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L’expérience cruciale, F. Schuiten Disclaimer:

most examples are based on personal experience

(other examples and commercial solutions exist)



Outline

• Cargo Cult Science

• From early adopters  …

• … to introducing a new but existing technology/technique

• The process of implementation and regulations
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3 phases of introducing technology

• A tool using culture

• The development of tools and 
extending their use for wider benefit

• The technology itself becomes the 
focus of the intellectual effort: 

“applications race ahead of any 
proven utility”
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Technology for the sake of …

• “Developments in RT can
best be described as a blind
gallop towards increasingly
more precise means of
tumor localization …”

Back to the future - DIrk Verellen



… for the sake of technology

• Technology should adapt to the 
user, not force the user to adapt to 
the technology.

• Yet, sometimes, it seems as George 
Orwell already described:

“the true genius is to create a 
problem and then sell the 
solution.”
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“A fish desperatly looking for a bicycle”



Some examples: MLC

• The MLC was introduced to replace blocks

• But the perception was created that
“IMRT required an MLC”
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Is the MLC designed for IMRT?

• The “old” block is still better suited for IMRT

• Blocks never fail to absorb photons the
same way every time:

- Superior and isotropic resolution

- Deals better with tumor mobility

- If Monte Carlo is to become the standard in TPS, it certainly prefers blocks!

• MLC’s fail in a variety of interesting ways:
- Interleaf leakage and transmission

- Tongue and Groove effects

- MLC is a complex electromechanical system that will fail

- Calibration of leaves, limitation in velocity and resolution
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Some examples: Tumour Tracking
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Some examples: Tumour Tracking

• Does SBRT require RTTT?
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Some examples: Speed

• When tomotherapy came into the picture (1992), IMRT suddenly 
became clinically feasible

• … by the way, the binary MLC was designed for IMRT, not adapted…
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Some examples: Speed

• So, the “problem” delivery time was created
(prevailing quality and safety?) to sell the “solution” speed.
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Some examples: FFF

• … and again, using the mantra “faster is better”:

- Treatment times are reduced from 6’ to a staggering 4’ 

- … maybe not economically/clinically relevant, but

- … reduced treatment time will influence intrafractional motion in favorable 
way …

- Alas, Nielsen et al. did not observe reduction of intrafractional motion 
comparing FF with FFF treatments for lung and brain cases.

- Ong et al.: 2 arcs are required to reduce interplay effect.
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Some examples: real-time ART
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Some examples: real-time ART

• Ask yourself:

• What indications truly require real-time ART?
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• The “aim of radiotherapy” can only be 
realized if …

• The correct tissue is treated in the correct 
patient with the correct dose

• And this is to be accomplished in one of 
the most complex settings in health care
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… and society pays

• The true cost of something, is what you give up to acquire it!

- If an expensive technology comes at the cost of reducing 
health care for the average cancer patient, it is expensive.

• Halperin’s rule:
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• Most tumours are radioresistant if you miss them …

• Protons may offer many new and expensive ways of 
missing the tumour



ESTRO vision

• There is a risk in that too much focus on 
sophisticated expensive technology may create a 
double layer health care system where not all 
patients have access to best of care.
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Corporate funding is not helping …

• Enthusiasm and “gentle” pressure from industry 
results in publication of favorable results only.
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Corporate funding is not helping …

• “Drugs [technologies] are tested by the people who manufacture them, in poorly 
designed trials, on hopelessly small numbers of weird, unrepresentative patients, and 
analysed using techniques which are flawed by design, in such a way that they 
exaggerate the benefits of treatments.” … “not to mention ‘missing data’.”

• “Unsurprisingly, these trials tend to produce results that favor the manufacturer.”
- Ben Goldacre, Bad Pharma, 2012.
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• Just as cargo cultists create mock airports that fail to produce airplanes, cargo 
cult scientists conduct flawed research that fails to produce useful results

- R. Feynman, Commencement address at CALTECH, 1974.

Is RT R&D Cargo Cult Science?

Back to the future - DIrk Verellen



Outline

• Cargo Cult Science

• From early adopters  …

• … to introducing a new but existing technology/technique

• The process of implementation and regulations

Back to the future - DIrk Verellen



Early adopters

• Guidelines are no longer valid or applicable

• Requires creative solutions … ensuring safe implementation

• …. can be pretty  uncomfortable
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Sequential TomoTherapy
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Helical TomoTherapy
Designed for IGRT & IMRT:

! integration - synergy !
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Dose calibration

• … requires reference conditions
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Dose calibration

• … requires reference conditions …. the guitare pitch problem

x
y

NO FLATTENING FILTER!!!!

“40cm” x (1.0,2.5,5.0)cm

SSD 85cm
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Dose calibration
• … requires traceability
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Tumour tracking: “sticky” dose
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Movie

Camera

Robot

paper sheet

Experiment setup

Tumour gating-tracking: Validation

• Requires creative solutions
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Tumour gating-tracking: Patient specific QA

• Requires creative solutions
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Tumour gating-tracking: Verification

• Requires creative solutions
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FLASH …
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It’s all about dose rate
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It’s all about dose rate
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… but it’s more complicated …
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… but it’s more complicated …



It’s all about dose rate

• The basics … ks - kpol
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… but it’s more complicated …

• Recombination effect … and … self shielding
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Dose calibration
• … requires traceability
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Beam monitoring and real-time controle …
• If you deliver 10Gy with 1 pulse (4.5 �s) …

• … if the pulse is gone … it’s gone
- Beam output, energy, flatness, symmetry, … ????
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And of course AI …
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Rethinking human interaction
• Similar to the introduction of 

R&V systems at the end of the 
previous century:

- It was introduced to mitigate 
human errors and reduce 
repetitive tasks

- But people started to verify these 
tasks as if it was human, … by 
performing repetitive tasks …

• With large scale introduction 
of AI (computerized black 
boxes), the role of human 
interaction needs rethinking
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Outline

• Cargo Cult Science

• From early adopters  …

• … to introducing a new but existing technology/technique

• The process of implementation and regulations
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Implementing a new “established” technique

• Vendors are selling complex equipment as plug&play to facilities with 
understaffed-undertrained physicists.

• Hospitals are using internal procedures and workflows that are not adapted 
to these new technologies.

• Software and hardware is continuously being upgraded.
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• The “aim of radiotherapy” can only be 
realized if …

• The correct tissue is treated in the correct 
patient with the correct dose

• And this is to be accomplished in one of 
the most complex settings in health care
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IMRT as an example on evolution of QA

• Technology implementation races ahead of guidelines
- Small field dosimetry

- In vivo dosimetry
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IMRT as an example

• Phase 1:
- Being creative … see early adopters
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IMRT as an example

• Phase 2:
- Make do with what is known

and present in the department

• Absolute dose calibration

Das IJ, et al., Med Phys, 2008

In this case … size matters
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IMRT as an example

• Phase 2:
- Make do with what is known

and available in the department

• Patient specific QA … in vivo dosimetry was no longer feasible … 
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IMRT as an example

• Phase 3:
- Finally we have guidelines and mature procedures

• Absolute dose calibration

2021

2017
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IMRT as an example

• Phase 3:
- Finally we have tools for pre-treatment and in vivo dosimetry

• Patient specific QA
- Patient-specific pre-treatment QA and in vivo dosimetry are performed for every 

patient using the PerFraction platform (Sun Nuclear), which includes:

 Independent MU calculation,

 Dose transmission measurements, pre-treatment,

 Dose transmission measurements, during treatment (in vivo)
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IMRT as an example

• Patient specific QA
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Outline

• Cargo Cult Science

• From early adopters  …

• … to introducing a new but existing technology/technique

• The process of implementation and regulations
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Radiotherapy … possibilities Today

• Margin reduction
- Dose escalation

- Conformal avoidance

• Simultaneous Integrated Boost (SIB)

• Reviewed dose fractionation (SBRT)

• Biological Conformal Radiation Therapy (BCRT)

• Adaptive Radiation Therapy (ART)

• Re-irradiation

+ +
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What are we lookin’ for?

• Ensuring that what has been planned really has been delivered !!

- … for each patient!!

- … every fraction!!

- … in a safe way!!

• Due to the complexity of Radiation Oncology, QA and safety is 
more than pre-treatment verifications, but process oriented.
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Risk management
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Risk analysis
• Retrospective risk analysis: root-cause analysis

- INCIDENT REPORTING: ROSIS, PRISMA, SAFRON

• Prospective risk analysis: process analysis
- (H)FMEA: Healthcare Failure Mode and Effects Analysis

• Proper education, proper staffing levels, transparent communication, 
up to date procedures, E2E testing, in-vivo dosimetry, …
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Prospective risk analysis …

• Installing new linac
- 11 process steps, 362 risk sources, 40 action points

• HDR afterloader
- 11 process steps, 289 risk sources, 10 action points

• 5 year revision of CT-sim
- Still 16/45 open aciotn points … (!)

• New TPS
- 29 process steps, 527 risk sources, 142 action points

• …

Time consuming …
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Risk management process

• Finally, some commercial tools become available

• … so, no more excuses.
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Some Yogi wisdom …

• “If you don't know where you're going, …”
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Some Yogi wisdom …

• “If you don't know where you're going, …
you might not get there.”
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About new developments

• To quote Terry Pratchett:
- “New developments cause a rethink. If 

this bothers you, consider how much 
damage is being done to the world by 
people for whom new developments do 
not cause a rethink.”

• The danger might be that the focus is 
too much on the innovation, less on 
(safe) implementation.
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About new developments

• To quote Prof. Dr. Steve Webb:
- The true challenge is to develop the wisdom to know when to select 

which [treatment modality] in the clinic.
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So, where’s the catch?
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Introducing new technologies/techniques

L’expérience cruciale, F. Schuiten

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

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
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It’s the TEAM not the BEAM !!!
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