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Background: We report the results of the pre-planned secondary analysis of radiologic responses (RRs) of ISG-STS 1001,
a randomized trial comparing anthracycline + ifosfamide (Al) versus histology-tailored (HT) neoadjuvant chemotherapy
for primary localized high-risk soft-tissue sarcomas of the extremities and trunk wall.

Patients and methods: Patients with undifferentiated pleomorphic sarcoma (UPS), leiomyosarcoma (LMS), malignant
peripheral nerve sheath tumor, synovial sarcoma or myxoid liposarcoma (MLPS) were randomized, whereas patients
with myxofibrosarcoma, pleomorphic liposarcoma, pleomorphic rhabdomyosarcoma or unclassified sarcoma were
included in the observational arm (O) and treated with Al. Patients with UPS, LMS or MLPS needing concurrent
preoperative radiotherapy were included in O. We evaluated associations between: disease-free survival (DFS)/
overall survival (OS) and centrally reviewed RR, assessed with RECIST 1.1 and as percent dimensional variation (D;
both dichotomized and continuous); DFS/OS and histology; RR and histology.

Results: Four hundred and thirty-five patients were included (287 randomized, 148 observed). The analysis of RRs
comprised 236 patients (154 randomized, 82 observed) with measurable disease and available for central review.
RECIST best responses were: 28 (11.9%) partial response (PR), 195 (82.6%) stable disease (SD), 13 (5.5%) progressive
disease (PD). RECIST significantly correlated with DFS [PD versus PR: hazard ratio (HR) 8.18, 95% confidence interval
(Cl) 2.96-22.58; SD versus PR: HR 2.96, 95% Cl 1.30-6.75] and OS (PD versus PR: HR 12.61, 95% Cl 3.40-46.84; SD
versus PR: HR 4.24, 95% Cl 1.34-13.47). The median value of D was —1.6%. Patients with D >—1.6% had worse
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clinical outcomes than those with D <—1.6% (DFS: HR 1.73, 95% Cl 1.19-2.50; OS: HR 1.86, 95% Cl 1.21-2.86). D in
continuous scale inversely correlated with DFS (HR 1.53, 95% CI 1.25-1.87) and OS (HR 1.78, 95% Cl 1.41-2.25).
Conclusions: These results confirm the prognostic value of RRs as per RECIST and D and demonstrate that any variation

in size predicts the proportional efficacy of treatment.

Key words: sarcoma, randomized clinical trial, neoadjuvant chemotherapy, prognosis, tumor response, RECIST

INTRODUCTION

Over the past few years, the role of (neo)adjuvant chemo-
therapy for the treatment of primary localized high-risk
soft-tissue sarcomas (STSs) of the extremities or trunk
wall has been investigated by two main distinct randomized
clinical trials (RCTs)."™

We have already reported that the administration of three
cycles of full-dose standard chemotherapy [anthracycline +
ifosfamide (Al)] in the neoadjuvant setting was not inferior to
the administration of three neoadjuvant plus two additional
adjuvant cycles of the same regimen."**

ISG-STS 1001, an RCT comparing Al versus histology-
tailored (HT) neoadjuvant chemotherapy in primary local-
ized high-risk STSs (grade 3; largest diameter >5 cm; deeply
seated) showed superiority of Al across all histological
types, except for high-grade myxoid liposarcoma (HG-
MLPS), for which an equivalence between Al and HT
(namely, trabectedin) was observed.>%°®

While the main study was closed to randomization, the
HG-MLPS cohort was thus reopened to validate this
observation. In the expanded cohort of HG-MLPS, tra-
bectedin proved indeed non-inferior to Al while at the same
time being endowed with a more favorable toxicity profile.’

Response Evaluation Criteria in Solid Tumors (RECIST) are
based on tumor size and employ discrete thresholds to
categorize tumor response to treatment.’”*" In their orig-
inal formulation, they were not conceived as prognostic
tools, but were primarily designed for standardizing tumor
response assessment in clinical trials.*?

In previous work, we demonstrated that radiologic re-
sponses (RRs) to preoperative chemotherapy [with or
without radiotherapy (RT)] were associated with better
clinical outcomes and that Choi criteria were better prog-
nosticators than RECIST."

In an attempt to provide a comprehensive assessment of
the prognostic value of objective responses in primary
localized high-risk STSs of the extremities or trunk wall
treated with neoadjuvant chemotherapy (with or without
RT), we hereby report the final results of the pre-planned
secondary analysis of RRs of ISG-STS 1001.

PATIENTS AND METHODS

Study design

ISG-STS 1001 is a phase Ill, open-label, randomized,
controlled study comparing Al versus HT neoadjuvant
chemotherapy for the treatment of primary localized high-
risk STSs of the extremities and trunk wall, registered at
ClinicalTrials.gov (identifier NCT01710176).

2 https://doi.org/10.1016/j.esmoop.2025.104299

The trial protocol and all amendments were approved by
the independent ethics committee at each trial center. The
study was conducted in accordance with the provisions of
the Declaration of Helsinki. All patients provided written
informed consent before enrollment.

The full protocol is available in the Supplementary
Appendix, available at https://doi.org/10.1016/j.esmoop.
2025.104299.

Participants

Patients were eligible for the randomized study if >18
years of age; had a histologically confirmed and centrally
reviewed diagnosis (before random assignment) of
localized, resectable with curable intent STS originating in
an extremity or trunk wall, belonging to HG-MLPS
(cellular component >5%), leiomyosarcoma (LMS), syno-
vial sarcoma, malignant peripheral nerve sheath tumor
(MPNST) or undifferentiated pleomorphic sarcoma (UPS);
grade 3 according to the Federation Nationale des Cen-
tres de Lutte Contra le Cancer (FNCLCC) grading system;
and >5 cm in the longest diameter at baseline radiologic
assessment.

Patients were eligible for the observational arm of the
study if affected by myxofibrosarcoma, pleomorphic lip-
osarcoma, pleomorphic rhabdomyosarcoma, unclassified
sarcoma; grade 3; and >5 cm in the longest diameter at
baseline radiologic assessment. Also patients affected by
LMS, HG-MLPS and MPNST candidate on clinical grounds to
preoperative concurrent RT were included in the observa-
tional study since HT chemotherapy was not combinable
with RT.

Patients who were referred to participating institutions
after an unplanned excision and who were candidate to re-
excision were also included in the study according to the
criteria above and could participate in the efficacy endpoint
(DFS/0S) but not in the activity endpoint (response and
outcome), since they did not have measurable disease at
study entry.

Patients were ineligible if they had metastatic disease.

Other inclusion and exclusion criteria can be found in the
Supplementary Appendix, available at https://doi.org/10.
1016/j.esmoop.2025.104299.

Randomization and blinding

Patients were randomly assigned, in a 1 : 1 ratio, to receive
three cycles of neoadjuvant Al or HT chemotherapy.
Randomization procedures have already been reported
elsewhere.**
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Patients in the observational study were uniformly
treated with three cycles of neoadjuvant Al followed by
radical surgical resection and RT.

Procedures

Dosages and treatments have already been described
elsewhere.>*?

Surgery was planned 3-4 weeks after the administration
of the last preoperative cycle. RT was administered in the
post-operative setting when indicated.

Follow-up was carried out every 4 months for the first 2
years after the end of treatment, then every 6 months
from the third to the fifth year and annually after the
sixth year.

Radiologic evaluation

Baseline imaging was acquired within 4 weeks before the
first cycle of neoadjuvant chemotherapy.

RRs were assessed locally after the first and third cycles
of neoadjuvant chemotherapy.

Central radiologic review was foreseen and the correla-
tion between RRs and clinical outcomes was among the
secondary endpoints of the study.

Scans were centrally reviewed at the Fondazione IRCCS
Istituto Nazionale dei Tumori by radiologists with dedicated
expertise in the diagnosis and management of STSs.

RRs were defined both as per RECIST 1.1 and as percent
dimensional variation after the third cycle of neoadjuvant
chemotherapy, calculated as follows: (longest diameter
after the third cycle of neoadjuvant chemotherapy —
longest diameter at baseline)/longest diameter at
baseline x 100.

Statistical analysis

Associations between DFS/OS, RRs and tumor histology were
evaluated by fitting both univariate and multivariate Cox
regression models.* The multivariate model included RECIST
1.1 [partial response (PR) as reference category], percent
dimensional variation in continuous scale, tumor histology
(MLPS as reference category), treatment (Al versus HT) and
preoperative RT (not carried out versus carried out) as
covariates. The multivariate model incorporated preoperative
RT and treatment as adjusting covariates to account for the
variables included in the subgroup analyses.

The relationship between percent dimensional variation
and clinical outcomes was investigated by resorting to a
regression model based on restricted cubic splines.

A Cox regression model including histology and RECIST
1.1 as well as the first-order interaction term was imple-
mented. The hazard ratio (HR) and the corresponding 95%
confidence interval (Cl) for percent dimensional variation in
continuous scale were reported as 1-standard deviation
increase.

The Kaplan—Meier method was used to estimate the
patterns of DFS and OS for RECIST, dichotomized percent
dimensional variation and histology.™

Survival curves were compared using the log-rank test.
Associations between categorical variables were assessed
by means of chi-square or Fisher’s exact test whenever
appropriate and associations between categorical variables
and dimensional variation were assessed by means of the
Wilcoxon test.

Associations between continuous variables were assessed
with Spearman correlation coefficient.

Associations between RECIST 1.1 responses and patients’
baseline characteristics (preoperative RT, treatment, site,

| 435 registered patients

69 (43 R + 26 O) patients treated with neoadjuvant
chemotherapy in the absence of measurable disease

(already treated with inadequate surgery before

366 patients with
measurable disease

enrollment and for which radicalization was indicated)

130 patients not available for central radiologic

review with RECIST 1.1 (images not archived)

236 patients available for
central radiologic review
with RECIST 1.1

!

157 patients received
preoperative chemotherapy
alone

v '

|

79 patients received
preoperative
chemotherapy and RT

v '

93 treated with 64 treated with
Al (arm A) HT (arm B)

67 treated with 12 treated with
Al (arm A) HT (arm B)

Figure 1. CONSORT diagram detailing study design and treatment arms.

®Randomized patients: 65/93 in arm A and 63/64 in arm B (1 patient was randomized as UPS, but histological central review concluded for MFS, non-randomizable

histology as per study protocol; the patient was excluded from our analyses).

Al, anthracycline + ifosfamide; CONSORT, Consolidated Standards of Reporting Trials; HT, histology-tailored chemotherapy; MFS, myxofibrosarcoma; RT, radiotherapy;

UPS, undifferentiated pleomorphic sarcoma.
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grade, age, size and histology) were evaluated by means of
univariate logistic regression models.

Statistical analyses were conducted using SAS Studio (SAS
Institute, Milan, Italy) and RStudio (The R Foundation for
Statistical Computing, Vienna, Austria; https://www.R-project.
org/), employing a nominal & level of 5%.

RESULTS

Study design

This study recruited a total of 435 patients (Figure 1). For
the overall series of patients who entered the trial with
measurable disease (n = 366), 5-year probabilities of DFS
and OS were 0.49 (95% Cl 0.44-0.54) and 0.69 (95% CI 0.64-
0.74), respectively.

Median follow-up was 88 months (interquartile range 73-
101 months).

The analysis of RRs included all patients assessable with
RECIST 1.1 and available for central radiologic review (n =
236); 5-year probabilities of DFS and OS were 0.53 (95% ClI
0.47-0.59) and 0.69 (95% CI 0.63-0.74), respectively.

Patients’ demographics and clinical characteristics are
reported in Table 1 and Supplementary Table S1, available
at https://doi.org/10.1016/j.esmoop.2025.104299.

Prognostic value of RECIST 1.1 responses after the third
cycle of neoadjuvant chemotherapy

On the overall series of patients assessable with RECIST 1.1
and available for central radiologic review (n = 236), RECIST
1.1 best responses after the third cycle of neoadjuvant
chemotherapy were: 28/236 (11.9%) PR, 195/236 (82.6%)
stable disease (SD) and 13/236 (5.5%) progressive disease
(PD) (Table 1 and Supplementary Figure S1, available at
https://doi.org/10.1016/j.esmoop.2025.104299).

For patients treated with Al (n = 160), RECIST 1.1 best
responses were: 22/160 (13.8%) PR, 131/160 (81.9%) SD
and 7/160 (4.4%) PD.

For patients treated with HT (n = 76), RECIST 1.1 best
responses were: 6/76 (7.9%) PR, 64/76 (84.2%) SD and 6/76
(7.9%) PD.

At univariate Cox regression analysis, RECIST 1.1 re-
sponses were significantly associated with both DFS
(PD versus PR: HR 8.18, 95% Cl 2.96-22.58, P < 0.0001; SD
versus PR: HR 296, 95% ClI 1.30-6.75, P = 0.01) and
OS (PD versus PR: HR 12.61, 95% CI 3.40-46.84, P = 0.0002;
SD versus PR: HR 4.24, 95% Cl| 1.34-13.47, P = 0.014).

The 5-year DFS and OS probabilities according to RECIST
1.1 are reported in Figure 2A and B.

A consistent yet not statistically significant association
between RECIST 1.1 and DFS was observed also in the
subsets of patients treated with neoadjuvant chemotherapy
(either Al or HT) without RT (n = 157; PD + SD versus PR:
HR 2.23, 95% Cl 0.82-6.12, P = 0.118), in those who
received Al without RT (n = 93; PD + SD versus PR: HR
2.44, 95% Cl 0.76-7.88, P = 0.136) and in randomized pa-
tients who received Al without RT (n = 65; PD + SD versus
PR: HR 1.49, 95% CI 0.45-4.92, P = 0.510).

4 https://doi.org/10.1016/j.esmoop.2025.104299
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Table 1. Clinical and histopathological data of patients who entered the
study with measurable disease and were available for central radiologic
review (n = 236), overall and per treatment

Patients’ characteristics Treatment Total

(n = 236)
Al HT
(n=160) (n = 76)

Age (years, median) 52.5 50 52
Min-max 20-75 19-72 19-75
IQR 41-60 40.5-61 41-60.5

Gender, n (%)

Male 107 (67) 46 (61) 153 (65)
Female 53(33) 30 (39) 83 (35)

Size (mm, median) 111.5 91 105.5
Min-max 10-353 38-218 10-353
IR 84.5-149.5 74-136.6 81-147.5

Site, n (%)

Upper limb 15 (9) 4 (5) 19 (8)

Pelvic girdle 16 (10) 13 (17) 29 (12)
Lower limb 110 (69) 54 (71) 164 (70)
Other 19 (12) 5 (7) 24 (10)

Microscopic surgical margins,

n (%)

RO 132 (82) 60 (79) 192 (81)
R1 25 (16) 12 (15) 37 (16)
R2 1(1) 2 (3) 3(1)
Unknown 2 (1) 2 (3) 4 (2)

Type of surgery, n (%)

Conservative 149 (93) 72 (95) 221 (94)
Amputation 9 (6) 3 (4) 12 (5)
No surgery 2 (1) 1(1) 3 (1)

Preoperative RT, n (%)

Not carried out 93 (58) 64 (84) 157 (67)
Carried out 67 (42) 12 (16) 79 (33)

Confirmed histology, n (%)

Myxoid-round cell liposarcoma 37 (23) 16 (21) 53 (22)
Synovial sarcoma 18 (11) 18 (24) 36 (15)
Malignant peripheral nerve 10 (6) 4 (5) 14 (6)
sheath tumor

Leiomyosarcoma 13 (8) 7 (9) 20 (9)
Undifferentiated pleomorphic 43 (27) 30 (40) 73 (31)
sarcoma

Myxofibrosarcoma 24 (15) 1(1) 25 (11)
Unclassified spindle cell 4 (3) 0 (0) 4(2)
Pleomorphic liposarcoma 8 (5) 0 (0) 8 (3)
Pleomorphic rhabdomyosarcoma 3(2) 0 (0) 3(1)

Grade, n (%)

G2 10 (6) 7 (9) 17 (7)
G3 150 (97) 69 (91) 219 (93)

Dimensional variation after -7 -1 -5

the third cycle of neoadjuvant

chemotherapy (%, median)

Min-max —64 to 46 —56to 44 —64to 46
IQR —22to0 —10to 5 —19to 1

RECIST 1.1 centralized, n (%)

PD 7 (4) 6 (8) 13 (5)
SD 131 (82) 64 (84) 195 (83)
PR 22 (14) 6 (8) 28 (12)

Al, anthracycline + ifosfamide; HT, histology tailored; IQR, interquartile range; PD,
progressive disease; PR, partial response; RT, radiotherapy; SD, stable disease.

RECIST 1.1 retained their prognostic value at multivariate
analysis (Supplementary Table S2, available at https://doi.
org/10.1016/j.esmoop.2025.104299).

Prognostic value of percent dimensional variation

Firstly, we computed the median value of percent dimen-
sional variation after the third cycle of neoadjuvant
chemotherapy (D) in deceased patients (—1.6%) and
demonstrated that patients with D >—1.6% had worse DFS/
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Figure 2. Disease-free and overall survival probabilities according to RECIST 1.1. (A) Disease-free survival and (B) overall survival probabilities of RECIST 1.1 (n =
236). (C) Disease-free survival and (D) overall survival probabilities of dichotomized percent dimensional variation after the third cycle of neoadjuvant chemotherapy
(n = 236). (E) Disease-free survival and (F) overall survival probabilities of different histologies on the overall series of patients with measurable disease (n = 366).
LMS, leiomyosarcoma; MFS, myxofibrosarcoma; MLPS, myxoid liposarcoma; MPNST, malignant peripheral nerve sheath tumor; SYNOV, synovial sarcoma; UPS,

undifferentiated pleomorphic sarcoma.

OS than those with D <—1.6% (n = 236; DFS: HR 1.73, 95%
Cl 1.19-2.50, P = 0.004; OS: HR 1.86, 95% Cl 1.21-2.86, P =
0.005). The 5-year DFS and OS probabilities for dichoto-
mized D are reported in Figure 2C and D.

Volume 10 m Issue 3 m 2025

Then, we demonstrated that D in continuous scale
inversely correlated with both DFS (n = 236; HR 1.53, 95%
Cl 1.25-1.87, P < 0.0001) and OS (n = 236; HR 1.78, 95% ClI
1.41-2.25, P < 0.0001) (Figure 3).
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Figure 2. Continued.

These associations were also observed in patients
treated with neoadjuvant chemotherapy (Al or HT) without
RT (n = 157; DFS: HR 1.31, 95% CI 1.02-1.68, P = 0.033;
0OS: HR 1.47, 95% Cl 1.10-1.96, P = 0.009) and in ran-
domized patients who received HT (n = 63; DFS: HR 1.73,
95% Cl 1.17-2.55, P = 0.006; OS: HR 1.60, 95% CI 1.04-2.46,
P = 0.031).

Percent dimensional variation after the third cycle of
neoadjuvant chemotherapy retained its prognostic value at
multivariate analysis (Supplementary Table S3, available at
https://doi.org/10.1016/j.esmoop.2025.104299).

Ancillary analyses exploring the impact of RT and the
prognostic value of percent dimensional variation after the

first cycle of neoadjuvant chemotherapy are reported in the
Supplementary Results (including Supplementary Tables
S14-S17 and Supplementary Figures S4 and S5), available
at https://doi.org/10.1016/j.esmo0op.2025.104299.

Prognostic value of tumor histology

The associations between tumor histology and DFS/OS were
evaluated on the overall series of patients with measurable
disease (n = 366).

Overall, MLPS was the histotype endowed with the most
favorable outcome and MPNST the one with the worst OS
(Figure 2E and F).
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Figure 3. Disease-free and overall survival probabilites according to dichotomized percent dimensional variation after the third cycle of neoadjuvant chemo-
therapy. (A) Disease-free survival and (B) overall survival probabilities of percent dimensional variation after the third cycle of neoadjuvant chemotherapy in

continuous scale at median follow-up (n = 236).
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As reported in Supplementary Table S4, available at
https://doi.org/10.1016/j.esmoop.2025.104299, histology
other than MLPS represented an adverse prognostic factor,
both in terms of DFS and OS.

Of note, we were able to replicate this association for
DFS in patients who received preoperative chemotherapy
alone (n = 254; Supplementary Table S5, available at
https://doi.org/10.1016/j.esmo0p.2025.104299) and in
randomized patients treated with HT (n = 101;
Supplementary Table S6, available at https://doi.org/10.
1016/j.esmoop.2025.104299). A consistent yet nonsignifi-
cant association was observed in patients who received Al
without RT (n = 152; Supplementary Table S7, available at
https://doi.org/10.1016/j.esmo0op.2025.104299) and in
randomized patients treated with Al without RT (n = 103;
Supplementary Table S8, available at https://doi.org/10.
1016/j.esmoop.2025.104299).

The prognostic value of histology, both in terms of DFS
and 0OS, was confirmed in the multivariate analysis
(Supplementary Tables S2 and S3, available at https://doi.
org/10.1016/j.esmoop.2025.104299).

No statistically significant interaction between tumor
histology and RECIST 1.1 for both DFS (P = 0.85) and OS
(P = 0.99) was observed.

Prognostic value of baseline patients’ characteristics other
than tumor histology

At univariate Cox regression analysis, for the 236 patients
who entered the trial with measurable disease and were
available for central radiologic review, among baseline
characteristics (preoperative RT, treatment, site, grade, age
and size), only tumor size was significantly associated with
clinical outcomes (Supplementary Table S9, available at
https://doi.org/10.1016/j.esmoop.2025.104299).

However, as tumor size is partially redundant with RECIST
1.1 and percent dimensional variation, it was excluded from
the multivariate models to avoid collinearity.

Association analyses

No statistically significant association was observed be-
tween tumor histology and RECIST 1.1 responses after the
third cycle of neoadjuvant chemotherapy (Supplementary
Table S10, available at https://doi.org/10.1016/j.esmoop.
2025.104299).

Percent dimensional variation in continuous scale after
the third cycle of neoadjuvant chemotherapy was signifi-
cantly associated with tumor histology (P = 0.037). Pairwise
comparisons between different histologies highlighted a
borderline statistically significant difference in the distri-
bution of dimensional variation only between MLPS and
UPS (P value adjusted for multiple comparisons = 0.046;
Supplementary Figure S2, available at https://doi.org/10.
1016/j.esmoop.2025.104299).

Due to this association, we fitted a multivariate model
also without histology to avoid collinearity, and demon-
strated overlapping results when compared with the model
which considered both dimensional variation and tumor
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histology (Supplementary Tables S11 and S12, available at
https://doi.org/10.1016/j.esmoop.2025.104299).

Associations between RECIST 1.1 responses after the
third cycle of neoadjuvant chemotherapy and patients’
baseline characteristics (preoperative RT, treatment, site,
grade, age, size and histology) were evaluated by means of
univariate logistic regression models, demonstrating a sig-
nificant association for tumor size alone (Supplementary
Table S13, available at https://doi.org/10.1016/j.esmoop.
2025.104299).

Percent dimensional variation and Sarculator

Sarculator nomograms confirmed their prognostic value in
patients assessable with RECIST 1.1 and available for central
review (n = 236; lower- versus higher-risk DFS: HR 0.50,
95% Cl 0.34-0.73; OS: HR 0.46, 95% Cl 0.29-0.72).

A statistically significant association was observed be-
tween RECIST 1.1 responses after the third cycle of neo-
adjuvant chemotherapy and Sarculator scores, both at 5
and 10 years (Wilcoxon test P = 0.006), with patients
exhibiting PR as best responses having higher Sarculator
scores than patients with SD or PD (Supplementary
Figure S3, available at https://doi.org/10.1016/j.esmoop.
2025.104299).

This association was replicated when stratifying patients
in low (predicted OS >60%) versus high (predicted OS
<60%) risk as defined by Sarculator scores at 10 years (P =
0.035).

A correlation, although not as equally strong, was
observed also between percent dimensional variation after
the third cycle of neoadjuvant chemotherapy and Sarculator
scores (Spearman correlation coefficient —0.19, 95% ClI
—0.31 to -0.16).

Sarculator scores were calculated at each participating
center utilizing radiologic measurements before central
review.

DISCUSSION

We hereby present the definitive results of the pre-planned
secondary analysis of RRs of ISG-STS 1001.

Consistent with previous work, we confirmed that RECIST
1.1 correlate with both DFS and 0S."?

Of note, we report that clinical outcomes of patients with
PR were significantly better than those of patients with SD,
both in terms of DFS and OS.

These findings partially diverge from data we have
already published elsewhere, when we described over-
lapping outcomes between patients with PR and SD as best
responses.’>

These discrepancies may be—to a certain extent—
imputable to the different follow-up times of the two studies.

The first attempts to provide a formal, quantitative
definition of objective responses date back to 1976, when
16 observers were challenged to measure spheres of
different sizes randomly allocated underneath a mattress.
Of note, ‘the purpose was not to predict long-term efficacy
but to determine what change in bidimensional size could
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be confidently considered a change’ and ‘it should not
necessarily be regarded as influencing the management of
the patient’.*®

RECIST were first conceptualized in the year 2000 by a
joint task force composed by the European, American and
Canadian cancer research organizations after analyzing data
from over 4600 patients enrolled in 14 clinical trials.

A major update was implemented in 2009 (version 1.1),
when new rules were introduced regarding the evaluation
of lymph nodes and the number of target lesions.'%"*

Objective responses were not intended, at least in their
original formulation, to serve as prognostic tools, but were
primarily designed for standardizing response detection and
description in clinical trials, with no reference to patients’
outcomes.*?

To challenge the long-standing and somewhat arbitrary
thresholds introduced with RECIST, we employed percent
dimensional variation after neoadjuvant chemotherapy,
both dichotomized and in continuous scale, as covariate of
our survival analyses.

Firstly, we computed the median value of dimensional
variation after the third cycle of neoadjuvant chemotherapy
(D) in deceased patients (—1.6%), and demonstrated that
patients with D >—1.6% had an increased risk of disease
progression or recurrence and lower OS than those with D
<—1.6%.

These results imply that hardly any variation from base-
line (—1.6% may be considered a rough approximation of
0%) affected clinical outcomes, with almost any dimensional
reduction carrying a positive impact and almost any in-
crease in size a corresponding detrimental effect.

One may argue that inter-timepoint and/or interobserver
variability may hamper the introduction of this new cut-off
in clinical practice.

To address this hypothetical objection, we proved that D
in continuous scale inversely correlated with both DFS and
OS. This implies that any variation from baseline affected
clinical outcomes in a way that was proportional to its
magnitude. In more simplistic words, the greater the
dimensional reduction, the stronger the positive impact on
clinical outcomes, and the greater the increase in size, the
stronger the corresponding detrimental effect.

Strikingly, survival analyses employing percent dimen-
sional variation in continuous scale highlighted that patients
with SD as RECIST 1.1 best response displayed a significant
degree of variability in terms of clinical outcomes, with DFS
and OS probabilities spanning from 30% to 70%,
approximately.

These unexpected and intriguing findings clearly
demonstrate that RECIST coarsely fail to capture clinical
heterogeneity and retain unsatisfactory prognostic value in
patients with subthreshold (in either direction) dimensional
responses.

Ancillary survival analyses employing histology as covar-
iate confirmed its prognostic impact on DFS and OS,
consistent with previous publications.*®
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MLPS was the histotype endowed with the most favor-
able outcome—with tumor histology other than MLPS
representing an independent adverse prognostic factor,
both in terms of DFS and OS—and MPNST the one with the
worst OS.

To rule out confounding factors, we demonstrated that
no statistically significant association existed between his-
tology and RECIST 1.1 responses.

Due to the existence of a weak association between
histology and percent dimensional variation, we fitted the
multivariate model also without histology to avoid collin-
earity, and demonstrated overlapping results when
compared with the model which considered both dimen-
sional variation and tumor histology.

This way, we proved that patients who achieved more
profound dimensional responses had better clinical out-
comes irrespective of tumor histology, and could therefore
conclude that dimensional variation was indeed an inde-
pendent prognostic factor.

This study has some limitations. To begin with, images
had to be centrally reviewed at the coordinating center as
per study protocol. While this maximized robustness and
enhanced the quality and consistency of radiologic evalua-
tions, it inevitably led to the exclusion of those patients
whose images were not available for centralized archiving.

Patients who received concurrent preoperative RT were
also included in this work.

We reckon that this may have injected unwanted tech-
nical variability and tackled this potential issue replicating
our results in the subsets of patients treated with preop-
erative chemotherapy alone, demonstrating that the asso-
ciation between RRs and clinical outcomes was not
significantly influenced by the administration of RT, and that
RT per se did not have a significant impact on DFS/OS.

Another peculiar issue of sarcoma research is the
extensive heterogeneity of these diseases and their often
unpredictable clinical behavior.*”?*

Ideally, clinical trials focusing on sarcomas should thus be
conducted on individual histotypes.

At the time of writing, this is not feasible due to the rarity of
these tumors, which would make the accrual process pains-
takingly long if not frankly unmanageable in most scenarios.

The observed number of objective responses as per
RECIST 1.1 was relatively low, with only 28/236 (11.9%)
patients achieving PR after the third cycle of neoadjuvant
chemotherapy.

This suggests that three cycles of neoadjuvant chemo-
therapy, which we have already proved non-inferior to five
cycles in terms of clinical benefit, may not be enough to
achieve maximal RECIST responses.™”

This discrepancy further emphasizes the prognostic
relevance of percent dimensional variation in continuous
scale, as it might allow us to identify those patients who
have not been classified as responses as per RECIST 1.1, as
they approach yet not reach the corresponding threshold,
but will nonetheless achieve systemic disease control and
clinical benefit.
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One may object that non-dimensional responses may
suffice to tip the balance in patients who sit at the interface
between distinct RECIST categories. We have already re-
ported elsewhere that Choi criteria applied to magnetic
resonance imaging (MRI) were better prognosticators of OS
and freedom from progression than RECIST in patients with
high-risk STSs of the extremities or trunk wall treated with
neoadjuvant chemotherapy without concurrent RT.*

However, we reckon that the translation of Choi criteria
to MRI, among the secondary endpoints of this study, needs
some fine-tuning, as it poses several technical challenges
yet to be fully understood.***>*° These and other consid-
erations will be distilled into forthcoming work from our
group.

Sarculator nomograms represent a reliable prognostic
tool for the stratification of patients affected by STSs of the
extremities and retroperitoneum.

However, computing Sarculator scores requires bits of
information that become available only after a surgical
specimen has been obtained, whereas RRs after preopera-
tive chemotherapy may inform clinical management already
in the neoadjuvant setting.

The amount of clinically relevant information that can be
inferred from variables as simple as dimensional responses
is mesmerizing. However, in the era of so-called ‘personal-
ized’ and data-driven medicine, more advanced tools are
needed. Among others, radiomics—leveraging the gargan-
tuan body of data embedded in bioimages—represents the
ideal candidate to revolutionize cancer research, especially
via the integration with other ~omics’ sciences.?’>*

In the near future, we might be able to combine ‘naked-
eye’ evaluations routinely carried out by radiologists with
guantitative data extracted from bioimages in research and
clinical practice.

Our results confirm the prognostic relevance of objective
responses and reaffirm their fundamental role in clinical
trials and cancer care.

However, well aware of the criticalities of the rigid
and—to some extent—arbitrary model introduced with
RECIST, we went further and proceeded to demonstrate
that percent dimensional variation in continuous scale
represents a reliable surrogate endpoint for DFS and OS in
this clinical scenario.

We are persuaded that such intriguing results should
spark a debate in the scientific community and initiate a
critical revision of response criteria in solid tumors and their
future role in cancer research.
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