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ABSTRACT

Purpose: To describe epidemiological and clinical characteristics, as well as long-term treatment outcomes of
spindle cell non-osteogenic bone sarcomas (SCS), comprising leiomyosarcoma, fibrosarcoma and un-
differentiated pleomorphic sarcoma in bone.

Method: We have analysed a nationwide cohort of 104 patients with histologically verified SCS diagnosed be-
tween 1975 and 2009, based on registry sources supplemented with clinical records from Norwegian hospitals
involved in sarcoma management.

Results: In this unselected cohort, a stable annual incidence for SCS patients of slightly below 0.6 per million was
observed, with a dominant peak among elderly patients. SCS is mostly a high-grade malignancy (92%) with a
male to female ratio of 1.6 for all patients. The axial to appendicular ratio was 0.7, seemingly independent of
age. More than one fourth of the patients (29%) had primary metastatic disease. Another 32 patients (46%)
developed metastases during follow-up and 12 (17%) experienced local relapses. The five-year sarcoma-specific
survival rate was 37%, with no documented improvement over time. Primary metastatic disease was an adverse
prognostic factor for survival. Predisposing factors were documented in 19 patients (18%). Negative prognostic
factors for overall survival were tumour size >9 cm, age > 40 years, axial tumour localization, FS as subtype
and pathologic fracture at time of diagnoses. As expected, patients who received both surgery and chemotherapy
as their primary treatment for high-grade SCS (25%) significantly had best sarcoma specific five years survival
(62%).

Conclusion: We confirm SCS as a rare high-grade bone sarcoma entity, mostly among elderly patients and with a
poor overall outcome. The combined treatment of surgery and chemotherapy is essential to achieve optimal
long-term survival of SCS.

1. Introduction

chemosensitivity [7].
The purpose of this study was to describe the epidemiological and

Spindle cell non-osteogenic bone sarcomas (SCS) comprises a small
and heterogeneous group of malignant tumours including fi-
brosarcomas (FS), leiomyosarcomas (LMS), angiosarcoma and malig-
nant fibrous histiocytoma, the latter currently classified as un-
differentiated pleomorphic sarcoma (UPS) [1-3]. SCS share several
common features with osteosarcoma (OS) [4,5], but with an even
greater span in tumour biology and prognosis [4,6]. So far, only small
series of patients with SCS have been reported [2-4,7]. The currently
recommended management of high-grade SCS involves neoadjuvant
chemotherapy followed by surgical removal of all detectable disease
and postoperative chemotherapy [1], in line with the existing protocols
for OS [1,8,9]. UPS and OS seemingly show similar survival and

clinical characteristics related to treatment outcomes of FS, LMS and
UPS in bone in an unselected Norwegian cohort diagnosed between
1975 and 2009. To our knowledge, no nationwide study on SCS has
previously been published.

2. Patients and methods
2.1. Patient cohort
The patient material here studied is based on multiple sources of

information, including data from the Norwegian Cancer Registry (NCR)
[10]. The reporting of malignant neoplasms to the NCR has been
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Table 1
Characteristics of patients with spindle cell non-osteogenic bone sarcoma.
All patients UPS (%) FS (%) LMS (%)
(%)
All patients 104 65 25 14
Gender
Female 40 (38) 26 (40) 7 (32) 7 (50)
Male 64 (62) 39 (60) 18 (68) 7 (50)
Axial versus extremity
Extremity 62 (60) 45 (69) 12 (48) 5 (36)
Axial 42 (40) 20 (31) 13 (52) 9 (64)
Age
< 40 years 20 (19) 9(14) 8 (32) 3 (21)
> 40 years 84 (81) 56 (86) 17 (68) 11 (79)
Primary metastatic disease” 28 (29) 19 (31) 6 (27) 3(21)
Malignancy grade
Low-grade 8 (8) 3(5) 3(12)° 2014
High-grade 96 (92) 62 (95) 22 (88) 12(86)
Tumour size”
<9 cm 38 (58) 27 (59) 8 (73) 3 (37)
>9 cm 27 (42) 19 (41) 3(27) 5(63)
Median/mean size in cm 8/9 8/9 6/8 9/8
Range in cm 3-25 3-25 3-20 3-13
Duration of symptoms”
<6 months 53 (60) 36 (69) 9 (40) 8 (57)
>6 months 35 (40) 16 (31) 13 (59) 6 (43)
Median/mean length in 4/6 3/5 7/9 5/6
months
Range in months 0-36 0-36 0-24 0-24
Pathologic fracture 23 (22) 13(200 7 (28 3(21)
Predisposing factors 19 (18) 16 (25) 2(8) 1(7)
Previous radiation 14 (13) 13 (20) 1(7)
Other 5(5) 3(5) 2(8)
Years of diagnosis
1975-1979 12 (11) 30 8 (32) 1(7)
1980-1989 28 (27) 18 (28) 7 (28) 3 (21)
1990-1999 30 (29) 22 (33) 3(12) 5 (36)
2000-2009 34 (33) 22 (33) 7 (28) 5 (36)

@ Seven cases had missing information regarding primary metastatic disease
and were not included.

b Missing values equal the difference between the summarized numbers in
the second column and the total patients in the study.

¢ Two cases underwent transformation from low to high-grade FS during
follow-up.

compulsory since 1953, and the completeness has been reported to be
higher than 95% [11]. 104 cases of SCS, embracing FS, LMS and UPS
were identified based on histological reports from a gross study mate-
rial that amounted to 702 patients with SCS and OS [12-14] between
1975 and 2009, including patients with sarcoma predisposing factor
[10]. All questionable cases were histologically re-examined as part of
this work, including immunohistology of these tumours in relevant
cases [10]. The database is located at the NCR.

2.2. Demographic and tumour related variables

The characteristics of patients with SCS are presented in Table 1. We
did not identify any primary angiosarcoma in bone in the present study,
related to the selection criteria applied in the entire spindle cell sar-
coma cohort in bone [10]. Most patients were treated at the Norwegian
Radium Hospital. As expected, we have not reached full completeness
regarding clinical information for all patients in the study.

All tumours were graded according to a four-grade malignancy scale
[15] and classified according to current WHO criteria [2]. Malignancy
grade was dichotomised between low-grade (grades I and II) and high-
grade (grades III and IV) tumours [2,15]. Duration of symptoms was
defined as the interval in months between first symptoms and time of
biopsy. Tumour size was measured at the maximum length of the tu-
mour in cm, either radiography or surgery/histology. We defined me-
tastasis that evident within six weeks of primary diagnosis as primary
metastatic disease [10]. Information regarding development of
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metastasis and/or local recurrence during follow-up, was based on
radiographic images, biopsy or fine needle aspiration cytology in most
cases [10]. Date and cause of death was primarily retrieved from the
Cause of Death Registry (CDR).

2.3. Treatment variables

Surgery. Surgical treatment was classified between amputation,
surgical excision and stabilizing osteosynthesis. The latter was a treat-
ment option in a few cases due to high age and/or disseminated disease
at time of diagnosis. Best local margins were evaluated as free or po-
sitive. The former implied surgical removal of the primary tumour with
wide or marginal margins as described by Enneking et al. [16] while an
intralesional margin [16] and/or residual macroscopic tumour were
categorized as positive margins. We have regarded marginal margin as
“adequate” taking into consideration that this is a nation-wide cohort
with patients treated at several institutions and over a long time-frame,
despite this is not the “gold standard” in sarcoma surgery. Our goal was
to rule out patients with no surgery and/or clearly positive histological
margins or remaining macroscopic tumour tissue left behind. Patients
with metastatic disease at the time of diagnosis must have achieved
complete surgical remission with free margins for both their primary
tumour and metastasis in order to be classified as having received
adequate surgery.

Chemotherapy. Patients received chemotherapy either at primary
diagnosis and/or due to metastasis or local recurrence during follow-
up. Most patients were treated according to the CYVADIC [17] regime
or seven other consecutive chemotherapy protocols running during the
study period; i.e. SSG II [18], SSG VIII [19], SSG XIV [20], ISG/SSG I
[21], Euroboss I [22] or EURAMOS-I [23,24]. Patients not treated ac-
cording to the protocols were considered for individualized che-
motherapy, adjusted for age and toxicity. In the current study, it was
neither possible to report cumulative doses of chemotherapy nor to
study any impact dose-intensity might have had on outcome, as pre-
viously reported for osteosarcoma [12].

Radiotherapy. A curative treatment intent was defined as fractio-
nated radiotherapy or brachytherapy following surgery, for either the
treatment of a primary tumour or a local recurrence, otherwise con-
sidered as palliative treatment.

2.4. Statistical analyses

The incidence calculations were based on WHO-age standard in-
cidence rate per million per year, and the results were presented as five-
years moving average. Chi square analyses (%) or Fisher’s exact tests
(F) were used to compare unrelated samples when appropriate. Survival
analyses using Kaplan—-Meier estimates, log-rank test and Cox regres-
sion were used to analyse overall survival and sarcoma specific survival
(SSS). To identify the interactions between different prognostic factors,
both univariate and multivariate Cox regression were applied.

Overall survival was calculated from date of diagnosis until death
from any cause, while sarcoma specific death or treatment-related
death was the endpoint of SSS. The endpoint for all follow-up in this
study was set to January 2018 using updated registries, to prevent bias
due to non-identical follow up of patients with few or frequent ap-
pointments. The mean and median follow up time for survivors were 19
and 18 years, respectively, range 8-34 years. All clinical follow-up data
were updated as close to the closing date as possible.

Statistically significant prognostic variables in univariate analysis
were included into multivariate backward Cox-regression analyses. The
Cox proportion hazard assumption was evaluated using Kaplan-Meier
plots. The statistical analyses were conducted using SPSS version 21
(SPSS Inc., Chicago, IL) and Stata version 13.1 (Stata corporation,
College Station, TX).
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Fig. 1. Five-year moving average of age-standardised incidence rate of spindle cell non-osteogenic bone sarcomas (males, females and both genders) in Norway,
1975-2009 (A). Age-specific incidence rates of spindle cell non-osteogenic bone sarcomas (males, females and both genders), 1975-2009 (B).

2.5. Ethical approval

The Regional Ethical Committee was informed, although the study
did not require a formal ethical approval since the data registration was
in line with the legitimate mandate of the NCR.

3. Results
3.1. Incidence

The average incidence rate for SCS in both genders was slightly
below 0.6 per million for the period 1975-2009. The male to female
ratio was 1.6 for all patients; 1.9 for age under 40 years and 1.5 for
elderly patients. Age standardized incidence rate fluctuated within a
range of about 0.3 to 1.2 per million over the period in males, and about
0.1 to 0.8 per million in females with no clear time-trends (Fig. 1(a)). A
dominant peak of SCS among elderly patients was observed (Fig. 1(b)).
Mean and median age was 56 and 60 years for all patients, respectively

(range 9-92 years).

3.2. Malignancy grade

The present cohort comprises eight cases of low-grade SCS
(Table 1), were two of these, both FS, underwent subsequent transfor-
mation from low to high-grade SCS during follow-up. Only one of these
eight patients is still a longtime survivor. Three patients died of SCS due
to metastatic disease, including one in primary metastatic setting (range
2.6-6.1 years), while another three patients died of other diseases, i.e.
one for gynecological cancer and two due to acute heart disease. Lastly,
one patient died of a low-grade FS in the skull one year after primary
diagnosis.

3.3. Secondary sarcoma

Nearly one fifth of all patients in the present cohort (19 cases) had a
predisposing factor for SCS (Table 1). 14 cases were classified as
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Table 2
Distribution of spindle cell non-osteogenic bone sarcoma according to primary
site of disease.

All patients (%) UPS (%) FS (%) LMS (%)
Mandible/maxilla 6 (6) 2(2) 44
Skull/facial bone 4 (4) 3(3) 1)
Costa/scapula 2(2) 1) 1)
Humerus 6 (6) 4 (4 2(2)
Radius and handbound 2(2) 1(1) 1)
Columna vertebralis 5 (5) 1) 4@
Pelvis, sacrum 24 (23) 14 (13) 6 (6) 4(4)
Femur 37 (36) 28 (27) 7 (7) 2(2)
Fibula 4(3) 1D 2 () 1)
Tibia 13 (13) 11 (A1) 2(2)
Origo incerta 1) 1(1)

secondary sarcoma due to previous radiotherapy, including three cases
with previous diagnosis of retinoblastoma. Another three cases were
arising from giant cell bone tumour and one from previous fibrous
dysplasia. In one case, we just had an anamnestic indication of a fa-
miliar predisposition for SCS.

3.4. Clinicopathological data

The UPS group comprised 65 patients, making it the largest sub-
group in the present cohort (Table 1). Of these cases, 45 (69%) had
tumours located in long bones while the remaining 20 cases had tu-
mours in the axial skeleton (Table 2). In the FS group the axial to ap-
pendicular ratio, was 1.1 (25 cases) and 1.8 among the LMS patients (14
cases), respectively (Tables 1 and 2). The axial tumour rate was in-
dependent of age in the present cohort (Fig. 2). We also observed an
equal axial to appendicular ratio among the eight patients with low-
grade tumours at diagnosis (Table 1).

In the present cohort 28 patients (29%) had metastases at time of
diagnosis (Table 1), most commonly in the lungs only (29%), otherwise
diagnosed in bone only (25%), in lungs and bone (14%) or other
combinations. We identified no significant difference in the percentage
of patients with primary metastatic disease, neither in relation to SCS in
the axial versus appendicular skeleton (p = 0.366, x?) nor to age
(p = 0.258, F). Nevertheless, 89% of all patients with primary meta-
static disease (25 cases) were > 40 years at primary diagnosis.

Mean tumour size was nine cm in the entire cohort, approximately
the same for the three subgroups of SCS (Table 1). Furthermore, the
average symptom length before biopsy was approximately six months
for all SCS, but the FS group had a longer time from symptoms to di-
agnoses (nine months in average) compared to the other two subgroups
(Table 1).

100 %
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Fig. 2. Distribution of age and primary site of non-osteogenic spindle cell bone
sarcoma, 1975-2009.
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More than one fifth of the patients in the present cohort (23 cases)
had pathologic fracture at time of diagnoses (Table 1), relatively
equally distributed between the three subgroups of SCS (Table 1). Not
surprisingly, nearly all these cases (78%) were in a weight-bearing
extremity (17 cases in femur and one in fibula, respectively) in addition
to two cases in columna/pelvis (extremity versus axial tumour locali-
sation; p = 0.003, F). We neither identified increased risk of a patho-
logic fracture related to age </> 40 years (p = 0.344, %), tumour size
</> 9cm (p = 0.772, ), nor to gender (p = 0.370, x2).

3.5. Metastatic relapse or local recurrence during follow-up

Among patients without primary metastatic disease, 13 of the axial
SCS (43%) and 19 with extremity SCS (46%) developed metastases
from SCS during follow-up (p = 0.826, x>). Approximately three
quarters developed lung metastases (first metastatic relapse). In addi-
tion, six patients developed metastases from another primary malig-
nancy during follow up; one oesophageal cancer, two melanomas, one
gynaecological cancer, one prostate cancer in addition to one with
acute leukaemia. Another 11 patients died of SCS according to the CDR
but without proven metastases at time of death (median 1.4 years,
range 0.2-4.2 years). Unfortunately, autopsies were not performed in
these latter cases. Among patients with axial SCS and no primary me-
tastatic disease, eight patients (27%) experienced local relapse during
follow-up compared to four patients (10%) among extremity SCS
(p = 0.105, F). The median time to first metastatic event, or local re-
currence were 1.3 years (range 0.2-10.7 years) and two years (range
0.7-5.1 years) from diagnosis, respectively.

3.6. Treatment

Table 3 outlines the extent of treatment administered to SCS pa-
tients and is further presented below.

Surgery. 73 patients underwent at least one operation at primary
diagnosis, and 47 patients received adequate surgical treatment

Table 3
Summary of treatment for spindle cell non-osteogenic bone sarcoma.

All patients”  Local Local and systemic

(%) only” (%) primary treatment® (%)
Surgery 76 28 26
At primary diagnosis
Surgical procedure’ 73 27 26
Amputation 31 (42) 14 (52) 8 (31)
Excision 35 (48) 10 (37) 18 (69)
Osteosynthesis 7 (10) 311
Surgical margins® 67 26 22
Free margin 47 (70) 17 (65) 20 (91)
Positive margin 20 (30) 9 (35) 2(9)
Later relapses/metastases 15 4 3
Radiotherapy 52 17 11
Curative treatment 11 1 8
intention®
Chemotherapy 59 26
At primary diagnosis 44 26
Formal inclusion in trial 5 4

@ The difference between the summarized number from each subgroup in the
third and fourth column and all patients in column two equals the other com-
bination of treatment during primary treatment or follow-up.

b Cohort of patients not receiving chemotherapy during primary treatment or
follow-up, including six cases of low-grade SCS at primary diagnosis.

¢ Chemotherapy and surgery as primary treatment for high-grade SCS.

4 Missing cases equals the difference between surgical procedures and sur-
gical margins in column two to four.

¢ Fractionated radiotherapy or brachytherapy following marginal or in-
tralesional surgery, for either the treatment of primary tumour or a local re-
currence.



K. Berner et al.

(Table 3). Interestingly, 28 patients received only local treatment
without additional chemotherapy during primary treatment or follow-
up (Table 3), and six of these cases had low-grade SCS at time of di-
agnosis. Hence, they were treated according to standard guidelines [1],
while the remaining two cases of low-grade SCS (Table 1) underwent no
operations. Another six of these 28 patients received only palliative
local treatment at diagnosis; including three cases with osteosynthesis
to stabilize a pathologic femur fracture.

Chemotherapy. 44 patients received chemotherapy with curative
treatment intention at primary diagnosis in line with various con-
secutive trials (Table 3); i.e. SSG II (four cases), SSG VIII (four cases),
SSG XIV (six cases), ISG/SSG I (two cases), Euroboss I (five cases),
EURAMOS-I (one case). The CYVADIC combination (12 cases) or in-
dividualized chemotherapy regimens were given to the remaining
cases. Only, five patients were formally included in the clinical trials,
i.e. three in Euroboss I, one in SSG VIII and one in SSG XIV.

Just one low-grade SCS patient received chemotherapy at primary
diagnosis due to primary metastatic disease. However, another two
patients received chemotherapy at time of transformation from low to
high-grade SCS during follow-up.

Adequate primary treatment. About a quarter of all high-grade SCS
(26 cases) received both chemotherapy and surgery as part of primary
treatment (Table 3), all treated between 1980 and 2009. Information
regarding surgical margins after resection of primary tumour was
available in 22 of these cases (Table 3). Both patients that were left with
positive surgical margins after resection of their primary tumour de-
veloped recurrent disease during follow up and succumbed to their
disease, i.e. 1.4 and 6.7 years after their diagnosis, respectively.

Among the remaining high-grade SCS (70 cases) 18 patients re-
ceived surgery and chemotherapy during primary treatment or follow-
up. However, half of these patients received only insufficient surgery at
time of diagnosis, while the other half first received chemotherapy at
time of metastatic relapse or local recurrence. The remaining reasons
for inadequacy during primary treatment or follow-up were lack of
surgery (13 cases), lack of chemotherapy (24 cases) or lack of both
surgery and chemotherapy (11 cases).

Radiotherapy. Eleven patients received fractionated postoperative
radiotherapy with curative intent as part of their multimodal primary
treatment, and in ten of these cases neither metastatic disease nor local
relapse were confirmed (Table 3). Only three of these patients are still
longtime survivors, including a girl diagnosed with secondary UPS at an
age of eight years due to previous radiotherapy for bilateral retino-
blastoma. Five patients died of local and/or metastatic relapses of SCS
(mean 3 years, range 1-6.7 years) while another three patients died of
other diseases, i.e. one for oesophageal cancer, one for acute leukemia
and another due to a heart attack, respectively.

3.7. Cause of death

A total of 69 died due to sarcoma or treatment-related death ac-
cording to CDR, i.e. 78% of all deaths in the cohort updated by April
2018. However, when other available clinical information was scruti-
nized we found that additional six died of sarcoma while another three
patients were incorrectly reported to have died of SCS while they ac-
tually died of a second primary malignancy. Hence, 72 died of SCS, i.e.
81% of all deaths, and this number was used in the calculations re-
garding SSS.

3.8. Survival analyses

We found a dismal longtime SSS for SCS as presented in Fig. 3(a).
Five year SSS and overall survival for SCS was 37% (95%,
CI = 27-46%) and 32% (95%, CI = 23-41%), respectively. Table 4
presents the results of univariate analyses as five year SSS and overall
survival according to different characteristics of SCS. Patients with FS
had inferior survival compared to the other subgroups of SCS (Fig. 3(b),
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Fig. 3. Sarcoma-specific survival for all spindle cell non-osteogenic bone sar-
comas (a) and dependent of histological subtype (b), 1975-2009.

Table 4). High age, primary metastatic disease and axial primary tu-
mour all predicted poor outcome (Table 4 and Fig. 4(a)-(c)). Pathologic
fracture and large tumour size were also associated with poor prognosis
(Table 4).

We found no trend to improvement in survival since the 1970s in
the present cohort of SCS patients (Table 4). As expected, patients who
received both surgery and chemotherapy as primary treatment had
significantly better survival than the remaining SCS patients (Tables 4
and 5). Twelve of the 15 survivors in the present cohort did receive
both multi-agent chemotherapy and adequate surgery, either as pri-
mary treatment (10 cases) or in the metastatic setting (two cases).
Further, one patient received adequate surgery for a low-grade SCS and
two patients for high-grade SCS, respectively. It is known from the pre-
chemotherapy era for OS, that up to 20% of all high-grade patients were
cured by surgery and/or radiotherapy [25-27].

3.9. Prognostic factors

Multivariate analyses of the prognostic factors significant by uni-
variate analysis in Table 4 are presented in Table 5. Primary metastatic
disease was an adverse prognostic factor for survival while tumour
size > 9 cm, age > 40 years, tumour in the axial skeleton, FS as sub-
type and pathologic fracture all resulted in inferior overall survival. As
expected, patients who received adequate primary treatment sig-
nificantly had best survival.
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Table 4
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Univariate Kaplan-Meier and Cox regression analyses of five-year sarcoma specific and overall survival according to different characteristics of all spindle cell non-

osteogenic bone sarcoma.

Patients (%) Sarcoma specific survival

Overall survival

5 years in % (95% CI" in %)

RR" (95% CI")  P°

5 years in % (95% CI? in %)  RR" (95% CI")  P°

Gender 0.267 0.323
Female 40 (38) 43 (27-58) 1 28 (18-39) 1
Male 64 (62) 33 (21-45) 1.3 (0.8-2.1) 38 (23-52) 1.2 (0.8-1.9)

Axial versus extremity 0.066 0.039
Extremity 62 (60) 44 (32-57) 1 40 (28-52) 1
Axial 42 (40) 25 (12-39) 1.5 (1.0-2.5) 19 (9-32) 1.6 (1.0-2.4)

Age 0.011 0.001
< 40 years 20 (19) 65 (40-82) 1 65 (39-82) 1
> 40 years 84 (81) 29 (20-40) 2.3 (1.2-4.3) 24 (15-33) 2.8 (1.5-5.1)

Primary metastatic disease® <0.001 <0.001
No 69 (71) 47 (35-59) 1 41 (30-53) 1
Yes 28 (29) 11 (3-27) 4.7 (2.9-7.8) 11 (3-30) 3.8 (2.4-6.1)

Malignancy grade 0.131 0.333
Low-grade 8 (8) 60 (20-85) 1 50 (15-76) 1
High-grade 96 (92) 35 (25-45) 2.2 (0.8-6.0) 30 (21-40) 1.5 (0.7-3.2)

Histological subtype 0.076 0.037
UPS 65 45 (32-57) 0.8 (0.4-1.6) 39 (27-50) 1.0 (0.5-1.9)

FS 25 15 (4-38) 1.5 (0.7-3.1) 12 (3-28) 1.9 (0.9-3.8)
LMS 14 36 (13-59) 1 36 (13-59) 1

Tumour size® 0.012 0.013
< 9cm 38 (58) 59 (41-73) 1 53 (36-67) 1
> 9 cm 27 (62) 32 (15-50) 2.2 (1.2-4.1) 26 (36-67) 2.0 (1.1-3.5)

Duration of symptoms® 0.868 0.279
< 6 months 53 (60) 41 (27-54) 1 34 (22-47) 1
> 6 months 35 (40) 30 (16-46) 1.0 (0.6-1.7) 29 (15-44) 1.3 (0.8-2.1)

Pathologic fracture 0.001 0.011
No 81 (78) 42 (31-53) 1 36 (26-46) 1
Yes 23 (22) 19 (6-38) 2.3 (1.4-3.8) 17 (6-35) 1.9 (1.1-3.0)

Predisposing factors 0.586 0.805
No 85 (82) 37 (27-47) 1 33 (23-43) 1
Yes 19 (18) 35 (13-57) 1.2 (0.6-2.2) 26 (10-47) 1.1 (0.6-1.8)

Years of diagnosis 0.321 0.592
1975-1979 12 (11) 29 (7-56) 1.2 (0.5-2.7) 25 (6-51) 1.4 (0.7-2.7)
1980-1989 28 (27) 26 (12-43) 1.6 (0.9-2.8) 25 (11-42) 1.3 (0.7-2.3)
1990-1999 30 (29) 46 (27-63) 1 (0.9-2.8) 37 (20-53) 1 (0.6-1.7)

2000-2009 34 (33) 41 (24-57) 1 35 (20-51) 1

Adequate primary treatment®® <0.001 <0.001
Yes' 32 (32) 62 (42-76) 1 53 (35-69) 1
No 68 (68) 26 (16-40) 2.9 (1.6-5.2) 24 (14-34) 2.5 (1.5-4.1)

Formal inclusion in trial 0.767 0.426
Yes 5(5) 40 (5-75) 1 40 (5-75) 1
No 99 (95) 37 (27-46) 1.2 (0.4-3.8) 31 (22-41) 1.6 (0.5-5.0)

Confidence interval.
relative risk.
Log rank.

c

4 Surgery towards low-grade spindle cell sarcoma (6 cases) and surgery and chemotherapy towards high-grade spindle cell sarcoma (26 cases).

e

4. Discussion

The patient material here studied is based on an unselected cohort
comprising all Norwegian SCS patients within a time frame of 3-4
decades. To our knowledge, no previous nationwide study has ad-
dressed clinical epidemiology and treatment result of the SCS entity.

The mean annual age-standard incidence of SCS amounted to
slightly below 0.6 per million with no clear time trends, that is about
one fifth of all skeletal OS cases in Norway during 1975 and 2009 [10].
Males are more frequently affected than females in line with previous
reports [4,28,29] although another study has reported the opposite
[30]. We confirm that SCS mainly affect an older age group than OS
[2,4,28,30]. Age > 40 years at diagnosis was a significant adverse
factor for overall survival in the present cohort (Table 5).

UPS was the largest subgroup in the present cohort and this entity
predominantly affects the long bones of the lower extremities (Table 2)
in line with the literature [2,4,29,31]. In contrast, the anatomical dis-
tribution of FS and LMS (Table 2) both showed increased axial to

Missing values equals the difference between the summarized number from each subgroup in the second column and the total number of patients in the study.

appendicular ratio as compared to previous published studies where
distal femur was reported to be the most common site [2,28,30]. This
discrepancy may be due to chance, partly as a result of the relatively
small sample size. It is well established that axial localisation results in
worse outcome than primary disease arising in the appendicular ske-
leton for OS [8] also confirmed in the present study for overall survival
(Table 5).

SCS is typically a group of high-grade malignancies with high risk of
early dissemination [4,32]. More than one quarter had primary meta-
static disease in the present study, slightly higher than reported in a
previous review article for OS [8]. Metastatic disease at presentation
was a negative prognostic factor for survival (Table 5, Fig. 4(a)), in line
with the literature [4,30,33]. A large part of the cases experienced local
recurrences and/or distant metastases during follow-up, as previously
reported [4,30,34].

Previous therapeutic radiation is well known to be a predisposing
factor to development of sarcoma [35,36], as confirmed in the present
cohort. We also confirm that SCS might develop secondary to other pre-
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Table 5
Multivariate Cox-regression analysis of prognostic factors and treatment-related
variables for sarcoma specific survival and overall survival. Spindle cell non-

osteogenic bone sarcoma.

Variables”

Sarcoma specific survival

Overall survival
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Fig. 4. Sarcoma specific survival of spindle cell non-osteogenic bone sarcoma
(SCS) 1975-2009 (a) patients with and without metastasis at diagnosis, (b)
extremity versus non-extremity SCS and (c) patients below and above 40 years
of age at time of diagnosis.

existing bone conditions [2,31]. Interestingly, the presence of a pa-
thologic fracture, typically in a weight-bearing extremity, was sig-
nificantly higher in the present cohort as compared with the available
literature for SCS [4,31]. Osteoporosis may be one contributing factor
in this regard since the present cohort is dominated by elderly patients
(Fig. 2). Pathologic fracture was a poor prognostic factor for survivor
(Table 4, 5) in line with a previous report for OS [37]. Median tumour
size was slightly smaller than in a corresponding report regarding all
Norwegian high-grade OS patients during the past three to four decades

RR" (95% CI) P RR" (95% CI) P
Adequate primary
treatment
Yes 1 1
No 2.2 (1.0-4.8) 0.050 3.4(1.7-7.1) 0.001
Age > 40 years 2.5 (1.0-6.6) 0.063 4.4 (2.0-9.4) <0.001
Primary metastatic 3.6 (1.7-7.8) 0.001 5.1 (2.2-11.6) <0.001
disease
Tumour size > 9 cm 1.8 (0.9-3.5) 0.114 2.8 (1.4-5-7) 0.003
Axial primary tumour 4.4 (2.0-9.4) <0.001
Pathological fracture 2.1 (0.9-4.6) 0.069 2.6 (1.2-5.8) 0.021
Histological subtype 0.003
UPS 1.2 (0.4-3.2) 0.756
FS 5.1 (1.6-16.7) 0.006

2 Reference values in line with Table 4.
b Relative risk.
¢ Confidence interval.

[12]. Tumour size above median value of 9 cm was a negative prog-
nostic factor in our study (Tables 4 and 5).

We found a dismal longtime survival among SCS (Fig. 3(a), Table 4)
compared to a corresponding OS population for Norway [10] and with
the poorest result among the FS subgroup (Fig. 3(b), Table 4). A pre-
vious report from the Mayo Clinic [31] has also documented a poor
survival result for UPS, although later studies have shown similar sur-
vival for UPS and OS [7,34]. The two bone sarcoma entities have si-
milar prognoses when treated with neoadjuvant chemotherapy regi-
mens based on high-dose methotrexate, cisplatin, doxorubicin and
ifosfamide in addition by wide excision of all malignant foci [7,34].
Adequate primary treatment, regarding both surgery and che-
motherapy, had a positive prognostic impact on survival in the present
study (Tables 4 and 5).

As mentioned above, several negative prognostic factors for survival
were identified (Tables 4 and 5). Nevertheless, the poor prognoses of
SCS in the present cohort are, in our opinion, mainly due to insufficient
primary treatment in far too many cases (Tabled 3 and 4). The treat-
ment provided may have been influenced by high age, poor general
condition and/or co-morbidity at time of diagnosis for several SCS
patients in the present cohort. Further, we have probably not been
sufficiently alert to the role of (neo)adjuvant chemotherapy for SCS
during this time period, as several patients in the present cohort first
received chemotherapy at time of metastatic relapse/local recurrence.
About three quarter of all patients in the present study did not receive
either complete surgery of all (macroscopic) malignant foci at primary
diagnosis and/or poly-drug chemotherapy based on standard guidelines
[1,8].

Twelve of the 15 long-term survivors in the present cohort received
both adequate chemotherapy and surgery. The dismal outcome in the
present study confirms that micrometastases are present in the majority
of SCS patients at primary diagnosis like described for OS [26,38-40].
Therefore, the combined treatment of surgery and chemotherapy is
essential to achieve optimal long-term survival of SCS.

Primary malignant bone tumours like SCS are rare, and over the
years most previous studies were likely to be confounded with some
tumours that at present could fall under other categories, due to strict
and relatively new diagnostic criteria based on immunohistochemistry
and molecular tests in selected cases [2,5,41]. Both FS and UPS are
currently diagnoses of exclusion [2]. Small patient cohorts, partly due
to strict diagnostic criteria, make it challenging to learn more about
rare histologic subgroups like SCS, including clinicopathological char-
acteristic but also prognosis related to different treatment approaches.
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We appreciate that the data quality of the present study might have
been better with a uniform and formal histological re-examination of all
702 cases in the gross study material analysed [10], including im-
munohistochemical analyses as well as a retrospective review of the
radiographic images in relevant cases. Nevertheless, a significant dis-
advantage of such an approach is the lack of available tissue specimens
or radiographic images available for re-examination. This might be an
even larger problem in nationwide studies than in studies based on, for
example, institutional series. In addition, immunohistochemical ana-
lyses are also vulnerable to potential damage of tissue blocs due to e.g.
the decalcification. Furthermore, most cases in the present cohort were
already examined by at least one sarcoma pathologist at a University
Hospital at time of diagnosis. Hence, we believe the potential dis-
advantage will exceed the potential gain of such an approach and that
our key variables are valid in order to expand our knowledge regarding
these rare SCS entities. Lastly, information on histologic response to
preoperative chemotherapy [33,34,42-44] might have affected the
prognostic factors in Table 5. However, the multidrug combinations
have changed considerably during this time-period [26].

5. Conclusion

To our knowledge, this is the first study addressing clinical epide-
miology and treatment outcome of SCS in a nationwide setting. We
confirm SCS arising in the skeleton as mainly a high-grade malignancy
among elderly patients. The poor prognoses of SCS in this report are in
our opinion, mainly due to insufficient primary treatment in about
three quarter of all high-grade patients. Hence, the combined treatment
of surgery and chemotherapy is essential to achieve optimal long-term
survival of SCS. The unfavourable prognosis, due to frequent metastases
or local recurrences, may also relate to decreased tolerance for che-
motherapy, especially among elderly patients.
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