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Can’t smell it, touch it, or feel it –
need to place it in the human 

body to within a few mm and to 
within a few percent.

Radiation Therapy Dose
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Radiation Therapy Dose

We stand on the shoulders of giants 
– they understood the 

IMPORTANCE
of quality and the intolerance to 

uncertainty

RT
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RT

Quality is 
the Priority



AAPMSS’11 Int. J. Radiation Oncology Biol. Phys., Vol. 76, No. 3, pp. 775–781, 2010

Conclusions: Treatment with 4DCT/IMRT was at least as good as that with 
3DCRT in terms of the rates of freedom from Loco-regional Progression and 
Distant Metastasis. There was a significant reduction in toxicity and a significant 
improvement in Overall Survival. 

Purpose: In 2004, the institution began using four-dimensional computed 
tomography (4DCT) simulation and then intensity-modulated radiotherapy 
(IMRT) (4DCT/IMRT) instead of three-dimensional conformal radiotherapy 
(3DCRT) for the standard treatment of non–small-cell lung cancer (NSCLC). 
This retrospective study compares disease outcomes and toxicity in patients 
treated with concomitant chemotherapy and either 4DCT/IMRT  or 3DCRT.
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SBRT Lung: Outcome Trends

Palma, D. et al. JCO 28, 5153-5159 (2010).
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SBRT Lung: Outcome Trends
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SD-IGRT: Metastases

(all lesions) (bone only)
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Wow, we are good!

• This radiation therapy stuff really works!
• We can relax, maybe we’ve probably been 

overstating the concerns around 
uncertainty…
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de Crevoisier et al., Int. J. Radiation Oncology Biol. Phys., Vol. 62, No. 4, pp. 965–973, 2005

Hypothesis:  If the rectum is distended on the planning CT, the 
probability is high that it will be less distended during treatment, 
and, consequently, the prostate, on average, will be shifted 
posteriorly during treatment relative to its position at the time of CT 
simulation.
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de Crevoisier et al., Int. J. Radiation Oncology Biol. Phys., Vol. 62, No. 4, pp. 965–973, 2005

Methods:
• 127 patients with 
definitive 3D-CRT for 
prostate cancer (78 Gy)

• Rectal distension 
assessed by calculation of 
the average cross-sectional 
rectal area (CSA; defined as 
the rectal volume divided 
by length) and measuring 
three rectal diameters on 
the planning CT. 

• Test the impact of rectal 
distension on biochemical 
control, 2-year prostate 
biopsy results, and 
incidence of Grade 2 or 
greater late rectal bleeding 
was assessed.
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Median Cross-sectional Area (CSA) = 11.2 cm2

de Crevoisier et al., Int. J. Radiation Oncology Biol. Phys., Vol. 62, No. 4, pp. 965–973, 2005

Results:



AAPMSS’11 Abrams IJORBP 2011

In Radiation Therapy Oncology Group 9704, as previously 
published, patients with resected pancreatic adenocarcinoma 
received continuous infusion 5-FU and concurrent 
radiotherapy (5FU-RT). 5FU-RT treatment was preceded and 
followed by randomly assigned chemotherapy, either 5-FU or 
gemcitabine. This analysis explored whether failure to adhere 
to specified RT guidelines influenced survival and/or 
toxicity.
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Figure 2. (A) Survival results. 
Survival results by 
randomization between 
treatment arms. There is no 
significant difference
in survival between the two 
treatment arms. Median 
survivals: 5FU arm = 1.43 
years; gemcitabine arm = 1.55 
years (p = 0.51). 
(B) Survival results by 
radiotherapy quality (RTQA) 
score as per protocol (PP) or 
<PP. Patients with RTQA
score of PP had significantly 
better survival; 1.74 years vs. 
1.46 years (p = 0.0077).

Abrams IJORBP 2011
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To report the impact of radiotherapy quality on outcome in a 
large international phase III trial evaluating radiotherapy with 
concurrent cisplatin plus tirapazamine for advanced head and 

neck cancer.

Peters et al.  JCO 2010



AAPMSS’11 Peters et al.  JCO 2010



AAPMSS’11



AAPMSS’11

Error rates are very low, but not low enough. 

Bogdanich - 3 Times Pulitzer 
Prizes Winner
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Are we really missing things?

“Since the clinical introduction of the method in January 2005 until August 2009, 
treatment plans of 4337 patients have been verified. Among these plans, 17 serious 
errors were detected that led to intervention. Due to their origin, nine of these errors 

would not have been detected with pretreatment verification.”
Med. Phys. 37 (6) June 2010

EPID analysis 
tools to analyze 
the images we 

can already 
collect.
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Wow! Quality Matters!

• It matters for our patients.
• It matters for our field.
• It matters for our science.
• It matters for our future patients.
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RT

Growing 
Technological 

Complexity

Quality is 
the Priority



AAPMSS’11 S. Huq - Monday

You are here.



Supervised Robotic Intensity-modulated, 
Image-guided Radiation Therapy

In a period of 10 years, Radiation 
Therapy has evolved from employing:

10 Mb to 1000 Mb of Data (100X)

10 to 1000 Digital Treatment 
Parameters (Robotic Control)

Supervised, Image-guided Operation
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Next Up: MR-Guided RT Platforms

Viewray Solution

Edmonton 
Solution

Utrecht Solution

MR-Guided RT

Adjacent 
Systems

Fast imaging, higher CNR, more responsive in delivery.

•“Lots of times you 
can’t really see 
what you are trying 
to see” – E. Soisson
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Why Pursue MR-guided RT?
• Pros

– Intrinsic Contrast of Target and Normal Tissue
– No Significant Toxicities
– Physiological Measurement Capabilities

• Cons
– Geometric Distortions/Accuracy
– Influence on Dose Deposition

• Electron Return Effect (ERE)

– Safety/Screening/Repairs
– Cost



AAPMSS’11 Courtesy of G. Fallone, Cross Cancer Institute, Edmonton, Canada
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UMC Utrecht MRI linac system
6 MV linac and 1.5 T MRI

Dynamic prototype under construction

1.5 T diagnostic MRI quality No impact of beam on MRI

Prototype MRI accelerator

Raaymakers et al. Phys. Med. Biol. 2009
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Karlsson  et al. Int. J. Radiation 
Oncology Biol. Phys., Vol. 74, 
No. 2, pp. 644–651, 2009
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The Princess MRgRT Facility

Under construction: Estimated time to completion: 18 Months
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The Princess MRgRT Facility

Specifications:  MR imaging to RT in <90 seconds
Diagnostic Performance
Linac and Brachytherapy operate indep. of MR 
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Complex Machinery of Adaptive
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RT

New 
Science

Where’s the 
Evidence?

Growing 
Complexity

Quality is 
the Priority
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20 Years of Advancing Radiation 
Therapy: ‘Testing the 3D Hypothesis’

• Transition from ‘technique-based’ approach to 
employing the 3D information in the creation of the 
intervention.
– Information largely derived from imaging

• Move from ‘patterning’ to ‘deriving’ the RT 
intervention.

• Data driven process that operates on imaging, dose 
computation, and population-based knowledge of 
radiation response.

• Enabling dose escalation without corresponding 
increases in toxicity.
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47 patients were assigned to each 
treatment arm. Median follow-up 

was 44·0 months (IQR 30·0–59·7). 
At 12 months xerostomia side-

effects were reported in 73 of 82 
alive patients; grade 2 or worse 
xerostomia at 12 months was 

significantly lower in the IMRT 
group than in the conventional 

radiotherapy group.

At 24 months, no significant 
differences were seen 

between randomised groups 
in non-xerostomia late 
toxicities, locoregional

control, or overall survival.
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From the ‘3D Hypothesis’ to the 
‘4D Hypothesis’

Fundamentally enabled by minimally-
invasive methods of characterizing the 

disease state in the context of 
intervention 

“Probably every patient needs to be monitored, 
some will benefit from adaptation.” – K. Langen
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Setting Out to Test the 4D Hypothesis: 
Many Challenges

• Quantification: Without accuracy and precision, there is 
nothing.  

• Integration: imaging and intervention
– Spatial and temporal proximity to intervention

• Interpretation: Automated methods of deriving 
intervention from frequent measurement

• Memory: A system to hold the context of the 
intervention 

• Cost: Methods of managing the cost of measurement 
and adjustment

• Validation and Feedback: Was it all worth it?
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R. Jeraj - Friday

“We are dependent on imaging systems, we will be more 
dependent on imaging systems in the future.” – J. Balter
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Personalized Cancer Medicine

• Increased effort in the management of a 
patient
– Measurement costs, data handling costs, image 

analysis costs, complexity costs
• Risk of error by exposing the patient to 

multiple decisions
– “Uncertainty Exposure” – Measurement/Model
– “Error Exposure” – Decision Making

“The right treatment for the right patient at the 
right time”



AAPMSS’11 S. Bentzen – Last Friday
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HNC – Oropharynx: Two Populations?
• Traditional risk factors for 

head & neck cancers 
(HNC) are cigarette 
smoking, and EtOH 
consumption

• Epidemiology has changed
in recent decades

• HPV-related Disease 
versus Classical Disease

f
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Site Specific Incidence of HNSCC in Radiation Oncology at the PMH 
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Dynamics of Disease in the Population

All patients with locally-advanced OPC are offered 
concurrent chemo-radiation
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Separation of Patients by p16 Expression

P<0.0046 P=0.00027
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Shi et al; JCO 27:6213, 2009

“If what I said is extremely clear, then you misunderstood.” – S. Bentzen
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More Science to Do: Delineation 
Rational Margin Design vs Irrational 

PTV Constraint

PTV
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Need new, robust information about 
the extent of disease.

94  Radiology  October 2004 Daisne et al

Need to engage 
pathology more in 

target characterization.

One of a few papers that have attempted this problem.
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From 3D to BTV: It’s a long road.
“Incremental to the 

concept of gross, 
clinical, and planning 
target volumes (GTV, 
CTV, and PTV), we 
propose the concept 
of “biological target 
volume” (BTV) and 
hypothesize that BTV 
can be derived from 
biological images and 
that their use may 
incrementally 
improve target 
delineation and dose 
delivery.” - Ling et al.

Ling et al., Int. J. Radiation Oncology Biol. Phys., Vol. 47, No. 3, pp. 551–560, 2000



AAPMSS’11

“…one more example…” – F-F. Yin
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Populating 
our Models
(Quantec 
Initiative)
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RT

New 
Science

Where’s the 
Evidence?

Growing 
Complexity

Quality is 
the Priority
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Health care today is characterized by more 
to know, more to manage, more to watch, 
more to do, and more people involved in 

doing it than at any time […]. Our current 
methods of organizing and delivering care 

are unable to meet the expectations of 
patients and their families because the 

science and technologies involved in health 
care—the knowledge, skills, care 

interventions, devices, and drugs—have 
advanced more rapidly than our ability to 

deliver them safely, effectively, and 
efficiently. 

(The Robert Wood Johnson Foundation, 
1996)

ISBN 0-309-07280-8
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Dave’s Assertion
1. The lack of quality and efficiency in 

current medical practice will prevent 
us from testing the personalized 

medicine hypothesis. 
2. The personalized medicine agenda 

has been and will be accelerated by 
medical physics engagement because

we contemplate uncertainty.
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If you then
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Physicists and their machines.

• Maybe we just need to expand our 
definition of the treatment 
machine…

• Expand it to include the system.



AAPMSS’11

• Recommends that the dose delivered over the course of 
treatment be known to within ± 5%.

• Achieving this level of accuracy and precision requires that 
each step of the treatment process performs at a dosimetric 
precision much better than 5%.  

• This places stiff tolerances on both (i) the precision of the 
clinical dosimetry and (ii) the geometric precision in delivery 
and planning.  

• To achieve and maintain the desired level of precision, it is 
recommended that a system of treatment delivery be constructed 
considering dosimetric and geometric factors.

Herring DF, Compton DMJ: “The degree of precision
required in the radiation dose delivered in cancer
radiotherapy”

Brit J Radiol 5:1112-1118, 1970*

*41 Years Ago
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A story about Instrumentation and 
Discovery

Antonie Philips van Leeuwenhoek 
1632 - 1723

…cloth merchant in Amsterdam -
magnifying glasses mounted on a 

small stand used by textile 
merchants, capable of magnifying 

to a power of 3.  
Improved lens to 300-500X and 

exposed the field of micro-biology.

Business, 
Technology, 

Discovery Science
(in that order)
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Could radiotherapy become model another well-
known large-scale science project?
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What would a such an ‘instrument’ 
for medical discovery look like?

• Precise
– Measurement
– Terminology

• Accurate
• Efficient
• Simple

– As possible
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An ‘Optimistic’ Perspective
• Continued advances in technology and 

development of new knowledge will 
improve the performance of cancer 
intervention.
– It will not necessarily be simple.
– It will not necessarily be elegant.
– It may be very complex.
– It will likely be multi-modal.
– It will be intolerant to errors.

• It will have to be very well-organized.
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An ‘Optimistic’ Perspective

• I think we can build this…
• In fact, if we don’t we will be out of a job…
• BTW, the jobs we currently have could be 

better done by intelligent systems.
• Wouldn’t you rather do some science?

Why am I optimistic? 

Do I have any preliminary data?
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The Strengthening of the 
Quality Agenda

Identify four key issues affecting 
quality in health care delivery: 
(1) the growing complexity of science 

and technology, 
(2) the increase in chronic conditions, 
(3) a poorly organized delivery 

system, and,
(4) constraints on exploiting the 

revolution in information 
technology. ISBN 0-309-07280-8



AAPMSS’11



AAPMSS’11

Driving Quality: The Deming Cycle
Plan

Do

Study

Act

William Edwards Deming (October 14, 1900 – December 20, 1993) 

Measurement and 
study is central to 

The Deming 
Cycle



AAPMSS’11 ed.: Don de Savigny and Taghreed Adam (2009).
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RT Towards ‘Systems Thinking’
• Safety and Quality as Priorities

– Variance Tracking, Measurement
• Advancing a Nomenclature for RT

– ICRU 50, 62, 83
• Standardization in Treatment Methods

– Delineation Standards
• Measuring Outcomes

– Pay for Performance, Expertise Growth
• Engineering Principles

– FMEA, Control Charts, Measure and Correct Strategy



ASQ 2010

ASQ (American Society for Quality) is the world’s leading authority on quality 
and sole administrator of the Malcolm Baldridge National Quality Award.

Are Quality and Innovation Competitive?
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Standardization and Innovation: 
A Paradoxical Association? 

• DICOM-RT
• TCP-IP
• The kilogram
• The standardized bolt thread 

Not at all.

Henry Maudslay (~1800) -
the modern screw-cutting 
lathe made interchangeable 
screws a practical 
commodity.
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Innovating with Confidence: A Reaction 
to IMRT/IGRT Deployment

• To address the freedom enabled by the new 
technologies, needed to revise the infrastructure to 
support quality and error elimination activities:
– Change Management:

• External Beam Process Committee

– Investigation:
• QUINCy

– Analysis, Synthesis, Reporting: 
• Quality Assurance Monitoring Committee is 

– Sharing/Knowledge Transfer:
• Program-wide QA Conference

– Peer-review:
• Site-specific Rounds
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‘External Beam 
Process 

Committee’

Proposal champions Develop proposal

$

Proposal submission

External Beam
Process Committee

Protocol Review Group

RPM Operations
Committee

RMP Steering
Committee

Request revision

No

Minor impact

Approve program changes
and expenditures

Approved?

Yes

Approved?

Yes

Communicate and 
Implement

• Change management system 
for our External Beam 
treatment practices.

• …innovation not (seen) as a 
series of unrelated eureka 
moments, but rather as a 
process—a change process that 
can be managed with familiar 
change management and 
quality management methods.

ASQ, 2010
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It is getting altogether too complex.

We are at the complexity limit!

We can’t do it, will is not enough.





Complexity

Apparent 
Complexity

Dave’s Theory of Complexity Reciprocity

2000 2050



AAPMSS’11

Mr. Watt believed that throttling a steam 
valve by a human being was not the best 
way to maintain a constant speed of the 
steam engine.

The beginning of modern automatic control 
began, when James Watt in 1788 
developed a mechanical device the flyball 
governor.

The flyball governor maintained the speed 
of the steam engine automatically by 
controlling the opening and closing of the 
steam valve.

Automation: Complexity ‘Hide Thy Self’Automation: Complexity ‘Hide Thy Self’
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Automation is Powerful Stuff

• Enabled by Standards and Nomenclature
– Reporting/Analysis/Comparison
– Inter-process Communication 

• Rapid rate of deployment after the initial 
organizational investment
– Auto-segmentation enables other automation

• Reduction in variation (high precision)
– Seek to improve accuracy



Purdie et al. - Int J Radiat Oncol Biol Phys. 2011 Jan 13.



Automated Contouring: Model-based Segmentation

S. Allaire, V. Pekar et al. 



Tangential Breast IMRT at PMH
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Since June 2009,  1050+ patients planned using automated planning tools

Segment Weighted
n = 1300

Inverse Segments and 
Weighting n = 1700

Automated 
n = 1050+



Objectives of Automated Planning Process
Algorithm has learned to set beam 

gantry and collimator angles, 
isocenter etc based on 100s of 
previously treated patients 
using marks placed at sim for 
initialization. 

Goal is to spare heart, lung etc 
and cover whole breast volume 
using initi

Beam optimization will include 
post-surgery cavity and wire 
placed on patient at time of sim 
(if present)

Advanced options can be used to 
tweak any of the default 
settings 



Automated Breast Planning Launcher 

Defaults



Automated Breast Planning Launcher 

Defaults

Push 
Green Button

Get a Treatment 
Plan



Automated Breast Planning Launcher

Gantry 

Cavity

Collimator

Wire

Shielding

Beam Energy



Automated Breast Planning Launcher

Push 
Green Button

Get a Treatment 
Plan
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Automated Breast Planning

Purdie et al. - Int J Radiat Oncol Biol Phys. 2011 Jan 13.



Automated Reporting – Plan Summary



Automated Reporting – Dose Summary



Automated Breast Plans
Published Plans: 

• 1050+ approved plans for treatment
• All plans reviewed in multi-disciplinary weekly QA rounds
• Average time for complete plan and documentation in clinical 
environment:

8:55   1:23 minutes with standard 810 boxes
Now: 4-6 minutes with PCM

• ~97% of tangential treatments planned with automated tools
• Exceptions which will be handled in the future: 

– bolus
– tattoos placed for breast and supraclav treatment for which 

tangents only treated
– lung shielding required i.e. wide tangents to include cavity

Date: June 11, 2009 – now





“Physicists would need to have the machine for 8 
hours a day just to do all the tests that the new TG-40 
would recommend.” – J. Palta

QA Revolt??

TG-40 + TG-142 + TG-100 + TG-XXX 
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Current State Future State

Inferred
Dose-

Geometry 
Performance

Drivers of Change
Complexity of RT Systems

Transparency in QA 
Intolerance to Errors

Manpower Costs
Systems Thinking

Enablers of Change
Detector Technology
Computerization/IT

Standardized Terminology
Systems Thinking

Star-shots
Monthly Dosimetry

Audits (RPC etc.)

Daily Flat./Sym.
Patient-Specific QC

Manual Oversight
Labor Intensive

Integrated, Imageable 
Dosimetry Systems

Self-Audits 

Dual-purpose 
Patient-Specific QC

Semi-automatic 
Monitoring

Inexpensive 
Measurement

Multiple Dosimetry 
Systems

IGRT Performance

Explicit
Dose-

Geometry 
Performance

Defined Methodologies
for Analysis/Action

Time for a ‘QA Spring’ in RT QA
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a) b)

c) d) e)

h) i)

f) g)

j)

DavidTM

multi-wire 
system -
PTW

A-SI:H Array-
T. Solberg

CompassTM

Ion Array -
IBA

Gradient 
Chamber –
Islam et al.
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Lowering the Cost of Measurement

Independent real-time 
monitoring of machine 

fluence pattern…
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Aligning Practice, QC, and On-going 
Commissioning
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AAPMSS’11 “Did I mention commissioning is important?” – J. Siebers
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Need for Integrated Database for 
System Quality/Safety
Multiple, fragmented software systems that do 

not communicate

No centralized QA database for entire RT 
department

No efficient reporting mechanism for 
compliance and performance assessment

As a result, many clinics rely on in-house and inefficient 
means to perform QA, collect QC data, analyze and 

manage QC results. Daniel Létourneau - PMH



Comprehensive Semi-Automated QA
Semi-Automated QC Tests:
 MLC and Jaw 

Position

 Isocenter Motion
– Collimator
– Gantry
– Couch

 Collimator and 
gantry readouts

 IG Accuracy

 Dosimetry
(Matrix and MV flat panel) Daniel Létourneau - PMH



,

MLC Positioning error (mm): Nominal = 100 mm
Le

af
 #

Day

Y1
Le

af
 #

Day

Y2

Mean error: 
-0.2 mm

Mean error: 
+0.3 mm

Comprehensive Semi-Automated QA
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Collaborative Approach

Balter - Sunday



From a Through-Away Society to 
Learning Organizations

Deasy et al. - Int J Radiat Oncol Biol Phys. 2010 March 1; 76





Numerous centers 
expressed interest 
in sharing beam 
models

After running for a 
few years, it is 
reasonable to 
assume we would 
have >100 
accelerators 
running the best 
beam model. Why 
wouldn’t we?
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Proficiency Matters!
• It matters for our patients.
• It matters for our field.
• It matters for our science.
• It matters for our future patients.
• It will determine whether we are able to 

exploit new technologies.
• It will allow us to engage in the science of 

advancing medicine.
Efficiency Matters!

Efficiency means not re-inventing the wheel.
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Summary
• Technological advances allow greater precision 

and accuracy in radiation therapy and will allow 
us to measure what we do.

• While traditional approaches to practice have 
brought the field a long way, our methods and 
practices are becoming a burden.

• The promising discoveries in clinical science 
require a level of organization and efficiency 
that remains elusive. 

• Encouragingly, there is a ground swell of 
‘Systems Thinking’ that if properly harnessed 
can transform these concepts into reality.
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Thank You
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