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INTRODUCTION: WHAT IS PLAN QUALITY?

PLAN QUALITY METRICS (PQM)

= History: The International “Plan Challenges”

= Description & Methods

= Example Plan Challenge Results / Analysis
APPLICATIONS (PER PATIENT)

= Per-Patient Workflow

= Commissioning & Validation

= Accreditation & Competency Testing

OTHER APPLICATIONS (QUALITY MANAGEMENT SYSTEMS)
= Commissioning (TPS and Delivery)

= Benchmarking & Comparative Effectiveness
= Clinical Trials
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WHAT IS PLAN QUALITY?

= PLAN QUALITY # DOSE ACCURACY (CALC & DELIVERY)

= You may be able to accurately calculate and deliver a
plan...but if it’s a low quality plan to begin with, you
produce a low quality result.

= TPS dose algorithm accuracy # plan quality

= Machine delivery accuracy # plan quality

Levels of Venn Diagram:

Plan Quality Plan Quality & Dose Accuracy
I. Accurate calculation &

delivery; but low quality
plans
II. High quality plans; but
Levels of inaccurate calculation
Dose Accuracy [and/or] delivery
IIl. High quality plans;

accurate calculation &
delivery

WHAT IS PLAN QUALITY?

= PLAN QUALITY # ANY PARTICULAR IMODALITY, BRAND, OR
ACRONYM
=  “IMRT” does not guarantee high quality plans
= “VMAT” does not guarantee high quality plans

= “Particle/Proton Therapy” does not guarantee high
quality plans

= [Insert New Fancy Product Name Here] does not
guarantee high quality plans

* FINDINGS FROM THE PLAN CHALLENGES

= Plenty of poor quality plans using latest modalities and
products

= Some of the very high quality plans are some of the least
complex and using older equipment
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WHAT IS PLAN QUALITY?

PLAN QUALITY # PLANNER EXPERIENCE OR CERTIFICATION

= Years Experience does not guarantee high quality plans

= CMD does not guarantee high quality plans (nor do: PhD,

DABR, MD, etc.)

= Currently, there is no objective testing of practical skills
(i.e. contouring or planning) included in the CMD exams.

FINDINGS FROM THE PLAN CHALLENGES

= Plenty of poor quality plans from very experienced and
certified planners.

= Some of the highest quality plans have come from brand
new (< 1 year) planners and dosimetry students.

WHAT IS PLAN QUALITY?

DEFINITION OF PLAN QUALITY

-

plan qual-i-ty ['plan 'kwa-lo-te |

1. The objective measure of how well a 3-D dose
distribution, when coupled with 3-D anatomy,
meets clearly defined goals and priorities.

~
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HISTORY: THE “PLAN CHALLENG

EII

® THE MISSION OF THE PLAN CHALLENGE INITIATIVE

= To perform controlled, scientifically-valid

studies of the

variation in Plan Quality across treatment planners and
modalities, with the aims to: glean best practices,
educate our peers, improve quality in radiation therapy,

and inspire continual improvement.

Int J Radiat Oncol Biol Phys. 2012 Jan 1;82(1):368-78.

CLINICAL INVESTIGATION

VARIATIONS IN THE CONTOURING OF ORGANS AT RISK: TEST CASE FROM
A PATIENT WITH OROPHARYNGEAL CANCER

BeNiamiN E. NeLms, PH.D..* WoLFGANG A. Tome, Pr.D.." Gre RoinsoN, CMD.,*
=iy W Atn noy

planning systems

=== Variation in external beam treatment plan quality:
p ro An inter-institutional study of planners and

wwwpricticaludoncorz - Banjamin E. Nelms PhD*®*, Greg Robinson CMDS, Jay Markham CMD¢,
Kyle Velasco CMD¢, Steve Boyd CMD*, Sharath Narayan CMD®,
James Wheeler MD, PhD“, Mark L. Sobczak MD®

HISTORY: THE “PLAN CHALLENGES”

® PLAN CHALLENGE TIMELINE

2000 | 2010 [ 2011 [ 2012 2013 2014
AAMD AAMD AAMD AAMD AAMD AAMD AAMD
Head GYN Prostate Lung Abdomen Anal Breast*
& Neck Fossa
< 4}

AUS ASTRO AAPM

PUG PROS Lung

Head Head SBRT*

& Neck & Neck

H&N
* Planned
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HISTORY: THE “PLAN CHALLENGES”

* PLAN CHALLENGE ACCRUED DATABASE

= Over 10 different test datasets

CT imageset with required contours (provided)

Plan Quality Algorithms (i.e. Objectives & Scoring Methods)
= Over 1800 submitted plans

DICOM RT Plan & Dose pairs
= Qver 30,000 metrics

Total Score (PQM) for each submitted dataset

Sub-metric results and sub-scores per metric

Performance distributions over population of planners

HISTORY: THE “PLAN CHALLENGES”

= “THE CONVERSATION”

2000 | 2000 [ 2011 [ 2012 | 2013 | 2014

—0—00— 0 00000 OO—00—

]

THE CONVERSATION:

Can we measure Plan Quality in a way that is:

1) QUANTITATIVE, 2) COMPREHENSIVE, 3) CLEAR, 4)
INARGUABLE, and 5) FULLY TRANSPARENT (i.e. fair)?
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METHOD: “PLAN QUALITY ALGORITHM”

GOALS PRIORITIES

ICONSTRAINTS 1 LimiTs

PLAN QUALITY ALGORITHM

DEFINE PLAN QUALITY ALGORITHM

= |DENTIFY CRITICAL SUB-METRICS. Dose, DVH,
or formulaic sub-metrics selected from a
library of choices (currently 17 options)

= DEFINE EACH SUB-METRIC’S PARAMETERS. ROI,
dose and/or volume levels, etc. Can also set
“ROI Synonyms” to allow for some variability
in ROI naming.

= DEFINE EACH SUB-METRIC’S SCORE FUNCTION.
Specify priority (i.e. weight) along with “failure”
level and a “goal” (e.g. ideal) level, and
scoring in between.

SCORE PLAN

* IMPORT DICOM DATA. RT Plan, Structures,
Dose, and CT images.

* LOAD PLAN QUALITY ALGORITHM. Generates
score automatically along with full
spreadsheet and per-metric “drill down”
analysis.

PQM

LIBRARY OF PLAN QUALITY SUB-METRICS

. vi P
IR

Dy Dy Dy Dy Dy
R R R Gl
Min (Gy) Max (cy) Mean @y  MaxX Gy
Global P ,
Vol (o Irradlated  Serial
Max Loc | of Regret | Vol (¢ Slice Eval
_ Dyiax - D

Q@) @ W -
Conformation | |Conformality | |Homogeneity Inhomogeneity
Number  [Index Index Index
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EXAMPLES: DEFINING SUB-METRICS

Metric Type: | _Select | DVH_ROIvolumeAtabsoluteDose Percent

Parameters: | ROIName:  PTV o Dose (Gy) 48.000[=
MetricID: | [PTV] V[48.0Gy] (%)
[T e
Volume (%) of the specified ROI covered by specified dose (Gy) ly Scare vs. [PTV] VI48.0Gy] (%)
T
Dy
s |
56
Quick Rx %l
I3 ed 25|34
Select [>| 5 : - 7o |
- 2
- - - (92/0)
. . 82 84 86 88 90 92 o 9% 98 100
Quick Score Function TG ()

Select | Enterthe: ) goal value, 3 threshold fol value, ond 3) weight (max points).

Goal: Fail Threshold: Weight (Max Points):

Select [>

New

Edit

EXAMPLES: DEFINING SUB-METRICS

Metric Type: || Select | Conformalityindex

Parameters: | ROIName:  PTV @ Dose (Gy) 43.000 %
Metric ID: | [PTV] Conformality Index [48.0Gy]
‘@ [Volume (cc) covered by specified dose (Gy)] / "
Conformality [Tetal volume (cc) of the specified RO vs. [PTV] Conformality Index [48.0Gy]
(L2S)
Index
3

Select [>| 7 nlonedt

Q 1

b = = (1%.0)

o 0z 12 14 16

Quick Score Function

0, 06 08 1
[PTV] Conformality Indesx [A8.0Gy] —->

St P £ the: ) goal value, 2 threshotd foil value, and 3 welght (max pein’s).

Fail Threshald: Weight (Max Points):

Select [

File: | RTOG 0915 ARM2\[PTV] Conformality Index [48.0Gy] [Goal 1.2, Fail 1.5, 1 pts]

New

Edit

etric Type Metric ID

o < © < >

Conformality [PTV] Conformality Index [48.0Gy] 5.00
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ExAMPLE: RTOG 0915

= RTOG 0915 (ArRm 2)
RENDERED AS PQ ALGORITHM

= 27 sub-metrics, each
weighted equally (1.00)

= 26 sub-metrics have “ideal”
levels along with
“acceptable” levels; one is
pass/fail

= 15 DVH-based

= 9 Simple (i.e. min, max
mean, etc.)

= 3 Advanced or Formulaic
(i.e. conformality indices,
global max location, etc.)

EXAMPLE: 2013 PC

= 2013 PLAN CHALLENGE PQ
ALGORITHM

= 19 sub-metrics, variably
weighted for a total score of
150.00

= All 19 sub-metrics have
“ideal” levels along with
“acceptable” levels

= 12 DVH-based

= 1 Simple (i.e. min, max
mean, etc.)

= 6 Advanced or Formulaic
(i.e. conformation numbers,
conformality indices,
homogeneity indices, global
max location, etc.)

@M QUALITY REPORTS: Sample Output

Plan Quality Algorithm: ROQS-21 ANAL [150 Max Possible] [19 Metrics]

H
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[PTV_5040] V[50.4Gy] (%) =95 [> 90] 945513 2933

GENERATING PQM SCORE

lesaan ]

[PTV_5040] V[47.88Gy] (%) > 100 [> 98] 999768 2493
DICOM [PTV_5040] V[52.92Gy] (%) <0[<10] 00232 9.98

[PTV_5040] D[0.03cc] (Gy) <52 [<55] 529810 673

[PTV_5040] Conformation Number [47.88Gy] 2 1[> 0.5] 05803 128

M [CTV] V[50.4Gy] (%) 299> 94] 993392 2500
[OPTIC CHIASM] D[0.03cc] (Gy) <35 [< 48] 413545 465

) <1[<10] 41456 390

QUALITY REPORTS [EMR] kel Gy) <27 [< 45] 16,0740 800

MR GET SETGO™ [V <1[<25] 5.7387 595

<1[<5) 39097 403

[RT ORBIT] Mean dose (Gy) <0[< 10] 25415 215

[RT OPTIC NERVE] D[0.03cc] (Gy) £10[<20] 85762 300

[RT LENS] D[0.03cc] (Gy) <05[<3] 20525 158

[CORD] DI0.03cc] (Gy) <48 0.8092 0.00

[BRAINSTEM)] D[0.03cc] (Gy) <504 49.0009 000

Global Max Location (ROD CTV [CTV; PTV_5040] PTV_5040 200

Total [17 Metrics] 13251

Histogram of PQM Score
127 Min: 58.18 Max: 142.47 Median: 119.72 Mean: 117.22 Std Dev: 1641

Planner®
Planner 10
Planner 11
Planner12
Planner 13
Planner 14
Planner 15
Planrer 16
Planner 17
Planner 18

Planner 19
Planner 20
Planner 21
Planner 22
Planner 23
Planner 24
Planner 25
Planner 26
Planner 27
Planrer 28
Planner 29
Planner 20
Planner 31
Planner 32

Planrer 33

15118
13H
13072
130854
12930
131906
10389
128228
125653

e
124288
12454

1007
119519
122208
16111
nrm
115864
1385
14
14164
10825
13245
19219

107884 |

Frequency

[

50 60 70 80 90 100 110 120 13 140 150
PQM Score >

10
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SOME PLAN CHALLENGE CONCLUSIONS

= Despite controlled inputs (CT and structures) and
well-defined objectives (Plan Quality Algorithm),
THERE IS VERY HIGH VARIABILITY IN PLAN QUALITY.

Quaury Rerorrs [EMR] ®
—————

Histogram of ROQS-09 PROSTATE BED
N-139 Min: 58,18 Max: 142.47 Median: 120,07 Mean: 118,27 Std Dev: 16,20

50 100 110
ROQS-09 PROSTATE BED --->

a0 50 80
PQM Score ROGS-12 LUNG ALL PLANNERS >

100

TOTAL PQM SCORE --->

SOME PLAN CHALLENGE CONCLUSIONS

= NO CORRELATION wiITH: CERTIFICATION, EDUCATION,
EXPERIENCE, OR CONFIDENCE.

PQM Distributions: CMD vs. Non-CMD PQM vs. Years Experience

mEMD

uo . - * *
-
16 || ®Non CMD o§‘ z.‘..:: ., ti et . .
“ oo EEDRIR LPUIRT SRt 1508 . .
st . . .
= gp | M 58.2 6.9 % wi % ‘ 2. .
£ Wax: 1401 1425 s L LR
fw
g- . Mean: 1156 1225 = = * . -
& StdDev: 168 gL,
5
4
5 = =
Years Experience
PQM Distributions vs. Education PQM vs. Planner Confidence
"
= JRCERT
14 [ BNen-RCERT 40 . »
L, | mor
4 20 *
w JCERT. NOn-JCERT QI ‘
z Min: 641 794 56.2 g3 * »
£ . i i
HER 1405 1425 1401 o . ;
H Mean 177 1176 1159 H
=6 Spen: 187 188 163 g w 3
4t W
2
o

: 3 .
Planner Confidence Level (1 - 5)

11
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SOME PLAN CHALLENGE CONCLUSIONS

Frequency

VMAT Is NOT BETTER THAN IMRT (BUT IT IS LESS VARIABLE)

20

18 |

16

14

12—

10 —

=T R -]

PQM Distribution IMRT vs. Arc)

mIMRT

SOME PLAN CHALLENGE CONCLUSIONS

= No correlation with plan complexity.

= PLAN QUALITY IS AN ART, DETERMINED BY SKILL LEVEL.

PQM Result
8 3 8 B B & 8

A)

PQM vs. Number Beam Angles

.
.

4 B HHNEEN ¢

:
Unique Beam Angles

(IMRT)

+* sen
SRR
* ”»

12



Ben Nelms

SOME PLAN CHALLENGE CONCLUSIONS

12" o= Quaury Rerorts [EMR]®

Distribution: PC-21 Per TPS

® THERE IS A DEPENDENCE
ON TPS (especially if
considering the max
potential of Plan
Quality).

PLAN CHALLENGE [ANUS]

Histogram of PQM Score
N:157 Min:47.61 Max: 146.79 Median: 124.14 Mean: 121.72 Std Dev: 16.92

15 |

“| High Scores Per TPS
7| Eclipse 146.79
| Tomo 145.71
RayStation 141.35
Pinnacle 139.68
Monaco 133.71
1 XiO 118.82

10 |

Frequency --->

160

PQM Score -—->
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PLAN CHALLENGE [BRAIN]

Histogram of PQM (Brain)
_ N:131 Min: 0.00 Max: 144.99 Median: 130.32 Mean: 116.41 Std Dev: 39.83

High Scores Per TPS
4 Pinnacle 14499
Eclipse 144.39
! XiO 131.51

20 lao 60
PQM (Brain) -—->

PLAN CHALLENGE [ABDOMEN]

Histogram of PQM Score
N: 195 Min: 0.00 Max: 145.57 Median: 129.23 Mean: 125.26 Std Dev: 15.12

"I High Scores Per TPS

2| Pinnacle  145.57
Tomo 14453
. ] Eclipse 142.86
¢ Xo 136.62

14
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PQM APPLICATIONS

= CLEARLY THE PLAN QUALITY ALGORITHM AND THE “PQM”
RESULTS ARE A POWERFUL WAY TO DEFINE AND MEASURE
PLAN QUALITY.

= WHAT ARE APPLICATIONS BEYOND GENERAL ASSESSMENTS
OF STANDARD PLANS?
= Per-Patient Workflow
= System Commissioning and Validation
= Accreditation, Competency Testing, & Training

PQM APPLICATIONS (PER PATIENT)

PRE-TREATMENT TREATMENTS & BEYOND

PLAN INSTRUCTIONS & 3D IMAGING ANATOMY TREATMENT PLAN PEER PHysIcs PATIENT TREATMENT fl>
PHYSICIAN’S INTENT | & SIMULATION | CONTOURING | PLANNING REVIEW REVIEW Dose QA TRAINING FRACTIONS
PLAN AUDIT  INTERACTIVE, PLAN PEER EFFICIENT, PER-

INSTRUCTIONS CONTOURS ~ EFFICIENT ~ REVIEW  REVIEW  CLINICALLY- FRACTION
& & PLAN & RELEVANT Dose QA

PHYSICIAN'S PREDICT  ANALYSIS CHART  Dose QA &
INTENT ACHIEVABILITY ROUNDS ADAPTIVE
RADIATION

THERAPY
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PLAN INSTRUCTIONS & PHYSICIAN’S INTENT

PLAN INSTRUCTIONS & | 3D IMAGING ANATOMY [ TREATMENT PLAN PEER PHysIcs PATIENT TREATMENT
PHYSICIAN’S INTENT | & SIMULATION | CONTOURING [ PLANNING REVIEW ReviEW Dose QA | TRAINING FRACTIONS

\4

* REQUIRED

® MUST BE TRACEABLE TO WHAT IS EVENTUALLY ACHIEVED

= CONTAINS (BUT NOT LIMITED TO):
= Target prescription
= Fractionation
= OAR dose objectives
= Required structures to be contoured
= Physician’s approval

PLAN INSTRUCTIONS & PHYSICIAN’S INTENT

* TEMPLATES CREATED PER INSTITUTION; HIGHLY VARIABLE

Plan Objectives

[Planning Target Volumes| Goal Dose | Max Dose| __ Min Dose #EX_[Dosel fx (Gy) Priority

TGy = S5l
lprveo sogy | seasy | SOETRN | w0 200 1

E4Gy = 95%vol
e ECRR A
[FracBonaion:
g fracton. o ption: 50.4 Gy to d in 28 fractions at 1.8 Gy per fraction to be followed by a boost of an additional 10 Gy delivered in 5 fractions at

= 2 Gy per fraction for total dose of 60.4 Gy in 33 fractions. Dose Constraints:
lohemo: yes mold Chemo MD: Trestment
Objective Spinal cord: maximum of 45 Gy
Organ at Risk WeanDoze ) rared

SpinalCord+5mm  |Lnemnte’s <208y

\NLEZ Total lung volume receiving greater than 20 Gy is to be minimized. Ideally it will be less than 20 %. With concurrent chemotherapy the

/20 <1| pneumonitis risk s as follows (NCCN vol 6 #3 March 2008 p 246.

2

[PEG Dependence <51

rinstem « mm auses <30 7
50c{ Parameter Range Pneumonitis risk
[Partal Brain Etvd V20 $20%
— = -
Tuttary T FypOTETamuS[F67
ROpticnerve o7y V20 26-30% 51%
h i e V20 >31% 5%
Refina e
ochiea Fearna Loz =5 Feuze{ For radiation alone ¢ induction chemotherapy (but not concurrent)
Riddle Ear e Pariaeh s "
oo Es - Penciciy ange Peumonitis risk
parotid 20 < 02%
S = V20 2031% 7-15%
=G 57 v20 >32% 13.48%
Oral caviy 57
5=
ey lxsoiaton <41 5 2 Ideally volume of lung receiving S Gy (V) should be < 42%

35 < \deally volume of lung receiving 30 Gy (V30) should be 8%

[T0-T6cc Gand—mean <10
Thyroia 20¢c Giand - mean < 25

Heart dose: 60 Gy to < 1/3; 45 Gy to < 2/3; 40 Gy should not cover entire heart. (RTOG 0623)

[sPCIMPCIIPC trcture <54
[PEG Dependence <1

Esophagus: mean dose to the esophagus should be below 34 Gy. Up to 10 cm of esophagus can receive up to 60 Gy. (RTOG 0617).

pc

A0
150 <4 Brachial Plexus < 66 Gy.
50

IMandible

7565%
50 < 35%
50 < 82%

[Brachial Plexus

56y o 007 1 I

[Notes.

JATTENDING MD REVIEW: Contours. Pathalﬁx& Imaies L1; MD Initials Date

16
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PLAN INSTRUCTIONS & PHYSICIAN’S INTENT
B  Quauty Rerorts [EMR]®

™ PLAN QUALITY Plan Quality Algorithm: RTOG 0522 [10 Max Possible] [10 Metrics]
ALGORITHM REPORT = ""lniﬂ e C
PHYSICIAN’S INTENT & v
OBIJECTIVES o0

= Target and critical OAR
goals are much more
clearly documented in
the Plan Quality
Algorithm reports

= Standardized
= Accessible

= Same datais used to
generate the results
=>» guaranteed
traceability

< 2
H
g

d

9
]
<

=
-
30l

[
o
3

d

Il
=

e |

9
7

=
[ﬁ
i
H

o
]
3
g

H M
E :
(%)

(Gy)

: 5
i <

AUDIT CONTOURS & PREDICT ACHIEVABILITY

PLAN INSTRUCTIONS & 3D IMAGING ANATOMY TREATMENT PLAN PEER PHysIcS PATIENT TREATMENT
PHYSICIAN'S INTENT & SIMULATION | CONTOURING | PLANNING REVIEW REVIEW Dose QA TRAINING FRACTIONS

A4

= AUDIT CONTOURS

= All critical target volumes and OARs (including preferred naming
conventions) are stored in the Plan Quality Algorithm.

= You can run the algorithm post-contouring (and pre-planning or
during planning) to ensure all required contours have been
defined.
* PRE-PLAN PREDICTION OF ACHIEVABILITY

= “lcarus” feature predicts achievability of dose objectives taking
into account the unique patient anatomy

= Allows for: 1) setting of realistic expectations and/or 2)
adjustment of dose objectives that cannot be met

= Discussed further in the “Research” section of this presentation

17
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INTERACTIVE, EFFICIENT PLAN REVIEW

PLAN INSTRUCTIONS &
PHYSICIAN’S INTENT

3D IMAGING ANATOMY | TREATMENT PLAN PEER
& SIMULATION | CONTOURING | PLANNING REVIEW REVIEW

PHysICS
Dost QA

PATIENT TREATMENT
TRAINING FRACTIONS

= Feedback into optimization process

NA4

* AUTOMATED & IMMEDIATE FEEDBACK OF ALL VITAL
OBJECTIVES

= Target and OAR objectives assessed immediately and
efficiently

= |dentifies failing metrics or areas for improvement

= Guarantees that plan objectives are not a “moving
target”; ideal and acceptable levels are clear

= Mitigates risk of omission

INTERACTIVE,

EFFICIENT PLAN REVIEW

[PTV_68] V[68.0Gy] (%)

> 95 [>92.99]

97.2777

FIRST ATTEMPT

134.18 150.00

[PTV_68] DI0.03cd] (Gy) <714 (<7480 750276 713

[PTV_68] Volume of Regret [68.0Gy] (cc) < 10 [< 40.00] 583935 000

[PTV_68] Conformation Number [64.6Gy] = 1[> 0.599] 06266 208

[PROSTATE_BED) V[68.0Gy] (%) 299 > 96:99] 100.0000 1000

[PTV_56] V[56.0Gy] (%) 295[>9299] 99.0450 3000

(PTVS6 - PTV68] V[S8.8Gy] (%) <5 [« 25.00] 65.2693 0.00

Global Max Location (ROI) PROSTATE_BED [PROSTATE_BED; PTV_68] PROSTATE_BED 5.00

[RECTUM] VI65.0Gy] (%) <5 (< 25.00] 113431 937 FINAL PLAN

[RECTUM] VI68.0Gy] (<) <0[<5001] 35300 548

[RECTUM) V[40.0Gy] (%) <20 (< 45) 585779 000

[RECTUM] Serial Slice Evaluation [34.0Gy] PASS [PASS] Fail 10.00

(POST_RECTUM] V[34.0Gy] (%) <30 15.0310 0.00

[BLADDER] V[65.0Gy] (%) <15 [< 30.00] 184116 567

[BLADDER] V[40.0Gy)] (%) <40 [< 55.00] 571114 000 802 1000 .

Total [15 Metrics] 95.73 401 5.00 80.1%
TPROSTATE BED] VIG5 UGY] (%] T 99> 9699 TOUTU0T 10.00 10,00
[PTV_56] V[56.0Gy] (%) 295[>92.99] 984572 30.00 30.00
[PTV56 - PTV68] V[58.8Gy] (%) <5[<25.00] 9.9572 877 10.00 87.7%
Global Max Location (ROl PROSTATE_BED [PROSTATE_BED; PTV_68] PTV_68 3.00 5.00 60.0%
[RECTUM] V[65.0Gy] (%) <5 [<25.00] 7.5491 975 w.ou_
[RECTUM] V[68.0Gy] (cc) <0[<5.001] 1.5686 844 10.00 84.4%
[RECTUM] V[40.0Gy] (%) <20[<45] 382530 486 10.00 48.6%
[RECTUM] Serial Slice Evaluation [34.0Gy] PASS [PASS] Pass 0.00 0.00
[POST_RECTUM] V[34.0Gy] (%) <30 35210 000 0.00
[BLADDER] V[65.0Gy] (%) <15 [< 30.00] 19.7527 5.14 7.00 734%
[BLADDER] V[40.0Gy] (%) <40 [< 55.00] 46.1984 270 3.00_

89.5%

Total [15 Metrics]

18
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PEER REVIEW & CHART ROUNDS

PLAN INSTRUCTIONS & | 3D IMAGING ANATOMY [ TREATMENT PLAN PEER PHysIcs PATIENT TREATMENT
PHYSICIAN’S INTENT | & SIMULATION | CONTOURING [ PLANNING REVIEW ReviEW Dose QA | TRAINING FRACTIONS

Histogram of PQM Score
126 Min: 58.18 Max 14247 Median: 11969 Mean: 117.10 Std Dev: 1642

s

® PeeR REVIEW & CHART ROUNDS

= Much more efficient because all
the critical objectives and results
are organized and scored

= (Clinical team is trained and vested
in their Plan Quality Algorithms, so
their peer reviews are
standardized and effective

= Compare each plan’s performance
vs. population of similar plans

EFFICIENT & RELEVANT PER-PATIENT DOSE QA

PLAN INSTRUCTIONS & 3D IMAGING ANATOMY TREATMENT PLAN PEER PHysIcS PATIENT TREATMENT
PHYSICIAN'S INTENT & SIMULATION | CONTOURING | PLANNING REVIEW REVIEW Dose QA TRAINING FRACTIONS

A4

* PER-PATIENT, PRE-TREATMENT DOSE QA HAS EVOLVED TO USE
CLINICALLY-RELEVANT METRICS

= Plan Quality Algorithm can create PQM scoresheets that
are much more efficient than per-metric analyses

= Captures clinical impact as defined by the PQM metrics
and priorities
" PQNIPIan 69 P(INIDoseQA:
Efficient
Comprehensive
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EFFICIENT & RELEVANT PER-PATIENT DOSE QA

Results from Dose QA that estimates impact
of TPS or delivery errors on patient dose

Plan Quality N nen Objective(s) Result e Dose QA
[PTV_5040] V[50.4Gy] (%) =95[>90] 951586 30.00
[PTV_5040] V(47 88Gy] (3) >100 [> 98] 99,8897 2467
[PTV_5040] V[52.92Gy] (%) £0[<10] 0.0000 10.00
[PTV_5040] D[0.03¢c] (Gy) <52 [« 55] 52.8440 719
[PTV_5040] Conformation Number [47.88Gy] |z 1[> 0.5] 0.6924 3.08
[CTV] V[50.4Gy] (%) 299 [>94] 98,5041 2439
[OPTIC CHIASM] D[0.03cc] (Gy) 435([< 46] 36.9924 7.20
[LT ORBIT] Mean dose (Gy) 21[=10] 1.7026 477
[LT OPTIC NERVE] D[0.03cc] (Gy) 427 [« 45] 21.5059 8.00
[LT COCHLEA] D[0.03cc] (Gy) 21[=25] 54529 6,01
[LT LENS] D[0.03¢c] (Gy) £1[<5] 1.3503 488
[RT ORBIT] Mean dose (Gy) 20[=10] 09792 267
[RT OPTIC NERVE] D[0.03cc] (Gy) £10[<20] 139761 172
[RT LENS] DI0.03cc] (Gy) 205([<3] 0.8444 283
[CORD] D[0.03cc] (Gy) =48 56817 0.00
[BRAINSTEM] DI0.03cc] (Gy) <504 47,3644 0.00
Global Max Location (ROT) CTV[CTV: PTV_5040] | PTV_5040 2.00
Total [17 Metrics] 139.41

PER-FRACTION DOSE QA & ADAPTIVE RT

PLAN INSTRUCTIONS & 3D IMAGING ANATOMY TREATMENT PLAN PEER PHysIcS PATIENT TREATMENT
PHYSICIAN'S INTENT & SIMULATION | CONTOURING | PLANNING REVIEW REVIEW Dose QA TRAINING FRACTIONS

* PER-FRACTION

= Per-fraction needs to be as automated as possible to
avoid being a high-inspection, resource drain

=  Run PQM results and set tolerances on score
degradation levels, creating “red flag” events
= ADAPTIVE RADIATION THERAPY

= Cumulative dose accrued over all fractions analyzed
with Plan Quality and PQM, ieveq COMpared directly
to PQM

Planned
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OTHER PQM APPLICATIONS (QUALITY MANAGEMENT)

COMMISSIONING, VALIDATION ACCREDITATION, COMPETENCY TESTING & TRAINING

TPS MACHINE TPS UPGRADES & PLANNER CONTINUING
MOC PROJECTS
COMMISSIONING COMMISSIONING VERSION TESTING ASSESSMENT EDUCATION
VALIDATE QUALITY ASSESS QUANTIFY ASSESS CONTINUAL ASSESS PLANNER ~ IDENTIFY AREAS OF
OF TPS DELIVERABILITY AS  IMPROVEMENT (OR  IMPROVEMENT ABILITIES NEED, PER
OPTIMIZATION A FUNCTION OF LACK THEREOF) PLANNER
PLAN QUALITY

= EVIDENCE-BASED / COMPARATIVE EFFECTIVENESS

= Sound strategy based on objective evidence
= Statistical Process Control

= Imperative in a “Pay-for-Performance” future

COMPARATIVE EFFECTIVENESS

Qh__‘_ Quaurry Reports [EMR] ® a Qh__‘_ Quaurry Reports [EMR] ®
AutoPlan-vs-| AutoPlan-vs-| - |
Histogram of Benchmarks Histogram of Benchmarks
N 126 Min 5818 Max 14247 Median 11969 hean: 11710 Std Dev: 1642 N 126 Min 5818 Max 14247 Median 11969 hean: 11710 Std Dev: 1642
»

Histogram of Auto-Plans
N34 Min 11385 Max 140.54 Median: 12565 Mear: 126.38 Std Dev: 7.64

Histogram of Auto-Plans

N: 34 Min: 97.00 Max: 133.00 Median: 117.00 Mean: 117.20 Std Dew: 945
6

Good Result
Better Average Quality
Lower Variation

Poor Result
Lower Average Quality
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POTENTIAL: PROTOCOLS & CLINICAL TRIALS

= EASY AUDIT OF SUBMITTED PLANS (E.G. RTOG)

= Removes the high resource cost of generating metric
results vs. goals

= Removes the variability of methods

= RETROSPECTIVE ANALYSIS OF DIFFERENT PQM
ALGORITHMS VS. CLINICAL OUTCOMES
= Connect PQM Score with Outcomes.

= Allows standardization of:
Plan Objectives
Plan Strategies
Plan Review Methods
Peer Review

SUMMARY OF PQM APPLICATIONS

COMMISSIONING, VALIDATION ACCREDITATION, COMPETENCY TESTING & TRAINING

TPS MACHINE TPS UPGRADES & PLANNER CONTINUING
MOC PROJECTS
COMMISSIONING COMMISSIONING VERSION TESTING ASSESSMENT EDUCATION
VALIDATE QUALITY AssEss QUANTIFY AsSESS CONTINUAL ASSESS PLANNER IDENTIFY AREAS OF
OF TPS DELIVERABILITY OF IMPROVEMENT OR IMPROVEMENT ABILITIES NEED, PER PLANNER
OPTIMIZATION HIGH QUALITY PLANS DEGRADATION
PRE-TREATMENT TREATMENTS & BEYOND
PLAN INSTRUCTIONS & | 3D IMAGING | ANATOMY | TREATMENT PLAN PEER PHysICS PATIENT TREATMENT
PHYSICIAN'S INTENT [ & SIMULATION [ CONTOURING [ PLANNING REVIEW REVIEW Dost QA | TRAINING FRACTIONS
PLAN INSTRUCTIONS AupIT INTERACTIVE, PLAN PEER EFFICIENT, PER-FRACTION
& CONTOURS EFFICIENT REVIEW REVIEW CLINICALLY- Dose QA
PHYSICIAN'S INTENT & PLAN ANALYSIS & RELEVANT &
PREDICT CHART Dose QA ADAPTIVE
ACHIEVABILITY ROUNDS RADIATION
THERAPY
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