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Stereotactic Body RadioTherapy - Definition

The American Society for Radiation Oncology (ASTRO) & the American
Society of Clinical Oncology (ASCO) define ultrahypofractionated (UHF)
radiotherapy as doses per treatment of 5.0 Gy/day or higher (Morgan et al,

JCO 2018)
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“Logs” of cell death

Anti-Cancer Effects of SBRT/SRS
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The SBRT revolution
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DEFINITIVE, RADICAL, CURATIVE.... Setting
i.e. LR/IR PCA, early stage lung, ...
...as an alternative to Surgery

PALLIATIVE, METASTATIC.... Setting

i.e. oligo- RCC, melanoma, lung ...

to quickly/effectively address M diz....
... to delay systemic tmt/switch

... to consolidate response to systemic
... to enhance response to IT (abscopal)



DEFINITIVE, RADICAL, CURATIVE.... Setting
i.e. LR/IR PCA, early stage lung, ...
...as an alternative to Surgery

SBRT in 3 fxs for LR PCA
SBRT in 3 fxs for early stage glottic ca

PALLIATIVE, METASTATIC.... Setting

i.e. oligo- RCC, melanoma, lung ...

to quickly/effectively address M diz....
... to delay systemic tmt/switch

... to consolidate response to systemic
... to enhance response to IT (abscopal)

SBRT & IT for early stage NSCLC



SBRT in 3 fxs for
LR/fav-IR PCa



National

comprenensive NCCN Guidelines Version 2.2019 %
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PRINCIPLES OF RADIATION THERAPY
Table 1: Regimens that have shown acceptable efficacy and toxicity. The optimal regimen for an individual patient warrants evaluation of comorbid conditions, voiding
symptoms and toxicity of therapy. Additicnal fractionation schemes may be used as long as sound oncologic principles and appropriate estimate of BED are considered.

NCCN Risk Group
(" indicates an appropriate regimen option if radiation therapy is given)
Regimen for Definitive Therapy Favorable Unfavorable,
very Low? | Low? Prgrgﬁg:x?ch Prw:‘;’s‘:i’cnv High and Very High® Node Positive
Intermediate | Intermediate
Beam Therapies
72-80 Gy at 2 Gy per fraction i i i 7 with 4 mo ADT ~ with 1.5-3y ADT * with ADT
75.6-81.0 Gy at 1.8 Gy per fraction i i i " with 4 mo ADT ~ with 1.5-3y ADT " with ADT
702 Gy at 2.7 Gy per fraction i i i ~ with 4 mo ADT ~ with 15-3y ADT * with ADT
70 Gy at 2.5 Gy per fraction v v v * with 4 mo ADT ~ with 1.5-3y ADT * with ADT
60 Gy at 3 Gy per fraction v v v ¥ with 4 mo ADT * with 1.5-3y ADT ¥ with ADT
51.6 Gy at 4.3 Gy per fraction M M M
37 Gy at 7.4 Gy per fraction v v v
40 Gy at 8 Gy per fraction v v v
36.25.Gyat 225 Gy per fraction. K 4 4
Brachytherapy Monotherapy
lodine 125 implant at 145 Gy v v i
Palladium 103 implant at 125 Gy v v v
Cesium implant at 115 Gy v v v
HDR 27 Gy at 13.5 Gy in 2 implants 7 i i
HDR 38 Gy at 9.5 Gy BID in 2 implants v v i
Combined EBRT and Brachytherapy (EBRT 45-50.4 Gy at 1.8-2.0 Gy/fx, unless otherwise noted)
lodine 125 implant at 110115 Gy 7 4 mo ADT 7 with 1-3 y ADT
Palladium 103 implant at 90-100 Gy ¥ £4moADT ¥ with 1-3 y ADT
Cesium implant at 85 Gy 7 £ 4 mo ADT ¥ with 1-3 y ADT
HDR 21.5 Gy at 10.75 Gy x 2 7 +4 mo ADT 7 with 1-3 y ADT
EBRT 37.5 Gy at 2.5 Gy + 12-15 Gy single HDR 7 £4moADT * with 1=3 y ADT

SBRT is acceptable in practices with appropriate technology,
physics, and clinical expertise.

Hinted by Giuseppe Sanguineti on 10/30/2020 5:01:18 AM. For personal use only. Not approved for distribution. Copyright © 2020 National Comprahensive Cancer Natwork, Inc., All Rights Ressrved.

National - . i
cgl-:-.cpr}zhemw@ NCCN Guidelines Version 2.2020 %
NCCN ﬁgrv(;gl;k” PrOState Cancer Discussion

PRINCIPLES OF RADIATION THERAPY
Table 1: Below are examples of regimens that have shown acceptable efficacy and toxicity. The optimal regimen for an individual patient warrants evaluation of comorbid conditions, voiding
symptoms and toxicity of therapy. Additional fractionation schemes may be used as long as sound encologic principles and appropriate estimate of BED are considered.
 indicates an appropriate regimen option if radiation therapy is given. See PROS 3, PROS-4, PROS-5, PROS-6, PROS-7, PROS-9, PROS-13, and PROS-G for other recommendations, including
ions for i i juvant ADT,

NCCN Risk Group
(¥ indicates an appropriate regimen option if radiation therapy is given)
Regimen Preferred Dose/Fractionation |, ) o | Faverable | Unfavorable High and Reg Low Volume
andLow | Intermediate | Intermediate Very High® egional N1 )
EBRT
3Gyx20f
Moderate Hypofractionation 27 Gyx 26 fx M v v v Y
(Preferred) 25Gyx28f
275Gy x 20 i
Conyentional Eractionation 182 Gux 3745 fx 7 i 7 7 i
725-8 Gy x 5 ‘ ‘ | . .,
Ultrat 6.1Gyx7 fx v v
| 5Gyx6i | | | | \ ”
Brachytherapy Monotherapy
LDR
lodine 125 145 Gy
Palladium 103 125 Gy v v
Cesium 115 Gy
HDR‘”dmm_m 135 Gy x 2 implants v v
9.5 Gy BID x 2 implants
EBRT and Brachytherapy (combined with 45-50.4 Gy x 25-28 fx or 37.5 Gy x 15 fx)
LDR
lodine 125 110-115 Gy v v
Palladium 103 90-100 Gy
Cesium 85Gy
HDR 15 Gy x1 fx v v
Iridium-192 10.75 Gy x 2 fx




SBRT - Evidence

Trial ToBe Population Dose Arms
Accured

HEAT
NCT 01794403

HYPO-RT-PC
ISRCTN45905321

NRG-GUO005

PACEB
NCT01584258

Low and Int
Risk

1200 Int and High

Risk
606 Intermediate
Risk

858 Low and Int
Risk

PSA-RFS

NON-INFERIORITY
PSA-RFS

NON-INFERIORITY
QOL

SUPERIORITY
PSA RFS

NON-INFERIORITY

36.25 Gy/5fx
vs 70.2Gy/26
fx

42.7 Gy/T fx
vs 78 Gy/39 fx

36.25 Gy/5 fx
vs 70Gy/28fx

36.25 Gy/5fx
vs 78 Gy/39 fx

B A



Open issues:

= PTSELECTION (LR vs IR vs HR)

" H#fxs per week

= |D/# fxs (1-8)

=  Dose distribution (homo vs hetero)
"  Role of Androgen Deprivation



6.5 Gy
7.0 Gy
7.5 Gy
8.0 Gy

Clinical Investigation
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Study Using Stereotactic Body Radiosurgery for
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5 325Gy 30 15%
5 350Gy 35 6%
5 375Gy 36 0%
5 400Gy 35 0%

Every other day; CTV to PTV 5 mm (except post); Calipso

Dose/response detected

International Journal of
Radiation Oncology

biology e physics

47.6%

19.2%
16.7%
71.7%



SBRT - Evidence

» There was a significant
association with increasing dose
(BED2.5) and late grade 3 GU
toxicity (p=0.014)
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® Chen et al, Rad Oncol 2013

Oliai et al, J Rad Oncol 2013
Meier et al, JROBP 2012
Kim et al, JROBP 2014
Loblaw et al, RO 2013
Mantz, Front Oncol 2014
Musunuru et al, RO 2016
Zelefsky et al, IJROBP 2018
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Coverage goals:

PTV-urethra
D93>36 Gy

CTV-urethra
D95>36 Gy







SBRT protocol

»Low and fav int risk PCA
»mpMR (no ECE)
»Spacer, fiducials
»pIMR, urinary catheter
» Target: prostate

»OAR: rectum, urethra
(+2 mm), bladder neck...
»CTV to PTV exp: 4 mm
»Px: 40 Gy / 3 fxs

SISTEMA SANITARIO REGIONALE ‘
AZIENDA OSPEDALIERA
SAN GIOVANNI ADDOLORATA




PHASE | part: prevalence of GU GR2+ tox @ 1 yr <15%



PHASE | part: prevalence of GU GR2+ tox @ 1 yr <15%

Target/accrued: 59 pts

Characteristic

Age (yrs)
GGG

T stage
PSA (ng/ml)
Prostate volume (cc)

Androgen Deprivation

IPSS

Strata

N R N =

No

Yes

Median/#
73
42
17
26
33
7.0
45
55

4
7

IQR/%
68-75.5
71.2%
28.8%
44.1%
55.9%
5.0-8.9
35.5-62.5
93.2%
6.8%
2-10
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Prevalence of GR2+ GU tox
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Conclusions

SBRT to 40 Gy in 3 fxs is feasible....

...accrual of phase Il is almost completed



SBRT in 3 fxs for
early glottic ca



Cancer of the Glottic Larynx

RTQ -
Amenable to larynx- or i .
preserving No adverse features' —— > Observation —»
(conservation) —_—
surgery (T1-T2 or Partial laryngectomy/
select T3) endoscopic or open Extranodal Chemo/RT9
resectionh as indicated extension (category 1)
and neck dissection as
indicated
| Re-resection,
Adverse P ‘f feasible
features' m g
IpTg
Other risk
>
features RTS
Volume: Larynx
e
EXPECt- Doses:
% local I '
85-90% local control rate T1:63 Gy@2.25 Gy or 66 Gy@2 Gy
Tech: 3DCRT or IMRT

Less (high) dose to
surrounding tissues
(carotids)

IMRT




Management of
Early Stage Glottic Cancer

IMRT

STANDARD OF CARE
RESEARCH

Single Cord (or GTV)
Irradiation a=d Extreme HYPO

To allow ext HYPO To cut # tmt sessions

Less (high) dose to
surrounding tissues
(carotids)




EQD Volume
stage (a/B=3)

2 Gy x 35 fxs 70 Gy over 7 wks T1-2 ref Whole Larynx
2.25 Gy x 29 fxs 65.25 Gy over 6 wks T2 ~69 Gy Whole Larynx SOC
2.75 Gy x 20 fxs 55 Gy over 4 wks T1-2 =63 Gy Whole Larynx James'’s Institute of Oncology
3.28 Gy x 16 fxs 52.5 Gy over =3 wks T2 ~66 Gy ~ Whole Larynx  Christie NHS Foundation Trust
3.33 Gy x 15 fxs 50 Gy over 3 wks T1-2 =63 Gy SCor GTV UT Southwestern, Dallas
3.63 Gy x 16 fxs 58.1 Gy over ~3 wks Tla =77Gy SC Erasmus, Rotterdam

3.5/2.8 Gy x 17 fxs 59.5/47.6 Gyin3.5wks T1-2 | ~77 Gy GTV/larynx Soul Univerisity, Korea

4.5 Gy x 10 fxs 45 Gy over 2 wks T1-2 | =67 Gy SCor GTV UT Southwestern, Dallas
5/3.7 Gy x 11 fxs 55/40.7 Gy in =2 wks T1-2 | ~88 Gy GTV/larynx Soul Univerisity, Korea

8.5 Gy x 5 fxs 42.5 Gy over 1 wk T1-2 | =98 Gy SCor GTV UT Southwestern, Dallas
12/10 Gy x 3 fxs 36/30 Gy over 1 wk T1 108 Gy SC IRCCS Regina Elena,

Rome
BED: Biological Equivalent Dose

GTV: Gross Tumor Volume

T BIOLOGICAL DOSE TO LATE RESP (cartilage) TS




A Anterior Commissure

CTV30 CTV3é6




DOSIMETRIC & PRELIMINARY RESULTS IN 27
CONSECUTIVE PATIENTS

Median follow up of 17.2 months (IQR: 10.2-23.7 mths)
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Dose (cGy)
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PREVALENCE of Any CTCAE GR2+ tox
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At 30 days after SBRT 74.1% (55.3-86.8%) of patients had GR2 toxicity.
Acute toxicity resolved after a median time of 38 days (33.3-43.5) from the end of
treatment.
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Median follow up of 17.2 months (IQR: 10.2-23.7 mths)



" At a median follow up of 17.2 months (IQR:
10.2-23.7 mths) all patients are without
evidence of disease;

= 1 pt had chondronecrosis of the iAE, which
resolved after conservative S

" 1 pt had soft tissue necrosis with cartilage
exposure that resolved after medical
therapy



Conclusions

SBRT to 36 Gy in 3 fxs is dosimetrically
challenging

Acute toxicity is mild

Preliminary functional & oncologic

outcomes are encouraging



SBRT & IT for
early NSCLC



EARLY STAGE NSCLC

Chest

Volume 124, Issue 5, November 2003, Pages
1946-1955

Preliminary Report

Extracranial Stereotactic
Radioablation " : Results of a

Phase | Study in Medically

Early SBRT Data for Inoperable IA/B NSCLC

inoperable Stage | Non-small o ] G | s

Onishi etal. Multiple 84% (3yr) 7%
Cell Lung Cancer R k o
Nyman et al. 15Gy x3 80% (3.5 yr) 55%
Timmerman, Robert MD @ & & __. Williams, Mark Uematsuetal.  50-60 Gy in5-10 94% (5 yr) 66%

MD b Timmermanetal.  Ti:20Gyx3 88% (3yr) 43%
T2:22Gy x3




EARLY STAGE NSCLC

RADIATION THERAPY ONCOLOGY GROUP
RTOG 0236

A Phase Il Trial of Stereotactic Body Radiation Therapy (SBRT) in the Treatment of
Patients with Medically Inoperable Stage I/ll Non-Small Cell Lung Cancer

> Patients with T1, T2 (€5 cm), T3 (<5 cm), NO, MO medically inoperable
» no CENTRAL TUMORS

» 18 Gy x 3 over 1.5-2 wks

» Primary endpoint: T control

> 55pts,44 Tland 11 T2



EARLY STAGE NSCLC

Fall  Total
4 35
75
- 5-yr T recurrence (treated volume): 7% g
5 50
g 60 month
- .| Primary tumor recurrence=7%
0 —
0 1 2 3 4 5
Years Since Start of SBRT
Patients at Rusk 55 47 39 30 25 20

Timmerman et al, ASTRO 2014



EARLY STAGE NSCLC

100
Fail Total
4 35
- 5-yr T recurrence (treated volume): 7% _—
- 5-yr Lobar rec: 20% z
=50
- 5-yr T+N: 38% F | 60 month
- 5-yr DM-rate: 31% - | Primary tumor recurrence=7%
- 5-yr 0S: 40% '
0 —
0 1 2 3 4 5
Years Since Start of SBRT
Patients at Risk 55 47 39 30 25 20

Timmerman et al, ASTRO 2014

PREDOMINANT SITE OF FAILURE IS OUTSIDE THE
TREATED VOLUME



EARLY STAGE NSCLC
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PREDOMINANT SITE OF FAILURE IS OUTSIDE THE
TREATED VOLUME

676 pts treated with SBRT, 5-YR DM rate ~20%, median time ~10 mths

Senthi et al, Lancet Oncol 2012



EARLY STAGE NSCLC

100

Fall Total
4 35
5-yr T recurrence (treated volume): 7% _—
5-yr Lobar rec: 20% g
5-yr T+N: 38% E "I 60 month
5-yr DM-rate: 31% = Primary tumor recurrence=7%

SR 21S PURSUING ABSCOPAL S
EFFECT A FEASIBLE omtpetimgrns
STRATEGY IN SELECTED SRS,
EARLY STAGE NSCLC

PREDOMINANT SITE OF FAILURE IS OUTSIDE THE
TREATED VOLUME

676 pts treated with SBRT, 5-YR DM rate ~20%, median time ~10 mths

Senthi et al, Lancet Oncol 2012



From local to abscopal
Local control or curing the patient?




5-10-17
1-23-17

Tumor got low dose
scatter

Welsh, ASTRO 2017



Curr Probl Cancer 40 (2016) 25-37

Contents lists available at ScienceDirect

Curr Probl Cancer

journal homepage: www.elsevier.com/locate/cpcancer

Systematic review of case reports on the @
abscopal effect

CrossMark

Yazan Abuodeh, MD, Puja Venkat, MD,
Sungjune Kim, MD, PhD

» 2 cases of NSCLC (adenoca) out of 46 cases from 1969 to 2014



RT induces FAS/FAS-L
and upregulates MHC

class | via TIFNy Radiation

STEP 4: XRT induced Tumor
cell Sensitization to Immune
Mediated Cell Death

N N

Lymph node
acivated  J )
tumor-associated antigen

RT (via TIFNy) enhances the

ability of CTLs to traffic tumors
RT increases the permeability of
local vasculature

Necrosis induces ICD;
HMGB1, calreticulin & ATP

promote Ag presentation
by dying cells to DCs

STEP 1: Radiation Induced
Antigen Release and
Immunogenic Cell Death (ICD)

B e N
)\; * Dendritic cells presents

Tumor-associate
p  anigens

e
22« | s1ep 2: Radiation induced
7 '\ APC maturation and

Antigen Presentation

DAMPs induce DC

maturation & migration
RT directly activate DCs

NEGATIVE EFFECTS

POSITIVE EFFECTS

» Microenvironment

» Cytokine/chemokines
» Infiltrating cells
» Irradiated volume
» Dose/fractiona

-Myeloid-Derived e ©
Suppressor Cells
-Tregs

ICD is dose-dependent in vitro with higher doses
being more immunogenic
DNA exonuclease Trex1 induced by RT single doses

Irradiated volume, inclusion of
regional nodes. ««snodal irradiation, while

> 12-18 Gy, degrading dsDNA and reducing the
i genic effect of RT

ducing tumor infiltrating CD8+T cells, may increase
T-cell ch and antigen specific CD8+ T

cells in the tumor microenvironment.
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Purchase Subscrib

Pembrolizumab with or without radiotherapy for metastatic non-small-
cell lung cancer: a pooled analysis of two randomised trials

Willemijn S M E Theelen, MD * . Dawei Chen,MD & * Vivek Verma, MD - Brian P Hobbs, PhD
Heike M U Peulen, MD - Prof Joachim G JV Aerts, MD - etal. Show all authors - Show footnotes

Published: October 20,2020 « DOI: https://doi.org/10.1016/S2213-2600(20)30391-X

Adding radiotherapy to pembrolizumab immunotherapy
significantly increased (abscopal) responses and outcomes (PFS &
OS) in patients with metastatic rpp—snil—cell lung cancer.

e L]

s

8



Conclusions

» IT&RT combos is a promising strategy in early
stage NSCLC



