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Time-trends on incidence and survival in a nationwide and unselected
cohort of patients with skeletal osteosarcoma
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ABSTRACT

Background. This study describes time-trends on epidemiology, subtypes and histopathological entities of osteosar-
coma (OS) in a nationwide and unselected cohort of OS patients in Norway between 1975 and 2009. Few nationwide
studies are published, and we still have particularly limited knowledge regarding patients not included in clinical trials
comprising about half of the OS population.

Method. Histologically verified skeletal OS for all subgroups were included, resulting in 473 eligible cases from a total
of 702 evaluated patients. To ensure completeness, the present cohort was based on all cases reported to the Norwegian
Cancer Registry, complemented with data from all Norwegian hospitals involved in sarcoma management. Survival
analyses were performed with overall and sarcoma-specific survival as endpoints.

Results. Mean annual age-standard incidence amounted to about 3.8 per million in male and 2.8 per million in female
with no clear time-trends. The male to female ratio was 1.4. Peak incidence was observed in the second decade for both
genders. Conventional OS comprised 71.2% of all cases, while low grade OS represented 10.4% and telangiectatic OS
only 1.3%. The most common primary site of OS was femur and tibia, respectively. The axial to appendicular ratio
increased with the age. The overall 10-year survival did increase from about 30% during the late 1970s to around 50%
20 years later, with no subsequent improvement during the last two decades. Axial tumours, age above 40 years and
overt metastatic disease at time of diagnosis were all negative prognostic factors.

Conclusion. No improvement in the overall survival for OS since the 1990s was documented. The survival rates are
still poor for elderly people, patients with axial disease and in the primary metastatic setting. The average incidence rate
of skeletal OS in Norway was in line with international figures.

Despite osteosarcoma (OS) being the most common
primary malignant bone tumour [1], it is a rare dis-
order that displays considerable heterogeneity and
appears as clinical entities showing a great span in
tumour biology and prognosis [2]. The incidence of
OS is bimodally distributed by age with a dominant
peak in adolescence and a smaller, less well-studied
one among the elderly [3]. The incidence rate among
children and adolescents appears to be relatively
consistent throughout the world but varies more at
older age [3].

Most commonly, OS affects the metaphyseal part
of long bones [2,4] as classical OS [5]; i.e. extremity

localised primary tumour, high grade histology, no
detectable metastasis at primary diagnosis and age
below 40 years. Most of OS clinical trials involve
just this cohort [5]. The implementation of adjuvant
chemotherapy in the late 1970s made important
progress in the treatment of high grade OS [6,7].
However, the prognosis is still grave for other sub-
groups of OS [5,7]. Many of these patients do not
receive adequate surgery because of a challenging or
inaccessible primary tumour sites or do not tolerate
aggressive chemotherapy due to high age.

To our knowledge, very few nationwide, population-
based studies have been published on clinical presen-
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tation and prognosis of OS [8—13]. Most studies are
solely based on Cancer Registries, institutional series
or experiences from cooperative sarcoma societies
[14,15]. Here we present all cases of skeletal OS in
Norway from 1975 until 2009 by use of multiple
sources. The selected time period coincides with the
introduction of effective modern multi-modal assess-
ment and treatment. Starting year of 1975 was cho-
sen to increase the number of patients and capture
the era well before the prospective clinical OS studies
began in Scandinavia [7].The last available inclusion
year was 2009.

The main purpose of this study was to calculate
time-trends on incidence rates and survival out-
comes. We have also studied the distribution of all
anatomical subgroups and histological sub-entities of
skeletal OS, including primary site of the disease and
the percentage of primary metastatic disease.

Material and methods
Patient data

The reporting of malignant neoplasms to the
Norwegian Cancer Registry (NCR) has been com-
pulsory since 1953 and the completeness has been
reported to be higher than 95% [16]. Due to the
reporting rules, with a unique individual 11-digit
identification number to every Norwegian resident
by the Statistics Norway since 1960, most cases are
prospectively reported from different sources to the
NCR. The database is continuously updated and
matched to information from the Cause of Death
Registry (CDR), and the National Registry on vital
status and migration.

OS NCR
544 cases

SCS NCR
59 cases

Other NCR
29 cases

Excluded cases (229 cases)
Diagnosed before 1975 (16 cases)
Just clinical diagnosis (3 cases)
Residency abroad (16 cases)
Bone OS not verified (194 cases)
Extraskeletal OS (36 cases)

SCS (104 cases)
Other diagnosis (54 cases)

h )

Evaluation of
histological reports
517 cases

Review of
histopathology

Data on bone cancers were extracted from the
NCR using the International Classification of
Disease for Oncology second edition (ICD-0-2).The
main codes for OS are M918 and M919.We have also
extracted data from spindle cell non-osteosarcomas
arising from bone tissue (SCS) in the gross material,
code M881, M883 and M889, and data from more
unspecific bone tumours, code M880 and M882 in
order to capture OS cases wrongly classified among
these ICD-codes. Further, International Classifica-
tion of Disease (ICD8) was used for cases diagnosed
from 1975 to 1978, International Classification of
Disease (ICD9) from 1979 to 1994, and Interna-
tional Classification of Disease (ICD10) from 1995
and onwards. The inclusion criteria for this study
required Norwegian residence and Norwegian per-
sonal identification number.

A total of 544 people were reported as OS includ-
ing all subgroups to the NCR from 1975 until 2009
and 59 people as SCS (Figure 1). Furthermore, 29
people were reported as more unspecific bone tumours.
This cohort was complemented with data from all hos-
pitals involved in sarcoma management in Norway,
mainly Norwegian Radium Hospital (NRH). The lat-
ter hospital, now part of Oslo University Hospital
(OUH), has since 1980 prospectively registered all
new sarcoma cases in its unique database comprising
a total of 348 cases of OS by the end of 2009 and 79
SCS for the same period. The gross study material
amounted to 702 cases (Figure 1).

Histopathology

Except for two cases with an obvious clinical and
pathological OS diagnosis confirmed by fine-needle

\ Gross material

OS 586 cases

SCS 116 cases

Total 702 cases

Already reviewed of
histopathology
185 cases

All subtypes of OS in
bone tissue
130 cases 473 cases

Figure 1. Flow chart showing the inclusion of skeletal osteosarcoma (OS) in the study, 1975-2009. NCR, The Norwegian Cancer Registry;
OUH, Oslo University Hospital; SCS, spindle cell non-osteosarcoma arising in bone.
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aspiration cytology [17], only histologically verified
OS in bone tissue were included in this study. All
cases were supplemented with clinical records. All
tumours for all subgroups were graded histologically
according to a four-grade malignancy scale [18] and
classified according to current WHO criteria [4],
with minor modifications. The aim was that all cases
should have been examined by at least two senior
sarcoma pathologists at a University Hospital, prefer-
ably by OUH, Haukeland University Hospital or by
an internationally distinguished colleague. The first
author (KB) identified all earlier patients having
undergone such a re-evaluation from the OUH. In
total 185 cases were either verified as OS in the OUH
sarcoma database, as part of the inclusion in one of
The Scandinavian Sarcoma Group (SSG) protocols
for osteosarcoma, or as part of other research
projects at the OUH. Third and last author (AB, @B)
re-evaluated all histological reports of the remaining
517 cases (702-185 cases). We have not retrospec-
tively reviewed radiographic images.

In total 229 cases were rejected and 130 were
retrieved from the files and re-examined by at least
one of four senior pathologists due to somewhat
questionable pathology reports. Among these, most
low grade or extraskeletal OS were re-considered if
they had not already got a final diagnosis by second
opinion at the Mayo Clinic. In total the net popula-
tion amounted to 473 cases (Figure 1).

Third and last author (AB, @B) determined the
dominating morphological phenotype for all sub-
types of OS based on the histological reports. Excep-
tions were the cases of parosteal, periosteal and
small cell OS.The reports from primary biopsy were
compared with successive surgical specimens. A
mixed phenotype was introduced when there was no
obviously dominating phenotype.

Qualiry control

Multiple and partially overlapping data and registry
sources supplemented with clinical data regarding
treatment and follow-up, survival and cause of death
ensured completeness and good quality. The current
database included information relevant for this study:
gender, age at diagnosis of OS, anatomic localisation
of primary tumour, histological subtype of OS includ-
ing phenotypical differentiation, grade of histology,
metastases at the time of diagnosis, pathological frac-
ture, previous cancer treatment, predisposition for OS,
status follow-up, date of death and cause of death.
Time of diagnosis was the starting point in calcu-
lation of overall survival and sarcoma-specific survival
(SSS). Date and cause of death was primarily retrieved
from CDR. A total of 234 people died due to OS, i.e.
82.4% of all deaths in the cohort per November 2013.

However, when other clinically available information
was scrutinised, we found that additional 22 patients
died due to OS. Hence, 256 people died from OS,
i.e. 90.1% of all deaths, and this number was used in
the calculations regarding SSS.

The closing date for the cohort was set to
November 2013 regarding date of death. The end-
point for survivors was July 2013 due to a common
registration delay at the CDR. The mean/median
follow-up time for survivors was 18/17 years. All
clinical follow-up data were updated as close to the
closing date as possible. One emigrated patient was
censored at date of last follow-up.

Time of diagnosis was based on data from the
NCR, which is dependent on several aspects, first
of all time of biopsy. However, we have controlled
these figures against corresponding results from the
OUH database. Here the date of diagnosis to a
larger degree equals time of biopsy report. We
accepted up to 60 days of difference between these
two sources. All larger deviations were further re-
examined in addition to all cases with a verified
metastatic disease few weeks after primary diagno-
sis. We defined metastasis within six weeks from
primary diagnosis as overt metastasis at time of
diagnosis. Thus, time of diagnosis may influence on
the question regarding primary metastatic disease
within this context.

Statistical methods

The database was made by using Microsoft Office
Excel 2010 and later Microsoft Office Access 2003.
The statistical analyses were conducted using SPSS
version 21 (SPSS, Inc., Chicago, IL, USA) and Stata
version 13.1 (Stata corporation, College Station, TX,
USA). Survival analyses were performed using the
Kaplan-Meier method with overall survival and SSS
as endpoints. The log-rank test was used to compare
survival curves. The incidence calculations were
based on the WHO-age standard incidence rate per
million per year, and the results are presented as
three-year moving average.

Ethical approval

The database is located at the NCR. Only relevant
data that is regulated by the NCR legislation were
included. The Regional Ethical Committee was
informed, although the study did not require a
formal ethical approval. The Cancer Registry Data
Delivery Unit approved the use of these data for
international publishing. However, the interpretation
and reporting of these data are the sole responsibility
of the authors, and no endorsement by the NCR is
intended nor should be inferred.
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Results
Clinicopathological data

We attempted to secure a complete population-based,
nationwide and unselected cohort of bone OS
patients. The net population amounted to 473 cases,
from a gross study material of 702 cases (Figure 1).
In total 586 OS patients were identified, all sub-
groups included. Hence, our approach, using differ-
ent data sources, increased the gross number of OS
patients by 42 cases (7.2%) compared to the 544
cases reported to the NCR (586544 cases). Of these
patients, 28 were nevertheless reported to the NCR,
but by use of wrong ICD-0-2 codes. The remaining
14 cases had residency abroad and were correctly
excluded from the NCR. All excluded cases due to
wrong diagnosis are presented in Table I.

Incidence

The average incidence rate for skeletal OS in both
genders was slightly above 3.3 per million for the
period 1975-2009. The male to female ratio was
1.4 for all patients; 1.7 for age under 40 years and
0.9 for elderly patients. Age standardised rates fluc-
tuated within a range of about two to five per mil-
lion over the period in males, and about one to four
in females with no clear time-trends (Figure 2A).
The incidence peaked in males at age 15-19 and in
females at age 10-14 (Figure 2B). The frequency of
OS patients was independent of geographic residence
in Norway.

Table I. Cases not verified as bone osteosarcoma.

Cases %
Spindle cell non-osteosarcoma arising from 104 53.6
bone tissue
Spindle cell non-osteosarcoma arising from 7 3.6
soft tissue
Spindle cell non-osteosarcoma, uncertain 1 0.5
origin
Extraskeletal osteosarcoma 36 18.6
Chondrosarcoma 12 6.2
Chondrosarcoma with a component of 1 0.5
osteosarcoma
Chondroblastoma 1 0.5
Carcinosarcoma 4 2.1
Adenocarcinoma 3 1.5
Ewing sarcoma 3 1.5
Giant-cell tumour of bone 2 1.0
Chordoma 1 0.5
Liposarcoma 1 0.5
Mesothelioma 1 0.5
Mesenchymal tumour 1 0.5
Neuroblastoma 1 0.5
Osteoblastoma 1 0.5
Unclassified sarcoma 3 1.5
Uncertain diagnosis, but not osteosarcoma 8 4.1
Not representative biopsy 3 1.5
Total 194 100

Histopathology

All verified cases of OS in bone are presented in
Table II. We did not identify any high grade surface
OS, which is a rare entity [4].Ten cases of low grade
OS of maxilla and mandible were classified among
the OS of the jaw since they did not fit the entity
low grade central OS. Of these, one had osteoblas-
tic differentiation, five chondroblastic, one fibro-
blastic and three with a mixed phenotype, respectively.
In addition we registered 19 cases as low grade cen-
tral OS, even though seven of these were located in
flat or small bones (clavicle, metacarp, costa, scap-
ula, columna vertebralis and pelvis). The low grade
central OS were subtyped as osteoblastic (12), chon-
droblastic (1), fibroblastic (4), mixed (1) and not
otherwise specified (1). Six OS underwent subse-
quent transformation from low to high grade OS
during follow-up, of these three low grade central,
one low grade of the jaw and two parosteal OS.

Among the group of osteosarcoma predisposing
factor (OPF) we included radiation-induced OS and
patients with predisposition for OS, i.e. retinoblas-
toma, Paget’s disease, Li-Fraumeni syndrome, fibrous
dysplasia and lastly a more unclassified group. The
high grade OS cases with OPF comprised 33 cases
of radiation-induced OS, four cases of Paget’s dis-
ease, two cases of verified Li-Fraumeni disease, three
case arising from previous fibrous dysplasia and four
cases of retinoblastoma. Among the latter, two cases
were in combination with previous radiotherapy. In
seven cases, we just had an indication of a hereditary
predisposition for OS, but not a genetically con-
firmed syndrome. The low grade OS cases with OPF
included one osteoblastic, two chondroblastic and
one fibroblastic subtype.

Anatomic localisation

The distribution of OS according to primary
anatomical site of disease is shown in Table III.
Distribution of age and primary site of OS at diag-
nosis is presented in Figure 3. We observed a sub-
stantial decrease in the percentage of extremity
skeletal localisation among the elderly OS patients
compared to teenagers and young adults. Univariate
logistic regression with axial versus extremity locali-
sation as dependent variable and age as continuous
covariate gave a significant result (p <0.001).

Survival analysis

We confirmed the well-known increase in long time
survival since 1975 due to multidisciplinary team
and multimodal treatment including chemotherapy
(p=0.017) shown in Figure 4A. Nevertheless, no
improvement since the 1990s was found when we
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Figure 2. Three-year moving average of age-standardised incidence rates of osteosarcoma (males, females and both genders) in Norway,
1975-2009 (A). Age-specific incidence rates of osteosarcoma (males, females and both genders), 1975-2009 (B).

just compare the survival for the two last decades
(p =0.889). We observed an increased overall sur-
vival in patients younger than 40 years during the
whole time period (p=0.001), as illustrated in
Figure 4B, in contrast to elderly patients (p = 0.08),
data not shown. The overall survival after 10 years
for those over 40 years was 22.4% and only 10.1%
after 30 years. Correspondingly, the overall survival
of the whole study population amounted to 44.0%
after 10 years and 34.0% after more than 30 years.
Presence of metastasis at the time of diagnosis clearly
worsened the survival with a five-year overall survival
of just 13.8%.

Table IV shows the results of univariate analysis
of five-year SSS by decades of diagnosis, gender, pri-
mary site, age, metastasis at time of diagnosis and
subtypes of OS. Axial tumour, age above 40 years at

the time of diagnosis and primary metastatic disease
were all significant negative prognostic factors. Per-
centage of survival was also dependent of subtype of
OS, e.g. 30.7% of patients with OPF were alive after
five years, with even worse prognosis among
34 patients with radiation-induced OS (25.5%)
including one case of low grade OS. The average age
at diagnosis for the latter group was 54.5 years, with
an axial to appendicular ratio of 4.7. In contrast,
91.7% of all patients with low grade OS were alive
five years after time of diagnosis.

Discussion

This study presents incidence rates and survival out-
comes in a complete nationwide cohort of Norwe-
gian bone OS patients by including all registered OS
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Table II. Histological subtypes of the osteosarcomas (OS) included in the cohort, mainly based on the

present WHO classification, 1975-20009.

1975-1979  1980-1989  1990-1999  2000-2009 Total %
Conventional OS 51 108 78 100 337 71.2
Osteoblastic 22 54 36 46 158
Chondroblastic 7 15 9 11 42
Fibroblastic 7 5 6 17 35
Mixed 15 30 23 25 93
NOS? 4 4 1 9
OS of the jaw 2 5 15 9 31 6.6
Osteoblastic 2 1 1 2 6
Chondroblastic 1 2 3 6
Fibroblastic 2 1 3
Mixed 1 3 1 5
NOS? 1 1
Low grade histology 2 6 2 10
Telangiectatic OS 3 2 1 6 1.3
Parosteal OS 2 5 9 4 20 4.2
High grade 1 1 2 4
Low grade 1 5 8 2 16
Periosteal OS 2 2 0.4
Small cell OS 1 2 3 0.6
Low grade central OS 2 4 8 5 19 4.0
OS with OPF®, high grade 6 10 13 22 51 10.8
Osteoblastic 3 6 4 13 26
Chondroblastic 3 3 6
Fibroblastic 1 1 1 3
Mixed 2 1 5 3 11
Telangiectatic 1
NOS? 1 3
OS with OPFP, low grade 4 4 0.8
Total 67 136 125 145 473 100

anot otherwise specified; Posteosarcoma predisposing factor.

patients at NCR and OUH as well as OS treated at
other Norwegian hospitals during modern chemo-
therapy era. All excluded cases are presented, and
unlike most publications, all histological subgroups
of skeletal OS are included. All except
130 cases were diagnosed by at least two senior sar-
coma pathologists at a University Hospital at pri-
mary diagnosis and were not re-evaluated like in the
Finnish studies [9,10].The remaining 130 cases were
histologically re-examined in connection to our study

Table III. Distribution of osteosarcoma according to primary site
of disease, 1975-2009.

Cases %
Humerus 36 7.6
Radius, ulna 6 1.3
Femur 186 39.3
Tibia 84 17.8
Fibula 20 4.2
Skull and facial bones 13 2.7
Mandible and maxilla 41 8.7
Costa 20 4.2
Scapula, sternum, clavicle 9 1.9
Columna vertebralis 12 2.5
Pelvis, sacrum 40 8.5
Other 6 1.3
Total 473 100

with two exceptions regarding fine-needle aspiration
cytology.

The average incidence rates of OS in our cohort,
about 3.8 per million in male and 2.8 per million in
females, are in line with a previous large interna-
tional study [3], though substantially higher than
reported by Sampo et al. [9]. The dropout ratios in
the Finnish studies [9,10] were significant higher
than in our study (Table I), especially in their first
publication [10]. This may partly explain their lower
OS incidence.

We confirmed a decrease in the overall male to
female ratio of OS among elderly compared with
the younger age groups [3], in contrast to Whelan
et al. [11]. We observed no significant change in the
incidence across all groups since 1975, in line with
the analysis of Whelan et al. [11]. The peak in ado-
lescent patients occurred earlier in females than in
males due to earlier puberty, as reported through-
out the world [3].

Interestingly, we did not confirm the clear bimodal
distribution found in previous studies [3,11]. This
may be related to a very low incidence of Paget’s
disease among elderly in Norway compared to
several other countries. Paget’s disease is considered
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Figure 3. Distribution of age and primary site of osteosarcoma at diagnosis, 1975-2009.

to represent about half of all cases of OS in patients
aged 60 years or older [4]. According to Colina et al.
there is a marked geographic variation observed in
the prevalence of Paget’s disease, with a particular
high prevalence noted in the UK, Australia, New
Zealand and USA [19]. Mirabello et al. also reported
a comparatively lower second incidence peak among
elderly in Europe, excluding UK [3].

OS is usually of high grade malignancy [1,2] and
accounted for 89.6% of all OS in our cohort. The
conventional type is the most common OS, and com-
prised 79.5% of all high grade OS and 71.2% of all
OS in the cohort, somewhat lower than previously
reported [20].This difference may partly be explained
by our minor modifications of the current WHO cri-
teria [4] concerning OS of the jaw and OS cases with
OPF. We observed about the same relative incidence
of fibroblastic and chondroblastic phenotypes with
the highest frequency being the osteoblastic variant
(Table II), as previously reported [1,4].

In contrast, we found just 1.3% of the total cases
to be of the telangiectatic type of OS, excluding one
case with OPF, a clearly smaller proportion less than
4% previously reported [1,4]. Correspondingly,
Sampo et al. presented nine cases of telangiectatic OS
from 1970 to 2005, i.e. 2.9% of all confirmed OS
[9,10]. The deviations from previous findings may be
related to the fact that we only included “clean”
telangiectatic OS in our cohort. We had at least 10
cases of “mixed” phenotype where telangiectatic OS
poses one of several differentiation patterns, classified
as conventional OS (Table II). Histological examina-
tion is subjective with poor intra- and inter-
reproducibility [21]. This may also explain some of
the differences. Two of seven telangiectatic OS in our
cohort had pathological fracture at clinical presenta-
tion, as reported in the literature [4].

OS is the most common radiation-induced
sarcoma [4], representing 7.2% of all OS in our

cohort; somewhat larger than earlier publications
[1,4]. The prognosis of these patients is poor com-
pared to the other subgroups of OS. In that respect,
both a high percentage of axial localisation and
relatively high age at time of diagnosis seemingly
worsened the outcome.

Low grade OS is divided into parosteal and low
grade central OS according to WHO [4]. In total
10.4% of all cases in the current study were low
grade OS, excluding four cases of high grade parosteal
OS, about the same level as Sampo et al. [9]. As
previously mentioned, low grade OS arising in the
jaw and cases with OPF were grouped into separate
entities. Still 19 cases were registered as low grade
central OS, which is approximately three times higher
than earlier reported [4].

The most common primary sites of OS are the
long bones of the limbs, as observed in most former
series [1,2,8,11]. The axial to appendicular ratio,
independent of age, was 0.4 in this study in line with
two previous publications from Norway and Finland
[9,22], but higher than other findings [7,8,10,12].
We confirm a higher percentage of axial tumours in
elderly people [7,11].

The multimodal treatment approach of OS from
the late 1970s [6,7] explains the increased overall sur-
vival in our study (Figure 4A). The improvement
mainly gained younger patients. We found no improve-
ment in the overall survival since the 1990s among
all age groups, which is in agreement with Whelan
et al. [11] and Sampo et al. [9]. A recent review con-
cluded that modern chemotherapy in conjunction
with surgery has reached a plateau phase since the
1980s, with about 60-70% five-year event free sur-
vival in extremity localised non-metastatic disease,
and with a poorer prognosis for other groups [7].

Patients with non-extremity OS have a worse out-
come than primary disease located within the appen-
dicular skeleton [7,11,22], as confirmed in our study
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Figure 4. Overall survival for the whole study population (A) and
under 40 years at the time of diagnosis (B) dependent of time of
diagnosis, 1975-2009.

(Table IV). We also confirmed the poor prognosis in
patients over 40 years [5,7,8,11], often linked to a
higher rate of axial tumour, more frequent metasta-
ses at presentation, and decreased tolerance of che-
motherapy [7]. Grimer et al. have demonstrated that

patients over 40 years old ideally should be treated
similarly to those in the younger age group; aggres-
sive chemotherapy and complete surgical resection
whenever possible [23]. Hence, it is not age as such
that affects the survival for elderly people [23].
Patients with metastatic disease at the time of
diagnosis had a dismal outcome. Approximately 18%
of all patients in our study had metastatic disease at
the time of OS diagnosis, comparable to other studies
[7,8,24]. We found neither clear time-trends from
1975 to 2009, nor any major differences dependent of
axial versus appendicular skeleton. Five-year overall
and SSS for primary metastatic OS was 13.8% in line
with Curry et al. [8] and Mialou et al. [25].
However, direct comparison is difficult to evaluate due
to multifactorial differences between these studies.
The strength of the present study, in our opinion,
is the validated reliability of the database due to mul-
tiple and partially overlapping data and registry
sources supplemented with clinical data from all
Norwegian hospitals involved in sarcoma manage-
ment. We have conducted a total re-evaluation of all
histological reports for the whole cohort but only
approximately 20% of all cases were formally re-
examined histologically as part of this project. We
cannot rule out that the quality could have been even
better with a full uniform histological re-examination
of all cases in the cohort. However, a consequential
and significant disadvantage of such an approach is
the potential lack of available histological specimens
for re-examination. This might be an even larger

Table IV. Five-year sarcoma-specific survival (SSS) for patients according to different characteristics of

osteosarcoma (OS), 1975-2009.

Number of Five-year
patients SSS in% 95% CI* in % pP
Time of diagnosis 0.003
1975-1979 67 35.6% 24.3-47.0%
1980-1989 136 45.0% 36.4-53.2%
1990-1999 125 56.8% 47.7-64.9%
2000-2009 145 58.7% 50.2-66.2%
Gender 0.603
Male 273 49.6% 43.4-55.5%
Female 200 52.8% 45.7-59.4%
Axial vs. extremity <0.001
Axial 135 39.8% 31.4-48.1%
Extremity 338 55.4% 49.9-60.5%
Age at diagnosis <0.001
<40 years 328 57.6% 52.1-62.7%
> 40 years 145 36.0% 28.2-43.8%
Metastasis at diagnosis <0.001
No 379 60.6% 55.5-65.3%
Yes 85 13.8% 7.4-22.1%
Type malignant bone lesion <0.001
Conventional OS 337 48.1% 42.7-53.3%
Low grade OS 49 91.7% 79.3-96.8%
OS with OPF¢, high grade 51 30.7% 18.7-43.6%

aconfidence interval; Plog-rank test; costeosarcoma predisposing factor.
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problem in nationwide, population-based studies
than studies based on, e.g. institutional series or
experiences from cooperative sarcoma societies.

In conclusion, our incidence rate is in line with a
large previous study [3], despite lack of a clear
bimodal age distribution. We found no improvement
in the overall survival since the 1990s. The survival
rates are inferior in elderly people, patients with axial
disease and patients with metastatic disease at diag-
nosis. Hence, novel strategies for treatment of OS are
needed to further improve outcome.
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