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Abstract

Background Soft tissue sarcomas (STSs) are a heterogeneous group of tumors. Wide surgical resection is standard,
often combined with neoadjuvant chemotherapy, radiotherapy, or both. Studies have shown the predictive value of
tumor necrosis in bone sarcoma (BS); however, the role of necrosis in STS after neoadjuvant therapies is still unclear.
This study aimed to investigate the role of chemo- and radiotherapy in the formation of tumor necrosis and to
evaluate the influence of tumor necrosis on overall survival and local recurrence-free survival. Data from BS patients
and patients who did not receive neoadjuvant therapy were compared.

Methods A total of 779 patients with STS or BS were treated surgically. In all patients, tumor-specific factors such
as type, size, or grading and the type of adjuvant therapy were documented. Local recurrence (LR), the diagnosis of
metastatic disease, and survival during follow-up were evaluated.

Results A total of 565 patients with STS and 214 with BS were investigated. In STS, 24.1% G1 lesions, 34.1% G2 lesions,
and 41.8% G3 lesions were observed. Two hundred twenty-four of the patients with STS and neoadjuvant therapy

had either radiotherapy (RTx) (n=280), chemotherapy (CTx) (n=93), or both (n=51). Three hundred forty-one had no
neoadjuvant therapy at all. In STS, tumor necrosis after neoadjuvant treatment was significantly higher (53.5%) than in
patients without neoadjuvant therapy (15.7%) (p <0.001). Patients with combined neocadjuvant chemo-/radiotherapy
had substantially higher tumor necrosis than those with radiotherapy alone (p=0.032). There was no difference

in tumor necrosis in patients with combined chemo-/radiotherapy and chemotherapy alone (p=0.4). The mean
overall survival for patients with STS was 34.7 months. Tumor necrosis did not influence survival in a subgroup of

G2/3 patients. In STS with no neoadjuvant therapy and grading of G2/3, the correlation between necrosis and overall
survival was significant (p=0.0248). There was no significant correlation between local recurrence (LR) and necrosis.

Conclusion STS shows a broad spectrum of necrosis even without neoadjuvant chemo- or radiotherapy. After CTx
or/and RTx necrosis is enhanced and is significantly pronounced with a combination of both. There is a trend toward
higher necrosis with CTx than with RTx. Grading substantially influences the necrosis rate, but necrosis in soft-tissue

*Correspondence:
Hans Roland Durr
hans_roland.duerr@med.uni-muenchen.de

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-024-12027-w&domain=pdf&date_stamp=2024-3-4

Fromm et al. BMC Cancer (2024) 24:303

Page 2 of 9

sarcoma following neoadjuvant therapy does not correlate with better survival or a lower local recurrence rate, as in

bone sarcomas.
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Background
STS are a heterogeneous group of mesenchymal tumors
with more than 100 histological subtypes with varying
clinical behavior that make up less than 1% of all malig-
nancies in the adult population [1]. They are found in
every body part, with a predominance of the extremities,
followed by the trunk [2]. The mortality of STS is as high
as 40%, mainly because of distant metastasis [3]. Up to
10% of patients already show detectable metastases (most
often in the lungs) at diagnosis. Wide surgical resection
is commonly accepted as the therapeutic gold standard,
often combined with neoadjuvant chemotherapy, radio-
therapy, or both, depending on the tumor’s size, grading,
and location [3]. In STS and BS, tumor necrosis is post-
operatively evaluated and used as a prognostic factor.
Many studies have shown the predictive value of tumor
necrosis in BS, especially in osteosarcoma and Ewing sar-
coma [4—6]. However, the role of posttreatment necrosis
in STS is still unclear, and the data are conflicting [7].
Tumor necrosis is a worse prognostic factor and is
part of the grading system, according to the widely used
French Federation of Cancer Centers (FNCLCC) [8].
Identifying reliable prognostic criteria based on his-
tological response is essential to enable differentiated
treatment and follow-up protocols. There is no consen-
sus concerning the prognostic value of posttreatment
necrosis in STS. This study aimed to evaluate the role
of chemo- and radiotherapy in forming posttreatment
necrosis compared to native tumor necrosis and the
influence of posttreatment necrosis on overall survival
and local recurrence-free survival. We are well aware
that BS and STS sarcomas are different entities with dif-
ferent therapy schemes and regarding BS well established
neoadjuvant protocols. Necrosis has a proven impact
on prognosis in BS as stated above. But, we provided
the data for both to enable the reader to draw his own
conclusions. Therefore, we used the data of BS patients
treated in the same period and patients who did not
receive neoadjuvant therapy at all.

Methods

From 2012 to 2021, 779 consecutive patients with either
STS or BS were treated surgically with curative intention
at our institution. The diagnosis was preoperatively made
by biopsy and postoperatively confirmed by analysis of
the resection specimen. Primarily, magnetic resonance
imaging (MRI) and, in some cases, computed tomogra-
phy (CT) were used preoperatively to define the size and
location of the tumor. A chest CT scan was obtained to

assess metastatic disease. Posttreatment necrosis was
quantified histologically and measured as a percent-
age. All patients diagnosed with STS and curative surgi-
cal therapy were included in this study. Patients without
neoadjuvant therapy (either radio- or chemotherapy),
surgical resection, or insufficient postoperative data were
excluded.

Surgery

Two experienced surgeons performed all the surgeries. In
general, surgery was aimed at achieving an RO resection;
local or free flaps were performed as needed.

Radiotherapy

Radiotherapy was either administered in a neoadjuvant
or an adjuvant setting. The usage and timing of radio-
therapy was discussed on an individual basis in multidis-
ciplinary tumor boards.

Chemotherapy

Chemotherapy was generally scheduled as a combined
neoadjuvant and adjuvant multiagent therapy. In STS,
this mainly consisted of Al (adriamycin and ifosfamide)
or EIA (etoposide, ifosfamide, and adriamycin) and other
regimens in some instances, including local hyperther-
mia [9, 10]. The usage and timing of chemotherapy was
also routinely discussed in tumor boards.

Endpoint and statistics

In all patients, tumor-specific factors such as type, size,
grading, and the type of adjuvant therapy were docu-
mented. Local recurrence (LR), metastatic disease diag-
nosis, and patient death during follow-up were evaluated.

Statistical analysis

All patients were followed for evidence of LR or distant
metastasis in general by regional MRI scans and chest
radiographs or CT scans. Clinical outcomes of LR, LR-
free survival (LRFS), and overall survival (OS) were used
for assessment. LRES and OS were defined as the time
from surgery to the first occurrence of local recurrence
or death from any cause. For statistical analysis, overall
and local recurrence-free survival were calculated using
the Kaplan-Meier method. Significance analysis was per-
formed using the log-rank test, the chi-square test, or the
Cox proportional hazards regression model. A p-value
of less than 0.05 was considered statistically significant.
The data analysis software used was MedCalc® (MedCalc
Software, Ostend, Belgium) and SPSS 24°.
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Table 1 Distribution of histotypes

Tumor Entity N %
Soft tissue sarcoma 565

Liposarcoma 164 29.1
Undifferentiated pleomorphic sarcoma (UPS) 155 275
Myxofibrosarcoma 60 10.6
Leiomyosarcoma 42 74
Synovial sarcoma 34 6.0
Malignant Peripheral Nerve Sheath Tumor 25 44
Fibrosarcoma 14 25
Clear cell sarcoma 12 2.1
Other 59 10.5
Bone sarcoma 214
Chondrosarcoma 83 388
Osteosarcoma 82 383
Ewing sarcoma 30 14.0
Other 19 89
Results

Patient characteristics

Of the 411 men and 368 women (total #=779), 565 had
STS and 214 had bone sarcoma (BS). The mean age at
surgery was 55 years (2.6—99.7 years), with a mean age of
41.4 years for patients with BS and 60.3 years for patients
with STS (p<0.001). The mean follow-up was 35 months
(0-106 months). The most common diagnosis in STS was
liposarcoma in 29.1% (n=164) of the patients, followed
by undifferentiated pleomorphic sarcoma (UPS) in 27.5%
(n=155) (Table 1).

The most common diagnosis in patients with BS was
chondrosarcoma in 38.8% (7=83) and osteosarcoma
in 38.3% (#2=82) of cases. In most cases, the tumor was
located in the thigh, followed by the lower leg in both
STS and BS.

A total of 86.0% of STSs (n=486) were located deep in
the tissue compared to 99.5% of BSs (n=213) (p<0,001).
In 10 patients with STS, there was no grading pos-
sible. Of the remaining 555 patients, 24.1% had grade
1 (n=134), 34.1% had grade 2 (#=189), and 41.8% had

Table 2 Tumor necrosis concerning therapy
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grade 3 (n=232) lesions. Of the 214 patients with BS,
15.9% had a grade 1 (n=34), 29.4% a grade 2 (n=63), and
54.7% a grade 3 (n=117) lesion. There was no statistical
correlation between superficial growth or deeper growth
and grading of the lesion in either STS (p=0.077) or BS
(p=0.3). The mean tumor size was 8.9 cm in patients with
STS and 8.2 cm in patients with BS (p=0.172). In patients
with STS, RO resection was achieved in 454 lesions
(80.0%), R1 resection in 106 (19.0%), and R2 resection in
5 lesions (1.0%). An R1 resection was intended in most
patients, especially atypical lipomas (liposarcoma G1 of
the extremities) in 61 cases. Those lesions seem to have
a more benign behaviour and are therefore treated dif-
ferently [11]. There were 194 (91.0%) RO resections in BS
and 20 (9.0%) R1 resections. There were no R2 resections.

Tumor necrosis
Four hundred sixty-five patients did not have any form
of neoadjuvant therapy. A total of 224 (40.0%) of the
patients with STS had either neoadjuvant radiotherapy
(n=80, 14.0%), chemotherapy (#=93, 17.0%), or both
(n=51, 9.0%). Ninety patients (42.0%) with BS had either
neoadjuvant radiotherapy (n=1, 0.5%), chemotherapy
(n=81, 40.0%), or both (n=8, 4.0%). In neoadjuvantly
treated patients, the mean tumor necrosis was 53.5%
(range 0—100%) in STS and 57.7% (range 0—100%) in BS
(p=0.33). Consequently, both groups had a mean Salzer-
Kuntschik [12] grade of 4. Details are shown in Table 2.
In STS, tumor necrosis after therapy was significantly
higher than in patients without neoadjuvant therapy
(p<0.001). Patients with combined neoadjuvant chemo-/
radiotherapy had significantly higher tumor necrosis
than those with radiotherapy alone (p=0.032). Neverthe-
less, there was no difference in tumor necrosis in patients
with combined radio-/chemotherapy and chemother-
apy alone (p=0.4). Size was also a significant factor. Of
all STS patients those with tumors<5 cm (n=229) had
a mean necrosis of 26.7% compared to 33.4% in larger
ones (n=336; 0.0204). Comparing deep and superficial

N Necrosis (%) G1 G2 G3
Soft tissue sarcoma N (Necrosis %)
No neoadjuvant therapy 341 15.7 110 (4.1) 114 (14.8) 109 (28.4)
Chemotherapy 93 52.7 3(32.0) 30 (39.6) 60 (60.3)
Radiotherapy 80 457 19 (39.5) 27 (39.3) 34 (54.3)
Chemo- and radiotherapy 51 67.1 2 (75.0) 18 (62.4) 29 (70.6)

134 (10.8) 189 (26.7) 117 (49.7)

Bone sarcoma
No neoadjuvant therapy 124 209 34 (6.5) 49 (23.0) 41 (304)
Chemotherapy 81 56.7 11 (40.6) 70(59.2)
Radiotherapy 1 100 1 (100)
Chemo- and radiotherapy 8 628 2(37.5) 6(71.2)

34 (6.5) 63 (27.7) 117 (49.7)
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tumors, were was a significant difference of 33.2% vs.
15.2% (p=0.004). In a multiple regression analysis grad-
ing, size and location kept significant. Including neoad-
juvant therapy of any form (CTX or RTX), size lost its
significance.

Tumor necrosis was significantly lower in patients
with BS without neoadjuvant therapy than in those who
received neoadjuvant therapy (p<0.001). In STS and BS,
tumor necrosis was increased with higher tumor grading
(p<0.001).

Survival and local recurrence

A total of 10.1% (n=57) of patients with STS had meta-
static disease (MD) at the time of diagnosis, compared
to 10.3% (n=22) of patients with BS (n. s.). A total of
23.7% (n=134) of patients with STS developed MD dur-
ing observation, as did 24.8% (n=53) of patients with
BS. In STS, 84 patients with a grade 3 lesion developed
MD, compared to 45 patients with grade 2 lesions and
2 patients with grade 1 lesions (p<0.001). In BS, 42
patients with grade 3 lesions developed MD, compared
to 10 patients with grade 2 lesions and 1 patient with a
grade 1 lesion (p<0.001). A total of 11.5% (n=65) of
the patients with STS developed local recurrence, as
did 16.4% (n=35) of the patients with BS (n.s.). A total
of 24.4% (n=138) of patients with STS died during the
observation period, as did 18.7% (n=40) of patients with
BS (n.s.).

The mean overall survival for patients with STS was
34.7 months (range 0-106 months) compared to 37.2
months (0.5-106 months) in patients with BS (not sig-
nificant). In STS and BS, grading was a highly significant
predictor for worse survival (p<0.001), as well as age
(p<0.001) and metastatic disease (p<0.001) during the
follow-up. In BS and STS, a tumor size over 8 cm was
associated with worse survival (p=0.001 and p=0.002).

In BS, tumor necrosis below 90.0% was associated with
significantly worse survival (p=0.04); however, in STS,
there was no difference (Table 3). Fifty-five of 431 (12.8%)
patients with STS and tumor necrosis below 90%, as well
as 15 out of 134 (11.2%) patients with tumor necrosis
above 90%, developed MD (n.s. ).

Table 3 Multivariate analysis showing no statistical significance
in the correlation of overall survival and tumor necrosis in soft
tissue sarcoma. HR indicates hazards ratio; Cl 95% confidence
interval

P HR 95% Cl of Exp (b)
Grading <0.0001 24541 1.8171t03.3144
Metastasis <0.0001 44960 2.9952 t0 6.7488
Age <0.0001 1.0279 1.0155 to 1.0405
Deep location 03144 1.3689 0.7424 10 2.5242
Tumor size 0.0032 1.0327 1.0108 to 1.0550
Necrosis 0.9491 0.9998 0.9945 to 1.0052
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In BS, neoadjuvant therapy was associated with bet-
ter overall survival (p=0.008); however, in STS, there
was no statistical significance (p>0.5). In our popula-
tion, patients with BS and chemotherapy had a signifi-
cantly better OS than patients without chemotherapy
(p<0.039). There was no statistical correlation between
OS and the type of neoadjuvant therapy in STS.

In STS, a subgroup of G2/3 patients categorized with
tumor necrosis did not influence survival (Figs. 1 and 2).

As a control, we investigated in STS the correlation of
necrosis and overall survival in those patients with no
neoadjuvant therapy and a grading of G2/3, which was,
as expected, significant (p=0.02438) (Fig. 3).

In STS, as in BS, there was no significant correlation
between LR and age, location, grading, or resection sta-
tus. However, there was a significant correlation between
LR and Rl-resected lesions (11 of 20; 55.0%) when com-
pared to RO-resected lesions (26 of 168; 16.5%) (p<0.001).

Local recurrence was more common in patients with
BS and tumor necrosis below 90% (#=34) than in patients
with tumor necrosis over 90.0% (n=1) (p=0.029), but
there was no statistical significance in patients with STS.
Local recurrence during the follow-up period was corre-
lated with worse survival in patients with STS (p<0.005)
as well as in patients with BS (p=0.001). There was no
correlation between tumor size and LR.

Discussion

STS are a common and diverse group of tumors with
different histological subtypes. Treatment consists of
surgical resection and, in many cases, (neo)adjuvant
chemo- or radiotherapy. In this study, the most common
diagnosis was liposarcoma, followed by UPS, which is in
accordance with the literature [1]. Age, grading, meta-
static disease, and a tumor size greater than 8 cm were
highly significant predictors for worse survival in STS
[13]. Native tumor necrosis is also a strong independent
predictor of an unfavorable disease either seen on CT,
MRI, or, more recently, on positron emission tomog-
raphy (PET) scans or in histopathology [14—16]. Even
if the threshold is as low as 10% necrosis, this worsens
the prognosis [17]. Therefore, tumor necrosis has been
included in the grading system since the 1980s [8].

Neoadjuvant therapy is part of advanced or high-grade
sarcomas. Neoadjuvant chemotherapy may prolong dis-
ease-free survival but is still in debate for overall survival
benefits [18]. Our data support a survival benefit in high-
risk groups. Hence, adjuvant chemotherapy is part of our
treatment protocol [9].

Necrosis measured at the resected specimen is used
as a marker for the effectiveness of neoadjuvant therapy
in BS [19]. This contrasts with STS, and the data are
conflicting.
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Fig. 1 421 patients with soft tissue sarcoma and grade 2/3 disease. Patients without neoadjuvant therapy were included. There was no difference be-

tween the rate of necrosis and survival

As expected, our patients had significantly higher
tumor necrosis after receiving neoadjuvant therapies.
Overall, there was no difference between tumor necro-
sis after receiving radio- or chemotherapy. However,
there was significantly higher necrosis after receiving
both radio- and chemotherapy compared to radiotherapy
alone. A higher grading was connected to higher tumor
necrosis, which could be because there is a higher cellu-
lar turnover or because, by definition, the grading system
used higher spontaneous necrosis in high-grade tumors
[8].

Shah et al. published 30 patients with STS and neoad-
juvant RTx with a mean tumor necrosis of 35%, which
aligns with our findings. Due to a 100% distant recur-
rence-free survival in three patients with 100% tumor
necrosis after RTx compared to 63% in the remaining 27
patients, they postulated that at least a complete patho-
logic response is predictive of oncological outcome [20].
Tumor necrosis after RTx is somewhat dependent on
grading, as shown in Table 2. In addition, other authors,
such as Kaiser et al., described that in an even more
noticeable finding with 67.7% in G2/3 and 14.7% in G1

tumors [21]. This has to be considered in assessing inves-
tigations with inhomogeneous patient cohorts, as often
seen in the literature.

In 2006, Menendez et al. published a series of 82
patients who had neoadjuvant CTx with an average
necrosis of 64%. Thirty-two patients had tumor necro-
sis>95%. These patients showed no survival benefit com-
pared to patients with less necrosis [22]. They concluded
that tumor necrosis after CTx does not predict the out-
come, as seen also in our data. In contrast, Gannon et al.
published 162 patients with STS, 123 of whom had high-
grade STS. All had neoadjuvant RTx, and 56 of them also
had neoadjuvant CTx. They found an average necrosis
of 25.0%. In summary, patients with higher than 10%
necrosis had worse overall and progression-free survival.
In tumors equal to or greater than 10 cm, necrosis lost
significance. This underlines necrosis as a prognostic fac-
tor, but it was not investigated concerning neoadjuvant
therapy [7].

One of the most important studies published in 2001 in
this context is Eilber et al. from UCLA in California [23].
A total of 496 patients with G2/3 STS received various
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Fig. 2 198 patients with soft tissue sarcoma and grading 2/3. Patients without neoadjuvant therapy were excluded. There was also no difference be-

tween the rate of necrosis and survival

combinations of doxorubicin, cisplatin, and ifosfamide
in a neoadjuvant setting. In addition, they received neo-
adjuvant RTx. The authors decided to classify necro-
sis into two groups with a threshold of 95%. 38% of the
patients had no residual tumor, 14% had>95%, and 48%
had <95% necrosis. Overall survival was 71% at five years,
comparable with this study; patients with 295% necro-
sis had a more extended five-year-OS (80%) than those
with <95% (62%). No residual tumor proved to have the
same outcome as >95% necrosis. Mullen et al. investi-
gated CTx and RTx-induced necrosis in 113 G2/3 STS
patients at the MGH in Boston [24]. All patients received
both modalities. 44% of the patients had>95% necrosis;
the median necrosis was 90%. LR, 5-year disease-specific
survival, and OS were not different between the groups.
We compared this to our data. In G2/3 patients with
both CTx and RTx (n=47), 25 (53%) had>90% necrosis,
and OS was >90% and not different in either group. The
authors concluded that the extent of therapy-induced
tumor necrosis did not correlate with outcome.

In contrast, in a tiny group (n=34) of patients with
advanced STS and combined neoadjuvant CTx and
RTx, the authors observed 50% of the cohort with tumor
necrosis=>90% [25]. A higher rate of necrosis (>90%)
showed a trend toward better five-year survival (67.3% vs.
26.9%). However, one must keep in mind the inhomoge-
neous cohort of those patients.

This is in line with recently published studies by
Weiss et al. including 81 patients with large (=5 cm)

and high-risk (G2/3) STS. Neoadjuvant CTX with ifos-
famide and doxorubicin in addition to 45 Gy of radiation
resulted in a rate of necrosis of more than 90% in 22% of
the patients. By adding pazopanib in a randomized fash-
ion this could be significantly raised to 58% [26]. Pub-
lished 3 years later, 3-year event-free survival and overall
survival was not significantly different. But there was a
trend towards better OS in the group with higher necro-
sis [27]. The authors concluded that pathologic necrosis
may not accurately measure treatment response but may
reflect the tumor biology itself.

In patients with BS in our cohort, there was a signifi-
cant correlation between tumor necrosis>90% and better
overall survival, which is consistent with the literature.
While no evidence supports this in chondrosarcomas,
the correlation between tumor necrosis and overall sur-
vival has been established in osteosarcoma and Ewing
sarcoma for decades.

However, there was no correlation between tumor
necrosis and OS, LR, or MD in patients with STS. These
data and the literature imply that, as opposed to patients
with BS, in STS, we cannot look for tumor necrosis as
a marker for the success of neoadjuvant therapy. Some
results, as described above in patients with near-total or
total tumor necrosis after combined neoadjuvant CTx
and RTx, had to be seen as exceptional findings.

Measuring the effect of RTx and CTx in a single param-
eter, such as tumor necrosis, might be too short-sighted
for malignancies as complex as sarcomas, with several
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Fig. 3 Atotal of 223 patients with soft tissue sarcoma and grade 2/3 disease. Only patients without neoadjuvant therapy. There was a significant correla-

tion between necrosis and survival (p=0.0248)

subtypes and sometimes unpredictable biology. However,
in another study conducted in our hospital using some
of the patients in this study, PET-CT scans performed
before and after neoadjuvant CTx focusing specifically on
functional parameters, not on necrosis, showed a better
progression-free survival in those patients with a reduc-
tion in metabolism after CTx [28].

Regarding local recurrence, the correlation between
tumor necrosis after neoadjuvant therapy and LR is
unclear, and the literature is conflicting. In this study,
there was no significant connection in patients with STS.
Interestingly, the resection margin did not show a signifi-
cant correlation with LR. The relationship between the
R-status and LR, the best margin to be obtained, and the
need for a wide resection after accidental, incomplete R1
resections is highly disputed [29].

Limitations of the study

This study has a retrospective design. The patients had
been registered prospectively, and pathologic investiga-
tion was also performed prospectively. Only sarcoma
patients were included, but those with all subspecialties

were included. For better comparison, we used sub-
groups regarding grading and different neoadjuvant
forms of therapy.

Focusing on therapy-induced necrosis, we used
patients without neoadjuvant therapy as a comparison.
However, this group is different from the therapy group,
with less aggressive tumors in older patients, so the
results have to be compared with that in mind.

Furthermore, using BS as a second comparison group
opens a wide door of inhomogeneity in this entity. Nev-
ertheless, even with that, we could prove some principal
differences in the induction of tumor necrosis compared
to STS.

Conclusions

STS shows a wide spectrum of necrosis even without
neoadjuvant chemo- or radiotherapy. After CTx and/or
RTX, necrosis is enhanced and significantly pronounced
with a combination of both. There is a trend toward
higher necrosis with CTx than with RTx. Grading sub-
stantially influences the rate of necrosis. However, a
higher rate of necrosis does not correlate with a better
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outcome with respect to survival or local recurrence, as
in bone sarcomas.

Abbreviations

BS bone sarcoma

C195% confidence interval

cT computed tomography

CTx chemotherapy

G1,G2,G3  grading according to the French Federation of Cancer Centers
grading system

HR hazards ratio

LR local recurrence

LRFS local recurrence-free survival

MD metastatic disease

MRI magnetic resonance imaging

0sS overall survival

PET positron emission tomography

RO, R1,R2 resection margin

RTx radiotherapy

STS soft tissue sarcoma
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