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MRI in Brachytherapy

Treatment




MRI-based Brachytherapy
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Is the tandem in
the uterus?

Where is the
tumor?

Where are the
| organs at risk?
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Impact of including MR In brachytherapy.

Prostate
 Volume

Potter/Tanderup et al, EMBRACE Review, ctRO 75 (2018)

Sturdza et al, retroEMBRACE, Radiother Oncol 120 (2016) 428-433

Smith et al, IJROBP 64 (2007) 1238-1247

Takiar et al, Brachytherapy, 13 (2014) 68-74 M‘{___ )
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MRI in clinical workflow

Scanner
In OR

Patient
Transfers




MR + CT hybrid process with rigid registration

Challenging
delineation




Dice coefficient

ROs

Structure

Metric

DSC

MDA {mm)

Distance between centroids (mm)
Registration time {sec)

Volume (cc)

Difference between volumes (ccf*

MR2US Rigid B-Spline
DIL
ROs MR2US Rigid
0.80+0.10 0.80+0.13 0.65+0.20
1.24+0.73 1.30+0.53 1.71+0.80
62 5+2 7£53
227 +27 I 11+2 7+1
352+2.00 331+2.00 2.83+1.74
0.86+0.50 110+ 0.50 1.50+1.00

0/18 D -55.0mm | == Controls 13 /64 D -37.0mm | <= Controls

B-Spline
0.51+0.30
3.10=+2.00

TG132

18+11

199+ 38

230+ 1.64 Shaaer, A., et al. (2018). Brachytherapy 18.1 (2019): 95-102. 7

Brock, Kristy K., et al. TG132. Medical physics 44.7 (2017): e43-e7/c.
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MRI in clinical workflow

Scanner
In OR




Cl-Based Technique and Catheter Displacement

Planned Delivered

R. Holly et al. / Brachytherapy 10 (2011) 299-305 B i -
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Patient Transfer System
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MRI in clinical workflow
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Max. susceptibility artefact /
no of image pixels (+/-)
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Bandwidth readout gradient (Hz/pixel) Bandwidth readout gradient (Hz/pixel)

Fransson et al. Strahlentherapie und Onkologie 177.2 (2001): 59-73. i e sunnybfm\)k
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Ménard, C. et al. Brachytherapy 16.4 (2017): 754-760.
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age guided brachythe
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MRI in clinical workflow
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Cost-Utility of MR guided brachy vs. CT or 2D

Increasing Effectiveness

LR
A QALYs

0.2 0.3

Cost of Recurrence LR

Cost of MRgBT

Cost of 2DBT

MRgBT HR Local/Pelvic Recurrence Rate

2DBT HR Local/Pelvic Recurrence Rate
MRgBT vs. 2D8T 2DBT HR Complete Response Rate

Cost of Palliative Care

2DBT LR Local/Pelvic Recurrence Rate

MRgBT HR Complete Response Rate

MRgBT LR Complete Response Rate

A MRgBT vs. CTgBT
@ MRgBT vs. 2DBT

Increasing Cost
Cost (CAD)

Cost of Recurrence Fu” - A” Sta..ges
Cost g:l:ngTT HR — High risk
MRgBT HR Local/Pelvic Recurrence Rate LR - LOW riSk

MRgBT vs. CTgBT CTgBT HR Local/Pelvic Recurrence Rate
CTgBT HR Complete Response Rate

Cost of Palliative Care

CTgBT LR Local/Pelvic Recurrence Rate
MRgBT HR Complete Response Rate
MRgBT LR Complete Response Rate

L Il b L : 00
-10,000 -5,000 0 5,000 10,000 —
.
ICER (CAD/QALY) \

2& Sunnybrook
¥ UNIVERSITY OF TORONTO HEALTH SCIENGES GENTRE




2D Planning
1 hour
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Applicator
Insertion
(30 mins)

2D image 2D
acquisition Planning
(10 mins) (20 mins)

20 Consecutive 2D cervix cases

QA &
Treatment
(15 mins)
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f the OCC program

Com Pla?maing

(1 hour) (45 mins)

MR Planning

6 hours ’\ : *
Applicator Image
Insertion acquisition

(30 mins) {1:2 hours) (1 hour)

QA &
p» Treatment
(15 mins)

20 consecutive MR guided cases

6:47:57

Total Duration
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ntraoperative Brachytherapy Experience

MR-only Planning
2.5 hours

Applicator Image
Insertion acquisition
(30 mins) (30 mins)

3D QA&
Planning Treatment
(30 mins) (15 mins)

Contouring
(45 mins)

20 consecutive intraoperative cases
4:19:12
3:50:24
3:21.36
S 2:52:48
S 2:24:00
8 1:55:12
<
|9 1:26:24
0:57:36
0:28:48

0:00:00 l
edicine

Ezezika, Jacqueline, et al. "Going Lean to Improve the Patient Experience in a High-Throughput Brachytherapy Program." Journal of Medical Imaging v g b \'k
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MR safe brachytherapy equipment

Beld, Ellis, et al. IJROBP. 102.4 (2018): 960-968.
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MRI in clinical workflow

¢
-
\ [
- N
fedicine Sunnybrook
IVERSITY OF TORONTO eV arinCeETToE




Commissioning

« Geometric fidelity checks of
MR seqguences

e Data transfer integrity
* Source path characterization
* Applicator model validation




Applicator Commissioning

Hellebust et al. Radiotherapy and Oncology 96.2 (2010): 153-160.



Reconstruction aids
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MR seqguences for catheter delineation

T2W 3D coarse — (1 mm isotropic) T1W 3D coarse — (1 mm isotropic)
» Catheters appear as voids » Catheters appears as bright

* Negative contrast * Positive Contrast

« ~3 mMins « ~3mMins
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QA for MR-guided brachy progr

CLINICAL VERSION

Conformity Index

Interstitial Free length Calculator

Channel number @Last Dwell

Tandem (¥/M)

Measured Free Length/mm | Estimated Last dwell Error

-2 2

CLINICAL VERSION

(SN [0 [0 DO PON [ () [ P REN PN PR P I PO PN IR ) PN PN PR 1
[E) ) [ Pe) PNR [ (W) [V PEY PEN PN PR PN Y RN PV P PEY P PR PR PN

® GO (PREVIOUS pars]
= COI [CURRENT pian)

50 100

150

a 250 00 350 w00 50
Target Volume (co)

Al Tl

HFN: 3357022
Fraction number: 2
Plan type: SN Transperineal - WITH tandem
Plan name: fx2

Plan date: 20200210

Plan time: 104257

QA STATUS: SEE WARNINGS IN REPORT

QA REPORT

PASS - Channel length check: All channels have correct indexer length and 1
tandem in channel 5 has a 1300 mm indexer length
PASS - Plan approval status

PASS - Flexitron HDR. 192-Ir afterloader is being used

WARNING - Treament position check: Most distal dwell in channel 1 is 21 mm from
the channel end

WARNING - Treament position check: Most distal dwell in channel 4 is 28 mm from
the channel end

WARNING - Treament position check: Most distal dwell in channel 7 is 31 mm from
the channel end

SWARNING** - Treament position check: Most distal dwell in channel 12 is 51 mm
from the channel end!

WARNING - Same treatment position waming as above affects other

channels... Please check!

PASS - Channel directionality check: All channels have proper directionality
assuming head first scan orientation.

PASS - Channel offset check: Al channels have zero offset and 1 tandem in
channel 5 has a-6 mm offset

PASS - Transperineal channel free length checks

PASS - Dose calculation based on TG-43 formalism

PASS - Channel mapping check: All channels have correct mapping.

PASS - Activity check

All checks completed. Treatment plan pdf and QA map copied to UN IMPAC HDR
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