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Learning Objectives

• To make it clear how important Q/A is to everything we do at 
every level.

• To comment on process. And the team. (Not a lot on 
devices/tools. Not a lot on software/code quality.)

• To comment on what is in the literature and what people do at 
a high level (consortium).
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The most beautiful 
science is that which is 

reproducible.

The only science is that 
which is reproducible.
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Where is Q/A
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We are learning lessons from Protons and Carbon

History of the heavy ion therapy at GSI. Kraft G. 
https://three.jsc.nasa.gov/articles/Krafts_GSI.pdf. 
04-26-2013.

The biological effective dose ( center) is the product 
of the physical absorbed dose (left ) with the relative 
biological effectiveness (Michael Kraemer, GSI)

https://link.springer.com/article/10.1186/1748-717X-9-2

https://three.jsc.nasa.gov/articles/Krafts_GSI.pdf


7

But we cannot learn lessons unless we can trust our data.
Beautiful, elegant machines were conceived and constructed to treat patients – and do.
Each point on the beamline needs to have a process of q/a and feedback associated with it, ideally 
in real-time. We heard a bit about control systems earlier on this (hardware/software).

https://www.researchgate.net/publication/276467
287_History_of_hadrontherapy/figures?lo=1

Injector function/contamination.
Acceleration calibration.
Beam optics/vacuum/current.
Gantry isocentricity.
Imaging to beam alignment.
Robotic table positioning.
Patient immobilization.
Contouring checks.
Plan review process.
Therapy delivery process.
Physician consent process.
Emergency procedures.
Radiation safety and shielding.
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IROC in the NCTN

• (NCTN) 25 protocols open that 
allow protons or randomize proton 
vs. photon 
• Receiving more requests for proton 

services for fee
• 20 institutions have requested OP 

check or phantoms outside of NCTN
• Some we expect to eventually 

participate in trials; others just 
checking their systems

https://www.irocqa.org/
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NCI's National Clinical 
Trials Network (NCTN) 
is a collection of 
organizations and 
clinicians that 
coordinates and 
supports cancer clinical 
trials at more than 

2,200 sites across 
the United States, 
Canada, and 
internationally. NCTN 
provides the 
infrastructure for NCI-
funded treatment and 
primary advanced 
imaging trials to 
improve the lives of 
people with cancer.
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1. Q/A is important
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1. Q/A is a fundamental part of all of the 
science and care we do. All of it. Every day.
• Can we trust the results of a prospective, randomized trial that is high impact with high 

LET on a common cancer – a gamechanger trial? Will it translate? Can I reproduce it?
• Do we understand the biology of regular radiation well? How is Q/A done for “normal” 

radiation research? 
• Do we capture data well? Do we share/communicate it well? Do we store it well? Do we 

know all of the parameters that went into the data making it fully reproducible?
• Do our trials reflect the broad scope of human variation well?

• Equity
• Enrichment
• Economics (the major league team analogy...)

• Do we validate our pre-clinical work well? Do we fund such? Do we reward such? Do we 
demand rigorous validation and its publication?

• Do we have realistic models? Why not?
• Do we study our failures and negative trials well?
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Example: Communication and Decision Making

https://p4a.seas.gwu.edu/2019-Fall/challengerExplosion.html
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Example: Communication and Decision Making

https://www.cfholbert.com/blog/challenger-disaster/

https://www.cfholbert.com/blog/challenger-disaster/
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2. Process and Team
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AAPM TG100. Application of risk analysis methods to 
radiation therapy quality management

https://doi.org/10.1118/1.4947547

IMRT
Process

Map

Proton Therapy Robustness 
Reporting Data Elements 

https://doi.org/10.1016/j.prro.2018.12.002

Radiation Oncology is Expert at Matching Complex Engineering to Patient Safety

Examples of how the field takes complexity and safety very seriously.
2. Process

https://doi.org/10.1118/1.4947547
https://doi.org/10.1016/j.prro.2018.12.002
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What do you do about Q/A.
• Learn what is done at your center (variations are many) 

and why. The why matters. 
• Master it. Study it. Improve it. Teach it. Publish it.
• Learn what is done elsewhere. And why. Above. And 

collaborate.
• Build in random deep checks. Get certifications and keep 

them up to date. 
• Preclinical Q/A work is very important. 
• Example: The PCRTC U01’s at NCI.

• Q/A is a team sport. 
• Example: Star shot.
• Example: Safety and running codes.

Devices. 
(a Google search 
finds a lot of these 
now for sale)

Training.

Recording.

Analysis.

Discussion/Review.

Improvement.
https://doi.org/10.1016/j.ijrobp.2012.10.006

https://doi.org/10.1016/j.ijrobp.2012.10.006
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IROC process
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Credentialling: H&N as an example
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3. Q/A Literature -
Comments and 

Thoughts



Preclinical Q/A

Furthermore, highly cited journals are more 
likely to document fewer parameters.
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Pre - Clinical Q/A – Radiobiology 2021

21

*



Clinical Q/A – Example: Particle Credentialling

Rainy day reading: Institutions received an average of 3 (range, 1-8) recommendations for practice improvements. The number 
of deficiencies did not decrease over time, highlighting the continued need for this type of peer review. The most common 
deficiencies were for Task Group-recommended QA compliance (97% of centers), computed tomography number (CTN) to 
relative linear stopping power conversion (59%), and QA procedures (53%). In addition, 32% of institutions assessed failed at 
least 1 lateral beam profile measurement (<90% of pixels passing 3% [global]/3 mm; 10% threshold), despite passing internal 
QA measurements. These failures occurred for several different plan configurations (large, small, shallow, and deep targets) and
at different depths in the beam path (proximal to target, central, and distal). CTN to relative linear stopping power conversion
curves showed deviations at low, mid, and high CTNs and highlighted areas of inconsistency between proton centers, with many 
centers falling outside of 2 sigma of the mean curve of their peers. All deficiencies from the peer review were discussed with the 
institutions, and many implemented dosimetric treatment planning and practice changes to improve the accuracy of their 
system and consistency with other institutions.

Updated – NCTN as of May 2022
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https://www.sciencedirect.com/topics/medicine-and-dentistry/computer-assisted-tomography
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Clinical Q/A – Example: FLASH
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Fig. 1 

The technology and data 
we heard about this 

week. Research support 
(example of NCI)
• generic R01, R21, P01, etc.
• The High LET RFA
• ROBIN
• We plan to continue our 

efforts to support RT
• And Q/A
• Could be any funding 

agency...all of them really.

Pharma
• RPT, Biologics, sensitizers, 

senolytics, etc.
• Reproducibility.
• Supply Q/A.

New physics
• e.g. High T affordable 

magnets (high temp SC)
• Machine design and function 

Q/A. FLASH as an example. 

New computational 
methods and tools
• AI/ML
• Quantum computing
• Q/A for DEI/equity

New agreement on 
standards and 
validation methods
• More sharing of valid date
• Assurance of data validity

Knowing limits of each impacts 
what can be studied and how to 
design experiments.

We need to enrich our patient 
selections via biology that is valid.

We need to use modern data 
science (AI, etc.) to achieve real 
breakthroughs (data quality)

We need to focus on broad data 
availability in the long term across 
the globe.

We need to focus on mentorship 
and expertise diversification and 
collaboration. Q/A valued and 
taught.

Need to Integrate Pre-Clinical and Clinical Q/A

26
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Carbon Beam 
QA
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Where to do Q/A

Remote On-site

Output (calibration)

CT# - RLSP 
Conversion

IGRT/Proton 
Isocenter

Lateral Profiles

Output (simple 
condition)

CT# - RLSP 
Conversion

IGRT/Proton 
Isocenter

• In a review of recent remote audits 
vs. on-site audits:
• 80% of deficiencies could have been 

identified through remote proton 
audits
• 20% of deficiencies would have been 

missed with a remote program

Per (unpublished) Paige Taylor
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Carbon Q/A (from the IROC/NCTN perspective)

• Parallel existing approval and 
credentialing for proton therapy
• Annual output checks
• Phantom irradiations
• On-site audit
• Measurement based 

assessment of RBE

• Collaborating with CNAO (Pavia, 
Italy) for Carbon experiments
• Will work on TLD, OSLD, film, 

and microdosimeter
characterization, examining 
LET and ion species 
dependence

• Our current dosimeters (film, 
TLD, OSLD) poorly 
characterized in carbon beams

• Response dependent not 
only on LET, but also ion 
species

• Current carbon centers use 
variety of RBE/dose models 
(MKM, LEM I-IV)

• How do we verify the 
accuracy and 
comparability of these 
models? T. Berger, M. Hajek. TL-efficiency—Overview and experimental results over 

the years. Radiation Measurements, 43:2–6, 2008, Pages 146-156. 
https://doi.org/10.1016/j.radmeas.2007.10.029.
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Models in Carbon Therapy: Variability

RBE Model Cell Line αx (Gy-1) βx (Gy-2) αc (Gy-1) βc (Gy-2)
MKM HSG Tumor* 0.19 0.05 Microdosimetry 0.05

SMKM Microdosimetry Microdosimetry

RMF NSCLC H460* 0.29 0.083 Microdosimetry
& Monte Carlo

Monte Carlo

LEM Chordoma* 0.1 0.05 Monte Carlo Monte Carlo

• Possibly can be measured with a Tissue Equivalent 
Proportional Counter

• Direct input into one of the clinical RBE models
• Not going into the above in detail due to time constraints -

just something you need to know about and appreciate in 
this field

Table from Shannon Hartzell, MS and Paige Taylor
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Q/A challenge: model parameter variability and validation status

Linear quadratic α(PANEL A) and β(PANEL B) parameters as 
a function of LET for the irradiation of V79 cells with 
different ions. 

Data needed: OTHER CELLS, OTHER ENERGIES, MORE 
COMPLEX MODELS, ANIMALS, HUMANS, DAY TO DAY 
VARIATION....IT GETS COMPLEX VERY RAPIDLY)

Rainy day reading: Points represent experimental data taken from PIDE [82], different 
colors/gray levels and shapes refer to H, He, C, and Ne ions, respectively (the color/gray level 
and shape legend refers both to PANELS A AND B). In panel A, solid and dashed lines 
represent, respectively, the extrapolation with the MCt-MKM and the original MKM, while in 
panel B, a comparison between different models is reported (namely, MKM, MCt-MKM, LEM-
II, and RMF). In the case of the MCt-MKM, overlapped to the α and β curves, the MC 
statistical confidence bands (68%) are reported. These bands are small due to the high 
statistics and they blend with the curves’ thickness. A saturation effect is observed for 
both α and β parameters. Plot taken from [23].

Front. Phys., 10 February 2021
Sec.Medical Physics and Imaging
https://doi.org/10.3389/fphy.2020.578492

82. Friedrich T, Scholz U, Elsässer T, Durante M, Scholz M. Systematic analysis of RBE and related quantities using a 
database of cell survival experiments with ion beam irradiation. J Radiat Res (2013) 54:494–514. 
doi:10.1093/jrr/rrs114

23. Manganaro L, Russo G, Cirio R, Dalmasso F, Giordanengo S, Monaco V, et al. A Monte Carlo approach to the 
microdosimetric kinetic model to account for dose rate time structure effects in ion beam therapy with application 
in treatment planning simulations. Med Phys (2017) 44:1577–89. doi:10.1002/mp.12133

In clinical treatment planning, the RBE has to 
be calculated by radiobiological mathematical 
models, which, in spite of all validation 
efforts, still involve significant sources of 
uncertainty.

https://www.frontiersin.org/articles/10.3389/fphy.2020.578492/full
https://www.frontiersin.org/articles/10.3389/fphy.2020.578492/full
https://doi.org/10.3389/fphy.2020.578492
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Final Thoughts
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We need to focus more on the interface of biology and physics. Q/A in this context is complex, 
difficult, and a research topic. 

We need to embrace collaboration. And Q/A is a critical part of that.

We need to bring all of our tools forward and share best practices.

We need to mentor and to help each other.

We need to make sure we do Q/A at every level. 

Concluding Thoughts
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Thank you


