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Arguments 1{o]§ skeptics... 3 decades... a summary... and after...

Is radiotherapy...
Is precise radiotherapy...

Is a precise component of RT for dose-escalation...

Adds a radiobiological safety margin to surgical resection...

Does not interferes with systemic therapy



FUNDAMENTALS: DEFINITION

F RT during cancer

F Protection of normal tissues (temporary displacement)

F Minimal tumor burden (post-resection status)




Fundamentals: description

F Vision guided RT
F Fingers (tactile) guided RT
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Tab. 1

Radiation oncology centres that participated in data collection

Clinical and technical

. . o '
ch ara cte ri Stl CS of University Hospital Gregorio Marafion, Ma- 19952011 986 263
drid, Spain
intraoperative ra d iOthera n University Hospital, Salzburg, Austria 2006-2010 820 218
University Hospital, Verona, Italy 2006-2009 350 9.3
: National Cancer Research Institute (IST), 2009-2010 212 5.6
Analysis of the ISIORT-Europe database =)
Genova, Italy
University Medical Center, Mannheim, 2008-2010 179 48
Tab.2 T ites treated with intraoperative radiation th Gy
s umours = S =D Greater Poland Cancer Center, Poznan, 2008-2010 155 41
Tumour site No. of cases Percent Poland
Breast 2395 63.8 vian
Rechim 598 159 University Hospital, Novara, Italy 2005-2011 149 40
Soft tissue sarcoma 21 59 Hospital 5. Croce and Carle, Cuneo, Italy 2009-2010 85 23
AASEE L] = Hospital San Giovanni Battista, Foligno, Italy ~ 2009-2010 69 18
Pancreas 80 21 7 7 o i
e — = = University Hospital SantAndrea, Roma, Italy ~ 2009-2010 55 15
I 6 12 Hospital Santa Chiara, Trento, Italy 2010 51 1.4
Stomach 4 12 Hospital San Francisco de Asis, Instituto 1992-2002 50 1.3
Brain 34 10 Madrilefio de Oncologia, Madrid, Spain
Head and neck B 06 San Filippo Neri Hospital, Roma, Italy 2009 37 1.0
i | i = Medical University of Lublin, Lublin, Poland 2009 3 10
Kidney 8 02
Biliary tract 7 02 Institute of the Mediterranean, Catania, Italy ~ 2008-2011 33 1.0
Colon 6 02 Hospital, Treviso, Italy 2009-2010 32 1.0
Lung 6 02 Ramban Health Care Campus, Haifa, Israel 2006-2010 31 1.0
il G 4 Hospital Santa Maria Nuova, Reggio Emilia,  2006-2010 B 06
Bladder 5 0.1
Italy
Adrenal glands 5 0.1
Uterine body 3 01 Regional Centre for the Fight against Cancer  2008-2011 21 0.6
Vertebral body 2 01 (CRLC) Val D'Aurelle, Montpellier, France
Other or undefined sites 89 20 Hospital Multimedica, Castellanza, Italy 2008-2010 19 0.5




Academic contribution: multidisciplinary oncology

Local therapy

i

Local tumor control promotion

Dose—escalation (improvement)

Dose—de—escalation (equivalence)

i

Survival

* Topography of intensification

» Dose-dense radiotherapy (shorter treatment time)

« Normal tissue tolerance balance



Treatment Strategy: Dose—escalation vs Dose-de-escalation

|OERT boost + EBRT (+/- Hypofractionated)

VS 10 — 20 Gy + 50 Gy vs 15 — 25 Gy
IOERT alone (exclusive RT component)
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Personallzed rlsk adapted mtensmcatlon
RO-closed, R1, R2




Boost Treatment Strategy: Dose—escalation & Cancer sites

Gl: pancreas, colo-rectal, gastric
Sarcomas: retroperitoneal, extremity, bone

Breast: unselected and post-neoadjuvant CT

Supplemental figure. Intrasurgical target volume view (A, B), 3D (C) and 2D (D, E, F)

CT scan-based IOERT planning technology.




IORT Results: Locally advanced unresectable pancreatic cancer

Intraoperative
Irradiation

1981-2005, 23 Institutions, 862 patients
8-16 months median survival time (12 months)
50-100% pain relieve effect (80%)

URIGINAL ARTICLES

Long-term Results of Intraoperative Electron Beam
Irradiation (IOERT) for Patients With Unresectable
Pancreatic Cancer
(ﬂ}'{slﬂpﬂﬂr G Wiilett, MD,* Carlos Fernandez Del Castillo, MD,} Helen A. Shih, MD,*

Savelt Goldberg, PhD.* Peter Biggs, PhD,* Jeffrey W. Clark, MD.} Gregory Lauwers, MD.§
David P. Ryan, MD,} Andrew X. Zhu, MD, PhD.} and Andrew L. Warshaw, MD}

2005

1978-2001, 150 patients, MGH-Boston
13 months MST, 8 long-term survival
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FIGURE 2. Actuarial survival as function of applicator size.

Swrvivar

s : : ) ! :
Tears
FIGURE 1. Actuarial survival rates of 150 patients with unre-
sectable pancreatic cancer receiving intraoperative electron
beam radiation therapy.



Updated Long-Term Outcomes and Prognostic Factors
for Patients With Unresectable Locally Advanced Pancreatic
Cancer Treated With Intraoperative Radiotherapy at the
Massachusetts General Hospital, 1978 to 2010

Sophie Cai, BA"; Theodore 5. Hong, MD?: Saveli |. Goldberg, PhD?; Carlos Fernandez-del Castille, MD¥;
Sarah P. Thayer, MD, PhD® Cristina R. Ferrone, MD®; David P. Ryan, MD* Lawrence S. Blaszkowsky, MD:
Eunice L. Kwak, MD, PhD* Christopher G. Willett, MD®; Keith D. Lillemoe, MD®; Andrew L. Warshaw, MD™; and
Jennifer Y. Wo, MD?

194 pts

Overall Survival Probability
8

Cancer 2015

Figure 1. Overall survival is shown among patients with unre-
sectable locally advanced pancreatic cancer who
treated with intraoperative radiotherapy (N =194).
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Figure 3. Overall survival of patients treated with chemother-
apy is shown stratified by Charlson age-comorbidity index
(CACI) (N =57).
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IORT Results: pancreatic cancer post-resected ISIORT pooled analysis

Intraoperative
Irradiation

ISIORT-Europe | 1985-2006 270 5 preCRT MST 30 vs 20 mo

2009
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Preoperative chemoradiation and IOERT for unresectable or
borderline resectable pancreas cancer
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Preop CRT
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Intraoperative Radiotherapy in the Era of Intensive
Neoadjuvant Chemotherapy and Chemoradiotherapy for
Pancreatic Adenocarcinoma
Florence K. Keane, MD* Jennifer Y. Wo, MD,7 Cristina R. Ferrone, MD, } Am J Clin Oncol 2016
Jeffrey W. Clark, MD.§ Lawrence S. Blaszkowsky, MD.§ Jill N. Allen, MD,§
Eunice L. Kwak, MD, PhD,§ David P. Rvan, MD.§ Keith D. Lillemoe, MD,}
Carlos Fernandez-del Castillo, MD, j: and Theodore S. Hong MD7
RESULTS:
68 patients post-FOLFIRI, 41 (60.3%) resected,18 (26.5%) unresectable, 9
(13.2%) metastatic.

22 received IORT for close/positive resection margins on frozen section.
Median OS

35.1 months resection + IOERT
24.5 months resection alone
24.3 months IOERT alone

Unresectable disease (18): median OS 24.8 months.
IORT increased hospital stay (4 vs. 3.5 d), no difference operative times or
morbidity



TABLE 1. Clinical Characteristics

TABLE 2. Summary of Neoadjuvant Treatment

Characteristic

Entire Cohort (n=68)

Age at diagnosis (y)

Median 63

Range (37-80)
Sex

Male (n [%]) 37 (54.4)
ECOG performance status (n [%])

0 31 (45.6)

1 36 (52.9)

2 1 (1.5)
Charlson comorbidity score

Median 3

Range 0-5
BMI (kg/m?)

Median 23.7

Range 17.2-34.4
Tumor size on CT (cm)

Median 3.6

ano | 8-7 1

Tumor resectability at diagnosis (n [%])

Locally advanced unresectable 60 (88.2)

Borderline resectable

8 (11.2)

Entire Cohort

Characteristic (n=68)

Neoadjuvant chemotherapy (n [%])
FOLFIRINOX
Gemcitabine with nab-paclitaxel
FOLFOX

Cycles of neoadjuvant chemotherapy

59 (86.8)
4 (5.8)
5(7.4)

Median 8
Range 4-12
Median RT dose (range) (Gy) 50.4 (24-55)

IMRT dose painting to vasculature to 58.8 Gy 40 (58.8)

oncurrent cnemotnerapy during chemoradiotncrapy (n [~o

CI 5-FU 41 (60.4)
Capecitabine 21 (30.9)
ClI 5-FU + other 2(2.9)
Gemcitabine 2(2.9)
None 2(2.9)

Pretreatment CA19-9 (median [range])
Posttreatment CA19-9 (median [range])

221.0 (2-25,020)
27 (1-529)



Survival Probability
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Boost Treatment Strategy: Dose—escalation & Cancer sites

Gl: pancreas, colo-rectal, gastric
Sarcomas: retroperitoneal, extremity, bone

Breast: unselected and post-neoadjuvant CT

Prostate: exclusive and post-prostatectomy
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IORT in gastric cancer

Adjuvant chemoradiotherapy with or without intraoperative radiotherapy for
the treatment of resectable locally advanced gastric adenocarcinoma

Qing Zhang?, Jeremy Tey®, Lihua Peng?, Zhe Yang®, Fei Xiong?, Ruiyao Jiang?, Taifu Liu?, Shen Fu®*,

Jiade |. Lu®

* Department of Radiation Oncology, Stcth Hospital of fine Tong University, Shanghai Peaple's Republic of China; ® Department of Radiation Oncology, National University

Hospital Singapere; © Department of Surgery, Sixh Hospital of Jige Tong University, Shanghai, People's Republic of (hina; “Department of Radiction Oncology, Fudan

Lniversity, Shanghai, People’s Republic of Ching

Tahle 2

Patterns of local regional failure after adjuvant chemomadiothempy.
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Fig. 1. Local control rate after radiotherapy.

Fatterns af Failure Group
IOERT + EBRT (%) EBRT (%)
Anastomosis B (57%) 9 (36%)
Posterior to pancreatic head 4 (29%) 2 (BE)
Hepatoduodenal ligment 1 (7X) 4 (16%)
Tumaor bed 1 (7%) 7 (28%)
Common hepatic artery 0{0%) 2 (B%)
Table 3 Celiac axis 01(0%) 1(4%)
SR Fig Total 14 ( 100%) 25 ( 100%)
Multivariate analysis for
Varidble Fvalue
(verall survival Metastatic free survival Disease free survival

Local regional control
L——

IDERT (Yes vs. No)
T(T1-2 veT3vs. T4)
N (ND vs. N1 s, N2 vs. N3]

0.06 ( 002 )

<1001 003
1001 0002

<001
<001

R(ROvs R1)

007 014
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%ntrauperative radiotherapy in gastric and esophageal cancer: meta-analysis of long-term outcomes
and complications

Peng GAO ', Chengche TSAI', Yuchong YANG ', Yingying XU *, Changwang ZHANG ', Cong ZHANG ', Longyi WANG ',
Hongpeng LIU ', Zhenning WANG ' =]

" Department of Surgical Oncology and General Surgery, First Hospital of China Medlical University, Shenyang, China;
Department of Breast Surgery, First Hospital of China Medlical University, Shenyang, China

PubMed, Embase, March 2016

2

EVIDENCE SYNTHESIS:

11 studies, 9 gastric cancer and 2 for esophageal cancer.

1581 patients, 570 in the IORT group and 1011 in the control group
no significant difference in overall survival (OS)

Gastric and esophageal cancer had similar results (P=0.08)

IORT favorable effects in stage Il and stage Il
IORT had advantage in loco-regional control

Complications no significant different IORT vs control group (P=0.50).

Minerva Medica 2017 February;108(1):74-83



Boost Treatment Strategy: Dose—escalation & Cancer sites

Gl: pancreas, colo-rectal, esophago-gastric

Sarcomas: retroperitoneal, extremity, bone

Breast: unselected and post-neoadjuvant CT




IORT Results: Locally advanced rectal cancer

Annats of Onoolagy 210 1275-1284 2010

original article
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Results of European pooled analysis of IORT-containing
multimodality treatment for locally advanced rectal
cancer: adjuvant chemotherapy prevents local
recurrence rather than distant metastases

M. Kusters®, V. Valentini®, F. A. Calvo”, R. Krempien®, G. A. Nieuwenhuizen', H. Martijn®,
G. B. Doglietio® E. del Vale”, F. Roeder®, M. W. Buchle®, C. J. H. van de Velde® &
H. J. T. Rutten™
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1989 — 2005

605 patients Catharina, Marafion, Gemelli, Heidelberg

12% local recurrence @ 5-y (downstaged, N+, R+, adjuvant CT)

68% OS @ 5-y (male, >70 years, no-downstaging, N+, R+,
CT)

“Seed and soil” adjuvant chemotherapy on LC; Prognostic index model



Cum Survival

Adjuvant Chemoradiation Plus Intraoperative Radiotherapy
Versus Adjuvant Chemoradiation Alone in Patients With

ORIGINAL ARTICLE

Locally Advanced Rectal Cancer

Qing Zhang MD,* Jeremy Tey, MD, { Zhe Yang, MD,} Ping Li, MD* Lihua Peng MD*
Shen Fu, MD, PhD.* GuofengLé’{uanz BS* Fei Xiong BS* and Jiade J. Lu MD. MBA+

Survival Functions

0.8 |

0.6 |

0.4 p=0.189

0.2+

0.0

T T T T T
0.00 20.00 40.00 60.00 80.00  100.00

Overall Survival (months)

Cum Survival

Survival Functions

1.0
0.8 —
. IORT+EBRT
0.6 - EBRT tu_
HHHHH
0.4 -
p=0.049

0.2
0.0 | | I | |

0.00 20.00 40.00 60.00 80.00 100.00

Disease Free Survival (months)

s

(Am J Clin Oncol 2015:38:11-16)

From the Departments of *Radiation Oncology; fSurgery, The Sixth
Hospital of Jiao Tong University, Shanghai, People’s Republic of
China; and fDepartment of Radiation Oncology, Cancer Institute,
National University Hospital, National Healthcare Group of Singapore,
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ly ORIGINAL ARTICLE

Adjuvant Chemoradiation Plus Intraoperative Radiotherapy _
Versus Adjuvant Chemoradiation Alone in Patients With . oon
Locally Advanced Rectal Cancer (Am J Clin Oncol 2015;38:11-16)

Qing Zhang MD* Jeremy Teyv, MD,t Zhe Yang MD,} Ping Li MD* Lihua Peng MD*
Shen Fu, MD, PhD.* Guofeng Huang BS* Fei Xiong BS* and Jiade J. Lu, MD, MBAT

|. Patients Characteristic Between |ORT Group and EBRT

Group
Variants IORT EBRT i P
Age
Median 58 63 - —
TABLE 2. Multivariate Analysis for Overall Survival, Local Control, Mean 58 04 60.82
Metastatic-free, and Disease-free Survival Range 35-73 35-71
Sex 3.034 0.09
r Male 41 (57.7%) 55 (71.4%)
Overall Local Regional Disease-free Female 30 (42.3%) 22 (28.6%)
o = _ ﬁ = Pathology
Variables Survival Control Survival Adseasmbas 71 (100%) 77 (100%)
AgC (]55() (]355 (]234 pT C]E!SSiﬁCﬁtiDIl 0.462 0.833
. T1 0 0
Sex _ ().15? 0.731 ().55.1 - 4 (5.6%) 5 (6.5%)
IORT (ycs vs. no) 0.539 0.079 0.161 T3 39 (549%) 38 (49.4%)
il (Tl—2 vs. T3 vs. T4) 0.016 0.044 0.000 T4 28 (39.4%) 34 (4420/{))
LNEVANTATETN R BTN N A [ANATATAY TANATAN] TANATATA DN C]ﬂSSiﬁCﬂtiDI] 0883 UA()SE
R (RO vs. R1) 0.947 0.113 0.224 NO 16 (22.5%) 13 (16.9%)
e N1 37 (52.1%) 41 (53.2%)
IORT indicates intraoperative radiotherapy. N2 18 (254%) 23 (29.9%)
2002 AJCC, TNM stage 0.783 0.869
Ib 16 (22.5%) 13 (16.9%)
Illa 3(42%) 4 (52%)
b 32 (45.1%) 37 (48.1%)
Illc 20 (28.2%) 23 (29.9%)
Residual disease 0.985 1.000

07 (0440%) T2 (03000
R1 4(5.6%)  5(6.5%)




Original Article

Results of intraoperative electron beam radiotherapy containing
multimodality treatment for locally unresectable T4 rectal cancer:
a pooled analysis of the Mayo Clinic Rochester and Catharina

Hospital Eindhoven  ; Gastrointest Oncol. 2016 Dec;7(6):903-916.

Fabian A. Holman', Michael G. Haddock’, Leonard L. Gunderson’, Miranda Kusters'*, Grard A. P.
Nieuwenhuijzen*, Hetty A. van den Berg’, Heidi Nelson®, Harm J. T. Rutten®’

1981 to 2010, 417 patients
306 patients (73%) RO resection

preop CRT associated higher RO resection
16% of all cases a LR developed

5y DFS and OS: 55% and 56%, respectively.
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Local recurrence rate
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R+ resection
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Results of intraoperative electron beam radiotherapy containing
multimodality treatment for locally unresectable T4 rectal cancer:
a pooled analysis of the Mayo Clinic Rochester and Catharina
Hospital Eindhoven

Fabian A. Holman', Michael G. Haddock’, Leonard L. Gunderson’, Miranda Kusters'’, Grard A. P.
Nieuwenhuijzen’, Hetty A. van den Berg’, Heidi Nelson®, Harm J. T. Rutten®’

resection 306 pts (73%)

Figure 2 Influence of radicality of resection (R0 vs. R+) on all oncological outcome parameters.
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Intraoperative radiotherapy in colorectal cancer; Systematic review and
meta-analysis of techniques, long-term outcomes, and complications
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oxicity

A Total complications

Test for heterogeneity: Q=2.62; '=24%; df=2; p=0.27

T — T ——

IORT  No IORT Odds Ratio Odds Ratio
Study (N)  (niN) (M-H, fixed [95%CI]) (%) (M-H, fixed [95%C1])
Suzuki etal *" B4z 1964 —_— 178 0.56 (0.22-142)
Wilg atal ** 28053 22048 —— 257 107 (05-2.3)
Sadahiro stal ™ 34199 20068 —— 323 126 (0.65-2.45)
Dubois etal ™ 72 1368 —-— 2432 1.74 (0.79-3 B4)
Total 1150272 1017248 -1 .— 100 1.13 (0.77-1.85)

—
1 Favours 10RT 1 Favours e 10RT 10
Test for heterogeneity: Q=3 45; I'=13%: di=3; p=0.327
Wound complications
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Fig. 1. Kaplan-Meier survival curve (n = 607).



1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

FA. Holman et al./EJSO xx (2016) 1—11

Re local recurrence rate

No preoperative therapy
—— Re-(chemo)irradiation
Full course (chemo)radiotherapy

p=0.002

0 12 24 36 48

Overall survival

60 months

p=0.001

12 24 36 48

60 months

Metastasis free survival

10

0.8 "

re-CRT | outcome

0.6 A

0.4

0.2 4

p=0.002

0.0

12 24 36 43 60 month:

Available online at www.sciencedirect.com

ScienceDirect

EJSO

nal of Cancer Surgery

ELSEVIER

EJSO xx (2016) 1-11 WWW.gjso.com

Results of a pooled analysis of IOERT containing
multimodality treatment for locally recurrent rectal cancer:
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FA. Holman *, S.J. Bosman ”, M.G. Haddock €, L.L. Gunderson ¢,
M. Kusters ™°, G.A.P. Nieuwenhuijzen °, H. van den Berg °,
H. Nelson , H.J. Rutten ™&*

Mayo CllnIC + Catherlna Hospltal

£ GROW: Schoot of Oncalogy and Develnpmenml Emmgy Uu.lveriify nf Maacmdxc Mamm(hr
The Netherlands

565 pts; before 2010; RO 44% (re-CRT 43% vs full-CRT 50%)

no preCRT RO 26%




FA. Holman et al./EJSO xx (2016) 1—-11

Re local recurrence rate Metastasis free survival

10 J l.u (a!

— RO
0.8 08

|
— R2

0.6 06

0.4 0.4

0.2 0.2

00 | p<0.0001 0.0 p<0.0001

N
! 3 r 5 . T T T T T T
i} 12 24 36 48 60 months 0 12 24 36 48 60 months
Overall survival
1.0 4
[ Available online at www.sciencedirect.com
0.8 4 . .
ScienceDirect I J S O
the Joumal of Cancer Surgery
DIS ] EISO xx (2016) 1-11 WWW.JS0.com
Results of a pooled analysis of [OERT containing
ol multimodality treatment for locally recurrent rectal cancer:
i Results of 565 patients of two major treatment centres
FA. Holman *, S.J. Bosman ®, M.G. Haddock ¢, L.L. Gunderson 9,
0z | M. Kusters *”, G.A.P. Nieuwenhuijzen °, H. van den Berg °,
H. Nelson ', H.J. Rutten &*
* Department of Surgery, Leiden University Medical Center, Leiden, The Netherlands
0.0 p{O '0001 g Ir)epa:mzm (i’j'rynrgevy, Catharina z.:lmpme Ewd‘i:ovm, The Ngr}zm;m
1 < Deparment of Radiation Oncology, Mayo Clinic, Rochester, MN, USA
4 Department of Radiation Oncology, Mayo Clinic, Seotsdale, AZ, USA

T T L] T
© Department of Radiotherapy, Catharina Hospital, Eindhoven, The Netherlands

T
36 48 60 months f Department of Colon and Rectal Surgery, Mayo Clinic, Rachester, MN, USA
EGROW: School of Oncology and Developmental Biology, University of Maastricht, Maastrichr,
The Netherlands

o
[
P
B
-9



EA. Holman et al./EJSO xx (2016) [—11 3
Table 1
Patient characteristics of the Mayo Clinic Rochester and the Catharina Hospital Eindhoven.
Characteristic All CHE MAYO p-Value
N = 565 N = 207 N = 358
Mean age, yrs (range) 615 = 11.0 (21-87) 62.8 = 99 (39-87) 60.8 = 13.7 (21-87) 0.029
Mean FU, mo (range) 448 + 426 (1-240) 484 + 437 (1-227) 426 + 41.8 (1240 0.120
Gender 0.190
Male 346 (61%) 123 (59) 223 (62)
Female 219 (39%) 84 (41) 135 (38)
Preop Rx (0.455
None 58 (10.3%) 23 (11.1) 35 (9.8)
Re (chemo)RT 256 (45.5%) 87 (42. 169 (47.5)
Full course (Chemo)RT 249 (44.2%) a7 (46.9) 134 (42.7)
Waiting time between end of preoperative radiotherapy and IORT < 0.0001
0.1-2 weeks 138 (28.5%) 1 (0.6) 137 (43.8)
2.1—4 weeks 53 (10.9%) 4 (2.3) 49 (15.7)
4.1-6 weeks 92 (19.0%) 10 (5.8) 82 (26.2)
6.1—-8 weeks 74 (15.3%) 49 (28.5) 25 (8.0)
8.1-10 weeks 56 (11.5%) 47 (27.3) 9(2.9)
10.1-12 weeks 40 (8.2%) 36 (20.9) 4 (1.3)
=12 weeks 32 (6.6%) 25 (14.5) 7(2.2)
Total 485 (1004%) 172 (1000 313 (10
Postoperative Chemotherapy < 0.0001
No 516 (91.3%) 207 (100 309 (86.3)
Yes 40 (8.7%) 0 40 (13.7)
Postoperative external beam radiotherapy < (L0001
No 537 (95.0%) 207 (100) 330 (92.2)
Yes 28 (5.0%) 0 28 (7.8)

Yr = year, Preop Rx = preoperative treatment, ChemoRT = chemoradiotherapy.
Waiting time = interval from end of preoperative therapy to surgery.
Postop = postoperative, Chemo = chemotherapy.



Table 2

Influence of patient and preoperativ

FA. Holman et al. /EJSO xx (2016) 1—11

e/vmg‘ality ofh

Characteristic Resection \
RO R1 R2 Total Uni-varate Multi-variate
No. (%) No. (%) No. l[‘i-’:/ No. (%) p-value (RO vs R1/R2)
Age W 0.044 0.108
<69 vyrs 180 (41.9) 104 (24.2) 430 (100)
=70 71 (52.6) 43 (31.9) 21 (15.6) 135 (100)
Gender 0408
Male 147 (42.5) 117 (33.8) 82 (23.7) 346 (100)
Female 104 (47.5) 72 (32.9) 43 (19.6) 219 (100)
Preop Rx < 0.0001 0.169
None 15 (25.9) 20 (34.5) 23 (39.7) 5% (1000
Re (chemo)RT 110 (43.0) 100 (39.1) 46 (18.0) 256 (100)
Full course (chemo)RT 125 (50.2) 68 (27.3) 56 (22.5) 249 (100
Waitine time 0,007 < (L0001
0.1-2 weeks 54 (39.1) 58 (42.00 26 (18.8) 138 (100
2.1—4 weeks 26 (49.1) 15 (28.3) 12 (22.6) 53 (10
4.1—6 weeks 33 (35.9) 31 (33.7) 28 (30.4) 92 (100)
6.1—8 weeks 37 (30.) 23 (3L 14 (18.9) 74 (1040)
8.1—-10 weeks 33 (58.9) 14 (25.00 9(16.1) 56 (100)
10.1—12 weeks 26 (65.0) 13 (32.5) 1(2.5 40 (100)
=12 weeks 17 (53.1) 7(21.9 & (25.0) 32 (100)

* For multivariate analyses, the most significant cut-off point of 7 weeks was used.
Yr = year, Preop Rx = preoperative treatment, EBRT = external beam irradiation.
ChemoRT = chemoradiotherapy, Waiting time = interval from end of preoperative therapy to surgery.
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Boost Treatment Strategy: Dose—escalation & Cancer sites

Gl: pancreas, colo-rectal, esophago-gastric
Sarcomas: retroperitoneal, extremity, bone

Breast: unselected and post-neoadjuvant CT

Prostate: exclusive and post-prostatectomy




Int J Clin Oncol
DOI 10.1007/510147-016-1086-6 2017

ORIGINAL ARTICLE

Effect of intraoperative radiotherapy in the treatment
of retroperitoneal sarcoma

Liz B. Wang' - David McAneny' - Gerard Doherty' - Teviah Sachs'

908 patients 1988-2013

352 liposarcomas

843 EBRT
32 EBRT + IOERT
33 IORT +S

but those undergoing IORT in this study were more likely
to have larger tumors and local tumor extension. A survival
benefit for surgically resected patients with liposarcoma may
exist with combination IORT and EBRT, but further investi-

gations will be necessary to establish this observation.
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Hager et al. Radiation Oncology (2017) 12:29

DOI 10.1186/513014-017-0769-0 Radiation OﬂCOlogy

CrossMark

Significant benefits in survival by the use of ®
surgery combined with radiotherapy for

Departments of General- and Visceral Surgery, Radiation Oncology

retroperitoneal soft tissue sarcoma Universititsklinik Freiburg, Germany.

23 (50%) surgery + radiotherapy (EBRT + IOERT), 23 (50%) surgery only

(RO: 77.6%; R1: 70.0%: R2: 42.9%; p = 0.03).

Surgery plus radiotherapy led to significantly improved survival (p =0.04).
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Boost Treatment Strategy: Dose—escalation & Cancer sites

Breast: unselected and post-neoadjuvant CT
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Breast cancer radiotherapy
IORT with electrons as boost strategy during breast conserving therapy @mwm
in limited stage breast cancer: Long term results of an ISIORT pooled

analysis
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Table 3
Local-recurrences depending on age separated in four groups. favours local control favours not local control

LR Age Ptsf% FUP: median/range (mths) LR: pts/¥ Annual o Hormonial Therapy

IB &
<40 5348 7448 (16.50-126.00) 237 L R ,’ """" =+ +++ Hormone receptor status
40-49 234211 7589 (4.80-187.90) 5/2.1 0.34% positive
50-59 326/293 72.90 (3.80-208.50) 412 0.21% & — - Grading <G3
=60 496446  73.03 (3.48-215.00) 5/1.0 0.16% =.5

IQ - - - e fge > =60
<40 237 0.64%
40-49 2085  0.14% e o o

-— Age <60
50-59 2j061 0.10% , ,
=60 2040 0.06%
/0 0.001 0.010 0.100 1.000 10.000 lo0.000 A0<= Age < 50

L Hazard ratio
<df) ofo 0
40-49 3127 0.21% Fig. 2. Forrest - Plot: negative predictive factors for development of in-guadrant local recurrences.
50-59 2/061 0.10%
=60 3j060 0.09%

ISIORT e, 1109 p (unselected), 10 Gy, 72 MFT

16 in-breast (1,4%), 99.2% LC @ 5y, grade 3 (0.03 multiv)




Boost Treatment Strategy HGUGM: Dose—escalation & Cancer sites

Gl: pancreas, colo-rectal, esophago-gastric
Sarcomas: retroperitoneal, extremity, bone
Oligo-recurrences: gyne, sarc, rectal

Pediatric: Ewing, rabdo, miscellaneous

10 to 20 Gy boost + EBRT 45-55 Gy [iE




2002
2003
2004
2005
2006
2007
2008
2009
2010

GA) rescue surgery

400
300 M Other
200 M Breast |
W Esophago-Gastric
100 M Sarcoma
M Rectum
0

95-99 00-04 05-09 10-12



Available online at www.sciencedirect.com

SciVerse ScienceDirect

journal homepage: http://www.elsevier.com/locate/rpor

Original research article
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clinical practice normalization: Data recording and
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IOERT Program HGUGM Madrid Spain 1995 — 2015: colective maximal effort

> 2.200 surgical-room hours in primary disease

> 1.200 surgical-room hours for rescue of oligo-recurrent disease

> 959% of cases transported to a fixed non-dedicated linac

20 years of sustined clinical activity (no discontinuity)

> 200 profesional involved (20 generations of residents)

> 100 visitors, 17 countries, 22 hospitals
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The index score was defined as weighted sum of the risk factors
(distal margin <10 mm, 1 point; R1 resection, 2 points; tumor his-
tological grade 3, 3 points). Risk groups were defined by comparing
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Table 2
Factors associated with locoregional control, IOERT in field control and IOERT out field control in multivariate analyses.
Parameter Variable Locoregional control IOERT in field control IOERT out field control
HR Cl 95% pvalue HR Cl 95% p value  HR CI 95% p value
Microscopic surgical specimen
Distal margin status =10 mm 1.0 1.09-5.57 0.03 - - - 1.0 1.16-8.45 0.024
10 FESTac] 9] “ 212
Margin resection status RO 1.0 1.40-18.26 0.013 1.0 2.07-3423 0.003 1.0 1.27-12.69 0.018
R1 5.06 8.42 4.02
Primary tumor histologic grade -1l 1.0 2.74-22.12  <0.001 = - - 1.0 2.53-22.10 <0.001
111 7.79 7.65
Tumor Regression Grade TRG 3-4 1.0 1.03-6.67 0.05 = = = = = =
TRG 1-2 2.63
Re-staging ypN NO - - - 1.0 1.60-21.38  0.008 - - -
N+ 5.84
Surgery
Resection Sphincter sparing resection - - - 1.00 1.17-1429 0.02 - - -
Abdominoperineal resection 433
Treatment
Adjuvant CT Yes - - - - - - 1.0 1.02-7.14 0.05

Nn 270
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Clinical Investigation

Anticipated Intraoperative Electron Beam Boost, QCMM
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Sparing Surgical Resection for Patients with
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A Multicentric Pooled Analysis of Long-Term

Outcomes
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Table 3  Factors associated with local control, disease-free survival, and overall survival in multivariate analyses

Local control

Disease-free survival

Overall survival

Parameter Variable HR

95% CI P HR 95% CI B HR 95% CI ik
Presurgical variables
Tumor size (cm) <5 1.0 1.06-11.81 04 — — — — e —_
ey 3.03
Microscopic surgical specimen
Histology subtype NRSTS = = == 1.0 1.01-8.57 05 — = =
RMS 2.88
Surgery
Margin status RO 1.0 1.06-8.22 04 1.0 1.17-8.72 02 1.0 1.08-10.66 .04
RI 232 247 27

Abbreviations as in Table 2.
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Fig. 1. Kaplan-Meir curves for all patients (n=71) for (A) locoregional control (LRC), (B) disease-free survival (DFS),

and (C) overall survival (OS).

disease status (recurrent), R+ for local control
compensates R1if NAT responder

Table 3  Factors associated with locoregional control, disease-free survival, and overall survival in multivariate analyses
Locoregional control Disease-free survival Overall survival
Parameter HR 95% CI P HR 95% CI P HR 95% CI i
Presurgical variables
Disease status 04 03 .05
Primary 1.0 1.10-5.98 1.0 1.13-5.18 2.10 1.02-6.01
Locally recurrent 2.18 2.16
Microscopic surgical specimen
Histologic response 05
Good response = = = 1.0 1.01-4.72 = = =
Poor response 202
urgery
Margin status <.01 <01 04
RO 1.0 1.53-10.13 1.0 1.61-7.41 1.0 1.08-6.17
Rl 3 3.28 2.48

T

37 Ewing / 34 RMS

Recurrent

R1
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Cancer Stage / In-field relapse Local Local
Acute Late treatment adversity compensation

Esophago-
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Extremity
sarcoma

Pediatric
extremity
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Breast*

58%
335
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32
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Table 4  Factors associated with local control, intraoperative electron beam radiation therapy (IOERT) in-field control, disease-free

survival, and overall survival in multivariate analyses

Laocal control

IOERT in-field control

Disease-free survival Overall survival

Parameter Varigble HR  95% CI Pvalue HR 95% CI Pvalue HR 95% CI Pvalue HR 95% CI P value

Patient variables
Time interval >24

1O 1.0

from <24 387 136788 006 344 129708 008
primary to
LR (mo)
Microscopic surgical specimen
Histologic 12 - 1.0
grade 3 241 106492 04
Surgery
Margin status RO 10 1.06-3.34 .04 - 1.0 1.0
RI 173 172 1.11-283 .03 241 121421 02
K echnical parameters
CT treatment
EBRT Yes 1.0 10
treatment to No 212 118323 .02 208 110364
LR-STS

Abbreviations: CI = confidence interval; CT = chemotherapy; EBRT = external beam radiation therapy; HR = hazard ratio.

5-year LC= 60%

Months

S-year DFS= 3%

Months

I0ERT in-field control

i~}

Overall Survival

S-year IOERT in-fleld control= 73%

Months

S-year 0S= 52%

Months
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Patients o] .
Age (years) =50 - - - - - - - - - 1.0 1.13-638 0.03 % E
>50 268 ] E
Pre—surgical variables E ;
Tumor status  Primary - - - 1.0 1.05-627 004 10 1.21-5.33 0.01 1.0 1.08-326 0.04 : ] E,
“
Recurrent 252 254 135 g °
M
Microscopic surgical specimen a
S-year DFS= 45% S-year 05= 51%
Histologic -1 - - - - - - 1.0 L15476 0.02 1.0 103476 0.04 1 L
grade -1V 238 2.12 L = -, : -
Surgery Months Months
Margin stams RO 10 190830 <0001 10 136767 0.008 1.0 1.15-4.88 0.01 1.0 143588 0.003 )
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Single-Institution Multidisciplinary Management of Locoregional
Oligo-Recurrent Pelvic Malignancies: Long-Term Outcome
Analysis
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10eRT electrons: 2017 results update
oligorecurrence (grade 3 toxicity)

Local control i Adversity Compensation

% @ 5y Local Local

Gynecologict 61 69 42 No EBRT Para-aortic

43% 21%

Rectal! 60 44 39 No EBRT Fragmentation
R1
42% 19%
Sarcoma? 103 64 52 No EBRT Fragmentation /
R1 histology grade
16% 13%
Renal? 98 72 43 Recurrence R1
N+
29% -
LHGUGM

2 HGUGM, HRyC, CUN
3 HGUGM, CUN, MGH, Heidelberg
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Adjuvant radiation therapy in resected high-grade localized skeletal @Cmmk
osteosarcomas treated with neoadjuvant chemotherapy: Long-term
outcomes

Claudio V. Sole **, Felipe A. Calvo®™¢, Eduardo Alvarez, Mauricio Cambeiro®, Miguel Cuervo r
Mikel San Julian®, Sebastian Sole*", Rafael Martinez-Monge ¢, Luis Sierrasesumaga’
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Table 3
Factors associated with local control, disease-free survival and overall survival in multvariate analyses.
Parameter Variable Local control Disease-free survival Overall survival
HR Cl95% p value HR a9k p value HR Cl95% p value
Microscopic surgical specimen
Histological response Mecrosis = 90% = = = 1.0 1.13-980 0.03 1.0 1.09-1534 0.04
T — Eios
Margin status RO 1.0 1.21-16.53 002 1.0 1.02-550 0.05 1.0 1.01-7.48 005

R1 446 236 268




Results for skeptics... 3 decades... a summary

IOERT & Surgical Margin

Is optimized radiotherapy... feasible and tolerable
Is precise radiotherapy... able to be adapted to RO & R+
Is a precise component of RT for dose-escalation...
50Gy + 10/15Gy IORT LC >90% RO
50Gy + 10/15Gy IORT LC >40% R+
Contributes to oligo-recurrent cancer control long-term
IOERT + EBRT + S: >40% LC; >35% OS

Adds a radiobiological safety margin to surgical resection...

Does not interferes with systemic therapy...



128 pts; recurrent;

90,01

20,04

RO-R1 & Eq2Gy >62 Gy

p=0.0001 Eq2Gy>62 Gy

R2 & Eq2Gy <62 Gy

p=0.01

T T T T T T T T T T T T T T T T T T 1
12 24 36 48 60 72 B4 96 108 120 132 144 156 168 180 192 204 216 228 20,0

Locoregional failure & quality of salvage (months) Eq2Gy < 62 Gy

T I I L 1 ) T I I ] T I T ) 1 I T T 1
0 12 24 38 48 B0 72 B84 965 108 120 132 144 156 168 180 192 204 216 228
Locoregional failure & Eq2Gy of Salvage program (months)

Radiotherapy and Oncology 116 (2015) 316-322

Contents lists available at ScienceDirect

Radiotherapy and Oncology
RO-R1 & Eq2Gy >62 Gy

ELSEVIER journal homepage: www.thegreenjournal.com

p=0.0001

e I0ERT of recurrent tumors

Salvage surgery and radiotherapy including intraoperative electron
R2 & Eq2Gy <62 Gy radiotherapy in isolated locally recurrent tumors: Predictors of outcome
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Integration of Radiation
Oncology with Surgery as
Combined-Modality Treatment
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e « Combined modality treatment—related morbidity: In patients with locally advanced primary or
locally recurrent malignancies, the issue of morbidity following aggressive treatment is placed
into clearer perspective by a comparison with tumor-related morbidity. For instance, when
EBRT is used as the only radiation modality for patients with residual disease following

cancers, more than 90% of patients havelocal persistence orrelapse of disease,and mostare
dead within 2 to 3 years (end result is nearly 100% tumor-related morbidity and/or mortality).

100 % toxicity in local persistance or relapse...



2016 IOERT recomendations

National
Comprehensive
IN[OOIR Cancer Cervix: marginal resection

Network®  Rectal: T4 & recurrent
Pancreas: close/positive margins
bt L I M Sarcomas.. extremity, trunk,H &N, retroperitoneal
Endometrial: recurrent
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IOERT & Surgical Margin: intensification context

Surgical margin... influences local control (...no question)

R1 status in primary locally advanced cancer

may be compensated by IOERT intensification... gastric, pancreas

R+ in primary/recurrent cancer compromishes local and systemic

outcomes... rectal, sarcoma, gynecologic

Re-irradiation or further dose-escalation (intra-boost) are

developmental available alternatives ... rectal model



