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7th NCS lustrum, 27-10-2017
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Photon plan (IMRT, 6 bundles) Proton plan (MFO, 2 bundles)
CTV-PTV margin 2 mm Robustness 2 mm, 3.5%
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Proton therapy in HollandPTC

R

Proton therapy:
* Strong rationale

Value proposition:

* No value proven up to now

* Highest level of evidence: 4
* Proton centers are expensive

Goal of HollandPTC:
* Proton therapy value proposition

Method:
* Open work space, for RTH community
both for care and R&D Life magazine, May 5th, 1958
* Open knowledge center Proton therapy is the
* All patients in studies “fresh hope on cancer”
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Particle Therapy Facilities Worldwide

Particle Therapy Co-operative Group (PTCOG), http://ptcog.web.psi.ch, September 2017.

North
America

35in planning stage or
under construction

Leips UNIVERSITAIR MEDISCH CENTRUM

Stand van zaken PTC's

Nederlandse initiatieven

UMC Groningen PTC

* Apparatuur: IBA

+ Aantal: 600 patiénten per jaar
« Status: in aanbouw (Q4-2017)

Amsterdam PTC:

* VuMC / NKI/AVL / AMC

* Apparatuur: Pro Nova

* Aantal: 600 patiénten per jaar

poss . .
< = Status: on hold
o LN
g ulu.u!}\.xﬁ\n'n e

Holland PTC Delft:

* LUMC / Erasmus MC / TU Delft
* Aantal: 600 patiénten per jaar
* Apparatuur: Varian

« Status: in aanbouw (Q4-2017)

g 5 P2 et

A \ ..,m.%';i MAASTRO Maastricht:
Sehide gl * Apparatuur: Mevion
*Aantal: 400 patiénten per jaar
« Status: in aanbouw (Q4-2018)
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Planningsbesluit Protonen
Ministerie van VWS (WBMV)

* Kernpunten:
— Vergunningsplicht

— Maximaal 2.200 patiénten/jaar
— Maximaal 4 centra (400-600 patiénten/jaar)
— Looptijd tot 2020

* Onderbouwing:
— Realistische capaciteit per centrum
— Optimale geografische spreiding (bereikbaarheid)
— Optimale regionale samenwerking
— Betere mogelijkheden voor klinische validatie

Courtesy J Langendijk
HollandPTC
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Protonentherapie

Indicaties en aantallen

0 1.000 2.000 3.000 4.000 5.000

Standaard indicaties 200

Dosis escalatie

740

Preventie secundaire tumoren

Model-based indicaties 4.220

Preventie complicaties

Signalering Protonentherapie (Gezondheidsraad 2009) / Actualisatie NVRO 2016
Courtesy J Langendijk
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A NTCP Based Patient Selection
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Complication risk

HollandPTC
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Drempels voor ANTCP
Landelijk Platform Protonen Therapie (LPPT
Consensus document voor selectie van patiénten
met een model-based indicatie voor protonen
therapie
Versie: § juni 2015
Drempels bij 1 complicatie o
In augustus 2012 heeft het Zorginsttuut Nedertand (2IN (voormalig CVZ) gecordeeld
dat ce Indicaties voor voldoen aan de
stand van de welenschap en prakijk 1] Hienmee maken de model-based indicaties
Graad NTCP-drempel e o e o oW Y T
oo PangSrergININY Hssen proaneh €N TGN e VANt versil i et
| Geen indicatie ez maoe bases e "K“.,m;"’im'““‘,mﬁ?fﬁ‘%"f‘ s
[ 210% -
n > 5% -
V-V > 2% z
Aparte rekenregels in geval van -
meer dan 1 complicaties worden -
meegenomen
HollandPTC 10
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Step 3: NTCP-profiles

Protonen versus fotonen

=
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ANTCP-profile

= Dysphagia (grade22) . . ax
€ Tube feeding dependent o | o e
3~ | Xerostomia (gradez2) x| s
i &g Sicky saliva (grade22) | om ox
3 g Loss of taste (grade>2) ox % o
¢ gg Oral mucositis (grade23) o | ox
2 H Aspiration (grade23) o | ox e
g & Osteoradionecrosis (grade>3) o
idism (grade23) [ o |
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Verwijslogistiek
Workflow

/—‘ Radiotherapie-instelling } ~

IMRT Geen
planning verschil

Preselectie Wel
\ TOOL verschil

Uitslag
indicatieve
planning
vergelijking

Plannings-CT
Intekening
Dosisverdeling fotonen

IMPT
planning

Protonen centrum

HollandPTC
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Landelijke spelers

Implementatie

* DUPROTON
— Samenwerkingsverband tussen 4 initiatieven / 7 betrokken centra
— Taken:
* Richtlijnen
* Uniforme behandelprotocollen en workflows
* Landelijke database voor prospectieve dataregistratie
* Gezamenlijk wetenschappelijk onderzoek

* LPPT: Landelijk Platform Protonen Therapie
— Vertegenwoordiging vanuit alle radiotherapie afdelingen in Nederland
— Taken:
* Indicatieprotocollen
* Verwijslogistiek

HollandPTC
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Implementatie

* Expert Groep Protonen ZiN
— Leden: ZiN, DUPROTON, NVRO, ZN, NZA, ZonMw, VWS, LPPT, NFK
— Toezicht op klinische implementatie van protonentherapie

Landelijke database

* ProTRAIT (Proton Therapy IT ReseArch InfrasTructure)
— WP2 registratie bepaald door:
* Nationale Indicatie Protocollen (LPPT)
¢ Uniforme richtlijnen uitvoering (DUPROTON)
* Commissie Toxiciteit (NVRO)
* Kanker Registratie (IKNL) (Sustainability)
— Rol IKNL:
* Datamanagement registraties
* Epidemiologie / statistiek (THINC)

* Quality assurance Courtesy J Langendijk
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Clinical implementation
Rapid learning health care system
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I a Validation optimisation dose optimisation

Prospective data
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Support

—l IMRT photons |<—| System
I National indication protocol 14'
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Holland Particle Therapy Centre

Research-driven proton therapy

Treatment Implementation -
LI ‘ D *
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Anatomy Changes

Before treatme Halfway treatment
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Core uncertainties

i
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in lung
Range uncertainty Dose degradation
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Robust Against Errors

ONNC

Patient shift Proton undershoot
@ Nominal scenario @
Patient shift Proton overshoot
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Scanning Beam Potential

HollandPTC
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1980's 1990’s 2000's 2005+ 2010+
3D-CRT IMRT VMAT PASSIVE IMPT
X-RAYS X-RAYS X-RAYS PROTONS PROTONS

HEART DOSE (cGy):

2833 1933 2200 1304 ) 943

LUNG DOSE (cGy):

1747 1324 1103 o066 ) 775
LIVER DOSE (cGy):
1184 114 Q36 218 ) 235
Courtesy Sf Frank
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Future Potential of Proton Therapy
Proton Therapy Development Lag = ~17 Yrs.

Photons vs Protons Development

CBCT & VMAT Growth

VMAT Maturation
(2014 >)

(2010) 2
R ’_/_’_-—‘/_/_
MAT pl p—
(2006) /N_,* /_’7
5% of RO
using IMRT
(2002)

IMRT

/

1-11-2017

3'[)(1':!;233""9 Implementation
(1992)‘ 7wl . = Single Room
wo' e g& PT Growth
w/ CBCT 2018,
CT-Based \ I (2014;:\ / e
(1987) N 1t USA IMPT \‘ 39 New PT
(MDACC)* Centers (45%)
(: /\ (2014 - 2018)
2-D Planning & UCSF (#2) ~
MV Port Films (1994) [
L
lnae @70 0 [~ 19 UsA spot
(1960) \ MGH () Scanning Courtesy SJ Frank
MDACC (2UU0)
2001
HollandPTC N\ 7 @oon (#5)
LLUMC (#1) (2006)

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040
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Value of Proton therapy in Care Chain?
Example oesophagus

Assess response
after 10 fractions

T} WA B Poor / w

conventional plan

responders

CRT for
esophageal
cancer

» Surgery

Active
surveillance ;|
approach

HollandPTC Ras
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Oesophagus Cancer

IMRT PROTONS Difference

Erasmus MC [i']]m gurtesy SJ Frank
e Ry e C
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Value Proposition- Esophagus

Mean Length of Hospital Stay

2007-2013

7 1907 p<0.0001
)
z p<0.0001 I
5
% 1004 4
N
I
g . s
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PBT IMRT 3D

Protons reduces hospital stay by n=111 n=252 n=214
>2 days * 9.3days 11.6days 13.2days

95%Cl (8.2-10.3) (10.9-12.7) (11.7-14.7)

|MDACC| MDACC Mayo

uvMC uMmC

Lin SHetal. 2015 Courtesy SJ Frank
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PT for Nasopharynx/Oropharynx Ca

50%+ reduction in feeding tubes

Proton Therapy (IMPT)

Frank S) et al. JROBP 2014

NCI Supported Randomized Trials

1. Oropharyngeal Cancer

2. Esophageal Cancer

3. Stage lI-IlIB Non-Small-Cell Lung Cancer

4. Stage |, selected stage Il & recurrent NSCLC
5. Glioblastoma

6. Prostate Cancer

HollandPTC
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Technology Development Lifecycle

expectations On the
‘ Rise
Supplier

Early adopters
investigate

First-generation

products, high price,
lots of customization
needed

Startup companies
first round of venture
capital funding

proliferation

Mass media
hype begins

At tlile
Peg

Sliding Into
the Trough

Altivity beyond
efirly adopters

Negative press begins

Supplier consolidation
and failures

Second/thrid
rounds of
venture capital
funding

Less than

the potential audience
has adopted fully

Climbi
the Slo

Methodfflogies and best

practicefideveloping

5 percent of

Second-generation
products, some serfices

the Plateau

High-growth adoption
phase starts: 20% to 30%

Third-generation products,
out of the box, product
suites

audience has adopted

Courtesy SJ Frank

|

Technology Peak of Iifflated Trough of
Trigger Expectafions  Disillusionment Slope of Exffightenment
I time I
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Roadblocks for Proton Therapy

1. Alimited number (14) of proton therapy centers to
publish data and average time to publication

2. Varying Definitions of Medical Necessity

3. Lack of Validity and Accuracy in Insurance

Companies Medical Policies

4. Only a few randomized studies

Required resources and cost of treatment

Courtesy SJ Frank

HollandPTC
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Barriers for Rapid Proton Therapy Adoption

1) Large gantry designs
€ )) Infrastructure requirements

3) Shielding requirements

)
)
)
4) Large equipment technology
5) Power and cooling requirements
6) Old accelerator technology

)

7) Time to First Treatment (3+ years)

Courtesy SJ Frank

Image Courtesy of HIL Applied Medical
31

$150-250M
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Rapid Adoption of Proton Therapy is Close

Collective Industry Developments will Gantry Design ‘ 28%
Break the Financial-Viability Threshold 54, pian Design ‘ -46%
with Support

Vault Design ‘ -33%
Shielding Design ‘ -36%
Accelerator Design ‘ -20%
System Design ‘
$17-18M

= single-room

eancial e Proton Source ‘

s150M Power Supply -59%

to
$250M

X-ray

PrRscily goom - Image Court Applied.Medical cwruction Tim -10-12
" & Court (A C
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Thank you for your attention

 Status of Proton Therapy in
the Netherlands <>‘!‘?E‘9ﬂcf‘ il

* Technical uncertainties in
proton delivery

* The proton value
proposition
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