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1.Background Knowledge




1.1 The Idea — research papers search

Schénecker et al. Radiation Onceolegy (2016) 11:143
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cardiac toxicity, lung expansion etc.
* Focus: 1. latest studies
2. clinical implementation




1.1 The Idea

® Respiratory organ motion is a complicated factor

- Imaging & treatment planning

- Dose delivery

® Increasing safety margins can be very dangerous
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1.1 The Idea

® Respiratory organ motion is a complicated factor

- Imaging & treatment planning

- Dose delivery

® Increasing safety margins can be very dangerous

Goal: -‘jﬂﬂ”m?ﬂ-[f M \'»\

® To obtain a possibly static target in the beam’s ] H \‘\;f. ‘ﬁ'ﬂ/

eye of view, whenever the beam is on | | —
® To protect the organ at risk better It “072:1: ?
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There are three techniques:

2. Predefining phase of 3. Special maneuvers of

1. Abdominal pressure : o
the respiratory cycle respiration




1.1 The Idea

There are three techniques:

1. Abdominal pressure

2. Predefining phase of
the respiratory cycle

3. Special maneuvers of
respiration

max max

After couching

With feedback




1.2 The Set-up of DIBH

1. Audio-visual guidance

2. Breathing

3. Markers and detectors

4. Beam delivery

Source: Drew Latty et al. ] Med Radiat Sci 62 (2015) 74-81 , doi: 10.1002/jmrs.96




1.2

he Set-up
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1. Audio-visual guidance




1.2 The Set-up

1. Audio-visual guidance

Gating window Breathing

position

® Comparing with verbal instructions
Ampltassmm given by an operator

M
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y e - higher repeatability of surface
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1.2 The Set-up

2. Breathing

Gating window Breathing

position
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1.2 The Set-up

Type 1: 1D information

Spirometry

3. Markers and detectors

* Surface displacements # variability of the inspiratory level
* Reduction of volumetric tolerance # improvements
- Volumetric invariance is not a reliable index of the

geometric stability and reproducibility of patient’s thoraco-
abdominal surface




1.2 The Set-up

Type 2: 3D information

3. Markers and detectors

RPM (Real-time Position Management)

— Video camera

Infrared illuminators

External Marker Block




1.2 The Set-up

Type 2: 3D information

C-RAD

@ catalyst //4’-I:NTINI:;_

Source: Lecture Mec_jical I.maging “4D X-ray Schénecker et al. Radiation Oncology (2016) 11:143
tomography” Prof Riboldi, 13.05.2020 DOI 10.1186/513014-016-0716-5

3. Markers and detectors

Fast and reliable application

No device or “box” on patient
Continuous surface scanning
Additionally: iView portal image




1.2 The Set-up

4. Beam delivery

 When the deep inspiration is detected in
in the “gating window”, delivery starts

e The delivery stops immediately, when the
breathing is out of the gating window




he Set-up

4. Beam delivery

High dose rate required (i.e. 500-600
MU/min) in order to limit the delivery time
per beam (i.e 20s)

Routine is the same as conventional RT




1.3

he required quantities

Dose-Volume Histogram (DVH)

~

\

Definition:
- Graphical representation of received dose

Information on the volume of a structure
receiving a given dose over a range of doses

~

)

/

Vi
V: relative volume
x: received at least x Gy

i.e.: Vg, V5, V5 relative volume
receiving at least 5, 25 and 45 Gy

Dmax: Dmean
the max and mean dose

D5y,
dose D to 2% of the volume




1.3 The required quantities

Dose-Volume Histogram (DVH) il
Definition:
- Graphical representation of received dose "
- Information on the volume of a structure — structure
receiving a given dose over a range of doses ¢/ _ — Heart
k 15/ = Lungle
~PTV
25
0 - \

0 10 20 30 40
Dose [GY]

Example: cumulative DVH for left-breast cancer radiation




1.3 The required quantities

DVH Versus DMH (Dose-Mass Histogram)

Uses volume elements (voxels) Accounts for density changes

inside voxels -
Voxels remain unchanged More accurate for organs with E %
between FB and DIBH significant local density -

changes o
In commercial treatment No option in TPS, ;

planning system approximation with mean
density inside the volume

structure
= Herz
= Lunge li
— PTV

Example: cumulative DVH for left-breast cancer radiation




2. Clinical Implementation

- Irradiation of left-sided breast cancer

-]



2.1 Clinical Workflow

Background and purpose
o Breast cancer is the most common cancer

among women worldwide
o Radiotherapy is important adjuvant treatment
> Dose received by the heart can cause late toxicity




2.1 Clinical Workflow

Background and purpose
o Breast cancer is the most common cancer

among women worldwide
o Radiotherapy is important adjuvant treatment
> Dose received by the heart can cause late toxicity

BUT: - no deterministic threshold
- The rate of ischemic heart disease

increases linearly by 7.4% per 1Gy
increase in the mean heart dose

m==) Minimization of dose to the heart is crucial
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2.1 Clinical
Workflow
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2.2 Verification of the DIBH plan

1. CT comparisons

Representation of displacement vectors during the DIBH

Source: Azam Eskandari et al. Evaluation of the heart and lung dosimetric parameters in deep inspiration

breath hold using 3D slicer, 2019



2.2 Verification of the DIBH plan

1. CT comparisons

Changes of anatomical conditions:
Red: thoractic diameter and volume in DIBH

Blue: during FB

Source:Schonecker et al. DOI 10.1007/s00066-016-1039-z

Strahlenther Onkol (2016) 192:750-758




2.2 Verification of the DIBH plan

i 1. CT comparisons — treatment planning
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3D conformal radiation therapy (3D-CRT)
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AN 2 opposing tangential beams

(e]

All treatment plans were calculated on both CT
datasets

(¢]

All DVH-parameters are determined with the
plans

(@)

Example prescribed dose: 50 Gy, 2Gy per fraction




2.2 Verification of the DIBH plan

1. CT comparisons — treatment planning

[¢]

3D conformal radiation therapy (3D-CRT)

[¢]

2 opposing tangential beams

[¢]

All treatment plans were calculated on both CT
datasets

[e]

All DVH-parameters are determined with the
plans

[¢]

Example prescribed dose: 50 Gy, 2Gy per fraction

Irradiated volumes in tangential fields: (A) heart (B) left lung

Source: Azam Eskandari et al. Evaluation of the heart and lung dosimetric parameters in deep inspiration

breath hold using 3D slicer, 2019



2.2 Verification of the DIBH plan

2. Parameters comparisons
° 2016, 9 patients

Dyax (GY) 47.9041.39 19.74415.52
Dpean (GY) 2.73+1.40 1.31+0.15
Vs (%) 6.7544.39 1.18+0.77
Vs (%) 2.5542.74 0.0610.14
LAD B | DBH
Dpean (GY) 18.914+9.78 4.194+1.52

Dsy, (GY) 38.55+12.40 9.66+6.30

Source:Schonecker et al. Radiation Oncology (2016) 11:143

DOI 10.1186/513014-016-0716-5




2.2 Verification of the DIBH plan

2. Parameters comparisons
° 2016, 9 patients

D (GY) 47.90+1.39 19.74+15.52
Dyean (GY) 2.73+1.40 1.3140.15 i Decg‘;a;e 2
Vs (%) 6.75+4.39 1.1840.77
Vys (%) 2.5542.74 0.06+0.14
LAD A= N
Dyroan (GY) 18.91+9.78 4.19+1.52 Decrease by

78%

Dsy, (GY) 38.55+12.40 9.66+6.30

Source:Schonecker et al. Radiation Oncology (2016) 11:143

DOI 10.1186/513014-016-0716-5




2.2 Verification of the DIBH plan

2. Parameters comparisons
° 2019, 17 patients

3.8311.40 |

Decrease by
Dinean (GY) 5.971+2.0 36%
V55 (%) 7.601+4.10 3.29+2.64
Vaps (ML) 42.12129.54

15.82+15.46

‘ * Studies agree on the dose reduction effect of DIBH in heart during
left breast irradiation

BUT: discrepancies in the left lung dosimetric parameters

Source: Azam Eskandari et al. Evaluation of the heart and lung dosimetric parameters in deep inspiration
breath hold using 3D slicer, 2019



2.2 Verification of the DIBH plan

2. Parameters comparisons |
o 2016, 9 patients 2019, 17 patients

100 == left lung DIBH e100 == Left lung DIBH
2 80, E
Diean (GY) 801£2.02 645+131 1, Tn
Voo (%)  14.87+4.41 10.96%3.10 .| L
u 30 B 30_
> V,o could be decreased by 26% e N
T 5 %0 & B B B 5 0 6 N T A B
R . Dose (Gy) Dose (Gy)
Forall 9 _pahents, both parameters Results vary from patient to patient and relative irradiated
reduces in DIBH

volume increased in some patients

o Patient anatomy, contouring, treatment planning and
methods dependent

Source:Schénecker et al. Radiation Oncology (2016) 11:143 Source: Azam Eskandari et al. Evaluation of the heart and lung dosimetric parameters in deep inspiration

DOI 10.1186/s13014-016-0716-5 breath hold using 3D slicer, 2019




2.2 Verification of the DIBH plan

o '
2. Parameters comparisons . .
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3. Discussion




3.1 Comparing with ABC (Active Breath Control)

Comparing with DIBH, ABC has...
o drawbacks, because:
° More invasive, patient discomfort

> No positional information

o external devices could increase the cost and
complexity of QA

o advantages, because:
° In many cases, ABC shows a better consistency
o ABC reduces left lung dose significantly
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Left lung FB DIBH
Decrease by (ABC) (95% CI) (95% ClI)

9% and 10% Dpean (GY) 6.4 5.9
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3.2 Advantages of DIBH

1. Possibility to image under DIBH

- complete volume dataset under DIBH

- possible in both MRl and CT




3.2 Advantages of DIBH

1. Possibility to image under DIBH

2. DIBH immobilizes the diaphragm movement less invasively "
- good reproducibility, more comfortable
- reduces intra- and interfraction organ motion (mm-range offset)
- immobilization of PTV allows reduction of PTV margins

- beneficial also for liver, lung etc.




3.2 Advantages of DIBH

1. Possibility to image under DIBH
2. DIBH immobilizes the diaphragm movement less invasively
3. Dosimetric advantages for OAR

= reduction of cardiac damage at breast RT & thoractic esophageal cancer

4. Standard treatment




3.2 Challenges on DIBH

No universal standard for patient selection

Patient anatomy dependent

Health condition dependent (i.e. longer breath-hold)
It could take longer than FB

Due to variable standards, the comparison of dose distributions
from different studies need to be done with caution

Require further follow-up
* Study of late effect

¢ Reassessment of the risk of cardiac diseases




3.3 Outlook

Improvements

o Develop a better standard for patient selection Comparative Study = > Acta Oncol. 2019 Jan;58(1):95-104,
doi: 10.1080/0284186X.2018.1512153. Epub 2018 Oct 3.

° Study on the protection of lungs (left AND right)  comparative Treatment Planning Study for Mediastinal

Hodgkin's Lymphoma: Impact on Normal Tissue Dose Using
° Follow-up Deep Inspiration Breath Hold Proton and Photon Therapy

Anneli Edvardsson T, Malin Kigele 12 Sara Alkner 2, Marika Enmark 2, Joakim Nilsson 2

, Ingrid Kristensen 2, Elisabeth Kjellén 2, Silke Engelholm 2, Sofie Ceberg 1 2

Affiliations 4+ expand

Other possibilities?

PMID: 30280626
DOI: 10.1080/0284186X.2018.1512153
o With MRI as online guidance?

o IMPT with DIBH?
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Thank you for your attention! 4
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Appendix

LL direction AP direction CC direction
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. Intra-DIBH variability . Intra-fraction variability . Inter-fraction variability

Source :
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