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Abstract Purpose: The aims of this analysis were to
investigate the clinical features of extraskeletal osteo-
sarcoma (ESOS) and examine the outcome after multi-
modal therapy.Methods: The co-operative osteosarcoma
study-group database was searched for patients with
extraskeletal osteosarcoma. Eligible patients were in-
cluded in a retrospective analysis of patient, tumour and
treatment related variables and outcome. As for con-
ventional osteosarcoma, scheduled treatment included
surgery and multi-agent chemotherapy. Results: Seven-

teen eligible patients were identified with a median age of
44 years (range, 3–65 years). The thigh was the com-
monest tumour site. Two patients had a history of pre-
vious malignancies and two had primary metastases.
Median follow-up was 3.2 years (range: 0.6–7.4 years)
and at last follow-up, 11 patients were alive in complete
remission, 3 patients were alive with disease and 3 pa-
tients had died of their disease. Three-year overall actu-
arial and event-free survival rates were 77% and 56%,
respectively. Patients with macroscopically complete
surgical remission had an improved overall survival
(P=0.0004). Conclusions: The patients in this retro-
spective study had a surprisingly good survival rate. This
may be due to the combination of multi-agent chemo-
therapy with surgery, and we recommend this approach
in the treatment of ESOS.
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Introduction

Extraskeletal osteosarcoma (ESOS), also referred to
extraosseous osteosarcoma, is a soft tissue neoplasm
characterised by osteoid production, and which has no
attachment to bone or periosteum. ESOS is rare, com-
prising less than 5% of all osteosarcomas (Jensen et al.
1998). In contrast to skeletal osteosarcoma, which
mainly affects adolescents and young adults, ESOS is
uncommon in persons under 30-years-old and has been
associated with a poor prognosis (Sordillo et al. 1983;
Bane et al. 1990; Lee et al. 1995; Jensen et al. 1998). The
exact role of chemotherapy in the treatment of ESOS is
still being debated, and there is some uncertainty
regarding whether ESOS should be treated using regi-
mens designed for conventional osteosarcoma of bone,
or by regimens designed for soft tissue sarcomas (Ah-
mad et al. 2002; Wodowski et al. 2003). In this study, we
evaluated the clinical data of 17 patients with ESOS in
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Zürich, Switzerland

G. Jundt
Knochentumor-Referenzzentrum am Institut für Pathologie,
Universitätsspital Basel, Basel, Switzerland

A. Zoubek
St. Anna Kinderspital, Vienna, Austria

J Cancer Res Clin Oncol (2005) 131: 520–526
DOI 10.1007/s00432-005-0687-7



the database of the Co-operative German–Austrian–
Swiss Osteosarcoma Study Group (COSS), who were
treated according to COSS polychemotherapy and sur-
gery protocols.

Patients and methods

Patient eligibility

The co-operative osteosarcoma study group (COSS)
is an international, multi-centric group which has
performed prospective trials since 1977 (Winkler et al.
1984, 1988; Fuchs et al. 1998; Bielack et al. 1999, 2002).
The studies focussed on patients under 40 years of age
with primary, localised, high-grade central osteosarcoma
of bone, but other patients with osteosarcoma variants
or related cancers, such as malignant fibrous histiocy-
toma of bone, were also registered into the group’s
database and followed. All studies were approved
by the local ethics committee and/or the protocol
review committee of the German Cancer Society or
the German Ministry for Science and Technology.
Before the initiation of treatment, informed consent
was obtained from all patients or from their legal
guardians.

For this study, we searched the COSS database for
patients with histologically verified and previously un-
treated ESOS. Four of 21 patients with ESOS identified
from the database had to be excluded from this anal-
ysis, because they were only registered upon relapse,
leaving 17 eligible patients from 17 participating insti-
tutions in Germany (13), Austria (2) and Switzerland
(2), diagnosed between 1986 and 2002, who form the
basis of all further analyses. Radiologic images were
not available at the COSS study centre and no cen-
tralized radiology review was performed. Rather, the
classification as ‘‘extraskeletal’’ tumours was made by
the institutions registering the patients. In all patients,
the histologic diagnosis was made by the local pathol-
ogist from biopsy and/or resection material. Moreover,
12 tumour samples were reviewed by members of the
COSS pathology panel and two by other reference
pathologists, and the diagnosis of osteosarcoma was
confirmed in all cases.

Diagnostic staging

The protocols active in the period during which the 17
patients were registered all called for conventional
radiography and either computed tomography (CT) or,
preferred, magnetic resonance imaging (MRI) of the
primary tumour. Procedures prescribed to search for
primary metastases were a chest X-ray, a CT scan of the
chest and a 99Tc-methylene diphosphonate bone scan.
During the follow-up, imaging of the chest and the
primary tumour were to be repeated at regular intervals
specified in the respective treatment protocols.

Treatment plan

The objective of surgery was complete resection of the
primary tumour and, if present, resection of all metas-
tases. There were no specific guidelines for chemother-
apy for ESOSs, rather, these were treated according to
the COSS protocols for high-grade central osteosarcoma
active at the time of enrolment. Details of COSS pro-
tocols including chemotherapy administration and
modifications have been reported previously (Winkler
et al. 1984, 1988; Fuchs et al. 1998; Bielack et al. 1999,
2002). In brief, all COSS protocols active after 1986,
when the first patient with ESOS was enrolled, included
doxorubicin, cisplatin, ifosfamide and high-dose meth-
otrexate with leucovorin rescue. It was recommended to
restrict the use of methotrexate to patients less than
40 years of age. In COSS 96 with risk-stratified therapy,
carboplatin and etoposide were to be added in a defined
group of high-risk patients with large tumours and very
poor response to pre-operative chemotherapy. The
protocols called for pre-operative induction chemother-
apy and post-operative chemotherapy.

Evaluation methods

Assessment of patient, tumour and treatment-related
variables

The following variables, all collected prospectively, were
evaluated for their distribution in the patient cohort and
for possible correlations with outcome.

Patient age An age limit of 40 years was used to divide
between older and younger patients.

Patient sex This variable is self-explanatory.

Tumour site Extraskeletal osteosarcomas of the limbs
were compared with those of the trunk.

Tumour size This was estimated by the greatest tumour
dimension. Tumours <5 cm were compared with tu-
mours ‡5 cm.

Primary metastases Only patients in whom primary
metastases were proven by surgery or progression were
counted as having primary metastases.

Symptoms and their duration Most COSS protocols
included an assessment of symptom duration. Both the
onset of pain and of tumour-associated swelling were
documented, and the time interval between first symp-
tom and diagnostic biopsy was calculated to give the
symptom duration.

Best local surgical outcome This was retrospectively
classified according to the R-categories as defined by the
UICC, with R0 meaning no macroscopical or micro-
scopical residual tumour post-operatively, R1 meaning
microscopic and R2 macroscopic tumour residue.

Type of surgery This was classified as resection,
amputation or no operation.
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Number of operations This was the number of local
operations until best local surgical outcome was
achieved.

Complete surgical remission (local, metastatic and
total) A complete surgical remission was assumed only
when all detectable tumour foci were removed during
first-line therapy and if this removal was macroscopi-
cally complete. This was assessed for both local and
metastatic disease. Total complete remission was as-
sumed if macroscopically complete surgical remission of
all tumour sites had been achieved.

Tumour response Response to pre-operative chemo-
therapy was assessed histologically according to the
six-grade scale of Salzer–Kuntschik et al. (1983). The
distinction between good and poor response was set at
10% residual viable tumour.

Chemotherapy The chemotherapeutic agents and the
cumulative dose of each agent were recorded for each
patient.

Statistical analyses

All 17 eligible patients were evaluated on an intent-to-
treat basis. The cumulative probability of survival was
calculated using the Kaplan–Meier method (Kaplan and
Meier 1958) and the log-rank test (Goldin et al. 1966)
was used to compare the difference between survival
curves. Overall survival was calculated from the date of
the diagnostic biopsy until death from any cause, event-
free survival until relapse or death, whichever occurred
first. Patients who never achieved a complete surgical
remission were assumed to have suffered an event on the
first day after biopsy.

Results

Patient characteristics

All 17 eligible patients had high-grade ESOS. Two
ESOSs were diagnosed in the 1980s, nine in the 1990s
and six in the 2000s. The age of patients ranged between
3 years and 65 years (median, 44 years). There were six
patients under 40-years-old (age: 3, 12, 12, 15, 28 and
32 years). Ten patients were male and seven were female
(Fig.1).

Two patients had had a previous malignant disease.
One patient (Patient 2) had received chemotherapy and
a total dose of 40 Gy 10 years previously for non-
Hodgkin’s lymphoma of the neck. One patient (Patient
3) had undergone resection, chemotherapy and radiation
therapy with 46 Gy 11 years previously for Ewing sar-
coma of the left proximal thigh. Both patients developed
ESOS within the field of irradiation. Patient 12 was
initially diagnosed with myositis ossificans, and a diag-
nosis of ESOS was only made 7 months later. Fifteen

patients had localised disease at diagnosis and two pa-
tients had confirmed primary metastases: one patient
had liver metastases, and the other had pulmonary and
soft tissue metastases.

Information on symptoms was available in 11 pa-
tients. Four patients reported moderate/severe local
swelling only, three patients had pain and four patients
had both pain and local swelling. The median duration
of symptoms before biopsy was 62 days (range, 5–
562 days).

Ten tumours were located in an extremity and seven
were axial (Table 1). Tumour size could be estimated in
13 patients by the greatest tumour dimension. Median
tumour size was 7.5 cm (range, 0.2–40 cm). Eight tu-
mours were ‡5 cm and five were <5 cm.

Treatment

Details on local and systemic treatment are presented in
Table 2. Ten patients underwent resection of the
primary tumour, six patients had an amputation and
the osteosarcoma of the neck was inoperable. All oper-
ated patients achieved macroscopically complete local
remission, but a number of operations were often
necessary until best margins were achieved: nine patients

Fig. 1 Sex and age at the diagnosis of 17 patients with extraskeletal
osteosarcoma. Striped Males Dots Females

Table 1 Anatomic distribution of 17 cases of extraskeletal osteo-
sarcoma

Location Number

Lower extremity 8
Thigh (including near knee) 8
Upper extremity 2
Forearm 1
Arm/hand 1
Axial 7
Neck region 1
Shoulder girdle region 1
Breast 2
Retroperitoneal 1
Pelvic region (inc. groin) 2
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had one operation, six patients had two operations and
one patient had three operations. Microscopically clear
margins (R0 resection) were reported for 14 patients,
while microscopic contamination (R1 resection) was
reported for two. One of these received 66 Gy to the
tumour region post-operatively. Both patients with pri-
mary metastases had R0 resections of their primary tu-
mours, but neither achieved surgical clearance of their
metastases. Therefore, a macroscopically complete sur-
gical remission of all sites was achieved in 14 of the 17
patients.

Sixteen of the 17 patients received chemotherapy.
Information about the agents used were available for 15
of these 16. All of these 15 received doxorubicin (median
cumulative dose: 180 mg/m2, range: 90–360), ifosfamide
(median cumulative dose: 18 g/m2, range: 12–24) and
cisplatin (median cumulative dose: 300 mg/m2, range:
240–480) and 8 of them were treated with additional
high-dose methotrexate. Two patients received addi-
tional agents (Table 2). Only four patients received some
pre-operative chemotherapy, but information on re-
sponse to chemotherapy was only available for one pa-
tient, who had a good response (Grade 3, <10% viable
tumour) according to the criteria published by Salzer–
Kuntschik et al. (1983).

Survival analysis

After a median follow-up of 3.2 years (range: 0.6–7.4)
for all patients and 3.8 years (same range) for survivors,
14 patients were alive, for a 1 year survival estimate of

94% (standard error SE 6%) and 3- and 5-year survival
estimates of 77% (SE 12%) (Fig. 2). Ten of the 14 sur-
vivors were alive in first complete remission, 1 was in
second complete remission and 3 were alive with disease.
Five patients survived in a continuously disease-free
condition for more than 5 years.

At the time of analysis (June, 2004), three patients
had died, all of them due to progressive disease. These
three were the three patients who failed to achieve a
macroscopic surgical remission of their primary tumour
(one) or primary metastases (two).

Four of 14 patients who achieved a macroscopically
complete surgical remission during first-line treatment
later developed a recurrence, one of them with addi-
tional pulmonary, osseous, skin and soft tissue metas-
tases. One of the local recurrences occurred in a patient
with microscopically involved resection margins who
had received additional radiotherapy, and one each in
patients who had needed one, two or three operations to
achieve microscopically free margins.

Event-free survival estimates were 64% at 1 year
(SE 12%) and 56% at 3 and 5 years (SE 13%) for all
17 patients (Fig. 2); and 77% at 1 year (SE 12%) and
69% at 3 and 5 years (SE 13%) for the 14 patients
who achieved a first complete surgical remission
Fig. 3.

Overall survival was not significantly affected
(P<0.05) by any evaluated variable except for total
macroscopic remission: patients who did not achieve
total macroscopic remission were more likely to die be-
cause of their diseases (P=0.0004). None of the 5 pa-
tients with tumours £ 5 cm had an adverse event.

Table 2 Summary of patient treatment and outcome

No. Primary
tumor site

Best local
surgical
outcome

Number of
operations
until best
local outcome

Cumulative dose of chemotherapy First event
(years from
diagnosis)

Status and
follow-up
(years from
diagnosis)

DOX
(mg/m2)

MTX
(g/m2)

IFOS
(g/m2)

DDP
(mg/m2)

Other drugs

1 Forearm R0 1 270 12 12 300 – None CR1 (7.4)
2 Neck No surgery 0 90 12 12 300 – No CR (local) DOD (0.8)
3 Thigh R0 1 360 120 24 480 – None CR1 (6.4)
4 Thigh R0 3 90 0 12 240 – Local relapse (1.0) AWD (1.0)
5 Arm/hand R0 2 180 72 18 360 – None CR1 (6.3)
6 Thigh R0 1 180 0 18 360 – None CR1 (4.8)
7 Thigh R0 2 360 120 12 240 – None CR1 (5.9)
8 Breast R0 1 180 0 12 240 CARBO/ETO None CR1 (0.8)
9a Retroperitoneum R0 1 180 24 12 240 – No CR (mets) DOD (1.7)
10 Shoulder R0 2 ? ? ? ? ? None CR1 (5.2)
11 Thigh R0 2 360 0 24 480 – None CR1 (4.2)
12 Pelvis R0 1 360 0 24 480 – Local relapse

and mets (1.3)
AWD (3.2)

13a Thigh R0 1 90 0 18 360 – No CR (mets) DOD (2.3)
14 Pelvis R1 1 0 0 0 0 – None CR1 (2.5)
15 Breast R0 2 360 0 24 480 – None CR1 (0.9)
16 Thigh R0 2 90 36 21 240 CARBO, ETO,

VCR, ACTO
Local relapse (0.5) AWD (0.6)

17 Thigh R1 1 180 48 12 240 – Local relapse (0.7) CR2 (2.2)

Abbreviations: DOX doxorubicin, MTX methotrexate, IFOS ifosfamide, DDP cisplatin; CARBO carboplatin, ETO etoposide, VCR
vincristine, ACTO actinomycin D; CR complete remission, mets: metastases, DOD died of disease, AWD alive with disease. R0/R1 see text
aPatients who had primary metastases
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Discussion

Extraskeletal osteosarcomas is very rare, accounting for
approximately only 4% of patients with osteosarcoma
(Sordillo et al. 1983; Chung and Enzinger 1987; Bane
et al. 1990; Jensen et al. 1998). All of our patients had
high-grade osteosarcomas which are more common than
the low-grade form (Okada et al. 2003) and as in other
series (Sordillo et al. 1983; Chung and Enzinger 1987;
Bane et al. 1990; Lee et al. 1995; Jensen et al. 1998) the
most common primary tumour site for our patients was

the thigh. The other sites for ESOS in our patients, al-
though less common, have also been previously re-
ported, e.g. Cook et al. (1998) report ESOS of the hand,
and Silver and Tavassoli (1998) report a series of 50
osteosarcomas of the breast.

The median age of patients in our study was 44 years,
which is lower than the median age for patients with
ESOS reported in the literature, which ranges from 51–
67 years of age (Sordillo et al. 1983; Chung and Enzin-
ger 1987; Bane et al. 1990; Jensen et al. 1998; McCarter
et al. 2000; Ahmad et al. 2002). Furthermore, in contrast

Fig. 3 Overall (top) and event-
free (bottom) survival of 14
patients with extraskeletal
osteosarcoma who achieved a
macroscopically complete
surgical remission during first-
line treatment

Fig. 2 Overall (top) and event-
free (bottom) survival of 17
patients with extraskeletal
osteosarcoma
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to the literature, which states that ESOS is rare under
the age of 30 years (Sordillo et al. 1983; Bane et al. 1990;
Jensen et al. 1998; McCarter et al. 2000), in this series,
six patients were under 40 years of age, including four
under the age of 20 years. This is likely to be due to the
fact that the COSS studies mainly targeted children,
adolescents and young adults. We found no significant
correlation between age and survival, but the large
proportion of younger patients in our study should be
remembered when comparing our results with the liter-
ature. Most paediatric cases of ESOS are diagnosed
during adolescence and in our series, unlike other re-
ports (Wodowski et al. 2003), there is a male prepon-
derance. We are well aware that the lack of a centralized
radiology review in our as well as other reports might be
a target for criticism, but do not believe that relying on
the assessment of treating physician compromizes the
overall validity of the data.

Two of our patients had previously received radiation
therapy to the area where their ESOS developed. Radi-
ation therapy is a known predisposing factor for the
development of bone and soft tissue sarcomas, including
ESOS (Chung and Enzinger 1987), and the time interval
between radiotherapy and development of sarcomas can
be prolonged, with a mean interval of approximately
12 years (Sordillo et al. 1983; Logue and Cairnduff
1991). One patient was diagnosed with myositis ossifi-
cans 7 months prior to diagnosis of OS by biopsy. As in
this case, ESOS can be mistaken for myositis ossificans
(Chung and Enzinger 1987; Lee et al. 1995). However, a
number of cases of ESOS developing from myositis os-
sificans have also been reported (Sordillo et al. 1983;
Konishi et al. 2001).

All but one of our patients were treated with multi-
agent chemotherapy in combination with surgery, and
their treatment was more intensive than in most pa-
tients previously reported in the literature. Earlier ser-
ies, such as Sordillo et al. (1983), mainly studied
patients treated by surgery alone, although there was
often a subset of patients who received chemotherapy.
More recently, Ahmad et al. (2002) from the M.D.
Anderson Cancer Center studied 60 patients, of whom
27 with measurable disease were treated with doxoru-
bicin-based chemotherapy (8 patients also received if-
osfamide and 13 received cisplatin) and concluded that
response rates to doxorubicin-based systemic therapy
were low. However, Wodowski et al. (2003) report a
case of a 12-year-old patient with pulmonary metastases
who responded well to treatment with surgery, radio-
therapy and chemotherapy with vincristine, doxorubicin
and ifosfamide, and who remains disease-free 2.8 years
after diagnosis.

Although the COSS protocols prescribed pre-opera-
tive chemotherapy, almost all our patients received only
post-operative chemotherapy. One reason for this is
that, like in other recent series (Ahmad et al. 2002),
many patients had primary surgery without knowledge
of the histologic diagnosis, as evidenced by the frequent
need for re-operation. Furthermore, there may have

been some reluctance to give pre-operative chemother-
apy because of the older age of the patients and because
the limited information previously available indicated
that ESOS has a poor response to chemotherapy
(Ahmad et al. 2002).

There was no difference in overall or event-free sur-
vival between the patients treated with resection and
those treated by amputation. This therefore supports
Ahmad et al. (2002), who suggest that limb-sparing
surgical techniques can be applied to patients with
ESOS. No conclusions can be made regarding radio-
therapy, because only one patient received radiotherapy.
However, this patient did suffer a local relapse.

The outcome reported here for patients treated with
multi-modal therapy compares favourably to previous
series of patients treated mainly with surgery alone or
with surgery and less intensive chemotherapy. Only
three patients died in our series, giving a 77% overall
survival estimate at 5 years. In comparison, Lee et al.
(1995), Jensen et al. (1998) and McCarter et al. (2000)
studied patients treated mainly with surgery, and re-
ported 5-year survival rates ranging from <25% to
50%. Ahmad et al. (2002) reported a 5-year disease-
specific survival rate of 46% in a group of 38 patients
with localised disease, of whom 24 had some form of
chemotherapy (mainly doxorubicin-based).

Our small series did not show any statistically sig-
nificant prognostic factors except complete surgical
remission. In this series, all three patients who did not
achieve complete remission died. The commonest cause
of death was distant metastases, which is in agreement
with existing studies, with the lung being the most
common site (Lee et al. 1995; Jensen et al. 1998). Patient
12 had many metastases (pulmonary, soft tissue, osseous
and skin) and this supports the theory that skin metas-
tases may be a sign of widespread disease (Covello et al.
2003). Only one patient (Patient 12) developed distant
metastases after diagnosis. In comparison, distant
metastases developed in 60% of the patients reported by
Jensen et al. (1998).

In the patients from our group who managed to
achieve a complete surgical remission, most failures oc-
curred as local recurrences. Sordillo et al. (1983) noted a
local recurrence rate of 69% in patients followed for
more than 1 year, and more recently Lee et al. (1995)
and Jensen et al. (1998) reported local recurrence rates of
36–45%. The local failure rate observed in our series, 4
of 17, was similar to the 20% reported by Ahmad et al.
(2002).

Ahmad et al. (2002) suggest that cisplatin-based
chemotherapy is not active against ESOS and that the
response to doxorubicin is poor. They therefore con-
cluded that ESOS should be viewed as therapeutically
distinct from osseous osteosarcoma. However, the more
favourable results obtained with more aggressive multi-
agent chemotherapy in our series suggest that protocols
developed for osseous osteosarcoma may also be effec-
tive against ESOS, and we currently recommend that
patients with ESOS be treated with polychemotherapy
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regimens including doxorubicin, ifosfamide, cisplatin
and possibly methotrexate and adequate surgery.
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