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ABSTRACT

Background. The improved outcome of extremity soft
tissue sarcoma patients surgically treated until 2007 at the
authors’ institution was previously reported. This study
updates the analysis at a later follow-up and extends the
patients’ cohort to assess changes in outcomes over time
for extremity and superficial trunk soft tissue sarcoma
(ESTSTYS) treated at a single referral center.

Methods. All consecutive patients with primary localized
adult-type ESTSTS surgically treated at the authors’
institution between 1987 and 2017 were included and
divided into group 1 (1987-2002) and group 2
(2003-2017) according to primary surgery year. Crude
cumulative incidence (CCI) of sarcoma-specific mortality
(SSM), local recurrence (LR), and distant metastases
(DM) were calculated in a competing-risks framework.
DM-free survival (DMFS) and post-DM survival were also
assessed.
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Results. The study identified 2382 patients. The median
follow-up was 104 months (range, 63—127 months), and the
post-DM follow-up was 76 months (range, 37-126
months). Since 2003, an increased adoption of preoperative
treatments was observed: the use of chemotherapy, radio-
therapy and combined chemoradiotherapy went from
10.5% to 23.7%, from 1.7% to 17.8%, and from 1% to
11.8% respectively. This change in treatment strategies
was associated to an improvement in CCI-SSM (27.8% vs
19.5%; P < 0.001), CCI-LR (14.1 vs 7.5%; P < 0.001),
DMEFS (57.9% vs 65.8%; P = 0.004), and post-DM (12.2%
vs 20.1%; P = 0.012), but not in CCI-DM.

Conclusions. Increased adoption of preoperative treat-
ments and greater availability of medical agents in the
recent years were associated to better outcomes. New
treatments are eagerly awaited for further improvement of
outcome for ESTSTS patients because no major changes
have been observed since 2003.

Keywords Sarcoma - Extremity - Surgery -
Chemotherapy - Radiotherapy - Outcome

Extremity and superficial trunk wall soft tissue sarcomas
(ESTSTS) are a group of rare solid tumors accounting for
approximately 0.5% of all adult malignant neoplasms.’
Their rarity together with their high histologic variability
(>70 histologic types) constitute the main challenges for
the management of these tumors and clinical research in
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this field. Nonetheless, during the past decades, efforts
have been made to identify prognostic factors and tailor
ESTSTS treatment accordingly.”

In the latter years, we have exploited available multi-
modal treatments, with a preference for preoperative
treatments, with the aim to fine tune the approach to high-
risk disease.>” In 2011 we reported the improved out-
comes of patients with soft tissue sarcomas (STSs) of the
extremity treated at our center between 1987 and 2007,
and we noted a specific change in 2003, when the prefer-
ence for the neoadjuvant setting had started.

In this study, we extended the time period to 2017 and
updated the analysis with a longer follow-up period to
assess possible further changes in survival of ESTSTS
patients during recent years. Outcome trends according to
histologic subgroups were also explored.

METHODS

The study enrolled all consecutive adult patients with
primary localized ESTSTS who underwent surgery with
curative intent at Fondazione IRCCS Istituto Nazionale dei
Tumori, Milan, Italy between January 1987 and December
2017. The study excluded patients with atypical lipomatous
tumor/well-differentiated liposarcoma, classic dermatofi-
brosarcoma protuberans, desmoid tumor, Ewing sarcoma,
or alveolar/embryonal rhabdomyosarcoma as well as
patients with STSs located in the head and neck, medi-
astinum, abdominal cavity, or breast.

Clinical data were collected from a prospectively
maintained institutional database. The data retrieved
included gender, age at diagnosis, site (upper extremity,
trunk wall, lower extremity, girdle), size, depth, histologic
type, malignancy grade (1, 2, 3), margin status at pathol-
ogy, (neo)adjuvant treatments, isolated limb perfusion
(ILP), amputations, and reconstructions (vascular, plastic,
and other).

Size was defined as the longest diameter at final
pathology for untreated tumors, while it was defined as the
longest measurement between imaging at diagnosis
and final pathology for all tumors managed with any form
of preoperative treatment before definitive surgery. Tumors
were classified as superficial or deep according to the
involvement of the investing fascia.

Histologic classification was based on 2020 World
Health Organization (WHO) criteria’ and grouped into the
following ten categories: dedifferentiated and pleomorphic
liposarcoma (DD/pleom LPS), leiomyosarcoma (LMS),
myxoid liposarcoma (MLPS), malignant peripheral nerve
sheath tumor (MPNST), myxofibrosarcoma (MFS), syn-
ovial sarcoma (SS), undifferentiated pleomorphic sarcoma
(UPS), solitary fibrous tumor (SFT), vascular sarcoma
(vascular), and others.

All the tumors were graded according to the Fédération
Nationale des Centres de Lutte Contre Le Cancer
(FNCLCC) criteria (grades 1, 2, and 3).1° Surgical exci-
sions were defined as macroscopically incomplete (R2) or
complete according to the presence or absence of gross
residual disease. Macroscopically complete resections were
further categorized according to the closest surgical margin
as either microscopically positive (tumor within 1 mm
from the inked surface: R1) or negative (absence of tumor
within 1 mm from the inked surface: RO).

The indication for radiotherapy (RT) was determined by
a multidisciplinary team when a higher risk of relapse was
estimated on clinical grounds. However, no prospectively
selected criteria were used. External beam radiation was
used in all such cases, and doses ranged from 45 to 70 Gy
(median, 60 Gy). Chemotherapy (ChT) was administered at
the discretion of the multidisciplinary institutional sarcoma
board or as part of ongoing clinical trials. Anthracycline-
based regimens were used, in most cases combined with
ifosfamide. A shift toward the use of either ChT or RT in
the preoperative setting was started in 2003, together with
the concurrent administration of both treatments for higher-
risk patients.

In the absence of any event after treatment, a regular
follow-up evaluation was performed generally at least
every 4 months for the first 2 years, every 6 months for the
following 3 years, and then yearly.

Local relapse and distant metastases were prospectively
recorded as events of interest on the basis of strongly
suggestive imaging (magnetic resonance imaging [MRI] or
computed tomography [CT] scan) evaluated at the time of
follow-up visits.

Statistical Methods

Patients characteristics, treatments, and counts of out-
comes’ events were described using descriptive statistics
and compared by means of the standardized mean differ-
ence (SMD). The SMD is considered indicative of a
possible between-group imbalance when it approaches a
value of about 0.3. The SMD and the relevance of the
observed differences should be assessed from a clinical
point of view.'’

The primary objectives of the study were incidences of
sarcoma-specific mortality (SSM), local relapse (LR), and
distant metastasis (DM). The secondary objectives of the
study were distant metastasis-free survival (DMFS), over-
all distant metastasis incidence (DMI), and post-distant
metastasis (post-DM) survival.

Survival and incidence times started from the date of
surgery on the primary tumor for all but the post-DM
survival end point. Crude cumulative incidence (CCI)
curves of SSM, LR, and DM, were estimated in a
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competing risk setting using cumulative incidence esti-
mates and compared using the Gray test. The study
estimated CCI curves of DMI using cumulative incidence
estimates considering only death as a competing event to
calculate the overall incidence of DM regardless whether
DM occurred as the first event, concomitant to LR or after
LR, and they were compared using the Gray test. The
DMEFS and post-DM survival curves were estimated using
the Kaplan-Meier method, and the curves were compared
using the log-rank test. The study defined SSM as the time
to death due to disease and death not directly attributable to
disease evaluated as competing events. LR (DM) was
defined as the time to the first LR (DM) and death without
recurrence or DM (LR) were considered as competing
events.

In DMI models, DM was defined as the time to the first
DM, and death due to any cause was considered as the only
competing event. DMFS was defined as the time to DM or
death, whichever occurred first. Concomitant LR and DM
were considered as DM. Post-DM survival was defined as
the time between the first DM event (even as not-first
event) to death due to any cause.

Overall and subgroup analyses by histology were per-
formed. For all primary and secondary outcomes,
comparisons between two 15-year groups (1987-2002,
2003-2017) and between six 5S-year subgroups
(1987-1992,  1993-1997,  1998-2002, 2003-2007,
2008-2012, 2013-2017) according to the date of primary
surgery were performed.

Multivariable Cox models including 15- or 5-year
groups and age, tumor size, operation period, depth, histo-
logic type, malignancy grade, margin status, and ChT and
RT (none, pre- with or without post-treatment, only post-
treatment) also were performed to assess the association
between the aforementioned covariates and SSM, CCI-LR,
CCI-DM, and DMFS. In the CCI-LR, CCI-DM, and DMI
models, the interaction term between ChT and RT was
included. In three further models for SSM and DMFS/DMI,
LR/DM and LR were added as time-dependent covariates,
respectively. Numeric variables such as patient age and
tumor size were modeled using three-knots restricted cubic
splines.'? Proportionality assumption was visually inspec-
ted by evaluating the regression line slope of scaled
Schoenfeld residuals against the log-transformed time for
all covariates and models.

Univariable Fine and Gray models were used to perform
the histology-specific subgroup analyses. In the post-DM
survival analysis, the median follow-up values were esti-
mated with the reverse Kaplan-Meier method'” on the basis
of overall survival data for the whole cohort and the
15-year groups, and on the post-DM data for the patients
who experienced a DM event.

The statistical analyses were performed with SAS (SAS
Institute, Cary, NC, USA) and R software (R Foundation
for Statistical Computing, Vienna, Austria).

RESULTS
Patient and Tumor Characteristics

Overall, 2392 patients with primary and localized
ESTSTS were surgically treated with curative intent at our
institution between 1987 and 2017. The analysis excluded
10 patients who underwent R2 resection, and the remaining
2382 patients constituted the basis of the current study.
Baseline patient, tumor, and treatment characteristics by
15- and 5-year subgroups are shown respectively in
Tables 1 and S1.

The median follow-up period was 104 months (in-
terquartile range [IQR], 63-127 months) in the whole
series, 139 months (IQR, 120-187 months) in group 1, and
82 months (IQR, 50-113 months) in group 2. The median
post-metastasis follow-up periodwas 76 months (IQR,
37-126 months) in the whole series, 139 months (IQR,
93—185 months) in group 1, and 58 months (IQR, 21-100
months) in group 2.

Incidence of Sarcoma-Specific Mortality

For the 2382 patients, 639 deaths were recorded. Of
these deaths, 475 (74.3%) were sarcoma-related and thus
considered in our analyses. The first event before sarcoma-
related death was LR for 85 patients (17.9%), DM for 343
patients (72.2%), and synchronous LR and DM for 44
patients (9.3%). Three patients died of sarcoma-related
complications and never experienced DMs or LR.

The number of sarcoma-related deaths and the 5- and
10-year SSM estimates before and since 2003 are reported
in Table 2. The CCI-SSM curves (Fig. 1, panel A) differed
significantly according to period (P < 0.001). The corre-
sponding results of the subgroup analyses are shown in
Table S2 and Fig. S1 (panel A), respectively.

The results of the Cox multivariable models for CCI-
SSM, including the 15-year groups, are shown in Table 3.
The results of a similar model for CCI-SSM, including the
5-year groups are shown in Table S3. The results of the
Cox multivariable models for DMFS including LRs and
DMs as additional time-dependent variables are shown in
Table S4.

Incidence of Local Recurrence

Overall, 295 patients experienced LR. Of these 295
patients, 214 (72.5%) had LR as the first event. Overall,
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TABLE 1 Patients and tumor characteristics overall and according to 15-yrs groups.
Overall 1987-2002 2003-2017 SMD
N = 2382 N =753 N = 1629
Sex 0.015
Male 1309 (55.0%) 410 (54.4) 899 (55.2)
Female 1073 (45.0%) 343 (45.6) 730 (44.8)
Age [years] 0.293
Median (interquartile range) 54.00 (40.00; 66.00) 50.00 (35.00,63.00) 56.00 (42.00,67.00)
Tumor size [cm] 0.029
Median (interquartile range) 7.00 (4.00; 10.00) 6.00 (4.00,10.00) 7.00 (4.00,11.00)
Tumor site 0.219
Upper limb 329 (13.8%) 114 (15.1) 215 (13.2)
Superficial trunk 213 (8.9%) 40 (5.3) 173 (10.6)
Girdle 561 (23.6%) 164 (21.8) 397 (24.4)
Lower limb 1279 (53.7%) 435 (57.8) 844 (51.8)
Depth 0.309
Superficial 652 (27.4%) 138 (18.3) 514 (31.6)
Deep 1730 (72.6%) 615 (81.7) 1115 (68.4)
Grade 0.039
1 504 (21.2%) 165 (21.9) 339 (20.8)
11 629 (26.4%) 203 (27.0) 426 (26.2)
11 1249 (52.4%) 385 (51.1) 864 (53.0)
Histologic type 0.464
Dedifferentiated liposarcoma 177 (7.4%) 49 (6.5) 128 (7.9)
Leiomiosarcoma 261 (11.0%) 103 (13.7) 158 (9.7)
Myxofibrosarcoma 332 (13.9%) 39 (5.2) 293 (18.0)
Malignant peripheral serve sheath tumor 140 (5.9%) 57 (7.6) 83 (5.1)
Myxoid/round cell liposarcoma 324 (13.6%) 121 (16.1) 203 (12.5)
Other 470 (19.7%) 141 (18.7) 329 (20.2)
Synovial sarcoma 204 (8.6%) 90 (12.0) 114 (7.0)
Undifferentiated pleomorphic sarcoma 409 (17.2%) 130 (17.3) 279 (17.1)
Vascular sarcoma 65 (2.7%) 23 (3.1) 42 (2.6)
Surgical procedure 0.207
Conservative 2321 (97.4%) 715 (95.0) 1606 (98.6)
Amputation 61 (2.6%) 38 (5.0) 23 (1.4)
Reconstructive procedures 0.436
Plastic surgical reconstruction 369 (15.5%) 59 (7.8) 310 (19.0)
Vascular reconstructions 59 (2.5%) 10 (1.3) 49 (3.0)
Other 133 (5.6%) 20 (2.7) 113 (6.9)
None 1821 (76.4%) 664 (88.2) 1157 (71.0)
Reconstructive procedures 0.436
Yes 561 (23.6%) 89 (11.8) 472 (29.0)
No 1821 (76.4%) 664 (88.2) 1157 (71.0)
Surgical margins 0.038
RO 2080 (87.3%) 664 (88.2) 1416 (86.9)
R1 302 (12.7%) 89 (11.8) 213 (13.1)
ChT 0.357
None 1775 (74.5%) 627 (83.3) 1148 (70.5)
Pre w/o Post 465 (19.5%) 79 (10.5) 386 (23.7)
Post only 142 (6.0%) 47 (6.2) 95 (5.8)
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TABLE 1 (continued)

Overall 1987-2002 2003-2017 SMD
N = 2382 N =753 N = 1629

RT 0.585

None 1334 (56.0%) 439 (58.3) 895 (54.9)

Pre w/o Post 303 (12.7%) 13 (1.7) 290 (17.8)

Post only 745 (31.3%) 301 (40.0) 444 (27.3)

Combined ChT-RT"

Preop concurrent ChT-RT 201 (8.4%) 8 (1.0) 193 (11.8)

Postop concurrent ChT-RT 114 (4.8%) 38 (5.0) 76 (4.7)

Preop ChT w/o postop ChT-postop RT 137 (5.8%) 36 (4.8) 101 (6.2)

Preop RT w/o postop RT-postop ChT 1 (0.0%) 1 (0.0) 0 (0.0)

ILP 0.008

Yes 46 (1.9%) 14 (1.9) 32 (2.0)

No 2336 (98.1%) 739 (98.1) 1597 (98.0)

SMD standardized mean difference; ChT chemotherapy; RT radiotherapy; w/o with/without.

“Percentages calculated on the total of the relative column

TABLE 2 Number of events according to 15-yrs groups and corresponding crude cumulative incidence estimates of sarcoma-specific mortality,
local relapse, and distant metastasis and distant metastasis-free and post-distant metastasis survival probability at 5- and 10-year

No. of events

5-Year estimates 10-Year estimates

No. of patients Overall First event CCI/Survival (%) 95% CI CCI/Survival (%) 95% CI
1987-2002
Sarcoma-specific mortality 753 216 - 225 19.7-25.7% 27.8 24.8-31.3%
Local relapse 753 150 109 13.0 10.8-15.6% 14.1 11.8-16.8%
Distant metastasis 753 245 198 24.1 21.2-273% 26.3 23.3-29.7%
Distant metastasis-free survival 753 332 - 64.3 60.9-67.8% 57.9 54.5-61.6%
Post-distant metastasis survival 245 209 - 19.9 15.4-258% 12.2 8.5-17.5%
2003-2017
Sarcoma-specific mortality 1629 259 - 15.3 13.5-17.2% 19.5 17.3-22.0%
Local relapse 1629 145 105 6.2 5.1-7.6% 7.5 6.1-9.2%
Distant metastasis 1629 409 372 22.6 20.6-24.8% 24.5 22.3-26.9%
Distant metastasis-free survival 1629 502 - 70.5 68.2-72.8% 65.8 63.3-68.5%
Post-distant metastasis survival 409 250 - 26.6 21.8-32.3% 20.1 15.3-26.4%

CCI crude cumulative incidence; CI confidence interval.

130 patients had LR alone, whereas 165 patients had LR
and DMs (LR anticipating DMs in 84 patients, concurrent
in 48 patients, and posterior in 33 patients). In the first and
second groups, 62 and 68 patients respectively had an LR
alone, whereas 88 and 77 patients had LR and DM (LR
anticipating DM in 47 and 37 patients, concurrent in 21 and
27 patients, and posterior in 20 and 13 patients,
respectively).

The 5- and 10-year CCI-LR values by period are
reported in Table 2. The CCI curves (Fig. 1, panel B)
differed significantly according to period (P < 0.001). The
corresponding results of the subgroup analyses are shown
in Table S2 and Fig. S1 (panel B), respectively.

The results of the Cox multivariable models for CCI-
LR, including the 15- and 5-year groups are shown in
Tables 3 and S3, respectively.
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FIG. 1 Crude cumulative
incidence (CCI) curves of
sarcoma specific mortality
(SSM, Panel A), crude
cumulative incidence (CCI) of
local relapse (LR, Panel B), and
CCI of distant metastasis (DM,
Panel C) according to 15-yrs
groups
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Overall, 489 patients had only DM, whereas 165 had DM
and LR, as reported earlier. In the first and second groups,

Overall, 654 patients experienced DM. Of these 654  respectively 157 and 332 patients had a DM alone, whereas
patients, 570 (87.2%) had DM as the first event. In 48 88 and 77 patients had an LR and a DM, respectively, as
(8.4%) of the 570 patients, DM and LR were synchronous.  reported earlier.
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EE The 5- and 10-year CCI-DM values by period are
E E g reported in Table 2. The CCI-DM curves (Fig. 1, panel C)
fE A o 9 did not differ significantly according to period (P = 0.625).
g £ f The corresponding results of the subgroup analyses are
o] QO < . . .
> 33 shown in Table S2 and Fig. S1 (panel C), respectively.
§ © s_% g The results of the Cox multivariable models for CCI-
£ E oo | B g DM, including the 15- and 5-year groups, are shown in
g Z 3 Tables 3 and S3, respectively.
5 g5
Z | x ©“ e
Az N N N E 2 Distant Metastasis-Free Survival and Distant
) 2 Metastasis Incidence
5 £
(=] . .
~ o = § The number of all the first DM events (occurring either
_ %E as the first event or not), and the 5- and 10-year DMFS
" g g :Sr § a8 8 @ 8g estimates before and since 2003 are reported in Table 2.
gl 9 oA WE Distant metastasis-free survival was significantly longer
Slw| S S8 ¥aE|IS since 2003 (P = 0.004; Fig. 2). The Kaplan-Meier curves of
2|2 < ecs<Scsece|LE : o
= E S DMES according to 5-year groups are shown in Fig. S2.
=} . .
g ~|g o ~ T o § 3 The results of the Cox multivariable models for DMFS
Alx|s =SS« 3|2 2 including the 15- and 5-year groups are shown in Table 3
_ = g and Table S3, respectively.
S '_é 8 < The results of the Cox multivariable models for DMFS
9 v 55 g including LR as an additional time-dependent variable are
g 2 2 h ;
8s & shown in Table S5.
T €49gg 7 5 B The same analysis of the overall incidence of DM (DMI)
o| o o= S~ S| 2 is reported in the supplementary material and is consistent
-4 AN o — ~ he] < . .
2|3 $@©&83 8|TE £ with that for DMFS (Fig. S3; Tables S5 and S6).
SRS S22 S|€n >
© = Q
- SRS . . .
Slulm © T g w8y & Post-Distant Metastasis Survival
SIZ| 3 S SoSs S| E o
3] = . .
3 3 g The number of all the first DM events (occurring either
3 § e as the first event or not) and the 5- and 10-year post-DM
>~ § g £ survival estimates before and since 2003 are reported in
B 3 5 . . . .
£ S; E Table 2. Post-DM survival improved significantly since
g Q : 2 2003 (P = 0.012; Fig. 3). The Kaplan-Meier curves of post-
2|5 g £ f DM survival according to 5-year groups are shown in Fig
— QO
g S g5 = S4. The median time from metastases to death was 19
s | N - g months (IQR, 8-56 months) overall; 15 months (IQR, 843
w U: . .
S v g 2= § months) in group 1, and 22 months (IQR, 9-67 months) in
= L |SEE G group 2.
B = o
£z 2
2 “S= S8 :
e . . F5F 2 8 Outcome by Histology
s 2% |BEsF £
2 o 2R S =225 g & . .
g g ° § 25 (TS 2 A comparison of outcomes before and since 2003 by
[0} - = — .— . . . .
g T ES oS z|gsF T histologic type showed CCI LR improvement in all but
E BZEAEL|Z832 22 . . ) .
i) O ) ©) i) o i) g oE & g LMS and SS histologies; CCI DM improvement in none
= = = = . . .
=l i = 2 5 L;) = 2 g g § % Z with UPS as a worsening group and a feeble improvement
~N o= - . . .
E g s = s = g F|I9EL ¢ ¢ in the vascular sarcoma group; CCI SSM improvement in
g g S92 sS4y SE0 B g myxoid LPS, vascular sarcoma, MPNST, and SS. A sig-
> I IR IR} S = .. . X
gl z g E z § z E z |3 a 2 &g nificantly better DMFS was observed only in SS and a
= | £ 28252528 g_q:‘; 3 é nonsignificant improvement in vascular sarcoma was also
= = X =~ = < = Q@ . .
é g oS ® e z - s - . 28 8 e observed. Finally, due to generally smaller differences and
) <
G SR ELELLRITERZZ fewer patients in each histology subgroup, only weak



M. Danieli et al.

3282
FIG. 2 Kaplan-Meier curves of
distant metastasis-free survival
according to 15-yrs groups
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FIG. 3 Kaplan-Meier curves of 1.0 4
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— 2003-2017

DM) survival according to
15-yrs groups

Post-DM survival

P=0.012
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0 12 24 36 48 60 72 84 96 108 120
Time (months)
No. pts at risk
1987-2002 245 142 88 64 49 43 33 29 25 23 18
2003-2017 409 228 142 102 73 53 38 32 23 18 13

improvements in post-DM survival were detectable in all ~ DISCUSSION
histologies except DD/pleom LPS and vascular sarcoma

(Table 4 and Figs. S5-S10). In this series of patients affected by primary localized

adult-type ESTSTS treated surgically at a single institution
during a 30-year period, a significant improvement in SSM
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and CCI-LR after 2003 was observed. In addition, whereas
CCI-DM as the first event did not change over time, DMFS
and post-DM survival were significantly longer after 2003.

This was a retrospective study with all the limitations
thereof only partially overcome by the use of prospectively
collected data. Some changes were made in the definition
of the most common types over the years. Therefore, some
differences in histologic distribution among the study
periods may be attributable to the refinement of their
classification rather than to a change in the case mix.

Moreover, neither chemotherapy regimens nor radio-
therapy doses and fields could be factored into our analysis.
In addition, we lacked data about patients who progressed
with preoperative treatments and became inoperable.
However, this is a rare event (about 2% of the cases), as
shown also in studies testing neoadjuvant ChT in high-risk
localized ESTSTS.>"*

Finally, staging methods certainly have evolved during
30 years (e.g. from CT scan to helical CT scan) and this
may have determined an earlier detection of distant spread
in the recent years with some risk of confounding the
comparison. In addition an improvement in surgical tech-
nique and better imaging identification certainly might
have contributed to a better outcome. However if these
confounders had played a major role in improving out-
come, a lower percentage of marginal resections as well as
a lower incidence of distant metastases as the first event
(Will Rogers’ phenomenon'®) would have been found in
the latter period. Instead, neither of these were observed.

To the best of our knowledge, this was one of the largest
series of patients with ESTSTS treated at single referral
center during a 30-year period, and thanks to the large
cohort size, outcomes according to histology group also
could be attempted.

These results confirm and update the outcome over time
reported in our previous analysis on extremity STS.®
Indeed, 5-year SSM has dropped by more than one third
since 2003. As shown by analysis of subgroups, the max-
imum outcome improvement in terms of SSM as well as
CCI-LR and DMFS was recorded since 2003. Consistently,
a similar study investigating a cohort of patients treated
from 1982 to 2001 could not find any change in disease-
specific mortality during the considered time frame. This is
similar to our findings, as changes were seen starting from
2003.'° Notably, this time point marked a change in the
treatment approach to ESTSTS at our center, whereas no
clinically significant differences in patients, tumor char-
acteristics, or quality of surgical margins were observed
over time. These changes can be summarized as follows:
(1) a gradual shift toward the use of RT in the preoperative
setting, with the proportion of preoperative RT rising from
1.7% to 17.8% after 2003, (2) an increase in the use of
chemotherapy overall, mainly attributable to an increase in

preoperative ChT administration, and (3) an increased use
combined RT and ChT in the preoperative setting, from 1%
in the first period to 11.8 % in the last period.

The administration of RT in association with conser-
vative limb-sparing surgery is known to reduce the LR risk
compared with surgery alone, especially for high-risk
patients,3’4’17 and this was confirmed in our series because
it was found to be significantly associated with a lower
CCI-LR. Less is known about whether the timing of RT
(pre- vs postoperative) has any further impact on local
control. The only available randomized study showed no
difference in LR between the two study arms, but the study
was not powered to examine this.'®'”

In the current study, improvement in local control was
accompanied by an increase in RT administration in the
preoperative setting. Indeed, some retrospective studies
already have shown that preoperative RT may offset the
negative prognostic impact of positive surgical mar-
gins.’*** Therefore, it may be hypothesized that although
the administration of preoperative RT generally does not
differ from the administration of postoperative RT in terms
of local control (even if the dogma of RT as standard
treatment  after negative margins resections s
presently challenged, considering no RT at all also as an
option in selected cases and in a referral institution with
expert sarcoma practitioner inputs available®*), this is not
true in the case of close/positive margins, in which pre-
operative RT seems better.

Our study is consistent, with improvement of local
control paralleled by an increase in the use of preoperative
RT over time, showing no change in the proportion of R1
resections. In the absence of randomized data, our results
add evidence in favor of preoperative RT, especially for
borderline resectable cases or when close/positive margins
over a critical structure can be anticipated on clinical
grounds. This should also support the current shift toward
the use of RT in the preoperative setting overall.

The percentage of patients who received ChT increased
from 19.1% to 32.2%, mostly due to its increased use in the
preoperative setting. However, this was not paralleled by a
reduction in the incidence of DM as the first event. Indeed,
the role of ChT in the treatment of localized ESTSTS is
debated. Several randomized controlled trials (RCTs)
conducted in the last 30 years have led to conflicting
results, with some smaller trials showing a benefit of ChT
and other larger trials not reporting any benefit at all.>>~*°
However, most of the studies that failed to show a benefit
in overall survival had important limitations such as the
inclusion of unselected patient populations (all sizes and
malignancy grades) and the administration of suboptimal
chemotherapy schedules,” >’ whereas more recent data
have led to consideration of a role for ChT in improving
systemic control for selected high-risk patients.”*°



3284

M. Danieli et al.

TABLE 4 Result of the Cox and Fine & Gary univariable models by histology subgroup according to 15-yrs macro-group (2003-2017 vs

1987-2002) for all the study outcomes

Covariates 1987-2002 n (events) 2003-2017 n (events) (s)HR 95% CI

Local relapse®

Dedifferentiated liposarcoma 49 (10) 128 (8) 2.97 (1.15; 7.65) 0.024
Leiomiosarcoma 103 (9) 158 (6) 2.46 (0.80; 6.27) 0.122
Myxofibrosarcoma 39 (14) 293 (36) 2.58 (1.36; 4.23) 0.004
Malignant peripheral serve sheath tumor 57 (11) 83 (4) 4.00 (1.28; 12.46) 0.017
Synovial sarcoma 90 (12) 114 (11D 1.34 (0.58; 3.08) 0.498
Undifferentiated pleomorphic sarcoma 130 (20) 279 (13) 3.36 (1.67; 6.77) <0.001
Myxoid/round cell liposarcoma 121 (17) 203 (5) 5.06 (1.87; 13.71) 0.001
Vascular sarcoma 23 (5) 42 (2) 4.56 (0.91; 22.85) 0.065
Other 141 (1) 329 (20) 1.21 (0.58; 2.54) 0.612
Distant metastasis®

Dedifferentiated liposarcoma 49 (11) 128 (32) 0.82 (0.41; 1.62) 0.561
Leiomiosarcoma 103 (38) 158 (53) 1.03 (0.68; 1.56) 0.880
Myxofibrosarcoma 39 (3) 293 (45) 0.46 (0.14; 1.47) 0.191
Malignant peripheral serve sheath tumor 57 (15) 83 (24) 0.79 (0.41; 1.50) 0.465
Synovial sarcoma 90 (36) 114 (32) 1.47 (0.91; 2.37) 0.117
Undifferentiated pleomorphic sarcoma 130 (24) 279 (87) 0.50 (0.32; 0.78) 0.002
Myxoid/round cell liposarcoma 121 (25) 203 (30) 1.14 (0.66; 1.99) 0.633
Vascular sarcoma 23 (7) 42 (5) 2.69 (0.87; 8.34) 0.087
Other 141 (39) 329 (64) 1.36 (0.92; 2.03) 0.127
Sarcoma-specific mortaliry”

Dedifferentiated liposarcoma 49 (11) 128 (25) 0.90 (0.42; 1.92) 0.786
Leiomiosarcoma 103 (36) 158 (33) 1.40 (0.87; 2.25) 0.168
Myxofibrosarcoma 39 (7) 293 (36) 1.25 (0.56; 2.80) 0.584
Malignant peripheral serve sheath tumor 57 (24) 83 (15) 1.83 (0.97; 3.49) 0.064
Synovial sarcoma 90 (42) 114 (23) 2.12 (1.28; 3.53) 0.004
Undifferentiated pleomorphic sarcoma 130 (27) 279 (64) 0.74 (0.47; 1.15) 0.183
Myxoid/round cell liposarcoma 121 (22) 203 (15) 1.93 (0.99; 3.74) 0.053
Vascular sarcoma 23 (9) 42 (4) 3.87 (1.22; 12.21) 0.021
Other 141 (38) 329 (44) 1.83 (1.18; 2.84) 0.007
Distant metastasis-free survival®

Dedifferentiated liposarcoma 49 (26) 128 (47) 1.20 (0.73; 1.95) 0.473
Leiomiosarcoma 103 (51) 158 (68) 0.99 (0.68; 1.43) 0.949
Myxofibrosarcoma 39 (17) 293 (72) 1.37 (0.80; 2.35) 0.252
Malignant peripheral serve sheath tumor 57 (31) 83 (34) 1.05 (0.64; 1.72) 0.842
Synovial sarcoma 90 (49) 114 (39) 1.63 (1.06; 2.49) 0.025
Undifferentiated pleomorphic sarcoma 130 (54) 279 (106) 0.83 (0.59; 1.16) 0.281
Myxoid/round cell liposarcoma 121 (36) 203 (36) 1.33 (0.82; 2.14) 0.243
Vascular sarcoma 23 (11) 42 (9) 2.07 (0.85; 5.06) 0.110
Other 141 (57) 329 (91) 1.37 (0.98; 1.91) 0.065
Post-metastasis survival®

Dedifferentiated liposarcoma 14 (10) 35 (25) 0.90 (0.43; 1.91) 0.786
Leiomiosarcoma 43 (37) 54 (29) 1.47 (0.90; 2.37) 0.124
Myxofibrosarcoma 7(7) 51 (32) 1.42 (0.62; 3.25) 0.408
Malignant peripheral serve sheath tumor 22 (21) 26 (15) 1.29 (0.66; 2.54) 0.456
Synovial sarcoma 45 (42) 36 (22) 1.53 (0.91; 2.58) 0.106
Undifferentiated pleomorphic sarcoma 31 (25) 92 (65) 1.25 (0.78; 1.98) 0.354
Myxoid/round cell liposarcoma 30 (21) 32 (16) 1.08 (0.56; 2.08) 0.828
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TABLE 4 (continued)

Covariates 1987-2002 n (events) 2003-2017 n (events) (s)HR 95% CI P
Vascular sarcoma 8 (7) 54) 0.71 (0.20; 2.56) 0.600
Other 45 (39) 78 (42) 1.74 (1.12; 2.71) 0.014
Distant metastasis incidence®

Dedifferentiated liposarcoma 49 (14) 128 (35) 1.09 (0.59; 2.03) 0.775
Leiomiosarcoma 103 (43) 158 (54) 0.87 (0.59; 1.29) 0.493
Myxofibrosarcoma 39 (7) 293 (51) 1.08 (0.51; 2.31) 0.834
Malignant peripheral serve sheath tumor 57 (22) 83 (26) 0.93 (0.53; 1.63) 0.796
Synovial sarcoma 90 (45) 114 (36) 0.61 (0.39; 0.94) 0.027
Undifferentiated pleomorphic sarcoma 130 (31) 279 (92) 1.65 (1.11; 2.46) 0.014
Myxoid/round cell liposarcoma 121 (30) 203 (32) 0.82 (0.48; 1.39) 0.459
Vascular sarcoma 23 (8) 42 (5) 0.34 (0.11; 1.01) 0.052
Other 141 (45) 329 (78) 0.77 (0.53; 1.12) 0.178

(s)HR, (subdistribution) hazard ratio; CI confidence interval; P Wald test or Gray test p-value.

Fine and Gray models subdistribution hazard ratio and Gray test
®Cox models and Wald test

Our study was retrospective and therefore could not give
a definitive contribution to this debate. The patients who
received ChT were selected over the years via a multidis-
ciplinary decision, mostly on clinical grounds. It may be
speculated that those who received ChT were the patients
thought to be at higher risk. The lack of an effect may
simply reflect this selection bias.

Notably, however, a shift toward the use of ChT in the
preoperative setting was observed together with its con-
current use with preoperative RT. Data about the feasibility
of this concurrent approach also were previously pro-
vided.>' Although proof of a better effect against the
metastastic risk of the two combined methods in the pre-
operative setting compared with the postoperative setting is
lacking, data derived from a randomized study on neoad-
juvant ChT are available, which again support the use of
the combined method whenever a close/positive margin
can be anticipated or preservation of a critical structure is
the goal.

Why then was an improvement in local control associ-
ated with an improvement in SSM with no difference in the
incidence of DM? First, a reduction in LRs may itself have
some direct impact on SSM because LR at critical sites
may lead directly to death.

Second, it should be noted that although CCI-DM did
not change over time, an improvement in DMFS and a
trend toward a better overall DMI were in fact observed.
The CCI-DM data are a direct measure of the short-term
effects of tumor biology, which governs the early related
outcome. It is indeed true that no major advances in first-
line therapies were made during these 30 years. In contrast,
DMFS measures the long-term effects of both tumor

biology and local control. In other words, a reduction in LR
may have determined a reduction in the risk of distant
spread occurring after a LR, resulting in a better DMFS and
DML. It then is tempting to believe that the improvement in
DMES observed over time was related to an increased use
of preoperative treatments able to reduce LR in high-risk
cases. Further studies may help clinicians understand this.

Finally, a significant improvement in post-DM survival
was observed since 2003, and this also may have con-
tributed to the improvement in SSM. In fact, 5-year post-
DM survival increased from 19.9 % before 2003 to 26.6 %
after 2003. These gains might reflect the advancement in
the treatment strategy for DM that has occurred in the last
15 years, such as a better exploitation of available cyto-
toxic agents and the introduction of targeted therapies
particularly active for some histologic types.*> The sub-
analysis of histologic types mostly confirmed these results.

In conclusion, with all the highlighted limitations, our
data suggest that the outcome improvement observed since
the year 2003 seems to be related to a wider use of
neoadjuvant methods and changes in treatments for meta-
static patients. Of course, new treatment methods are
eagerly awaited, especially for high-risk ESTSTS patients.
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supplementary material available at https://doi.org/10.1245/s10434-
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