8/3/2016

Design and Application of Models
Pulmonary Function Preservation

John Bayouth, PhD
Chief of Physics and Professor
Department of Human Oncology
University of Wisconsin - Madison

8/3/2016 UNIVERSITY OF WISCONSIN

Disclosures

= Funding support for this work
= NIH Ro1 CA166703

8/3/2NIVERSITY OF WISCONSIN

Outline

= Model Development
= need for and approaches to improve repeatability
= spatial-temporal nature of pulmonary ventilation
= response maps

= Predictive Model Application
= Clinical Trials
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Repeatability Results
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Repeatability Results
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Respiratory Effort Correction
Strategies

= None
= Global Normalization

= Image selection approaches
= Equivalent Tidal Volume (ETV)
= Equivalent Lung Volume (ELV)

Global Normalization
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Intrascan lung expansion heterogeneity analysis after global normalization.
Jacobian maps before (row 1) and after (row 2) intrascan global normalization
for scan one of subject H-8.
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Impact of Normalization

Pre-normalization Post-normalization
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Respiratory Effort Correction

Strategies
Equivalent Tidal Volume (ETV) criteria
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Respiratory Effort Correction
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Calculating Repeatability
Gamma Index
Alac/al,
-~ _— Gamma comparison considers both
angles spatial distance difference and
pass Jacobian difference.
Distance/dd,
Taet Pass% = Pass voxel counts / total lung
o voxels x 100%
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In this experiment, we use: Ad; = 4mm and A,

Daniel, Low, James F. Dempsey. “Evaluation of the gamma dose distribution comparison method” Medical Physics,

30:2455-2464,2003).
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(b) Gamma pass rate curves
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TABLE . Summary of mean and CV of JACgamio. MSE, and gamma pass rate for reproducibility before effort
correction, after global normalization, after ETV, and after ELV in subjects with tidal volume difference less than
100 ce, greater than or equal to 100 cc, and all subjects (shown as cohort mean + standard deviation).
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Subjects Parameter Before correction After global After ETV After ELV
<100ce Mean 100 £ 0.01 1.01 £ 001 1.01 +0.01 1.00 £ 0,01
CV (x 1072) 6.95+2.28 695+228 826 +3.53 654 £2.54
MSE (x IO’:) 0.74 £ 045 0.73 £ 045 0.95 +0.76 0.65 + 0.62
Gamma (%) 754+ 105 750+ 108 757 £ 80 756+ 108
=100cc Mean 102+ 005 1.00 +0.02 100 +0.02 100 + 001
CV (x 1072) 720 £2.02 720+ 2.02 630+2.14 5.81+£226
. -2 > >

| R 5@93 Gamma (%) 57.1+145
Al Mean 101 = 0.04 1.00 = 0.02 100 = 0.01 1.00 £ 0.01
CV (x 1072) 7.1 £2.08 7.11£2.08 674 £2.53 6.10+234

p<o0.01 QGamma(‘%) 64.0 £ 158 H 70.9 + 103 729+ 11.6 76.1 £ 11 i
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Measurement of Lung Ventilation |

= Regional volume change reflects lung function (Reinhardt et al.)
= Transformation h(x) from image registration
= Calculate Jacobian determinant of the transformation

h
(u_f 1
5

0%EX 100%IN
(End of Expiration) (End of Inspiration)

J.M. Reinhadt, K. Ding, K. Cao, G. E. Christensen, E. A Hoffman, and S. V. Bodas. Registralion-based estimates of local lung tissue
expansion compared o xenon-CT measures of specific ventiation. Medical Image Analysis, (12)6 2008,




Cost Function for Image Registration

Crorar = Cs

Cost Minimization

v + 21Cssvup + p2Crap

= Cggryp - Sum of squared tissue volume difference
= Cggymp — sum of squared vesselness measure difference
= Cp,p- Laplacian regularization constraint

Cosrvn = f[lrzl‘x;—r.mm:-j%ﬂx
n

Iy(x) + 1000 I,(h(x)) + 1000]?
va(x) — —v(h(x)) dx
0 1055

Measurement of Lung Ventilation

1055

= Regional volume change reflects lung function (Reinhardt et al.)
= Transformation h(x) from image registration
= Calculate Jacobian determinant of the transformation

Jacobian

Shy(x)  dhalz)  Shalx) >10
dry dxy ) Expansion

Jh(x)) = | dhle)  Ohalz)  Shalx)
(h(z)) = | Zul) Zaln)  Zal)
Ohi(x)  Dhgle)  Bhalz) <10
Oz, EZ dia I Contraction

3. M. Reinhardt, K. Ding, K. Cao, G. E. Christensen, E. A. Hoffman, and . V. Bodas. Registration-based estimates of local lung tissue
expansion compared to xenon-CT measures of specific ventiation. Medical Image Analysis, (12)6 2008

Technical Details Matter

(avg of 10 human subjects)
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Ventilator Controlled Respiration @*

(sheep subjects)
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Inhale or Exhale???
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Calculation 1 Calculation 2

Respiratory Effort Correction
Strategies

Equivalent Lung Volume (ELV) criteria

High Volume
Group
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Inhale Wins!

Inhale Exhale
. . Gamma Pass Gamma P
= Inhalation Jacobian Subject_nate - nate
prs002 889 805
maps were more Prs004 847 724
BV pFs010 707 67.4
repeatable Subjectsfprs-011 80.6 68.0
: Prs012 676 66.0
= 2mm distance-to- Average 785 709 p=.027*
agreement oy PRS00 746 811
subjects PFS024 654 629
= 5% ventilation " Prs-047 688 64.2
: Subjects|average  75.2 703 p=.064
irrerence
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Measuring Ventilation Change
Following RT

Data Acquisition Data Analysis

Jacobian
change

Distribution due to dose

Jacobian

PostRT

Impact of effort correction on response
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Establishing a Change post RT

» Need a control PF5-013 Jacobian Ratio Histograms

= Used repeat pre-RT scans ...
Compare magnitude of
changes between repeat
scans and pre-RT and
post-RT 20
Used voxel-wise Jacobian  *
ratios

o

Number of Voxel
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WE-AB-202-3 Quantifying Ventilation Changes Due to Radiation Therapy
Using 4DCT Jacobian Calculations - Patton

”;j'
)

Changes after RT

Pre Radiation Therapy Post Radiation Therapy

pre-RT CT Planned Dose
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Planned
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pre-RT Jacobian:

8/3/30616 UNIVERSITY OF WISCONSIN 35

S
post-RT Jacobian: PFS-023 fiw
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e
Regions of Reduced Jacobian: PFS-023 0
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Variation of Dose Response Curve to Initial Pulmonary Function Value )
3 Months post-RT - 8 Subjects - Both Lungs
106 ¢
£ Loa *
w
£
: N
2 1m -—
e 0003x + 1.0407 .
Sk R?=0.571
a8 1 n
- u
e
SE
E + 098
H
s
gL
H
& s
% # Low Initial Pulmonary Functian =
2 12 <=1.05 n
2 os
W High Initial Pulmonary Function y=-0.0011x + 1.011
123=11 R?=0.9511 ™
0.92
a 10 20 30 40 50 (1) 70 80

Radiation Dose (Gy)

Response Model

Fitted Model dependent on Dose and Initial Ventilation
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- TR Data
S mEa Management /
Workflow
Clinical workflow for 120
subjects

+ use quantitative 4DCT
imaging to characterize
pulmonary biomechanics

* build a model that predicts
how these parameters
change following RT

+ use the model to improve
therapy outcomes.

Functional Treatment Planning @

Pulmonary Function ignored during
Treatment Planning Optimization

Pulmonary Function considered
during Planning Optimization

Conclusions @

= Repeatability scans are a useful metric to assess
ventilation measures in absence of ground truth

= Ventilation computations vary with calculation
technique, phase of breathing cycle, and
respiratory effort

= Models of ventilation (lung tissue compliance)
changes following RT should include radiation
dose and initial ventilation
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