© 2021 Greater Poland Cancer Centre.
Published by Via Medica.

All rights reserved.

e-ISSN 2083-4640

ISSN 1507-1367

RESEARCH PAPER

Reports of Practical Oncology and Radiotherapy
2021, Volume 26, Number 5, pages: 804-813
DOI: 10.5603/RPOR.a2021.0092

Received: 20.03.2021

Accepted: 21.05.2021

Outcomes and computed tomography radiomic features
extraction in soft tissue sarcomas treated with neoadjuvant
radiation therapy

Javier Gonzélez-Viguera', Gabriel Reynés-Llompart’, Alicia Lozano'

'Catalan Institute of Oncology, Radiation Oncology, LHospitalet de Llobregat, Spain
*Catalan Institute of Oncology, Medical Physics and Radiological Protection Service, LHospitalet de Llobregat, Spain

ABSTRACT

Background: The aim of the study was to evaluate the management, toxicity and treatment responses of patients treated with
neoadjuvant radiotherapy (NART) for soft tissue sarcomas (STS) and to analyse the potential of radiomic features extracted
from computed tomography (CT) scans.

Materials and methods: This is a retrospective and exploratory study with patients treated between 2006 and 2019. Acute
and chronic toxicities are evaluated. Local progression free survival (LPFS), distant progression free survival (DPFS) and overall
survival (OS) are analysed. Radiomic features are obtained.

Results: A total of 25 patients were included. Median follow-up is 24 months. Complications in surgical wound healing were
observed in 20% of patients, chronic fibrosis was documented as grade 1 (12%) and grade 2 (12%) without grade 3 events and
chronic lymphedema as grade 1 (8%) and grade 2 (20%) without grade 3 events. Survival variables were LPFS 76%, DPFS 62%
and OS 67.2% at 2-year follow-up. CT radiomics features were associated significantly with local control (GLCM-correlation),
systemic control (HUmin, HUpeak, volume, GLCM-correlation and GLZLM-GLNU) and OS (GLZLM-SZE).

Conclusions: STS treated with NART in our centre associate with an OS and toxicity comparable to other series. CT radiomic
features have a prognosis potential in STS risk stratification. The results of our study may serve as a motivation for future pro-

spective studies with a greater number of patients.
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Introduction

Soft tissue sarcomas (STS) (List of abbreviations
is included in Supplementary File — Table S1) are
a large and heterogeneous group of tumours of
mesenchymal origin. It is a rare entity, represent-
ing less than 1% of all adult solid malignancies and
almost 21% of all paediatric solid malignancies. STS

are characterised by the complexity of their multi-
disciplinary management [1, 2].

There are more than 70 different histological
subtypes of STS [3], they can be presented at any
age and they are not restricted to a specific location
in the body. The rarity of the disease combined with
the diverse number of histological subtypes and
locations results in a complexity of managing STS.
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Treatment and clinical outcomes after treatment
differ greatly depending on the histological subtype
and grade, the anatomical location of the primary
tumour and the occurrence of metastatic tumour
disease. For localised high-grade STS, conservative
treatment is currently proposed, usually involving
a wide excision in combination with radiotherapy
(RT) and chemotherapy (ChT), either neoadjuvant
or adjuvant [4].

The strongest evidence regarding the sequence
of treatment is found in the phase III multicentre
trial by O’Sullivan and colleagues [5]. The main
objective of the study was to determine whether
the sequence of treatment is related to a major com-
plication in surgical wound healing. The results of
the study determined that neoadjuvant RT versus
adjuvant RT offers several advantages, including
lower total radiation doses, smaller target volumes
and lower late toxicity. In particular, chronic com-
plications (oedema and fibrosis) were more com-
mon after adjuvant RT. However, greater difficulty
in surgical wound healing was documented in the
neoadjuvant RT group (35% vs. 17%).

There is also some evidence of increased over-
all survival (OS) in favour of neoadjuvant RT. In
a meta-analysis [6] the average survival was 76%
(62-88%) in the preoperative group and 67%
(41-83%) in the postoperative group. In a retro-
spective study [7], neoadjuvant RT was associated
with a statistically significant improvement in OS
compared to adjuvant RT (hazard ratio = 0.72,
p < 0.01). However, these findings should be inter-
preted with caution due to heterogeneity and bias in
the available studies.

In recent years there have been advances in the
knowledge of the molecular biology of STS. How-
ever, despite major research efforts, molecular alter-
ations have not yet been established as prognostic
markers and therapeutic decisions are still mainly
made using basic clinical-pathological information,
such as TNM classification. Therefore, treatment
has evolved more discreetly and the improvement
in clinical outcomes has not been as remarkable:
in contrast to the high local control rates achieved
with current therapeutic regimens (up to 94% at 5
years), systemic control and overall survival rates
are comparatively low (61% and 64% at 5 years,
respectively) [8].

Over the last decades, numerous studies have
evaluated the incorporation of nomograms into

clinical practice to personalize risk assessment and
individualize therapeutic decision making [9]. Sim-
ilarly, quantitative analysis of radiological features
or Radiomics offers great potential as a non-inva-
sive tool to complement existing diagnostic and
treatment methods. In Oncology, Radiomics has
been associated with histological grade, response
to treatment and prognosis, and in the future this
discipline could allow the construction of predic-
tive models that help in decision making in clinical

practice [10].

In this study, a data research of patients diag-
nosed with STS treated with neoadjuvant RT is
performed, with the aim of:

« evaluating the therapeutic management, side ef-
fects and treatment responses of patients treated
in our centre;

 evaluating radiomic features extracted from
planning CT scans as prognostic factors prior to
treatment.

Materials and methods

This is a retrospective, exploratory, analytical
and longitudinal study. The sample size is made
up of patients diagnosed with STS with indication
of neoadjuvant RT, treated between 2006 and 2019
in our centre. At the time of the statistical analysis,
all patients under study with intention to treat are
included.

The baseline characteristics of the patients under
study include gender, age at diagnosis, location of
the lesion (limb, trunk or head and neck), histo-
logical grade according to the Fédération Nationale
des Centres de Lutte Contre le Cancer (FNCLCC),
histological type by biopsy defined by the World
Health Organization (WHO) [3] and clinical stage
according to the seventh and eighth editions of the
American Joint Committee on Cancer (AJCC) [11].

The RT procedure is performed using a linear
accelerator (Varian models). The acquisition of the
planning CT images is obtained by using a CT scan
machine (Philips model) and is acquired every 3
mm in a reproducible way by using immobilizers.
The RT technique (3DCRT, VMAT or IMRT) de-
pends on the location of the target lesion in order
to respect, as far as possible, the full circumference
of the limb and to achieve a minimum dose of at
least 95% and a maximum acceptable dose of 107%
of the total prescribed.
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For the delimitation of the treatment volume
in the preoperative act, the gross tumour volume
(GTV) is defined on T1 sequences with gadolinium
from the magnetic resonance imaging (MRI); the
clinical target volume (CTV1) includes the GTV
with an additional margin (40 mm in length and 15
mm radially) limited by the affected compartment
and including the peritumoral oedema defined on
T2 sequences of the MRI, and the planning target
volume (PTV1) includes the CTV1 with an isotro-
pic margin of 5-10 mm. The prescription dose of
neoadjuvant RT is 50 Gy at 2 Gy per fraction per
day over PTV1, concurrent with ChT.

After neoadjuvant RT, surgery is based on a wide
tumour excision, reserving amputation for cases of
local complications or when complete tumour re-
section with safety margins is not possible. Follow-
ing surgery, an analysis of the surgical specimen is
performed, obtaining the definitive FNCLCC grade
and histological type according to the WHO clas-
sification, the pathological stage corresponding to
the AJCC system, the percentage of necrosis, the
resection margins (RO, R1 or R2) and possible stage
decreasing after RT.

Acute post-surgical complications and total days
at hospital are evaluated as a surrogate variable of
surgical wound healing difficulty.

In cases of affected margins after surgery (R1 and
R2), additional treatment of the surgical bed with
adjuvant RT is assessed. For the treatment volume
delimitation in the postoperative act, a high risk
area is defined in the planning CT images (corre-
sponding to the area of post-surgical changes and
metal clips placed in the surgical act, always con-
sidering the macroscopic tumour volume defined
on the preoperative MRI in T1 sequences, and the
possible areas of dissemination: skin scar, surgical
drainage path, haematomas and lymphoceles); the
boost clinical target volume (CTV2) includes the
high-risk area with an additional margin (40 mm
in length and 15 mm radially) limited by the af-
fected compartment, and the boost planning target
volume (PTV2) includes the CTV2 with an isotro-
pic margin of 5-10 mm. The prescription dose of
adjuvant RT is 16 Gy at 2 Gy per fraction per day
over the PTV2.

The acute and chronic toxicities of RT are evalu-
ated in detail during the treatment period and dur-
ing the oncological follow-up. Adverse effects to
RT are assessed according to the Common Termi-

nology Criteria for Adverse Events (CTCAE v5.0)

[12]. The adverse effects considered are dermitis

and lymphoedema as acute toxicity and fibrosis,

lymphoedema, pathological fracture and functional
limitation as chronic toxicity. Likewise, other rel-
evant toxicities are reported in each case.

Oncological follow-up consists of periodic local
and systemic evaluations. Generally, local assess-
ment is based on a physical examination and an
MRI of the treated region on a six-monthly sched-
ule during the first year and on an annual schedule
until the completion of five years from treatment.
Due to the avidity of STS for lung spread [1], sys-
temic assessment is performed with the practice of
a chest radiography every three months during the
first two years and every six months until complet-
ing five years from treatment (in case of doubt,
the lesions are checked with a chest CT for con-
firmation). Local and systemic control rates, local
(LPES) and distant (DPFS) progression free surviv-
als, overall survival (OS) and the patient’s status at
the last control (alive free of relapse, alive after local
relapse, alive after systemic relapse, alive after local
and systemic relapse, dead due to disease and dead
from other causes).

Regarding the study of prognostic factors based
on Radiomics, the volume of interest (VOI) cor-
responds to the GTV volumes segmented in the
planning CT of neoadjuvant RT. All the pre- pro-
cessing and radiomic feature extraction steps are
performed using LIFEx software (version 6.0) [13].
LIFEx software performs a direct calculation of the
radiomic features of each VOI from every CT up-
loaded to the software.

The radiomics characteristics analysed in this
study are shape, first order and second order vari-
ables obtainable through LIFEx, mentioned below
(List of extracted radiomics features is included in
Supplementary File — Table S2):

» shape variables: they quantify the geometric
shape of the VOI. The following are analysed:
volume, sphericity and compacity;

« first order variables: they take into account the
distribution of pixel intensities and the use of
elementary metrics to calculate geometric char-
acteristics. They are derived from a single histo-
gram generated from the 2D region or from the
entire 3D volume. The following are analysed:
skewness, kurtosis, excess kurtosis, entropy, en-
ergy and other conventional variables (mean,
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minimum, maximum, standard deviation and

average intensity peaks in a 0.5 and 1 mL sphere);
 second order variables: they take into account

texture characteristics and relationships between
pixels to model intratumoral heterogeneity. Tex-
ture characteristics are generated from different
descriptive matrices. We include these:

« grey level co-occurrence matrix (GLCM). It is
a matrix that presents the number of times two
levels of intensity have occurred at two pixels
with a specific distance. Homogeneity, energy,
contrast, correlation, entropy and dissimilarity
are analysed,

« grey level run length matrix (GLRLM). This is
a matrix that shows the length of consecutive
pixels having the same intensity. The following
are analysed: SRE, LRE, LGRE, HGRE, SRLGE,
SRHGE, LRLGE, LRHGE, GLNU, RLNU and RP,

o grey level zone length matrix (GLZLM). This
matrix considers the size of the homogenous
zones in each dimension. SZE, LZE, LGZE,
HGZE, SZLGE, SZHGE, LZLGE, LZHGE,
GLNU, ZLNU and ZP are analysed,

+ neighbourhood grey level different matrix
(NGLDM). This is a matrix that considers the
intensities of the neighbouring pixels rather than
the pixel itself. Coarseness, contrast and busy-
ness are analysed.

A descriptive and survival analysis is performed
using the SPSS software (v25.0) [14] and the ra-
diomics variables are tested together with clini-
cal-pathological variables in the PyRadiomics soft-
ware (v3.0) [15] to analyse their predictive power
using Student’s T-test and the Wilcoxon’s test, con-
sidering a p value below 0.05 to be significant. The
associations in the radiomics study analysed are
local and systemic control and overall survival.

Results

The data obtained in the study are shown in
Table 1. A total of 25 patients were analysed, 13
women (52%) and 12 men (48%). The average age
at diagnosis was 50.5 years (27-75 years).

The limbs were the most frequent location of
tumourogenesis (92%), with predominance of the
lower extremities. The remaining cases occurred at
the trunk (4%) and head and neck (4%).

From the analysis of the samples obtained by
biopsy, the following histological subtypes were

Table 1. Summary of the results of the study

Number of patients 25
Gender

Women 13 (52%)
Men 12 (48%)

Average age 50.5 years (27-75)

Clinical information at diagnosis

Site

Limbs 23 (92%)
Lower limbs 14 (56%)
Upper limbs 9 (36%)
Trunk 1 (4%)
Head and neck 1 (4%)
Histological type by biopsy

Fusocellular sarcoma 9 (36%)
Synovial sarcoma 4 (16%)
Pleomorphic sarcoma 3(12%)
Myxoid sarcoma 2 (8%)
Leiomyosarcoma 2 (8%)
Liposarcoma 2 (8%)
Myxoid liposarcoma 1 (4%)
Round cell sarcoma 1 (4%)
Non-typable sarcoma 1 (4%)
Histological grade by biopsy

Grade 1 3 (12%)
Grade 2 1 (4%)
Grade 3 20 (80%)
Non-valuable 1 (4%)

Clinical stage
7" AJCC TNM staging system

IA 1 (4%)
IB 2 (8%)
1A 1 (4%)
1B 1 (4%)
11l 20 (80%)
v 0 (%)
8" AJCC TNM staging system

IA 1 (4%)
IB 2 (8%)
I 1(4%)
A 5 (20%)
nB 15 (60%)
v 1 (4%)
Median number of days from diagnosis 35 days
to onset of neoadjuvancy (11-100)
Median number of days from the end 46 days
of the neoadjuvancy to the surgery (25-141)
Type of surgery 22 (88%)
Excision amputation 2 (8%)
No surgical intervention 1 (4%)

—
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Median number of days of admission 15 days (1-83) 8" AJCC TNM staging system
Post-surgical complications 1A 0 (0%)
Surgical wound infection 4 (16%) 1B 1(4%)
Surgical wound dehiscence 1 (4%) I 1(4%)
Septic shock 1 (4%) A 9 (36%)
No post-surgical complications 18 (72%) 1 13 (52%)
Not applicable 1 (4%) v 0 (0%)
Not applicable 1 (4%
Adjuvant treatment B4 - %)
No 22 (88%) Stage reduction according 7" AJCCTNM
0
Vs 2 (8%) Yes 1 (4%)
0,
No surgical intervention 1 (4%) No 23 (92%)
Not applicable 1 (4%)
Pathological results after surgery
Stage reduction according 8" AJCC TNM
Histological type of the surgical specimen Yes 2 (8%)
i 0,
Pleomorphic sarcoma 7 (28%) No 22 (88%)
Post-adjuvant sarcoma 6 (24%) Not applicable 1(4%)
Synovial sarcoma 4 (16%) -
0,
Fusocellular sarcoma 2 (8%) Aclite toxicity
Myxoid sarcoma 1 (4%) Dermitis
i 0
Lpet el U6 No dermitis 3(12%)
- o
Pleomorphic liposarcoma 1 (4%) Grade 1 12 (48%)
i 1 0,
Undifferentiated chordoma 1 (4%) Grade 2 4(16%)
i i 0
Malignant tumour of the peripheral nerve 1 (4%) Grade 3 4(16%)
sheath
i 0,
Not applicable 1 (4%) el 2
- - - Lymphedema
Hlsttfloglcal grade of the surgical o stk 20 (80%)
specimen
0 0
Grade 1 1(4%) Grade 1 1(4%)
0, 0,
Grade 2 4 (16%) Grade 2 2 (8%)
[v) 0,
Grade 3 12 (48%) Grade 3 0 (0%)
0/ i ()
Non-valuable 7 (28%) Not applicable 2 (8%)
0 . . .
et fahiealsle 1 (4%) Chronic toxicity
. . . Fibrosis
Necrosis of the surgical specimen .
No fibrosis 16 (64%)
< 50% 5 (20%)
Grade 1 3(12%)
50-90% 14 (56%)
Grade 2 3(12%)
> 90% 5 (20%)
. Grade 3 0 (0%)
Not applicable 1 (4%) .
Not applicable 3(12%)
Resection margins Lymphedema
RO 15 (60%) No lymphedema 15 (60%)
il e Grade 1 2 (8%)
i U ke Grade 2 5 (20%)
Not applicable 1 (4%) Grade 3 0 (0%)
Pathological stage Not applicable 3 (12%)
7" AJCC TNM staging system Pathological fracture
1A 0 (0%) No 21 (84%)
IB 1 (4%) Yes 0 (0%)
A 1 (4%) Not applicable 4 (16%)
1IB 4 (16%) Functional limitation
I 18 (72%) Yes 15 (60%)
\% 0 (0%) No 6 (24%)
Not applicable 1 (4%) Not applicable 4 (16%)
—> E—
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Table 1. Summary of the results of the study

Median follow-up 2‘(10[1110:;)}15
Local control

Yes 17 (68%)
No 8(32%)
Systemic control

Yes 15 (60%)
No 10 (40%)
Patient status

Alive 16 (64%)
Alive free of relapse 11 (44%)
Alive after local relapse 3(12%)
Alive after systemic relapse 1 (4%)
Alive after local and systemic relapse 1 (4%)
Dead 9 (36%)
Dead due to disease 9 (36%)
Dead for other reasons 0 (0%)
LPFS

After a 2-year follow-up 76%
After a 5-year follow-up 51.2%
DPFS

After a 2-year follow-up 62.5%
After a 5-year follow-up 50.9%
0s

After a 2-year follow-up 67.2%
After a 5-year follow-up 53.8%

obtained: fusocellular sarcoma (36%), synovial sar-
coma (16%), pleomorphic sarcoma (12%), myx-
oid sarcoma (8%), leiomyosarcoma (8%), liposar-
coma (8%), myxoid liposarcoma (4%) and round
cell sarcoma (4%), with the rest being non-typable
(4%). According to the FNCLCC classification, 84%
were oriented as high-grade tumours and 12% as
low-grade tumours, with the remaining 4% not be-
ing gradable.

According to the seventh edition of the AJCC
staging system, the clinical stage of the patients was
as follows: TA (4%), IB (8%), ITA (4%), IIB (4%)
and III (80%). In contrast, taking into account the
eighth edition of the same, the clinical staging was
as described below: IA (4%), IB (8%), II (4%), IIIA
(20%), I1IB (60%) and IV (4%).

A median of 35 days (11-100) elapsed from the
date of diagnosis to the date of initiation of neo-
adjuvant treatment. Most patients received a total
dose over PTV1 of 50 Gy, with the exception of
two: the first did not complete neoadjuvant therapy
due to fistulisation and tumour bleeding, requiring

amputation at the total accumulated dose of 6 Gy;
the other died in the course of neoadjuvant treat-
ment at the total accumulated dose of 24 Gy, in the
context of rapid local progression and septic and
cardiogenic shock.

For patients who completed neoadjuvant treat-
ment, a median of 46 days (25-141 days) elapsed
from the date of the end of the neoadjuvancy to
the date of surgery. In most cases, an exeresis of
the tumoural lesion was performed (88%) and only
two patients required amputation: one due to RO
or R1 tumour resection could not be assured, and
the other one corresponded to the previously men-
tioned dead patient.

The median number of days at hospital after sur-
gery was 15 (1-83). Most patients had no postop-
erative incidence (72%). Of the rest of the cases,
in order of frequency, the following intercurrences
stand out: infection of the surgical wound (16%),
dehiscence of the surgical wound (4%) and septic
shock (4%).

From the pathological analysis of the surgical
specimen, 24% of the cases were classified as post-
neoadjuvant sarcoma. Of the remaining samples,
the following histological subtypes were identified:
pleomorphic sarcoma (28%), synovial sarcoma
(16%), fusocellular sarcoma (8%), myxoid sarcoma
(4%), liposarcoma (4%), pleomorphic liposarcoma
(4%), undifferentiated chordoma (4%) and malig-
nant peripheral nerve sheath tumour (4%).

According to the FNCLCC classification, 64%
were classified as high-grade tumours and 4% as
low-grade tumours; in 28% of the cases the histo-
logical gradation could not be determined. Necrosis
of the surgical specimen was equal to or greater
than 90% in 20% of the cases. Sixty percent of the
interventions were RO resections and R1 and R2
resection margins were considered in 32% and 4%
of the cases, respectively.

The pathological stage according to the seventh
edition of the AJCC followed the next distribution:
IB (4%), ITA (4%), IIB (16%) and I1I (72%). Accord-
ing to the eighth edition of the same, the patho-
logical staging was as follows: IB (4%), II (4%), IITA
(36%) and I1IB (52%). Regarding clinical staging af-
ter neoadjuvant therapy, a decrease in the stage was
observed in 4% of cases considering the seventh
edition of the AJCC and in 8% of cases applying the
eighth edition of the same.
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Figure 1. A. Local progression free survival (LPFS); B. Distant progression free survival (DPFS); C. Overall survival (OS)

In the cases of affected margins, additional treat-
ment of the surgical bed with adjuvant RT was
considered. This was performed in 8% of the total
cases attended, with a total administered dose of 16
Gy in all cases.

Acute adverse effects identified during the course
of neoadjuvant therapy and during the first month
after the end of therapy were as follows: grade 1, 2
and 3 dermatitis in 48%, 16% and another 16% of
the total sample, respectively, and grade 1 and grade
2 acute lymphedema in 4% and 8%, respectively,
with no grade 3 events in this case. No other out-
standing acute toxicities were recorded.

During the oncological monitoring, the second-
aryisms exposed in the lines below were reported
as chronic toxicity. Of the total sample, only 24% of
the patients developed fibrosis and this was docu-
mented as grade 1 (12%) and grade 2 (12%), with-
out grade 3 events. On the other hand, chronic
lymphedema was described in 28% of the total

sample and this was described as grade 1 (8%) and
grade 2 (20%), also without grade 3 events. Oth-
er reported chronic toxicities were hyperchromia
(8%) and telangiectasia (4%).

The median follow-up was 24 months (0-156
months). Local and systemic control rates were 68
and 60 percent, respectively. 64% of the patients
have not died: 44% are free of relapse, 12% live af-
ter local relapse, 4% live after systemic relapse and
another 4% live after local and systemic relapse.
After disease progression, oncospecific treatment
with systemic therapy for advanced disease was
continued in most cases. The remaining 36% have
died due to disease.

Local progression free survivals (LPFS) at two
and five years were 76% and 51.2% (Fig. 1A). Dis-
tant progression free survivals (DPES) at two and
five years were 62.5% and 50.9% (Fig. 1B). Finally,
overall survivals (OS) at two and five years were
67.2% and 53.8% (Fig. 1C).
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Figure 2. Randomics features analysed with significant results
After analysis of radiomics features using Stu- Discussion

dent’s T-test and the Wilcoxon’s test considering

a p-value below 0.05 to be significant, the following

significant associations were found:

¢ local control: the variable grey level co-occur-
rence matrix correlation (GLCM correlation)
was determined significantly by the Wilcoxon’s
test (p = 0.043) (Fig. 2A);

« systemic control: the following variables were
determined to be significant:

a) minimum intensity values in Hounsfield units
(HUmin) using the Wilcoxon’s test (p = 0.016)
(Fig. 2B),

b) medium intensity peak in Hounsfield units on
a 0.5 mL sphere (HUpeak on a 0.5 mL sphere)
using the Wilcoxon’s test (p = 0.024) (Fig. 2C),

¢) medium intensity peak in Hounsfield units on
a 0.5 mL sphere (HUpeak on a 1 mL sphere
using the Wilcoxon’s test (p = 0.036) (Fig. 2D),

d) volume using the Student’s T-test (p = 0.008)
and the Wilcoxon’s test (p = 0.006) (Fig. 2E),

e) grey level co-occurrence matrix correlation
(GLCM correlation) using the Student’s T-test
(p = 0.047) (Fig. 2F),

f) grey level non-uniformity of grey level zone
length matrix (GLZLM GLNU) using the Wil-
coxons test (p = 0.041) (Fig. 2G);

« overall survival: the variable short zone emphasis
of grey level zone length matrix (GLZLM SZE)
was determined significantly by the Wilcoxon’s
test (p = 0.036) (Fig. 2H).

Neoadjuvant RT is often implemented in clini-
cal practice for the purpose of limiting the volume
and dose of radiation and improving functionality
because of its lower rate of fibrosis and long-term
oedema. However, the current literature does not
yet have conclusive data determining a prognostic
benefit with respect to adjuvant RT and, therefore,
data from future clinical trials are needed to deter-
mine the best treatment sequence.

There are few retrospective studies in the litera-
ture that have compared the benefit of neoadjuvant
RT with adjuvant RT, with the study by Sampath et
al. [7] having the largest sample size (821 patients).
If we compare our analysis with the branch of neo-
adjuvant RT in that study (293 patients), we observe
that the survival variables in our study are lower,
being respectively the following: LPFS of 51.2% vs.
93%, DPES of 50.9% vs. 89% and OS of 53.8% vs.
65%, at five years of follow- up. These differences
can probably be justified by the higher number of
patients compared to our analysis.

If we compare the toxicity with that observed in
the phase III trial by O’Sullivan et al. [5], patients
who had some complication in surgical wound
healing were 20% compared to 35% in the Ca-
nadian series. Likewise, only 12% of our sample
developed chronic grade 2 fibrosis without grade 3
events vs. 31.5% of the Canadian series with grade
2 events or more. Finally, chronic lymphoedema
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was observed in 20% of our sample as grade 2
without grade 3 events vs. 15.1% of the Canadian
series with grade 2 events or more. Most of the RT
treatments of both samples have been performed
with the 3DCRT technique, so, at present, these
results could probably be lower according to more
recent toxicity studies with the VMAT or IMRT
techniques [16].

The present study suggests a prognosis potential
of CT radiomics features for risk assessment in STS.
We found factors associated significantly with lo-
cal control (GLCM correlation), systemic control
(HUmin, HUpeak on a 0.5 and 1 mL spheres, vol-
ume, GLCM correlation and GLZLM GLNU) and
overall survival (GLZLM SZE). In the available lit-
erature, other radiomic parameters obtained by CT
that have shown prognostic correlation are GLRM
LGRE and asymmetry (in local control, systemic
and global survival) and sphericity (in local control
and global survival) [17].

It should be noted that our study has a series of
limitations: its retrospective nature may be a rea-
son for potential bias, it is an exploratory phase
study, its sample size is very limited and no cor-
rection has been applied for multiple comparisons
(Bonferroni type).

However, the data provide a valuable basis for
future research and underline the potential of Ra-
diomics in the field of personalised medicine in
STS. Future prospective trials of sufficient size may
overcome the limitations of this study. Also, there
would be interest in future studies to evaluate the
potential prognostic characteristics of radiomics
features obtained from MRI and PET images as well
as the creation of nomograms that combine clini-
cal-pathological variables and radiomics features to
estimate the probability of a specific outcome.

Conclusions

After the analysis of the data obtained in this
study, we can conclude that the STS treated with
RT with neoadjuvant intention in our centre as-
sociate with an OS and toxicity that can be su-
perimposed on other series. Radiomic features
obtained by CT have a potential prognosis in STS
risk stratification. The confection of nomograms
that combine clinical-pathological variables and
radiomic features could be useful in clinical prac-
tice. Our findings should be interpreted with cau-

tion due to the heterogeneity of the data, their ret-
rospective nature and the low number of patients.
The results of our study may serve as a motivation
for future prospective studies with a larger num-
ber of patients.
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