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Incidence of and survival with bone and soft tissue sarcoma:
A nation-wide study over four decades

Demographic and environmental factors determine the
incidence of and survival with malignancies, including
sarcoma [1]. Accordingly, the annual incidence of soft
tissue sarcomas (STS) has markedly increased since the
early 2000s [2, 3]. Likewise, there appears to be an over-
all increase in the incidence of bone sarcomas (BS) since
1975 [4, 5]. In parallel, one study reports moderate improve-
ment in the survival of adult patients with BS and STS up
to 2007 [6]. Previous studies were often based on cancer
registries with low coverage rates [3, 7, 8], focused on lim-
ited time periods [3, 9, 10], or did not include data from
recent years [3, 6]. Thus, current data from high-income
European countries with an advanced health care system
on incidence and prognosis of sarcoma patients are scarce.
Consequently, the purpose of this study was to analyse
the incidence of and survival with BS and STS in the gen-
eral population of Austria from 1983 to 2020. A detailed
description of materials and methods is outlined in the
Supplementary Materials (Supplementary Materials and
Methods).

Across the 38-year observation period, 2,491 patients in
Austria were diagnosed with BS (Supplementary Tables
S1-S2, Supplementary Figure S1). Male-to-female ratio
was 1.27, favouring males (range over the years: 0.56-
1.23), which remained constant over time (P = 0.529;
Supplementary Table S3).

Throughout the observation period, mean age-adjusted
BS incidence was 0.80 per 100,000 (95% confidence inter-
val [CI]: 0.61-0.98; Figure 1A). We observed a significant
increase in incidence from 1983 to 2020, with an average
annual percentage change (AAPC) of 7.2% (95%CI: 6.2%-
8.5%; P < 0.001; Supplementary Table S4). Similar results
were obtained in a sensitivity analysis excluding the ini-
tial 7 years of the observation period (ie, 1983-1989; AAPC:
1.5% [95%CI: 1.0%-2.1%]; P < 0.001) and chondrosarcoma
diagnoses (AAPC: 5.8% [95%CL: 4.9%-7.2%]; P < 0.001;
Supplementary Figure S2A; Supplementary Table S4).

Abbreviations: AAPC, average annual percentage change; BS, bone
sarcoma; CI, confidence interval; STS, soft tissue sarcoma.

Age at diagnosis of BS followed a bimodal distribution,
with peaks in incidence around the age of 15 years and
70 years (Figure 1B), both in males and females (Supple-
mentary Figure S3A). Notably, a shift towards increased BS
incidence in older age groups was present in recent years
(Supplementary Figure S4A, Supplementary Figure S5A).
In a sensitivity analysis excluding all chondrosarcoma
diagnoses, a similar pattern was observed (Supplementary
Figure S2B).

Five-year relative survival was 65.9% (95%CI: 63.9%-
67.9%). No change in 5-year relative survival was found
from the first time period (1987-1990; 5-year relative
survival: 65.3% [95%CI: 50.7%-76.7%]) to the last time
period (2015-2020; 5-year relative survival: 66.7% [95%CI:
62.5%70.7%]; P = 0.735; Figure 1C). Of note, the youngest
age group (0-20 years) had better 5-year relative sur-
vival than the oldest age group (> 81 years; P < 0.001;
Supplementary Table S5, Figure 1C).

From 1983 to 2020, 11,893 diagnoses of STS had been
documented across Austria (Supplementary Tables S1-S2).
Over the years, male-to-female ratio ranged from 0.56
to 1.23, with an average of 0.86, and a significant trend
towards female predominance (P < 0.001; Supplementary
Table S3).

Age-adjusted incidence for STS amounted to 4.20
(95%CI: 3.72-4.68; Figure 1D). Over the entire observation
period, there was no change in incidence (AAPC: 0.1%
[95%CTI: -0.1%-0.3%]; P = 0.260; Supplementary Table S4).

Two age peaks in STS incidences were observed, one
small one in age groups 0-4 years, and a second, pro-
nounced peak from 75 years onwards (Figure 1E; Sup-
plementary Figure S3B). Notably, in recent years, there
was a shift towards higher incidences in older age groups
(Supplementary Figure S4B, Supplementary Figure S5B).

Five-year relative survival for STS was 53.6% (95%CI:
52.6%-54.7%). Over the entire observation period, 5-
year relative survival improved significantly (P = 0.001;
Figure 1F). A significant reduction in 5-year relative sur-
vival was observed between age groups 21-40 and 41-60 (P
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FIGURE 1 Incidence and survival of bone and soft tissue sarcoma patients across Austria. (A) Age-adjusted incidence rates for BS from
1983 to 2020 across Austria, based on average yearly population count as provided by Statistics Austria, and age-adjusted according to the
European Standard Population (2013 edition). The corresponding AAPC over the entire observation period, calculated with joinpoint trend
models, was 7.2% (P < 0.001). (B) Age distribution of BS incidences within Austria across 20 defined age groups from 1983 until 2020. The age
distribution of BS followed a bimodal shape. (C) Five-year relative survival adjusted for sex and age, for 8 distinct time periods based on the
period approach for BS (left panel). Based on Z-test, no significant difference in 5-year relative survival was present from first to last time
period (P = 0.735). Five-year relative survival for different age groups of BS (right panel). The youngest age group had a significantly better
5-year survival than the oldest age group. (D) Age-adjusted incidence rates for STS from 1983 until 2020 across Austria, again based on the
average annual population count as provided by Statistics Austria, and age-adjusted using the European Standard Population (2013 edition).
The resulting AAPC was 0.1% over the entire observation period, calculated with joinpoint trend models (P = 0.260). (E) Age distribution of
soft tissue sarcoma incidences in Austria over 20 age groups, covering the entire observation period. Soft tissue sarcoma incidence constantly
increased with older age groups. (F) Five-year relative survival (adjusted for age and sex) for soft tissue sarcoma patients (left panel)
calculated for 8 defined time periods based on the period approach. A significant improvement in 5-year relative survival was found from first
to last time period (Z-test; P = 0.001). Five-year relative survival for different age groups of soft tissue sarcoma (right panel). A constant
worsening in 5-year relative survival was evident from youngest to oldest age groups. Incidences are provided per 100,000 people. Relative
survival is given as percentages. Error bars depict upper 95% confidence interval. Bone sarcoma panels are shaded in green, and soft tissue
sarcoma panels in purple. Abbreviations: BS, bone sarcoma; AAPC, average annual percentage change; STS, soft tissue sarcoma.
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< 0.001), 41-60 and 61-80 (P < 0.001), and 61-80 and > 81
years (P < 0.001; Figure 1F; Supplementary Table S5).

We here report an increase in BS incidence in Europe
(average, 7.2% per year). The incidence of STS, on the other
hand, remained stable. Furthermore, we discovered a shift
in STS incidences from younger to older age groups, espe-
cially in more recent years of observation, aligning with
findings from Australia [2]. Similarly, a time-dependent
shift in the well-known bimodal age distribution [3] of
BS from younger to older age groups was present. This
shift appeared to be neither driven by the known peak
incidence of chondrosarcoma diagnoses between ages 40
and 60 years, nor by an increase in diagnoses of atypical
cartilaginous tumours (ACTs; chondrosarcoma G1).

We found constant 5-year survival rates in BS patients,
averaging 65.9%. In contrast, there was a trend towards
improved 5-year relative survival of STS patients from the
first (50.5%) to the last time period (57.4%), in line with
previous studies [2, 6, 7].

Our study has several strengths, including data deriv-
ing from a nation-wide cancer registry with standardised
reporting, internal review and low death-certificate only
rate. Further, the Austrian health care system is char-
acterised by low-key access to any level of the system,
and a relatively uniform public health sector with only
little variations between counties, ensuring country-wide
high-quality care.

Some limitations warrant consideration. First, num-
bers reported must be interpreted bearing in mind the
low population size of Austria (~9 million inhabitants in
2020). Second, we did not stratify our analyses according
to anatomical location, tumour grading or staging. Yet,
subgroup-specific analyses of incidence and survival rates
may be biased by low case numbers, changing diagnos-
tic criteria, enhanced diagnostics, and raised awareness.
Third, we observed a relative underreporting of sarco-
mas in general, and BS during the first few years of the
observation period that cannot be fully explained given
the compulsory entry of any patient with a cancer diag-
nosis in the Austrian National Cancer Registry. However,
sensitivity analyses excluding the first 7 years of the
observation period with lower reporting rate, as well as
all chondrosarcoma diagnoses (including both low- and
high-grade chondrosarcomas) yielded similar results. In
addition, an underreporting of sarcoma diagnoses in the
elderly population due to other, more predominant ill-
nesses, poor general health, and inability or reluctance to
consult medical professionals, cannot be ruled out. Yet, our
study design precludes definite evidence on this point.

Our findings suggest a growing health care burden due
to BS, given the expensive and time-consuming treatment
of these malignancies. This study shows that both BS and
STS are increasingly common in elderly individuals. Five-

year relative survival remained unchanged for BS patients,
while it significantly improved for STS patients, potentially
reflecting the increasing implementation of multimodal
treatment concepts.
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