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M; Typical Inverse Planning Workflow
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Physician prescribes
treatment goals

Dosimetrist Designs Plan Setup and
Translates Goals into Cost Function

g

Hotspotin ~

. . . o Normal»
Dosimetrist Reviews Optimization

Result vs. Treatment Goals

Tissuet g

Add Ring Structure

Add “Hotspot” Structure
Tweak Cost Function
etc....
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e Priority based (in-house systems) and multi-
criteria optimization techniques (RayStation)

« Automated planning techniques that mimic
dosimetrist interaction with planning system
(Pinnacle)

« Knowledge-Based Planning (In-house systems
and Eclipse Rapidplan)



M What is Knowledge-Based Planning?
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Software tool that utilizes knowledge gained from
prior cases when planning current cases

Source of knowledge
- prior dose distributions
- prior DVH metrics and features
- Physician-prescribed metrics

Commercially available TPS offer some pre-loaded
models as well as the ability to create your own
institution specific model (Eclipse Rapidplan)
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Knowledge Based DVH Estimation
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Creating a Knowledge Based

M Model for Treatment Planning
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High Quality Plans
Add to Model: Data
from plan is extracted

Train Model

Validate Model

Model ready for
Treatment Planning
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M KBP: Creating a model

Medical School

« Developing a model requires a minimum
number of cases

« All plans must be high quality i.e. meeting OAR
dose limits and PTV coverage goals etc.

« Use same naming convention for targets and
OARs
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Case Preparation

( Data Transfer (if nTedﬁed) R

(Contouring & Plan QA \

Model Definition

DVH Estimation Model Properties
odel 1D | PROS & PBED_UM-#1
¥0R Prostate model trained from UMPIan cases including Prostate + SV, Prostate Only, and Prostate Bed.
P4SV: 77.7 Gy
P Only: 75.85 Gy
PBed: 68.4 or 70 2 Gy
Cliric: . .
"¢ Model Description
achmic:
L L
-« o Anatomic Site
L
e Structures to Include in
Model ,c
FFFFF R 32843 (FMA) Edit X
32842 (FMA)
PENILE_BULB 19614 (FMA) Edit X
T ' PTV_High (S9VMS_STRUCTCODE) Edit X
PTV_Intermediate (99VMS_STRUCTCODE)
PTV_Low (39VMS_STRUCTCODE)
RRRRRR 14544 (FMA) Edit X
OK Cancel



Example Model Buildin
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Data Extraction

Add Plan C1 / T7 VMATIF_HR to DVH Estimation Model - $spinesh$76_1, Thoracic ($spinesh$76_1)

Sort G

Model ID 7

=3

DWVH Estimation Model ' SPINE SBRT UM - MODEL A Other Thursday, March 05, 2015 2:51:35 PM -

Mode

Anatorr

13.5.15

Other

Yes

Publ No

marthamm Thursday, March 05, 2015 2:61:36 PM
CERVICAL, THORACIC, AND UPPER LUMBAR SPINE SERT
ECLIPSE EXPERT PLANS

30 Gy IN 3 Fx
Plan Pr 30.000 Gy
Plan Structure ID (Codes) Type Model Structure ID (Codes) Unm d Model Structures
. CORD_HR () AVOIDANCE CORD (7647) A PN PNV ISUL PRSI RS A
KIDNEY_TOTAL, KIDNEY
. CORD_MRT1 () AVOIDANCE -
. CORD_MRTZ {) AVOIDANCE -
. CORD_PRV2_HR () AVOIDANGE CORD_PRWZ (PRV) -
CORD (764T) =
CTV_VB () cTV
CORD_PRV2 (PRV)
. Dose 18[GY] () CONTROL
ESOPHAGUS (7131)
. Dose 29 5 cirl (Dase) CONTROL TRACHEA (7394)
. Dose 29.5 val (Dose) CONTROL PHARYNX (46688)

LARYNX (55097)

KIDNEY_TOTAL (264815} Cancel
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M Example Model Building

Uni

Data Extraction

Model Structures

e Cord PRV
e Esophagus

Patient Structures

Cord
Cord+2mm
Esoph
PTV1

13
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Example Model Building

=y

L o O OO & O N

#

Patient ID/Course ID/Plan 1D
$pros002/C1/1.1-1 PROST+S
$pros003/C1/1.1-1 PROSTAT
$pros004/C1/1.1-1 IMRT PR
$pros006/C1/1.1-1 PROST B
$pros006/C1/1.1-1 PROSTAT
$pros007/C1/1.1-1 PROSTAT
$pros009/C1/1.1-1 IMRT PR
$pros010/C1/1.1-1 PROST+S
$pros011/C1/1.1-8 PROST+S
$pros012/C1/1.1-1 PROST+S
$pros014/C1/1.1-3 IMRT PR
$pros015/C1/1.1-1 PROST+S
$pros016/C1/1.1-1 PROST+S
$pros018/C1/1.1-1 PROST B
$pros019/C1/1.1-1 PROST+S
$pros023/C1/1.1-1 PROST+S

Plan Prescription
79.200
75.850
70.200
70.200
75.850
76.850
77.700
77.700
77.700
77.700
77.700
77.700
77.700
70.200
77.700

222828222292228%¢9

77.700

Structure Matching

1 Other 4/5

Include

{\.

i ded 9 e 9999

Extracted

In Mod:
13.56.15
13.6.15
13515
13.6.15
13.6.15
13.6.15
13.56.15
13.56.15
13.6.15
13.5.15
13.6.16
13.56.15
13.5.15
13.5.15
13.6.15
13.6.16

5.0
3.7
1.5
1.5
1.6
3.3
3.8
42
17

52

I

rain

S-SR R R R S T
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Model Verification & Validation

Use Tools to Add/Remove

Outlier Cases from the Model
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M KBP: Validating a model

Md ISh I

How do you know if you have a ‘good” model?
> Somewhat subjective...

> Plans should meet all planning objectives for
OARs and targets

> Normal tissue DVHs should fall within the
estimated regions

» Consistent results
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KBP: Using the model
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Estimate DVH

Sort Order  ID il V| Show Unpublished Models
DVH Estimation Model ' Liver - Clinical Model Abdomen s
Model Vi 13623
Anatomical Region Abdomen E _‘_IJ
Published No
Variation of Model
Added seco] ModelID  Liver - Clinical Model
changed %
Structures Estimation statistics for: . CHESTWALL/RIB
- D L ‘ Plan Structure ID Model Structure ID Status Statistics Legend
arget Dose Levels
g i Max Value
e —— rarget] D cHESTWALLRIB CHESTWALLRIE Inside threshold values :
&1V OPT 55 B cowon coLoN Inside threshold values
B coro CORD Inside threshold values
PTV 55.
B buopEnum DUODENUM Inside threshold values 90 Percentile Value
PTV_OPT 55 )
- ESOPHAGUS ESOPHAGUS Inside threshold values
Structures o = - - Inside thi d values Median Value
Plan Structure ID (Codes) T
= B «onev KIDNEY L @ oOutside threshold values
v GTV (GTVp) | 10 Percentile Value
B «onevr KIDNEY_R @ Outside threshold values
ST (S | BB wonerToTA KIDNEY_TOTAL @ Outside threshold values

Plan Information

Min Value

GTV1 () 1 LIVER LIVER Inside threshold values S .
GTV2 () | LIVER OPT LIVER Inside threshold values X Outside threshold values
v HEART {) LIVER-GTV LIVER-GTV Inside threshold values g 3
STOMACH STOMACH Inside threshold values a
KIDNEY_L () e
KIDNEY_R ()

KIDNEY_TOTAL ()

LIVER () |
LIVER OPT ()

v LIVERGTV

u LIVER-PTV ()

vE PV PTV
hed Model Structures BODY, BOWEL, GTV

Some statistics are outside the threshold values. Do you want to generate estimates and objectives? Yes No

PTV (FTV Hiah) BE00GY ~ H

Benerate Estimates and Objectives
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KBP: Optimization & 3D Calc
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3 Optimization - RAPIDLIVER 12, (RAPIDLIVER_12) / C1 / RAPIDPLAN

R- A b T @ AwgeD~

@ ID/Type Vollem?] Vol [%]
v GTV_OPT 119
Lower 1.7 98.0
V| PTV 492
Upper 0.5 1.0
Lower 432 1000
v PTV_OPT 492
Lower 487 99.0
Lower 482 98.0
m W1 CHESTWALLRIE 661.3
Line 644.8
m 1 colon 2352
Upper 0.0 0.0
Upper . 1.0
Upper 47 20
Line 2329
m 1 corD 60.5
Upper 0.0 0.0
Line 59.9
E W1 DUOCDENUM 421
Upper 0.0 0.0
Upper 04 10
Upper 08 20
i a1 7

» Normal Tissue Objective
» MU Objective
» Base Dose Plan

» Seitings

V| Automatic Optimization Mode
V| Automatic Intermediate Dose

m Estimate DVH Plan Information

Dose[Gy]

71.50

25.00

52.256

55.00

28.80
28.00

2720

27.00
26.00

2560

[ Stop VMAT Optimization

Actual
Dose[Gy]

72.20

2569

45.11

4782

34.71
28.74

2731

6.81
5.85

533

2]

Prioity  gEUD a Dose [%] e ..,
0.0 364 727 500086S -
60.50 Gy
@ 55.00 Gy
150 x
50 x
300 x
200 x
200 x
Z
5 X E R
2 4
B
-
200 x
200 x
100 x
% x
-~ _
AN
300 x AN
& x
0.00 20.00 40.00 “@,
300 x ; )
Dose [Gy] Z:560cm
200 X v
3D Dose Max 75.29 Gy
100 X 3D MAX for <no target structure>
. . - 3D MEAN for <no target structure>
M <no targ e
P ———, 3D MIN for <no target structure
Elapsed Time 25 s
Monitor Units 3004 MU
Step in MR 15
- =
[z Leaf Sequence
Normal (2.5 mm) 'g Intermediate Dose
MR Level 1 MR Level 2 MR Level 3 MR Level 4
(I | T~

Ade )b vTe LR

PTV_OPT
LIVER-GTV

COLON B
GTV_OPT

CORD

KIDNEY_R
CHESTWALL/RIB

OK

10.00 cm|

Open Log...

Cancel



M Motivation
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Decrease planning time = increase in
productivity

Reduce variability in planning

Potential to increase confidence of novice
JERIIEE

Aid in evaluating institution’s treatment
planning practices - which may result in
improved tx planning protocols throughout the
Rad Onc Community

19
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Go back to your phone / tablet....

We would like to learn a little more about
you & your department!

20



M KBP: Our Experience...
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Started with an easier body-site....
Prostate

Then moved to more complex sites:
Spine SBRT

Liver SBRT

Head/Neck

21



M Prostate Model at UM
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e 60 clinically treated patients
—Prostate and Prostate Bed IMRT plans
—Prescription range: 68.4 - 79.2 Gy

« Exported from in house TPS, UMPIan, and
imported into Eclipse, v13.5

« Structure and plan QA performed; unacceptable
geometries and plans were not included in the
final 60-plan model

22
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Initial Model Validation
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Used only the generated line objectives for normal
structures

I[PIanCompDVHZ - Dose Volume Histogram

Relative dose [%)]
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Initial Model Validation

Validation Plan Clinically-Used Plan

24
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Me Target Coverage vs. OAR Sparing

University of Michigan
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vose (%] v ¢
0.0 257 515

Volume [%]

0.00 20.00 40.00 60.00
Dose [Gy]
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M Model Application: Quality
n.m. Control of Treatment Plans

Md al School

« How does the plan quality of prostate patients
compare across our system of hospitals?

« Ran the model on cases that came from 4
different community clinics

e Generated DVH estimations for OARs defined
by the model for each patient

« Optimized a new plan based on the DVH-
estimations

—Field parameters were copied from the original
plan



M Clinic A: DVHs
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Relative dose [%)]
12,87 2574 38.61 51.480 b4.350 77.220 90.050 102.96

100 - .\;
I

5
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Clinical Plan Model Generated Plan

77.7 Gy (Rx)
60 Gy
45 Gy
30 Gy
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A = KBP-generated Plan B = Clinically- Used Plan




M@ Clinic B: Plan Quality
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Model Generated Plan
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Clinic C: DVHs
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A = KBP-generated Plan

Relative dose [%]
[} 14619 29.239 43.859 58.479 73,099 87,719 10233
100 = -
H
\A
80 : \
\
\
=
£ \
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=
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E \\
z |
E o .\
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I L
© T
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e W
| |
i u
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A
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0 _l '
o} 10 20 30 40 50 60 70
Daose [Gy]

= Clinically- Used Plan
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M Clinic C: Plan Quality
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68.4 Gy (Rx)
60 Gy
45 Gy

30 Gy
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Clinic D: DVHs

111111

43.859

33

Structure Volume [%)

A

= KBP-generated Plan

= Clinically- Used Plan




M Clinic D: Plan Quality
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Clinical Plan Model Generated Plan
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68.4 Gy (Rx)
60 Gy
45 Gy
30 Gy
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M~ Clinic D
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Ratio of Total Structure Yelume [%]

Relative dose [%]
14.619 29.239 43.859 58, 73.099 87719 102.33

0 10 20 30 40

50 60 70
Dose [Gy]



M KBP Prostate: Summary
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Inverse planning is an iterative process and time
consuming

— Difficult to ensure that all OAR structures,

especially those of lower priority, are at an
ALARA level

Across our own system, there is a wide
variation in plan quality for a simple site like
prostate

Knowledge-based planning can help improve
both the quality and efficiency of the planning
process

36
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M Knowledge Based Planning to improve
mersiyotmcnin - St@NAardization and efficiency in spine SBRT

Medical School

« Spine SBRT can be urgent and time sensitive used as a
technique to treat

« Spine SBRT planning can be iterative and time-
consuming

— Geometrical variation

— Importance of OAR sparing (Reduced acceptability of
tradeoffs)

AN



M Knowledge Based Planning

for Spine SBRT
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M Spine Model Plan Efficiency

Range of Planning Times

Uni;dezziitg;;fsrg;;l;ilﬁan (Not including Physician Review)

=N
o )
O O O
| I R

Confidence in quick plan
turn-around may allow us
to offer same day spine
SBRT for emergent cases

T = S PR
N DB
o O
||

Planning Time (minutes)
o
S

Manual Planned Cases Model Generated Cases
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M 20 cases of specific oar’s

Medical School




41

M Model vs Manual C Spine
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0631 18gy - Unapproved - Transversal - rtog0631

I ‘5 - 4 Relative dose (%)
] - 83333

Ratio of Total Structure Volume [%]
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M Model vs Manual T Spine
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[=1][[41 76 vMSB - 3rd Party Approval - Transversal - 201506015BRTSPIN  [m]

o
(=]

Ratio of Total Structure Volume [%]
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M Model vs Manual L Spine

Medical School

[0631_18Gy - Unapproved - Transversal - 201601265PINE

Ratio of Total Structure Yolume [%]




M Planning points of Spine sbrt
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e Fractionation (1,3,5 etc.)
« Spine level (Cervical, thoracic, lumbar)
« Quantity of spines for modeling

« Reviewed by another dosimetrist or physics
Who may on you spine service.

44
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Please join us for a few more questions!

45



M KBP: Liver

Md ISh I

« Large liver SBRT service

« Variation in plan quality between dosimetrists
as well as physicians

« Things to consider:
- Non-standard geometry
- PTV overlap with various structures

We knew we would need a LOT of plans to create a
‘eood’ model

46



M KBP: Liver SBRT
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60+ plans to create model

Tested with 20 plans, made tweaks to the
model

Validated the model with 16 new cases

13 of 16 met all priority 1 planning objectives
with the push of a single button

47
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M° KBP: Liver SBRT
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Medical School

Model Plan — ‘Easy Button’ Manually optimized plan

e 1 Iteration
e All OAR constraints met

e 1 [teration
e All OAR constraints met

* Planning time: 9 minutes e Planning time:

10 minutes - experienced dosimetrist
17 minutes - novice dosimetrist
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Me

Ratio of Total Structure Volume [%]
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KBP: A tool for Novice Planners?

[} er 13.]\.&-1 = _36.::363 i 54,545 ?2.?2.? 90._909 109.09 127.27
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M KBP: Liver SBRT

Medical School

* PTV overlap w/ multiple OARs

. Model reduced planning time from 1
hour to 20 minutes
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KBP: Liver SBRT

51

Rapid Plan Model ‘easy-button’ approach

100.0
95.0

Rapid Plan model + tweaking
- [

100

A

.0
95.0

70.0
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M Rapidplan for Liver SBRT

Md ISh I

e Great tool for dosimetrist's — especially novice users

« Very useful in implementing planning for a new
or less common body site

« Impressive performance in areas of PTV/OAR
overlap

« Excellent first pass for both simple and complex
geometries: some ‘tweaking’ may be necessary
to achieve ‘ideal’ plan
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M KBP: Head and Neck

Medical School

Manually Optimized Plan Rapidplan

70.00 7 ¥ 2 70.00 7 : o
i N ' %

Example #1



M KBP: HN Target Coverage
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1
0 ] LB57 57.142 71428 B85.714 100 114.28
100 = = 7Y = 7 = 7 L " L 7 = A = i

SHAVANS) Y\

m \\
\

Ratio of Total Structure Volume [%)

i} 10 20 30 40 50 B0 70 20
Dose [Gy]

- = Manually Optimized Plan

A = Rapidplan Optimization




Ratio of Total Structure Volume [%]

MG

University of Michigan
Medical School

56

KBP: HN OAR sparing

Relative dose [%]

'ICIDn'A " 14,285 - 28571 - -42.555? 5?.1.42 - 71428 25714 100
A \\ “--_-‘_-"‘l-—________ -—\\l
¥ ) | A-______________‘ \
80 \‘ 8 \\ \‘ -
" \ \ \ \ "
% |
A \. \ \1\N
20 \ \ A
u\ ‘\\'-\ ,
o \1 %-:';F_-‘:‘;._h;_-:‘_ﬁ eSS RN k.l
0 10 20 30 Dose Irél_O_] 50 B0 70
Mean: ] _ S
OAR Manual M(_aan. Difference . - Manua“y Opt|m|zed Plan
Optimization RapidPlan
A = RapidPlan Optimization
Superior Constrictors 62.5 53.3 9.2
Esophagus 18.9 15.5 3.4
Larynx 19 17.8 1.2
RT Submandibular 29.3 29.5 -0.2
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M KBP: Head and Neck

Medical School

Manually Optimized Plan RapidPlan

Example #2
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M KBP: HN Target Coverage
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ture Wolume [%)

Ratio of Total Strus

Relative dose [%]
0 14.285 28571 42 857 57.142 71428 85714 100 114 28
100 . _ . _

B0
&0
40

20

0 10 20 30 40 50 B0 70 B0
Daose [Gy]

- = Manually Optimized Plan

A = Rapidplan Optimization
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KBP: HN OAR Sparing

Relative dose [%)
57142

University of Michigan
Medical School

42857 11428 85.7/14 100

0
100 d-l-tﬂ-l—{l—

g0

° : i i
" RSN N

Ratio of Total Structure Volume [%4]

i ‘\l-\
20 \ A
7 1
e ‘"""--.._
0 ! %%1{ N
0 10 20 a0 40 50 RO 70
Dase [Gy]
Mean: Manual Mean: . _ ..

OAR Optimization | RapidPlan Difference - - Manua”y Optlmlzed Plan
Superior Constrictors 57.1 54.8 2.3 A = RapidPIan Optimization
Esophagus 17 16 1
Larynx 18.8 16.4 2.4
RT submandibular 25.4 23.1 2.3




M KBP: Head and Neck

Md ISh I

e Time Savings
« Excellent start - individualization still necessary

« Line Objectives — helps reduce dose to OARs

60
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Please take out your phone / tablet and
join us for a few final questions....
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M Summary

Md ISh I

« Model building is time consuming — Is it worth
it?

« Multiple body-sites that are great candidates
for KBP

« Variation in plan quality from dosimetrist to
dosimetrist — as well as from clinic to clinic



What do our dosimetrists

mevomaza  LRINK about RapidPlan?

Medical School

Depends on:

—Dosimetrist seniority

—Dosimetrist experience with using Rapidplan
—Dosimetrist engagement in the model creation

63



M Do we still need dosimetrists?
.. (Yes!)

Medical School

« Isit possible to create a fully automated plan with a
push of a button?

e Limitations include:

— There are evaluation criteria that can’t be put in the
objective function (NTCP, conformity, etc...)

— There may still be improvements that can be gained on
top of the default objectives

— Not every patient is going to be represented by a model
— leaving more time for planners to tackle complex non-
standard cases
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