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General role of RT in STS — Extremity (until 2020)

Rosenberg et al. 1982, n=43, randomized
wide excision + RT = Amputation (OS)

Yang et al. 1998, n=141, randomized
wide excision + RT > wide excision (LC)

Albertsmeier et al. 2018, n=3958, metaanalysis
OP + RT > OP (LC)

Koshy et al. 2010, n=6960, population-based
OP + RT > OP (OS, high grade)

» RT improves at least LC !

2 Extremities, Trunk, Head/Neck
etal. 316 73 182 11.9% 0.51 [0.34,0.75] 1996 —

70 17 7 22% 0.05 [0.01, 03] 1998
57 9 3.3 2 ,1.29] 2001 ‘
462 92 T(i 2008 ‘lr
9 3 2010 _
81 16 2011 —
138 12 64 % X 6] 2012 —
302 18 01 78% 0.17[0.08, 038] 2012 —_— ‘
5132 21 151 61% 024[0.09,0.67] 2014 —_—
88 2 2 3% 099019, 5.19] 2014 _—
2 58 0 17 10%  155(007,3381] 2015 —_—
1713 1442 65.8% 0.49 [0.31, 0.77] <>

265
9C| 28.56, df = 10 (P =0.001): F = 65%
0.002)

Effect on LC | —s—

Albertsmeier et al. 2018 (modified)

1

- Effect on OS ?
2 0 (high grade STS)
] Koshy et al. 2010
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General role of RT in STS — Extremity (until 2020)

Benefit depends on RF, Jebsen et al., n=1093 trial
Most important: close/pos. margin, high grade

Preop. vs Postop. RT, O’Sullivan et al. 2002, Davis et al.
2005, n=190, randomized (postop. boost if R1 !)

LC/DFS: no difference

wound complication: favors postop. RT

acute and late toxicity: favors preop. RT

IMRT vs 3D-RT, Folkert et al, n=319, retrospective
LC and Tox. favors IMRT

‘ Outcome depends on risk profile,
timing, technique and field size

Preop AT

Lower dose (50 Gy) Higher dose (60-66 Gy)

Smaller field size
Reduced fibrosis
Reduced edema

Increased wound complications (35%)  Wound complication risk as high as 17%

A

Treatment Sequencing Trade-O0ff Issues
Postop RT
Larger field size

Increased fibrosis
Increased edema

Pisters et al. 2007

40
C-EBRT
== |MRT
U.HR (95% Cl): 0.50 (0.26 to 0.98), P=.04
= 304 M.HR (95% CI): 0.46 (0.24 to 0.89), P=.02
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0 12 24 36 48 60 72 84
Follow-Up Time From Surgery {manths)
No. at risk
C-EBRT 154 139 121 104 93 84 78 69
IMRT 165 153 128 101 67 51 38 23

Folkert et al. 2014
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Rationale for IORT — extremity STS (until 2020)

=

Dose escalation for high risk patients
e.g. anticipated close/pos. margin

Favorable compared to EBRT boost:

- smaller safety margins (no motion)

- smaller volume (deep tumor bed only)
- Higher biologically effect (single dose)

# Improved LC/similar toxicity I3 1 & ‘
Similar LC/less toxicity b, A
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Local Control (RO vs R1)

Roeder et al. 2015

- n=183, f/u 78 mo ﬁi\f:ﬂ R
- unfavorable tumors e

(40% > 10 cm, 64% G3, 32% R1, 22% recurrent)

- 10ERT 1 + EBRT 4

OERT 15 Gy > Gy RO : 92%

- 5y—LC : 86%, 5y-OS : 77% * o4- R1 : 75%

- postop. compl.: 19%

- late tox: 20% (8% neuropathy, 6% bone necrosis) —

Time [months]

- excellent/good functionality 83 %
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Roeder et al. 2014

NEO-WTS subgroup analysis

N=34, med. f/u 48 mo

>5cm, G2-3

4x EIA + OP + IOERT + EBRT + 4x EIA

' 5-yr LC : 97%

5-yr OS : 79%

wound complication 20%, severe late tox 18%

limb preservation 94%, good funct. 81%

Probability

0,8

0,6

0,4 —

0,2 —

Local
control

0,0

Time [months]

80
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Table 1
Published IORT series in extremity STS.
EBRT IORT

Author Year Period Type n fflu ] PD RO EBRT Dose IORT Tech. Dose Sy-LC |5y-0S LP FO  Toxicity Comments
Carbo-Laso et al. [26] 2017 1995-2003 r,sc 39 158] 85 nr. 85 45 100 e 10 82 64 82 nr. AT3+:13%, LT3+:12% (N:8%, F:5%)
Roeder et al. [27] 2015 1991-2011 r,sc 183 64 | 78 68 100 45 100 e 15 86 i 95 83  LT:20% (NP3+:8%, F:6%)
Tinkle et al. [28] 2015 2000-2011 r,sc 26 35 ] 0 54 42 52'S 100 e 15 58 50 81°"' 77  AT3+:23%, LT3+:31% rec. only, 58% prior EBRT
Roeder et al. [29] 2014 2005-2010 p,sc 34 43 100 88 100 46 91 e 15 97 79 94 81 LT3:18% (N:12%, N3:3%, BN:3%) phase II, all received CHT
Calvo et al. [30] 2014 1986-2012 r,mc 159 53 | 100 84 | 100 45 100 e 125 82 72 94" nr. AT3+:14%, LT3+:10% (N3+:4%)
Call et al. [31] 2014 1990-2009 r,sc 61 71 | 87 82 100 504 100 e 75-20 | N1 72 97 nr. NP3:2% BN:2% upper extremity only
Tran et al. [32] 2005 1995-2001 r,sc 17 23 94 65 76 503 100 e 125 867 787 n.r. nr. nr
Oertel et al. [33] 2006 1991-2004 r,sc 153 33 62 497 100 45 100 e 15 8378 838 90 86  AT2+:23%, LT2+:17% (NP2+:5%) 8% GRD, 16% MD
Kretzler et al. [34] 2003 1989-1999 r,sc 28 52'] 39 61 89 506 100 e [HDR 145%¢| 84 66 n.r. 59  LT3+: 24% (N3:5%, F:10%)
Azinovic et al. [35] 2003 1986-1994 r,sc 45 93 | 58 87 | 80 30-60 100 e 15 80 |[64° 88 77 N:16% (25% %), BN:2%, F:4%
Rachbauer et al. [36] 2003 1996-2002 r,sc 39 24 95 n.r.?] 100 50 100 HDR 12-15®] 1007 |82 100 100 N:0%, F:0% 10% non-extremity tumours
Edmonson et al. [37] 2001 1994-1997 p,sc 39 70 | 100 nr.] 97 45 97 e /HDR 10-20 [ 90 80 95 nr. F:3% phase I, all received CHT
van Kampen et al. [38] 2001 1991-1997 r,sc 68 nr.j] 71 n.r. 78 40 100 e 15 88 70 n.r. nr. N3:2% F:4%, Fi:23%, Fi3+:6% fi rel. to IOERT volume '

year: year of publication, period: study period, type: study type, r: retrospective, p: prospective, sc: single centre, mc: multi centre, n:number of patients, f/u: median follow-up in months, n.r.: not reported, PD: primary disease (%),
RO: microscopic clear resection margin (%), EBRT: patients receiving external-beam RT (%), EBRT dose: median EBRT dose in Gy, IORT: patients receiving intraoperative RT (%), tech.: IORT technique, e-: electrons, HDR: high dose-
rate brachytherapy, IORT dose: median IORT dose in Gy, Sy-LC: actuarial 5-year local control rate (%), 5y-0S: actuarial 5-year overall survival (%), LP: limb preservation rate (%), FO: good functional outcome (%), ATx: acute toxicity
grade x, LTx: late toxicity grade x, N: neuropathy all grades, Nx: neuropathy grade x, F: fracture, BN: bone necrosis (without fracture), Fi: fibrosis, Fix: fibrosis grade x, CHT: chemotherapy, GRD: gross residual disease, MD:
metastatic disease, rec.: recurrences, rel.: related, *1: modified RO definition (1 cm free margin), *2: all marginal, *3: 38% marginal, *4: in patients without prior EBRT (no RE-EBRT performed), *5: mean, *6: prescribed to applicator
surface in HDR patients, *7: 3-year rate, *8: in initially non-metastatic patients, *9: crude rate, *10: 2-year rate, *11: actuarial 5-year amputation free survival, *12: if nerve included into IORT area, *13: toxicity analysis based on

53patents receiving I0RT + EBRT.

Roeder et al. 2020
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General role of RT in STS — retroperitoneal (until 2020)

strong rationale based on extremity data (small surgical margins, if any), but
No randomized data, conflicting retrospective/population-based data

No general agreement on indication for RT:
usually at least >5cm, high grade, but if RT:

Preoperative RT clearly favored
(less total dose, improved coverage,
less dose to OAR (small bowel), less toxicity) Preop. MRI Postop. Planning CT

IMRT clearly favored
(improved coverage, less dose to OAR)

Treatment plan
preop. VMAT
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Rationale for IOERT — retroperitoneal STS (until 2020)

¥ : 1 o, //
£ 2
L

Enabling Dose escalation compared to EBRT

Favorable features:
surgical relocation of OAR (small bowel)

small safety margins (no motion)
small volume (deep tumor bed only)
high biological effect (single dose)

# Improved LC and OS ?
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Role of IOERT — retroperitoneal STS (until 2020)
Retro-WTS trial (Roeder et al. 2014)

neoadjuvant IMRT

- prospective single arm trial GTV: 50-56 Gy (SIB)
- n=27/37, interim analysis (med. f/u 33 mo) PTV: 45-50 Gy (25 Fx)
PTV=GTV+2cm
- primary/recurrent: 85%/15% 1
- grading (1/2/3): 18%/52%/30%
. (o) . 0 . 0 SURGERY +
- RO: 22%, R1: 74%, R2: 4% IOERT (10-12 Gy)
5-yr-LC: 72% (all pts.) i |

5-yr-LC: 88% (primary only) Follow up
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Table 2
published IORT series in retroperitoneal STS.
EBRT IORT

Author Year Period Type n flu PD GTR pre. post. Dose IORT Tech. Dose [ 5y-LCJ Sy-0S Toxicity Comments

‘Wang et al. [48] 2017 1988-2013 SEER 352" nr nr. | nr. 14*  87* ar 0 nr. n.r. 551 AT 0S EBRT +/-I0RT sig.
157 0 0 100 e 34712 0S IORT +/-EBRT sig.
13" 100 100 e 87"

Hull et al. [49] 2017 2003-2013 r,sc 46 5 85 98 100 15% 504 35 = 10 86 81 PC3+:22%

Kelly et al. [50] 2015 2003-2011 r,mc 32 37 100 97 94 6 50 47 e 10 91 93" pC3+12% LC S+/-RT sig.
172 39 1004 100 0 0 0 65 85 PC3+:5%

Stucky et al. [51] 2014 1996-2011 r,sc 37 45 64 89 95 0 45 100 e 10-20 § 89 60 AT3: 3%, AT2:31% (N2:16%) LC +/-RT sig.
26 0 0 0 46 60 nr.

Roeder et al. [25] 2014 2007-2013 p,sc 27 39 85 96 100 0 45-55% 85 » 12 72 74 AT3+:15%, PC3+:33%, LT3+:6%

Gronchi et al. [52] 2014 2003-2010 p, mc 83 58 76 J 95 100 o0 50.4 18 e 12 63°7] 59 PC3+:21%, HT:27%, NV:11%7'*

Sweeting et al. [53] 2013 2001-2009 r,sc 18 43 72 100 94 0 45-504 100 e 125 64 72 PC3+:17%,

Yoon et al. [54] 2010 2003-2008 r,sc 28 33 71 89 79" 29" 50 43 e 10-12 j 90! 87! PC3+:29%, LT3+:14%

Dziewirski etal. [55] 2010 1998-2006 r, sc 84 40 23 88 o0 4 50 68 HDR 20 6575 507 RS:18%, LT3+:18%"° (N3+:6%) LC/OS IORT

+/—EBRT sig.

Pezner et al. [56] 2011 1990-2008 r,sc 33 49 67 94 o0 100 26-60 61 e 10-20 | 67 55 AT3+:9%, LT3+:21%

Zagar et al. [57] 2008 2000-2008 r,sc 31 19 77 || 84 61 39 594 52 ¢ 1 77 ] 70" AT3+:10%, LT3+:55% (GI3+:19%)

Caudle et al. [58] 2007 1994-2004 r,sc 14 19 64 93 100 0 45 36 e 125 S507'R 74710 AT3+:7%, PG3+:36%

Ballo et al. [59] 2007 1960-2003 r,sc 18 47 73 100 60 40 45-66 100 e 15 51 nr. RT3+:2%
63 100 0 46 nr.

Dziewirski et al. [60] 2006 1998-2004 r,sc 46 20 9 100 0 52 50 52 HDR 20 51 55 RS: 22%

Pawlik et al. [61] 2006 1996-2002 p, mc 72 40 75 95 100 0 45 39 e 15 607 617 nr.

Pierie et al. [62] 2006 1973-1998 r,sc 142 27 100 § 100 100 0 40-50 100 e 10-20 f n.r. 77 LT3+:29% (N3+:21%)
272 100 § 100 100 0 40-50 0 nr. 45 LR3+:4%

Krempien et al. [16] 2006 1991-2004 r, sc 67 30 39 82 0 67 45 100 e 15 40 64 AT2+:20%, LT3+:21%

Bobin et al. [63] 2004 1988-2001 r,sc 24 53 21 92 29 63 45-50 100 e 15 46® J 56 LT3+: 8% (N3: 8%)

De Paoli et al. [64] 2003 1999-2003 r,sc 30 27 50 63 100 0 50.4 77 e 15 73 nr. LT3+: 10% (N3+:6%)

Gilbeau et al. [65] 2002 1990-2000 r,sc 45 53 1004 9 0 93 49 38 e 15 40 60 AT3+7%, LT3+:4% (N2:18%)

Petersen et al. [ 18] 2002 1981-1995 r,sc 87 42 49 83 75% 28" 476 100 e 15 59 48 GI3 + 18%, F3: 9%, N3:10%, UO:5%

Gieschen et al. [66] 2001 1980-1996 r,sc 16 38 78 100 100 0 45-504 100 e 10-20 | 83 74 LT3+:25% (N3+:12%) 0S +/— IORT sig.
13 100 100 0 45 0 61 30 nr

Alektiar et al. [67] 2000 1992-1996 r,sc 32 33 37 94 (1] 78 45-50 75 HDR 12-15 62 45 BO3+:18%, F3+:6%, N2:6%

Bussiéres et al. [68] 1996 1991-1994 r, sc 19 17 7 9 s 63 50 100 ¢ 17 76 | 607  PC3+:21%, LT3+:11%

Sindelar et al [20] 1993 1980-1985 p,sc,ran 15 96 nr’] 100 0 100 35-40 100 e 20 60" 4572 AE:7%, CE:13%, F:0%, N3+:47% LC +/-IORT sig.
20 100 0 100 5055 0 20 | 527 AE:60%, CE:50%, F:25%, N3+:0% AE, CE, N IORT +/~ sig

Gunderson et al. [69] 1993 n.r. r, sC 20 min. 14§ 50 55 30 70 45-604 100 e 15 85 49 AT3+:10%, LTR3+:20% (N3+:5%)

Willett et al [70] 1991 1981-1989 r,sc 20 38 70 85 95 5 40-50 60 e 10-20 || 81° 71 LT3+:15% (N3+:10%, UO3+:10%)

Kinsella et al. [71] 1988 1980-1985 p,sc,ran 15 min. 14 nr”f 100 0 100 35-40 100 e 20 55 38 AE:7%, CE:13%, F:0%, N:227% LC +/-10RT sig
20 100 0 100 50-55 0 30 50 AE:60%, CE:35% F:30%, N:5% AE, CE, F +/-IORT sig

year: year of publication, period: study period, n.r.: not reported, type: study type, r: retrospective, p: prospective, sc: single centre, mc: multi centre, ran: randomized, n: number of patients, f/u: median follow-up in months,
min.: minimum, PD: primary disease (%), GTR: gross total resection (%), EBRT: external-b RT, pre.: i receiving preoperative EBRT (%), post.: patients receiving postoperative EBRT (%), dose: median EBRT dose in Gy,
IORT: intraoperative RT, IORT(lower line):patients receiving IORT (%), tech.: technique of IORT, e-: electrons, HDR: high-dose rate brachytherapy, dose: median IORT dose in Gy, 5y-LC: actuarial 5-year local control rate, 5y-0S:
actuarial 5-year overall survival rate, AT: acute toxicity all grades, ATx: acute toxicity grade x, LT: late toxicity all grades, LTx: late toxicity grade x, RS: re-surgery, PC: postoperative complications all grades, PCx: postoperative
complications grade x, UO: ureteral obstruction all grades, UOx: ureteral obstruction grade x, N: neuropathy all grades, Nx: neump.uhy grade x, AE: acute enteritis all grades, CE: chronic enteritis all grades, F: fistula all grades,
Fx: fistula grade x, BO: bowel obstruction all grades, Box: bowel obstruction grade x, GI: gastrointestinal all grades, Glx: grade x, RT: radiation therapy associated all grades, RTx: RT associated grade x, HT:
hematological all grades, HTx: hematological grade x, NV: nauseajvomiting all grades, NVxX: nausea/vomiting grade x, *1: liposarcoma subgroup only, *2: only irradiated patients, *3: stratified according to primary vs recurrent
disease, "4: some patients received pre- and ative EBRT, *5: simult i ated boost, *6: crude rate, *7: in patients with GTR, "8: in patients with IORT, "9: 4-year rate, "10: 2-year rate, *11: 3-year rate, *12:
median OS in months, *13: disease specific survival, *14: preoperative chemoradiation, *15: IORT + EBRT.

Roeder et al. 2020
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Comparative series +/- IOERT

author year type n f/u PD GTR preop RT postop RT IOERT 5-year LC 5-year OS
: 0, 0, - 0, 0,
Sindelar 1993  p, sc, ran 15 96 nr 100% none 100% (35-40 Gy) 100% 60% (crude) | 45 mo (med OS) favors [OERT
20 100% none 100% (50-55 Gy) none 20% (crude) 52 mo (med OS)
Gieschen 2001 sc,r 16 100% 100% none 100% 83% 74%
! 38 789 f; IOERT
13 % 100%  100% none none 61% 30% avors
Pierie 2006 sc,r 14 27 100% 100% 100% none 100% n.r. 77% favors IOERT
27 100% 100% 100% none none n.r. 45%
Ballo 2007 sc,r 18 100% 60% none 100% 51% n.r.
o -
63 47 73% 100% 60% none none 46% n.r. no sig. diff.
Stucky 2014 sc,r 37 o o 95% none 100% 89% 60%
26 45 64% 89% none none none 46% 60% favors IOERT
Kelly 2015 mg,r 32 45 100% 97% 94% 6% 47% 91% 93% (DSS) favors RT
172 100% 100% none none none 65% 85% (DSS)
Wang 2017 SEER 13 100% none 100% n.r. 87%
352 n.r. n.r. n.r. 14% 87% none n.r. 55% favors IOERT
15 none none 100% n.r. 34%
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New Developments (RT in STS — Extremity)
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Preop. RT with moderate hypofractionation (HYPORT-STS)

Single centre phase 2 (MD Anderson)

N=120, med postop. f/u 20 mo

Preop. RT 42.75 Gy in 15 Fx (SD 2.85 Gy)
Primary endpoint: major wound complication
Comparison: preop arm NCIC trial (35%)

Results:

Major wound complication rate 31%
Acute toxicity grade 3+: 0%

Late toxicity grade 3+: 2%

crude LR rate: 5%

‘ Moderate hypofractionation seems feasible

All patients (n=120)

Majorwound complication 37 (31%)
Secondary operation for wound repair 12 (10%)
Invasive procedure for wound management 16 (13%)
without secondary operation
Deep wound packing of an area of wound at 2 (2%)
least 2 cm in length with or without prolonged
dressing
Readmission to hospital forwound care 7 (6%)

No major wound complication 83 (69%)

Data are n (%).

Table 2: Type and frequency of major wound complications by 120 days

Ashleigh Guadagnolo et al. 2022

SCOPES trial ongoing
randomized phase Il
Preop EBRT:
14x3 Gy vs 25x 2 Gy
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Preop. RT with ultra-hypofractionation

Single centre prospective ol

N=311, med f/u 57 mo | N——
Preop. RT 5x5 Gy, surgery after 2-4 days

Primary endpoint: LRFS (LC)

ut local relapse (p t)
a
o

Results:
RO-resection rate: 84%
Wound complication (diff. def.): 24%

Late toxicity: 9% tme (montrs)
LC according to resection margin

Patients witho!
B
S

p=0013

2
=

5-year LC: 81%
5-year OS: 63%

Kosela-Paterczyk et al. 2021
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Preop. RT with ultra-hypofractionation

author year type n f/u preop RT timeto S RO LC 0s wWC late tox. amp.
Kosela-Paterczyk 2021 pro. 311 57 5x5 Gy (cons.) < 1wk 84% 86% 63% 24% overall 9% n.r.
Spalek 2021 phase Il 46 24 5x5 Gy (cons.) 6-8 wks 72% 93% 67% 34% n.r. 7%
Silva 2021 phase Il 18 29 5x 5 Gy (cons.) 6 wks 83% 94% 95% 33% Gr. 3+: 6% n.r.
Kalbasi 2020 phase Il 52 29 5x 6 Gy (cons.) 2-6 wks n.r. 94% n.r. 32% Gr.3: 0% n.r.
Mayo 2023 retro 22 25 5x 6 Gy (cons.) < 1wk 82% 100% 77% 41% Gr. 2+: 18% n.r.
Bedi 2021 phase Il 32 36 7 x5 Gy (EOD) 4-6 wks 91% 100% 83% 25% Gr.3:13% n.r.
Parsai 2020 retro 16 11 5 x5.5-8 Gy (cons. or EOD) <1wk 63% 100% n.r. 31% Gr.3+: 0% n.r.
Kubicek 2022 phase Il 16 57 5x 7-8 Gy (EOD) 4-8 wks 75% 93% n.r. 20% Gr.3+: 7% n.r.
Leite 2021 phase Il 25 21 5x 8 Gy (EOD) > 4 wks 96% 96% n.r. 28% Gr.3: 8% 16% (all tox.)
Curry 2024 MA 786 n.r. 5 x 5-8 Gy (cons. or EOD) n.r. 85% 92% 78% 30% (gr. 2+) fibrosis Gr.2+: 6% n.r.
Kao 2023 MA 477 n.r. 5 x 5-8 Gy (cons. or EOD) n.r. 87% 96% 86% 30% n.r. n.r.

‘ Ultra-hypofractionation seems feasible, but similar efficient and equitoxic ?
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Renaissance of chemoradiation ?

Pazopanib and (C)RT — ARST 1321 trial

A
Phase Il, children/adults, non-Rhabdo STS vl
N=81 (58), median f/u 40 mo
Neoadj. Ifo/Doxo + RT +/- Pazopanib + adj. CHT % " .
Primary endpoint: near pCR (> 90% necrosis) o
near-pCR: 58% vs 22% (sig.) TR sl el , 1
Acute Tox Gr 3+: sig. higher with Pazopanib o e Sinceﬁ:mumem(:ears) ’ i

Regimen A 44 27 21 16 10 4 0
RegimenB 41 26 19 14 9 3 0

3y-EFS 53% vs 51% (n.s.)
3y-0S 76% vs 65% (n.s.)
Weiss et al. 2020, 2023
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Renaissance of chemoradiation ?

Trabectedin and RT — TRASTSs trial 80-

60

40+

Phase I/Il, n=45, med f/u 14 mo
Advanced or metastatic STS
Trabectedin + low dose RT

(30 Gy/10 Fx)

20==t4==

=40

Change From Baseline Sum of Target
Lesion Dimension, %
5 o
H
i
: E
: !
o |
I
]
]
|
I

D Progression

Stable disease

[] Partial response
. Complete response

=60 -

_8{]_

MTD 1.5 mg/m?2 1
ORR 72% (local), 60% (central) Patients

# high response rate, useful in localized disease ?

Martin-Broto et al. 2020
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Renaissance of chemoradiation ?

Pembrolizumab and RT — SARC 032 trial

Phase Il, n=143, med. f/u 24 mo
UPS 85%, grade 3 64%
Pembro before, during and after RT

2y-DFS 70% vs 53% (sig.)
Benefit limited to grade 3

2y-LRFS, DDFS, OS n.s.
GR 3+ Tox 52% vs 26% (sig.)

A Randomized Trial of Pembrolizumab & Radiotherapy Versus Radiotherapy in

NCT
03092323 High-Risk Soft Tissue Sarcoma of the Extremity (SU2C-SARC032)
RECRUITING Principal Investigator : David Kirsch, M.D., PhD - Duke University
Stand Up To Cancer (SU2C) & Sarcoma Alliance for Research through Collaboration (SARC) Phase I
Resectable grade 2 or 3
ARM 1 OUTCOMES
! ; = e resechon and sdanant pembedirmat i = PRIMARY
pleomorphic liposarcoma of Dlssoss fres srvivel
the extremity N,
EE . \\—. SECONDARY
Loco-regional disease-
o 1’ “ o free survival
Overall Survival
26 |
'mm ARM 2 Distant disease free
age are s survival
randomized y wrgcal
Number of parcipants
with
\ MU,C'CAE?‘O
- S — |
I Exchusion criteria I d
metastans, o iy
| radiation therapy in excess of 20 Gy

ANNAL S

SURGICAL

ONCOLOGY

Saif et al. 2023, Mowery et al. ASCO 2024




Prof. Dr. F. Roeder
08.11.2024 UNIKLINIKUMSALZBURG

Post Feature Extraction Feature selection

n [ > e >

Response based treatment ?

European Radiology (2023) 33:3984-3994
https://doi.orq/10.1007/500330-022-09362-6

Predicting pathological complete response of neoadjuvant
radiotherapy and targeted therapy for soft tissue sarcoma pwi
by whole-tumor texture analysis of multisequence MRI imaging

T,FS

i

2laliTsle]
Ls Bl

Pre
a P

ADC

: unEE
Lei Miao' - Ying Cao? - LiJing Zuo? - HongTu Zhang? - ChangYuan Guo? - ZhaoYang Yang? - Zhuo Shi' -
JiuMing Jiang" - ShuLian Wang? - YeXiong Li - YanMei Wang* - LiZhi Xie® - Meng Li" - NingNing Lu®®

Miao et al. 2023

Post

Contents lists available at ScienceDirect Training Cohort

L = B 55% Chemotherapy + 100% Radiotherapy \ e j Sy
T2FS TIFSGd T2FS TIFSGd

Radiotherapy and Oncology

ELSEVIER journal homepage: www.thegreenjournal.com - \’ Multiple Delineation ‘/
Feature Extraction

Original Article ﬁ “"':I'“"

MRI-based delta-radiomics predicts pathologic complete response in | — "Jl@ >

high-grade soft-tissue sarcoma patients treated with neoadjuvant S | Db
Feature Reduction

therapy

Multiple Delineation (ICC)

Jan C. Peeken *"“““* Rebecca Asadpour?, Katja Specht', Eleanor Y. Chen?, Olena Klymenko?, Victor
Akinkuoroye ®, Daniel S. Hippe ", Matthew B Spraker', Stephanie K. Schaub®, Hendrik Dapper®, Carolin
Knebel’, Nina A. Mayr ¢, Alexandra S. Gersing *, Henry C. Woodruff®!, Philippe Lambin *, Matthew .
Nyflot ', Stephanie E. Combs “'

100 iterations. nesied 3-fold im“ validation

Delta radiomics predict pCR S S

Peeken et al. 2021
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Response based treatment ?

Combined analysis RTOG 9514 and 0630 @0"”‘"“5“;‘;‘:‘“
RTOG 9514: neoadjuvant MAID with interdigitated RT ] _ ------------ - 0% Tumor viability, combined
RTOG 0630: neodjuvant IMRT with reduced target volume "----____'"m' ;ggog;?ﬂviabi[ity,
N=143 S T
pCR: 28% (RTOG 9514) vs 19% (RTOG 0630) R G080 e
5-year OS: 100% (pCR) £

77% (no pCR RTOG 9514)

56% (no pCR RTOG 0630) |
5_year LF: 0% (pCR) Nggtgti:sr:bined 22 21 Y‘Zalfsaﬂ'?’s'"@ll;fy 18 18

12% (no pCR RTOG 9514) o S S

9% (no pCR RTOG 0630)

Wang et al. 2023
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pCR/Response associated with outcome ?

Table 1

Published studies of the impact of pCR on clinical outcomes (enrolled > 50 patients).

First Type Design N Preoperative Pathological Significant impact on DFS (Yes/No) Significant impact on OS (Yes/No)

Author, patients treatment  response rate

Year

[reference]

Andreou,  Retrospective 53 ot ) 32% (<10% viable Yes (event-free survival) Yes (disease specific survival)
2015 (monocentric) tumor cells)

[17]

Menendez, Retrospective 82 cT 39% (=95% No No
2007 (monocentric) necrosis)

[19]

Eilber, 2001 Retrospective 496 CRT 14% (>=95% Yes Yes
[20] (monocentric) necrosis)

Mullen, Retrospective 113 CT or RT 44% (>95% No No (OS and disease-specific
2014 (monocentric) necrosis) survival)

[18]

Gannon, Retrospective 162 RT or CRT 54% (>10% Yes, but inversely correlated (> 10’% necrosis predicted Yes, but inversely correlated (> I(ﬁ
2019 (monocentric) necrosis) worse DMFS, and PFS on univariate analysis, and DMFS and necrosis predicted worse OS on
[13] PFS on multivariate analysis) univariate analysis)

Cates, 2019 Retrospective 143 CT, RT or CRT NA Yes, but inversely correlated (Increasing necrosis, and No
[12] (monocentric) fibrosis, is associated with decreased DFS)

Vaynrub,  Retrospective 207 CT. RT or CRT 25% (>90% Yes (DFS and RFS) No
2015 (monocentric) necrosis)

[16]

Salah, 2018 Meta-analysis 1663  CT, RT, CRT, NA Yes Yes
[15] or limb

perfusion

Bonvalot, Retrospective 330 CT,RT, or CRT 22% (<5% viable  Yes Yes
2020 (multicentric) cells or >95%
present necrosis/fibrosis
study

Abbreviations: CRT, chemotherapy + radiation therapy; CT, chemotherapy; DFS, disease-free survival; DMS, distant metastasis-free survival; pCR, pathological complete
response; RT, radiation therapy; OS, overall survival. NA, not available,

Bonvalot et al. 2021

Conflicting results !

- diff. definition of pCR

- Effect depending on
neoadj. treatment (RT vs
CTvs CRT) ?

Schaefer et al. 2017
EORTC response score not
assoc. with outcome !

Hyalinization/fibrosis: OS t

Necrosis: OS ‘
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New Developments (RT in STS — Retroperitoneum)
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STRASS - Study design

x max. 4 wk

RT 4-8 wk
n= 266 50.4 Gy /28 Fx
unifocal

resectable
primary
RPS
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STRASS - primary endpoint ARFS (ITT)

Preop RT 3y-ARFS: 60 % | (ot deaa
G0 HR 1-01 (5% £1 0-71-1-44); log-rank p=0-05
Surgery 3y-ARFS: 59% =
.g -
¥ 50
main critics: fo
- design (time intervals) E ]
- primary endpoint e
104
- target volume i | | T | | 1
. . o 1 2 3 4 5 6
- RT interuptions N R
- included pts. pmiﬁ“&*:pzﬁm":ﬁi R R TR R
- interpretation s DO 00 8@ 5@ 06 v 20m

Bonvalot et al. 2020
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STRASS - patient characteristics

opP RT + OP Total
Histology
- wd-LPS 32% 35% 33% LPS
- dd-LPS 41% 38% 40%
_-__other LPS 3% 1% 2% 75%
- Leiomyosarcoma 17% 12% 14%
- other/missing 8% 14% 11%
Grading
- Gl 32% 33% 33%
- G2 29% 35% 32% few G3
- @G3 o 14% 9% 12% many
- not evaluable/missing 25% 23% 24% ..
missing

Bonvalot et al. ASCO 2019, Bonvalot et al. 2020
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Type of events OP (61 events) RT + OP (60 events)

‘ Progression during RT 0 19 (32%) ‘ é?rlng
Not operated 5 6
Not resectable/operable (e.g. ASA3) 1 4 all OP
Peritoneal sarcomatosis at surgery 7 5

‘ Local recurrence after GTR 39 (64%) 17 (28%) ‘
Death 9 9

‘ IDMC sensitivity analysis: local progression during

RT or medically unfit not counted if GTR
Bonvalot et al. ASCO 2019, Bonvalot et al. 2020
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STRASS - second sensitivity analysis ARFS

(local progression or medically unfit for surgery during RT not an event if GTR)

S
all histologies: a0
Preop RT 3y ARFS: 72% g R
Surgery 3y ARFS: 60% : :_
Liposarcoma only: 7 4o
Preop RT 3y-ARFS: 76 % £ =
-
_ . 0 oL
Surge ry 3y ARFS' 65%’ 104 = Precperative mdictherapy plus surgeny
— Surgery along
‘u I I ! I J )
B Time since mrdomistion (vears)
- Slg' favors preop RT Fmpinmir::zlgi;m 98 {0 BS{) 69 (9) SO 25} 34 (41} 18 (54} 4 (68
SJ.Il:Irgery;E':lnl:; 100 (T B3 (1) B4 (&) 44 {23} 30 (F4) 13 {50 1 (60}

Bonvalot et al. 2020
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STRASS - sensitivity analysis ARFS (histology, grading)

Events / Patients HR & CI
Preoporatve AT Surgery alono HR (95% CI) (Precperathve RT : Surgery alona) Interaction test
el cileraraal posarcondy 46 %42 055 (025:122) ._-_é__ p=0243 (di=4)
Dedifferentiated liposarcoma 1/ 51 26/54 068 (037 122 —
Other kposarcoma 1" 2/4 394 (035 4384 -
Lelomyosarcoma 9% 0/2 132 (054 326) R T S —
Other 28 7/ 133 (052 ; 340) .
. Total s2/13  61/13 084 (058 ; 121) et
(39.1 %) (45.9 %) )
U
025 05 10 20 a0
Preoperative RT Surgery alone
better batter
Unadjusted treatment effect: p= 0.352
0 Mar 200 W
Events | Patients HR & CI
Preoperative AT Surgery alone HR (95% CI) (Precperative RT 1Surgery alona) Interaction test
Grade of the tumor H
Low 6/44 u/43 042 (096 ; 109) - . p=0.112 (=3
Intermediate 23147 20/38 096 (053 ; 175) —
High a/e 0/9 17 (071 ; 431 h -
Not evaluable 6/17 2/21 051 (0.9 ; 136) .
i
'
'
.
Total 52/133 61/133 084 (058 ; 121 ———
(39.1%) (459 %) .
'
0.25 0.5 10 20 4.0
Preoperative RT Surgery alone
better better

—>

favors RT in wd-LPS
and dd-LPS

favors RT in G1 and
not evaluable

Bonvalot et al. 2019 ASCO
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STREXIT — off protocol pts. in STRASS centers during STRASS recruiting time

n=727 (surgery 620, RT+ surgery 107)
n=202 (after propensity score matching) € & SS
n=468 pooled cohort (STRASS + STREXIT) 4

ARFS defined as
- R2 resection

F i
- abdominal recurrence u
- death of any cause -
3y_ARFS: :— Surpeyy skire 5TAASS + STREMT [ =Tnk ™Y SHOdNE) éE% %SI:E%%E:E
STRASS: 66% vs 59% . i : 2 4 : .
STREXIT: 78% vs 62% e s = wo T g :

pooled: 71% vs 60%

Callegaro et al. 2022
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STREXIT — pooled cohort subgroups

A Absdanrilonl Fiorimenca Frae Surdval B Absthesrn il Pt rerie Fw Suridval
= T
i L1
o L]
™ i1
. L
e m . m
au -
m E]
o Trmstrare. EvpiwToim Bdian S5 (U Tees-Poied 006 Em 05% 08 5 Truwrs= BaenTom dssie 6% Ch Tre-Poe B DRES O
= Frngemien BT STRALE + TTALET a1l L ] | e T B RH = Proopoioe BT STAATS - ITRELN rm L ] LU RS e ]
Ipeme 7D b 0. e Aywas  Emh T Al Wi
o Spam  SABEALFTLEWN e ETLT I T SR
B Tampery Bawe CITRASS L ETRDEN B HOaERD 1 AOEDLER0 T S dbms ETREEE . STRE T 291 Head BT Tpmsd BT ITN BT RN
e SO P Bkl S B AFLES]
LF T SRR Wil L L
o L]
T T T T T T T T T
E ] 4 ] L] a i k) B - H
Vmarn ‘Foarn
P i -l Foab et -k
oy &1 HTHANS = BTkl ikl . o (%] i L] e W1 % Bk e A THELT ik - il ]
Ty Aons WTHASS « B9aEAT il 1 [+ (5] L5] Bargary soaes UBRAGS < DTREAT. U (8] ] L n -

all LPS WD-LPS and DD LPS G1-2

Callegaro et al. 2022
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STREXIT — pooled cohort subgroups
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Leiomyosarcoma

Callegaro et al. 2022
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STRASS/STREXIT- summary

complex study endpoint in STRASS (ARFS): difficult to interpret
different results with more usual definition of ARFS

,Less-debatable” results

- Preop RT (IMRT) is safe with acceptable additional morbidity (data not shown)
- Preop RT did not improve overall survival

- Preop RT reduces true local recurrences after GTR

- Preop RT improved ARFS in WD-LPS and DD-LPS G1/2

,More-Debatable” results

- No benefit/detrimental effect of preop RT in Non-LPS or G3 DD-LPS
- analyses clearly underpowered

- probably true for Leiomyosarcoma (supported by other data)
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New Developments (RT in STS — general)

Histology driven approaches

STRASS/STREXIT: benefit of RT certain only for WD-LPS, DD-PLS G1-2
SARC 032: included only UPS, myxofibrosarcoma and LPS

DOREMY: dose reduction in preop. RT of myxoid liposarcoma
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{

DOREMY trial

- Phase ll, n=79, med f/u 25 mo

- preop RT 18x2 Gy (36 Gy)
-> surgery if curative

- primary endpoint:
percentage of major pathological
responses (< 50% viable cells)

Result:

Surgery n=77 (two mets)
Major response: 70/77 (91%)
LC: 100% (in all surgical pts.)
3y-0S 95%

1.0

0.8

0.6+

0.4

Survival proportion, %

0.2+

DSS
0S
PFS

No. atrisk 79

12 24 36 48 60 72 84
Follow-up period, mo

62 41 27 12 6 5 3

Lansu et al. 2020

96
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New Developments in IORT
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More retrospective evidence for preop. EBRT + IOERT in extr. STS

Local Control

Mayo series 2022 o]
n=108, med f/u 25 mo, RO: 89%

IOERT only if surgeon anticipated CM or R+ ;L\;
Median preop. EBRT dose: 50 Gy
Median IOERT dose: 12.5 Gy

Probability (%)

5-year LC 94%, EFS: 75%, OS 64%
Limb preservation rate: 97%

0 12 24 36 48 60 72 84 96 108 120

Wound complications: 40% Time o e (onth

Number at risk

Grade 3+ Iate TOX < 11% Al 108 76 56 a9 a4 30 24 21 19 18 14

Laughlin et al. 2022
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Some disappointing prospective results with IOERT in retro. STS

Retro WTS — , final” results .

10

- prospective single arm trial
-n=37, 2007-2017, med. f/u: 61 months 08
- histology: lipo 70%, leio 24%

e
w

- primary/recurrent: 84% / 16%

L)
=

- surgery: 95%
- RO: 20%, R1: 69%, R2: 3%, Rx: 9%

Probability oflocal control

=
(=

5y-LC: 60% (rec. worse) 00
0 12 24 3B 48 &0 F2ooo84 g8 108 1200 132 144 BB

5yr-DC: 65% (leiomyosarcoma worse) time in months

Seidensaal et al. 2023
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More retrospective evidence for IOERT in retro. STS

Mor et al. 2023 A
Local recurrence

= Non-lORT
= IORT

propensity matched 36:36 pts. o
IOERT (median 15 Gy) vs no IOERT ~E%Gz*:}___4—\ﬁ
primary/rec: 56%/44% :

Cumulative recurrence
=4
3

2y-LRFS: 76% vs 60% (n.s.)
Organ resected weighted score O:
53% vs 8% (Slg) p=0.40

V] ] 12 18 24

0.25

0. at risk Time (months)
Non IORT 36 22 20 16 15
IORT 36 26 16 5 3

Improved organ
preservation with IOERT

30 36

Mor et al. 2023
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More retrospective evidence for preop EBRT + IOEE

Mor et al. 2023
propensity matched 36:36 pts.

IOERT (median 15 Gy) vs no IOER
primary/rec: 56%/44%

o ) 12 18 24 30 3
Time (months)

36 22 20 16 15 1
IORT 38 2% 16 5 3 0

oo

gtion with IOERT
Mor et al. 2023
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Image-Guided IOERT

Salzburg IOERT Suite (Imagingring for intraoperative 3D-Imaging and Treatment Planning)
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Image-Guided IOERT — example recurrent STS
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Sarcoma applicators

- non-circle shapes
- diff. lengths and widths e
- for extremity tumors Spreader

Applicator:

Bolus

Intraop product sheet
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Summary

Role of RT in STS is changing rapidly

- (ultra)-hypofractionation

- Chemo(immune)radiation with new agents ?
- Response based tailored treatment ?

- Omission of RT based on histology/Grading ?

‘ Role of IORT has to be newly defined
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Extremity STS:

IORT still valuable option:
- if anticipated close/positive margin after preop EBRT (function preservation !)

- if recurrent disease combined with moderate preop Re-EBRT (limb preservation !)
|ORT after (ultra)-hypofractionated EBRT ?
- No trials or data so far

- 5x5Gy+I10RT vs 5 x 8 Gy (functionality/toxicity ?)
- Combine with response- tailored approach ?

m) Need for trials !
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Retroperitoneal STS:

IORT still valuable option:

- if anticipated close or positive margin after preop EBRT (organ preservation !)
- if recurrent disease combined with moderate preop Re-EBRT

- atleast in certain histologies like WD-LPS or DD-LPS Grade 1/2

Technical developments will enable

- better understanding of dose distributions and dose prescription
- correctness of target volume definition (compared to pattern of failure)

# Need for trials !
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