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Introduction
• The purpose of this presentation is to provide high-level overviews of the operation of the
Pinnacle Evolution Personalized Planning Optimization Engine; the Evolution Personalized
Planning User Interface; and Evolution’s Personalized Planning workflow.
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Pinnacle Evolution
achieves both:

With next generation,
Philips proprietary
IMRT and VMAT optimization

- Fast optimizations

Investment of years and capital…

AND
- Consistent,

Patents filed…
•

Clinically deliverable,

•

Personalized plans

•

Volumetric modulated arc therapy (VMAT) with non-coplanar
trajectories (WO2016116868A1)
Radiation therapy planning optimization and visualization
(WO2016046683A3)
Device for determining illumination distributions for IMRT
(WO2014191204A1) & more to come…

Validated by clinical partners…

Nijmegen (NL), Netherlands Cancer Institute (NL), Cleveland
Clinic (US), London Regional Cancer (CA), and more coming…
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Pinnacle Evolution
achieves both:
- Fast optimizations

Maintaining the high standard of
plan quality Pinnacle has always
delivered…

Clinically deliverable,

Conventional Workflow creates a
quality plan, after a single
optimization, in:

Personalized plans

•Less than 1 min for IMRT*

AND
- Consistent,

•Less than 2 min for VMAT*
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* As measured by PlanIQ Quality Score. Prostate, 40 iterations, 3mm dose grid, 7 beam IMRT,
1 arc VMAT. Optimization times may vary depending specific planning needs.
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Maintaining the high standard of
plan quality Pinnacle has always
delivered…

Pinnacle Evolution
achieves both:
- Fast optimizations

Clinically deliverable,

Personalized Planning process
creates a complete clinically
deliverable plan in:

Personalized plans

•Less than 15 min for IMRT*

AND
- Consistent,

•Less than 30 min for VMAT*
* As measured by PlanIQ Quality Score. Prostate, 3mm dose grid, 7 beam IMRT, 1 arc VMAT.
Optimization times may vary depending specific planning needs.
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Prerequisites
• Before starting the optimizer, the user must:
• Add at least one dynamic arc,
• Define the beam parameters like:
o arc length (start and stop angles),
• Define a prescription,
• Set objectives to the target and the OARs,
• Ensure the dose grid covers the target ROIs.
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VMAT Mode
• VMAT optimization consists of two phases:
• an ‘initialization phase’ which is performed once, followed by
• a ‘refinement phase’ which can be repeated multiple times depending on user input.

Initialization

Refinement
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Back to basics
• Fluence vs Dose
• Fluence is incident on the patient surface – 2D
• Dose is inside the patient – 3D

Fluence Map

Dose Map
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Initialization phase
• Once the user clicks “Start Optimization’ the initialization phase is commenced.

Initialization

Refinement

• We will walk through the steps of the Initialization phase.
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Initialization phase

Initialization
Compute TPB dose

• From a few discrete angles in the arc the fluence is calculated using a pencil
beam (TPB) dose calculation.

Refinement

Initialize Segments
CCC Dose Calculation
SWO
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Initialization phase

Initialization

• From a few discrete angles in the arc the fluence is calculated using a pencil
beam (TPB) dose calculation.

Compute TPB dose

Refinement

Initialize Segments
CCC Dose Calculation
SWO
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Initialization phase

Initialization
Compute TPB dose

• From a few discrete angles in the arc the fluence is calculated using a pencil
beam (TPB) dose calculation.
• Based on the generated fluence, the arc’s segments are generated and an initial
Refinement
estimate of the MLC shape
is made for every segment (control point) in the arc.

Initialize Segments
CCC Dose Calculation
SWO
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Initialization phase

Initialization
Compute TPB dose
Initialize Segments

• From a few discrete angles in the arc the fluence is calculated using a pencil
beam (TPB) dose calculation.
• An initial estimate of the MLC shape is made for every segment in the arc.
Refinement
• The dose for each segment
is calculated using the Collapsed Cone Convolution
(CCC) algorithm.

CCC Dose Calculation
SWO

•

Note: The exact type of CCC dose calculation is dependent on the intermediate dose calculation
algorithm defined in the preferences.
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Initialization phase

Initialization
Compute TPB dose
Initialize Segments
CCC Dose Calculation

• From a few discrete angles in the arc the fluence is calculated using a pencil
beam (TPB) dose calculation.
• An initial estimate of the MLC shape is made for every segment in the arc.
Refinement
• The dose for each control
point is calculated using the Collapsed Cone
Convolution (CCC) algorithm.
• A Segment Weight Optimization (SWO) is performed

SWO

• Initialization phase is complete
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Initialization phase - Summary

Initialization
Initialization
Compute TPB dose

• From a few discrete angles in the arc the fluence is calculated using a pencil
beam (TPB) dose calculation.
• An initial estimate of the MLC shape is made for every segment in the arc.

Initialize Segments
CCC Dose Calculation
SWO

• The dose for each control point is calculated using the Collapsed Cone
Convolution (CCC) algorithm.
• A Segment Weight Optimization (SWO) is performed
• Result: from no plan to a valid state
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Refinement phase
• The output of the ‘initialization phase’ is an initial estimate of the MLC shape and weight for each
control point in the arc.
• This estimate is then passed on to phase two, the ‘refinement phase’.
• The purpose of the ‘refinement phase’ is to improve plan quality by refining the already generated
segment shapes and weights

Initialization

Refinement
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Refinement Phase

Refinement phase
• Refinement consists of a number of “Stage Iterations”
• Each stage iteration considers a different subset of segments

Stage iteration
Stage iteration
Stage iteration
Stage iteration
Stage iteration
Stage iteration - 1
Fluence Map Optimization

• Each stage iteration consists of three distinct steps:
o Fluence Map Optimization
o Segment Refinement
o Segment Weight Optimization

Segment Refinement

Initialization
Compute TPB dose
Initialize Segments
CCC Dose Calculation

Segment Weight Optimization

SWO
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Refinement Phase

Refinement phase
• Refinement consists of a number of “Stage Iterations”
• Each stage iteration considers a different subset of segments
• Each stage iteration consists of three distinct steps:
o Fluence Map Optimization
o Segment Refinement
o Segment Weight Optimization

Initialization

Stage iteration
Stage iteration
Stage iteration
Stage iteration
Stage iteration
Stage iteration - 1
Fluence Map Optimization

Residual FMO

Segment Refinement
Segments
regeneration

Compute TPB dose
Fluence-based SWO
Initialize Segments
CCC Dose Calculation
SWO

Segment Weight Optimization
CCC for new
segments
Dose-based SWO
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Refinement Phase

Refinement phase
• Refinement consists of a number of “Stage Iterations”
• Each stage iteration considers a different subset of segments
• Each stage iteration consists of three distinct steps:
o Fluence Map Optimization
o Segment Refinement
o Segment Weight Optimization

Initialization

Stage iteration
Stage iteration
Stage iteration
Stage iteration
Stage iteration
Stage iteration - 1
Fluence Map Optimization

Residual FMO

Segment Refinement
Segments
regeneration

Compute TPB dose
Fluence-based SWO
Initialize Segments
CCC Dose Calculation
SWO

•

“Stage Iteration” will be explained in the next slide

Segment Weight Optimization
CCC for new
segments
Dose-based SWO
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Refinement Cycles

Currently optimized control points
Already refined control point
Not yet refined control point
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FAQs
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FAQ
Can I still warm start the optimizer?
Yes, ‘warm’ & ‘cold’ starts are still possible. However, a warm start may yield smaller relative plan improvements compared
to previous versions of Pinnacle that used the old optimiser. A ’warm start’ will repeat only the refinement phase, a ‘cold
start’ will repeat the initialization phase.
Note: Though additional warm starts can be run, Warm starts are in fact ‘built in’ to a single optimisation run in Pinnacle
Evolution.

Initialization

Cold Start

Refinement

Warm Start
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Feasibility and the Benchmark Dose
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Plan Feasibility
• There are two main concepts in the Feasibility tab in Personalized Planning
• Benchmark Dose Calculation which is performed to produce the Feasibility DVH
• The ‘Feasibility’ Dose Volume Histogram (DVH) and the Feasibility ‘f’ value
• This section will provide some background to both these concepts

References
1. PlanIQTM Reference Guide. © 2014-2015 by Sun Nuclear Corporation
2. Ahmed et al. A method for a priori estimation of best feasible DVH for organs-at-risk: Validation for head and neck VMAT planning. Med. Phys. 44 (10), October 2017
3. Nelms BE, Robinson G, Markham J, Velasco K, Boyd S, Narayan S, Wheeler J, Sobczak M. Variation in external beam treatment plan quality: An inter-institutional study of planners and planning systems.
Practical Radiation Oncology 2012 Oct;2(4):296-305.
4. Personalized Planning with Pinnacle3 Auto-Planning and PlanIQ™ Feasibility. Juan Carlos Celi & Francisco Nunez. Philips White Paper.
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The Benchmark Dose
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Benchmark Dose – The concept
• The ‘Benchmark dose distribution’ is calculated after clicking the Check Feasibility button
• The Benchmark dose represents the limiting best possible dose distribution that can be achieved with the perfect
delivery system (i.e. no limits to leaf speed or other delivery constraints) but still adhering to the basic laws of photon
interactions with tissue.
• Imagine the dose distribution that would be produced by the perfect brachytherapy source inserted inside the target(s)
which produces a perfectly uniform dose to the target, results in the sharpest possible dose fall–off at the edge of the
targets (for the energy being used) and then the low dose spreads out to the patient surface.

What if I could know what is achievable by the best
possible dose distribution for this patient before I start?
Then I’d know when to stop and be able to benchmark
plan quality vs what was possible, rather than raw dose
goals that aren’t helpful as they may be easy for patient
A but hard for patient B.

26

13

Important things to note about the Benchmark
dose
• It is unachievable by clinical radiation therapy delivery modalities but is intended as a universal benchmark
•

i.e. it can be used as a benchmark for any type of photon plan TomoTherapy, CyberKnife, Linac based etc.

• The Benchmark dose is intentionally unachievable and as such represents the limit of organ sparing for OARs,
particularly OARs overlapping with, or in very close to, the target volume(s).
• There are no beam geometries or libraries of prior plans required to estimate Benchmark dose.
• The Benchmark dose is based only on the following and is therefore specific (or Personalised) to each patient
•

The specified target volumes & their dose levels

•

Physics of Photon interactions

•

The underlying density matrix estimated from the CT image.

• The Benchmark dose always assumes 100% target coverage
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Benchmark Dose – How is it produced?

The ‘Benchmark dose is built up in three stages

1) Each voxel in a target is assigned the Prescribed dose.
The Benchmark dose gives a perfectly uniform dose to the target(s). No voxel inside a target ROI
will receive less than 100% of the prescribed dose.
Values are taken from the Target Goals in Pinnacle Evolution’s Personalised Planning

2) High dose gradients will be added around target surface.
The dose spreads out from the target(s) and falls off as soon as the edge of the target is
reached.(i.e. perfect conformity)
The rate of dose fall off at the edge of a target is a function of the photon energy used and is
internally accounted for in the Feasibility calculation.

3) A moderate, low dose periphery is added.
The Benchmark dose cloud does not include entrance or exit dose so dose to surrounding OARs
will be lower than what is physically achievable.
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The Benchmark Dose - Summary
The key points
• The Benchmark dose is the best possible dose distribution that can be achieved for the given images and targets
without breaking the laws of Physics.
• The Benchmark Dose is unachievable but it is used as a universal benchmark for any plan from any delivery system
and is specific to each individual patient.
• The Benchmark dose always assumes 100% coverage of the targets(s) by the stated prescription dose and perfect
dose uniformity within the targets.
• The dose fall off at the edge of the target(s) is as rapid as is physically possible for the energy being used.
• The dose outside of the targets will be lower than what is achievable in practice, as only dose spreading out from
inside the targets is accounted for but ‘real’ plans will include both ‘exit’ & ‘entrance’ dose.
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Feasibility & the Feasibility DVH

30
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The Feasibility DVH

The ‘red line’ (the limiting best possible plan)
• Using the Benchmark Dose distribution Pinnacle calculates a Feasibility DVH (fDVH) for each OAR in the Goals list.
• The red line is the DVH for the selected OAR that corresponds to the Benchmark dose distribution
• As the red line is a DVH through the ‘Benchmark’ dose it represents the DVH of the best possible dose distribution
for that patient.
•

i.e. The probability of an achievable plan having a DVH better than this is ZERO (assuming 100% target coverage)

DVH through the Benchmark dose
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Feasibility – The Concept (1)
Now lets consider the worst plan (i.e. the other extreme)
• Imagine a Prostate plan where it is required to deliver 78Gy to the
Prostate, this can be achieved by applying two large parallel opposed
fields to the patient.

Dose Distribution for an A/P Parallel opposed pair

PTV78

• While this achieves the goal of target coverage it represents almost
the worst possible plan for all the OARs as all OARs would receive a
dose of ~78Gy.
Rectum

• Almost every alternative plan would be better for the OARs, i.e. the
probability of an achievable plan having a better DVH for that OAR
would be ~ 1.0
Achieved DVH for the Rectum for parallel opposed
beams shown as
Almost all plans are better than this
No plan can be better than this
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Feasibility – The Concept (1)
Feasibility – The ‘f’ number
• This ‘probability’ is also known as the ‘Feasibility’ denoted by ‘f’,
•

So, f = 0 means that the ‘probability’ of an achievable plan having a DVH to the left of the red line (and maintaining 100%
target coverage) is Zero

•

f= 1.0 means virtually all alternative plans would be better than the f = 1.0 DVH (as in the previous Parallel Opposed ex.)
•

i.e. the probability of a plan being better is ~100%

• As ‘f’ can be thought of as a ‘probability’ it can have any value between Zero & 1.0
You can see what the DVH would look like for any ‘f’ value between 0 & 1.0 using the slider

•

f=0

f = 1.0

f=0
A DVH (
) where f = 1.0. All alternative plans would
be better for this OAR
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Feasibility
Feasibility = Zero & Feasibility ~ 1.0
• We have now considered the two ‘extremes’ of Feasibility, Zero & 1.0.
• Feasibility = Zero
•

Means no achievable plan can be better, this is the DVH through the Benchmark dose

• Feasibility = 1.0
•

Means all achievable plans are better

•

This is the case for a Parallel Opposed pair where all the OARs receive a dose ~ target dose

• Achievable clinical Treatment plans will have DVHs that correspond with f values between Zero & 1.0
• In order to provide the planner with information on how hard it will be to achieve the generic clinical goals for
a plan the area between the two extreme cases of Zero & 1.0 is divided up into four Zones.
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Feasibility – The Zones
• Probable Zone
•

Easy to achieve, even having no goals for an OAR may produce a TPS DVH in this region

• Challenging Zone
•

If a planner is balancing the requirements of multiple OARs and a plan produces TPS DVHs that are mostly in this region then
that is an indication of a high quality plan

• Difficult Zone
•

The highest priority OAR DVHs would ideally lie in this zone (e.g. Rectum in Pelvic or the Spinal cord in H&N)

•

Note, that as the cord is a serial organ it is only important that Max Dose would be in the Difficult zone, pushing the low dose
portion of a serial OAR DVH curve further into the Probable zone in order to reduce the Max dose would improve overall
plan quality.

•

If the highest priority OARs are Parallel organs then having the whole DVH in the difficult zone may be preferable

• Impossible Zone
•

If an TPS DVH is in this region it means that target coverage has dropped below 100%
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Feasibility – The Zones

Why are they useful?

• These zones are used to guide the planner to see how hard it will be to achieve generic clinical goals before
optimisation
•

If a generic clinical goal is in the Difficult zone the planner may have to push the optimiser harder to achieve it (i.e. increase
the weight of goals or add extra goals for that OAR to increase its importance in the optimiser)

•

If a generic clinical goal is in the Probable zone a planner may reduce the weight of this goal in the optimiser or even remove
the goal completely from the OAR Goals list and it is likely it would still be met. Removing easy to achieve goals ‘up front’
allows the optimiser to concentrate on harder to achieve goals.

•

If a clinical goal is in the Impossible zone this tells the planner it cannot be achieved so it could be removed from the optimiser
goal list. Removing impossible to achieve goals allows the optimiser to focus on achievable goals

• By adjusting generic goals using the Feasibility DVH the input to the Personalised Planning engine can be tailored to
each individual patient before planning starts.
•

This provides a starting point for the optimiser tailored to individual patients and helps to converge on a solution more quickly

• After optimisation the DVH of the deliverable plan produced by Pinnacle Evolution can be viewed in the context of what
is ‘feasible’ for each OAR.
•

This helps the planner know when to stop working on an OAR. If the Pinnacle Evolution DVH is in the Difficult zone then it is
unlikely that any further improvement will be possible (while maintaining target coverage) even if the achieved dose is above
the generic clinical goal.
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Feasibility – A Summary
The Key Points
• The red line is the DVH of the Benchmark dose distribution and represents Feasibility (f) = 0.
• The Feasibility number can vary between Zero & 1.0 and represents the probability of a plan being better than the
DVH for a specific ‘f’ value.
•

You can see the fDVH for different ‘f’ numbers using the slider

•

The slider can be used to set reasonable optimisation goals for each OAR in light of what is possible before optimisation.

• The Feasibility DVH is split into four zones considering what is Impossible, Difficult, Challenging & Probable for each
OAR on its own and assuming 100% target coverage.
•

The zones can be used to guide decision making before optimisation as they give information for each OAR on how hard it
will be to meet generic clinical goals.

•

The zones can be used after optimisation to see how near an OAR dose is to the universal benchmark.

• It is not necessarily desirable to have all OARs in the Difficult Zone as this may drive some OARs well below any
clinical dose limits at the cost of other OARs being close to their clinical limits. Such plans may also be too highly
modulated.
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Clinical Example – Prostate & Nodes
Rectum
• The achieved DVH is very close to the limit of Feasibility for higher doses as the most important OAR dose goals were
for higher doses > 40Gy
• The Achieved DVH is in the Challenging Zone at lower doses (shown as the solid line)
• The achieved DVH is similar to the f = 0.22 Feasibility DVH (shown as the dotted line)
• A planner can use the slider to guide the placement of Optimisation goals before optimisation setting lower ‘f’ values
for the higher priority OARs
Feasibility DVH for f = 0.22 shown with dashed line,
this is set using the slider

Achieved DVH close to Feasibility limit at high doses
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www.philips.com/radiationoncology

39

20

