ESTRO
School

ESTRO course on IMRT and other conformal techniques
3-7 April 2016, London — United Kingdom

-

Sunday 03 April
8.30 — 8.45 Introduction to the course - Marco Schwarz
8.45 - Group B: Going to UCLH London

9.30 - 10.00 Demo 1: Plan verification using 2D and 3D methods - Vasilis Rompokos/ Narinder
Lalli

10.00 — 10.30 Demo 2: Imaging and Positional Verification with 6DOF corrections - Chris
Stacey/Maria Kilkenny

10.30 — 11.00 Coffee break

11.00-11.30 Demo 3: Multimodality Image Registration for Volume Delineation - Turmi Patel/Peter
Lac

11.30 — 12.00 Demo 4: Immobilisation Strategies for Sarcoma and Paediatric - David
Marsh/Kristina Quingua

Group A : Lectures at the Hotel
Chair: Frank Lohr

9.15-9.30 Opening and welcome - Dr Yen Chang
9.30 - 10.00 Cancer and the current status of IMRT and UCLH - Dr Yen Chang
10.00 — 10.30 Coffee break

10.30 — 10.55 Treatment Image review+ adaptive strategies for H&N and Lung

RTT perspective - Syed Moinuddin
10.55 - 11.20 Treatment Image review+ adaptive strategies for H&N and Lung

Physics perspective - Dr Rachel Bodey
11.20 — 11.50 IMRT for Paediatrics - Dr Jenny Gains
11:50 — 12:20 IMRT for Sarcoma - Dr Franel LeGrange

12.30 - 13.30 Lunch



13.30 - Group A Going to UCLH London

14.00 — 14.30 Demo 1: Plan verification using 2D and 3D methods - Vasilis Rompokos, Narinder
Lalli

14.30 — 15.00 Demo 2: Imaging and Positional Verification with 6DOF corrections - Chris
Stacey/Maria Kilkenny

15.00 — 15.30 Coffee break

15.30-16.00 Demo 3: Multimodality Image Registration for Volume Delineation - Turmi Patel/Peter
Lac

16.00 — 16.30 Demo 4: Immobilisation Strategies for Sarcoma and Paediatric - David
Marsh/Kristina Quingua

Group B - Lectures at the hotel:

Chair: Matthias Soehn

14.00 — 14.30 Opening and welcome - Dr Yen Chang

14.30 — 15.00 Cancer and the current status of IMRT and UCLH - Dr Yen Chang
15.00 — 15.30 Coffee break

15.30 — 15.55 Treatment Image review+ adaptive strategies for H&N and Lung

RTT perspective - Syed Moinuddin
15.55 - 16.20 Treatment Image review+ adaptive strategies for H&N and Lung

Physics perspective - Dr Rachel Bodey
16.20 — 16.50 IMRT for Paediatrics - Dr Jenny Gains
16:50 — 17:20 IMRT for Sarcoma - Dr Beatrice Seddon

Monday 04 April

Chair: Giovanna Gagliardi

9.00 - 9.30 Rational of IMRT. A clinician’s point of view - Frank Lohr
9.30 - 10.15 IMRT delivery techniques — Marco Schwarz

10.15 - 10.45 Coffee Break

10.45 - 11.30 Dosimetry issues in IMRT — Koen Tournel

11.30 - 12.00 TPS commissioning — M. Schwarz

12.00 — 12.45 Potential and limitations of rotational IMRT — Koen Tournel
12.45 - 14.00 Lunch

Chair: Koen Tournel



14.00 - 14.45 Highly conformal techniques in early stage lung cancer: indications, techniques,
normal tissue constraints, results — Andrea Filippi

14.45 - 15.30 IMRT in breast and risk of secondary cancer after IMRT — Frank Lohr
15.30 - 16.00 Coffee break

16.00 - 16.45 Highly conformal techniques in advanced stage lung cancer: indications, techniques,
normal tissue constraints, results — Andrea Filippi

16.45 - 17.30 IMRT in GI and gynecology - Dr Gemma Eminowicz

Tuesday 05 April

Chair: Marco Schwarz

9.00 - 9.45 IMRT optimization: algorithms and cost functions — Matthias Soehn
9.45 — 10.30 Modeling adverse effects after SDCRT and IMRT- Eva Onjukka
10.30 - 11.00 Coffee break

11.00 -11.45 Review of Dose-volume relationships I: H&N - Giovanna Gagliardi
11.45 - 12.30 IMRT in Head and neck — Frank Lohr

12.30 - 14.00 Lunch

14.00 - 15.30

Group A:
Clinical case discussion 1 (14.00-14.45)

Clinical session 1: Andrea Filippi, Koen Tournel (Room Trinity) - Lymphoma
Clinical session 2: Heather Payne, Matthias Soehn (Room Somerville) - Prostate
Clinical session 3: Frank Lohr, Giovanna Gagliardi ( Room Merton) — H&N
Clinical case discussion 2 (14.50-15.30)

Clinical session 1: Heather Payne, Matthias Soehn (Room Trinity) - Prostate
Clinical session 2: Frank Lohr, Giovanna Gagliardi (Room Somerville) — H&N
Clinical session 3: Andrea Filippi, Koen Tournel ( Room Merton) — Lymphoma
Group B: Vendor session (Room Oxford)

Chair of the session: Marco Schwarz

15.30 - 16.00 Coffee break

16.00 — 16.45

Group A:
Clinical case discussion 3



Clinical session 1: Frank Lohr, Giovanna Gagliardi (Room Trinity) - Lymphoma
Clinical session 2: Andrea Filippi, Koen Tournel (Room Somerville) - Prostate
Clinical session 3: Heather Payne, Matthias Soehn (Room Merton) — H&N

Group B: free

Wednesday 06 April

Chair: Frank Lohr

9.00 - 09.45 ‘Patient specific’ QA — Eva Onjukka

9.45 - 10.30 Impact of geometrical uncertainties on IMRT dose distributions — Koen Tournel
10.30 - 11.00 Coffee break

11.00 - 11.45 Review of Dose-volume relationships Il: Pelvis — Giovanna Gagliardi

11.45 - 12.30 IMRT of prostate cancer — Heather Payne

12.30-14.00 Lunch

14.00-15.30

Group B:
Clinical case discussion 1 (14.00-14.45)

Clinical session 1: Andrea Filippi, Koen Tournel (Room Trinity) - Lymphoma
Clinical session 2: Heather Payne, Matthias Soehn (Room Somerville) - Prostate
Clinical session 3: Frank Lohr, Giovanna Gagliardi (Room Merton) — H&N
Clinical case discussion 2 (14.50-15.30)

Clinical session 1: Heather Payne, Matthias Soehn (Room Trinity) - Prostate
Clinical session 2: Frank Lohr, Giovanna Gagliardi (Room Somerville) — H&N
Clinical session 3: Andrea Filippi, Koen Tournel ( Room Merton) — Lymphoma

Group A: Vendor session (Room Oxford)
Chair of the session: Marco Schwarz

15.30-16.00 Coffee break

16.00 — 16.45
Group B:

Clinical case discussion 3
Clinical session 1: Frank Lohr, Giovanna Gagliardi (Room Trinity) — H&N

Clinical session 2: Andrea Filippi, Koen Tournel (Room Somerville) - Lymphoma
Clinical session 3: Heather Payne, Matthias Soehn (Room Merton) — Prostate

Group A: free
Thursday 07 April

Chair: Andrea Filippi



9.00 - 9.45 Practical IMRT planning and ‘biological optimization’ — Marco Schwarz
9.45 - 10.30 Dose calculations in static and rotational IMRT - Matthias Soehn
10.30-11.00 Coffee break

11.00 - 11.45 Image-guidance & Adaptive: concept and approaches — Matthias Soehn
11.45 - 12.30 Image-guidance & Adaptive: Clinical applications — Frank Lohr

12.30 -13.00 Final discussion and closing of the course



Cancer, IMRT and UCLH

Dr Yen-Ching C
Consultant in Clinica
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University College London
Hospitals NHS Foundation Trust

University College Hospital site

University College Hospital

Macmillan Cancer Centre

Elizabeth Garrett Anderson Wing (maternity)

Hospital for Tropical Diseases

/ Institute of Sport, Exercise and Health

University College Hospital at Westmoreland Street

Number of staff

8,000+

FYYy

Number of beds

1,093

Turnover

£934 million

What we do

Patients seen per year

1,000,000+

Qutpatients Inpatients

1,010,950 170,000

Visits to our Emergency Department

B4+ 131,000

Q0 € 1200+

Patients recruited for research
studies in a typical year

poog oo

University College London Hos
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Robert Liston




Cancer at UCLH




University College London

University College London Hospital




Cancer at UCLH

2005
Inpatients
and
Radiotherapy

Warren
Street




Conventional simulation
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Lead Blocks

l I Ii I Uniuersiti Cnlleie London Hﬂsiitals |ii‘iii



0 {2 ﬁan!;ry .
TabTe
Collim |

l I ii I Uniuersiti Cnlleie London Hﬂsiitals |ii‘iii



Computerised Tomography

University College London Hos



Conventional Planning
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Computer Revolution
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Fixed field IMRT
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IMRT
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Plan comparison — Conventional versus RapidArc

PTV=red
Liver=green

L Kidney=blue
R Kidney=orange

m University College London Hospitals m
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Cone Beam CT

Planning CT
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Radiotherapy at UCLH

- Radiotherapy: UCLH -a national leader in
complex and highly-technical RT 55%
IMRT/VMAT

- Brain/whole CNS cancers: NHNN is the
largest neurosurgical centre in Europe

— Paediatric cancers: The UCLH/GOS centre Skin
= 3rd largest paediatric centre in the world

- Sarcomas: UCLH/RNOH provide one of
Europe’s largest sarcoma services

OTHER Brain/CN

Upper (|3I

Sarcoma

— Head & Neck cancers: UCLH leads in use
of IMRT for head & neck - third largest
caseload of any UK centre

- Proton Beam Therapy: UCLH has been Lung /i =y

designated by DH to be one of the first two

PBT centres for UK National Service. S — NAME]
UCLPartners already sees 1 in 6 of all Head Haemato
patients in England eligible for PBT, and 1 in Lower Gl and Iogy

4 of all eligible children Neck

e, - e



Radiotherapy at UCLH —

Treatment Planning
» 1 dedicated GE CT Sim

* Eclipse
» IMRT/RapidArc

= Oncentra Masterplan Workstations
» External Beam Planning
» Brachytherapy Planning

« ARIA Oncology Management system

l I ii ’ Uniuersiti Cnlleie London Hﬂsiitals m




Radiotherapy at UCLH —
Treatment Equipment

= 1x TrueBeam STx Linac | e Frﬁ )

= 4x matched Varian
Linacs

120 Millennium MLC

3x On Board Imaging

3x RapidArc

Respiratory Gating

« Radionuclide Therapy

= Brachytherapy
= MicroSelectron HDR Unit « Gamma Knife at NHNN

= Gynae; Prostate; Head and
Neck;
Oesophagus/Bronchus;
Paeds and Adult Sarcoma
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Cancer at UCLH

2008 — EGA

2005
Inpatients
and
Radiotherapy

Warren
Street

2018 -
Proton Beam

Therapy and
beds

Cancer

Institute
26

2012 —Cancer
2012 — Cotton Centre
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Any Questions?




University College London Hospitals NHS

NHS Foundation Trust

Treatment Image Review + Adaptive Strategies for
H&N and Lung- an RTT perspective

ESTRO IMRT School 03/04/16




University College London Hospitals NHS

NHS Foundation Trust

Overview

Introduction
Head and Neck

Immobilisation, CT scanning and Linac
verification protocol

Clinical examples

Lung

Immobilisation, CT scanning and Linac
verification protocol

Clinical Examples

uclh



uclh

University College London Hospitals NHS

NHS Foundation Trust

Introduction

The key aim of radiotherapy is to [gEs
deliver a lethal dose to the tumour
whilst limiting the dose (toxicity) to
surrounding normal tissues.

Intensity Modulated Radiotherapy
(IMRT) offers a method of
delivering a much more conformal
treatment with substantially lower
normal tissue toxicity allowing the
possibility of dose escalation to
iImprove local control.




uclh

University College London Hospitals NHS

NHS Foundation Trust

Introduction

However:

This steep dose gradient is greatly influenced/affected by:
. Variations in patient set-up
. Changes in overall patient separation/weight loss
. Changes in tumour volume size and position

. Changes in size and position of Organ at Risk (OAR)
volumes.

Management of this patient cohort requires:
. Effective immobilisation
- Image guidance
. Comprehensive nutritional management



uclh

University College London Hospitals NHS

NHS Foundation Trust

Head and Neck

First UCH IMRT patient APRIL 2006

All H/N patients
Supine with head on foam headrest
Arms by side

Head and shoulders immobilised by 5 point
thermoplastic shell

2.5mm CT scan with iv contrast




University College London Hospitals NHS

NHS Foundation Trust

Head and Neck (current)

Imaging protocol

Online daily orthogonal kV imaging with ‘shift to zero’
protocol (3mm)

Matching to bone (systematic adjustment after #1-3)

Additional weekly offline CBCT for PTV coverage and
OAR avoidance.

uclh



Head and Neck (historicall!)

Imaging protocol

Orthogonal MV imaging #1-3 and weekly

No CBCT

University College London Hospitals NHS

NHS Foundation Trust

£ IMRT HYPOPHRX -
— 1PLo_0| [1Po_1| [2LP0| [31LA0_0| [3LA0_1| [4ANT_o| [4ANT_1]| [sRAO_0| |5RA0_1]| [6RPO| |7PRO_0| [7PRO_
‘ ' 4:43 5:38 6:43  7:36 8:11 8:55 9:43 10:23 11:12 12:10 13:08 14:03
0:00 2:28
3
RT ISOCHECK-S | ANT ISOCHECK-5




University College London Hospitals NHS

NHS Foundation Trust

Head and Neck

ARC2CW | |ARC1COW

10:07 11:58
L IZI:iZIIZI 0:54 E:iil3 min:sec
— ﬂ
= = =
L ) RTLATISO ANTISO | CBCT
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Head and Neck

Issues:
Weight loss
Bone positional changes

Soft tissue changes

University College London Hospitals NHS

NHS Foundation Trust



University College London Hospitals NHS

NHS Foundation Trust

Head and Neck

Issues:

Weight loss (Non compliance)

uclh



University College London Hospitals NHS

NHS Foundation Trust

Head and Neck

Issues:

Weight loss (Compliance)

uclh

11



University College London Hospitals NHS

NHS Foundation Trust

Head and Neck

Issues:
Weight loss
Prophylactic use of PEG

Introduction of H/N radiographer role to improve patient
experience

Introduction of twice weekly dietetic clinic

uclh

12
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University College London Hospitals NHS

NHS Foundation Trust

Head and Neck

Issues:

Bone positional changes
Corrected by:

Intervention and repeat imaging
Addition of Dalzafoam

Reduction of height of the foam headrest

Preferential bone match to part of the cord closest to the

high dose volume
13



University College London Hospitals NHS

NHS Foundation Trust

Head and Neck

Issues:

Bone positional changes

uclh

14



University College London Hospitals NHS

NHS Foundation Trust

Head and Neck

Issues:

Soft tissue changes

uclh

15



University College London Hospitals NHS

NHS Foundation Trust

Head and Neck

Occluded airway. May require CBCT Larynx CTV systematically in Weight loss resulting in inadequate
steroids, surgical intervention or a different position. immobilisation and roll. NB R ON
surveillance outside PRV

uclh

16



University College London Hospitals NHS

NHS Foundation Trust

Head and Neck

Tumour volume increasing resulting in
airway displacement

Weight loss resulting separation change,
increase in air gap between patient and
bolus and movement of nodal volume

uclh

17



University College London Hospitals NHS

NHS Foundation Trust

Head and Neck

Dependent on..... MDT discussion

Patient compliance

Random or systematic difference
Original plan assessment

How many fractions left!
Resource availability

uclh

18
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University College London Hospitals NHS

NHS Foundation Trust

Lung

First UCH lung IMRT patient 2012
Lung SABR from 2013

Selected non SABR cases close to cord or brachial
plexus

Supine with arms up on a Wing Board. Arms supported
by Vac Bag

All patients have a 4d CT with contrast and coached
breathing.

Target delineation on the MIP and dosimetry on AVE-IP



University College London Hospitals NHS

NHS Foundation Trust

Lung

20

uclh
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University College London Hospitals NHS
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Lung

Imaging protocol (non-SABR)

Online daily orthogonal kV imaging with ‘shift to zero’
protocol (5mm)

Matching to bone (systematic adjustment after #1-3)

Additional weekly offline CBCT for PTV coverage and
OAR avoidance. Initial radiographer review with weekly
clinical update.

21
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University College London Hospitals NHS

NHS Foundation Trust

Lung

Imaging protocol (SABR)

Online daily CBCT imaging with ‘shift to zero’ protocol
(5mm)

Matching to ITV

Additional post treatment CBCT for PTV coverage and
OAR avoidance.

(Initial cohort also had post ‘shift to zero’ CBCT to
assess effect of couch travel on coverage-not
necessary!)

22
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University College London Hospitals NHS

NHS Foundation Trust

Lung

Issues:

Weight loss

Bone positional changes

Tumour volume changes: position and size
Lung deflation/Re-inflation

Infection (+/-)

23
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University College London Hospitals NHS

NHS Foundation Trust

Imaging Limitations (Varian)

kV-low dose, bone anatomy
Maximum length is 20cm
CBCT-not low dose, soft tissue
Maximum length is 16cm

Image quality

Data acquired in 1 minute so motion artefact-4d CBCT
coming soon!
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Clinical Cases- non SABR Lung

uclh
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NHS Foundation Trust

Clinical case: non-SABR

uclh

26
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NHS Foundation Trust

Clinical Cases- non SABR

uclh




University College London Hospitals NHS

NHS Foundation Trust

Clinical case: non-SABR

uclh

28
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University College London Hospitals NHS

NHS Foundation Trust

Clinical case: non-SABR

Pt has one functioning lung

kV shows good bone set up

CBCT show RT lung re-inflation

CBCT shows movement of heart etc. to left
NB calcification

Action: Re-plan!

29



University College London Hospitals NHS

NHS Foundation Trust

Clinical case

CBCT WK1 shows reduced lung volume and increased
anterior density-coverage tight posteriorly

CBCT frequency changed to x2 weekly

CBCT week 4 shows resolution of change-no re-plan
required

uclh



University College London Hospitals NHS

NHS Foundation Trust

Clinical Cases-SABR lung

uclh
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Summary

CBCT is a useful imaging tool
Highlights anatomical changes
Does not tell you about dosimetric impact

Density changes can have a greater impact in lung than
other anatomical sites.

Useful paper Kwint et al, (2014)

32



University College London Hospitals NHS

NHS Foundation Trust

Thank you

uclh

33
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Adaptive strategies for head & neck and lung:
Physics perspective

ESTRO IMRT course, London April 2016
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Impact of anatomical/positional changes

- Increased used of image guidance — increased information
about current anatomy & position vs. plan.

- Image comparison allows us to make subjective judgements
about e.g:

- consistency of setup

- effectiveness of immobilisation
- external shape changes

- internal anatomical changes

- What we REALLY want to know is impact on dose delivered.

- At what point are changes clinically significant? When is
action required?

ucln



ucln

- Typically characterised by:

University College London Hospitals NHS

NHS Foundation Trust

Considerations for IMRT

- highly conformal dose distributions;

- steep dose gradients at edge of
PTV and OAR,;

- dose concavities to spare OAR;

- multiple dose levels;

- dose escalation.

- Potential advantages, but associated risks.
- A small positional change can translate to a large dosimetric

difference — risk of underdosing PTV, or overdosing OAR.

- Assessing impact of changes may be less intuitive

compared with conformal techniques.



ucln

. Can we use CBCT to |

- Assess current suitability

University College London Hospitals NHS

NHS Foundation Trust

Adaptive radiotherapy

- Ongoing monitoring of position and anatomy during

treatment, comparison with initial conditions.

- Strategy for design or maodification of treatment to

accommodate changes.

- Patient-specific, image driven.
- Desirable to base decisions on dosimetric impact of

changes.

calculate dose actually
delivered, compared with
that planned?

of treatment plan.




ucln

University College London Hospitals NHS

NHS Foundation Trust

CBCT for dose calculation

- Direct use of CBCT for dose calculation can be challenging.

Review articles:

- Cone beam computed tomography: The challenges and strategies

in its application for dose accumulation.

V Kong, A Marshall, H Chan, J Med Imag Radiat Sci; March 2016;
47(1): 92-97.

- Applications of linac-mounted kilovoltage cone-beam computed

tomography in modern radiation therapy: a review.
K Srinivasan, M Mohammadi, J Shepherd; Pol J Radiol. 2014; 79: 181-193.



ucln

- Motion artefact (gantry rotation

- Limited image length.

University College London Hospitals NHS

NHS Foundation Trust

CBCT for dose calculation

- Volumetric imaging, scatter from whole object contributes.
- Fewer projections; less raw data.
- Poor SNR cf. fan beam CT.

- HU numbers less reliable — dependent on imaging

parameters, size of object, presence of inhomogeneities,
artefacts. Calibration curve may not apply. Flat

- Large uncertainties can result Axis of panel

rotation detector

from using CBCT HU for dose
calculation.

time).

X-ray
source
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UCLH strategy

- Developed a process for CBCT based dosimetric review.
- Use CBCT to modify CT — override HU numbers in CT.

- Head and Neck IMRT — assess impact of weight loss (or
gain) though modifications to external contour.

- Lung - override internal density changes if external shape
and positioning is good.

- Limited ability to quantify impact of positional changes or
shifting internal anatomy.

- Primary aim — assess need for rescan, replan, or revised

dose, if:
- OAR tolerances likely to be exceeded.
- PTV coverage not achieved.
- Uncertainty is excessive.



ucln

UCLH strategy

- Flow chart — defines
timescales for review
and action.

- Responsibilities and
requirement for staff
group input —
radiographers,
clinicians,

dosimetrists/physicists.

- Multi-disciplinary
approach.

WORK INSTRUCTION

UNIVERSITY COLLEGE HOSPITAL

RADIOTHERAPY DEPARTMENT

CECTEVALUATION FLOWCHART

CBCTACQUSITION

OFFLINE REVIEW BEEFORE TREATMENTON DAY 2 POSTCECT

‘ CBCTAPPROVED?
T
YES N
DISCUSION WITH RELEVANT
IMAGE REVIEW RAD
YES 4{ CBCTAPPROVED?
NO ENSURE THE CBCT DYNAMIC
| DOCUMENT WITHIN PATIENT
No __ | CLINICIAN REVIEWDISCUSsION | | MONASER 8 COVFLETED
ACTION REQUIRED?
EVERY STAGE THROUGH THE
| |—> PATHWAY.
YES
CBCTFORDOSE ) .
’ RESCAN
CLINICIAN REVIEW \ v
RE-PLAN
= CONTINUE WITH PLANNED CONTINUE WITH
TREATMENT REVISED DOSE
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Example — head & neck weight loss

CBCT + original structures Original CT + structures

ucln
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Example — head & neck weight loss

ucln
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Example — head & neck weight loss

ucln
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Example — head & neck weight loss

ucln
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Example — head & neck weight loss

- Original
planon CT

- VMAT

- 2 full arcs

- 65Gy /
54Gy 30#

L

51
I
—H—
e
e, o

ucln
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Example — head & neck weight loss

Recalculate with external

o Original plan on CT
contour modified to CBCT

ucln

14



ucln

University College London Hospitals NHS

NHS Foundation Trust

Example — head & neck weight loss

CBCT REV 1806 - Unapproved - CBCT 1806 - Ble... [=||| OROPHARYNX - Planning Approved - Sagittal - CT2... [E]
8o '::'m% daoge &
A from Im ga

CBCT 1508

Recalculate with external Original olan on CT
contour modified to CBCT ginal p

15
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Head & neck example 2

HtM - Reviewsd- Transwversal- HMN 220118

[E[cBET REVIEW - Unapproved - CEGT REVIEW - Blended with registared image: CECT =]

Showing dose
from image
CBCT EWY

Original CT + structures CBCT + original external contour o



University College London Hospitals NHS
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Head & neck example 2

H+M - Reviewed - Transversal - HM 220116

[=|[CBET REVIEW - Unapproved - CHBCT REVIEW - Blended with registered image: CBCT

_____________

ucln

Original CT + structures Original CT + CBCT external contour 1
.
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Head & neck example 2

H+I - Reviewed - Transversal - HN 220116 [=1]||CBET REVIEW

- Unapproved - CBCT REVIEWY - Blended with registered image: CBCT =

Showing dose
from image
CBCT EV

ucln

Original CT + plan Dose recalculated on modified
CT (overlaid on CBCT) 18
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Head & neck example 2

H+M - Reviewed - Transversat - HM 220116

[E|[CBCT REVIEW - Unapproved - CBCT REVIEW - Blendedwith registered image: CRCT

Showing dose
‘; from image
CBCT Ev

o

L o (e
v

Original CT + plan Dose recalculated on modified CT
(overlaid on CBCT)

19
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Example — lung density changes

g
- CBCT REVIEW )@ »

Ewings sarcoma
VMAT

2 partial arcs
50.4Gy 28#

ucln

20
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Example — lung density changes

. (CBCT REVIEW

ucln
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Example — lung density changes

EWINGE 50 - PlanningApproved - Transversal - CTAve (B \Ei Diensity /R - Unapproved - TEST DEMSITY IR - Blended with registered image: CHCT EE“

Showing dose
from image
TEST DENSITY OR

CT day 0 CBCT day 47
22
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Modified CT — lung density changes

EVMINGS 50 - PlanningApproved - Transversal - CTAve (g} [=]|{Density iR - Unapproved - TEST DENSITY QIR - Blended with registered image: CHCT =

D (@
v

Density OIR - Unapproved - TEST DENBITY 0/R - Blen [=]
f ] 1 o o 4

23
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Modified CT — lung density changes

Density IR - Unapproved - Transversal - TEST DENSITY O/R

[EI]f| EwINGS 50 - Planning Apprave d- Transversal |- CThAve (fvo) (5]

103.0

Colourwash:
95% dose

Recalculate with density override Original plan

ucln
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Modified CT — lung density changes

Colourwash: 44Gy

Recalculate with density override Original plan

ucln
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Adaptive RT - practical considerations

- Imaging dose - may limit imaging frequency.
- Limited quality/information of CBCT image.

- One image is only a snapshot — how representative is the
assessment?

- Time Is required to respond to changes:
- Time for image review and assessment;
- Availability of clinician;
- Time for rescan, recontour, replan, review, plan QA.

- Take into account time through treatment course when
assessing dosimetric impact.

- Dose accumulation?

ucln
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Advances

- Improved imaging technology.
- Improved reconstruction algorithms.

- Improved image quality, reduced imaging dose?

- Ability to stitch multiple images — increase imaged length.
- 4D-CBCT - reduce motion artefacts, capture respiratory

motion.

- Deformable registration.
- Automatic contouring.

27
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Conclusions

- UCLH - process established for on-treatment image review

and simple dosimetric assessment of anatomical changes.

- Scope for adaptation governed by quality/quantity of imaging

information and planning pathway constraints.

- Ongoing areas of research and development may lead to

improved image information, streamlined processes -
iIncreased ability to adapt.
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Background
. Cancer in children is rare

. Between 1,500 and 1,700 children under the
age of 16 years develop cancer or leukaemia in

the UK (Cancer Research UK Cancerstats: Childhood Cancer —
Great Britain and UK)

. Wide range of tumour types and anatomical
sites

uclh

. Patient care is complex
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Background

. Radiotherapy is a component of treatment for
many children and teenagers

. Radiotherapy should only be given in
specialist centres

. Specialist multidisciplinary team

uclh

. Management of acute and late effects
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Hepatoblastom Medulloblastoma

Supratentorial Primitive Neuroectodermal Tumours
Nasopharyngeal Carcinoma EpENAymoma
Rhabdomyosarcoma

retinoblastoma  ACUte Lymphoblastic Leukaemia

Atypical Teratold Rhabdoid Tumours NELII'Ub|EISt0m3

Diffuse Intrinsic Pontine Glioma  Thyroid Cancer
Sickfe Cell Anzemia High Grade Glioma Aplastic Anasmia

Low Grade Gliomas and Optic Pathway Tumours
Chronic Myeloid Leukaemia W"ms' Tumﬂu I' Choroid plexus Carcinoma

Intracranial Germ Cell Tumours HDdgkin Lym phﬂma

Ewi ng Sarcoma Synovial Sarcoma Langerhans Call Histioeytasis
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Paediatric Radiotherapy

Improving Reducing Late
Efficacy Effects
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Radiotherapy
Surgery

Tumour

Genetics

Chemotherapy
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IMRT

uclh

- Treatment planning studies 3D conformal radiotherapy

v's IMRT clearly demonstrate the improved
conformality of high dose area with IMRT

- Better PTV homogeneity

- Potential dose escalation and reduction in toxicity
- Widely adopted in the adult setting

- More reservation in paediatric population

- Lack of prospective evaluation in terms of clinical

studies , determining better outcomes and long term
toxicity
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Paediatric IMRT

 Improved Target Volume e Second malignancy

L
U Coverage * Effects on growth
= ° OAR sparing
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Effects on growth

uclh
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- Hall et al. (IJROBP 2003) IMRT may increase second malignancy
rate from 1% to 1.75%

- Higher MU's, increased leakage resulting in increase body dose,
larger volume of normal tissue receiving a lower dose

- But, most second malignancies seen in the moderate or high dose
volume

C Paediatrics
- - More sensitive to RT induced cancers
() _ Scattered radiation in small body
) . Genetic susceptibility 12



University College London Hospitals NHS

NHS Foundation Trust

IMRT technique

RapidArc Fixed gantry _
Single arc IMRT 496 MU 7-field IMRT 1685 MU

« Shorter Treatment Times

« Less MU

? Less second malignancy
« 7 Better conformality

uclh
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Image Fusion
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Image Fusion
MRI
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Image Fusion
PET/CT
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Neuroblastoma
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Neuroblastoma

Induction |}
chemotherapy | ‘

Surgery

v
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"‘/{;ﬂ*

High-dose | Differentiation SIOPEN HQET"‘

Myeloablation [~ * And i\i\“-
and PBSCT

‘ | Immunotherapy

Radiotherapy
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Int J Radiat Oncol Biol Phys. 2013 Jan 1,85(1):170-4. doi: 10.1016/ jrobp.2012.05.004. Epub 2012 Jun 30.

Results of a quality assurance review of external beam radiation therapy in the International Society of Paediatric
Oncology (Europe) Neuroblastoma Group's High-risk Neuroblastoma Trial: a SIOPEN study.

Gaze MN', Boterberg T, Dieckmann K, Hérmann M, Gains JE, Sullivan KP, Ladenstein R.

SIOPEN RT QA

48%

==

1, 29%

3 5%
" 1%

17%
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Future Oncol. 2013 Mar;8(3).43%-45. doi: 10.2217/fon.12.195.

Intensity-modulated arc therapy to improve radiation dose delivery in the
treatment of abdominal neuroblastoma.

Gains JE' Stacey C. Rosenberg |, Mandeville HC, Chang YC, D'Souza D, Maroz V. Wheatley K, Gaze
MHN.

uclh

Retrospective Planning Study

"To assess whether RapidArc™ (Varian Medical
Systems), an IMAT technique could improve the
number of patients where the full protocol dose could
be delivered compared to conventional radiotherapy.

21
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o~
* *

10 patients 10 patients
21Gy in 14# to the modified dose
PIV or V<Iume
9 Lateralised 2 Lateralised
1 Midline 8 Midline
- Median PTV %/ol Median PTV %lol
3 =391.9cm = 457.9cm 22
P=0.496

(149-851.1) (250.9-779)
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Conventional RapidArc™
Median D,,, 21.8Gy 21.8Gy P=0.723
(15Gy-22.4Gy) (21.5Gy-22.5Gy)
Median Dgyg., 15Gy 19.9Gy P=<0.001
(0.8Gy-20.3Gy) (12.2Gy-20.5Gy)
Conformity 1.75 1.1 P=<0.001
Index (0.9-2.7) (0.97-1.2)
Homogeneity 0.33 0.09 P=<0.001
Index (0.07-1.01) (0.05-0.48)
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[0 Conventional

A RapidArc
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21 Gy in 14#



Protocol Non-compliant Group

Phase 1 15Gy in 10#
Phase 2 6Gy in 4#

University College London Hospitals NHS

NHS Foundation Trust

21Gy in 14#
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Non-PTV Integral Dose
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Conclusions

- RapidArc™ gave improved dose distributions and
conformity to the PTV

Main Advantages

- Midline tumours where conventional radiotherapy cannot
deliver the dose within normal tissue tolerance

- Right sided tumours

uclh
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- Long term risks of IMRT in paediatric setting are not

quantified

- An inability to deliver dose to the PTV in high-risk

neuroblastoma could impact on local control and possibly
survival

- Dose escalation to gross residual disease unlikely to be

L

U
-

possible with conventional techniques

- Essential that we prospectively evaluate new radiotherapy
techniques in the paediatric group
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IMAT

neuroblastoma

\@\\\\\

neuroblastomawho

require radiotherapy | ,. %
SR Tl *Intended® dose 21Gy
Standard Arm |

/" Target volume definition and )
delineation of organs at risk.
Conventional and IMAT

planning and dosimetry.
Determination of maximum
k_safe *actual® treatment dose >,

L

[Fﬁllnw-upfur toxicity and efficacy ] <:| [ Treatment delivery ]

[ Patients with high-risk
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Other Clinical Scenarios

32
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Medulloblastoma

Int J Radiat Oncol Biol Phys. 2002 Mar 1,52(3):588-605.

Intensity-modulated radiation therapy for pediatric medulloblastoma: early report on the reduction of ototoxicity.
Huang E', Teh BS, Strother DR, Davis @G, Chiu JK, Lu HH, Carpenter LS, Mai WY, Chintagumpala MM, South M, Grant WH 3rd, Buller EB, Woo SY.

 IMRT V Conventional
« Grade 3 or 4 hearing loss
 13% IMRT v 64% Conventional (p <0.14)

uclh
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Intracranial Germ Cell Tumours

Int J Radiat Cncod Biol Phys. 2010 Feb 1,76(2):608-14. doi: 10.1016/.jjrobp.2008.06.028. Epub 2008 Oct 30.

Intensity-modulated and 3D-conformal radiotherapy for whole-ventricular irradiation as compared with
conventional whole-brain irradiation in the management of localized central nervous system germ cell tumors.

Chen MJ', Santos Ada S, Sakuraba RK, Lopes CP, Gongalves VD, Weltman E, Ferrigno R, Cruz JC.

omma w - P Ff ]
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Parameningeal Rhabdomyosarcoma "~ "™
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Parameningeal Rhabdomyosarcoma

uclh

41



University College London Hospitals NHS

NHS Foundation Trust

‘E 3 @& D @0 @@
EEEEEEERE

BAAMENING
AALMEMING
ABAMENING
ABAMENING
ABAMENING
ABAMENING
AAMMEMING
ABAMENING
AAMMENING
ABAMENING




uclh

University College London Hospitals NHS

NHS Foundation Trust

Summary

- IMRT has an important role in improving dose
distributions and reducing doses to OAR in
paediatric patients

- Need to consider effects on growing tissues and
balance the risks and benefits

- Studies with short follow up have not confirmed
a rise in second malighancies

- Needs prospective evaluation and long term
follow up 43



uclh

University College London Hospitals NHS

NHS Foundation Trust

Thank you for listening
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Intensity modulated radiotherapy in sarcoma

Dr Beatrice Seddon
Dr Franel le Grange
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Radiotherapy in sarcoma

Soft tissue sarcoma
- Most commonly in limbs
- Standard management is surgery = (neo)adjuvant RT
- Local control of primary tumour >80%
- Acute effects: wound healing
- Long term side effects: impact on limb function

uclh
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Radiotherapy in sarcoma

Ewing Sarcoma
- Standard management with chemotherapy
- Local management: surgery/surgery + RT/ RT alone
- Young patients, need to minimise late effects of RT

Other primary bone sarcomas/ chordoma
Curative management is surgery = chemotherapy

Not radiosensitive, requires high doses to achieve
local control

uclh
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Sarcoma

Radiotherapy in sarcoma

- Until recently standard technique was with 3D conformal
radiotherapy

- Uses static beams which are shaped to conform to the
tumour volume

- Results in:

- Un-necessary treatment of large volumes of normal
tissue

- Dose inhomogeneity and hot spots in normal tissues
- With potential consequences on toxicity and function

uclh
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3D conformal radiotherapy

—— |
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Current standard: 3D conformal radiotherapy
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3D conformal
radiotherapy
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- Negative impact on function
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Late toxicity after 3D conformal radiotherapy

- Late toxicity and limb function are related to treatment volumes and

RT dose
- Soft tissue fibrosis
- Lymphoedema
- Bone fractures, joint stiffness

- Rates of 2grade 2 fibrosis in 48.2% with post-operative RT

Davis et al. Late radiation morbidity following randomization to preoperative versus postoperative radiotherapy in
extremity soft tissue sarcoma. Radiotherapy and Oncology 2005, 75:48-53.

A o 3 5 o5 ,-_ﬁv
50 Gy/25# pre-op 66 Gy/33# post-op
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Intensity modulated radiotherapy

- Offers the opportunity to:
- Conform better to the planning target volume (PTV)
- Treat with greater homogeneity within PTV
- Vary dose within PTV (‘dose painting’ concept)

- Spare normal tissues — soft tissues and bone

- Allow dose escalation, improved local control, survival
- Reduce hot spots in normal tissues

- Reduce normal tissue acute and late toxicity

- Improve long term function

uclh
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Intensity modulated radiotherapy delivery

Multiple fixed static beam angles
‘step and shoot’

Volumetric modulated arc
therapy (RapidArc®),
TomoTherapy®
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IMRT opportunities in sarcoma

- To spare normal tissues and improve functional outcomes
In limb sarcomas

- To achieve better tumour coverage in difficult locations:
- Paraspinal tumours
- Pelvic tumours
- Ribs tumours
- Head and neck tumours
- Retroperitoneal tumours

- To deliver higher doses than normally achievable for
inoperable tumours:

- Osteosarcoma, spindle cell sarcoma of bone
- Chondrosarcoma
- Chordoma

uclh
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IMRT in soft tissue sarcoma

uclh
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IMRT planning study: Limb soft tissue sarcoma

Example cases
Dosimetric advantage for IMRT vs 3D-CRT:

Reduction of volume of normal tissues receiving
moderate or high doses of radiotherapy

Sparing of normal tissues, e.g. femur

FINAL - Unapprovad - Teansversal - LT THIGH 291010

VMAT

3DCRT -, IMRT

uclh

Le Grange, Stacey, Seddon, UCLH 2014 Anterior th|gh, 5OGy in 25#



Calf: 50Gy in 25#

3DCRT

University College London Hospitals NHS
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LT KNEE - Rejected - Transversal - LTKNEE231110

Le Grange, Stacey, Seddon, UCLH 2014
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Shin: 60Gy in 30#

3DCRT

|||Conv Plan Sum - Transversal - LEFT SHIN 011110

Le Grange, Stacey, Seddon, UCLH 2014
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Upper arm: 60Gy in 30#

3DCRT VMAT

16

Le Grange, Stacey, Seddon, UCLH 2014
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Soft tissue sarcoma at other sites
Retroperitoneal sarcoma:

F 1
g

3T
[ EE EE N}
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Immobilisation for limb sarcomas

- Reduce day to day variation in patient position (potential
source of error)

- Impression of limb with patient in the optimum treatment
position:

- Customised foam mould fixed to baseboard

- sheet of thermoplastic (Orfit) moulded around limb,
clipped to baseboard

- Baseboard is indexed and fixed onto the treatment
couch

uclh
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Immobilisation of lower limb
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Immobilisation of upper limb

20
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Evidence for using IMRT in soft tissue sarcomas

- Increasing use in soft tissue sarcomas
- Adoption by stealth

- Perceived superiority of IMRT

- Limited resource in some countries

- Little published, mostly retrospective data, in limb
sarcomas

uclh
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IMRT Retrospective evidence: 1

Local Control Comparison of Adjuvant
Brachytherapy to Intensity-Modulated
Radiotherapy in Primary High-Grade
Sarcoma of the Extremity

Kaled M. Alekfiag MD" Murray F. Brennan, MD™; and Samuel Singer, MD”

BACKGROUND: Bated on resulls af a prospect ke rardomized trial, brachytherspy {BAT) had beon the peforred Tom
of adiuyant radiothenry for pationts with high-grade extremity soft tisese sarcomas (STS) & ow instition in recent
years intensiy-modulsted radiotherapny IMRT had been incrasingly used This study compared local control by IMRT
versus by BRT in primary-extramity STS. METHODS: Betwenn Jamary 1995 and Decembaer 2006, 134 adull patients wih
High-grade primary rormetaststic STS ol the extramity wers treated at this inel ution with limb-spering surgery and ad-
jevant radiatherapy (AT). Low-dose—rale BRT was given o 71 patients bt ween larusry 1995 and Novermber 2003 to a
median dome of 45 Gray (Gy). IMRT was given between February 2002 and Decanber 2006: precperatively to 10 (50
Gy) and poaperstively to 53 (median, 63 Gy). Median bilow-un was 46 months. RESULTS: Treatment grousps were
comparsble intame of gender sge, site depth, histology (maligrent Forows Hatiocyl oma ve other), and ese of adu-
want chemotherapy Mate IMRT patients had posithve/tlose margines (<1 mm), large tumors (=10 em), and bone or
nene stripping/resection (P — 0.006, G005 0.02, and 0.002 n=pecthely). Median loliow-up wa 46 months Tor
IMRAT and 47 months for BRT. Five-year looal control was 92% (95% confidence imterval O], BS-100) for IMRT weraus
8% {95% CL 71-90) for BRT, P = 0.04 On multivariste analysis, IMRT was the only pradictor of improved local con-
trof, P = 004 CONCLUSIONS: Local cortrol with IMRT was significantly better than BRT despite higher rate of
adverse festuret for IMRT in this nonfandonized comparisan IMRT should be further examined a5 the treatment of
choloe lor primery high-grade extremity sarcama Cancer 20M117-3220-34 £ 20N American Cancer Sociey.

WEWHORDE: i HT, Dracinyt herapy, sancoms, gocbniem by

uclh
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IMRT Retrospective evidence: 1

- Retrospective comparison of 134 IMRT patients with
71 brachytherapy (BRT) patients

- 5 year local control 92% for IMRT vs 81% with BRT

- ‘IMRT should be further examined as the treatment of
choice for extremity sarcoma’

- But no toxicity data published

Alektiar et al, Cancer 2011; 117:3229-34

uclh
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IMRT Retrospective evidence: 2

Comparison of Local Recurrence With Conventional
and Intensity-Modulated Radiation Therapy for Primary

Soft-Tissue Sarcomas of the Extremity

Michael B Folkeri, Samuel Singer, Murray F. Brennan, Deborah Kule, Li-Xuan Qin, Wendy K. Xobayashi,
Aimee M, Crage, and Kaled M. Aleksiar

A B 53 T BR A € T

Purposs

Thia use of intensity-modulzied rediation therapy (IMEBT] in tha treatment of s0it tissue sarool
ISTSE of the extramity is increaseng, but no large-scale direct comparison has been repon
batween conventional externalbeam radiation tharapy (EERT] and IMAT

Moathods
Betweoen January 1955 and December 2010, 319 consecutive adull potiontz with prime

nonmetastatic extremity STS ware treated with limb-sparing surgery and adpuvant radiothars
IAT] at a single mistiution. Conventional EBRT was used in 1hd patients ard IMBT in 165 w
similar dosing schadules. Madian follow-up time for the ochort was 58 months,

Rasults

Treastmant groups werg comparable in terms of tumior kocation, histology, tumor size, depth, 2
usa of chemotharapy. Patients trested with IMET were older {F = (8], had more high-gra
lesions (= .06}, close {< 1 mm} or positive margins (F = .04}, preoperative radiation {F < .00
ard narve manipulation (P = 0d]l. Madian follow-up was 30 months for patients treated w
comnventicnal EBRAT and 42 months for patients treated with IMRBT. On multivarabie analy
adjusting for pstent age and tumor size, IMHET retained significance as an independent predic
of reduced LA thazard ratio = 0.46; 55% CI, 0.24 to 0.3, P = .03,

Conclusion

Despite 2 preponderance of highar+isk features (espacislly closafpositive marging in the 1M
group, IMAT was associsted with significantly reduced local recumance comparad with corma

tiomal EBRT fior primary 575 of the axtramity.

University College London Hospitals NHS

NHS Foundation Trust
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IMRT Retrospective evidence: 2

165 IMRT vs 154 3D-CRT patients

Median time to local recurrence 18
months

S year local recurrence rates:
- IMRT 7.6%
- 3D-CRT 151% p=0.05

Acute grade 2 skin reaction less
with IMRT (48.7% vs 31.5%)

Chronic = grade 2 toxicity

(fractures, joint stiffness, oedema) no
difference

40

30

20

Local Recurrence (%)

10

C-EBRT
== [MRT

U.HR (95% CI): 0.50 (0.26 to 0.98), P= .04
M.HR (95% Cl): 0.46 (0.24 to 0.89), P=.02

0

No. at risk
C-EBRT 154
IMRT 165

12 24 3 48 60 72 84
Follow-Up Time From Surgery (months)

139 121 104 93 84 78 69
153 128 101 67 51 38 23

Folkert MR et al. Comparison of Local Recurrence With Conventional and Intensity-Modulated
Radiation Therapy for Primary Soft-Tissue Sarcomas of the Extremity. J Clin Oncol 2014, 32:3236- 25
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IMRT prospective clinical trials: 1

Phase 2 Study of Preoperative Image-Guided Intensity-
Modulated Radiation Therapy to Reduce Wound and Combined
Modality Morbidities in Lower Extremity Soft Tissue Sarcoma

Brian O’Sullivan, MD"2; Anthony M. Griffin, MSc>; Colleen I. Dickie, MSc'; Michael B. Sharpe, PhD"?; Peter W. M. Chung,
MD"2: Charles N. Catton, MD"?; Peter C. Ferguson, MD?3; Jay S. Wunder, MD?3; Benjamin M. Deheshi, MD?3;
Lawrence M. White, MD?%; Rita A. Kandel, MD?®; David A. Jaffray, PhD"?; and Robert S. Bell, MD?3

BACKGROUND: This study sought to determine if preoperative image-guided intensity-modulated radiotherapy (IG-IMRT) can reduce mor-
bidity, including wound compilications, by minimizing dose to uninvolved tissues in adults with lower extremity soft tissue sarcoma. METHODS:
The primary endpoint was the development of an acute wound complication (WC). IG-IMRT was used to conform volumes to avoid
normal tissues (skin flaps for wound closure, bone, or other uninvolved soft tissues). From July 2005 to June 2009, 70 adults were
enrolled; 59 were evaluable for the primary endpoint. Median tumor size was 9.5 cm; 55 tumors (93%) were high-grade and 58 (98%)
were deep to fascia. RESULTS: Eighteen (30.5%) patients developed WCs. This was not statistically significantly different from the result
of the National Cancer Institute of Canada SR2 trial (P = .2); however, primary closure technique was possible more often (55 of 59
patients [93.2%] versus 50 of 70 patients [71.4%]; P = .002), and secondary operations for WCs were somewhat reduced (6 of 18 patients
[33%] versus 13 of 30 patients [43%]; P = .55). Moderate edema, skin, subcutaneous, and joint toxicity was present in 6 (11.1%), 1 (1.9%), 5
(9.3%), and 3 (5.6%) patients, respectively, but there were no bone fractures. Four local recurrences (6.8%, none near the flaps) occurred
with median follow-up of 49 months. CONCLUSIONS: The 30.5% incidence of WCs was numerically lower than the 43% risk derived
from the National Cancer Institute of Canada SR2 trial, but did not reach statistical significance. Preoperative IG-IMRT significantly dimin-
ished the need for tissue transfer. RT chronic morbidities and the need for subsequent secondary operations for WCs were lowered,
although not significantly, whereas good limb function was maintained. Cancer 2013;119:1878-84. © 2013 American Cancer Society.

KEYWORDS: sarcoma, image-guided radiotherapy, intensity-modulated radiotherapy, preoperative radiotherapy, phase 2 study.

uclh
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Sarcoma

IMRT prospective clinical trials: 1

- Phase |l study to determine if preoperative IMRT is
effective in minimizing the dose to skin and subcutaneous
tissues used to close the resection site and reduce the risk
of wound complications (PMH, Toronto)("

- Dose was reduced to the anticipated surgical flaps by
using IMRT planning

- Primary endpoint: acute wound healing within 120 days

- Secondary endpoints: limb oedema and fibrosis, bone
fracture, limb function, overall patient function

- 70 patients 2005 -9
- Median 9.5cm, 93% G3, 98% deep to fascia

(1) O'Sullivan B, Griffin AM, Dickie Cl, et al. Phase 2 study of preoperative image-guided intensity-
modulated radiation therapy to reduce wound and combined modality morbidities in lower
extremity soft tissue sarcoma. Cancer2013; 119(10): 1878-84.
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IMRT prospective clinical trials: 1

- Wound complications in 30.5% (vs 43% in SR2 study) (p=0.2,
NS)(T)

- Commonest sites: buttock, adductor and posterior
compartments of thigh

- Reduced need for tissue transfer for closure

- Reduced second surgery for wound complications 33% vs
43% (SR2)

- Trend for increased dose to flap and increased volume of flap
receiving 50Gy in patients with wound complications

- Negative result thought to be due to compromising of flap
sparing in order to ensure adequate PTV coverage

- Grade 2+ fibrosis at 2 years 9.3% vs 31.5% (SR2)
- Moderate joint stiffness 5.4% vs 17.8% (SR2)

(1) O'Sullivan B, Griffin AM, Dickie ClI, et al. Phase 2 study of preoperative image-guided intensity-
modulated radiation therapy to reduce wound and combined modality morbidities in lower
extremity soft tissue sarcoma. Cancer2013; 119(10): 1878-84.
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IMRT prospective clinical trials: 2

Significant Reduction of Late Toxicities in Patients With
Extremity Sarcoma Treated With Image-Guided Radiation
Therapy to a Reduced Target Volume: Results of Radiation
Therapy Oncology Group RTOG-0630 Trial

S aEnil thmh Unreerey M od
Ceromr, Chorega, (L Cerg frong, WRLG

Pricokac Sidisiios mnd et M aiags Dign Wang, Quang Zhang, Fuonton L Eisenbery, Todn B Kane, X Allen If, Daveef Luizas, Ivy A, Pefersen,
Tt Gt Phpaanne, P& Bumar Thomurs F. Delaney, Carelpn B Freeman, Steen E Fiekastein, Yimg L Hidchoook, Monpreet Beal,
. Eispnen). Hoogrlindeemay ol o Anurag K. Simgh, Ceorge Diencas, ama David (2 Kirsecl

Wang et al Journal of Clinical Oncology 2015 Jul 10;33(20):2231-8. doi:
10.1200/JC0.2014.58.5828. Epub 2015 Feb 9.
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IMRT prospective clinical trials 2

- Preoperative IGRT 50Gy in 25 fractions prior to surgery
- IGRT used in order to reduce target volumes

- Primary endpoint: 15% absolute improvement in rate of grade =2
radiation morbidity (subcutaneous tissue fibrosis, joint stiffness,
oedema) at 2 years, from 37% to 22%

- 79 patients (2008 — 2010)
- Could receive IMRT (74.7%) or 3DCRT (25.3%)
- Results:

- 5/74 (7%) local recurrences (all in field)

- 57 patients assessed for late toxicity — 10.5% experienced at
least one grade =2 toxicity (vs 37% in SR2 trial) p<0.001

- Conclusion: The significant reduction in late toxicities, and absence
of marginal recurrences suggest that the reduced volumes used
were appropriate

uclh

Wang et al Journal of Clinical Oncology 2015 Jul 10;33(20):2231-8. doi: 30
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IMRT prospective clinical trials: 3
IMRIS: Intensity Modulated Radiotherapy in Sarcoma

- UK wide multi-centre trial opened in March 2016
- Prospective phase Il cohort study
- Questions:

- How should IMRT be incorporated into current practice?
- What is the incidence of toxicity related to IMRT?
- Does IMRT improve function and quality of life?

- Three cohorts:

- Cohort 1: limb soft tissue sarcoma
- Cohort 2: Ewing’s sarcoma pelvis and spine

- Cohort 3: Primary non-Ewing’s sarcomas of pelvis and spine
(osteosarcoma, chondrosarcoma, chordoma, spindle cell

sarcoma of bone) o
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IMRIS: Intensity Modulated Radiotherapy in
Sarcoma

- Cohort 1: Limb soft tissue sarcoma (110 patients)
- Does use of IMRT reduce late toxicity?

- Primary endpoint: rate of grade 2+ late soft tissue
fibrosis at 2 years following radiotherapy (aim to reduce
from 30% to 20%)

- Secondary endpoints: acute and late toxicity, patient
reported limb function and quality of life, wound
complications, time to local recurrence

uclh
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IMRIS: Intensity Modulated Radiotherapy in
Sarcoma

- Cohorts 2 and 3: Pelvic/spinal bone sarcomas (33 patients)

- Does the use of IMRT enable achievement of a
radiotherapy treatment plan that delivers the optimal dose
while keeping within normal tissue tolerances?

- Primary endpoint: The proportion of patients where the
recommended optimal radiotherapy dose can be
achieved with IMRT

- Cohort 2 (Ewing’s): Increase proportion of patients
receiving 95% of optimal dose from 70% to 90%

- Cohort 3 (non-Ewing’s): Increase proportion of
patients receiving 95% of optimal dose from 0% to
90%
- Secondary endpoints: Toxicity, response, quality of life,
time to local recurrence/disease progression, survival 33

uclh
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IMRT In bone sarcomas

uclh
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IMRT in Ewing’s Sarcoma

- IMRT shown to be superior to 3D-CRT in two small
planning studies (5 patients)

- IMRT used in 43% of cases of a series of 33 spinal and
pelvic tumours

- Retrospective review at UCH of 24 cases of Ewing’s
sarcoma of pelvis/spine treated with 3D-CRT showed that
the optimal radiotherapy dose could only be safely
achieved in 70% (unpublished data)

- Increasing use of PBRT means that further data on IMRT
unlikely

L

U La TH et al. Radiation therapy for Ewing’s sarcoma: Results from Memorial Sloan Kettering in
: the modern era. Int J Rad Oncol Biol Phys, 2006:64:544-550.
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Ewing’ s sarcoma T12 spine: 49.5Gy in 33#
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Comparative planning study: IMRT vs PBT in
pelvic Ewing Sarcoma

- Question: can PBT spare normal tissues (in particular
uterus and ovaries) better than IMRT?

- Patients
- 10 female patients (median age 20)
- Ewing sarcoma of pelvic bones
Dose: 54Gy in 30#
Technique
- VMAT

- Intensity modulated PBT (pencil beam scattering)

uclh
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Comparative planning study: IMRT vs PBT in
pelvic Ewing Sarcoma

VMAT
Good bowel, rectum and bladder sparing
Femoral head within tolerance
Spare one ovary to mean dose 4.3Gy
Uterus mean dose <10Gy in 80% of cases
Low dose bath

IMPT
. Superior sparing of:
. Femoral head
- Qvaries
. Uterus
- No low dose bath but high entry dose

uclh
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Case 1: lliac bone
VMAT IMPT

5 Le Grange, Amos, Bodey, Seddon, UCLH 2015
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Case 2: ischium
VMAT IMPT

5 Le Grange, Amos, Bodey, Seddon, UCLH 2015
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Case 4: sacrum — uterus sparing
VMAT IMPT
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IMRT In other bone sarcomas and chordoma

- More radio-resistant tumours
- High doses of radiotherapy required = 66 — 70+Gy

- Local control rates for RT alone around 40% at 5 years
(protons +/- photons)

- Increasingly, move towards using protons +/- photons, or
carbon ions

- Inoperable tumours not approved for PBT in UK

1 Delaney T et al. Radiotherapy for local control of osteosarcoma. Int J Rad Oncol Biol Phys.
61:492 — 498, 2005
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Osteosarcoma pelvis: PTV1 50Gy in 28#,
PTV2 70Gy in 28#
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Conclusions

- IMRT offers opportunities across different sarcomas:

- Soft tissue sarcomas — improved conformality to PTV,
reduced dose to normal tissues, sparing of normal
structures (e.g. bone), improved late toxicity?

- Bone sarcomas:
- Delivery of optimal dose to PTV with normal tissue
sparing (Ewing’s sarcoma)

- Dose escalation for more radioresistant tumours
(primary bone sarcomas, chondrosarcoma,
chordoma)

- PBT/carbon ions will offer advantage for some
patients, but not easily accessible to all, so IMRT
remains important

uclh
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Thank you
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IMRT - a physician’s view

(As if physician's, physicists and RTs
should have different views of the
world.....)



One's own experience has the advantage of absolute certainty - Schopenhauer

No man's knowledge (here) can go beyond his own experience - Locke

Stupid is as stupid does - Gump

- Some VERY SUBJECTIVE COMMENTARIES!



Disclosure

Research and Training Agreement, Expert Testimony
and Travel Grants with Elekta/IBA/C-Rad

Board Member of C-Rad
Stock holdings Imuc



Drivers of IMRT

Thing's weren't perfect prior to IMRT

Need to avoid Toxicity

Conveniece / Economical Factors / Simplification of established paradigms
Evolution of Technology / IGRT / Online Adaptation

Chronification of Disease/Oligometastases

Expanding Indications for SBRT (e.g. Prostate with the need for dose
shaping)

Potentially a new Paradigm in Combination with Immunotherapy



Technical Basis



Radiotherapy Treatment Planning

Simulator 2-D 3-D




Treatment Delivery

Conventlonal Conformal IMRT
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Inverse Planning

Inverse Planning (IP)

User enters port/arc layout, and
treatment objectives, computer
optimizes beam modulation
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Requirements

a0~

IMRT-Capable Delivery System

Inverse Planning System

Record & Verify / Console Module

QA Protocols
Training / On-Site
Consultations

|.. I: .. = .- s .
gL ==
i _
I e ,i‘:—‘

WWW.Nnomaos.com
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Prescription

The Key to Inverse Planning is a prescription tool that easily and
efficiently captures the physician’s most critical clinical judgements

Goal Vol Below Min

Max
G | AU

Target Name Type (Gy)  Goal (%) (G
D || a0 [ s [ a0 | aso ] 1%

Limit Vol Above Min Max
Sensitive Structure Name Type (Gy) Limit {x) {Gy) Gy | .‘ U
SUE I_ Basic Tissue =l | a5 | 10 | 0.0 | 450 J W
nal cord I_ Critical Structgfe b | 120 | 1 | 100 | 14.0 J W
o (R [T Expendabe o Lyzon [ s | 150 [ eso v Y
1]
a (L) [ Expend [ 200 [ s | 150 | eso ] Yo

Clinically relevant tissue
types provide quantum leap in
optimization quality

cription Instructions

o Goal

% Under =

Standard Target

= Desired enclosing isodose line
Minimum = 95% of Goal
5% ot clinically acceptable amount, swhichever is higher

. The default target type. The system will use the full range of the target’s COWH to achieve the best
owverall dose distribution.

|

On-screen optimization guidance

Numerical and/or graphical
entry of dose/volume goals

| [ l
Dose (GY)
WWwW.Nnomos.com
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Everything works fine up to here

But:
How much time you spend everyday planning?
How many of you are using autoplanning?



Optimization

A “cost function” trades off different
portions of the CDVH curves in order to
arrive at a composite “Optimal Result’

WWW.Nnomaos.com
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Optimization Strategies

Gradient vs. Stochastic

@ Gradient

Cality of Flan s—

WWW.Nnomaos.com

\J
Flans ————a


http://www.nomos.com/

IMRT-Capable Delivery System




Basic treatment techniques

K. Bratengeier

In: Kiricuta, Definition of Target
Volumes, 2001

Figure 8. Two-step IMAT in the case of a patient with Hypopharynx-Carcinoma.
Left: transversal plane. Right: sagittal plane; 30%, 50%, 70%, 80%, 90% and 95% isodoses are shown in the same
colors as labelled in figure 7.




2 “Slices” Treated per Rotation WWW.Nnomos.com

Couch Indexing
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Ok, everything is almost perfect up to this point

But:
How much time you spend everyday contouring?
How many of you are using autocontouring?



Clinical Application of IMRT



Most important indications and treatment philosophy

1. Head and Neck Cancer
CNS

Paranasal Sinus Tumors / Integrated Boost 4
(Better Tumor coverage and shortening of -
overall treatment time)

NPC and other ENT Tumors 2 ¥
(Parotid sparing when possible, better tumor a%
coverage for NPC)

2. Prostate / Integrated boost =/
(Potentially hypofractionation) | 4

3. Gastric cancer
(Better kidney sparing while treating the whole of the target)

4. Breast Cancer
5. Lung Cancer

6. Metastases



Evidence behind use of intensity-modulated radiotherapy:
a systematic review of comparative clinical studies

Liv Veldeman, Indira Madani, Frank Hulstaert, Gert De Meerleer, Marc Mareel, Wilfried De Neve Lancet OI'ICD' 2008; 9: 367_37 5

56 studies/reports
= 20 head&neck 3 lung
= 16 prostate 5 Gl

5 gynecological 3 CNS
4 breast

A DS
=
4BCS = P = CiQol
3¢5 = (Gii Toxic effects &Q@“‘
Stug ZNRCT D Indirect surrogates ¥
J’Cfagjgn 1RCT
Number of patients
inthe IMRT group  Decreased xerostomia
< <50 @ Significant difference in favour of non-IMRT . .
G0-100 No significant differences noted between IMRT and non-IMRT * Decreased rectal ?OXICIty
@ =100 @ Significant difference in favour of IMRT * Improved cosmesis

in breast cancer

Figure 3: Evaluation tool for relevance of clinical statements reported in 56 studies of IMRT
BCS=best case series. CS=case series. NRCT=non-randomised controlled trial. RCT=randomised controlled trial.
0OS=overall survival. DSS=disease-specific survival. QoL=quality of life.



IMRT clinical outcome

Factors influencing the rational use of IMAT for head-and-neck cancer Factors influencing the rational use of IMAT for whola breast irradiation

Against IMAT | In faver of IMRT Against IMRT | In favor of IMRT
Toxicity .o =R Toxicity . ; v e
-Scientific evidance P i -Seientific evidence 5 i [ 4 i
«In-gifico = ol -In-silico ] E . |
Clinigal " m Clinicat § § |
-Health care practice : : : <Healih care praclice : ; H :
-Expert opinion ' : .| -Expert opinion ; ; o m
~Technical challanges Pon B -Technical challenges i u i
Lot L. i -Cost i ] A
-Patient contribution ] P ; -Pafiant contribution = ; ; I
Anti-cancer efficacy Anti-cancer afficacy
v i ; -Scenlilic evidence i : 5
it i [ ] n-ilico i i i
-Ciinieal i P g -Clinical il i i :
-Health care practic P -Health care practice ' ' |
-Expert opinion ] H H ‘Expert opnicn 1] I I '
-Technical challenges = : -Technical chaliengas [ i :
-Cost ! -Cost 1] : :
-Pationt contribution [ I P -Patient contribution 53] e =
| | |l | | | | | | | |
| ! woak | woax | | | Weak | weak |
Avarage Avem%& A Average Avarage
Strong trong Strang Strang

Figure 1 Factors in Bvor o against IMRT sz represented by a sectangle o the right ar on the et of the vertical solsd

Figure 2 Frerors in lavor or agaimst IMET are representad by a rectangle on the rght oron the ledt of the vertscal zolid
Hiree, vespectively. A question mark inside & rectangle indicates too much uncertainty for wsing the fctor m the graph

line, rspectvely, A question mark metde 2 rectangle indicates oo much wncertainty for wsing the faceer in the graph

De Neve et al. Sem Rad Onc, 2012



Avoiding unnecessary toxicity



Oropharnynx (Tongue)
T3NO Bilateral Parotid
Sparing

=



First results of a phase |l multicenter randomized controlied trial

ASC (‘9’ (IMRT) versus conventional radiotherapy (RT) in head and neck ¢

ISRCTN48243537; CRUKDS/005).

Pracartar Chnctonbar klidtina kA0 FRTE

Slide 1 of 26

First Results of a Phase lll Multi-Centre
Randomised Controlled Trial of Intensity
Modulated vs Conventional Radiotherapy in
Head and Neck Cancer:
PARSPORT (CRUK/03/005)

First results of a phase |l multicenter randomized controlled trial of intensity modulated
{IMRT) versus conventional radiotherapy (RT) in head and neck cancer (PARSPORT:

C. Nutting, R. A'Hemn, M. S. Rogers, M. A. Sydenham, F. Adab, ISRCTNA8243537; CRUKIO3A05).
K Hamngtﬂn s JE'HE'TPES, C SCFBSE B K Yap, E Ha" Bvocortar (Thrctrmbar khtHines kAT FECE
on behalf of the PARSPORT Tnal Management Group

. 190
e o ::' I CR Jgug Head and neck cancer patients

at risk of radiation induced xerostomia
(oropharynx/hypopharynx)

Randomisation 1:1
/\\

Conventional Parotid-sparing IMRT
radiotherapy (CRT)

65Gy/30 fractions in & weeks - radical and post-operative R1/R2
650Gy/30 fractions In & weeks - post-operative RO

Frret Rgeure of the PARSPORT Thal Proc ASCD 2000

“f

01:25M4:13



IMRT is evil....is it? The SEER-Database suggests...

1.0
b
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3 IMRT - salid
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Follow-up time [months)

Figure 1. Impact of intensity-modulated radiation therapy
(IMRTY on cause-specific survival. Kaplan-Meier curve depict-
ing the cause-specific survival with time for patients treated
with IMRT {(dashed) compared to those treated with non-
IMRT (solid).

Beadle et al., Cancer, 2014



Lohr, Mal, In:
Wannenmacher, Strahlentherapie, 2013




Caveat: Marginal misses and high doses to large volumes



Rathod et al.,

Tata Memorial Randomized Trial
Oral Oncol, 2013

Caveat:

At a median followup of 40 months (inter-quartile range 26-50 months):

The 3-year estimates of loco-regional control with 95%
confidence intervals (956%CI) were

88.2% (75.4-100%) for 3D-CRT

80.5% (66.1-94.9%) for IMRT

(p =0.45).



Pitfalls

Koeck et al.,
Radiation

Oncology,
2016




RTOG 0617, NCCTG N0628,CALGB 30609
Conventional vs. High Dose RT

Carboplatin +/-
Cetuximab

Carboplatin +/-
Cetuximab
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Now comes the strange part.....

,Local failure rates at 18 months were
25.1% vs 34.3% for SD and HD patients,

respectively(p=0.03). Local-regional and distant
failures at 18 months were 35.3% vs 44%(p=0.04)
and 42.4% vs 47.8%(p=0.16) for SD and HD arms,
respectively. Factors predictive of less favorable OS
on multivariate analysis were higher radiation dose,
higher esophagitis/dysphagia grade, greater gross
tumor volume, and heart volume >5 Gy*

Bradley et al., ASCO, 2013



Target Delineation

Sirncires  desied wien edosies ae
diplaymt) (51505

Bradley, 2014

http://thoracicsymposium.org/MeetingProgram/documents/GSIXBradley.pdf



http://thoracicsymposium.org/MeetingProgram/documents/GSIXBradley.pdf

The good news, however......

In this trial, IMRT was apparently clearly
better than 3D and Lung V5 did not
correlate with toxicity (V20 did, which is
logical, since it marks a threshold
dose.....as does V45 for heart)

This was a sneak preview to ASTRO 2015.
It is free. Donations are nevertheless accepted.
Beer above 8% Alkohol preferred currency!



Hypofractionation/SIB-> Watch the Volume

Jagsi et al., [IROBP,
2009

Fig. 3. Visible impaiment in cosmiesis observed in 3 patients deemed w have unacceptable cosmesis after treatment.



Brain tumor cells are interdispersed with normal cells
The Brain is the central human organ. Severe damage here
alters the personality....and thus effectively Kkills the patient

alive




There is good news on the secondary tumor front:
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Convenience and Optimization of existing Paradigms



Head and Neck
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Prostate — low degree of modulation,
D= (30 X 2) Gy, 2 VMAT arcs

- M Lheze: WL cliy

treatmenttime t

MLCi2 Agility Versa HD
Monaco 3.3 Monaco 3.3 Monaco 3.3
Homogenity index 1.09 1.09 1.09 YVearsa HD
OAR Rectum, mean 35.8Gy 356 35.96 Gy
dose
ilit=
OAR Bladder, mean 423Gy a7 40.95 Gy Aqgility
dose i |
beam-on time per
fraction RALCIZ
number of MU's |
delivered
] 50 100 150 200

tin {5}



Head & Neck - high degree of modulation,
D= (30 X 1.8) Gy, 2 VMAT arcs
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Liver — intermediate degree of modulation,
D= (5 X12) Gy, 2 VMAT arcs
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Clinical Results with Tangential IMRT

2 Randomized trials, several retrospective analyses

Dilfercnce in Mcan Dormatitis by Week ol Trealment

4 5 Score {change) Standard (20) IMRT (3D)
1,; ] P<0 0001 Mumber (%) Humber (%)
15 Photographic score at year 1
- None B4 (64.1) 92 (74.2)
' ] Mild 37 (28.2) 26 (21.0)
i s P<0.0001 Marked 10 (7.6) 6 [4.8)
3 Total 131 124
= Conventiona
%‘* 10 4 .-'E Photographic score at year 2
2 o9 P<0.0001 i . Nong T3 (56.6) B4 (65.1)
e IMRT Mild 49 (38.0) 39 (30.2)
2 g7 Marked 7 (5.4) 6 (4.7)
5 g Total 19 19
-
TR Photographic score at year 5
04 4 Nong 51 (41.8) 71 (60.2)
03 Mild 54 (44.3) 35 (29.7)
02 Marked 17 (13.9) 12 (10.2)
i e . P S Total 12 118
[da] ! " i i - : :
1 2 3 4 5 4 7 a
Wouk Donovan et al., R&O, 2007
Fig. 1. Mean frequency of dermatitis by week of reatment during Plgnol et al., JCO, 2008

radiation therapy for patients treated with conventional radiation
therapy (n = 405 and intensity-modulated radiation  therapy
(IMRT; n = 399,

Freedman et al., IJROBP, 2009



Scatter Reduction with tangential IMRT

Table 2: Dose to various organs for various breast radiotherapy techniques.

Techmique PBSI HDE Wedge IMET AD-CRT
{catheters)

Treated Breast 90 Gy M Gy 50 Gy 50 Gy 385 Gy

Contralateral Breast 2.2 mSv 230 mSv 1695 mSv 206 mSv 140 mSv

Spleen 44 mSv 1171 mbv 2300 mSv 810 mSv 130 mSv

Ipsilateral lung 790 mSv 2471 mSv 582 mSv 121 mSv 80 mSv

Heart (LAD) 0.7 Gy 3.6 Gy 2.7 Gy 1.1 Gy 0.7 Gy

Pignol et al., 2011



after

Treatment Sequence

NPC




IMRT allows SRS with relatively large leaf sizes
and facilitates multi-lesion treatments with one isocenter



Courtesy L Jahnke, M. Polednik, F. Stieler
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Transversal inhomogenous

Gammaknife

Noncoplanar VERSA HD 6MV FFF VMAT




Treatment Times

All Plans shown can be treated in
<10 min beam on time

<15 min treatment time
(plus ~4-5 in time for CBCT/positioning)



A very special patient
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Courtesy J. Fleckenstein



Quality assurance with Gafchromic EBT3 films
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IGRT / Online-adaptation



Target / Organ Motion
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23.08.2005 10:49:10.421

J. Boda-Heggemann, [JROBP, 2006

Translation (MV+SD, cm)

Rotation (degrees)

X y z Vector (cm) X y z

Delta-Cast™

(Intracranial) 0.03940.175 | 0.083+0.232 | 0.005+0.174 0.312+0.152 0.073+1.018 | 0.13+1.653 | -0.25+0.0881
Thermoplastic

masks

(intracranial) -0.0240.227 0.2340.233 | -0.15440.277 0.472+0.174 -1.47+1.75 | -0.13+1.921 -0.06+2.18
Delta-Cast™

(neck) -0.158+0.207 | 0.225+0.241 | 0.17940.479 0.586+0.294 1.027+3.527 | 1.013+2.556 | 1.257+3.008
Thermoplastic

masks (neck) 0.205+0.298 |0.407+0.516 | 0.142+0.393 0.726+0.445 -0.2+2.31 -1.3+2.69 -1.0942.02

Table 1. Results with the example of automatic bony registration







Possible (partial) remedy: IMRT/VMAT in computer-controlled deep-inspiration breath hold
CC-controlled DIB, ART-Sequence

Midventilation CT 5.12.2011

27.12.2011

1.12.2011

10.01.2012




Volumetric imaging - online during a treatment fraction

nnnnn

transponder

MR-IGRT Ultraschall (Clarity, Elekta)



The good thing that comes out of these machines:

Ultrafast treatment
planning for the rest of us!!!



New methods for detection of subclinical metastases
a) in general ->Liquid Biopsy



Polyclonality is always a problem with any (vaccination)
strategy:
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Minimum number of subclonal populations

Lohr, Cancer Cell, 2014



New methods for detection of subclinical metastases
b) providing topical information at high resolution->MRI

Zhou et al., Nature Comm,
2015
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MRI with a lymph-node-specifi ¢ contrast agent as an

alternative to CT scan and lymph-node dissection in patients
with prostate cancer: a prospective multicohort study
Roel A M Heesakkers, Anke M Hévels, Gerrit J Jager, Harrie C M van den
Bosch, J Alfred Witjes, Hein P J Raat, Johan L Severens, Eddy M M Adang,
Christina Hulsbergen van der Kaa, Jurgen J Flitterer, Jelle Barentsz

9/2008
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Figure 3: Classification of lymph r
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Prevalence 61/375 (16%)

MDCT N\

Sensitivity (%) (95% Cl) 21781 (34) (13-48)

PPV (%) (95% C1) 21132 [47-81)
MNP (%) (95% C1) 303/243 (88) (B4-091) 291/302(96) (23-28)
Post-test probabilityof  40/343 (12) 11302 (4)
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Three experienced Seven less experienced
hospitals hospitals
Patientswith MEL results, n 80 B
Sensitivity, n () (95% C1) 4/10 (40) (14-73) -
Specificity, n (%) (95% ) 62/70(89) (78-96)

PPV, n (%) (25% <)
NPV, n (%) (95% CI)

Post-test probability of false-negative finding (%)

4/12 (33) (11-65)
62/68 (01) (81-96)
6/68 (9)

220/234 (98) (95-99)
L/234(2)

Table 3: Results of MRL in experienced and less-experienced participating hospitals




MRI with a lymph-node-specifi c contrast agent as an
alternative to CT scan and lymph-node dissection in patients
with prostate cancer: a prospective multicohort study
Roel A M Heesakkers, Anke M Hévels, Gerrit J Jager, Harrie C M van den Bosch, J
Alfred Witjes, Hein P J Raat, Johan L Severens, Eddy M M Adang,
Christina Hulsbergen van der Kaa, Jurgen J Flitterer, Jelle Barentsz

9/2008




Oligometastases/Multitargets



after GR to Chemo 10/14

Brain Met Relapse
after WBRT 11/14

Primary Lung Cancer (60/5Gy)
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Westover, Lung Cancer, 2015

Suprarenal Met 10/5Gy 7/2015



New treatment possibilities in metastatic patients
Multiple lesions with one setup

Gupta, Webmedcentral, 2011
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There is initial clinical proof but further data are needed
There is a strong clinical push in some indications such as Ewing‘s sarcoma




Immuntherapie
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Overall Survival: ITT Population

Ipilimumahb
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T Median OS, months
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CP-Inhibitor combinations
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Figure 1. Schematic Model for Non-redundant Mechanisms of RT/Anti-CTLA-4/Anti-PD-L1
Therapy to Combat Immune Resistance in Melanoma
Adapted from Victor &t al, (2015) Extended Dats Figure 6.

Ngiow, Cancer Cell, 2015



RT Fraction Size
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..... and keeping in mind this....

,INivolumab versus Everolimus in
advanced renal cell carcinoma“

Motzer et al., NEJM, published online a few days ago



And finally: Is there anything left for.........






Rationale for Particles in Radiosurgery

Large Liver and Lung Lesions
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: resssssss cERVIZIO SANITARIO REGIONALE
Drivers of IMRT remssssss Eral A ROMAGNA

iia:se.ss Azienda Ospedaliero - Universitaria di Modena

Foliclinico

Thing's weren't perfect prior to IMRT

Need to avoid Toxicity

Evolution of Technology / IGRT / Online Adaptation

Chronification of Disease/Oligometastases

Conveniece / Economical Factors / Simplification of established paradigms

Expanding Indications for SBRT (e.g. Prostate with the need for dose
shaping)

Potentially a new Paradigm in Combination with Immunotherapy



Centro di Protonterapia
Azienda Provinciale per i Servizi Sanitari
Trento, Italy

IMRT dose delivery methods

e
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ESTRO IMRT Course 2015 — Brussels

Marco Schwarz

marco.schwarz@apss.tn.it


mailto:marco.schwarz@apss.tn.it

Disclosure

My department has a contract with Philips Medical
Systems concerning alpha and beta testing of treatment
planning software for proton therapy with pencil beam
scanning.



Why did we end up with IMRT?

What we were calling ‘3D conformal
RT’ was often not that conformal.

With photons, achieving dose
modulation with the falloff along the
beam direction is hopeless
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No technology, however fancy, will
change that.

We are therefore left with modulating
particles fluence in the cross
plane, hence IMRT.




How can we modulated particle
fluence?

In principle, by controlling the beam intensity at the level of the
single beam elements (‘bixel’/’beamlet’)




Principle and terminology

Calculated fluence map, bixels, intensity levels

5 levels 3 levels

W | W




Subfields (or segments)




Intensity modulation with MLC
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‘Close-1n’ technique

I I
I I | ]
A-Leaves B-Leaves
‘Sweep’ technique
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A-Leaves B-Leaves

Close-in vs. sweep # static vs. dynamic



“Close-in” technique

IM-Profile:

Trajectory:




“Sweep” technique

IM-Profile:

Trajectory:




Pro’s and Con’s

Pro static delivery

Simpler extension of 3D-CRT techniques
Somewhat more intuitive
Somewhat easier to control the level of complexity

Pro dynamic delivery

Generally faster
Better suited for highly complex profiles
Enables rotational therapy, dynamic tracking



Sequencing & Optimization:
The “reducing levels” technique (Xia,
Verhey)

Desired fluence map




The “reducing levels” technique (Xia,
Verhey)

7
4
Bixel values 4 or higher




The “reducing levels” technique (Xia,
Verhey)

Treat with 4 units




The “reducing levels” technique (Xia,
Verhey)

Remainder




The “reducing levels” technique (Xia,
Verhey)

Bixel values 2 or higher




The “reducing levels” technique (Xia,
Verhey)

Treat with 2 units




The “reducing levels” technique (Xia,
Verhey)

Remainder




The “reducing levels” technique (Xia,
Verhey)

Bixel values 2 or higher




The “reducing levels” technique (Xia,
Verhey)

Treat with 2 units




The “reducing levels” technique (Xia,
Verhey)

Remainder




The “reducing levels” technique (Xia,
Verhey)

Treat with 1 unit




The “reducing levels” technique (Xia,
Verhey)

Treat with 1 unit




Delivered MUs

Affected by quality of sequencing algorithms

Tradeoff between quality of treatment and delivery
efficiency

Significant issues with old-style MLCs

In the past 7-10 years the optimization of deliverable
segments (available for years in research TPS
platforms) became increasingly popular, allowing
more efficient planning and delivery approaches



IMRT-relevant features of MLCs

1 Geometric Design
2 Tongue & Groove Construction

3 Collision Protection

4 Leaf Transmission & Interleaf Leakage

5 MLC tip shape



Geometric design: single focused




Geometric design: double focused

Saves about 0.5 mm penumbra
Light field and radiation field coincide
Leaves can be closed in the field




What is the optimum leaf width ?

1.5 - 2 mm ideally @ e |
(from sampling theory) e

3 - 4 mm realistically

5 mm pragmatic solution for & -
‘general purpose’ MLC |

Bortfeld, Med. Phys. 2000 © -
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Leaf transmission and interleaf
leakage

Transmission Dose %

-70 -60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60 70
X Axis (mm)
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Nominal leaf gap (cm)

Tight(er) leaf position accuracy criteria, in particular for DMLC



MLCs through the years



‘serial tomotherapy’ mimic system
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Elekta MLCi2

Number of Leaf Pairs: 40

Field Size: 40 cm x 40 cm
Maximum Overtravel: 12.5 cm
Leaf Width at Isocenter: 1 cm
Maximum Leaf Speed: 2 cm/s
Clearance to Isocenter: 45 cm

Replaces Upper Jaw Pair
(+ Backup Jaws)




Elekta Agility

Number of Leaf Pairs: 80

Field Size: 40 cm x 40 cm
Maximum Overtravel: 15 cm
Leaf Width at Isocenter: 0.5 cm
Leaf Transmission: < 0.5%
Maximum Leaf Speed: 6.5 cm/s
Clearance to Isocenter: 45 cm
Replaces Upper Jaw Pair

Leaves 35mm/s
Dynamic Leaf Guides | 30mm/s
Diaphragms 90mm/s




Elekta Beam Modulator

Number of Leaf Pairs: 40
Field Size: 21 cm x 16 cm /

Maximum Overtravel: 10.5 cm 2
Leaf Width at Isocenter: 0.4 cm ]
Leaf Transmission: < 1% @ 6MV
Maximum Leaf Speed: 2.2 cm/s ,
Clearance to Isocenter: 45 cm \ 1

Fixed jaws
Leaves interdigitation allowed




Varian MLCs - 1

Number of Leaf Pairs: 40 or 60
Field Size: 40 cm x 40 cm
Maximum Overtravel: 16 cm
Maximum Leaf Separation: 14.5 cm
Leaf Width at Isocenter: 1 cm

or 0.5 cm
Leaf Transmission: < 1.5-2%
Maximum Leaf Speed: 1.5 cm/sec
Clearance to Isocenter: 41.5 cm




VARIAN MLCs -2

HD 120

32 central LP 2.5
mm leaf width

28 outerLP 5.0
mm leaf width

Attenuation:1%




Collimation geometry

Distances in cm
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Add-on MLCs

Company

# Leaf pairs
Field size (cm?)

Overcenter travel
(cm)

Leaf width (mm)

Leaf trans-

mission (%)
Maximum

speed (cm/s)

Clearance to
isocenter (cm)

Total weight (kg)

Geometric design

Brain-
LAB m3

26

10x 10

3.0-5.5
<4

1.5

31

31

Single
focused

Radionics

31
10x 12

No data

4.0
<2

2.5

35

35

Single
focused

Siemens**
(MRC)
u-MLC

40
7.3x6.4

1.4

1.6
<1

1.5

30

38

Parallel

Siemens
(MRC)
Moduleaf

40
12x 10

5.5

2.5

<1

30

39.7

Single
focused

3D Line

o¥¥NZzZv OIONYYHV

3Q™3A I

Direx AcculLeaf

36
11x 10

3,3

3,1-4,6
<2

1.5

31

Two sets of leaf
pairs at 90°




Dynamic rotational treatment techniques

omotherap

rotational



Dynamic rotation therapy

In dynamic rotation therapy the
following parameters can be
varied during dose delivery:

MLC leaf position
Dose rate

Gantry velocity

Collimator angle

B. Mijnheer (NKI)

Table angle



VMAT in action

Shape and MU for a Field dose Cumulative dose
single gantry angle

Gantry = -138 Gantry = -138 Gantry =138

Courtesy B. Mijnheer



Differences among techniques

Treatment machine (tomotherapy = fan beams
conventional linac = cone beam)

Delivery parameters (variable dose rate, variable gantry speed, ...)
Number of arcs (single arc — multiple arcs)

Optimization concept (algorithm, DAO, ...)

See lecture on comparing rotational techniques

See review in Yu PMB 2011 for treatment delivery
See review in Unkelbach Med Phys 2015 for plan optimization



Single Arc techniques

(Very) fast delivery in single rotation of the gantry

During gantry rotation the dose is delivered while varying

= MLC leave positions and
= dose rate and/or
= gantry rotation speed

Different optimization/sequencing algorithms

= Sweeping window arc therapy (SWAT)

= Arc-modulated cone beam threapy (AMCBT)
= Volumetric-modulated arc therapy (VMAT)

= RapidArc™

= Arc-modulated radiation therapy (AMRT)



Quite some discussions on
the subject

Phys. Med. Biol. 54 (2009) N9-N20

NOTE
Single-Arc IMRT?

Thomas Bortfeld!* and Steve Webh?

! Massachusetts General Hospital and Harvard Medical =
Oncology, 30 Fruit 5t, Boston, MA 021 14, USA

? Joint Department of Physics, Institute of Cancer Resear
Trust, Downs Road, Sutton, Surrey, SM2 5PT, UK

doi: 10, 1088/003 1-9 155 /54/8/L03

Phys. Med. Bicl. 54 (2009 L37-L41

LETTER TO THE EDITOR
Letter to the Editor on ‘Single-Arc IMRT?**

Karl Chio

Phys. Med. Bicl. 54 (2009) L31-1.34 doi: 10, 1088/0031-9155/54/8/L01

LETTER TO THE EDITOR

Comments on ‘Single-Arc IMRT?*"

W F A R Verbakel', § Senan, F J Lagerwaard, J P Cuijpers

and B J Slotman

Phys. Med. Bicl. 54 (2009) L35-L36 doi: 10, 1088007 1-9155/54/8/L02
LETTER TO THE EDITOR

Reply to ‘Comments on *Single-Arc IMRT?”

Thomas Bortfeld! and Steve Webh?

Phys. Med. Bicl. 54 (2009) L43-La44 doi: 10, 108800319 155/54/8/L04
LETTER TO THE EDITOR

Reply to ‘Letter to the Editor on *Single-Arc IMRT?”

Thomas Bortfeld' and Steve Webhb?



Not all rotational techniques are created
equal

Single arc Tomo
Modulated

beam

TEE R projection
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Little or no modulation for Multiple modulated beam

the individual gantry angle projections



Static field IMRT vs arc techniques

After the initial quite strong claims on (and heated discussions
about) (linac-based) arc techniques, we are getting close to an

objective assessment of the (dis)advantages of each
techniques.

Is the focus on improved delivery efficiency (as opposed to
quality of the dose distributions) an indication that we reached
the limits of dose modulation with photons?



Dedicated IMRT/IGRT devices



TomoTherapy HI -ART System

85 cm Aperture
40 cm Image FOV

1 8x10° -
1.6x10° 1

_ — Treatment
1.4x10° - —~ — MVCT Imaging
12896 Jeraj 2004

1.0x10" =
B.0x10" -
6.0x10" 1

4.0x10" 1

Photon spectrum [1/MeV cm?/s.p.]

2.0x10™

0.0

Energy [MeV]




HT dose delivery system

6mm binary MLC over a
large field (40cm)

No flattening filter

10 cm leaf thickness
Designed for delivery of

| IMRT (i.e. low
VRS e transmission)
TR |
" ‘l \\\ Degrees of freedom in
S | planning and delivery:
g 40 \ el :
s -
=S X = Field width
ol Left \ Brainstem™}, e \ Pitch
[Parofid| ~——| Parotid %l \
o c:]n R “\:a_ 50 60 L?o Modulation factor




Cyberknife

6MV Linac Kilovoltage X-ray sources

Optical tracking device In-floor X-ray detectors Robotic manipulator



]‘_mm_‘L B L LINAC
| { _E — :T:a:l:hlj:ll;ness
| ma
\ ! | il About 160 kg
\ If,.. ale
J L /e leadfoll 6 MV X-rayS
- b monitor chamber
i N Dose rate up to 800
. MU/min
| . " sec?ndan.r . .
| H gl No flattening filter
Robotic arm =
6 degrees of freedom L,

About 120 positions around the patient

12 beam directions per position =
1440 possible beam entrances

Declared position accuracy < 0.12 mm



Collimating systems

12 fixed circular collimators (5 to 60 mm)

IRIST] — Variable aperture collimator

Its use is currently restricted to a set of 12 sizes
corresponding to the sizes of the set of 12 fixed collimators,
(5 to 60 mm)



INCISED — MLC

INCISE™ MULTILEAF COLLIMATOR

SPECIFICATION Asdefined by IEC 60976
Beam Targeting

Maximum Field Size

MNumber of Leaves

Leaf Thickness

Leaf Tilt

Leaf Tip Design

Leaf Height

Leaf Material

Distal Plane of Leaves to Linac Source Distance
Leaf Positioning Accuracy
Mechanical Accuracy

Leaf Positioning Reproducibility
Mechanical Reproducibility
Leaf Over-Travel

Leaf Inter-Digitation

Transmission
Includes intra-leaf, inter-leaf and leaf tip transmission

Weight

Maon-lsocentric, Non-Coplanar Beam Targeting

Mominal: 120 mm (leaf motion direction) x 100 mm at
800 mm SAD

41 leaf pairs

2.5 mm at 800 mm SAD
Leaves tilted 0.5
3-Sided

90 mm

Tungsten

400 mm

0.5 mm at 800 mm SAD
0.25 mm

0.4 mm at 800 mm SAD
0.2 mm

100%

Full Leaf Inter-Digitation

<0.3% Average (<0.5% Maximum)

48 kg (~ 105 Ibs)




INCISED 2 — MLC

Number of leaves

Leafwidth (at 800 mm S5AD)

Maximum treatment field
size (at 300 mm SAD)

Leaft height

Leaf tip design

Leaf side design

Interdigitation

MLC assembly weight

Source to collimator distance
(lower side of leaves)

MLC assembly physical
envelope

Maximum leaf speed (at
800 mm SADY)

Maximum leaf over-travel (at
800 mm SADY)

52
3.85 mm
115 mm x 100 mm

90 mm

Three flat, focussed edges
Flat, focussed

Yes, no restrictions

54 kg

400 mm

375 mmtall x 572 mm
wide x 295 mmdeep

25 mms

60 mm

The design and physical characterization of a multileaf collimator for robotic radiosurgery, G.
Asmerom et al., Biomed. Phys. Eng. Express 2 (2016) 017003

doi:10.1088/2057-1976/2/1/017003



Imaging System

kV X-rays sources on the ceiling (100-
150 kV)

Two amorphous silicon flat panels
(1024x1024) on the floor

LB e ok
'.\\'-. P
1\.\"“- " ".-.r' Il
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General purpose vs dedicated
devices

Advantages of dedicated devices should be weighted vs

Impossibility of decoupling TPS, imaging & delivery
system (and Oncology Information Systems?)
- Highly ‘integrated’ devices designed to work on their own,

simple needs (e.g. summing plans) may not have a simple
solution

Operational issues
- multiple planning, delivery and imaging systems in the
department

- Availability may not be as good as for linac. (What are you
going to do in case of treatment failures?)



Conclusions

IMRT delivery systems did significantly develop in the past 10+
years.

Users have multiple (reasonable and reliable) solutions
available.

Abundance of options may be a problem if it's not combined
with a clear understanding of why a given machine/performace

is useful (or needed).

Be careful not to get lost in the supermarket of RT hardware.
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Dosimetry issues in IMRT

Koen Tournel - Physicist
Radiotherapy Department UZ Brussel
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The Big Picture

1.0 |
Tumour / ; Normal
- control A B tissue
l_ _____  — _probability complication
= | " (icP) probability
20% - 0.5 I (NTCP)
_____ > T S :
) O g
a 1 1|
1 1
11
—_— |
0 10, 20 30
Ddse (Gy)
1 1
5%

A 5% dose error can lead to a 20% difference in NTCP/TCP



Back to basics...

Table 3
Dose intercomparison under reference conditions: X-ray beams

Study Year Visiting " M sD A
lcam
protocol

Scandinavia [6] 1982 NACP 50 PAT® 1017 0.023% 0, 100

Lurope [4] 1986 NACP |6 PAT 1.024 0.033 0. 140

16 CORY 1012 0.022 0.00910)
I'he Netherlunds |13] 1957 NCS 40 AT |.00% 0.020) (0. 100
USA [1] 199] AAPM 740) COR 1.00% 0019 0, 140
UK [11] 992 HPA 100) PA 1003 (015 0. 100
Belgium 1992 NCS 21 PAT 1.0 0023 (0,080
(this work) 21 COR 1011 0.0l4 (1055

"PAT, "Pauent” value (see text) \/

PCOR. "Corrected’ value (sce text)

Phew, this seems to be OK...

IMRT 2.0, however, compares to this as driving a Fl
car to talking a walk

Hoornaert et al., Radiother Oncol, 1993



What’s the baseline?

There has been a marked improvement in radiation dosimetry over
the past three decades, RPC

with compliance
now near 98%, for both photons and electron beam calibrations.

So we're doing well...on the basic dosimetry front that is...

\_

Radiological Physics Center, Houston

Ibbott et al. : Challenges in credentialing institutions and participants in advanced technology multi-institutional clinical trials (Int. J. Radiation Oncology Biol.
Phys. ,Vol. 71, No. |



But what about IMRT?



8000
complexity

Google

Scholar

6000

Hits on “IMR

4000

2000

Arrays, dose rec.



IMRT

® |ncreasing complexity
® Sold as “plug and play” by vendors

® C(linical implementation under pressure of medical -and
especially- management staff

® C(linical implementation not that straightforward : In the
US 30% failed to deliver IMRT

(" )
With the complexity of therapy increasing, discrepancies in other components

of the treatment are more prevalent. Over the past four years, at approximately 45%

of the institutions reviewed by an on-site review, the RPC found at least one clinical
situation where patients could be at risk to receive a dose more than 5% different
from that intended.

Ibbott et al.: Challenges in credentialing institutions and participants in advanced technology multi-institutional clinical trials (Int. . Radiation Oncology Biol.
Phys.,Vol. 71, No. |



What do audits tell us?



RPC phantom results

Site Institutions Irradiations Tolerance Pass rate

~ N
4772 631 7 %/4mm 75

H&N
Pelvic 108 130 7%/4mm 82

Lung 67 77 5%/5mm 71

Liver 15 18 7 %/4mm 50
N J

lbbott, G. et al, update 2013



Dosimetry audit for a multi-centre IMRT head and neck trial

Catharine H. Clark®%*, Vibeke Nordmark Hansen ¢, Hannah Chantler ¢, Craig Edwards ¢, Hayley V. James,
Gareth Webster ®, Elizabeth A. Miles °, M. Teresa Guerrero Urbano °, Shree A. Bhide °, A. Margaret Bidmead ?,
Christoper M. Nutting ~°, On behalf of the PARSPORT Trial Management Group

Centre Treatment planning Linac Delivery Dose point Phantom for dose point and dose Dose distribution Plane for dose
system technique detector distribution’ verification distribution
1 Eclipse 6.1.67 Varian 2100C Dynamic 0.015cc IC Cylindrical PX (25d x 251) Cuboidal SW  EDR2 2 Coronal
(30 x 30 x 15)
2 Pinnacle 6.2b Elekta SL series  Step and 0.6 cc IC Cuboidal SW (30 x 30 x 20) EDR2/GC 2 Coronal
shoot
3 Eclipse 7.1.67 Varian 2300EX Dynamic 0.015cc IC Cuboidal PX (15 x 15 x 10) Cuboidal SW XV or Diode array Each field
(40 x 40 x 15)
4 Pinnacle 6.2 Elekta Precise Step and 0.125cc IC H&N PX (30x15x150r45) Cuboidal SW EDR2/GC 1 coronal
shoot (15 x 15 x 10)
5 Xio 4.2 Siemens Primus, Step and 0.125cc IC In house SW (24 x 29 x 20) Cubic SW EDR2 Each field & 1
Oncor shoot (20 x 20 x 20) coronal
6 Eclipse 6.5 Varian 2100CD Dynamic IC array IC array (40 x 40 x 5) IC array Each field

Results from the individual and combined field film tests. (Thresholds applied are 10%
for individual beams and 20% for combined beams.)

Gamma 2/2 3/2 3/3 4/3 4/4 5/3 5/4 5/5
parameters#/mm

% Individual films 48% 84% 94% 100% 100% - - -
passing (/31) (15) (26) (29) (31) (31)

Mean 909 95.0 7.7 987 994 - - -

% Combined films - - 67% 75% 83% 92% 92% 100%
passing (/12) (8) (9) (10) (11) (11) (12)

Mean - - 949 974 982 987 991 994




Dose Measurement

Let’s start with the concept of “Absolute Dose” in
IMRT

TR I 73
Wy S W SR e W

B 2N Bl R A




“Reference conditions’

Y Y

10cm

TIR777X
!

0

SSD Setup SAD Setup

Dvg = MkQNzé)ofvo (G)’)



Non-reference Conditions




Non-reference conditions

Sudden fashion of using “flattening free” beams (tomotherapy, Varian, CK)

* High dose rate to speed up dose delivery (compensating for motion, delivering
hypofractionation in conventional time slots)

*  Why bother with flattening filters as we are going to use IMRT anyway (e.g.
tomotherapy), moreover it makes beam modeling easier as the scatter component is
reduced

“40cm” x (1.0,2.5,5.0)cm

X (lateral) profile

1.2 4
1 \
@;’

-300.0 -200.0 -100.0 0.0 100.0 200.0 300.0

SSD 85cm

NO FLATTENING FILTER!!!! X

< \




S0, what is exactly the problem!?

HOWN ARE YOU DOING ON YQUR | | SEE, IN QRDER TO IMPRINE
NEW YEARS RESCLUTIONS 7 | | ONESELF, ONE MUST UANE

SOME. \DEA OF WHATS "GOOD.”
I mm THAT IMPLIES
MhKE ANY CERTAIN

a

A relativity problem”

BUT AS WE ALL XNOW, VALUES [ 1 DONT vaww ¢ I CAN

ARE RELATINE. EVERY SYSTEM | TOLCRATE TWAT MUCR \(MME

OF BELIEF 1S BOLALY YALID L

AND WE NEED TO TOLERATE |

DIVERSITY. VIRTUE 1SNT w Er:

"RETTER” THAN NicE. TS
JUST DAFFERENT.

I REAUSE TO BE
NICTIMVZED BY
NOTIONS OF  _J
NIRTUOUS |
BEHANIOR

Conversion from ionisation to absorbed dose to water based on cavity theory and using
the currently available perturbation factors used in dosimetry protocols is not accurate



“lraceapllity”



50, what is exactly the problem!?

Codes of Practice (CoP) in clinical dosimetry are
undermined by the new developments in treatment
delivery

® Users have to decide by themselves how to perform clinical
dosimetry. (@ highly uncomfortable situation)

lonisation Chambers (IC) have traditionally been the
“backbone” of radiotherapy dosimetry

* However, they are not suitable/designed for many situations

o High dose gradients

o Time-dose variance

o Non-uniform beams



So what exactly is the problem?

( )
It is not possible to establish reference conditions on some
machines
_ _
( )

-

IMRT treatments for “normal” size targets are “composites” of
fields in which “normal” CoPs do not apply.

_J




So what exactly is the problem?

Physicist CoP Poor
IMRT-Treatment



Let's dig a bit deeper....

 IMRT Treatments are composite treatments of

several small field segments®
e \We need careful characterisations of these

segments
 And that's where small field dosimetry comes into

the picture

*Let’ s assume that neither gantry or collimator is rotating, it's hard enough as it is...



What is a small field”

1. Loss of lateral equilibbrium
2. Source Occlusion
3. Detector Size




What is a small field? (1)

“Small field conditions” exist when one of the edges of the sensitive
volume of the detector is less than the lateral charged particle
equilibrium range away from the edge of the field

Li et al. (1995) med. Pays
court. H.Palmans



“Small field”

" Beam Broadening Effect”
field size definition?

Penumbra dose profiles at CPE
----------- Field dose profiles

Y

<€ > <
S — > < >

€——>» Actual field size setting
Qoo » FWHM of resulting dose profiles

FS of same order or smaller as charged particle diffusion distance: (b) and (c).

Das et al, Medical Physics,Vol. 35, No. |, January 2008



Field size def. vs. machine precision

15.0%
10.0% | * o
]
|
_ 50% * o
X
-
= 00% — —& |
X |
I
£ 0 |
-5.0% - —
¢ |
.10.0% — e ‘ -
|(AD(x)/D(x))/ARFOI = 6.9% permm || @ o
-15.0% . :
-3 -2 -1 0 1 2 3

ARFQ (mm)

RFO: Radiation and light field offset at SAD for an MLC [mm]

Kung and Chen (2000), Med Phys 27(7): 1617-22



Electron range for CPE

® Forward range : dmax é

® |ateral range (ideal spot sizes)

® ecqual to penumbra, depends on energy

_} QI=068; 20%->80%=0.23 cm
>

® For decreasing field sizes the lateral scatter influences the
dose in the center of the field

® Field size needed for CPE depends on lateral range



Small Field (2)

“Source Occlusion”

Partial view of extended direct beam source

Jouce piane ’
I

Full view of extended direct beam source

-

|
I
I
I
I
I

!
/

/ \

leocentre plane

by

[}

d

! ‘ penumbra full output penumbra penumbra penumbra

source occlusion with penumbra
overlap and drop in cutput

Entire Beam source not visible

Aspradakis et al



How to measure dose in

small fields?




>

Availability of detectors:

Standard chamber (= 10-! cm3): the active volume of a
standard Farmer-type IC is on average 0.6 cm’.

Mini chamber (= 102 cm?): on average 0.05 cm3.

Micro chamber (= 103 cm?): on average 0.007 cm? ideally
suited for high gradient dose regions and for small field

dosimetry.

Each detector has limitations that need to be

Das |}, et al., Med Phys, 2008

Use the correct chamber?

1.0 . o o &
09 4 B -
. '
08 -
,j 0.7 - /| o
® - - 7
s °
© 05 4 ' 5 Scandtromx-SFD
5 5 ~— Scandtronix-PFD
Exradn-Al6
g 04 1 * - PTW.Pmpoirt
4 - ~fy— PTW.0 125cc
03 4 & PTW.03cc
O— PTW-0 6cc
02 —&— PTW-Markus
- @ Wellhofer-1C4
0.1 4
0.0 v v — v .
0 1 2 3 4 5 o 7 8 9 10
Field Size (em)
10 1 1 I I I 10
0.8 e Jos
T4 4
Jo | M Eq“
> T & a = F
<= o064 L4 406 O
£ % ¢ . 5 ~~
=<° W/ O
= g - ;"
04 e < —0o0—Monte Carlo 404 =
: - PTW 31014 (0.015 cm’ Pinpoint)
1e PTW 31010 (0.125 cm’ Semiflex)
PTW 30006 (0.6 cm’ Farmer)
0.2+ PTW 60003 (Natural diamond) 102
v— Scanditronix-Wellhofer EDD-5 diode
1 N 1 N I N I ' I
0.5 1.0 1.5 2.0 2.5 3.0

Side of square field f | _(cm)

Sanchez-Doblado F ef al., 2007



S RS dOSi metry Total scatter factor with various detectors

1.00
0.98
11
0961 |
{1
~
< 094 |
£ |
S I
g 0.92 1 Diamond
e : CEA (Film)
g 0.90 7 Kodak(Film)
8 . —2— TLD
o 0.88 X I y —8— Pinpoint(par)
l —*— Pinpoint(per)
0.86 7 : : — &  (0.125ion(par)
T | —— 0.125ion(per)
— —x_
0.84 | 1 4% MC(1mm)
] | % MC(5mm)
0.82 ,
. . |
080 -L—.—.—q—.—.—. - v - T r
10 15 20 25 30 35

Das et al, J Radiosurgery, 3, 177-186, 2000

Cone Diameter (mm)




Chamber size : volume effect in FFF

beams

= P -- . 100 I',",qfr |OAR(A,x,y) — 1|dxdy
= 10} : e(A,Lr)= ——— - .
W S/ /o - T drdy
:: ().ﬁ:_ | 7/ _
“’ 0.4 _ o / " field diameter lcm]E . o _ _
4 °-20 | OAR(x,y) is the off axis distribution of field A
B a1 in orthogonal directions x and y
00 Lo s 0 0y 0
0.0 0.5 1.0 1.5 2.0 2.5

lonizing cavity length / [cm ]

FIG. 2. The error of dosimeter reading £(A,/,0.3 ¢cm) (%) as a function of
cavity length / of ionization chamber and ficld A. The cavity radius r is
calculated 1n 0.3 cm. and these values are tor a SCD of 80 cm at a depth of

Kawachi el al (2008), Med Phys 35 (10)

10 ¢m oin waler.

Jsing a 24mm cavity results in 1.5% dose underestimation for a 6cm field on CK



Volume effect in FFF beams

105 N Sy S w—

Varian TrueBeam
100 Elekta

1000 +
Siemens Artiste

9
» 0
3:5 -
iw J
090 ¢

L AL AR L

7% CyberKnife

AYun Trbeam iy Iy

0 0988 ] v Semeen Atate UMY 110
65 (hedta 1O MY 114
w TrweBeam WO MY I
50 3.0 1.0 1.0 30 5.0 G000 Irrrp ey gy apy—p——
distance from axis / em 00 0% 10 15 0 5 30
cavity length / cm

Court. of H. Palmans




REPLIBLIQUF FRANCAISF
r AUTORITE
DE SURETE
a S NUCLEAIRE
' Bordeanx, le 29 mai 2007

DIVISION DE BEORDFALUX

http://www.asn.fr/sites/default/files/ffiles/Toulouse_ASN_report1.pdf?nocache=1225460993.4

REPORT
concermng the radiotherapy incident at the wuversity hospital centre (CHU) 11 Toulouse — Rangneil
Hospital

Although the ongn of the event is clearly idenufied (use of a measunng device which was
mappropuate for calibrating microbeams), the underlving causes reman to be determuned; thus, however,
was not the main goal of the mspection. The letter following the mnspection therefore asks the CHU to
analyvse the orgamsational and human factors, especially human resources, work load, skills and tramung.




and even using the “correct” chamber...

Statistics of 45 Output Factors for
“1~ 6 mm and 18 mm square fields Novalis,
SSD = 100 cm, depth = 5 cm, various detectors)

B18 mmx 18 mm

BE mmx 6 mm

Frequency

factor of 2 in dose

determination!

lllllllllllllllllllll

Normalized Output Factor COUI"t of brainlab



Let’s get even more
basic : standard
dosimetry protocols



Reference dosimetry
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Kg= quality index
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Kg= quality index e

OF THINGS THAT HAVE TO
BE ACCEPTED O FAITH !

s A
RELIGION ! I’r-\
\\ 0 &
X

T — \ water 1 '=
( Wair ) § p
Q
¢ Q i p air | 0
koo, = = — \water
( Wair ) § p
Qo
¢ Qo B p ar | 0
N by

In small fields; the spectrum changes, how is this affecting this term!?



Spenser-Attix Stopping power ratios (central axis, d=5cm)

Sw.air SPMMA air
Beam Ratio Ratio
ﬁ quality Andreo This  this work/ Andreo This  this work/
100 rrur< 100 6 MV beams (TPR2g 10) (1994)* work  Andreo (1994 work  Andreo
Elekta SL-18
radiosurgery 0.3%
10 x 10 cm? 0.690 1.1187 1.1188 | 1.000 1.0853 1.0856] 1.000
e 1.0 cm diameter 1.115510.997 1.0819} 0.997
Beam & 3mm 0.3 cm diameter 1.1153 1 0.997 1.0817| 0.997
Siemens Primus MLC
. 10 x 10 cm? 0.677 1.1213  1.1221| 1.001 1.0880 1.0892] 1.001
100 rrm< 100 mm 2 x 2 cm? irregular 1.1203 | 0.999 1.0870f 0.999
on-axis
. 2 x 2 cm? irregular 1.1250| 1.003 1.0922| 1.004
20 mm>20 mm irregular on axis 8 cm off-axis 0 50 /0
MLC transmission 1.1300 1.008 )
. IMRT beam 1.1201 0.999 < 0.2%

(10 x 10 cm? approx)

20 mm=20 mm irregular off axis

* These are the values in the IAEA TRS-398 code of practice (Andreo et al 2000).

Sanchez-Doblado et al (2003), PMB 48: 2081



Kg= quality index, for differences between calibration beam quality
and clinical beam quality

AND IN THE AS A MATH
ARBLIC SCHROOLS| ATHEIST, T

NO LESS. CALL |SHOULD BE EX(WSED
A LAWNER, oM THIS.

What is the perturbation of the chamber on our medium
(What does the elephant do to the interior of our box)



Perturbation factors

TasLE IV. Wall correction factors, replacement correction factors, and calculated &, of cylindrical ion chambers

for a Cyberknife system and a linear accelerator. p det = pwall prepl
Pwall Prcpl kQ
Chamber type Linac Cyberknife Linac Cyberknife Linac Cyberknife
PTW 31002 flexible 1.0005 1.0004 0.9905 0.9893 0.9914 0.9887
PTW 30001 Farmer 1.0007 1.0006 0.9895 0.9881 0.9913 0.9885
PTW 30002 Farmer 0.9947 0.9945 0.9895 0.9881 0.9949 0.9921
PTW 30004 Farmer 0.9947 0.9945 0.9895 0.9881 0.9959 0.9930 +0 30/0
PTW 30013 Farmer 1.0004 1.0003 0.9895 0.9881 0.9916 0.9889 -
Exradin A 12 Farmer 0.9915 0.9914 0.9895 0.9881 0.9984 0.9957

TABLE 1. Physical characteristics of cylindrical ion chambers.

Cavity dimensions Wall
Cavity Central
volume | Length Radius Thickness  electrode
Chamber type (cm?) (mm) (mm) Material ~ (g/cm?) material Waterproof

PTW 31002 flexible 0.13 6.5 2.8 PMMA 0.078 Aluminum Y
PTW 30001 Farmer 0.6 23.0 3.1 PMMA 0.045 Aluminum N
PTW 30002 Farmer 0.6 230 3.1 Carbon 0.079 Carbon N
PTW 30004 Farmer 0.6 230 3.1 Carbon 0.079 Aluminum N
PTW 30013 Farmer 0.6 23.0 3.1 PMMA 0.057 Aluminum Y
Exradin A 12 Farmer 0.65 242 3.1 C-552 0.088 C-552 Y

Araki (2006), Med Phys 33(8)



Perturbation Factors
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So...

We've got a lot of small effects, which of course all add
up to a larger uncertainty

All these effects will be present in OF measurements,
profiles, PDD-curves,...

® ...and will be higher for low density materials (TPS)
® dose2medium vs. dose2water!?

Certainty on factors is growing thanks to MC
calculations.

Measurements on larger SSD



Percentage Dose Difference

Azimi et al, Medical Physics,Vol. 39, No. 8, August 2012

Effect of variation in output factors in TPS
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Non-standard fields

For IMRT:

Even if the dose in the measurement area is large and
homogeneous, generated by many beamlets, DON’T use
large chambers to measure dose.



Reference dosimetry in small fields

® Use of mini or micro (air filled) IC
® . ..that fits in the field

® Perturbation factors not known in many
cases (effect worse for low densities)

® | eakage, cable and polarity effects?

® Use of diamond-detectors, diodes



What do we do when
reference conditions
cannot be achieved!?



Small & non-standard field

A proposal for a new formalism by the |IAEA

* ) routes

* Both routes require the extension of the concept
of reference field to incorporate small and non-
standard fields, as well as modified reference
conditions such as phantom shape and material



Small and non-standard field dosimetry

e Alternative procedures to determine beam
quality

 The new |AEA/AAPM formalism (aka “alfonso
formalism”)



Alternative procedures to determine beam
quality

Data from BJR Suppl 25

4 TPR:(”“(.\') - hl - A |( | - ('-"')
N by +Ay(1 —e™) '

Q

TasLe 1. Parameters for Eq. (3) valid for 0.62<Q<(.8.

b, -0.208 = 0.022 A +0.625 = 0.036 t +195+2 cm
b: +1.213+0.030 A: -0.679 = 0.050

Sauer et al, med phys (2009)



Alternative procedures to determine beam
quality

e.g. for PDD, 5,(10) = %dd(10),

8 p.:) S R S
s o i
PDD,O(s)+c,-(e' —IJ ol R
PDD,,(10) = o Tl ™ ::;Ei-;_-_:
1+cz-£e' —1} Sl ™
of o

c . s s

s/em

PDD, (10), PDD, (10) < 75.0

PDDIOX (10) — { 10( ) IO( ) (TG-51)

1.267-PDD,,(10)—20.0, PDD,,(10) > 75.0

Palmans et al, med phys (2012)

Beam qua
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§

%dd(10)mr-16-51)
(=]
O,

59.5
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lity specifier for Tomotherapy

-

59

60
%dd(10 g Re

61

AAPM TG-148 (Langen et
al. 2010 Med Phys
37:4817-53):

"dd(10)1er”



IAEA/AAPM tormalism

* Route 1
* Small static field dosimetry for machines that cannot
establish a conventional reference field
* Introducing the intermediate machine-specific-reference
field (msr)

* Route 2

* Composite field dosimetry

* Introducing msr and plan-class-specific reference field
(pcsr)

* The pcsr is a field that should be as close to a class of
clinical plans as possible, while generating a
homogeneous dose region “'much” larger than the
sensitive volume of the detector



Machine-specific-reference

Reference calibration, reference field, 7,

f msr —_— f msr f msr ’f;”ef
D B MQ .ND,W,Q() .kQaQ() ° Qmsr ,Q

w Y msr msr

kfmsr 9f;’ef — W msr
Qmsr 0 Df;“ef / M f;’ef

® Is a factor which corrects for the differences between the conditions of field size, geometry,
phantom material, and beam quality of the conventional reference field, f..; and the machine-

specific-reference field f,,.

* This factor accounts for the difference between the responses of an ionisation chamber in the
fields frand £, .



Machine-specific-reference field

1 REFERENCE DOSIMETRY T RELATIVE DOSIMETRY
R . hdlhs A ) i - I Lotin " Ry f s
])‘ () o A/l‘;).'.‘.‘;;‘r NI )'" L)ll /\‘(J"t"n /\2)"2-‘-" '(~) : ])” 'L) ',';)j . I)” (~ ms Q n .,m !
Broad beam Machine specific |
reference field f,; reference field f, ., |
| Radiosurgical :
| " +* collimators . Clinical
’ O as low as 1.8cm inica
! f
- K | | clin
[ e 4 oy BrainLAB £ .
Q ey O ® micro MLC I () /ciin >/ msr
N i 10cm x 10cm ' Cetin Lmsr
D,w.0, \(')-“n : N
Hypothetical T I
il f . CyberKnife | l
reference field T, I 7 zeocm :
W R g | :
: : ‘ T ‘®) GammakKnife I e.g. a GammakKnife
4 " @ 1.6/1.8 cm ! clinical plan
g g m s r f - |
..................... o .
P TomoTherapy |
Scm x 20cm I
®= lonization :
chamber L




Plan-class-specific-reference field

Reference calibration, reference field, f, .,

.k kf pCSr f ref

f pcsr - f pcsr
D M ND Q ’QO pcsr Q

w, Q pcsr pcsr W, QO

or

f pCsr f pcsr f msr 9f ref f pCST ? f msr
Dw’Qpcsr M pcsr ND ’W’QO .kQ ’QO .kasr ’Q k pcsr Qmsr

kf msr ’f ref *  This factor will generally be close to unity under the condition that the addition and geometrical matching

Q Q of the composite fields in the homogeneous phantom compensates for the loss of CPE in the penumbra of
msr ° individual fields.

Ideally it would be obtained by direct calibration of the IC against a primary standard or another dosimeter
such as alanine, or alternatively, Monte Carlo.



Plan-class-specific-reference field

®
2 REFERENCE DOSIMETRY : RELATIVE DOSIMETRY
f, f.. A | f f_ . AT
pcsr — A A/ Pcsr - - pesr *J rej i . pes chin ~J pes
[)“'-(Q"c-..;r o A‘[C)C'-_‘JT ND-"F(.; o /\(:')-(Q"4,r /\Uc 2% : ‘1)“ Oain I)" pesr Q‘});,;-; & pesr |
Broad beam |
reference field - . l
f \,(.'}‘ ) }‘) .
s =pour v Plan-class l -
(e.9. IMRT Linac)  gpecific reference field | Clinical
5 f |
pesr fettn » ]
| || | Qg__,: O
— |
N k '
D.w.0, 0.0, I
|
"
Hypothetical f I
reference field - S |
| €9 9-field prostate | e.g. 9-field prostate
gessassasdasasses . \ pcsr | clinical plan
: : M | I
: : Pl
. +—1 ) v J posr sJS mar
/\ fmar ’ (e.g. TomoTherapy @ = lonization
()m‘." &/ 5cm x 20cm) Chamber




Small and composite fields

In both cases, small and composite fields, it can be seen that the formalism
stays close to the one of conventional COPs in the sense that a calibration of a
reference field is performed followed by the application of output factors or an
equivalent type of factors for clinical fields.

The main difference being the extension of the concept of reference field.

In line with this approach, it might be possible that a standards Iaboratory is
able to provide a direct calibration coefficient ND 0 ,for an IC in the

machine-specific-reference field.

NCS report on Tomotherapy : | Kq, incorporating pcsr, msr and regular kq



FISHING IS THE MOST || WENE BEEN SITTING HERE
BORING SPORT IN THE /| | FOR TWENTY MINUTES AND
WORLD. | |NGT ONE THING
W HAS HAPPENED!
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e
=

Don’t worry...let’s get practical



Practical Example

Helical Tomotherapy

4 )

6MV

Non-Flat “coned” field
max field size = 5x40cm?

\_ _/




Practical Example

Use the msr-method on a 10x5 field

Dfmsr

w ? Qmsr

— A st
=M/~ N

msr

D7W7QO ) Q,QO

f msr ’f ref
koo, %o o

Static output is
correctly
characterized

Clinical treatment
IS ot static




Practical Example

Use the msr-method on a nhonmodulated rotational field

Dfmsr

W’Qmsr

—_— f msr f msr ’f ref
B MQmsr ND’W’QO .kQ’QO .kasr ’Q

) s ~

)
Rotational output is
correctly m Clinical treatment

characterized is modulated




Practical Example

Use the pcsr-method on a modulated rotational field

f pcsr — f pcsr f msr ’f ref f pcsr ’f msr
DW ,Q pesr o MQpcsr .ND W aQO .kQ aQO .kasr ’Q .kacsr ’Qmsr

) 4 )

Rotational output is

correctly v

characterized

TomoDirect ?




Results

- ——— o ————— - — - [

Deventer (NL) Lille (F) Antwerp (B) UCL (B)
Dose rate Ratio Dose rate Ratio Dose rate Ratio Dose rate Ratio
(Gy,/min) meas/TG148 (Gy/min) meas/TG148 (Gy/min) meas/ G148 (Gy/min) meas/TG148

Static msr
Test “A’

Rot. msr
Test ‘B’

pesrf/5 cm
Test *C’

pesrf/2.5 cm
Test “C™

TG-148 6.303 6.261 6.168 6.220
local prot. 6.345 6.260 — 6.215
Alanine 6.280 6.265 6.178 6.217
TG-148 6.313 6.250 6.159 6.298
local prot. 6.355 6.260 — 6.309
Alanine 6.350 6.325 6.157 6.284
TG-148 1.998 2.027 1.993 —
local prot. 2.009 2.023 — —
Alanine 1.990 2.010 1.981 —
TG-148 2.000 — 1.993 2.017
local prot. 2.002 - — 2.016
Alanine 2.003 — 1.987 2014

De Ost et al, med.phys.38(1 1)

Checked with alanine and Monte Carlo



Dynamic IMRT H&N — Chung et al.
2010 Med. Phys. 37:2404-13
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VMAT — Rosser and Bedford 2009
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SIGNIFICANT

1.03
- Bailatetal. Chung et al.
1.02 T 2009 T 2010
- A AL
~ N O r D
1010 | o T R
‘?: - & )
§ 1 00 _:— T - (v\ N\ I
.g : N Y %
0.99 | T '
N\ WV,
0.98 + v
] Rosser and
| Bedford 2009
0.97 ! % ! ! % i i i
pocsr field

court. Palmans



Conclusion

The concept of 2 intermediate calibration fields is introduced:

* A static machine-specific-reference field for those modalities that cannot
establish conventional reference conditions

* A plan-class-specific-reference field closer to the patient-specific clinical
fields.

The main challenge will be the definition of a suitable pcsr field.
Technology is evolving very fast...here today, gone tomorrow.
Dosimetry has to catch up all the time

When new techniques/new formalisms are not there yet....an
independent check should always be found



WE'RE HEADING

‘ = ~ FOR THAT CLIFE!
Take home message T Dot WANT
: TO KNOW

(Physicists) ABOUT I

*Because of increasing complexity,
depending on experience and “gut-
feeling” is not enough.

* A good understanding of all small
parameters affecting IMRT-dosimetry
IS @ must

*CoPs are not straightforward applicable, traceability is a necessity.
*External audits can be a very good idea.



Take home message for physicians

* IMRT is not, has not been and will not be plug-
and-play, whatever the monkey in the suit told you

* [t is not a case of “quickly doing some
measurements’ .

* After commissioning the fun is just starting : loads
and loads of non-plug-and-play-patient QA which
will keep your physics team busy and frustrated



Take home message, cont’d

Physicist driving the black

Physician going to
ot box

the golf court

)

DRESS =K L.

IMRT treatment
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Overview

Generalities

Commissioning of the TPS
General approach
MLC/small fields/dose profiles

Dose calculation during optimisation
Accuracy criteria



Four steps to define, baseline and monitor
the performances of radiotherapy
eqguipment.

1. Technical specifications
2. Acceptance tests

3. Commissioning

4. (Equipment) QA



1/4

, i.e. the
performance requirements that the equipment
must/should fulfill

v 'The MLC must have a positional accuracy of less than x mm’
v 'The beam output should be stable within y%’

v 'Calculated output factors should be within x% for fields not smaller
than y’



2/4

_(with the vendor), i.e. a series of test
to demonstrate that the system complies with the specs.

(E.g. Comparison between calculation and measurement of OF
for 5 field sizes)

IF the tests are successful
you pay for the equipment, which becomes yours.

ELSE
you ask for the problems to be fixed

N.B. No specs means no meaningful acceptance tests !!
How did you TPS acceptance tests look like?



3/4

(on your own), i.e. a series of
tests that fully characterize the system before clinical
use.

(E.g. Comparison between calculation and measurement of OF
for 25 field sizes)

In general commissioning tests are a superset of the
acceptance tests.

Thorough commissioning provides baseline data for
equipment QA.



4/4

, i.e. a series of periodic tests to
assess system performances over time.

(E.g. Every day, MLC positioning accuracy is tested on five out of the 25
field shapes used in commissioning are tested.

Check integrity of beam data in the TPS)

Commissioning data are the (initial) baseline to judge the
system performances

Question: what does it mean to perform QA on a software?



Where does 'patient specific QA’ fits into this
scheme?

It is an additional QA element, if it is really patient specific.

Hardware and software are just a part of the treatment
chain. The bottom line is the dose in the patient.

It may be a useful redundant check, in particular in the
early phases of clinical implementation.

It is a way to compensate for incomplete/unsatisfactory
commissioning.



Commissioning of TPS



Penumbra modeling

OF for small fields

Commissioning of the TPS

Heterogeneity corrections

MLC modeling

Modeling of off-axis fields



How to consider all variables in the
acceptability criteria ?

Analytic approach

Find and achieve for each variable the value that will
ensure the acceptability of all treatment plans.
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ESTRO Booklets on QA for

Central beam axis data
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gradient
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“... the emphasis on QA of IMRT is shifted from acceptance
testing and commissioning of a TPS to patient-specific QA.
However, also for patient-specific QA no guidelines are
available.”

ESTRO Booklet 9
“Guidelines on the verification of IMRT”



First, what you can NOT commission/QA

1. The optimisation algorithm
How good/bad is in minimizing the cost function?
(Unlikely to affect plan quality)

2. The dose calculation algorithm used in fluence
optimization

How can I check that the solution space is properly
described by the TPS ?

(Potentially affecting plan quality if there is no
optimization after segmentation)



IMRT planning &
Dose calculation




IMRT -2 Highly automated planning
procedure

The solution is found within the solution space, which
is shaped by

v Patient anatomy (geometry)

v The optimisation problem (cost function)
v The dose calculation



Ideal penumbra Real penumbra
Target coverage + Target coverage -
OAR sparing + OAR sparing -



Dose calc accuracy during optimisation
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Iteration




Accurate dose computation during the
optimisation

full 3D-density
correction
for beamlets

wide penumbra

EE 4 mm X 2 mm beamlet,
15 MV

Courtesy M. Alber



Combining different algorithms in the optimisation
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1. Modelling/measuring OF for small
and/or elongated fields

Pimmacle®
© Monte Carlo

g g -l
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Equivalent Square Field (cm)



2. MLC modelling

MLC attenuation:; 0.023

MLC attenuation: 0.018

2 PFLF Thode
Pusacle

Cadman, JACMP 2005 2 i I



3. Beam 'tails” modeling

100
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30 | T TPS2 Dose(Gy)
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10 + Wg &
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Distance from isocentre (mm)



4. Sensitivity of beam model w.r.t.

detector type

[%] Signal 100% = 55 cGy

150.0 = IHI|HI\|IHI‘IIH|HI\|HII‘IIII|IIII|HII‘IIH|HII|IIII|IIII|\IH|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
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1200 =
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90.0 3
80.0 3
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TPS characterized with IC
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TPS characterized with diode

measurements



Measurements vs. calculations
1D dose profiles

Mostly used in the commissioning

phase, to
Model/verify the profiles of The agreement can be evaluated
small/off axis fields with the classical dose-difference
Test the capability of the and DTA parameters

MLC/TPS to generate/calculate
highly modulated dose profiles
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Measurements vs. calculations
2-D dose distributions

Typically used for TPS commissioning and patient pre-
treatment verification

Applied per-field or on the total dose distribution

The issue is how to summarize the results available
comparing (stacks of) 2-D dose distributions



Gamma function

Combination of dose difference and distance to agreement (DTA), in order
to apply it to both high and low dose gradient regions

. I':{. rm 2 I'[ ] ﬁl( rm ’ r{'}
r{- LIRS S e 2 T . 2 >

o . Calculation Point
r(rm,r‘ ) dalCuld 1

—

D.(r,)

i

Low et al, Med Phys 1998



In practice

Dm(0,0) = 0.414 Gy
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0.439 0.441

0.385 0.387

0.331 0.334

0.278 0.28

0.232 0.235

0.205 0.209

0.183 0.186

Dmeas = 0.4 Gy Tolerances: Dose = 3% DTA=3mm

I — (Dcafc_o'4j2+ ¥ eal _rmeas“ 2
e 0.012 3




Gamma Matrix

-3 -2 -1
3 4.73 3.97 3.08
2 1.20 1.77
1 5.98
0 10.39
-1 14.10
e 16.28
-3 18.15

Here is the gamma

2.76

2.04

6.29

10.71

14.42

16.60

18.38

2.27

2.45

6.70

10.96

14.66

16.84

18.63

2.48

2.37

6.48

10.81

14.43

16.53

18.40

2.53

2.41

6.53

10.84

14.53

16.63

18.49

Be careful with noisy data !



Gamma as an error detection system

Should be evaluated in terms of

«Sensitivity

«Specificity

«Correlation with clinical indices
«Ease of use

*Does it help problem solving?

What is good for QA not necessarily is
good for commissioning




Apply (and verify) 'test case’ fluences

Van Esch, R&O 2002
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Dedicated phantoms

Calc. 1.37 Gy
Meas. 1.42 Gy

Diff —3.52%




Plastic vs realistic patient representations
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External audits in IMRT
commissioning/verification

o

caudal

i
cranial :

Gillis et al, R&O 2005



RPC experience -
Us

Acceptance criteria: 7%
and 4mm

Ibbott IJROBP 2008

Table 1. Institution passing rates with the Radiological
Physics Center phantoms

Prostate Thorax Liver

Phantom Head and neck
Irradiations 250 %! 24 4
Pass | 74 a5 17 3
Fail 71 9 7 |
Year introduced 2001 2004 2004 2005




Conclusions

IMRT is about 15 years old. You can learn from other people
successes and mistakes.

Specs, Acceptance, Commissioning and QA should be
approached as elements of an unicum.

IMRT on a large scale implies effective and fast QA, which
implies satisfactory TPS commissioning.



General Guidelines

ESTRO Booklet 9, Guidelines for the verification of IMRT,

http://www.estro-education.org/publications/Documents/Booklet9_Physics. pdf

IPEM Project 527, Guidance for the Clinical Implementation of Intensity
Modulated Radiation Therapy, IPEM 2008.

Galvin JM et al, Implementing IMRT in clinical practice ..., Int. J. Radiat.
Oncol. Biol. Phys. 58, 1616-1634, 2004.

Ezzell GA et al, Guidance document on delivery, treatment planning ..., Med
Phys. 30 2089-2115, 2003.


http://www.estro-education.org/publications/Documents/Booklet9_Physics.pdf
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Rotational [herapy

Koen Tournel - Physicist
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Evolution of interest

3000

2500

2000
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1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 200S 2010

Hits raise last year:

7.9% for IMRT (1982)  28% for IMAT (1995)
(last 3 years 7.1%) (last 3 years 26.9%)

2.2% for HT (1995) 77% for VMAT (2005)
(last 3 years 17.8%) (last 3 years 58.0%)
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Automatic Control of the Tube Curvent as @ Means of Dose Regulation in Tangential Rotation
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AUTOMATIC CONTROL OF THE TUBE CURRENT AS A MEANS

OF DOSE REGULATION

IN TANGENTIAL ROTATION

By Proressor H, Hovtnusen, M.D., F. Gavwergy, M.D., and F. Herxzer, M.D.
From the Radiotherapy Department, St. George's General Hospital, Hamburg, Germany

{An invited contribution for the Dismond Jubslee Number)

INCE the introduction of tangential pendulum

irradiation or tangential rotation for post-
operative X-ray treatment of cancer of the breast by
Hare, Trump and Webster in 1952, a lively interest
has arisen in Germany, particularly as the result of
the publications by Rossmann (1954 and 1955), and
Becker, Werner and Kuttig (1954), in this eficient
method of irradiation. Tangential rotation offers
excellent possibilitics for optimum sparing of the

of the usual commercial moving-beam therapy ap-
pliances on a recumbent patient. In this case, accord-
ing to the design of the pendulum apparatus, cither
the central ray is sct cccentrically by tilting the tube
out of the pendulum axis (Rossmann, 1954) or an
cccentric tangential X-ray beam s diaphragmed
from a tube unaltered in position. For this purpose,
using the universal irradiation apparatus TU [ of
Messrs. C. H, F. Miiller, Hamburg, which we have
at our disposal, 2 continuously adjustable tangential
slot diaphragm is used with whose aid tumour field

"~

- perated
irradia-

Of the two possibilities available in principle to
carry out the desired compensation, namely variable
speed of the X-ray tube movement during irradia-
tion on the one hand and variation of dose output
on the other, the latter was chosen since a regulation
of the tube current in accordance with a pre-
determined scheme could be achieved with less
constructional difficulties, Thus the tube current
will have to be reduced in the higher dosed skin
areas, and increased in the positions of the tube in
which the surface areas are lower dosed. For this
purpose, distribution schemes for the tube current

British Journal of Radiology, 1956

“Rotational RT has
been around for some

time, even longer than
IMRT ...”



Nothing new...

= “Alogical extension of multiple beam therapy is to use 1 beam, have it directed

towards the tumour, and cause the machine to rotate about an axis through the tumour,

or keep the machine fixed and rotate the patient about this axis ...”

< When the radiotherapist was limited to the use of 250 kV X-rays, it was very difficult to
get enough radiation into an internal tumour ... As a result many workers developed

rotation techniques ...”

Figure 12-22. Diagrams illustrating the various types of rotation therapy.
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(1966)

Nothing new..

(b)

(a)

“Shielding spinal cord during arc therapy”
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Nothing new : 1982

Brahme’s Seminal Paper on IMRT

Froen Beaduse A. (1963) Radietherapy and Oscology 12. 129

Proms Bradene A. (1088) Radiotheragy sadd Oncology 12, 129

“In 1982, Anders Brahme first showed that multiple intensity modulated fields of
radiation would lead to more conformal dose distributions that would spare normal
tissue.”



Nothing new : 1993-2004

Tomotherapy: A new concept for the delivery of dynamic conformal
radiotherapy

T. Rock Mackie
Department of Medical Physics and Human Oncology, University of Wisconsin, Madison, Wisconsin

Timothy Holmes and Stuart Swerdloff
Department of Medical Physics, University of Wisconsin, Madison, W, - -

Paul Reckwerdt and Joseph O. Deasy «

Department of Medical Physics and Human Oncology, University of } Tomotherapy Unit

James Yang Spiral Scan
Department of Medical Physics, University of Wisconsin, Madison, W,

Bhudatt Paliwal
Department of Medical Physics and Human Oncology, University of )

(b)

Timothy Kinsella
Department of Human Oncology, University of Wisconsin, Madison, )

(Received 20 July 1992; accepted for publication 14 June 199

Tomotherapy, literally “slice therapy,” is a proposal for the d
intensity-modulated strips of radiation. The proposed method
another radiation-emitting device, which would be mounted on
The patient would move through the bore of the gantry simu
The intensity modulation would be performed by temporally
leaves that open and close across the slit opening. At any git
closed, covering a portion of the slit, (2) open, allowing rad
between these states. This method would result in the deliver
Overall treatment times should be comparable with contempori
ring gantry would make it convenient to mount a narrow mult
system for beam verification and a CT scanner on the treatn
could become a powerful tool for treatment planning, conformal treatment, and verification r
using tomographic images. The physical properties of this treatment delivery are evaluated and

the fundamental design specifications are justified.




Nothing new...1995

-~ Cedric Yu’s paper in PMB 1995 and patent
- Using multiple superimposed arcs in IMAT

United States Patent [ (117 Patent Number: 5,818,902
Yu (45] Date of Patent; Oct. 6, 1998
(54] INTENSITY MODULATED ARC THERAPY McGraw-Hill Encyclopedia of Science & Technology, 6th
WITH DYNAMIC MULTI-LEAF Edition, vol. 2, p. 506 (1987).
COLLIMATION McGraw-Hill Encyclopedia of Science & Technology, 6th

Edition, vol. 10, pp. 568-571 (1987).

75] Inventor: Cedric X. Yu, Bloomficld Hills, Mich. :
(73] G o e o McGraw-Hill Encyclopedia of Science & Technology, 6th

[73] Assignee: Elekta AB, Stockholm, Sweden Edition, vol. 13, pp. 413 and 414 (1987).

McGraw-Hill Incyclopedia of Science & Technology, 6th
[21] Appl. No.: 609,457 Edition, vol. 15, pp. 138 and 139 (1987).
_ McGraw-Hill Encyclopedia of Science & Technology, 6th
[22] Filed:  Mar. 1, 1996 Edition, vol. 4, pp.y29£—293 ({987). =
[51] I C1F ..o idifomiisisssmsnniassidiiiia A61N 5/10 McGraw-Hill Incyclopedia of Science & Technology, 6th
[52] WS iid inieidipdasivens T 378/65; 378/151 Edition, vol. 18, pp. 28 and 29 (1987).
[58] Field of Search ... 378/65, 147, 150,

378/151, 152; 250/492.3, 505.1 Primary Examiner—David P. Porta
Attorney, Agent, or Firm—Jack D. Slobod; Dwight H.

[56] References Cited Renfrew
U.S. PATENT DOCUMENTS {57] ABSTRACT
5,160,847 1171992 Leavill et al. wovvceviivensineen 37865 X A method and apparatus for delivering optimized treatment

5,351,280 9/1994 Swerdloff ¢l al. .
5,394,452 2/1995 Swerdloff ct al. .
5,418,827 5/1995 Deasy et al. .

plans to deliver relatively high doses of 1onizing radiation to
target tissucs while minimizing dose to the surrounding

5,442,675 8/1995 Swerdloff et al. . healthy lis§ucs.. The: present invemior} ul.ilizcs‘conlinuo_us
5,555,283 9/1996 Shiu el al. vrrrvvirnvinerieeenns 378/65 X gantry motion in which ficld shape, which is conformed with
5596600 - 1MOOT QB ... iccniinniivpivisnssissiviocisns’s 378/65  a multi-leaf collimator, changes during gantry rotation.
Using multiple supcrimposing arcs, arbilrary two-

OTHER PUBLICATIONS dimensional beam intensity distribution at different beam

MeGraw-Hill Encyclopedia of Science & Technology, 6th ~ angles can be delivered, giving arbitrary dose distribution in
Edition, vol. 13, pp. 110, 112, and 126-129 (]987). the patient to maximize the therapeutic ratio,

McGraw-Hill Encyclopedia of Science & Technology, 6th
Edition, vol. 15, pp. 154 and 155 (1987). 25 Claims, 9 Drawing Sheets



Gent experience...

7/ beam IMRT IMAT

3 beam IMRT

20

De meerleer et al



Nothing new...1998

“First commercial solutions
but not a hit yet ...”

Low et al. 1998

‘A commercial serial tomotherapy intensity-
modulated radiation therapy (IMRT) treatment
planning (Peacock, NOMOS Corp., Sewickley, PA)
and delivery system is in clinical use. The dose
distributions are highly conformal, with large dose
gradients often surrounding critical structures, and
require accurate localization and dose delivery.
Accelerator and patient-specific quality assurance
(QA) procedures have been developed that address
the localization, normalization, and delivery of the
IMRT dose distributions.”

Nomos Peacock Add-on system

Direction of
Gantry Rotation

a0

B
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Direction of Table Movement




It took some time to get popular
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Hits raise last year:

7.9% for IMRT (1982) 28% for IMAT (1995)
(last 3 years 7.1%) (last 3 years 26.9%)
2.2% for HT (1995) 77% for VMAT (2005)

(last 3 years 17.8%) (last 3 years 58.0%)



Issues with early solutions

- Computer treatment planning systems (TPS), inverse planning approaches and
optimizer algorithms were in their early days

- Dependence on another new technology at that time, the multi-leaf collimator
(MLC), which was initially designed to replace cerobend blocks

“A handful of research oriented centers developed their own custom build solution of
rotational therapy solutions (IMAT, ...).”

-William Beaumont Hospital group, USA, C. Yu et al.
-UZ Gent, Belgium, De Neve et al.



An Industry incentive...
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Introduction of the Tomotherapy Hi-Art system
for helical tomotherapy:

“Not an add-on solution any more like serial
tomo, but a new concept on a dedicated
device”

“Brought rotational IMRT to a next level ...”

“A new competitor in a very competitive
market with only a few players”



An Industry incentive
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Year

Marketing machine is not afraid to use words like
-true REVOLUTION ...”

-"MAJOR advance ...”

-"DRAMATIC improvement ... “

But behind the screens the R&D got a lot of resources as well to at least approximate the
promises made by marketing ...



The tield today....

-

Volumetric Modulated Arc Therapy
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Different names/interpretations

IMRT

(single beams)

|
4

v

.

IMAT
(mult. arcs)

VMAT
(single arc)




VMAT / RapidArc /

* 1 0or more rotations
« Modulation by gantryspeed/doserate/
MLC



Helical Tomotherapy (Linac meets CT)

6MV High Dose Source
@/ (800MU/min, 1.5mm point source)

.| Primary Collimator
‘ (0 to 5.0 cm)
Binary MLC

(64 leaves)

-
- -

85 cm Gantry
Aperture

40 cm FOV

. 14
------

'Data Acquisition System

«——| Beam stopper




Helical Tomotherapy

® Helical Treatment
® Field of 40cmx(5, 2.5 of |)cm
® Modulation by

® 64 |leaf-binary MLC

® Pitch (around 0.3)

® Modulation factor (average/max leaf open
time)



‘hot” a couple of years ago

els cone beam delivery better than helical fan-beam delivery

e|s arc therapy "better” than s

atic beam IMRT |

eShould all IMRT be rotationalf

” Still relevant



The battle was taking place on two fronts....

Practical : "Planning comparison studies between VMAT and
HT and other IMRT solutions

Theoretical : Trying to prove differences between the various
dose delivery technigues based on intrinsic/theoretical
capabilities of the technique



Planning studies

 Can be described as a pragmatic approach to show what we can
do with actual clinical cases

* Only valid for specitic implementations of different techniques
* prone to bias

* YOU are comparing optimisers, not techniques

* you are comparing planners, not plans (pareto-optimal?)

* The link to biology was almost never made...

* (General conclusion : I'm not a big fan




VMAT (single arc) vs. IMRT (9 Fields)

*Palma et al 2008 (prostate)

eCozzi

et al 2008 (gynec)

*Fogliata et al (brain)

(

\

Simple cases (not a lot of modulation) :VMAT at least as good as IMRT
VMAT :treatment time and MU reduction

\

Thanks to

Sara Broggi



VMAT (single arc) vs.VMAT (Mult arc)

*Wu et al (2009) : spinal

*Guckenberger (2009), prostate and H&N
*Vanetti et al (2009), H&N

*Clivio et al (anal canal)

*Verbakel et al (2009), H&N

*Tang et al (2010), H&N, Brain, Lung, Prostate
*Yoo et al (2010), big prostate (incl nodes)

" In complex cases single arc has inferior result aot IMRT
Multiple arcs can rise the quality of the treatment plan, especially in the
homogeneity of the PT V.

_ Multiple arcs stay in a timeframe < IMRT

Thanks to Sara Broggi



Int. J. Radiation Oncology Biol. Phys., Vol. 76, No. 3, pp. 935-942, 2010

RADIOTHERAPY TREATMENT PLANS WITH RAPIDARC FOR PROSTATE CANCER
INVOLVING SEMINAL VESICLES AND LYMPH NODES

Sua Yoo, Pu.D., Q. Jackie Wu, Pru.D.. W.RoserT LEe, M.D., M.S., M .Ep., anp Fanc-Fanc Y, Pu.D.
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VMAT/IMAT vs. HT

*Cao et al (2007) : prostate, brain, H&N

*|ori et al (2008), prostate

*Ulrich et al (2009): Prostate, anal canal, H&N
*Clivio et al (anal canal)

*Fogliata et al (2008) : brain

eFogliata et al (2009) : pediatric

p
In simple cases VMAT and HT comparable results

In complex cases higher plan quality for HT
Treatment times higher for HT

VMAT :lower integral dose

| HT : Gradient in CC direction inferior

Thanks to Sara Broggi



Radiotherapy and Oncology 88 (2008) 3445

Dose volume and biliological -model based comparison
betweeoen haelical tomotherapy and (Inverse-plannaed) IMAT
for prostate tuMmours

Maro oy

Glannt Borasi™, Catandrino Riccarado",
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Overtap

Glovannt Mawuwro Cattaneo”™, Elsabetta Cagmi™, Claudio Florino'™,
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HT : More homogeneous target coverage

comparable results for OAR

HT : gradient in CC direction




Comparison of arc-modulated cone beam therapy and helical tomotherapy
for three different types of cancer

Silke Ulrich*

Medical Physics, Vol. 36, No. 10, October 2009

volume [%]

100
90
80
i

60

10
30
20
10

0

— ~
D \ "-\\\
""’.‘\ \\
AN
I"‘ \
T \ |
\ '\
—— s\
\ NN \
\_ A
- N \

VL

\

Prostate "'

— GTV
— CTV
— PV

—— rectum
— bladder

-4 \ > \ ‘.| \'l. i
NN A\
N N X \ '1.
a4 S W\
X \ 3.
T X \b!
\ \ \
+ t } t } } \?\& dose |Gy]
0 10 20 30 10 50 60 70O 80

volume [%]

100

S0
70 H
60
50
40 -
30 ~
20 A
10
0

920 11 4 W\ ; \\
\ |

—PTV

— boost

— spinal cord

— brain stem

— parotids
esophageal
sphincter

0

dashed = HT

Anal Canal

volume |%)]

—  genitals
—  bladder

—  bowel

dose [Gy|




Phantom “Stress-Test”

( A
Horse-shoe PTV
Single OAR

N y,
Metrics:

D1% (max dose) OAR
PTV Homogeneity (V105-V95)

HT :
2.5cm field,pitch 0.287, MF 4

VMAT:

Rapidarc 2 rotations, collimator 45 degreed
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Comments

*Planningstudies are plenty, all say the same, but most don't
say a lot...
*Yes, HT can achieve better target coverage and nicer sparing
ewith an inferior CC gradient
eand a longer treatment time
*The question is : is it clinically relevant for this patient, and all
my patients?
*Most studies have been catched up by upgrades
*HT : reduction of CC gradient by “dynamic jaws”
ereduction of treatment time by use of 5cm field and
Increased rotation speed.



Comparison approaches IMRT/VMAT/HT

Theoretical discussion:
“Trying to prove differences between the various dose delivery

techniques based on intrinsic/theoretical capabilities of the
technique.”

-Independent of the maturity of currently available solutions in the clinic.
-Possibility of a general conclusion ?!

However ...
-A universal theoretical framework to make this comparison for VMAT is lacking
-Not considering some practical/implementation specific issues which do count

In practice

Bortfeld&VWVebb, Verbakel et al., Otto et al,, ...



Theoretical comparisons IMRT/HT/VMAT

Dose delivery technique degrees of freedom for intensity modulation

Static gantry IMRT
“Maximize contsel on the individual beamlets,

Comparing S-IMRT with Rotational IMRT:
#Contributing beamlets from different gantry angle (VMAT,HT > S-IMRT)

versus
#Modulation in one individual beamlet (S-IMRT >VMAT,HT)



Theoretical comparisons IMRT/HT/VMAT

Single-Arc Tomo

Modulated
beam projection

One
projection
each
rotation for
this angle

One “un”-modulated Many modulated beam
beam “segment” at projections at each angle
each single angle




Intensity modulation and interconnectivity: HT

The amount of modulation is determined by the pitch, modulation factor and field size

Couch Pitch=0.3
Shift

Beamlet 1

Beamlet 2

2000

1000

“Each individual beamlet can be
intensity modulated changing Beamlet 3

leaf opening time.” E 5 E 3
Modulation factor

Gantry rotation




Intensity modulation and interconnectivity: VMAT

Contribution of dose to a small subvolume of the target volume from a small angle

G
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Gantry angle rotation
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Intensity modulation and interconnectivity: VMAT

Segment Interconnectivity Gantry angle rotation A
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Intensity modulation and interdependency

VMAT Helical Tomotherapy

“Interdependency with other
subvolumes of the target far
away covered by aperture”

“VMAT > HT’




Theoretical comparisons IMRT/HT/VMAT

To give an impression on how such a theoretical discussion goes ...

[OP PUBLISHING PHYSICS IN MEDICINE AND Biow.oGy

Phys. Med. Biol. 54 (2009) N9-N20 doi: 10.1088/0031-9155/54/1/N0O2

NOTE
Single-Arc IMRT?

Thomas Bortfeld'- and Steve Webb*

! Massschusetts General Hospital and Harvard Medical School, Department of Radiation
Oncology, 30 Fruit St, Boston, MA 02114, USA

= Jomnt Department of Physics, Institute of Cancer Research and Royal Marsden NHS Foundation
Trust, Downs Read, Sutton, Surrey, SM2 5PT, UK

Received 19 August 2008, in final form 16 November 2008
Published 10 December 2008
Online at stacks.iop.org/PMB/54/N9

Abstract

The idea of delivering intensity-modulated radiation therapy (IMRT) with a
multileaf collimator in a continuous dynamic mode during a single rotation of
the gantry has recently gained momentum both in research and industry. In
this note we investigate the potential of this Single-Arc IMRT technique at
a conceptual level. We consider the original theoretical example case from
Brahme er al that got the field of IMRT started. Using analytical methods,
we derive deliverable intensity ‘landscapes’ for Single-Arc as well as standard
IMRT and Tomotherapy. We find that Tomotherapy provides the greatest
flexibility in shaping intensity landscapes and that it allows one to deliver
IMRT in a way that comes close to the ideal case in the transverse plane.
Single-Arc and standard IMRT make compromises in different areas. Only
in relatively simple cases that do not require substantial intensity modulation
will Single-Arc be dosimetrically comparable to Tomotherapy. Compared
with standard IMRT, Single-Arc could be dosimetrically superior in certain
cases if one is willing to accept the spreading of low dose values over large
volumes of normal tissue. In terms of treatment planning, Single-Arc poses a
more challenging optimization problem than Tomotherapy or standard IMRT.
We conclude that Single-Arc holds potential as an efficient IMRT technique
especially for relatively simple cases. In very complex cases, Single-Arc may
unduly compromise the quality of the dose distribution, if one tries to keep the
treatment time below 2 min or so. As with all IMRT techniques, it is important
to explore the tradeoff between plan quality and the efficiency of its delivery
carefully for each individual case.

Bortfeld and Webb, Brahme et al.

“Required ideal
intensity modulation
can be derived
theoretically for this
artificial situation”

“One AXIAL slice”

Figure 1. The archetypical IMRT example case where the target volume (red) wraps around an
organ at risk (OAR) (Brahme er al 1982). This case requires substantial intensity modulation.
Simply ‘blocking’ dose from reaching the OAR does not yield the desired uniform dose coverage
of the target volume. One intensity profile from a gantry angle of ¢ = 20° is shown.

Ideal IMRT

Goal: homogeneous
dose in PTV

gantry angle, é (°) 45 \ .~ 5
0 6 position, p (cm)



Theoretical comparisons IMRT/HT/VMAT

|ldeal IMRT Tomotherapy
“Close but limitations in
“Te Resolution”

Z2 22

.'i.: 1 ; 1

K= 0 ‘ R 0 .

360 "\ 360

315\ 3
270 N\
225 . .
6 &
135 s
90 < 0
gantry angle, 6 (°) 45 . 4 4 = gantry angle, & (°) 45 . s
0 6 position, p (cm) 0 6 position, p (cm)
(a) (b)
S-IMRT Single Arc IMRT
111 . 7
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. 5
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Bortfeld and Webb



Theoretical comparisons IMRT/HT/VMAT

Reply by Otto et al.

Ideal IMRT (a) o ®) W Possibility of exposure
j y on both sides of the OAR

In one aperture!

What is the precise
definition of a VMAT
technique?

“Extend discussion to
more than one axial
slice?”

gy o gog 46 ST 4 oo e * e Single Arc IMRT
“Integration over small By Bortfeld&Webb
gantry angle range (360°/51)”

Otto el al. in reply to Bortfeld and Webb




Theoretical comparisons IMRT/HT/VMAT

Moving toward a general conclusion?

[IOP PUBLISHING PHYSICS IN MEDICINE AND BloLoGy

Phys. Med. Biol. 54 (2009) 4345-4360 doi:10.1088/0031-9155/54/14/001

Some considerations concerning volume-modulated
arc therapy: a stepping stone towards a general theory

S Webb and D McQuaid

Joint Department of Physics, Institute of Cancer Research and Royal Marsden NHS Foundation
Trust, Downs Road, Sutton, Surrey SM2 5PT, UK

Received 25 February 2009, in final form 19 May 2009
Published 23 June 2009
Online at stacks.iop.org/PMB/54/4345

Webb&McQuaid:

“No universal theory of VMAT is

known in the sense that there is no
theory that can predict precisely the
performance of a VMAT delivery in terms
of the free parameters available (variable
gantry speed, variable fluence-delivery
rate, set of MLC shapes, MLC
orientation, number of arcs, coplanarity
versus non-coplanarity, etc). This is in
Stark contrast to the situation with
several other IMRT delivery techniques
where such theoretical analyses are
known. In this paper we do not provide
such a theory; the material presented is
a Stepping stone on the path towards
this.”



So...

In certain cases HT can be used as some kind of
modulation “benchmark” for rotational therapy.

N

This does not mean it IS
clinically relevant to use it!

If not modulation, what could be another mode for
comparison?



Treatment delivery times

Reports on treatment time

11
2| Gy/fraction
8,25
£ 5,5
S
2,75 -
.. H B

VMAT 3D CRT

IMRT

Table 2
Representative treatment times with volumetric modulated arc therapy (VMAT) techniques and tomotherapy. Treatment times may not be directly comparable across studies due
to variation in plan complexity. 3D-CRT: 3D-conformal radiotherapy; IMRT: intensity-modulated radiation therapy; excludes time for patient setup or imaging.

Treatment site Authors Dose per fraction Modalities reported Treatment times in minutes

Palma et al

(mean or range, unless specified)

Conventionally fractionated treatments

Several sites Bauman et al.*' Various Tomotherapy 6 [median]
Bijdekerke et al.'® Various Tomotherapy 11
Sterzing et al.*® Various Tomotherapy 10.7
Several sites — Pediatric Fogliata et al.*® Various Tomotherapy 4.9
RapidArc 21
Lung Bedford et al.** Not specified VMAT (Elekta) 1.7
3D-CRT 25
Nasopharynx Lee et al.! 1.8 Gy Tomotherapy 8
IMRT 14
Naso-, oro-, hypopharynx Verbakel et al.*' 2Gy RapidArc 1.3-3
IMRT 8-12
Prostate Cozzarini et al.* Up to 2.65 Gy Tomotherapy 4-6
Shaffer et al.%® Up to 2.4 Gy VMAT (RapidArc predecessor) 3.7
IMRT 9.6
Hypofractionated stereotactic treatments
Lung Verbakel et al.** 7.5-18 Gy RapidArc 4.5-11
3D-CRT 11-13
Hodge et al.®' 12 Gy Tomotherapy 22
Vestibular Schwannomas Lagerwaard et al.%* 12.5 Gy RapidArc 4-5
Liver and lung Subgroup of Sterzing et al.*® Not specified Tomotherapy 46
Liver, lung and spine Fuss et al.%* 5-20 Gy Tomotherapy (helical and serial) 22-48




The vocabulary of “Treatment Times”

Different “Times”:

= Treatment slots: reserved time on the machine, time from the patient entering the bunker,
until leaving the bunker

= Total treatment time: time from the first MV photon hitting the patient until the last photon,
includes gantry rotation without beam

< Beam-on time: time the therapeutic MV beam is actually on

= Dose accumulation pattern: the way a tissue volume is accumulating dose from primary
beam during treatment



Reports on treatment times

Verbakel et al. :

ﬁ‘DeIivery times for standard IMRT using sliding window are much \
longer than for RapidArc for reasons which include the fact that

(1) no radiation is delivered during gantry rotation between fields,
(2) multiple carriage groups are needed for large PTVs and

(3) time required for each field as complex fluence distributions
k require small leaf openings.” /




Treatment times : the trade-oft

Axial slice

Cone-beam
Rotational

al
omotherapy

Number of angles
%/‘

®® \ Tomotherapy
(S
@)

Level of modulation

Verellen et al.

“High number of beam angles with moderate modulation seems to be more
efficient in terms of delivery time on the current generation of treatment units”




reatment times

= Conventional 3D CRT treatments usually take no more than a few minutes
« Low number of treatment beams

= IMRT delivery times range usually from 3 to 15 minutes BUT
depending on:
« Machine type
« Delivery method (SMLC, DMLC, IMAT, VMAT, ...)
« Amount of IMRT beams/segments
« Tumor complexity (Volume, surrounding OAR, ...)
« Fraction size (hypofractionation schemes)

treatment times can increase to as long as 20 to 40 minutes

= Why are short treatment times preferable?
= Can Rotational IMRT techniques bring down the treatment times”?



Treatment delivery time

Impact of treatment duration on:

(—> Hospital logistics, Economical aspectJ

- |GRT and intra-fraction motion

- Radiobiological efficiency loss

- Seconrdary-Caneers

{cfr. Frank/AndreaJ




Treatment times : Delivery etticiency

Cozzi et al. :

ﬁ:aster treatments could have a clinical impact on single patients in terms\
of comfort on couch, immobility and minimisation of internal organ’s
displacement (e.g. bladder or rectum filling changes over time). This

could increase the daily treatment quality and allows also more time for
imaging procedures within standard time slots. In addition, faster
treatments have an impact on the system throughput allowing the

possibility to treat more patients per day, and to eventually reduce waiting
Q@t for selected groups of patients.” /




Delivery efficiency : treatment times and hospital logistics

Static Gantry IMRT workflow

Treatment delivery

VMAT/RA workflow

Treatment delivery

IMPORTANT:
“More efficient dose
delivery is NOT
more time for imaging and
adaptation!”




Treatment delivery time

Impact of treatment duration on:

- Hospital logistics, Economical aspect

[—> IGRT and intra-fraction motion ]

- Radiobiological efficiency loss

- Seconrdary-Caneers

{cfr. Frank/AndreaJ




Treatment time : intrafractional movement

Extracranial spine patients, immobilized in vacuum bag,
Position recorded with stereoscopic X-ray system:
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time (min) time (min)
Conclusions: Despite the applied immobilization devices, patients drift away from their
initial position during a treatment fraction. These drifts are in general small if compared
with conventional treatment margins, but will significantly contribute to the margin
for high-precision radiation treatments with treatment times of 15 min or longer.

Hoogeman et al



Treatment delivery times : susceptibility to intra-fraction motion

Geometric instability in the pelvic region (prostate, rectal cancer treatment)

0.9

Poisson Model:

!
8 10 12
time [min]

14 16 18 20

Treatment delivery

Treatment

delivery 15% stability gain

Treatment

delivery 40% stability gain

Ghilezan et al. *Ghilezan et al. IUROBP (62) 406-417, 2005: Probability of prostate shift > 3mm with filled rectum is 10% in 1min



Treatment delivery time

Impact of treatment duration on:
- Hospital logistics, Economical aspect

- |GRT and intra-fraction motion

[—> Radiobiological efficiency loss J

- Seconrdary-Caneers

{cfr. Frank/AndreaJ




Biological efticiency loss

Verbakel et al. :

“... a reduction in fraction delivery time—from 17 min to a minute —may increase the effectiveness of a
given dose by up to 20%, depending on the tumour type.”

DNA DAMAGE DNA REPAIR SYSTEM . :
Time to give 2Gy
5 e DIRECT REVERSAL . 100h 10h 1h 10min  1min
3 MISMATCH REPAIR
— C 5' = 3 Repopulation
s
A€o Reoxygenation
¢ NUCLEOTIDE EXCISION REPAIR
. P Hil Reassortment
T N— T Recovery
I
RECOMBINATIONAL REPAIR . . . .
5' = 3 0.01 0.1 1 10 100 1000
—F A Dose rate (cGy min—1)

Figure 18.1 The range of dose rates over which repair,

—
/ N reassortment, reoxygenation and repopulation modify

BASE EXCISION REPAIR radiosensitivity depends upon the speed of these

- | " processes. From Steel et al. (1986), with permission.

Verbakel et al., Steel et al.



Biological efficiency loss

Different “Times”:
= Treatment slots: time from the patient entering the bunker, until leaving the bunker

= Total treatment time: time from the first MV photon hitting the patient until the last photon,
includes gantry rotation without beam

- Beam-on time: time the beam is actually on

= Dose accumulation pattern: the way a tissue volume is accumulating dose from primary
beam during treatment




Biological efficiency loss and dose accumulation pattern

Shaikh et al.:

r )
“Several studies have pointed out that some of the IMRT ‘treatment times’ are considerably

longer than the average 2-5 min for a conventional treatment, which raise concerns about
the loss of biological effectiveness. It is well established that protraction of dose over a
longer duration reduces cell kill because prolonged treatments provide cells with an
opportunity to repair DNA damage.

Modeling studies suggest that a significant loss of biological effectiveness can be
 expected if the fraction delivery time is longer than |5-30 min.” y

Cell kill =~ ™ Dose accumulation pattern



Dose Accumulation pattern VMAT

@ Target subvolume

e—> Beam on

e——> Gantry rotation
e——> Ireatment time

Dose dep. rate

v




Dose Accumulation patterns

Fraction dose deposition to a target subvolume:

A e——>Beam on

Static gantry (5 field) IMRT e—>Gantry rotation

e——> Treatment time
o)
3
(0]
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Dose Accumulation patterns

Fraction dose deposition to one target subvolume:

Helical Tomotherapy
“Multiple slice fan beam delivery”
Dose acc. Time = 1-2 min

D
e—> Dose acc. time
e——> Beam on
ﬁ t
D
H VMAT/RA
“Cone beam delivery”
@0) Dose acc. Time = 1-2 min
HUL




lonization chamber measurement of the dose accumulation in one
single point/subvolume during treatment delivery:

Prostate, 1.8 Gy/fx

IMRT = 3D CRT
SMLC = DMLC

——> Beamon

e—> (Gantry rotation
—> [reatment time
> Dose acc patter

@ >
.l’
'1 .1 n A m 1 h SMLC
= | || | | ‘ 1 |
c ) [ PAN ) | b J A DMLC
5 . : . J|
5
° ’ [‘ (
5 | .
[} | \
: . .
[ — ___Mﬂm___[omﬁw:w cm
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(a) Time (min)

Shaikh et al. 2010
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LC and DMLC IMRT delivery, for both

Pro //7/'0 ©Cck, the expected additional loss in
BED is abs O, g to 3D CRT, which
corresponds tO 3[‘ % reduction in TCP.
For tomotherapy, the IS smaller in
comparison to 3D CRT; hems pect a TCP
increase of the order of 2%-3%. ~Qed
differences are due to the dose accunm



Shaikh et al. :

“Our analysis finds that helical tomotherapy treatments are generally superior to SMLC and DMLC
treatment plans in this aspect due to the relatively rapid dose accumulation seen by a given target
volume element.”

“... Newer rotational delivery techniques such as VMAT, which are capable of total treatment delivery
times shorter than any of the techniques studied here, should be expected to result in similar biological
effects to those from helical tomotherapy as presented here.”

‘If the relationships between treatment time and biological effectiveness were accurately known for
clinical situations, one could modify the prescription dose to compensate. Unfortunately, these
relationships are not completely understood and depend on factors that are not accurately known (i.e., a/
B ratios and repair half-times, etc.)
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Fig.5. (a) Equivalent uniform dose (EUD) and (b) tumor control probability (TCP) for an intermediate-risk patient group
as a function of IMRT fraction delivery time for prostate cancer. The prescription dose 1s 81 Gy in 1.8 Gy fractions.
Except where explicitly noted otherwise, the following LQ parameters were used in this study: « = 0.15 Gy ™', a/B =
3.1 Gy, T, = 16 min, and clonogen number K = 3.0 X 10° (18).

Wang et al



Biological efficiency loss and dose accumulation pattern

Shaikh et al.:
4 : : : )
“Our analysis finds that helical tomotherapy treatments are generally superior to
SMLC and DMLC treatment plans in this aspect due to the relatively rapid dose
accumulation seen by a given target volume element.”

“... Newer rotational delivery techniques such as VMAT, which are capable of total
treatment delivery times shorter than any of the techniques studied here, should
be expected to result in similar biological effects to those from helical
tomotherapy as presented here.”

“If the relationships between treatment time and biological effectiveness were
accurately known for clinical situations, one could modify the prescription dose to
compensate. Unfortunately, these relationships are not completely understood and
depend on factors that are not accurately known (i.e.,, & / B ratios and repair
__ half-times, etc.)
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-For technical innovation on equipment level companies are an enabling partner
having the required resources for engineering and manufacturing.

-Important is that we, radiation therapy professionals and users of this technology,
remain cautious and critical toward newly introduced equipment and techniques.
This way the commercial drive is controlled/restrained with a feedback loop and
can be used to our and our patients advantage.



Should all IMRT be VMAT? or HT? or static IMRT?

 VMAT produces highly conformal dose distributions ... like the other IMRT and
HT. However, general superiority over other solutions has not been proven.

» After a period of extreme discussion on all fronts the dust has settled down and

every department should make a choice according to needs, resources and
indications.

e Reduction of treatment time may be “strongest” argument in making a difference
between VMAT and the other solutions: more economical, intra-fraction motion,
patient comfort, hypofractionation, ... and if it would come with reduced
biological efficiency loss that’s even better.

 Both HT and VMAT have been upgraded and optimized since the era of the big
discussion...



Examples

o HT

Dynamic jaws, limiting CC gradient

e Speed and reliability updates

No biological optimization

ask you to learn to speak “tomo”

 VMAT

faster MLCs (6cm/s), probably no more need for ultra-small leaves

e Higher doserates

In-treatment verification possible

TPS are getting better/faster/have biological optimization



Final conclusions

Rotational therapy has gone mainstream.

nis has not made it the answer to life the universe and everything

Nis has not made it any easier to implement, plan or QA

In hospital economics, this time and effort should also be incorporated
In planning:
* Know your machine’s limitations

* Know and understand your optimizer and dose calculation

e Don’t treat it like a coffee machine

Don’t be afraid, be vigilant



Highly conformal techniques in early stage lung

cancer: indications, techniques, normal tissue
constraints, results

Andrea Riccardo Filippi, MD
Department of Oncology
University of Torino, Italy

andreariccardo filippi@unito.it

ESTRO
School
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Early-Stage Lung Cancer: 40s Anniversary

Novello, Silvia; Asamura, Hisao; Bazan, Jose; Carbone, David;

Dominique; Ricardi, Umberto; Vansteenkiste, Johan

Journal of Thoracic Oncology. 9(10):1434-1442, October 2014

Goldstraw, Peter; Grunenwald,

i
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Features of Lung SABR

Accounting for Motion
* 4D Planning

Small tumour volumes

* Small margins

Many Beam Directions
» 7-11 Beams / Arc Therapy

Steep dose gradients

*» Inhomogeneous target dose

Accurate Targeting
» CBCT pre-RT

High dose per fraction
» Short total treatment duration

ESTRO
School



SBRT or SABR

e,

SBRT
Stereotactic Body
Radiation Therapy

Stereotactic

Ablative Radiation
Therapy

te mertou te ma:tou

From DA Palma, ASTRO 2014 ESTRO
School



SABR for peripheral lung tumors

« ESMO Clinical Practice Guidelines 2013: SABR is the
non surgical treatment of choice (dose to a biologically
equivalent tumor dose > 100 Gy)

 NCCN guidelines (version 3.2014): non surgical
treatment of choice

EEEEEEEEEEEE

UUUUUUUUUUUUUUUUU



SABR for Stage | NSCLC: phase |l studies

DISCOVERY MEDICINE

Table 1. Summary of Results of Recently Reported Prospective Trials of SBRT for Stage I NSCLC

Author (Year) Type/Stage Nao. of Daose Median Outcomes
Patients Follow-up

Fakins Phase II/Medically 70 T1:20 Gy x 3 |50.2 months |3-year LC: 88.1%
(Fakiris et al., 2009) | inoperable T1-2NOMO T2:22Gyx 3 3-year OS: 42.7%

NSCLC 3-year CaSS: 81.7%
Baumann Phase II/'Medically 57 I5Gyx 3w 35 months 3-year LC: 92%
(Baumann et al., inoperable stage | 67% 1-, 2-, and 3-year OS: 86%,
2009) NSCLC 65%, and 60%

1-, 2-, and 3-year CaSS: 93%,
88%, and 88%
3-year PFS: 52%

Koto Phase 1I/Stage | 3l I5Gyx3(45 |32months |3-year LC: 77.9% for T1 and
(Koto et al., 2007) NSCLC Gy) and 7.5 Gy 40% for T2
x 8 (60 Gy) 3-year OS: 71.7%

3-year CSS: 83.5%
Ricardi Phase II/Stage | 62 15Gyx3 28 months | 3-year LC: 87.8%
(Ricardi et al., 2010) [NSCLC 3-year CSS: 72.5%

3-year OS: 57.1%
Timmerman RTOG Phase II/ 55 I8Gyx3 34.4 months | 3-vyear LC: 97.6%
(Timmerman et al,, | Medically inoperable 3-year DFS: 48.3%
2010) TI1-2NOMO NSCLC 3-year OS: 55.8%

(peripherally located)

Abbreviations: LC, local control; OS, overall survival; CSS, cause-specific survival; CaSS, cancer-specific survival; DFS, disease-free
survival.

DEPARTMENT © F

Loo et al, Discovery Medicine 2011 O NC LOG

UNIVERSITY O F TURIN




Mono-institutional largéstistudyawith/without histological
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Senthi et al, Lancet Oncol 2012

676 patients

Median follow-
up time: 32.9
months
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The German Society of Radiatieng@ncology (DEGRO)

Observational Multicentric Stud

100 f
90 f
80
70 F
60 F
50 -
40f
30 |
20 F
10 F

OS @3 years 47.1%

Overall survival (%)

0 12 24 36 48 60
Follow-up (months)

Number at risk
568 353 200 107 47 21

Guckenberger et al, JTO 2013 ESTR.O
School



SABR In stage | histologicallympreven NSCL C: an Italian

multicenter observational stud

2B OVERALL SURVIVAL

1,0

0,8

0,4

OVERALL SURVIVAL
% 1 year: 94.0 % 2 years: 81.6 % 3 years: 68.0

0,2

0,0

[ I I I I I I I I
,00 12,00 24,00 36,00 48,00 60,00 72,00 84,00 96,00
Time since enrollement (months)

Number at risk 196 165 107 63 37 15 7 4 1

Ricardi et al, Lung Cancer 2014 ESTRO
School



Studies demonstrating the Variablessates of pathologic
confirmation worldwide prior to SABR

Reference Study type N° of Region % biopsy Overall Survival
patients

Guckenberger Retrospective 591 Central 85 47% (3 yrs)
Europe
Grills Retrospective 505 United States 87-95 48% (3 yrs)
Canada 72
Netherlands 41
Germany 70
Onishi Retrospective 2278 Japan 73 91% (2 yrs)
Senthi Retrospective 676 Amsterdam 35 41 mo (md)
Baumann Prospective 57 Sweden 67 60% (3 yrs)
Denmark
Norway

ESTRO
School



VOLUME 28 - NUMBER 35 - DECEMBER 10 2010

Impact of Introducing Stereotactic Lung Radiotherapy for
Elderly Patients With Stage I Non—Small-Cell Lung Cancer:
A Population-Based Time-Trend Analysis

David Pala, Otto Visser, Frank |. Lagerwaard, Jose Belderbos, Ben ]. Slotman, and Suresh Senan

1999-2001 26% 38%
_ surgery
2002-2004 32% 32% M Radiotherapy
B Meither
0 20 40 60 20 100
Percentage of Elderly (age = 75) Patients With Stage | NSCLC

ESTRO

Palma DA et al, 2010 School



Overall Survival (probability)

No. at risk
1999-2001

2002-2004
2005-2007

C

Overall Survival (probability)

No. at risk

Log-rank test (2005-2007 v 1999-2001): P < .001
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Fig 3. Owverall survival for elderly (age = 75 years) patients with stage | non-small-cell lung cancer by time period. (A} All patients; (B) patients treated with surgery;
(C} patients treated with radiotherapy; (D) untreated patients.

Palma DA et al, 2010
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Pattern of failure following SBRT

e ol Regional —Disant_——

Actuarial 2-year rates 4.9% 7.8% 14.7%

Actuarial 5-year rates 10.5% 12.7% 19.9%
Local recurrence 14.9 months (95% CI 11.4-18.4)
Regional recurrence 13.1 months (95% CIl 7.9-18.3)
Distant recurrence 9.6 months (95% CIl 6.8-12.4)
2nd primary tumors 18 months (95% CI 12.5-23.5)

« Stage I-Il NSCLC (2003-2011); median follow-up 32.9 months (IQR 14.9 - 50.9);
» 66% of recurrences were distant (DR); isolated DR made up 46% of recurrences

ESTRO
School



SABR is well tolerated: toxicity is uncommon

Summary of common toxicity after SBRT for stage | Lung Cancer.

Toxicity

Incidence

Radiation pneumonities
Chest wall pain

Skin toxicity

Brachial plexophaty
Fatal bleeding

Late radiological changes

>G3: 4-8% (12-15% in pulmonary fibrosis)
11-15% (2-3% rib fractures)

4-6% (<1% skin ulceration)

Rare

Rare (but 2-3% in centrally located tumours)
50-80%

Ricardi, Badellino, Filippi, Lung Cancer 2015

ESTRO
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SBRT and severe COPD?

Systematic Review: Eligible patients had to have GOLD
I1I-1V or a predicted postoperative FEV, of <40%

Table 3. Thirty-day mortality and complications associated with treatment of stage | NSCLC in patients with poor ventilatory function

First author 30-day mortality Complications
Surgery
Magdeleinat (26) B%* >90% admitted to 1CU

>45% with complications (pneumonia,
air leak, and arrhythmia most common)

Lau (19) 25% after open lobectomy*™ Median hospital stay 8-12 days
7% for open segmentectomy <10% admitted to ICU
or VATS procedure*
SBRT
Henderson (27) 0%* >69% with Grade 1 or 2 toxicity of some kind'
Stephans (28) 09%* No Grade 3 or higher pneumonitis
Palma (current study) 0% 6 patients (3%) with Grade 3 toxicity

Abbreviations: ICU = intensive care unit; VATS = video-assisted thoracoscopic surgery.

* Denotes values measured from Kaplan-Meier curves.

I 8% Grade 34 toxicity with some late deaths related to treatment of central tumors in lareer Phase 11 study, but these rates not specified for
subgroup with poor pulmonary function.

Palma D et al. IJROBP 2012 ESTRO
School
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Radiotherapy and Oncology

8, |

ELSEVIER

journal homepage: www.thegreenjournal.com

SBRT in lung cancer

Withholding stereotactic radiotherapy in elderly patients with stage 1 non-small
cell lung cancer and co-existing COPD is not justified: Outcomes of a markov
model analysis

Alexander V. Louie?®, George Rodrigues®®*, Malek Hannouf®, Frank Lagerwaard €, David Palma?-,
Gregory S. Zaric®9, Cornelis Haasbeek €, Suresh Senan®©
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ORIGINAL ARTICLE

Impact of Pretreatment Interstitial Lung Disease on
Radiation Pneumonitis and Survival after Stereotactic Body
Radiation Therapy for Lung Cancer

Nami Ueki, MDD, * Yukinori Matsuo, MD, PhD,* Yosuke Togashi, MDD, 1} Takeshi Kubo, MD,§
Keiko Shibuya, MDD, PhD, || Yusuke lizuka, MD,* Takashi Mizowaki, MD, PhD,* Kaori Togashi, MD, PhD,§
Michiaki Mishima, MD, PhD,} and Masahiro Hiraoka, MD, PhD*

(/ Thorac Oncol. 2015;10: 116-125)
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Acute radiological changes after SBRT

Diffuse consolidation 20-30%
(consolidation more than 5 cm in largest dimension)

Patchy consolidation 8-22%
(consolidation less than 5 cm in largest dimension)

Diffuse ground glass opacities 4-8%
(more than 5 cm of GGO)

Patchy ground glass opacities 10-15%
(less than 5 cm of GGO)

No evidence of increased density 20-40%
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Late radiological changes after SBRT

Radiation fibrosis (later than 6 months)
(Koenig’s classification, AJR 2002):

* Modified conventional pattern
* Mass-like pattern
« Scar-like pattern

® ESTRO
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Operable Patients

CLINICAL INVESTIGATION

LunE

STEREOTACTIC BODY RADIOTHERAPY (SBRT) FOR OPERABLE STAGE 1
NON-SMALL-CELL LUNG CANCER: CAN SBRT BE COMPARABLE TO SURGERY?

. M
-] .
L . . IA (n=64)
£ e
D 0.8+ faadps
E : oo ode b

. [ ]

g o087 Serdop (23
5 i
E 4]
T
'_3 1 P_
3 0.2 1 =(.(11

o

] 2 4 ] B 10 12

Duration after SBRT (years)

From DA Palma, ASTRO 2014

Table 3. Comparison of 5-y overall survival rate between
surgical series and SBRT

Japuanese Japonese
Chinical United National Cancer National
stage States (1) Center (2) Survey (3)  SBRT
1A i1 71 77 76
IB 40 44 ol 14

Abbreviation: SBRT = stereotactic body radiotherapy.
Values are percentages.

Onishi et al [JROBP 2011
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Surgery vs. SBRT for stage | NSCLC

Studies comparing surgery and SBRT in stage | NSCLC

Author (year) Study design No. of patients Surgical procedure Owverall Survival
Surgery SBRT
Crills et al. [37] Retrospective Surgery=69 Wedge resection IR 72%
SBRT=55 30 mo 30 mo
Crabtree et al. [38] Propensity-score matching Unmatched: (Bi} lobectomy, 78% sublobar, TR 47X
surgey= 458 15% pneumonectomy, 4% 3-year 3-year
S5ERT=151 BE% 52%
matched: 3-year 3-year
112/group
Vertstegen [39] Propensity-score matching Unmatched: VATS, lobectomy 77% B0
surgey= 86 3-year 3-year
S5BRT=527
matched: 64/group
Shirvani et al. [£0] SEER population, Unmatched: Lobectomy 83% Lobectomy vs SBRT, HR
propensity-score matching surgery=8711 Sublobar 17% 1.01 (5A: 1.16-1.28)
SABR=3B2
matched:
251 {group
Mokhles et al. [41] Propensity-score matching Unmatched: VATS, lobectomy 05% 04%
surgery =96 1-year 1-year
SERT=481 BO% 53%
matched: 73/group 3-year 3-year
Chang et al. [42] Randomized Phase-3 Trial Surgery=27 VATS, lobectomy 7O% 95%
(ROSEL and STARS trials) SBRT=31 3-year 3-year

Abbreviations: Non-small-cell lung cancer (NSCLC); Video-assisted thoracoscopic surgery (VATS)

Ricardi, Badellino, Filippi, Lung Cancer 2015 ESTRO
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Cumulative survival

Freedom from progression

=
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& o —i— SABR e /ATS-lobectony 8’ A —l— SABR —l— VATS-lobectomy
T T T T 1 e T T T T 1
0 12 24 36 48 60 o 0 12 24 36 48 60
Time (months since treatment) Time (months since treatment)
#Patients at risk #Patients at risk
SABR 62 46 34 24 13 SABR 61 42 29 22 13
VATS-lobectomy 70 58 42 38 32 VATS-lobectomy 67 50 38 34 29
c : d .
Distant control rates Locoregional control rates
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g 204 Tarone-Ware p-value 0.334 § 20 Tarone-Ware p-value 0.221
0 —le SABR =l= VATS-lobectorry 3 " —l— SABR == VATS-kbectormy
L L LI I H 1 ] ] T 1
0 12 24 36 48 60 0 12 24 36 48 60
Time (months since treatment) Time (months since treatment)
#Patients at risk #Patients at risk
SABR 61 42 29 23 13 SABR 61 43 28 21 13
VAT S-lobectomy 66 54 40 36 29 VATS-lobectomy 69 54 41

Mokhles et al, Lung Cancer 2015
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Better outcome for surgery after 3 years:

- optimal lymph node staging: adjuvant therapy
- still some differences between the two groups:
- matching was done with only a limited number of
variables
- (i.e., staging procedure not included as covariate)

o respiratory failure over time (RILI)

» unable to provide CSS rates

ESTRO
School



SABR vs SURGERY: randomized trials?
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Trials of surgery versus SABR

Table 1 — Approved Phase Ill Randomized Trials of Operable Stage | NSCLC Patients (all prematurely
terminated due to poor accrual)

Dutch ROSEL trial, NCTO0887986, “Randomized Clinical Trial of Stereotactic
Radiotherapy or Surgery in Patients with Stage |1A Non-Small Cell Lung Cancer
who are fit to undergo Primary Resection”.
*  Sponsored by the The Netherlands Organisation for Health
Research and Development.
Opened at 9 centers
Opened 2008, Closed 2010
. Enrolled 22 of 960

STARS Trial, NCTO0840743, “Randomized Study to Compare CyberKnife to
Surgical Resection in Stage | Non-small Cell Lung Cancer”
. Sponsored by Accuray®
Opened at 15 centers
Opened 2009, Closed 2013
Enrolled 36 of 1,030 patients

ACOS0G-Z4099/RTOG-1021, NCT01336894, “A Randomized Phase Ill Study of
Sublobar Resection (+/- Brachytherapy) versus Stereotactic Body Radiation
Therapy in High Risk Patients with Stage | Non-Small Cell Lung Cancer (NSCLC)"
*  Sponsored by American College of Surgeons
Opened at 53 centers
Opened 2011, Closed 2013
. Enrolled 10 of 420 patients

ESTRO
School



> s M Stereotactic ablative radiotherapy versus lobectomy
" for operable stage | non-small-cell lung cancer: a pooled
analysis of two randomised trials
JoeY Chang®, Suresh Senan®, Marinus A Paul, Reza | Mehran, Alexander V Louie, Peter Balter, Harry ] M Groen, Stephen EMcRae Joachim Widder,

Lei Feng, Ben E E M van den Borne, Mark F Munsell, Coen Hurkmans, Donald A Berry, Erik van Werkhoven, john | Kresl, Anne-Marie Dingemans,
Omar Dawood, Cornelis | A Haasbeek, Larry 5 Carpenter, Katrien De Jaeger, Ritsuko Komaki, Ben | Slotman, Eqgbert F Smitt, Jack A Rotht

Lancet Oncol 2015: 16: 630-37

Published Online
May 14, 2015
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v' 58 patients were enrolled and randomly assigned in the combined studies
v' 31 SABR and 27 surgery

STARS ‘ 234 patients screened in STARS trial ‘ ROSEL

54 opted for surgery
9 opted for radiotherapy
3 opted for no treatment

[—»{ 20 previous malignancy <5 years
21 not surgical candidate
72 did not meet eligibility criteria
19 other

h

‘ 36 enrolled and randomly assigned ‘ | 22 enrolled in ROSEL trial and randomly assigned ‘

‘ 20 to receive SABR | ‘ 16 to receive surgery ‘ ‘ 11 to receive SABR ‘ | 11 to receive surgery |
0died 10 alive at 3 years 5 died 4 alive at 3 years 1 died within 7 alive at 3 years 1 died after 3 years Salive at 3years
0 lost to follow-up and in follow-up 0 lost to follow-up and in follow-up 3 years and in follow-up 0 lost to follow-up and in follow-up
0 discontinued 10 alive and in 0 discontinued 7 alive and in 0 lost to follow-up 3 alive and in 0 discontinued Salive and in

because of follow-up (but because of follow-up (but 0 discontinued follow-up (but because of follow-up (but
adverse events <3 years) adverse events <3 years) because of <3years) adverse events <3years)
0 withdrew for O withdrew for adwverse events 0 withdrew for
other reasons other reasons 0 withdrew for other reasons
other reasons

r

31in SABR group included

v

27 in surgery group included

in pooled analysis

in pooled analysis

Figure 1: Study design for 5TARS and ROSEL trials
SABR=sterectactic ablative radiotherapy.

ESTRO
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SABR group  Surgery p value

(m=31) group (n=27)
Semg 073
Maka 14 (45%) 11 (41%)
Female 1rF (55%) 16 (59%)
Age (years)
M aan (S0 673 (9-2) 67-3(8-2)
Median {mange) 67-1(43-82) 66-F(51-85) 0-69
WHO performance status 031
o 21 (6%} 21 (7B%)
e 10 (32%) 5 {19%:)
3 0 (0%} 1 {4%)
Histology before 0-62
randomisation
Adenocarcinoma 16 (52%) 13 (48%)
CORRASTIONRS 515%) 7 (26%)
Other 2 (6%} 1 (4%
Unknown & (26%)* 6 (I2%)*
Tumeour stage 0-41
Tia 16 (52%) 18 (67 %)
Tib 11 (35%) B {(30%)
T2a 4 (13%) 1 (4%
Tumowr site 0-45
Left lower lobe 7 (23%) 4 [15%)
Left upper lobe 7 123%) B {30%)
Right lower lobe 5 (16%) 1 {4%)
Right middle lobe 3 (10%) 2 (%)
Right uvpper kobe O (29%) 12 (a4%)
Peripheral 0-66
Mo 2 (6% 3 {11%:)
Wes 29 (94%) 24 (BO%)

Data are m {%) unkess otherwise stated. SABR=-sterectactic ablative radiotherapy.
*Histology of st of the 14 tumours of unknown histology was confirmed after
surgery im the ROSEL study (three adenoo@rcdnoma, one bronchiclabeolar
carcinmma, ome squameoars-cel cardmoma, amnd one benign diseasa)): ekght thirmoasrs
in the 5A BR growup had unknown histobogy in the BOSEL stuedy_

Table: Patient characteristics

Any difference in age, sex, PS, histology,
stage or tumour location

Median follow up was 40,2 months in
SABR group and 35.4 months in surgery
group

All stage | NSCLC and were operable for
lobectomy with PS 0-2

TC-PET for staging

20 patients lobectomies, 5 video-assisted
thoracotomy lobectomies, 1 video-assisted
thoracotomy biopsy, 1 aborted resection
during surgery due to disease progression
STARS: 16 patients peripherally lesions 54
Gy/3 fr; 4 patients central lesions 50 Gy/4 fr
ROSEL.: 6 patients 54 Gy/3 fr in 5-8 days, 5

patients 60 Gy/5 frin 10-14 days

ESTRO
School



A

|

_ Pooled estimated OS at 1 and 3 years
3-year overall survval (95% CI):

Owverall survival (%)

m-
SABR 95% (B5-100); surgery 79% (64-97) .
- HE{HS%U}:D-M[G-DI}"F?:EHD] was 100% and 95% in SABR group,
il ——SAER
|| SO ey 88% and 79% in surgical group
MNumber at risk

SABR 31 31 29 I 12 18 17 15 Difference in OS between the two

7
Surgery ¥ 24 22 18 13 13 10 5 4 3 1
groups was statistically significant

B
00— . . . . . . g .
I v' This difference in OS is significant in
£ s A : :
=~ BD- i .
% L STARS alone but not in ROSEL alone
a 60—
S a0 3yesrrecurence e suvival (5% QI 7 patients died: 6 in surgery group (2
E SABR 26% (74-100); surgery B0% (B5-57)
R e PD, 1 secondary primary lung cancer, 1
= log-rank p=0.5379 . I
0 — T T T T 1T surgical adverse event, 2 comorbidities)
0 & 12 18 24 30 36 42 4B 54 60
Number at risk Tompot and 1 in SABR group (PD)
SABR 1 om 2 4 W0 18 17 14 7 1 i}
Surgery ¥ 23 22 ¥ 13 12 1@ 5 4 3 1

Figure 2: Overall survival (A) and recurrence-free survival (B)

Oine patient died and five had recurrence in the SABR group compared with s
and six patients, respectively, in the surgery group. SABR=sterecatactic ablative
radiotherapy. HR=hazard ratio.
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Technical Advancesimayshave.an impact on efficacy and

toxicity

4D planning CT Mid-ventilation Treatment plan

reatment
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Planning Concepts For Bréathing'

Conventional Internal Gating or _ By
free target breath Mid-position
breathing volume holding
Maximum
exhale

000000000000 L Uil geccccccll N e ecccccccc R g eoe00000 0

Geometrical average
position

Maximum
inhale

Wolthaus et al., IJROBP 2008 ESJI}O
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Higher accuracy shouldstransiate.in less toxicity and
better PTV coverage

PTV =ITV + 3-5 mm isotropic

GTV=CTV 10 mm

PTV

ESTRO
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Patients’ fixation: frameless SBRT

* non-invasive, dual vacuum
activated immobilization and fixation
system

» stable immobilization and
repeatable positioning by minimizing
both voluntary and involuntary
patient movement

* patient comfort

ESTRO
School




SBRT for peripheral and central tumors

Ricardi, Badellino, Filippi, Lung Cancer, 2015 ESTRO
School



DFT 54 Gy/ 18 fx (80% isodose)
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VMAT for early stage lung cancer

DFT 60 Gy/ 8 fx (80% isodose)

ESTRO
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SBRT of lung cancer

Volumetric modulated arc therapy with flattening filter free (FFF) beams
for stereotactic body radiation therapy (SBRT) in patients with medically
inoperable early stage non small cell lung cancer (NSCLC)

Pierina Navarria **, Anna Maria Ascolese ?, Pietro Mancosu ?, Filippo Alongi?, Elena Clerici?,
Angelo Tozzi?, Cristina Iftode?, Giacomo Reggiori ? Stefano Tomatis ?, Maurizio Infante®, Marco Alloisio ®,
Alberto Testori®, Antonella Fogliata ¢, Luca Cozzi €, Emanuela Morenghi®, Marta Scorsetti®

* Radic and fosurgery Department; ® Department of Thoracic Surgery, Humanitas Cancer Center, Istituto

i Suﬁzemr;, ;051, Bellinzona, Switzerland VMAT 3DCRT il
N (%) N (%)

Total patients 45 B6

Sex
Female 14 (30) 19 (22) 0.3
Male 32 (70) 67 (78)

Age (years)
Median 721 (66-83) 757 (65-82) 0.03
Range

Histology 0.5
Unidentified 19 (41) 39 (45)
Squamous cell carcinoma 6 (59 10 (55)
Adenocarcinoma 9 22

NSCLC NOS 12 15

Stage (TNM) 0.01

1A
Ti1aNOMOD 24 (52) 55 (64)
T1bNOMO 15 (33) 24 (28)

IB
T2aNOMO 7 (15) 7 (8)

Tumor size
Median tumor diameter 26 mm 21 mm 0.m
Range (16-36 mm) (12-38 mm)

ESTRO

Navarria et al, Radiother Oncol 2013
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3DCRT VMAT RA

Ipsilateral lung

Vigy [%] 314+11.9 |[6.6-57.8) 253+ 11.8 [6.8-54.0] 0.03
Viocy [%] 226+99 [0.0-45.6) 164+ 8.9 [3.8-46.0] 0.007
Vaocy [%] 118+ 7.0 [0.0-26.7] 7.3+49 [1.2-26.6]) 0.002
MLD [Gy] 72+30[09-126] 49+24[1.2-133] <0.001
Contralateral lung

Vscy [%] 29+ 48 [0.0-18.7] 20+3.0[0.0-11.3) 0.31
Viogy [ %] 06+25[0.0-13.3] 0.0+02 [0.0-09] 0.19
Vaocy [#%] 0.1+ 0.6 [0.0-3.5] 0.0 £ 0.0 [0.0-0.0] 0.31
MLD [Gy] 0.8+ 0.8 [0.1-3.5] 1.0+0.5 [0.1-2.6) 0.38

Response on CT morphological scan and on functional 18FDG CT-PET imaging.

Response Control at 3 months Control at 6 months Control at 12 months

CT scan CT scan CT-PET CT scan CT-PET

3DCRT RA 3DCRT RA 3DCRT RA 3DCRT RA 3DCRT RA
PD 6 (7%) 0 6 (7%) 0 4 (8%) i} 6 (7%) 0 6 (10%) ]
sD 28 (34%) 6 (15%) 20 (24%) 2 (5%) 3 (6%) 1} 16 (20%) 2 (5%) 4 (6.5%) 1]
PR 39 (48%) 21 {53%) 41 (50%) 6 (15%) 27 (56%) 3(11%) 40 (49%) 2 (5%) 33 (53%) 0

PD, progression of disease; 5D, stable disease; PR, partial remission; CR, complete remission; RA = volumetric modulated arc therapy with RapidArc; 3DCRT = 3D conformal
therapy with conformal arcs.

DEPARTMENT © F

Navarria et al, Radiother Oncol 2013 O NCiuLOGY

UNIVERSITY O F TURIN




Tumor Control Probability (%)

Biological Challenges to the 5 Rs for SABR

Crude local control rates (2 years) redrawn from a pooled analysis
reported by Mehta et al (3D-CRT and SABR regimens)

i i i il
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e
80 4
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Dose Escalation, not “new biology,” can account for the efficacy of
stereotactic body radiation therapy with non-small cell lung cancer

Brown et al, [IIROBP 2014
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Dose-response relationship with clinical outcome for lung stereotactic

body radiotherapy (SBRT) delivered via online image guidance ™

Larry Kestin®*, Inga Grills °, Matthias Guckenberger €, Jose Belderbos ¢, Andrew ]. Hope®,

Maria Werner-Wasik', Jan-Jakob Sonke, Jean-Pierre Bissonnette ¢, Ying Xiao ', Di Yan ",
on behalf of the Elekta Lung Research Group

(A)
2501 E;J%aumom
18 Gy x 3 By * 483 patients T1-2NO NSCLC

Five Institutions
Variety of SBRT fractionations

200- Median: 132.0 Gy
Range: 50.4-180.0 Gy
12Gy x4
= On-line IGRT with CBCT
5o 2seyxas | 12 nys Prescription to PTV edge
20 Gi><3 (10-40% target heterogeneity)

120 180 200
Prescriptlon BED10

&
?
°

Frequency

Kestin et al. Radiother Oncol 2014 ESTRO
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ROC curves for factors predicting local control

Parameter p-Value Optimal cut point Sensitivity (%) Specificity (%) 2-Year local control (%)
Prescription BED g 0.001 105.3 Gy 81 50 96 vs. B5
PTVimean BEDg 0.02 125.8 Gy B4 57 96 vs. 83
GTV pean BED g 0.02 147.1 Gy 81 52 97 vs, 83
PTVinax BEDqg 0.02 1753 Gy 68 62 97 vs. 87
GTVimax BEDqq 0.02 175.3 Gy 68 97 vs. 88
PTV i, BED; 0.03 110.1 Gy 53 77 97 vs. 90
PTV D99 BED, 0.03 926 Gy 87 62 95 vs. 83
GTV,,, BED,, 0.04 149.8 Gy 57 72 98 vs. 89
PTV D1 BEDyq 0.05 163.5 Gy 68 57 96 vs. 87
Treatment duration 0.01 11 days 50 82 96 vs. 86
GTV . dimension 0.05 2.7 cm 65 55 97 vs. 91

Prescription BED,, = highest AUC (0.693; p < 0.001)
Optimal cut point of 105 Gy (sensitivity of 81% and specificity of 50%)

2-year LR BED,, <105 Gy 15%
BED,,> 105 Gy 4% (p <0.001)

Kestin et al. Radiother Oncol 2014 ESTRO
School



Local recurrence by prescription BED,, quartile

(B) 1.0/
0.8
2-year LR
8
@ 0.6
3
Q Rx BED;, < 105 G
=Xy — T 15%
8
S
p=0.001
0.2 0
Rx BEDyo 106-132 Gy 6%
Rx BED;, 133-152 Gy 4%
0.0+ + Rx BEDyp =152 Gy
. . . — . 0%
0 2 4 6 8

Time (Years)

Kestin et al. Radiother Oncol 2014 ESTRO
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Central Tumors

= =] B Clinen Fire o the Prosiel Bmnitin) Thes

* Meta-analysis (Senthi 2012):

* BED,; 2 100 to maximize local control
* BED, = 240 to keep risk of fatal toxicity to 1%.

From DA Palma, ASTRO 2014

TABLE 3. Early and Late Toxicity After SAER in 63 Patients
with Central Stage Early-Stage NSCLC (Absolute Patient
Mumbers)

Acote Toxicity Late Toxicity (>3 mo)

T

Dyspnea
Chest wall pmin
Fatszrue

=

R T
o e
(]

2
1 1
|

Coaghing

Mawarn

Radmiton dervmstiiis
Hemoptyuis
Escphagstis

Flewral «fhesion |

Rib Fraceuare - - i
Broochial stenosis |

Toml (" of patients) 20(62) 6(100 1(2) NL1{§T) S(14) 48

|
| |

- L LA

SABR, sierestactxc ablsivwe mdictherapy; NSCLC, nom-small cel] leng cancer
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Still need to be cautious

Central-Airway Necrosis after Stereotactic
Body-Radiation Therapy

Comradeeti, Haas, Rengan NEJM 2012

From DA Palma, ASTRO 2014 ESTRO
School



CONSIDERATION OF DOSE LIMITS FOR ORGANS AT RISK OF THORACIC
RADIOTHERAPY: ATLAS FOR LUNG, PROXIMAL BRONCHIAL TREE, ESOPHAGUS,
SPINAL CORD, RIBS, AND BRACHIAL PLEXUS

Table 1. Dosimetric limits for thoracic organs at risk

3D-CRT (RTOG SBRT (RTOG SBRT (ROSEL
Dose limits for OARs 3D-CRT (RTOG 0617) 0972/CALGB 36050) 0618, 3 fx) European trial, 3 or 5 fx)
Spinal cord (point dose) Point dose =50.5 Gy Any portion =50 Gy =18 Gy (6 Gy/fx) 18 Gy (3 fx)
25 Gy (5fx)
Lung Mean lung dose =20 Gy, Vi =35% Voo <10%* Va0 <5-10%!
Voo =37%
Esophagus Mean dose =34 Gy Not limited =27 Gy (9 Gy/fx) 24 Gy (3 fx)
27 Gy (5 fx)
Brachial plexus =66 Gy Not limited =24 Gy (8 Gy/fx) 24 Gy (3 fx)
(point dose) 27 Gy (5 fx)
Heart' =60, =45, =40 Gy for =60, =45, =40 Gy for =30 Gy (10 Gy/fx) 24 Gy (3 fx)
1/3, 2/3, 3/3 of heart 1/3, 2/3, 3/3 of heart 27 Gy (5 fx)
Trachea, bronchus Not limited Not limited =30 Gy (10 Gy/fx) 30 Gy (3 fx)
_ 32 Gy (5 fx)
Ribs Not limited Not limited Not limited* Not limited
Skin Not limited Not limited =24 Gy (8 Gy/fx) Not limited

Abbreviations: OARs = organs at risk; 3D-CRT = three-dimensional conformal radiotherapy: RTOG = Radiation Therapy Oncology Group:
CALGB = Cancer and Leukemia Group B: SBRT = stereotactic body radiotherapy: ROSEL = Radiosurgery Or Surgery for Early Lung
Cancer; fx = fraction; V,, = percentage of both lungs (without inclusion of gross tumor volume) receiving =20 Gy.

* Other constraints limited dose within 2 cm of target.

J.r V14 =5% for tumor =2 cm, V,5 =5% for tumor 2-5 cm.

Fen-Ming Kong et al, IJROBP 2010 ESTRO
School



Normal Tissue Constraints

Tab.1 Normal tissue constraints according to published major clinical studies. Radiation Therapy Oncology Group (RTOG) protocols can be
found on the RTOG website at http://www.rtog.org/ClinicalTrials/ProtocolTable.aspx

Organ at risk Single fraction ~ Three fractions Four fractions Five fractions Eight fractions
(RTOG 0915) (RTOG 0618/1021) (RTOG 0915) (RTOG 0813) (Haasbeck et al. 2011 [76])
Trachea and large bronchus  Dpax 20.2 Gy Dmax 30 Gy Dmax 34.8 Gy Dimax 105%? Dmax 44 Gy
15.6 Gy <4 cc 18 Gy <5 ccP
Heart Dmax 22 Gy Dmax 30 Gy Dmax 34 Gy Dimax 105%* -
16 Gy <15 cc 28Gy <15cc 32Gy<15cc
Esophagus Dimax 154 Gy Dmax 25.2 Gy Dmax 30 Gy Dmax 105%?° Dimax 40 Gy
119Gy <5 cc 177G <5 cc 18.8 Gy <5 cc 275Gy <5¢c®
Brachial plexus Dmax 17.5 Gy Dmax 24 Gy Dmax 27,2 Gy Dimax 32 Gy Dnax 36 Gy
14Gy <3 cc 204Gy <3 ccC 236Gy <3 cc 30Gy<3cc
Chest wall Drmax 30 Gy 30Gy <30cc Dmax 27,2 Gy 30Gy <30cc =
22Gy<lcc 60 Gy <3 cc[77,78] 32Gy<lcc 60 Gy <3 cc [77,78]
Spinal cord Dmax 14 Gy Dmax 18 Gy Dmax 26 Gy Dmax 30 Gy Drmax 28 Gy
10Gy <0.35cc (RTOG 0236) 28.8Gy <035 cc 22.5Gy <0.25 cc
Guckenberger et al, Strahlenther Onkol 2014 ESTRO
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Prognostic factors

TABLE 3. Multivariate Analysis of Factors Influencing OS and FFLP

0s FFLP
Parameter P HR 95% Cl1 P HR 95% CI1
Performance status <R0 0.02 1.44 1.05 to 1.97 ‘
Clinical stage IB 0.007 1.52 1.12 to 2.07 0.08 1.66 0.95t0 2.92
Baseline FEV (%) Continuous 0.07 0.99 0.99 to 1.00
variable

Biopsy status No biopsy 0.09 1.49 0.94 to 2.35 0.02 253 1.17to 548
Staging FDG-PET Yes >{0.1
Histology SCC 0.03 2.03 1.06 to 3.89
PTV-encompassing dose I 2106 0.01 0.62 0.43 to 0.90 I 0.04 0.39 0.16 t0 0.93

(Gy BED)
Dose inhomogeneity =80 0.06 1.74 0.98 to 3.08

(PTV-encompassing

dose / maximum dose) (%)
IGRT technology In-room IGRT >0.1
SBRT procedures/institution and year <9 =0.1 =0.1

Guckenberger et al, JTO 2013 ESTRO
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Prognostic factors

Table 3
Multivariate analysis.
Parameter LR DFS
HR (95% CI) p HR (95% CI) p

oS CSS

HR (95% CI) p HR (95% CI) p

0.55 (0.03-10.3) 0.69

A

>13ccvs <13 cc 4.4 (0.73-26.7) 0.1 1.04 (0.57-1.88) 0.89
Sex

Male vs Female 0.5 (0.08-3.2) 0.47 1.05(0.57-1.92) 0.87
Age

>75 years vs <75 years 0.6 (0.15-2.57) 0.52 1.39(0.83-2.36) 0.21
Histology

Adenocarcinoma vs others 2.42(0.39-14.84) 0.34 1.12 (0.64-1.97) 0.68

CANCER SPECIFIC SURVIVAL

- Stage A
- Stage IB

Log rank p < 0.001

.00 12,00 2400 36,00 4800 60,00 72,00 84,00
Time since enrollement (months)

Ricardi et al, Lung Cancer | wumseratris«

Stage 1A 155 137 98 58 34 14 7 4
2014 Stegele. 4128 8 8 s 0 0 o0

1.04 (0.59-1.82) 0.89 1.37 (0.59-3.16) 0.45

0.94 (0.51-1.74) 0.86 0.79 (0.31-1.98) 0.61
1.39(0.83-2.32) 0.2 1.28 (0.63-2.61) 0.49

1.21(0.68-2.16) 0.8 1.17(0.52-2.61)  0.69

OVERALL SURVIVAL

- Stage IA
- Stage IB

Logrank p<0.001

,00 12,00 2400 3600 4800 6000 72,00 8400 96,00
Time since enrollement (months)

34 7 hmsd B AN
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Number at risk
Stage 1A 165 137 98 58
Stage IB 41 28 9 6



Prognostic factors: RPATiSkigreups.according to the

Amsterdam model
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Louie et al, IJROBP 2015
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05 by 2-Class RPA Risk Group (Training Set)

05 by 2-Class RPA Risk Group (Validating Set)

:

:

Overall Survival (%)
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05 by 2-Class RPA Risk Group (Cleveland Climic)
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Toxicity and Quality of Life
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No Clinically Significant Changes in Pulmonary Function
Following Stereotactic Body Radiation Therapy for Early-
Stage Peripheral Non-Small Cell Lung Cancer: An Analysis
of RTOG 0236

O Poor baseline PFT did not predict decreased OS

0 FEV1 mean decline 5.8%; DLCO mean decline 6.3% (SS at 6 weeks
and 3 months)

O Minimal changes of arterial blood gases and no decline in oxygen
saturation

Stanic S et al, IJROBP 2014 ESTRO
School



Quality of Life — self assessed

Prysical Functinning

- |m Beter
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Global Qol
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Lagerwaard et al, JTO 2012
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Pulmonary function andigualitysef.life: outline of a

prospective study

SAER T45 T1i35 T225 T315
Day 45 Day 135 Day 225 Day 315
Baseline Clinical Examination Clinical Examination Clinical Examination Clinical Examination
PFT CT scan CT scan CT scan CT scan
LCSS PFT PFT PFT PFT
LCSS LCSS LCSS LCSS

ESTRO
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Pulmonary function and quality of life after VMAT-based stereotactic
ablative radiotherapy for early stage inoperable NSCLC: a prospective

study

Cinzia Ferrero®', Serena Badellino™', Andrea Riccardo Filippi®*, Luana Focaraccio®,

Matteo Giaj Levra®, Mario Levis?, Francesco Moretto”, Roberto Torchio?,

Umberto Ricardi®, Silvia Novello?

7 Respiratory Function end Sleep Laboratory, 5. Luigi Hospital, Orbassano, foly
* Department of Oncology, University of Torino, Torino, ltaly

Lung Cancer, 2015

Age {mean, range)

77 (61-84)

Male

Female

Former smokers

Active smokers

Mever smokers
Performance status (ECOG)
0

1

2

AA Charlson CI (mean, range)
<7

=7

Stage

1A

IB

Tumor max diameter, mm (mean, range)
Histology

Adenocarcinoma
Sguamous cell carcinoma
MNSCLC NOS

Unknown

Treatment schedules
45-54 Gy(3 fr

55Gyf5 fr

60 Gy/8 fr

23(767%)
7(23.3%)
19(63.3%)
8(26.7%)
3(10%)

23(76.7%)
6 (20%)
1(3.4%)
6.9 (3-14)
16(53.3%)
14(46.7%)

17(56.7%)
13(43.3%)
25.5(12-55)

9 (30%)
8(26.7%)
4(13.3%)
9 (30%)

9(30%)
11(37%)
10(33%)

ESTRO
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Changes in PF [s from baselineratdifferent timepoints

Baseline (n=30) Days 45 post-SABR Days 135 post-SABR Days 225 post-SABR Days 315 post-SABR
Pulmonary function test Change since Change since Change since Change since

N Raw n Raw baseline n Raw baseline n Raw baseline n Raw Baseline
FEV (liters) 30 1.7+05 30 1.7+05 -0.01+0.18 28 1.6+0.5 -0.73+0.22 25 1.6+0.5 -0.79 +0.23 19 1.5+0.5 -0.19+0.33
FEV; (% predicted) 30 753231 30 755%244 -049+753 28 724251 -3.21+£9.18 25 72.9 £ 26.3 -3.26 £9.49 19 643+234 -757+11.66
FEV,/SVC 30 61.6+13.3 30 60.0+129 -1.12+3.74 28 59.8+13.1 -0.93+4.26 25 59.1+14.2 -0.84 +5.68 19 57.1+14.0 -1.85+6.85
FEV,/SVC (%predicted) 30 822191 30 803183 -1.41%523 28 79.7+£185 -1.19%6.48 25 78.7 £19.9 -0.72£7.33 19 76.1+£19.9  -2.14+9.35
SVC (liters) 30 2908 30 2908 0.06 + 0.24 28 28%09 -0.10+0.33 25 2.8+0.7 -0.12 £ 0.34 19 2.7+0.7 -0.26 + 0.66
SVC (% predicted) 30 92.1+218 30 94.5+235 1.05+8.45 28 91.2+259 -2.56%*14.67 25 92.3 £23.9 -3.12+10.62 19 84.3 +£20.8 -7.33+16.88
RV (liters) 30 321 30 3.0zx1 -0.12 £ 0.54 28 3.0x1.0 -0.97 £ 0.54 25 2809 -0.34 £ 0.52 19 3.0x1.2 -0.22 £ 0.69
RV (% predicted) 30 130.4+47.0 30 123.6+46.8 -5.02+21.26 28 123.9+49.3 -44+21.53 25 117.6 £+45.4  -14.28 +20.39 19 123.3+58.7 -8.94 +28.38
TLC (liters) 30 6014 30 5914 -0.11 £ 0.54 28 57x15 -0.19+0.61 25 5613 -0.46 £ 0.73 19 5715 -0.47 £0.97
TLC (% predicted) 30 103.2+20.2 30 1009209 -211+877 28 993225 -3.73+£11.09 25 96.9 +21.7 -8.46 +10.45 19 96.2+25.7 -7.81+14.25
D..CO (% predicted) 30 67.0+185 30 60.8+188 -6.35+11.34 28 622+164 -632+11.56 25 60.6 +17.2 -6.84 + 14.83 19 51.6 £17.6 -14.61 + 14.85
D.CO/VA (ml/min/mmHg) 30 35+14 30 3.1+09 -0.4+1.23 28 32+09 -0.41+1.34 25 3.2+£08 -0.39+15.2 19 29+08 -0.68+1.43
D.CO/VA (% predicted) 30 90.2+273 30 84.0%263 -59+1245 28 86.5+295 -532+14.72 25 85.0 + 24.3 -3.92+15.2 19 77.6£239 -10.0+16.33
PaCo, (mmHg) 30 383+44 30 37.4+37 -0.95 + 4.05 28 37.7+45 -0.48+3.5 25 37.8+3.6 0.32+3.16 19 37.8+4.7 -0.66+5.18

ESTRO

Ferrero, Badellino et al, Lung Cancer 2015 School



Logistic regression analysis

Logistic regression model analysis of baseline pulmonary function tests and toxicity.

Pulmonary function test  Any pulmonary toxicity Grade 2+ pulmonary toxicity Any late radiological toxicity (Koenig)

Mo. of events/total OR (95% CI) pValue No.ofevents/total OR(95% CI) pValue No.of events/total OR(95% CI}) p Value

FEV: (liters) 1630 MA-unstable - 11/30 NA-unstable - 7124 16(0.1-200) 026

FEV (¥predicted) 16/30 1.5(0.1-22) 0.75 11/30 3.1(04-214) 026 7124 MNA-unstable -

FEV,/SVC 16/30 MNA-unstable - 11/30 NA-unstable - 7124 MA-unstable -

FEV [SVC (%predicted) 16/30 0.02 (0-7.7) 0.2 11/30 0.02 (0-7) 018 7124 MNA-unstable -

sVC 16/30 MNA-unstable - 11/30 NA-unstable - 7124 0.1(0.003-7.8) 034

SVC (Zpredicted) 16/30 0.1(0-5) 0.22 11/30 0.1 (0-6.7) 0.21 7124 MNA-unstable -

RV (liters) 16/30 MNA-unstable - 11/30 NA-unstable - 7124 MNA-unstable -

RV (%predicted) 16/30 5.04(0.4-75.2) 024 11/30 8.6(0.5-1503) 0.14 7124 MA-unstable -

TLC (liters) 16/30 MNA-unstable - 11/30 NA-unstable - 7124 0.7 (0.1-3.6) 0.68

TLC (%predicted) 16/30 0.03 (0-5.5) 0.19 11/30 0.008 (0-2.8) 0.1 7/24 NA-unstable -

DLCO (mlfmin/mmHg) 16/30 MNA-unstable - 11/30 0.001 (0-6.5) 0.1z 7124 0.9(06-1.2) 0.39

D, CO (%predicted) 16/30 8.8(0.6-136) 0.12 11/30 8.8(0.7-1054) 009  7/24 NA-unstable -

DL COfVA (ml/min/mmHg) 16/30 MNA-unstable - 11/30 NA-unstable - 7124 MA-unstable -

D COfVA (%predicted) 16/30 3.9(0.3-55) 0.31 11/30 3.7(02-752) 04 7124 MA-unstable -

Pa0; (mmHg) 16/30 1.0 (0.8-1.3) 0.94 11/30 0.9(0.5-1.6) 0.72 7124 1.1(09-1.3) 041

PaCoz (mmHg) 16/30 0.8(0.1-43) 075 11/30 03(01-13) 012  7/24 NA-unstable -
Normal lungs dose-volume distributions by development of any grade clinical lung toxicity.

Parameter All patients Pneumonitis Mo pneumonitis

(n=30) (n=14) (n=186) OR (95% CI) Pvalue
Ipsilateral lung Vaocy (%) 156+5.5 151 +58 16.1+£54 1.03 (0.91-1.18) 0.61

psilateral mean [UNg dose . ;
Bilateral lung Vzocy (%) 7BL26

TBL2R TBL26 0.99 (0.75-1.32) 0.97

Bilateral lung Vypcy (%) 14.4+5.1 146 +6.1 142+39 0.98 (0.85-1.14) 0.84
Bilateral lung Vg, (%) 248+74 247 +E9 248160 1.0(0.90-1.10) 0.97
Bilateral mean lung dose (EQDzcy ) 69+19 7.0+22 6.9+1.6 0.98 (0.66-1.44) 0.091
Absolute lung volume spared from a 5 Gy dose (VS5, in cc) 3088.9+790.3 3157.44+699 3020.44+893.5 1.02 (0.78-1.17) 0.65

ESTRO
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Fatigue
29 vs 39.8
P 0.05

Illl l 135 days
. I I I

ITEM 1 ITEM 2 ITEM 3

W Baseline

ITEM 4 ITEM 5 ITEM 6 ITEM 7 ITEM 8 ITEM 9

» Lung Cancer Symptom Scale (LCSS)
« Worsening of the item 2 “Fatigue” (mean basal value =29, mean value at Ti35 = 39.8, p =

0.05)

Ferrero C, Badellino S et al, Lung Cancer 2015 . ESTRO

\ School



Survivorship following SABR

Second primary lung cancer (SPLC):

risk of developing a SPLC at a rate of approximately 3%
per year (smoking cessation!)

60 ESTRO
School



BRIEF REPORT

A Brief Report on Outcomes of Stereotactic Ablative
Radiotherapy for a Second Primary Lung Cancer:
Evidence in Support of Routine CT Surveillance

Gwendolyn H.M.J. Griffioen, MD, Frank J. Lagerwaard, MD, PhD, Cornelis J.A. Haasbeek, MD, PhD,
Ben J. Slotman, MD, PhD, and Suresh Senan MRCP FRCR, PhD

TABLE 1. Patient, Tumor, and Treatment Characteristics

(n=107)
Characteristics n (%) or Median (Range)
Male gender 73 (68%)
Age at SPLC (years) 72 (50-90)
Treatment interval (months) 48 (6-349)
COPD 85 (79.4%)
Charlson Comorbidity Index 3(0-10)
WHO Performance Score (PS) 1(0-3)
Stage initial lung cancer (7" TNM)
Stage 1 67 (62.6%) .
Stage I 18 (16.8%) Metachronous second primary
Stage 111 17 (15.9%)
Stage IV 3(2.8%) Iung cancer (SPLC)
Unknown 2(1.9%)
Treatment initial lung cancer
Lobectomy/bilobectomy/trimodality 78 (72.9%)
Pneumonectomy 17 (15.9%)
Wedge/segmentectomy 3 (2.8%)
CRT 7 (6.5%)
Palliative (chemo or RT) 2 (1.9%)

ESTR
J Thor Oncol 2014 Schoolo



Cum Survival

Cum Survival
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FIGURE 2. Kaplan-Meier curves comparing (A) overall survival and (B) local, (C) regional, and (D) distant control rates between
patients treated with stereotactic ablative radiotherapy for a “first” primary lung cancer (FPLC; gray line, n = 756) and a meta-
chronous second primary lung cancer (SPLC; black line, n=107)

L—‘.“—‘H
p=024

T T T
84 9 108
03 02 o
12 06 01
p=0.69
e % 108
03 02 O
13 06 01

ESTRO
School



Final Remarks

« SBRT is currently widely accepted as the best alternative
to surgery for inoperable early stage lung cancer

« SBRT might be offered also to operable patients

« IGRT-motion management are essential for prescribing
high BED: IMRT is an option

* Mature data with long-term follow up are needed to
better understand the pattern of relapse across time

* Predictive and prognostic factors are needed to possibly
offer to higher risk patients adjuvant therapies

ESTRO
School
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One's own experience has the advantage of absolute certainty - Schopenhauer

No man's knowledge (here) can go beyond his own experience - Locke

Stupid is as stupid does - Gump

- Literature overview plus some VERY SUBJECTIVE COMMENTARIES!!



Clinical Application of IMRT



Most important indications and treatment philosophy

1. Head and Neck Cancer
CNS

Paranasal Sinus Tumors / Integrated Boost 4
(Better Tumor coverage and shortening of -
overall treatment time)

NPC and other ENT Tumors 2 ¥
(Parotid sparing when possible, better tumor a%
coverage for NPC)

2. Prostate / Integrated boost =/
(Potentially hypofractionation) | 4

3. Gastric cancer
(Better kidney sparing while treating the whole of the target)

4. Breast Cancer
5. Lung Cancer

6. Metastases



Evidence behind use of intensity-modulated radiotherapy:
a systematic review of comparative clinical studies

Liv Veldeman, Indira Madani, Frank Hulstaert, Gert De Meerleer, Marc Mareel, Wilfried De Neve Lancet OI'ICD' 2008; 9: 367_37 5

56 studies/reports
= 20 head&neck 3 lung
= 16 prostate 5 Gl

5 gynecological 3 CNS
4 breast

A DS
=
4BCS = P = CiQol
3¢5 = (Gii Toxic effects &Q@“‘
Stug ZNRCT D Indirect surrogates ¥
J’Cfagjgn 1RCT
Number of patients
inthe IMRT group  Decreased xerostomia
< <50 @ Significant difference in favour of non-IMRT . .
G0-100 No significant differences noted between IMRT and non-IMRT * Decreased rectal ?OXICIty
@ =100 @ Significant difference in favour of IMRT * Improved cosmesis

in breast cancer

Figure 3: Evaluation tool for relevance of clinical statements reported in 56 studies of IMRT
BCS=best case series. CS=case series. NRCT=non-randomised controlled trial. RCT=randomised controlled trial.
0OS=overall survival. DSS=disease-specific survival. QoL=quality of life.



IMRT clinical outcome

Factors influencing the rational use of IMAT for head-and-neck cancer Factors influencing the rational use of IMAT for whola breast irradiation

Against IMAT | In faver of IMRT Against IMRT | In favor of IMRT
Toxicity .o =R Toxicity . ; v e
-Scientific evidance P i -Seientific evidence 5 i [ 4 i
«In-gifico = ol -In-silico ] E . |
Clinigal " m Clinicat § § |
-Health care practice : : : <Healih care praclice : ; H :
-Expert opinion ' : .| -Expert opinion ; ; o m
~Technical challanges Pon B -Technical challenges i u i
Lot L. i -Cost i ] A
-Patient contribution ] P ; -Pafiant contribution = ; ; I
Anti-cancer efficacy Anti-cancer afficacy
v i ; -Scenlilic evidence i : 5
it i [ ] n-ilico i i i
-Ciinieal i P g -Clinical il i i :
-Health care practic P -Health care practice ' ' |
-Expert opinion ] H H ‘Expert opnicn 1] I I '
-Technical challenges = : -Technical chaliengas [ i :
-Cost ! -Cost 1] : :
-Pationt contribution [ I P -Patient contribution 53] e =
| | |l | | | | | | | |
| ! woak | woax | | | Weak | weak |
Avarage Avem%& A Average Avarage
Strong trong Strang Strang

Figure 1 Factors in Bvor o against IMRT sz represented by a sectangle o the right ar on the et of the vertical solsd

Figure 2 Frerors in lavor or agaimst IMET are representad by a rectangle on the rght oron the ledt of the vertscal zolid
Hiree, vespectively. A question mark inside & rectangle indicates too much uncertainty for wsing the fctor m the graph

line, rspectvely, A question mark metde 2 rectangle indicates oo much wncertainty for wsing the faceer in the graph

De Neve et al. Sem Rad Onc, 2012



Tumor Localizations

1. Breast Cancer



There are two different paradigms that have to be discussed
separately:

1. Tangential IMRT
2. Multi-beam-angle/Multi-field IMRT



1. Improvement of Dose Homogeneit for Tangent
Irradiation

lzodose values

g L
et LU
—
a88%
o0
B
%%
B0
— B9

Standard wedged treatment Multiple static MLC fields

http://www.elekta.com/Contentinternational.nsf/pga_Frameset?openpage&url=imrt_for_breast _cancer


http://www.elekta.com/ContentInternational.nsf/pga_Frameset?openpage&url=imrt_for_breast_cancer

P.M. Evany et al. / Radiotherapy and Oncology 57 (2000) 79-89 83

b)

Fig. 2. Superposition of a patient image from the in-house EPID and the four fields to be delivered from this beam direction. A left medial image is shown. In (a)
this is overaid with the fields needed for flash method 1 and in (b) with the fields for flash method 2. The labels inside the images indicate the field numbers.
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OITIMIZING BREAST CANCER TREATMENT EFFICACY WITH u} Lateral IMBT Sopmant
INTENSITY-MODULATED RADIOTHERAPY
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Optimization of Tangent Irradiation

Abo Madyan et al., Strahlentherapie, 2007
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Optimization of Tangent Irradiation

Abo Madyan et al., Strahlentherapie, 2007
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Breast IMRT - Dose Calculation

Polednik et al., Strahlentherapie, 2007
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Breast IMRT - Dose Calculation

Polednik et al., Strahlentherapie, 2007
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Breast IMRT - Dose Calculation

Polednik et al., Strahlentherapie, 2007
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Clinical Results with Tangential IMRT

2 Randomized trials, several retrospective analyses

Dilfercnce in Mcan Dormatitis by Week ol Trealment

4 5 Score {change) Standard (20) IMRT (3D)
1,; ] P<0 0001 Mumber (%) Humber (%)
15 Photographic score at year 1
- None B4 (64.1) 92 (74.2)
' ] Mild 37 (28.2) 26 (21.0)
i s P<0.0001 Marked 10 (7.6) 6 [4.8)
3 Total 131 124
= Conventiona
%‘* 10 4 .-'E Photographic score at year 2
2 o9 P<0.0001 i . Nong T3 (56.6) B4 (65.1)
e IMRT Mild 49 (38.0) 39 (30.2)
2 g7 Marked 7 (5.4) 6 (4.7)
5 g Total 19 19
-
TR Photographic score at year 5
04 4 Nong 51 (41.8) 71 (60.2)
03 Mild 54 (44.3) 35 (29.7)
02 Marked 17 (13.9) 12 (10.2)
i e . P S Total 12 118
[da] ! " i i - : :
1 2 3 4 5 4 7 a
Wouk Donovan et al., R&O, 2007
Fig. 1. Mean frequency of dermatitis by week of reatment during Plgnol et al., JCO, 2008

radiation therapy for patients treated with conventional radiation
therapy (n = 405 and intensity-modulated radiation  therapy
(IMRT; n = 399,

Freedman et al., IJROBP, 2009



Fox Chase experience, Median F/U 31 mo, 946 women
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Fig. 1. Actuarial local control, locoregional control, distant
metastasis, and overall survival after whole-breast IMRT.
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Fig. 2. Treatment-related side effects after whole-breast inten-
sity-modulated  radiation therapy (IMRT). Treatment-related
effects observed in follow-up after whole breast IMRT, as recor-

ded from the start of breast IMRT.

Keller et al., IJROBP, 2013



Scatter Reduction with tangential IMRT

Table 2: Dose to various organs for various breast radiotherapy techniques.

Techmique PBSI HDE Wedge IMET AD-CRT
{catheters)

Treated Breast 90 Gy M Gy 50 Gy 50 Gy 385 Gy

Contralateral Breast 2.2 mSv 230 mSv 1695 mSv 206 mSv 140 mSv

Spleen 44 mSv 1171 mbv 2300 mSv 810 mSv 130 mSv

Ipsilateral lung 790 mSv 2471 mSv 582 mSv 121 mSv 80 mSv

Heart (LAD) 0.7 Gy 3.6 Gy 2.7 Gy 1.1 Gy 0.7 Gy

Pignol et al., 2011
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“In sharp contrast to popular belief, the IMRT technique investigated here
does not increase the out-of-field dose compared to conventional techniques

and may offer the most optimal plan.”
Joosten et al., R&O, 2013
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Fliz. 1. A representative FE-IMET isodose plan (A) and 30-HEH Bodoze plan (8
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Reardon et al.,

Med Dosim, 2013
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2. ,Full®, Multifield IMRT for left heart sparing
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|s cardiotoxicity still a problem?
In some situations apparently.........

SEER 2000-2009

o 0.20, )
= P02 | eftsided breast cancer
5 Right-sided breast cancer
015
=
o 10.5%
E 0.104 #’
» ,
i 0.05- %
E
a nluu' L] L3 L L LS
0 2 o [ 8 10
Years from start of radiation therapy
Huiimber at risk
Group | O 2 & (1 a 10
Left-sided T 5021 A216 2700 1,364 116
might-sided | 7,115 5937 4268 2743 1421 318
Fig. 2. Cumulative incidence of percutaneous coronary

intervention (PCI) for lefi- and right-sided breasi cancer
after radiation therapy for patients with high cardiac risk.
The number of patients at risk is shown below. Gray’s test
of equality was used to evaluate a significant difference
between groups.

—  Left-sided breast cancer

ar
m 0.204 Right-sided breast cancer 18.9%,
2 P 003 £
= e
o 0.154
e
B
3 0.10
E .
ﬁ 9.0%
‘E 0.051
o
5 IJ.E'D"—‘:*. T T T 1
0 2 4 6 8 10
Years from start of radiation therapy
Number at risk
Group | O 2 4 & L3 10
Left-sided | 504 #82 400 281 165 54
Right-sidad | 416 108 139 253 142 LY
Fig. 3. The incidence of cardiac-associated mortality for

left- and right-sided breast cancer patients who received
percutaneous coronary intervention (PCIl) after radiation
therapy (n=920). The number of patients at risk is shown
below. Gray's test of equality was used to evaluate a
significant difference between groups.

Boero, IJROBP, 2016



Distribution of Coronary Artery Stenosis After Radiation for Breast Cancer

[cowering B)

Fiy L. (41 Corcrang angiegram supsnmposed on computed tomegraphy KT of
haart ilustrating aretonmy of coronary arteries with branches of right coronary
aary loranget and Jatt droumfles and left amerior dezcanding (LADH arteries
Iredi; nurmbsrad arroes indicate segmants. B CT doseplannad ket tangantial
braast rradiation showing distal LAD (elow arclel and radistion fialds.

Table 2 ORs From Gereralized Linear Mived Madsls for Grades of Carorary Artery Stemosiz in High- Versue Lowe Rizk BT or Mo RT

Patiant= With BC
All Segments Hotspot Arcas

Sancsis Grade LENVEANS Estimats R 6% | LSMEAMS Estimata OR 6% Cl
1£

Lawwesisk RTino AT a.1e Ref 026 Raf

Higherisk T 0.7 1.68 1.104a 257 0.3 136 117 o 283
25

Lawesisk AT BT a.ne Ref 0z Raf

Higherisk RT a.10 1.26 080 124 015 1.22 023l
25

Lowesisk RT/ine RT Q.06 Ref ooz Raf

Higherisk RT a.0e 1.E1 1.00t 258 012 130 L1 102.24
45

Lawesisk AT BT a.0d Ref 00d Raf

Higherisk RT a.ne 2.06 1.21ta 251 o0 127 11410208

Abbreviations: BC, breast cancar, LEMEANS, least-zquaras maare; OF, odds ratio; Ref, referance; AT, radictherapy.

Nilsson, JCO, 2012




Supine Breast Movement — intra- and interfraction

Table 5. Combined results for the magnitude of intra-fraction mation in breast cancer patients

Parameter Combined results
(mm)
Range of average Average Range of maximum
movement — 150 movement — 150 deviation+
CLD (five articles)>7 394743 07-1.8 1.19 1.5-131
CBESD (five articlas)>/ 394749 0.73-21 1.26 1.6-14.9
CCD (three articles)>¥ 42 0.8-3.2 1.82 20-256

tFein et al.” and Kron et al * do not report a maximum deviation.
CBESD, central beam edge to skin distance; CCD, cranio-caudal distance; CLD, central lung distance;
5D, standard deviation.

Table 6. Combined results for the magnitude of inter-fraction motion (random error) in breast cancer

patients
Parameter Combined results
(rmmj)
Range of average Average Range of maximum
rmovement — 150 movement— 15D deviations+
M iChaISki et a|_ CLD (eight articles)57.20.40.45-47.40 17-4.4 2.21 2.6-11.6
! CIW (three articles)#.9.4 0.81-2.9 1.9 3.6-18.2
JMIRO. 2013 CBESD (six articles|57.29.4647 42 0.63-4.4 220 3.05-15.6
’ CCD (five articles)545-¥.42 0.6-4.0 2.6 3.6-22.9
CBD ithree articles)?.3%.40 2.62-37 218 MA

tFein et al.” Kron et al.,*® Pradier et al.* and Koseoglu et al.*’ do not report a maximum deviation.
CBESD, central beam edge to skin distance; CED, central breast distance; CCD, cranio-caudal
distance; CIW, central irradiated width; CLD, central lung distance; 5D, standard deviation.



Strahlentherapie

und Onkologie Fallstudie

Invers geplante intensitatsmodulierte Strahlen-
behandlung bei einer Patientin mit rechtsseitigem
Mammakarzinom und Trichterbrust

Christoph Thilmann!, Angelika Zabel', Sabine Kuhn!, Rolf Bendl®, Bernhard Rhein,
Michael Wannenmacher?, Jiirgen Debus'-2

Abbildung v ergleich der Dosisverteilung a) kanventione/l=Tachnik mittangentialen o-MyY-Rkeilfilter-Feldem by konventionellz Techrik mit zu-
satzlichems-fev-Elektronenfzld O IMRET mit 2wolf intensitatsmaodulizritzn -8 -Photonenteldern mit sechs Intensitatsstufen ez Segmente
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A simplified intensity modulated radiation therapy technique for the breast

Chen-Shou Chui,® Linda Hong, and Margie Hunt
Department of Medical Physics, Memorial Sloan-Kettering Cancer Center, New York, New York 10021

Beryl McCormick

Department of Radiation Oncology, Memorial Sloan-Kettering Cancer Center, New York, New York 10021

reduced Medical Physics, Vol. 29, No. 4, April 2002
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Virtual Bolus

.................... Strahlentherapie
und Onkologie Originalarbeit

Virtueller Bolus zur inversen Bestrahlungsplanung
bei intensitatsmodulierter Radiotherapie des Mamma-
karzinoms im Rahmen der adjuvanten Therapie

Christoph Thilmann', Karl Heinz Grosser!, Bernhard Rhein', Angelika Zabel', Michael Wannenmacher?,
Jurgen Debus'?

Abbildung1. Festlegung von Bolus und CTV zurinversen Optimierung:
Der Bolus wird nur zur inversen Bestrahlungsplanung verwendet. Die
abschlieRende Dosisberechnung und auch die Bestrahlung erfolgen |
ohne Bolus: a) Bolus der Dicke von 1o mm (Dichte = -6c HE); b) CTV
gemall EORTC.

Fragestellung: Die intensitatsmodulierte Strahlenbehandlung (IMRT) verspricht eine verbesserte Schonung von Risikostrukturen,
Wir untersuchten, in welcher Form eine inverse Bestrahlungsplanung zur IMRT der Restbrust beim Mammakarzinom durchfihrbar
ist.

Methodik: Neben einer Bestrahlungsplanung in konventioneller Technik mit tangentialen &-MV-Keilfilter-Feldern wurde eine
IMRT-Bestrahlungsplanung mit inverser Planoptimierung (KonRad™) durchgefihrt. Im Planungs-CT wurde ein Bolus van 10 mm
Dicke und einer Dichte von -60 HE definiert. Der Einfluss des Bolus auf die Planoptimierung wurde bestimmt, indem die Opti-
mierung ohne Bolus, die nachfolgende Dosisberechnung ohne und mit Bolus durchgefihrt wurden. Um den Einfluss des Bolus auf
die Dosisberechnung zu bestimmen, erfolgte nach Optimierung mit Bolus eine Dosisberechnung ohne Bolus und mit verschiede-
nen Bolusdicken. Die Planungsergebnisse wurden jeweils mit der Dosisverteilung einer konventionellen Bestrahlung verglichen.
Ergebnisse: Die inverse Planungsoptimierung mit einem Dosisalgorithmus, der Gewebeinhomogenitaten berilicksichtigt, fihrt zu
einer erhéhten Hautbelastung. Diese lasst sich reduzieren, indem man ausschlieflich zur inversen Optimierung einen Hilfsbolus
verwendet. Es lasst sich damit eine Hautschonung entsprechend der kanventionellen Therapie erreichen. Die Relativdosisvertei-
lung bleibt von der Verwendung des Bolus bei einer Dicke von 10 mm weitgehend unbeeinflusst. Die Absolutdosis unterscheidet
sich bei Dosisberechnung mit und ohne Bolus um 3,4%. Daher muss der Bolus im Sinne eines virtuellen Bolus vor der abschlie- Abb“dung 3|;| - Figure 3b
Fenden Dosisberechnung wieder entfernt werden.

Schlussfolgerungen: Zur inversen Optimierung einer IMRT der Restbrust ist ein virtueller Bolus erforderlich. Damit ist eine : e fI— . . . . .
e e Brs e E ern: = -
IMRT-Bestrahlung gemal Konsensus von EORTC, BCCG und EUSOMA (1991) maglich. Insbhesondere kann die gleiche Zielvolumen- 'Ilung beiinverser Optlmlerung ohne Bolus bei IMRT mit zv |tangentnlen Feldern a) INVErse Op

. o . . )
definition wie bef der konventionellen Therapie verwendet werden. Es sind hiermit IMRT-Techniken in konventioneller Feldgeo- inverse Optmnerung ohne Bolus, DOS'SherEChnung mit1o-mm-Bolus. DargeEtellte Isadosen: 1a%,
metrie und in Vielfeldertechnik realisierbar. elt).

Schliisselwérter: Mammakarzinom - IMRT - Inverse Bestrahlungsplanung
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Breast IMRT reduces Maximum dose to the heart at the expense of
higher low dose exposure and a higher dose to the contralateral breast
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Current status of breast IMRT
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IMRT for breast. A planning study

A. Fogliata®, G. Nicolini®, M. Alber®, M. Asell®, B. Dabler?, M. El-Haddad®",
B. Hardemark®, U. Jelen!, A. Kania®, M. Larsson¥, F. Lohr?,
T. Munger®, E. Negri¢, C. Rodrigues', L. Cozzi®*

Radiother Oncol, 2005




IMRT vs. VMAT

normal breast Obese breast
10 MV

VMAT

IMRT

Fig. 2 A Sample isodose distributions in transverse, coronal and sagittal planes (ArtiView™) for VMAT and IMRT plans of a
normal (feft) and an obese (right) patient at 6, 10 and 15 MV

Pasler et al., SUON, 2013



First clinical data Heggemann et al., IJIROBP, 2015

- 3D-CRT in Patients with small heart volumes irradiated with tangents
- IMRT in Patients that would have had large volumes irradiated to high
doses with tangents

Percemiage ol the Toml Heard Vo leme Exposed io Ditfereny Dese Leveds

-Noisy data

-In both groups temporary

depression of heart function parameters
-In both groups recovery at 2 years

-No relevatn difference between groups

ool i

Mean Heart dose is potentially not the best parameter
(ASTRO 2015: in RTOG 0617 V45 was the best predictor....... )
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Prone vs. Supine Formenti et al., JAMA, 2012

L

Latissimus o) Lung 8
] dorsi ’ -

Latissimus
dorsi §

A acing the posterior edge of the fields on a plane connecting the midline to the anterior extent of the latissimus dorsi muscle ensures comparable breast coverage,

Table. Differences in “olumes of Heart and Lung Between Supine and Prone Positions by Breast Volume and Right vs Left Breast Cancer

Right Breast Cancera Left Breast Cancer
I 11 1
In-Field Lung Volume, In-Field Lung Velume, In-Field Heart Volume,
Mean (95% CI), em? Mean (95% Cl), cm?® Mean (95% Cl), env®
1 I 1T 1
Breast Difference of Difference of Change From
Volume, Supine Supine Supine to
cm? MNo.  Supine Prone Minus Prone®  No. Prone Minus Prone® Supine Prone Pronel
<780 73 78
(TE.80 to
38.71) ) 3) 14.47)
701600 O : 17.47 10a.24 84 11044
05,3 (1110 to (B5.01 to @428 to (103 to [ E to
2374 117.58) 126.57) 5.38) 122.82)
=1500 36
Total 200

AThers was no infisld heart wolume in sy of the patients with right breast cancer.
bThe 95% Cls arsbassd an paired ¢ statistics.




Hypofractionation/SIB/APBI-> Watch the Volume

Jagsi et al., [IROBP,
2009

Fig. 3. Visible impaiment in cosmiesis observed in 3 patients deemed w have unacceptable cosmesis after treatment.

Several Trials with different concepts running (NSABP, IRMA, etc.),
results to be expected during the next 2-5 years



SIB Breast — Localization?

Gonzalez Sanchis et al.,
Clin Transl Oncol, 2013

Fig. 2 Examples in two patients (a and b) of partial breast
irradiation. Subclinical doses of the tumor bed PTV marked with
clips can be observed, as can be seen from the dose distribution (black
dashed line corresponding to 40 Gy coverage) and the histograms



SPECT Analysis of Cardiac Perfusion Changes After Whole-
Breast/Chest Wall Radiation Therapy With or Without Active
Breathing Coordinator: Results of a Randomized Phase 3 Trial

Similar Perfusion S S AT
Changes in LAD !

region w and w/o e b
ABC Vaﬁ:r?cae

A B
|~a= ABC
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Apical Mid-Cavity Basal LAD RCA LCx

Fig. 2. Change in myocardial perfusion scores are based on quantitative polar mapping using (A) ring segmentation and (B) coronary Zel Ia rS |J RO B P 20 1 4
bl bl

artery distribution. Squares are estimated means at baseline and follow-up, with vertical lines indicating 95% confidence intervals for

means.



Second Malignancies



IMRT-Capable Delivery System




There is nothing new under the sun...... 1

K. Bratengeier

In: Kiricuta, Definition of Target
Volumes, 2001

Figure 8. Two-step IMAT in the case of a patient with Hypopharynx-Carcinoma.
Left: transversal plane. Right: sagittal plane; 30%, 50%, 70%, 80%, 90% and 95% isodoses are shown in the same
colors as labelled in figure 7.




Abb. 2.6.1: Dosis-
verteilung fiir eine
biaxiale Bewe-

Elaus Welker und [irgen Richter gungsbestrahlung.

I he Geschichte
der Strahlentherapie
an der Robert-Rossle-Klinik
i Berlin-Buch
1950 bis 1984

Abb. 2.6.2: Dosis-
verteilung fiir eine
4-axiale Bewe-

2 gungsbestrablung.




“The most important prerequisite for the
development of a second neoplasm is
cure of the primary malignancy”

Doerr, Hermann, SUON, 2008

-> Death as confounding factor has to be
compensated for in estimates



The effect of fraction time in intensity modulated radiotherapy:
theoretical and experimental evaluation of an optimisation problem

Xiangkui Mu®, Per-Olov Lifroth b Mikael Karlsson®, Bjiéirn Zackrisson™™

“Department of Radiation Sciences, Oncology, Umed University, SE-900 87 Umed, Sweden
" Department of Radiation Physics, Umed University, SE-900 87 Umed Sweden

Revetved 26 Movember 2002: received i revised Torm 11 April 2003 accepted 24 April X3
UNEXPECTED CHANGES OF RAT CERVICAL SPINAL CORD TOLERANCE
CAUSED BY INHOMOGENEOUS DOSE DISTRIBUTIONS

Henprik P. Bur, M.D..* Peter van Lunk.” Ros P. Corpes, Pu.D.**
Jacosus M. Scrrepers, Pr.D. TP Antoniws W, T, Konmves, Pa.D..Y anp
ALBERT J. vaN DER KogerL. Pa.D.?

Dental X-Rays and the Risk of Intracranial
Meningioma CANCER March 1, 2004 / Volume 100 / Number 5

A Population-Based Case—Control Study

Effect of low doses of 1onising radiation in infancy on cognitive
function 1n adulthood: Swedish population based cohort study

Per Hall, Hans-Olov Adami, Dimitrios Trichopoulos, Nancy L Pedersen, Pagona Lagiou, Anders Ekbom,

Martin Ingvar, Marie Lundell, Fredrik Granath BM] VOLUME 228 8 [ANUARY 2004 bmjcom



Risk estimates for secondary cancer after exposure
to ionizing radiation

1. Low dose estimates (0-2 Gy single dose exposure,
based on the Atomic Bomb Survivor Study (Life
Span Study, LSS), that forms the basis for the
Biological Effects of lonizing Radiation (BEIR VII
model)

2. High dose estimates (>2 or >5 Gy, based on
clinical follow up data after radiotherapy for benign
or malignant disease



Different Aspects of Carcinogenesis - Synopsis

The Gold Standard:

A-bomb Survivors -
& L
.
-
o &
= Low Dose o ———— =
e Extrapolation ——— " High Doses
E — e m Em E G N R E == .! " %
& Bystander Effect x \
{3 | Sensitive Sub-population P \
§ #’ T e e o o g i " L
S 1o
3|/ -2 |
f - 5
/ =" - J ! : :
ez =" : : " S R ——
01 08 A 1.0 25 10 100

Adaptive Ften.pun.na
Dosa (5v)



Problems identifying true incidence numbers of secondary
cancer after exposure to ionizing radiation

1. Low dose Estimates (LSS):

- Low number of events

- Uncertain Dosimetry

- Unclear effects of other toxins

- Difficulties to maintain long follow up

- Very limited dose range (limited by acute lethalty of exposure and explosion
force to 0-2 Gy with emphasis on <1 Gy)

2. High dose Estimates (clinical)
- Low number of events
- Combination Therapies

- Information on precise localization and doses at the site of second
malignancies hard to obtain (10 year documentation.....)

- Long follow up necessary, hard to obtain without institutional data collection



Low Dose Models



Causeof death ERR/Gy” (95%C1") Cases 05

All causes

Al solid cancer

0.22 (0.18, 0.26)
0.47 (0.38, 0.586)

Cancers of Specific sites £

Esophagus

Stomach

Caolon

Ractum

Liver

Gallbladder

Pancreas

Other digestive system
Lung

Breas!

Uterus

Owary

Prostate

Bladder

Kidney parenchyma
Renal pelvis and ureter

Other solid cancer

051 (0.11, 1.06)

0.28 (0,14, 0.42)
0.54 (0.23,0.93)

017 {-0.17,0.64)
(.36 (0,18, 0.58)
045 (010, 0.00)
0,08 (-0.18, 0.44)
1.29 (0.14, 3.25)
0.63 (042, 0.88)
1.60 (0,93, 2.37)
0.22 (-0.09, 0.64)
0,78 (0.07, 1.86)
0.33 (NA®, 1.25)
1.12 (0.33, 2.26)
0.52 (-0.15, 1.75)
262 (0.47,7.25)

047 (024, 0.78)

50,6820
10,929

339
3125
621
427
1,519
419
513

1,558
324
547
157
130
183

a0
33
B4

Lymphoid and hematopoietic malignancies «d

Malignant lymphoma
Multiple myeloma

Other neoplasms ¢

0.16 (-0.13,0.59)
0.54 (-0.04,1.58)
0.65 (0,26, 1.14)

Mon-neoplastic diseases and other causes

Blood diseases
Circulatory diseases
Respiratory diseases
Digestive diseases
Genitourinary diseases
Infectious diseases
Other diseases

External causes

1.70 (0.96, 2.70)
0.11 (0.05, 0.17)
0.21 (0.10, 0.33)
0.11 (-0.01, 0.24)
0.14 (-0.06, 0,38)
-0.02 (-0.15, 0.13)
0.01 (0.1, 0.12)
0.1 {-0.21, 0.02)

284
93
518

238
19,054
5118
3,394
1,309
1,062
4,847
2,432
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LSS,
Ozasa,
Rad Res,
2012
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High(er) Dose Exposure



Low Doses are
evil.......are they???

Im Feld 46 (51%)
20 (22%)

24 (275

Ao Feldrand
Auberhall des Feldes

Tabelle 4. Lokalisation der Zweilmalignome in Begiehung zum
Strahlenfeld.

Takble 4. Localization of seeondary malignancies with respect to the
field =ize.

n n
Mammakarznem 14 Schilddriisenkarzinom 2
Bronchislkarzinom 12 Hirntumor 2
Non-Hodgkin-Lymphome 9 Hamblasenkarzinom 1
Basaliom B Chondrosarkom I
Weichteilsarkom * 7 Hautkarzinom 1
Kolorektales Karzinom 3 Hypopharynxkarzinom 1
Leruskarzinom 5 Mierenkarzinom 1
Magenkarzinom 5 Parotiskarzinom 1
Seminom 3 Pleurzkarzinom 1
AMIL 3 Vulvakarzinom 1
Pleuramesotheliom 2 Zungenkarzinom 1
Ostecsarkom 2 Andere L

*Malignes Himangioperizytom; malignes Histioeytom (2); Leio-

myosarkom (2} Spindelzellsarkom; malignes Schwannom.

Oy i

<1 14 {16% )
1-14 1Z{13%)
11-24 16 {18%)
21-3 B 9%
31 =40 19 {21%)
41 - 50 20 (22%)
= 5 10 1%)

Tabelle 5. Sirahlendosis am Entstehungsort des Zweitmalignoms,

Hochrisikopatienten. Die Patienten mit zustitzlicher Poly-
chemotherapie wiesen insgesamt ein signifikant héheres ku-
mulatives Zweitmalignomrisiko auf als dic Patienten mit Ra-
diotherapie allein. Abbildungen 3a und 3b zeigen fUr das
Kollektiv ab 1972 das kumulative Zweitmalignomrisiko se-
lektiert fiir die typischen Kombinationstherapien ( Radiothe-
rapie in Kombination mit MOPP oder ABVD oder MOPP +
ABVD) im Vergleich zur Radiotherapie allein, und zwar in
Berichung zur Primértherapie {Abbildung 3a) und zur ge-
samten Therapie einschlieflich Rezidiviherapie {Abbildung
ih). Die Kombinatien mit MOPP hatte, fir sich betrachtet,
bis zu 15 Jahren nach Therapie das geringste Zweitmali-
gnamrisiko, so dall die Anhebung des Zweitmalignomrisikos
im Gesamtkollektiv der Patienten mit Polychemotherapie
signifikant zu Lasten der Kombinationen mit ABVD baw.
ABVD + MOPP ging { Abbildungen 3a und 3b).

Tabwelle 3, Speafikation der Zweitmalignome (no= 90},
20 5O
— AT N = 353 4 — AT N =304} M .
- — —  AT*MOPP (N = 143) Y a AT * MOPP N = 1741 !
s 3T 2 AV M = 74 'fl'lr AT + ABWD (N = '-C'?‘ ”
==-- AT+Mopp+ABVDIN=82 / 40 AT + Mopp + ABVDIN = 119) ¢
an —-— 5T+ 0T ges, (N =278 fl f —— == AT + CT ges. IN:*-QU'I] !‘(
35
z K/
‘5’ 25 =
::; " ! f % ag
= dd =
g 20 ’ F é 25
3 - 5
E s LA E
I "' r ’ k"
£ [ 15
S !
10 i o 2
Fa . s 10
R
5 e s g
‘—'_ J—
0 a
o 5 10 15 20 o 5 10 5 0
Jahre Jahre

Abbildung 3a - Figure 3a Abbildung 3b - Figure 3k

Abbildungen 3a und 3b. Morbus Hodgkin, Kunmlatives Zweitmalignomrisiko in Beziehung a) zur primiiren Therapie: Radiotherapie (RT) al-
lein odder in Rombination mit Chemotherapie (CT), hisr mit MOPP oder ABVD oder MOPP + ABVD: RTvs. RT + CT (ges. ) p < 0,001, Frei-
burg 1972 bis 1997, mediane Beobachmngszeit 10,4 Tahre, n = 672, b) Kumuolatives Zweitmalignomrisike in Beziehung gur gesamien Therapde:
Radiotherapic (RT) allein oder in Kombination mit Chemotherapic (CT), hicr mit MOPP ader ABVD oder MOPP + ABVIY, RT va, RT + CT
{ges.} p < 01, BT + MOPP vs, RT + ABVD p < 0,01, RT + MOPP vs. RT + MOPP + ABVD p < 005, Freiburg 1972 bis 1997, mediane Be-

abachtungszeit 104 Jahre, n = 706

Slanina et al., Strahlentherapie, 1999



Hodgkin |l (GHSG) Behringer et al., IJROBP, 2004
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Figure 1. Cumulative risk of solid tumor by time since first treatment. Figure 2. Overall survival from solid tumor.

l'able 8. Solid mmors within or adjacent to the initial irradiation field

- Uncertainty about

Tumor entity Location within the initial irradiation field SM L .
“ -Location
Probable Mot probable Unknown
Breast 4 3 [
Lung 12 3 12

Thyroid 4 1 0




Hodgkin Il (Yale) Omer et al., BJH, 2012
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Hodgkin |ll: Pediatric HD

96% of Secondary Cancers in-field

Wahrscheinlichkeit

1,0 o, 0,95 0,02
0,81
0.8 0,80
0,6
547 500 418 221 102 21 Patientinnen™
0,4 —
0,2 1 m mannlich: n=817,72 verstorben, 0,80, SE 0,02
m weiblich: n=590,56 verstorben™, 0,81, SE 0,03
U T T

0 5 10 1|5 20 25 30 35
Jahre nach Primértherapie

Gesamtiberlaben (,overall survival® [05] nach 30 Jahren) in den Morbus-Hodgkin-Therapie-

studien HD-78 bis HD-20 bei Jungen und Madchen (Stand: 1. Juli 2012).

*! Todesursachen bei den Patientinnen: Hodgkin-Lymphom {n = 18),
Post-Splenektomie-Sepsis (n = 7), Sekundarmalignom (n = 15, davon 3 Brustkrebs),
Herzerkrankungen (n = 6), sonstige (n = 10, inklusive Unfall, Suizid)

*2 mit dokumentierten Verlaufsinformationen

s Schellong, Dt. A-Blatt, 2014

Kum. Inz.

0,35 — | === Follow-up: n = 590; 26 BK; 0,16 (95-%-KI: 0,10-0,26) bis 20 J. FU
m— Alter: n =590; 26 BK; 0,10 (95-%-K]: 0,07-0,18) bis Alter 40 J.

0,20 7
0,25 —
0,20 —
0,15 —
0,10 —

0,05 =

U_

Follow-up (FU: n=416 213 96 18
Alter: n=564 532 455 331 183 65 3

Kumulative Inzidenz (Kum. Inz.) fir Brustkrebs (BK) in der Gesamtgruppe der Patientinnen
aus den pédiatrischen Therapiestudien HD-78 bis HD-90 in Abhéngigkeit von der Zeit seit
Primértherapie (blaue Linie), bzw. vom erreichten Lebensalter (rote unterbrochene Linie) mit
95-%-Konfidenzintervall (95-%-Kl). Stand: 1. Juli 2012

Kum. Inz.

0,40 7 | wmmmm Alter bei HD: <9 J.; n=74; 0 BK; 0
m Alter bei HD: = 9 J.; n=480; 25 BK;

0,357 0,19 (95-%-KI: 0,12-0,29) bis 30 Jahre

0,30

0,30 -

0,25
0,20 —
0,15
0,10

0,05 —

Zeit nach Primértherapie (Jahre)

Kumulative Inzidenz (Kum. Inz.) fir Brustkrebs (BK) mit 95-%-Konfidenzintervall (95-%-KI) in
der Gruppe der Patientinnen aus den padiatrischen Therapiestudien HD-78 bis HD-20, die im
Brustbereich bestrahit worden sind. (Stand: 1. Juli 2012)



Hodgkin |ll: Pediatric HD

85% of Secondary Cancers in-field
Second Thyroid cancer only in patients
with Mediastinal or Neck RT

TABELLE 3

Kumulative Inzidenz von SMN nach Behandlung eines HL in der Kindheit und Jugend
Patienten-  Pat.(n) Medianes [0
Fol SMN
(Jahre) (n)
Sankila (14) <21 1943-87 | 1641 | 62" 69 8 | 77 | 5999
Wolden (15) = 1860-85 694 123 56" m87 m 10,6 6,6-16,0
w168 w154 10,8-215
m94 4,1-185
Green (16) <20 1960-89 182 171 28 12,7 263
w 10,2 56-171
Metayer (17) <2 1935-84 5825 105 195" 65 nr 77 66-88
Bhatia (18) | <16 1855-86 | 1380 | 17 | rava 1086 | 263 | 185 | 15,6-21.7
Constine (19) <18 1960-90 930 188 102* 19.0 | 142 | 116173
O'Brien (20) | Kinder" 1970-80 I 110 l 2086 ] 18 17.0 ] 284 l 229 | 14.2-35
DAL/IGPOH <18 1978-2002 2548 143 138" | 70 12 | 18,7 91 48108
Kumulative | und st Inzidenzverhaltnis von sekundaren malignen Neoplasien nach Behandlung eines Hodgkin-Lymphoms in der Kindheit und Jugend in einigen suropé-
schen und nordamerikanischen Studien
DALIGPOH: Die 7 DAL-/GPOH-Studian, die in dieser Publikation anatysiert werden.
HL, Hodgkin-Lympt m, lich; n, Anzahl, SIR, standardisiertes Inzidenzverhaltnis; SMN, dare maligne Neog w, weiblich, 85-%-KI, 95-%-Konfidenzintervall;
Pat., Patienten; J., Jahre; DAL, Deutsche Arbeit: haft fur Leukdmie-Forschung und -Behandlung im Kindesalter. GPOH, Gesellschaft fir Padiatrsche Onkologie und Hamatologie:

HD, Hodgkin's disease
“ohne Basaliome

Schellong, Dt. A-Blatt, 2015

Kumulative Inzidenz nach 30 Jahren Follow-up:
o 138/2548Pat.  =19% (15-23%) s
——— S§T 123/2 548 Pat. =17% (13-22%)
——— Leukimien + NHL 15/2 548 Pat. = 1,5%(0,6-3,5 %) BK
————— Brustkrebs (BK) 37/1124Pat. () =16% (11-24 %) ssT
20 ——— Schilddriisenkrebs (SK) ~47/2 548 Pat. = 4,4%(2,9-6,5%)
g
H
kS|
£
£
=
F]
E
=
SK
Leuk./NHL
1 1 1 1 1 1 1 1 1 1 11
8 10 12 14 16 18 20 22 24 26 28 30 32 34
n 2548 1987 607 91 Patienten
59 4 1"SMN
maligner ien (SMN ohne in den Studien DAL-HD-78 bis GPOH-HD-Inter-

vall. und 95-% alle fi Patienten mit einem Follow-up bis zu 30 Jahren (Stichtag 30. September 2013).
Subgruppen: SST (sekundire solide Tumoren), Leuk. (Leukéimien) und NHL (Non-Hodgkin-Lymphorne), BK (Brustkrebs) und SK (Schilddriisenkarzi-
nome). n, Anzah; 1 SMN, primér aufgetretene sekundére maligne Neoplasien, also SMN im engeren Sinr; Pat., Patienten; DAL, Deutsche
Arbeitsgemeinschaft fiir Leukdmie-Forschung und im GPOH, fiir Padi: Onkologie und Hamatolo-
gie; HD, Hodgkin's disease
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risk in female camriers of BECAT or BRCAZ daletarious mutations and womean in z
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Cancer Surdvor Study) participants. (*) Insufficient follow-up in this group to k=
provide reliabla estimatas of cumulative risk of breast cancer by age 50 years. _E 0.4
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Fig 1. Cumulative risk of breast cancer among women treated for childhood cancer with chestimadiation (&) overall and by childhood cancer therapy: (B) chest radiation
dose; (C) chest irradiation field; (D) ovaries in concurrent irradiation fild; (E) alkylating agents.
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Figure 1. Incidence of contralateral breast cancer. The figure displays
the time-to-event for the incidence of tumors in the contralateral
breastin patients with breast cancer treated either with surgery alone
or with additional irradiation (data from [5], webfigure 7; http:/ /www.
ctsu.ox.ac.uk/projects/ebetcg, August 22, 2007).

Doerr,
Hermann,
SUON,
2008



Breast || — Italian Data (Allegro Project)

,our initial patient number is very high, but the
incidence of a second cancer is relatively low (0.02%

of all patients and 0.019% of the patients treated with
adjuvant irradiation)”

Minimum F/U: 5 years

Median F/U: not given, but probably around 10 Years
Breast Cancers in High Dose Areas (in-field) excluded

Orecchia et al., Tumori, 2012



Breast |l

6+ years pre

index date

Survivors’ breast cancer diagnosis date

Comparisons’ matched enrollment date

Breast Cancer Survivors

1-5 years pre 1-5 years post- 6-15 years post-index date
index date index date
Cancer free Study follow-up 10 years
period

TABLE 3. The Risk of Incident Malignant Cancer in
the Survivor Cohort Compared With the
Comparison Cohort Adjusted for the Competing

Risk of Death Over 10 Years of Follow
Years After the Index Date), N = 2722

-Up (6 to 15

a

HPRcre (95% Cl)  HBagjustea (95% cl®

First incident all-cause 1.16 (0.93-1.48)
malignancy

Type of first incident malignancy
Ereast 1.26 (0.81-1.95)
Colorectal 0.66 (0.37-1.19)
Gynecologic 2,53 (0.B2-7.18)
Lymphomalleukemia 1.33 (0.62-2.84)
Lung 1.21 (0.68-2.18)
Melanoma 1.01 (0.36-3.32)
Other 1.20 (0.77-1.87)

1.17 (0.94-1.47)

1.28 (0.83-1.98)
0.66 {0.37-1.20)
2.72 (0.96-7.74)
1.28 (0.52-2.75)
1.25 (0.69-2.25)
0.93 {0.28-2.94)
1.12 (0.77-1.86)

Abbreviations: Cl, confidence interval, HR, hazard ratio.

“The index date was either the date of the survivor's diagnesis or the date

of the matched comparison woman's enmliment.

® Adjusted models included site, age, race, comorbidity, a

nd history of cancer.

) 4

Index date Start of follow-up End of follow-up

Total study population, N=2722
Survivor cohort, N=1361
Comparison cohort, N=1361

Figure 1. The study timeline is illustrated.

The adjusted hazard of developing a first
iIncident malignancy was slightly elevated in
survivors in relation to women in the
comparison group, but it was not statistically
significant (hazard ratio, 1.17; 95%
confidence interval, 0.94-1.47)

McClough-Gorr et al., Cancer, 2013



Breast |l - DBCG Data (Allegro-Project)

Radiotherapy-associated sites:

HR 1.34 (95% CI 1.11-1.61)

10—-14 years after RT: HR 1.55 (95% CIl 1.08-2.24)
>15 years after: HR 1.79 (95% CI 1.14-2.81).

Non-radiotherapy-associated sites:
HR 1.04 (95% CI1 0.94-1.1).

The estimated attributable risk related to radiotherapy for the radiotherapy-
associated sites translates into one radiation-induced second cancer in
every 200 women treated with radiotherapy.

The observed temporal-pattern for the RT-associated
sites Is consistent with the suggestion that radiation induced
solid tumors have a minimum latency of 5-9 years

Granzau et al., R&O, 2013



Breast

23,627 Irradiated 22,549 Non-Irradiated

women women
Second primary cancer site! Obs Obs HR (95% CI)*
RT-associated sites’
QOesophagus 15 20 — T 1.17 [0.56 - 2.44)
Lung, bronchus and trachea 186 292 —— 1.27 (1.04 - 1.55)
Heart/mediastinum 3 1 -
Pleura 4 3
Bones, joints ad articular cartilage 2 1
Connective tissua 16 11 2.96(1.17 - 6.18)
Subtotal RT-associated sites 226 328 1.34(1.11- 1.61)
All non-RT-associated sites
Salivary glands 2 2 -
Thyroid gland 9 11 —_————— 1.03 (0.39 - 2.74)
Buccal cavity and pharynx 21 41 —— 0.87({0.49-1.53)
Larynx 7 5 -
Stomach 20 42 —_— 0.74 (0.04 - 1.32)
Small intesting 1 11 -
Colon incl. rectosigmoideum 118 193 o 1.21(0.94 - 1.55)
Liver, galloladder and biliary tract 10 32 — 0.68 (0.32 - 1.45)
Pancreas 43 70 1 1.19{0.79 - 1.75)
Peritoneum and retroperitoneum 4 5 -
Rectum and anus 56 109 —— 0.86(0.61-1.22)
Melanoma of skin 50 JE —— 0.86 (0.58 - 1.27)
Urinary tract 65 113 —— 0.98 (0.70 - 1.36)
Corpus uter 98 155 —— 0.93(0.71-1.23)
Ovary, fallopian tube and broad ligament 91 113 —T— 1.11(0.82 - 1.51)
Other female genital 31 50 —— 0.96 (0.75 - 1.22)
Brain and nervous system 75 67 —— 1.73 (1.20 - 2.48)
Other sites 1 5 -
Subtatal non-RT-associated sites 702 1,102 i 1.04 (0.94 - 1.16)
All sites 928 1,430 it 1.10(1.01-1.21)
— T T T
o 5 1 z 3 4

Decreased risk of second cancer

Increased risk of second cancar

Il — DBCG Data (Allegro-Project

23,627 Irradiated 22,549 Non-Irradiated
women

women
Second primary cancer site* Obs PY? Obs PY HR (95% CI)*
RT-associated sites’
Latency 1-4 years 69 68,678 100 0.81(0.58-1.14}
Latency 5-9 years 66 35,034 94 1.20(0.86 - 1.69)
Latency 10-14 years 52 15,780 78 55(1.08 - 2.24)
Latency =15 years 39 7,273 56 —_—— 1.X9(1.14 - 2.81)
All 226 130,765 328 {1.11-1.61)
Lung
Latency 1-4 years 52 88 49 - 1.06)
Latency 5-9 years 57 8 81-1.67)
Latency 10-14 years a1 7 .94 - 2.08)
Latency >15 years 36 5 .21-3.13)
All 186 292 .04 - 1,55)
RT-associated sites excl. lung
Latency 1-4 years 17 12 (0.60 - 3.20)
Latency 5-9 years 9 10 54 (0,58 - 4.08)
Latency 10-14 years 11 .74 (1.05 - 7.15)
Latency >15 years 3 0.86 (0.20 - 3.70)
All a0 36 1.80(1.10 - 2.95)
Non RT-associated sites
Latency 1-4 years 318 361 1.05 (0.89 - 1.25)
Latency 5-9 years 237 353 1 1.11{0.93-1.32)
Latency 10-14 years 102 228 - 1.02(0.81-1.31)
Latency >15 years 45 160 —— 0.76 (0.53 - 1.09}
Al 702 1,102 + 1.04 (0.94 - 1.16)
All sites
Latency 1-4 years 387 461 ha 1.00(0.86 - 1.16)
Latency 5-9 years 303 447 - 1.13(0.97- 132}
Latency 10-14 years 154 306 T 1.16(0.95- 1.42)
Latency >15 years 84 216 —— 1.04(0.79 - 1.37)
All 928 1,430 143 1.10(1.01-1.21)
T T T T
o 5 1 2 3 4

Decreased risk of second cancer  Increased risk of second cancer

Soft Tissue Sarcoma of thorax and upper arm......
-> High Dose areas......

Granzau et al., R&O, 2013



And most recently......

ELIOT (Veronesi, Lancet Oncol, 2013)
No significant difference in secondary cancers
at median F/U of 5 years

Uppsala Orebrd (Wickberg, JCO, 2014)
5% (contral. Breast cancer) and 2% (any cancer)
absolute difference after 20 Years

Prime Il (Kunkler et al., SA-Breast Cancer 2013)

No signisficant) difference in secondary cancers
at median F/U of 5 years (>65Y)



Th |S JUSt |n o Breast camféﬂﬁu?ﬂ:to;ﬁ% ;:iancermﬂﬁa

15.0

10.0

Berrington et al
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Breast cancer after Childhood cancer (n=107)
(Inskip et al, 2009)
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Fig. 1. Relative risk and 95% confidence interval for subse-
quent breast cancer according to the estimated absorbed radiation
dose (Gy). Dotted black line indicates fitted linear dose-response



This justin.......

Overall, there was little evidence that

the dose-response curve was Lung cancer after Hodgkin's lymphoma (n=227)
nonlinear in the direction of a - (Gilbart atal, 200%)
downturn in risk, even at organ B

doses of >60 Gy. Thyroid cancer was
the only exception, with evidence of
a downturn after 20 Gy. Generally

15.0

the excess relative risk per Gray, " £
taking account ofageandsex, /| ) F= |

was 5 to 10 times lower than the ~ *° ¢ et

risk from acute exposures of <2 o .

Gy among the Japanese atomic "2 w 2 30 40 50 60

Mid-point of dose category (Gy)

bomb survivors.

Berrington et al., IJROBP, 2013



/ = harcoma

— Skin (BCC)

— Maningioma

Relative
Risk
— Salivary gland
— Gkioma

Breast

Thyroad gland

Fig. 1. Fitted radiation dose-response by type of second
cancer, based on previously published studies of second
sarcoma (16), skin (18), meningioma (10) salivary gland
(17}, glioma (10), breast (11) and thyroid gland (14). The
order of second cancers from top o boltom in the graph is
the same as in the key to the right of the panel.

And linear again...and again....

35
30
254
20 4
154
10+

“+age <5
-0 e 5.9
. age 10-20

0dds Ratio

5

Dose (Gy)

Fig. 2. Risk of glioma after radiation therapy for first
cancer, by age at first cancer. Data from Neglia et al. New primary
neoplasms of the central nervous system in survivors of childhood
cancer: A report from the Childhood Cancer Surviver Study, J Nabl
Cancer Inst 2006;98:1528-1537.

Inskip et al., IJROBP, 2016
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Figure 2. Incidence of hindlimb tumors by radiation dose. (A) Incidences of hindlimb tumors

are significantly increased in mice exposed to a single large dose of radiation in comparison to
mice exposed to fractionated radiation (p < 0.001). (B) Incidences of hindlimb tumors by radiation
dose and mouse strain. C3Hf/Kam mice have a significantly higher incidence of hindlimb

tumors following single dose exposures than C57BL/6J mice (p < 0.001). No significant difference
in tumor incidence is observed between C3Hf/Kam and C57BL/6J mice following fractionated
exposures. Single doses are grouped as 10-29, 30-39, 40-49, and 50-59 Gy. Fractionated

doses were given as 2 Gy/day, 5 days/week for 4 to 8 weeks and are listed as total doses of 40,

50,60, 70, and 80 Gy Edmondson et al., IJIROBP, 2015
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Figure 1 Planning CT of an anthropomorphic phantom with an
Intrabeam applicator in the upper outer quadrant of the right Dose (Gy) " rrrreseeneee
breast showing calculated isodoses (1%-100%) {a] ORT 20 Gy . - o
at 0 mm, 50 %), ) ARSI (34 Gy at 10 mm, 50 K. {c) EBRT {50 Gy, Figure 2 Cumulative DVH for ipsilateral breast for IORT, APBI
Nl ; and EBRT.

Aziz et al., Radiation Oncol, 2011



KV Radiation

[CANCER RESEARCH 49, 229-234, January 1, 1989]

Breast Cancer after Multiple Chest Fluoroscopies: Second Follow-up of
Massachusetts Women with Tuberculosis

Zdenek Hrubec,' John D. Boice, Jr., Richard R. Monson, and Marvin Rosenstein

Table | Number of women with tuberculosis by follow-up status as of December
31, 1980, and exposure group

Follow-up Exposed Nonexposed
status (%) (%) Total (%)
Alive 653 (62.6) 462 (66.2) 1115 (64.0)
Dead 367 (35.2) 215 (30.8) 582 (33.4)
Lost 24 (2.3) 21(3.0) 45 (2.6)
Total 1044 (100) 698 (100) 1742 (100)
100 :
20} g ™0 Number of cancers
= % 2 21 4 4
x 60 @ 600
« 500
: i e
ot ot
2 é 300
200
2 0
ol i i i L E 0 A i 1

0 100 200 300 400 00 200 300 40
BREAST DOSE (rad) BREAST DOSE irad)

Fig. 1. Relative risk and excess risk of breast cancer and 80% confidence
limits among 10-year survivors by absorbed dose to the breast. Nonexposed
women as comparison group. * See Table 5, footnote a.

o
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“The most important prerequisite for the
development of a second neoplasm is
cure of the primary malignancy”

Doerr, Hermann, SUON, 2008

-> Death as confounding factor has to be
compensated for in estimates



Secondary Carcinoma
is not a relevant problem for old patients
Prostata ICD-10 C61

Schitzung der altersspezifischen Inzidenz in Deutschland 2000
Erkrankungen pro 100.000 in Altersgruppen
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Figure 1. Overall Survival among All Eligible Patients, Accord-
ing to Treatment-Group Assignment.

The median duration of survival was 27 months in the surgery-
only group and 36 months in the chemoradiotherapy group.
The difference in overall survival was significant {(P=0.005 by a
two-sided log-rank test). A total of 169 of the 281 patients in the
chemoradiotherapy group and 197 of the 275 patients in the
surgery-only group died during the follow-up period.
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Figure 2. Relapse-free Survival among All Eligible Patients, Ac-
cording to Treatment-Group Assignments.

The median duration of relapse-free survival was 19 months in
the surgery-only aroup and 30 menths in the chemoradiother-
apy group. This difference in relapse-free survival was signifi-
cant {P=-0.001 by a two-sided log-rank test). A total of 174 of the
281 patients in the chemoradiotherapy group and 206 of the
275 patients in the surgery-only group died or had a relapse
during the follow-up period.

CHEMOEADIGTHERADPT AFTER SURLGERY COMPARED WITH SURGERY ALONE

EMFL ADENOCARCTHOMA OF THE STOMACH OF GASTROESOPHAGEAL
TUSMCTION
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Fig. 1. Owerall survival and histology, Upper curve represents 48 paticnts
with lymphoecpithelial cancer, lower curve represents 53 paticnts with
other histology (p = 00T,
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Fig. 2. Actuarial local control of paranasal sinus cancer according to his-
topathology: adenoid cystic carcinoma, n = 28; squamous cell carcinoma,
n = 109. Data from Waldron et al. [4].
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Secondary
Carcinoma

IS not a relevant
problem when
patients with a bad
prognosis (such as it
Is the case with
advanced gastric
cancer) are treated.
Achieving cure is the
problem for these
patients.



Secondary Tumors: H&N
Risk is not different from 3D if the whole diameter is irradiated

Head and Neck:

Irradiation of (more or less) the
whole neck circumference with
therapeutic doses (volume very
similar to conventional 3D
[paradigms changing slowly])
->similar risk for secondary
tumors for IMRT and 3D in the
Neck area, probably slightly
elevated risk outside neck due
to elevated MU, increased
scatter. High risk for secondary,
non RT-induced cancer, though
(Lung!!)




Specific Problems with IMRT



Secondary Tumors

Risk assessment of radiation-induced malignancies based on whole-body
equivalent dose estimates for IMRT treatment in the head and neck region
Dirk Verellen*™, Filip Vanhavere”

Eadiotherapy and Oncology 53 (1999) 199203

RADIATION-INDUCED SECOND CANCERS: THE IMPACT OF 3D-CRT
AND IMRT

Eric J. Harr, D.Sc.* anp CHENG-SHIE Wuu, Pa.D.’
[nt. J. Radibtion Oneology Biol. Phys., Vol. 36, No. 1, pp. 83-88, 2003



Reasons for a potentially increased incidence of secondary
tumors by IMRT

1. Increased biological effectiveness of an elevated total body
neutron dose

2. When compared to 3D-Conformal RT, IMRT irradiates a
more tissue at lower doses

3. Increased scatter dose when dose-escalation is performed

4. Increased leakage radiation because of low MU-efficiency
of IMRT



1 Gy (blue), 5 Gy (green), 45 Gy (yellow) and 70 Gy (red)



Prostate IMRT

“The risk of RISPC appears small, in the range of 1 in 220 to 1 in 290
over all durations of follow-up, based on older radiation techniques.
Importantly, the risk appears to increase with time, and beyond 5 years,
SPCs in the region of the original field may be considered RISPCs. To
date there are insufficient clinical data to draw firm conclusions about
the impact of more modern RT techniques, although limited evidence is

encouraging*

Murray et al. Radiother Oncol, 2014



Secondary Tumors

Same Leakage for Adult RT vs. Pediatric RT — But in Pediatric RT
Scatter from the Treatment Volume Is More Significant

Attributable Lifetime Risk

Population averages Female
Male

Attributable Life-Time Risk

Age at Time of Exposure

Fig. 6. The attributable lifetime risk from a single small dose of
radiation at various ages at the time of exposure. Note the dramatic
decrease in radiosensitivity with age. The higher risk for the
younger age groups is not expressed until late in life. These
estimates are based on a multiplicative model and on a dose and
dose-rate effectiveness factor (DDREF) of 2. The figure was
adapted from Intemnational Commission on Radiological Protec-
tion (ICRP) Publication 60 {14).

Fig. 7. When a primary tumor is treated with radiotherapy (RT) in a small child, nearby potentially radiogenic organs
mevitably receive larger doses of radiation than when a comparable treatment is delivered to an adult, simply because

of the closer proximity of organs in a child.



Pediatric Oncology is a problem...but not a disastrous one
The St. Jude Data....Conventional RT Techniques

Median is the line within each bow, boxes indicates interquartile ranges and ermr bars indicate rangss.

I
Figure 2. Cumulative Incidence of Secondary Meoplasms Oocuming inFirst Complete Remission
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Table 3. Incidence of Secondary Meoplasm in Patients in First Complete Remission Whao
‘Were Treated for Acute Lymphoblastic Leukemia in 1962-1998 vs LS General Population

Mo. of Events

I 1 Standardized Incidence Ratio
Observed  Expectad

Cancer Type/Site {95% Confidancea Intarval)®

All tumorst

Al patients a7 .4 15,5 (10.9-168)

Cranial ‘craniospinal imadiation G 51 136 105617 4)

M cranial/cranicspinal imadiation 18 1.4 133 (7.9-21.0%
Myekzicl

All patients 4 0.3 1509 {98 1 -185.4)

Cranial/craniospinal imadistion 27 0.2 138 6 B8.0-195.4

Mo cranial/cranicspinal imadiation 14 0.1 182.2 [92.5-306.1)
Central narous systam

All patierts 22 0.7 2.8 1874765

Cranial ‘craniospinal imadiation 4 0.5 45.8 (26.0-64.2)

M cranial/cranicepinal imadliation 1 0.2 4.3 00.4-24.0
Lymphoma

All patients 3 1.0 3.0 00.6-8.8)

Crariafcraniospinal imaciation 2 0.7 270397

Mo cranial/cranicspinal imadiation 1 3 4.000.1-22.3)
Cthar solid tumorst

Al patierits g 45 4.7 (29-71)

Crariafcraniospinal imaciation 19 a7 5.1 (51-8.0

M cranial/cranicspinal imadiation 2 0.8 250390

*5ee "Mathods” section of the text for details on the cakoulation of standardized ncidencs ratics.

tThess types of secondary neoplasimes in first complete remission wene omitted becauss they ars not inclded orwars
anly recantly inchided in the Surveilancs, Epi:hrnin:ic-lg,'. and Erc Resultz databasa: mydodysplastic syndiomain= 7],
meningicma (n = 16), and bazd cel’squamous c=ll carcinoma in = 16). Three malgrancies oceurng aftsr menin-
ciomacr myakbdysplastic syndrorme wars incded (2 rvelzid leukemias after mydochsplastic syrcrome and 1 thy-
roid carcinoma after meningioma). Ses text for details.
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Dose [SviGy)

Table 3. Estimated risk of fatal radiation-induced malignancies

after RT for prostate cancer (%/Sv)

Hall and Wuu (4)
Conventional 6 MV
IMET 6 MV

Ery et al. (5)
Conventional 18-MV Varian
IMET 6-MV Varian
Slemens
IMET 10-MV Warian
IMET 15-MV WVarian
Slemens
IMET 18-MV Varian

1.5
3.0

1.7
2.9
37
2.1
34

4.0
5.1

Abbreviations: IMRT = intensity-modulated radiation therapy:

MV = megavoltage; RT = radiation therapy.
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Figure 4. LAR from IMRT versus LAR from proton therapy based on tables 2-5. For the opl
glioma cases, the advantage of proton therapy is, on average, slightly lower than the difference
integral dose (table 7). For Ewing’s sarcoma cases, the advantage of protons is much higher th
the integral dose difference. The open circles refer to the four-field proton plans.

Table 6. Total energy deposited (in Joules) in the patient for the treatment plans considered.

Optic glioma Ewing's sarcom:

Protons (three fields) Protons (four fields) IMRT Protons IMRT

4 yearold 1098 11.64 36.04  24.04 47.70
14 yearold 10.73 12.05 29.57  75.48 148.00

Assessment of radiation-induced second cancer risks in proton
therapy and IMRT for organs inside the primary radiation field
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Figure 1. Bisk cquivalent dose as a function of o point dose (asingle voxel). The npper figures show
thee dose—response for carcinons (lumor induction for beain /CHS (solidh and bowel (dished); see
table 1) while the lower hgures show the dose-response for sarcoma (for sofl bssue (solid) and
bone (dashed ). see pasamieters in table 1.

Paganetti et al., PMB, 2012



Does this sufficiently reflect reality?

OED¢carcinoma = = E P ; - (I — 2R+ RE exp [ﬂfiﬂi]
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Paganetti et al., PMB, 2012



Mediastinal Tumors: Hodgkin's Disease
Elevated median but reduced mean breast dose as a result of improved heart

protection -> Consequences???
o

20.3%
B.02 Gy
30.1%
11.82 Gy
300%
1681 Gy
40.8%
1871 Gy
B0.2%
22,83 Gy
T0.0%
27.73 Gy
T0.8%
31.62 Gy
90.3%
35,75 Gy
100.13%
a6,
Cumulative Dose Volumse Histogram
X i i " " i 2 a " ]
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Problems with Modelling

“The mean estimated ERR for breast, lung and thyroid were significantly
(p < 0.01) lower with INRT than with IFRT planning, regardless of the
radiation technique delivery used, assuming a linear dose-risk
relationship. An ERR increase was however observed with the non-linear
model. With the latter, mean ERR were significantly (p < 0.01) increased
with IMRT or RA when compared to 3DCRT planning for the breast, lung
and thyroid using an IFRT paradigm. After INRT planning, IMRT or RA
increased the risk of RIC for lung and thyroid only. “

Weber et al., IJIROBP, 2011
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SECOND CANCER RISK
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Policlinico

1. Conventional RT probably goes with a secondary tumor risk of approximately 1%
(High- and Low-dose Areas together). The dose/volume effects for secondary tumor
risk are currently completely unclear.

2. Conservative estimates suggest an increase by IMRT to 2%, e.g. the secondary
tumor risk doubles when compared to conventional RT.

But:

- It is still an overall low number.

- For most diseases, this is negligible in comparison to the risk of local recurrence.
- Given the predominantly old age of patients, this is mostly irrelevant anyway

- New planning systems create efficient plans, so that the number of monitor units
decreases dramatically

3. Realistic estimates suggest a factor of <1.5 between the secondary tumor risk of
conventional RT and IMRT.

4. ltis not completely improbable, that IMRT reduces the risk of secondary tumors

5. Precise knowledge of the dose at SMN origin is necessary to further refine our
knowledge (prospective evaluation necessary!!!!)

6. IMRT for children and breast cancer has to be used with caution, weighing benefits
against potential risk, but the same holds true for IORT

. Azienda Ospedaliero - Universitaria di Modena



Cases, Controls,

Where the real n =143 n = 1350
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Highly conformal techniques in locally

advanced lung cancer: indications, techniques,
normal tissue constraints, results

Andrea Riccardo Filippi, MD
Department of Oncology
University of Torino, Italy

andreariccardo filippi@unito.it
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The “too much” heterogeneous Stage ||

Box 2
Treatment of stage Ill NSCLC
Standard therapy

Concurrent chemotherapy plus definitive
radiotherapy

Induction chemoradiotherapy followed by sur-
gical resection (selected patients with non-bulky
mediastinal lymph nodes who do not require
pneumonectomy for adequate resection)

Options in poor-risk patients
Sequential chemotherapy followed by radiotherapy
Radiotherapy alone

Pathologic stage Il following surgical resection

Adjuvant chemotherapy: platinum-based, 2-drug
regimen x 4 cycles

Consider adjuvant radiotherapy after comple-
tion of chemotherapy

Gadgeel SM et al, Radiol Clin N Am 50 (2012) 961-974 ESTRO
School



Improved Survival in Stage IT1
Non-Small-Cell Lung Cancer:
Seven-Year Follow-up of
Cancer and Leukemia Group B
(CALGRB) 8433 Trial

Robert . Dillman, James

Herndon, Stephen L. Seagren,
Walier L. Eaton, Jr., Mark R.
Green®

Chemo + RT vs. RT alone

Radiation Therapy Oncology Group (RTOG)
88-08 and Eastern Cooperative Oncology
Group (ECOG) 4588: Preliminary Results of a
Phase III Trial in Regionally Advanced,
Unresectable Non-Small-Cell Lung Cancer

William T. Sause, Chardes Scott, Samuel Taylor, David Johnson,
Rabert Livingston, Ritsuke Komalki, Bahman Emami, Walter J,
Curran, Roger W. Byherdr, Andrew T. Turrisi, A. Rachid Dar,
tames D, Cox*
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Concurrent vs. Sequential: Meta-analysis

OS

A 100
® 8 RT +concCT
@=== RT + seq CT
80+
N=1205
6 Trials
+~ 604
c
[1h]
e
[
o
40
20 - ' 15.1
HR = 0.84 (95%Cl, 0.74 to 0.95) 12.8
P = .004 106
1 1 1 1 1
0 1 2 3 4 5

Time Since Random Assignment (years)

Deaths/Person-Years by Period
Oy-1y Ty-2y 2y-3y 3y—dy > dy
RT+ conec CT (n = 603) 240/498 147/276 671171 30/116 37/186
RT+ seq CT (n = 602) 253/491 171/242 70129 30/83 23126

Auperin et al, JCO 2010

PFS

B 100
W ® RT +conc CT
@==@= RT + seq CT
HR = 0.90 (95%CI, 0.79 to 1.01})
80 P=.07
60
=
@
=
@
o-
40
20+
0 1 2 3 4 5

Time Since Random Assignment (years)

Deaths/Person-Years by Period

Oy—1y Ty—2y 2y-3y Sy—dy > dy
RT+ conc CT (n =595) 365/408 981170 36/104 12/80 217134
RT+ seq CT (n = 589) 391/399 90/133 33/80 13/58 12/100
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Cumulative risk of locoregional failure

100 -

Probability of failure (%)

o
o

o
o

L
o

N
o

31.7 34.1 e === Concomitant
= Sequential
—— = =
0 1 2 3 4 >5
Years Courtesy of C. de Pechoux and A. Auperir

HR=0.77 (95%Cl: 0.62-0.95), p=0.01
Risk reduction after 3 years: 6%
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Optimal Chemotherapy Unknown

VOLUME 33 - NUMBER & - FEBRUARY 20 2015

JOURNAL OF CLINICAL ONCOLOGY I T © R | A L

Concurrent Chemoradiotherapy in Stage I1I Non—
Small-Cell Lung Cancer: What Is the Best Regimen?

Wilfried Ernst Erich Eberhardt, West German Cancer Centre; and University Hospital of University Cuisburg-Cssan,
Eszan, Garmany

* Most common options in U.S. are
carboplatin/paclitaxel and cisplatin/etoposide

* No phase lll data to compare these
* Pneumonitis rates appear higher with carbo/paclitaxel
* Phase |l survival data favors cisplatin/etoposide

* Cis-Vinca alkaloid also reasonable

from DA Palma, ASTRO 2014 ESTRO
School



A Systematic Review of Carboplatin-Paclitaxel

versus Cisplatin-Etoposide Concurrent with
Thoracic Radiation for Stage I11 NSCLC

Patients

Conor E. Steuer, Madhusmita Behera, Kristin A. Higgins, Nabil F. Saba, Dong M. Shin, Suchita
Pakkala, Rathi N. Pillai, Taofeek K. Owonikokeo, Walter ]. Curran, Chandra P. Belani, Fadlo R.

Khuri, Suresh S. Ramalingam

The Winship Cancer Institute of Emory University (Atlanta)
September 8, 2015

igi EMORY

WINSHIP
CANCER
INSTITUTE
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Results: Overall Response Rate
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58% (CI 55%-61%); N=1457

56% (CI 54%- 58%); N=2385 (p=0.28)

Carboplatin/Paclitaxel
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Toxicities (Grade 3 and Above)
I T T

Pneumonitis 90 7%

Esophagitis 20% 15%% 0.18
N/V 20% 904, 0.018
Anemua 16% 897, 0.06
Thrombocytopenta 14%, 6% 0.001
Neutropenia 549 23%, <0.0001
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IASLC 1‘!“* 16™ WORLD CONFERENCE ON LUNG CANCER

SEPTEMBER 6-9, 2015  DENVER, COLORADO, USA

INTERMATIONAL ASSOCIATION FOR THE BTLIDY OF LUING QANCER

Safety Results of the Consolidation Phase of the Phase III PROCLAIM Trial:
Pemetrexed, Cisplatin or Etoposide, Cisplatin plus Thoracic Radiation Therapy
followed by Consolidation Cytotoxic Chemotherapy in Locally Advanced
Nonsquamous Non-small Cell Lung Cancer

Ramaswamy Govindan

Suresh Senan, Anthony Brade, Johan Vansteenkiste, Francoise Mornex, Helen Ross, Jan Van Meerbeeck,
Chnstophe Hennequin, Nicolas Dickgreber, Yi-long W, Jai Prakash Agarwal, Konstantinos Syngos, Frank
Guesmger, Barbara Parente, Manano Provencio, Anwar M Hossain, Belén San Antonio, Joseph Treat, Andrew

G Koustenis, Nadia Chouaki, Everett Vokes

TASLC

Oral 20: PROCLAIM Consolidation Phase Safety Results — Ramaswamy Govindan
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Selected AEs Possibly Related to Study Treatment by Arm

Consolidation Phase

Arm A (N=229 Arm B (N=202

CTCAE Term*, % of ( ) ( )

atients L ==
P Any Gr Gr 3-4 Any Gr Gr 3-4
Patients with 21 CTCAE 817 297 861 50.5
Hemoglobin 17.0 2.6
Neutrophils/granulocytes
(ANC/AGC) e L
Platelets 6.1 2.2
Fatigue 144 09
Febrile neutropenia 3.1 3.1
Leukocytes 179 8.3 233 144
Lymphopenia 74 35 74 25
Pneumonia (with grade 3/4 5.2 17 15 0

neutrophils)
Radiation-related AEs

Dysphagia 2.5 05
Esophagitis 35 1:5
Pneumonitis 40 1.0

ESTRO
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PROCLAIM: Primary Endpoint, OS

HR (95% CI): 0.98 (0.79, 1.20)
Log-rank p=0.831

Median OS (95% CI), mos
Pem-Cis: 26.8 (20.4, 30.9)
Eto-Cis: 25.0 (22.2, 29.8)

Median follow-up times (mos [rAange])

®all patients:  Pem-& - SRArRINIE S0
Ein-Cis, 226 REDsEW

B FPatients alive: Pem-Cis, 32.8 (0.10688.6)
Eio-Cis, 357 BET14)

Survival Prebabllity

— Pem-Cis Total events: 357
B Pem-Cis: 177 events/301 patients

i Censored ] i
; & Efo-Cis: 180 evenis/287 patients

— Eto-Cis
.‘ .Eﬂns_afed_

B3 B 8 1215 1 21 4 7T N 1 W 15 47 45 42 51 S N W B W T

Time from randomization {months)
Patients at Risk!
Pam-Clez 201 202 8 G 221 1B 1TE 167 145 126 88 756 67 SE 458 47 10 25 19 W W 2 1 a <]

Eto-Cis: 20T 2T 262202 M6 201 179 164 140 9113 97T 82 B3 56 & 48 M 7 22 168 W & b | i

#®  ESTRO
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Optimal RT Dose - RTOG 0617 |

1

Standard-dose versus high-dose conformal radiotherapy
with concurrent and consolidation carboplatin plus
paclitaxel with or without cetuximab for patients with
stage IlIA or IlIB non-small-cell lung cancer (RTOG 0617):
a randomised, two-by-two factorial phase 3 study

feffrep L} Bradley, Rebecca Bauius, #itieko Komak, Gregory Masters, George Blomenicheln, Steven Schdd, Jeffrep Bogert, Chen Hi

Kenngth Forster, Artheny Wogliveen, Viek Kovodi, Yaimnde | Gerees, 3amir Morepan, Puneeth fenper, Dl Epbinson, Ropmand B Wenn,

Christopher Kaprowskl, foeae Meng, Jasathon Beltlen Bokesh Gour, Walter Corm Jr, Hek Cfay

From DA Palma, ASTRO 2014

Concurrent Tr:aimcntl

Consolidation Treatment

Arm A

Concurrent chemotherapy. —

Carboplatin & Paclitacel

RT to 60 Gy, S x per week
for 6 weeks

Arm A

Consolidation chemothermpy:
Carbopiatin & Paditaxel

Arm B: Closed 61741

Arm B: Closed 647111

C . -
Carboplatin & Paclitaxe] Carboplafin & Paclitakel
RT to 74 Gy, 5 x per week

Tor 7.5 weeks

Arm C Arm ©

Week 1, Day 1

then Cetuximah and
Concurrent chamotherspy, Coerboplatin | Carboplaiin & Paditaxel
4 Paditaxel, and Cetuximak

RT to 60 Gy, 5 % per week
for & weaks

Arm D: Clesed 81711

Cetuximab Loading Dose: —
Week 1 Day 1

then

Concurrent chematherapy. Carboplatin
8 Paditaxel, and Cetuximal

AT o 74 Gy, 5 x per week
for 7.5 weeks

Arm D: Cloged 61711

Consolidation them@py.

Cetuximad and
Carbopiatin & Paditaxel

ESTRO

School



Background for high dose RT with concurrent CT

Phase | and Il Trials establishing safety and potential efficacy of 74 Gy
delivered using 3D-Conformal Radiation Therapy

Study

RTOG 0117
NCCTG 0028
North Carolina

Wake Forest
CALGB 30105

Radiation
dose (Gy)

74
74
74

74
74

Chemotherapy

Carboplatin/paclitaxel
Carboplatin/paclitaxel
Carboplatin/paclitaxel

Gemcitabine
Carboplatin/paclitaxel

Median survival
time (months)

21.6
37
24

18
24

ESTRO
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RTOG 0617: objectives

To compare the overall survival of patients treated with
high-dose versus standard-dose conformal radiation
therapy with concurrent chemotherapy.

To compare the overall survival of patients treated with
cetuximab versus without cetuximab with concurrent
chemoradiotherapy.

ESTRO
School



RTOG 0617: Trial Design

Stratify:

-RT Technique
(IMRT vs 3D)

-Perf Status
(Ovs 1)

-Histology
(squam vs other)

MN=-S0Q00Z>» X

-PET staging
(yes vs no)

RT: 60 Gy
Paclitaxel

Carboplatin +/-
Cetwoamab

RT: 74 Gy
Pachtaxel

Carboplatin +/-
Cetioamab

+/- Cetwamab

ESTRO
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RTOG 0617: Local Tumor Failure

100
N Fail Total
Q\o, — Standard (60 Gy) 65 213
o 75— High dose (74 éy) 81 206
© 18-Month
nd HR=1.37 (0.99, 1.89) p=0.0319 Local
.S Progression
s 50 Rate
o
(@))
o 34.3%
o
® 25 25.1%
(®)
-
() e s ———
0 3 6 9 12 15 18
Patients at Risk Months since Randomization
Standard 213 205 187 165 137 113 85
High dose 206 197 170 134 105 80 62 ESTRO

School



RTOG 0617: Distant Failure

100
Fail Total
97 213
) — Standard (60 G
& 75— High dose((74 cgs)/) 104 206
()
© HR=1.15 (0.87, 1.51) p=0.1576 18-Month
% Failure Rate
5 50 47.8%
4V}
o 42 4%
(@
O
(/)] |
= 25
or—-—_ OO OO OO O OO
0 3 6 9 12 15 18
Patients at Risk Months since Randomization
Standard 213 205 175 145 115 94 73

High dose 206 193 161 126 93 73 54

ESTRO
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50
A0 =
30—

Crverall survival (%)

20—
10—
0

Optimal Dose - RTOG 0617 8

60 Gy (n=217)" 74 Gy (n=207)

T T I
12 15 18 21 24

) =]
[ B
D

0

Mumber at risk
60Gy 217 212 194 181 165 160 142 129 116
JAGy 207 198 180 1632 142 126 112 oL &7

= Factors predictive of OS: Radiation dose
(60 Gy), maximum esophagitis grade, PTV
size, heart V5 and V30

From DA Palma, ASTRO 2014

Cverall survival

Dead 17 140

1 year 8000 (73-9-847) B0-8% (63-1-75-A)
2year 57-6%(50-6-63-0)  44-6% (377-513)
Median{months) 287 (24-1-36.9) 203 {17-7-250)
HR 138 (1.09-1.76)

p value (log-rarik, 0004

one-sided)

Progression-free survival

Fail 164 164

1year 402 (423-556)  41.2% (344-47.8)
Zyear 20-1%:(33-1-35.3) 21-4% (16-1-37-3)
Median {months)  11.8(10-2-14.3) §-8(8.8-11.6)
HR 1-19 (0-95-1-47)

i value (log-rank, 012

two-sided)

Local failure

Fail 77 26

1year 1639 {11.4-213)  24.8% [18.9-307)
2year 30-7% (24.5-36.9) 38-6% (31.9-45.3)
HE 1.26(0:93-171)

p value (Gray, 0132

twio-sided)

ESTRO
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RTOG 0617: Dosimetric Datasbistribution

60 Gy 74 Gy
(n=203) (n=197)
Mean (Median) | Mean (Median)
GTV Volume (cc) 125 (92) 129 (96)
Heart V5 (%) 47 (46) 46 (46)
Heart V50 (%) 7 (4) 11 (6)
Lung V20 (%) 29 (29) 31 (32)
Esophagus Dose (Gy) 25 (25) 30 (29)
Esophagus V60 (%) 15 (13) 26 (26)
Mean Margin CTV to PTV (mm) 8 (7) 8 (7)

ESTRO
School



Can “adapted” hypofractionation be applied to lung cancer
patients with LA disease through the use of high-tech
radiotherapy?

ESTRO
School



Gain in TCP from shortening overall treatment time to 5 weeks

Tk = 28 days 1
0r 3.72 322285 2 57
2.34
80 | 447/ 2.16
3.48 300266 2Gy/Fr
720 L *\-\2 39 100 Gy = f -
418 T = 217 ewer and larger fractions
ol om \-\E.gggrf o wic calculated to deliver equal
TCP 0 /2’& B A TP Jate complications also
. 3.88 ‘ \i Gy I Fr deliver higher biologic dose
40F 2.94 2.53 80 Gy/ 8 wks to tumors
30 - / T\\'éy/Fr
20 I » o5 2.28 70 Gy/ 7 wks
322 e—e__ 2Gy/Fr
101 ® Tk =284 | 60Gy/6wks
! Number of Fr's
Ollltllllll|l|lll|lll)
5 10 15 20 25 30 35 40 45 50F

(2w 3w 4w 5w 6w 7w 8w 9w 10w)
( weeks )

ESTRO
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VOLUME 31 - NUMBER 34 - DECEMBER 1 2013

JOURNAL OF CLINICAL ONCOLOGY ORIGINAL REPORT

Dose-Limiting Toxicity After Hypofractionated Dose-
Escalated Radiotherapy in Non—Small-Cell Lung Cancer

Donald M. Cannon, Minesh P. Mehta, Jarrod B. Adkison, Deepak Khuntia, Anne M. Traynor,
Wolfgang A. Tomé, Richard ]. Chappell, Ranjini Tolakanahalli, Pranshu Mohindra, Seren M. Bentzen,

and George M. Cannon
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Table 1. Patient and Treatment Characternistics

Charactenstic Mo. of Patients X
Total patients 79 100
Apge, years
< b0 3] ]
50-69 a7 bils]
=70 26 3z
Sex
Female 33 42
Male 46 58
Stage
1L} 7 9
&, 21 27
e 35 44
IV 10 13
Recurrent 3]
Histology
Adenocarcinoma 24 30
Squamous cell carcinoma 26 a3
NSCLC, NOS 22 28
Other NSCLC 7 g
Bin a=signment, NTD can
Filot (MA) 5] i]
1 (0.00-0.1149) 3] T
210.1240.179) 8 10
3 (0.18-0.239) 27 34
4 {0.24-0.309) 29 37
510.31-0.410) 4 b
Performance status
4] 48 61
1 30 38
Not recorded 1 1
Prescribed radiation dose, Gy
LT a7 59
B63.25 1 14
69.25 3 4
75 12 16
805 4 5
865 2 3
Chemotherapy
Meoadjuvant 17 21
Adjuvent a3 41
Both 3 4
hone 25 32

Cther® 1 1

Cumulative Incidence

1.0
=63.25 Gy
== = §3.25 Gy
0.8 1
0.6
- - ..
R |
0.4 - —
-l
---l
1
0.2 '
4
I
i
| | | |
0 20 40 60 80

Time (months)

| ocal Failure

ESTRO
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Grade 4-5 toxicity

Table 2 Patients With Grade 4-b Toxicity
Age Dose Interval
(vears! Sex Stage Bin (Gyl® Grade (months)t Toxcrty
69 M IIIB 3 68326 B 1.2 HEV/CMV pneumonitis;
history of pre-RT
low-dose
methotrexate
66 F A 1 8656 b 5147 Fatal hemoptysis
58 M IlIB 3 7b b 759 Fatal hemoptysis
B3 M IIIB 1 7hb b 16 Lung abscess
62 M IllA 3 7b b 8.1 Fatal hemoptysis and
abscess
61 F 1 3 7b 4 103 Lung abscess,
bronchocavitary
fistula,
tracheoesophageal
fistula
Cannon D, JCO 2013 ESTR-O
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To investigate 60-month OS in LA-NSCLC patients treated with
concurrent chemoradiotherapy +/- cetuximab,

using a hypofractionation scheme of 24 x 2.75 Gy

Aim

Patients registered
(N = 102)
| |
Randomized Randomized
CCRT (N = 51) CCRT + Cetuximab (N = 51)

=
NETHERLANDS
CANCER
INSTITUTE

AN TONE VAN LEELIWE R DFE



Raditux trial

« Randomized multicenter phase |l trial

— To assess the beneficial effect of cetuximab on concurrent
chemoradiotherapy

« Inclusion criteria
— Inclusion between February 2009 and May 2011
— 102 inoperable stage |l & stage |l A/B NSCLC patients
— WHO performance status 0-1

* Treatment
— 24 x 2.75 Gy
— Daily low-dose cisplatin (6Emg/m?)
— +/- weekly cetuximab (loading dose 400mg/m?
followed by a weekly dose of 250 mg/m? iv)

-
NETHERLANDS
CANCER
INSTITUTE =



Owerall survival rates,

Total study population Arm A Arm B P-value

Total 102 (100%) 51 (50%) 51 (50%) =

Mortality 65 (63.7%) 32 (62.7%) 33 (65.7%) 0.837
6-month (%) 94 (92.2%) 48 (94.1%) 46 (90.2%) 0.461
1-year (%) 76 (74.5%) 41 (30.4%) 35 (68.6%) 0.173
2-year (%) 61 (59.8%) 31 (60.8%) 30 (58.8%) 0.840
5-year (%) 38 (37.3%) 19 (37.3%) 19 (37.3%) 1.000
Median (months) 31.5 (12.8-52.3) 33.0 (17.0-57.0) 30.0 (11.0-52.0) 0.722

P-values <0.05 were considered statistically significant

ESTRO
School



09
0,8
0,7
0,6

05

Survival (%)

04

03

0,2

01

3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60

Months

44 41 39 34 32 31 30 27 26 24 23 23 22 21 21 21 20

4

1 35 33 32 32 30 28 25 24 23 22 21 21 20 19 19 19
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Overall survival

Raditux trial RTOG 0617

60 Gy
Mortality 645%™ 58%*
6-month OS (%) 92% 89%
1-year OS (%) 75% 8%
2-year OS (%) 60% 53%
S-year OS (%) 37% -
Median OS (months) 32 months 29 months

*based on S-years of ollow-up
#hasad on Z-years of follow-up

RTOG 0617
74 Gy

67 %
87%
69%

42%

20 months




What IS the preferred dose=fractienation schedule?

« 60 Gy in 30 fractions is still the standard dose

« A slight hypofractionated regimen (66 Gy/24 fractions,
EORTC) may be considered as a valid alternative

ESTRO
School



Decrease in target
volume

ESTRO
. School



Recurrence

Patients (n)

None

Local

In field

Out of field

Both i field and out of field
Isolated local

Local and distant/nodal
Nodal

In field

Out of field

Both m field and out of field
Isolated nodal

Nodal and distant/local
Distant

Isolated distant

Distant and local/nodal
Isolated brain

21 (35)
9 (15)
3(5.0)
4 (6.7)
2 (33)
2 (3.3)
11

20 (33.3)
8 (13.3)
7 (11.7)
5(8.0)
2 (3.3)

18 (30.0)

34 (56.7)

19 (31.7)

15 (25.0)
9 (15.0)

Van Loon, De Ruysscher IJROBP 2010

60 patients included
3% of isolated nodal
relapse

#®  ESTRO
. \ School



Involved-field RT
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RT volumes: EORTC reccomendations

Table 2. EORTC Recommendations for Planning and Delivery of High-Dose,
High-Precision Radiotherapy for Lung Cancer (continued)

Recommendation
Variable Grade
CTV
A fixed, 5-mm CTV margin may be used,
although adjustment according to the histology
of the primary tumor and the size of the lymph
nodes may be done 2B
Adjustment of the CTV according to normal
tissues (eq, the bones) may be appropriate 2B
PTV

Although many viable options to generate the

PTV have been described, tumor delineation in

the middle or average ventilation position with

calculated adequate margin appears 1o be a

feasible and appropriate strategy 1C

Adjustment of the PTV is not permitted, as the
PTV takes into account set up errors and

breathing motion 1C
PRV

The use of a PRV margin around critical sernal

organs should be encouraged 2B

ESTRO

De Ruysscher et al, for EORTC, J Clin Oncol 2010 School



Four dimensions CT (4D-CT)

End-inspiration <Full respiratory cygle

I \ sec ii
avz

CT Image Sorting Program

Up to 20
respiratory

‘bins’ are
obtained

S ey

Mid-exhale End-exhale Mid-inhale

= —

End-inhale

ESTRO
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3D vs IMRT: PTV

Murshed
|[JROBP 2004
(sliding window)

41 pts
PTV:
623cc (75-1645)

Conformity Index
3D vs IMRT:

1.54 vs 1.41 (p<0.01)

(IMRT benefit = 21%)

Liu 10 pts 3D IMRT IMRT benefit:
I[JROBP 2004 PTV: 403 (65-762)  Cl min 1.33 vs 1.07 20%
(sliding window) Cl max 4.53 vs 2.09 54%
Cl med 2.35 vs 1.37 42%
p=0.012
Christian 10 pts PTV90/\V20
IJROBP 2007

(step and shoot)

PTV 197 (103-271
cC)

IMRT benefit = 25% (12-36%));
50% IMRT non planar or 9 fields

ESTRO
School



3D vs IMRT: PTV

HOMOGENEITY INDEX by RTOG: Mean Dose/Presc Dose
HI95: D5-D95/dose mean (Palma [JROBP 2008)

Murshed 41 pts Homogeneity Index
IJROBP Stage IIIA-11IB 3D vs IMRT:
2004 PTV: 1.16 vs 1.12 (p<0.01)

623cc (75-1645)  (<IMRT = 3%)
Upper location

Liu 10 pts HI min 1.09 vs 1.06

IJROBP Stage I-1IIB HI max 1.22 vs 1.23

2004 PTV: 403 (65- Hl med 1.14 vs 1.15
762) p=0.813

ESTRO
School



3D vs VMAT-TOMO: PTV

Cattaneo 13 pts PTV95%: Dose distribution:

Radiot PTV 215- 3D vs TOMO 3D vs TOMO

Oncol 2008  743cc 92% vs 97.2% (p<0.01) 2.4 vs 1.4 (p<0.01)
(TOMO benefit 42%)

Rousseau 10 pts Conformity index:

Can_cer PTV 723 3D 0.55+0.07 vs VMAT 0.89+0.07

53%““ (392-885 cc) (VMAT benefit 60%)

ESTRO
School



3D vs IMRT: PTV Dose escalation in the target

Schwartz “‘Dose heterogeneity is an option to further escalate
IJROBP 2005 the dose in the target rather than a price to pay for
using IMRT”
Dose escalation 3D vs IMRT: 6% vs 17-35%
Grills Dose escalation: IMRT>>25-30%
IJROBP 2003
St Hilare Dose escalation: >78 Gy in 5/7 cases

Radiot Oncol 2009

ESTRO
School



Tumor Control Probability: SDwsiMRI-SIB PTV boost

0 T
b 3D-CRT IMRT IMRT-SIB

Guckenberger M, Strahl Onkol 2012; 188:894-900 ESTRO
School



Remarks on IMRT for LA lung cancer

* IMRT in comparison with 3D dose distribution to the
target in locally advanced NSCLC allows to:

1. benefit in conformity index

2. possibility of heterogeneity

ESTRO
School



3D vs. IMRT: lung DVHs

Murshed 41 pts V5: 52 vs 59 (ns)

IJROBP 2004 | Stage IlIA-IIIB V10: 45 vs 38 (p<0.01) (IMRT benefit 7-10%)
PTV: V20: 35 vs 25 (p<0.01) (IMRT benefit 7-10%)
623cc (75-1645) MLD 19 vs 17 Gy
Upper location NTCP: 36 vs 9% (Burman);13 vs 7% (Hyman)

Grills IJROBP  Node - V20: 25.6 vs 23.6%

2003 Node + 36.3 vs 23.6% (IMRT benefit = 15%)

MLD: 15.3 vs 15.4 Gy
21.5vs 154
Liu Stage I-11IB V5: 3D benefit 8%
IJROBP 2004 10 pts V10: IMRT benefit 1.6%

V20: IMRT benefit 8%
V30: IMRT benefit 8.9%

ESTRO
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3D vs. IMRT: lung DVHs

Rousseau 10 pts V5: 13% higher VMAT
Cancer :
Radioth 2012 PTV 723 (392- V20: 24 vs 20 (p<0.01)
885 cc) V30: 20 vs 14 (p<0.01)
MLD 14 vs 12.2 Gy
Cattaneo 13 pts Dmean: 20.4 vs 16.8 Gy p=0.001
Radiot Oncol PTV: 215-745 Vo: 67.4 vs 70.4% p= 0.61
2008 V10: 56.4 vs 54.2% p=0.694
V15: 43.1 vs 37.4% p=0.013
V20: 33.5 vs 25.8% p= 0.002
V30: 27 vs 17.5% p=0.001
Scrimger 5 pts TOMO:
AMJCO 2003 PTV 169cc (132- Mean lung dose reduction of 31% (10-53%)
280) Mean V20 reduction of 22% (17-37%)

ESTRO
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Comparative studies on clinical outcomes
following either 3D-CRT or IMRT

ESTRO
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YOM 20071

Comparison Dose [median] Total Disease stage
(range) number
of patients
4DCT + IMRT + chemotherapy 63 Gy [50—72 Gy]| 91 Stage I-1lI
(80% stage I11)
L 3DCRT* + chemotherapy 63 Gy [50-73] 318 Stage I-1lI

IMRT + chemotherapy

LIAO 2010+

3DCRT + chemotherapy

63 Gy/1.8 Gy/fraction 68

[50.4—76 Gy]

63 Gy/1.8 Gy/fraction 222

[50.4—69.6 Gy]

(87% stage 111)

Stage I1-1V

(85% stage Il1)

Stage 