 enable estimation of the magni-
tude of survival improvements over the 50-year period. Improvement in 
5-year survival in STS was highest in NO men, 34.0 % units, and FI 
women, 30.0 % units. The highest improvement in BS were also in SE 
men 26.2 % units and in FI women 29.2 % units. 

In Supplementary Table 2, 5/1-year survival is reported in 5-year 
periods. These figures allow comparison with 1-year survival figures 
(cf. Supplementary Table 1) and estimation of death rates in year 1 and 
in the 4 subsequent years. While 1-year survival in STS was around 90% 
in the last period, 5/1-year survival was about 10% units lower, indi-
cating about a doubling of mortality in these four years compared to 
year 1. Similarly, higher 5/1-year mortality compared to 1-year mor-
tality was also observed for BS. 

4. Discussion 

Sarcomas constitute numerous tumor types each of which are rare, 
hampering survival studies, particularly between countries. The Nordic 
cancer registries have a long history of collaboration and it is assumed 
that the data are in general comparable [19]. In the field of rare cancer 
oncology, Nordic sarcoma specialists have a history of collaborative 
studies and trials [26]. Country-specific differences in survival in STS 
were small. In the last period, 2016–20, 5-year survival in STS was best 
for NO men (74.6%) and FI women (71.1%). For the rarer BS, survival 
rates for SE men (72.0%) and DK women (71.1%) were best. Survival in 
BS was lower than that in STS in 1971–75 and the difference remained in 
2016–20 for men, but for women the rates were almost equal. Sex dif-
ferences were in general small. A curious ‘anomaly’ was noted for sur-
vival in BS for SE women; at around year 2000 their survival 
improvements stalled and 5-year survival was lower in 2016–20 
(64.87%) than it was in 1996–00 (74.3%). For SE men, survival kept on 
improving. The 50-year improvement in 5-year survival in STS was 
highest in NO men, 34.0 % units and FI women, 30.0 % units. The 
highest improvements in BS were also in SE men 26.2 % units and in FI 

women 29.2 % units. 
In STS 1-year survival in 2016–20 was close to 90% but survival in BS 

was more than 5 % units lower (FI men 10 % units lower). However, in 
SE 1-year survival in both cancers was equally high indicating that early 
mortality could be effectively prevented also in BS. How this was ach-
ieved in SE is not known but expert clinical recommendations emphasize 
early referral of sarcoma patients from primary care to specialist centers 
for diagnostic precision and appropriate treatment based on the findings 
[4, 10, 27, 28]. 

Sarcomas are a complex entity and they are rarely considered in 
international comparisons because of possible diagnostic differences 
resulting in variable incidence estimates, as discussed by the Scandi-
navian Sarcoma Group [26]. The first comprehensive European sarcoma 
study applied strict validation procedures to guarantee high quality for 
all included sarcoma subtypes [29]. High-quality data were also 
included into a later European study for which 5-year relative survival 
for STS was 61% and for BS it was 59% in 2005–7 [30]. A recent UK 
study on STS from years 2013–17 reported 1-year survival for malignant 
STS at 84% for men and 82% for women; 5-year survival was 68% for 
men and 62% for women [31]. These data were below the present 
Nordic ones for 5-year survival in STS (male range 69.6–74.6% and fe-
male range 68.1–71.1%). In US SEER database 5-year survival for 
non-Hispanic whites in period 2012–18 was for ‘soft tissues and heart’ 
65.2% for men and 65.7% for women. For cancers of ‘bones and joints’ 
the rates were 65.8% and 69.5%. How comparable the data are with the 
NORDCAN data is not known but the reported US data for STS were 
below the Nordic data. For BS the US data were within the Nordic range 
(men 57.2–72.0%, women 64.8–71.1%) and give support to our data on 
female survival advantage in BS. 

For most part the improvements in survival in STS and BS took place 
throughout the 50-year period, with the few exceptions which were 
pointed out above. This would be in line with gradual improvements in 
diagnostics, treatment and patient care in line with expert assessments 
[4,15]. However, 30% or more of the patients died within 5 years which 
is most likely due to recurrent and/or metastatic disease. The means of 
fighting metastasis are early detection and therapeutic improvements. 
Early detection involves the time between diagnosis and appearance of 
symptoms; novel molecular markers and imaging tools facilitate the 
process when in expert hands [4, 14, 15]. While surgery, chemotherapy 
and radiation are still the main treatments, some tumor types have 
shown success to more novel treatments – imatinib has been very 

Table 1 
Incidence (A) and mortality rates (B; both age-standardized (ASR) to the world population) in soft tissue and bone sarcomas from 2011–2020, separately for males (left 
part) and females (right part). Cumulative rate is shown in % and for age span 0–74 years. In the part (A), median age interval at diagnosis is also shown.  

A) Case numbers, incidence (ASR - world), median age, and cumulative incidence (%, 0–74) 
Males ASR Cum. inc Median age Females ASR Cum. inc Median age 

Soft tissue        
Denmark, 1212 2.5 0.25 65–69 Denmark, 964 2.1 0.21 60–64 
Finland, 1113 2.4 0.23 65–69 Finland, 868 1.6 0.16 65–69 
Norway, 983 2.4 0.23 65–69 Norway, 725 1.8 0.17 65–69 
Sweden, 1763 2.0 0.21 65–69 Sweden, 1312 1.5 0.15 65–69 
Bone        
Denmark, 389 1.2 0.10 50–54 Denmark, 284 0.90 0.07 45–49 
Finland, 299 0.88 0.08 50–54 Finland, 239 0.68 0.06 60–64 
Norway, 324 1.0 0.09 50–54 Norway, 254 0.83 0.07 50 
Sweden, 551 1.0 0.08 45–49 Sweden, 446 0.81 0.06 45–49 
B) Death numbers, mortality (ASR - world) and cumulative mortality (%, 0–74) 
Soft tissue ASR Cum. mort Females ASR Cum. mort 
Denmark, 362 0.74 0.08 Denmark, 322 0.64 0.07 
Finland, 408 0.78 0.07 Finland, 355 0.65 0.05 
Norway, 336 0.76 0.08 Norway, 306 0.66 0.07 
Sweden, 769 0.80 0.08 Sweden, 850 0.83 0.09 
Bone      
Denmark, 144 0.33 0.03 Denmark, 107 0.21 0.02 
Finland, 144 0.39 0.03 Finland, 79 0.16 0.01 
Norway, 140 0.38 0.04 Norway, 100 0.22 0.02 
Sweden, 239 0.35 0.03 Sweden, 169 0.23 0.02  
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successfully applied in gastrointestinal stromal tumors [4,32] and 
immunotherapy has gained popularity. While the role of immuno-
therapy is still being defined in sarcomas, there is rising interest in 
combinations of PD-1 inhibitors with standard-of-care treatments, 
especially chemotherapy [33]. Application of immunotherapy modal-
ities for sarcoma requires yet to identify and overcome the barriers 
posed by the sarcoma microenvironment to immunotherapy [34]. 

The limitations in the present study are lacking of information of the 
defined types of STS and BS which vary in their clinical presentation. 
Age distribution of sarcomas is variable and unfortunately the NORD-
CAN data do not allow age-specific survival analyses. However, the 
NORDCAN data are uniquely long in follow-time and allow estimation of 
the most recent survival figures up to year 2020. Sarcomas are a complex 
collection of tumors which require high diagnostic precision; this is a 
characteristic of the Nordic cancer registries as certified by the quality 
criteria of IARC [35]. 

In conclusion, we could document a steady 50-year improvement in 
survival in STS and BS in the Nordic countries. In STS 1-year survival in 
2016–20 was close to 90% and in BS it was a few % points lower. The 
overall improvement in 5-year survival in BS was somewhat better than 

survival in STS, and the final survival in women was equal in STS and BS 
reaching 70%. Male 5-year survival in STS also reached that level but 
male survival in BS remained at about 65%. The steady development in 
survival over the half century suggests contribution by stepwise im-
provements in diagnostics, treatment and care. The 10–15% mortality in 
the first year probably indicates diagnostic delays which could be 
improved by organizing patient pathways to aggressive rare diseases. 
Early diagnosis would also reduce metastatic disease but breakthroughs 
in treatment are yet to be hoped for most types of sarcoma, and treat-
ment of gastrointestinal stromal tumors provides a welcome exception. 
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indicate 95% credible interval. All curves are color coded (see the insert). 
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Fig. 5. Relative 1-, 5/1- and 5-year survival in Swedish men (a,b) and women (c,d) in soft tissue (a,c) and bone (b,d) sarcomas. The vertical lines mark a detectable 
change in the survival trends (‘breaking points’) and the bottom curves show estimated annual changes in survival. The curves are solid if there is > 95% plausibility 
that the curve grows or declines. Shadow areas indicate 95% credible interval. All curves are color coded (see the insert). 
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Appendix A. Supporting information 

Supplementary data associated with this article can be found in the 
online version at doi:10.1016/j.canep.2023.102449. 
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