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What's the fuzz all about?

- Why would (should) we invest in p*?

- The basics: difference between photons and protons

« What are the challenges?

Dirk Verellen - 2019
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About photons and p+*

« Photon therapy =
reached its pinnacle of '

development ... .«'
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Believers and non-believers

« Wise words from a wise man:

When men are most sure and
arrogant they are commonly most
mistaken, giving views to passion
without that proper deliberation which

alone can secure them from
the grossest absurdities.

—  David Hume

AZQUQTES

Dirk Verellen - 2019 4

6/14/2019



6/14/2019

_

iridium
kankernetwerk
What's the fuzz all about?
« Photon therapy « Proton therapy

Dirk Verellen - 2019
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What's the fuzz all about?
« 5 most frequent cancers in men and women:

Prostate BASTOS, le goit EEIGERS
Lung LA LLU LT Colon & rectum

Colon & rectum : Uterus
Bladder ' o Lung
Stomach, NHL &t Ovary

Dirk Verellen - 2019
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What's the fuzz all about?

« Main indication for protons ...
« Pediatric oncology!

|| 2000 | 2001 | 2003 _
108 90

leukemia 85 ”\
lymphoma 39 43 34 Y
embryonal t. 52 54 63 ':
CNS 94 68 65 £
bone 15 18 24 .
STS 35 34 35

TOTAL 320 325 313

« Potential recruitment in Belgium: ~ 100 cases/year

Dirk Verellen - 2019 Scalliet P, 2005
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About photons and protons ...

MATTER = FORCE
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About photons and protons ...
« What is a photon?
‘ = | o Quantum (particle) of light
’ ' o Constant speed in vacuum

o No charge
e No (rest) mass

o Hydrogen atom without e-

« Can be stopped

« Elementary positive charge

e 2000 times the mass of an e-

Hydrogen Atom

Dirk Verellen - 2019
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Interaction of photons with matter
I: Intensity
E: Energy
u: attenuation coefficient X

o The particle either “leaves" the beam or is
unchanged

e The beam is attenuated

Dirk Verellen - 2019
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Interaction of protons with matter
I: Intensity
E: Energy
: . fhici
S: stopping power (energy lost / cm) y
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[ =1,
> —>
E, E=E, -

o The particle slows down

Dirk Verellen - 2019
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About photons and protons ...

1.
15
N —Photons
soBP
=
5
8 Depends on incident s
?é energy of protons g i
£ : g
® o N
o9 £ =
8 % g
0.5 8 /| 2
05 [
/ / 8
/7| os Spread Out Bragg Peak u ”‘I"" e |
g (SOBP)
% 2 4 5 sh o
_P_i_lie‘ cm 0 2 4 6
Depth (cm)|
% 2 4 6 8 10 12
Depth (cm

Dirk Verellen - 2019

6/14/2019



6/14/2019

iridium
kankernetwerk

How do we accelerate protons?

e Synchrotrons

Dirk Verellen - 2019 Paul Scherrer Institute
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How do we accelerate protons?

o Cyclotrons

Yves Jongen

Dirk Verellen - 2019




—_ D
iridium
kankernetwerk
So, let’s keep it simple
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Integral dose

Conformity
3D-4D
IGRT

Robust dose distribution
sensitivity to anatomical
variations

In vivo dosimetry
Clinical evidence
Cost per patient
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A simple comparison

Integral dose

Conformity
3D-4D
IGRT
Robust dose distribution

sensitivity to anatomical
variations

In vivo dosimetry
Clinical evidence
Cost per patient
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Integral dose and low dose wash
Dirk Verellen - 2019 18
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Protons always better than photons?
uschke et al. Radiation Oncolo , 8
:‘tlpu’/wwv:r.ru-jf;uﬂr'narl,wn?/contgjn,::/ll?@g - RA D |AT| O N
ONCOLOGY
Re-irradiation of recurrent head and neck
carcinomas: comparison of robust intensity
modulated proton therapy treatment plans
with helical tomotherapy IMPT was found NOT to
J:v-‘r;:;rmwm” Anchreas Kaiser’, Jehad Abu-lawad', Christoph Potrgen, Sabine Levegrin' be unifo rmly su perior to

HT and the steeper
average dose fall-off
around the target volume
is an argument pro HT

Abstract

Dirk Verellen - 2019 21
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Protons always better than photons?
B e . RADIATION
ONCOLOGY

+ “red shell” around CTV:|HT more conformal

- heterogeneities
- scatter
HT
/{ low dose wash
IMPT
Dose p* lower
difference — L
IMPT-HT p* higher
Figure 1 Dose distributios

Dirk Verellen - 2019
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Why IGRT?

Verellen et al.
Nature Reviews Cancer, 2007

Dirk Verellen - 2019
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Image-guided radiotherapy

Courtesy of H. Shirato

Dirk Verellen - 2019
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Adaptive radiotherapy ...

With radiotherapy we are exploring the concept ART

Seconds Minutes Days Weeks

*Breathing «Patient motion *Breathing pattern *Shrinkage
*Peristaltic e Tumor drifts

*Baseline shifts
*Patient position

*Progression
*Weight loss

*Heart Beat

Dirk Verellen - 2019
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The key message from p* therapy

o It's a heavy particle,
the “Bragg peak” stops

DOSE (%) DEPTH DISTRIBUTION OF ENERGY

DEFTH {cm)

Dinh JQ, Tanslational Cancer Res, 2012

Dirk Verellen - 2019
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The key message from p* therapy
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« ... the Bragg peak stops ...

Dose recalculation
on modified CT

Originally planned
dose distribution

- but we don’t always know where!!

Knopf&Lomax, PMB, 2013 AT

[ From 0% to 100% |

Dirk Verellen - 2019 Montparnasse, 1895
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Adapting to volumetric changes
Plan Week 2 Week 3 Week 4 Week 5 Week 6

Initial plan Adaptive plan

S )

Dirk Verellen - 2019

Many thanks to M. Guckenberger for animations
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Adaptive radiotherapy ...
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Fig. 3. Cumulative distribution of the maximum distance of micro-
scopic disease extension (MDE, . ) to the border of the gross tumor
volume on pathologic examination (GTV ;) according to the risk
of MDE. MDE,,,, per patient in the group at low risk of MDE (n =
13) and the group at high risk of MDE (n = 21), as predicted by the
linear regression model.
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Adaptive Radiotherapy
Best case scenario
£ 3
L
(o1
&
c
0 °
: €Fy) = :
=
= o
&
& .
&
o
Worst case scenario °

Dirk Verellen - 2019 Many thanks to M. Guckenberger for animations
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Consensus paper, 2017

o Particle Therapy Co-Operative Group (PTCOG), Thoracic
and Lymphoma Subcommittee:

al of
tion Oncology
2y @ physics
surnal.org

Critical Review

Consensus Guidelines for Implementing ®c{mm,,k
Pencil-Beam Scanning Proton Therapy for

Thoracic Malignancies on Behalf of the PTCOG

Thoracic and Lymphoma Subcommittee

Joe Y. Chang, MD, PhD,* Xiaodong Zhang, PhD,* Antje Knopf, PhD,’
Heng Li, PhD,* Shinichiro Mori, PhD,’ Lei Dong, PhD,

Hsiao-Ming Lu, PhD,' Wei Liu, PhD,* Shahed N. Badiyan, MD,"
Stephen Both, PhD,** Arturs Meijers, MS,' Liyong Lin, PhD,’

Stella Flampouri, PhD,'* Zuofeng Li, DSc,’’ Kikuo Umegaki, PhD,"
Charles B. Simone, II, MD,” and Xiaorong R. Zhu, PhD*

Dirk Verellen - 2019 33
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Consensus paper, 2017

- Robustness, motion management, interplay effect:
- Range uncertainty (HU, S)
- Intrafrational organ motion (respiration, peristalsis, ...)
- Anatomical changes (opening airways, fluid accumulation, ...)

- Concept of safety margin useless (beam-specific PTV? Most people
already have problems to define institution-specific PTV margins)

- “potentially manifesting as extreme local tumor underdosage or
normal structure overdosage”

- “most pronounced when PBS-PT is delivered in a limited number
of fractions” ...

D’OH! Are we going back to conventional fractionation? /’,

Dirk Verellen - 2019 34
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Robust ... based on 4D-CT?

DOUGLAS ADAMS'S 0]
HITCHHIKER’S GUIDE
.TO THE GALAXY

PART SIX OF THREE 3

« And another thing:

-

COLFER

Dirk Verellen - 2019 35
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Robust ... based on 4D-CT?

« The so-called 4D CT is nothing but a continuous movie-loop and might
NOT be representative for the breathing pattern at the time of
treatment!!!!

Real-time

Fluoroscopy s - -
during treatment,, Iung liver

HEEH
T
1 HE—
b -
1

‘ [r % ;
. N i L -—% é
4D-CT Ly-@iﬁ; - t ? 3 %-}%E . -] ? 1

binning ° ”
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Dhont J., Verellen D. (Radiother Oncol, 2018)

Dirk Verellen - 2019
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Consensus paper, 2017

« Motion management and robust optimization and
evaluation are crucial for minimizing uncertainties associated
with beam range and organ motion.

- In any event, if the dosimetric criteria are met, the patient
can be treated with PBS-PT; otherwise, PBS-PT should not
be offered.

« Tony (Lomax) even introduced the “worst-case robustness
approach” ... If the plan is not robust, then the plan
should be optimized ...

Dirk Verellen - 2019
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Robust planning

It seems a bit awkward that the strength of proton
treatment needs to be reduced to compensate for the fact
that particle treatment is unforgiving for density

uncertainties and anatomical variations, whereas photons
by nature are more robust and forgiving for these
issues in real-life clinical situations, thoracic lesions are a
case in point.

Dirk Verellen - 2019 38
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A simple comparison
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Automate or perish

@ £LECTRONIC POSTER
Physics track: Dose measurement and dose calculation

> 1-.year experience with automated transit in vivo dosimetry ina
busy multicenter Department
E_Bossuyt (Belgium), R. Weytjens, S. De Vos, R. Gysemans, D. Verellen
« In vivo dosimetry
« safety, quality

« Standardization and
automation

- Continuous, individualized
patient QA

- Dose tracking
- Trending
- Big data

Dirk Vereilen - 2019
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Clinical evidence

Dirk Verellen
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Clinical evidence

« Health Technology Assessment and Systematic review reports
« Belgian Health Care Knowledge Centre (KCE, 2007)
« Belgian Health Care Knowledge Centre (KCE, 2019)

32 Systematic reviews and HTA reports
Intotal, 11 HTA reports 2 focvmd a0 e cascnr s Lo
cancer " and ane review on sinonasal cancer * Al ‘and ail HTA reports indications
Three HTA repoits wore (malnly) 8n overviow of feviews- * " Unforiunalely, iesa were a0 The most recent HTA 15ports. AS 8 resul, recenty puisned
primary suidies werd no1 captured by Mose reviews ang HTAS.
The mast recent HTA report was published by CADTH * The iterature search was of goad qualty and was run in June 2017, The report focused on
systematic reviews, results were presanted naratiely. In general. the authors conchided that n most cancer ypes the clinical flectiveness. of profon
freatment, alone or in combination with phaton radiclheragy. is comparable o oer types of radiatherapy. INESSS also publshed a HTA report that mainly

< on secondary Mershre K i

‘xtraction process). In

RETA poninas 3 17 por ey points
description of included studies)
for high-qualily comparative stul
QUERI published a HTA repor!
systematic reviews and compan
ICER published a HTA report, t
February 20147 The seaich wa
ack

* Proton beam therapy can represent an indication for rare and specific
tumours in selected groups of patients where conventional therapy
presents a significant risk for fragile structures in the vicinity. The quality
ISR of actual evidence is nevertheless poor and further research is thus
Rionisi et al. focusad their seart
appraisal, English iterature anly needed.

#nd ihe experiments] characler
and was of good qualiy. The &

* Carbon ion therapy is an appealing but still experimental approach.

Patel et al. focused their Search on Sinnasal cancer,* The search was run In April 2014, and was of good quaity. The autnors performed a meta-analysis. Ihat
was done using correct methods when looking at the Individual treatmants. However, when comparing the diflerent types of radiotherapy, baseline Tk was
taken inio account by adjusting for tumouy. stage only. For the meta-analysis a total of 41 studies (43 cohorts) was used,
including 30 cohorts treated with photon therapy and 10 cohorts treated with proton treatment (NB: lso other types of charged particie therapy were included,
and some cohorts recelved combinations of treatment). Overall survival at the longest follow-up did not differ significantly between proton treaiment and IMRT
(RR = 1.02; 95%CI 0.77-1.35, p = 0.89), nor did the S-year overall survival (RR = 1.39; 95%Cl 0.99-194, p = 0.057)_In addition, disease-free survival at the
Iongest foliow-up did not differ signficantly between proton Teatment and IMRT (RR = 0.98; 95%C1 0.40-2.42, p = 0.97). However, g disease-fee
‘sunival was signi betisr n ihe proton group (RR = 1.03; 95%C 1.36-2.75, p = 0.0003). Also locoregional control at the longest follow-up was
significantly better in the proton group (RR = 1.18; 85%CI 1.01-1.37, p = 0.031), but the S-year locoregional control did not differ significantly (RR = 1.06
95%CI 0.68-1.67, p = 0.79).

The reports and/or reviews published by KCE,” Lodge et al.2and Olsen elal.” all dated from 2007, and did not add new information to the above.

Dirk Verellen - 20
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Halperin’s rule

= Most tumours are radioresistant if you miss them ...

Dirk Verellen - 2019
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Halperin’s rule (cont’'d)

- Most tumours are radioresistant if you miss them ...
» Protons may offer many new and expensive ways of

missing the tumour

Dirk Verellen - 2019

6/14/2019
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CAN WE AFFORD
THE WAR ON CANCER?

Immunotherapy vaccines could extend survival in 8 handful
of cancers. But personalizing trostment, payers argue, is not
sustaingble. Where should the fine be drawn?

wEBICA
ARE LILLING BS

Dirk Verellen - 2019 51
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Routine

Dirk Verellen - 2019
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Believers and non-believers

o« From Hume to Feynman

The idea is to try and give all the
information to help others to judge
the value of your contribution;

not just the information that leads

to judgment in one particular direction
or another

~ Richard P. Feynman

Dirk Verellen - 2019
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Conclusions

« The goal of treatment is to “cure” the cancer, or prolong
survival in patients with advanced disease, while
preserving the highest possible quality of life in both the
long and short term.

« A debate whether or not protons are superior to photons
is a CATEGORY MISTAKE

Dirk Verellen - 2019
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Conclusions cont’'d

» Radiotherapy is a highly dynamic and evolving
discipline, crucial for treatment of cancer and it features
different specialties each with their typical applications:

- External beam and brachytherapy
- Photons, electrons, p+, other particles, ...

The first carpenter
really serewed
it up

Dirk Verellen - 2019
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Challenges in radiation oncology

« The most important thing to a
patient is not the availability of
some high technology device,
rather it is the ability of a team
of physicians, physicists,
dosimetrists and therapists to use
a technology with skill for the
benefit of the patient.

- Dr. Marc Edwards

e The true challenge is to develop
the wisdom to know when to
select which treatment modality
in the clinic.

- Dr. Steve Webb

kankernetwerk

L’ expérience cruciale, F. Schuiten

Dirk Verellen - 2019
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