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Learning Objectives (379/Final Talk)

1) Understand the importance of application of
multimodal imaging in PSI

2) Learn the new and advanced methodologies and
technologies available for PSI
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Multimodal Imaging: detection & diagnosis

* USimaging has been the primary modality for prostate biopsy followed by pathological
findings/diagnosis

* mpMRI (T2w, DWI, DCE, MRS) has become more and more popular over the last

decades for the diagnosis of prostate cancer due to anatomical and functional imaging
ability

e T2w MRI is mainly used for prostate boundary detection while the diffusion-weighted
imaging is the modality choice for computer-aided prostate cancer detection

Can we avoid invasive biopsy and rely on digital biopsy?

Tiw MRI T2w MRI DWIMRI DCE MRI

Multimodal Imaging: detection & diagnosis

mpMRI-based radiomics and Al/ML for cancer detection
(b)Mp-MRIsegmentation  (c) Feares extraction () Anlysis

-
y Ll l I Al — artificial intelligence
ntensity . N X
T2WI T2WI = ﬁ‘ ML — machine learning
qh-lpe .
ADC — * —
]cxlun. .ﬁ

The framework for the radiomics workflow
(a) Patient scanned with preoperative mpMRI

(b) The dominate tumor was delineated by stacking up regions of interest slice-by-slice on the ADC map and transverse T2w
image on each slice. The segmented volume of interest was copied from ADC maps to DWI,5,, images

(c) High-throughput radiomics features were extracted from mpMRI
(d) Data analysis for feature selection, radiomics signature construction and testing

Min, Li et al, Euro. J. Radio (2019) 115:16-21
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Multimodal Imaging: detection & diagnosis

mpMRI-based radiomics for cancer detection

Treatment plan

Cancer detection
(brachytherapy)

Y

Classification

Treatment plan
(EBRT)

L[

2

» An overview of the presented framework for radiomics assisted targeted treatment radiotherapy planning
(Rad-TRaP) of prostate cancer

» Rad-TRaP consists of three modules - 1) voxel-wise cancer detection on MRI based on radiomic feature
analysis, 2) transference of cancer delineations to CT via deformable registration of MRI and CT, and
3) generation of targeted focal radiotherapy plans for brachytherapy and EBRT

Shiradkar, Podder et al, Radiation Oncology (2016) 11:148

Multimodal Imaging: detection & diagnosis

mpMRI-based radiomics for cancer detection
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» Quantitative results of the voxel-wise predictions

using the radiomics trained machine learning + Dice similarity coefficients (DSC) evaluating the

classifier in terms of AUCs for individual patients co-registration of T2w MRI and CT
« The classifier was trained on T2w, ADC MRI » The DSCs from deformable registration are
sequences and T2w alone to show that typically higher than those from rigid registration

misalignment between T2w and ADC MRI affects the
performance of the classifier (patients 2, 5 and 6)

Shiradkar, Podder et al, Radiation Oncology (2016) 11:148
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Multimodal Imaging: detection & diagnosis

Deep convolutional neural networks (D-CNN) have been applied successfully for the diagnosis of cancers in general,
and promising results have been achieved for prostate cancer.

11
|

i
; Labei 3 p
LY P \ ..':_'f,'.. / - " Prostate segmentation results of M1 and M2. The first row shows examples of segmentation performed using M1. The
Yo N—V e corresponding segmentation of M2 on the same slices is shown in the second row. The blue contour shows the ground

truth segmentation, while the red contour shows the segmentation obtained by the proposed D-CNN algorithms.

| Results of prostate cancer detection produced by Lemaitre et al., M1 and M2 from left to right, respectively. White

contour shows the prostate boundary segmented by a radiologist, while blue contour is the ground truth of malignant
Il = cimtcncn v lesions. Note that each row shows the same slice and each column shows the performance of the same CAD system.

—

lllustration of sliding a 3D window across the input volume. Note that the label of the middle
slice is considered as the label for the 3D window. In the dataset each pixel at each slice is
labeled as shown in the left.

Deep Convolutional Encoder Decoder Network

> CastactigPath . » Empaing P+ -
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The architecture of the deep convolutional encoder-decoder network and used to segment
lesions in MRI. Note that the dimensions under each layer corresponds to the size of the
output activations produced by same layer. Alkadi, Taher et al, J of Digital Imaging (2019) 32:793-807

Multimodal Imaging: seed implant

‘ DIL (mpMRI vol.) - dominant intraprostatic lesion ‘

| Aim is to cover DIL/mpMRI volume with 150% of Rx dose |

« Different treatment plans for brachytherapy shown on
a single slice of T2w MR for 3 different patients in 3
rows

a - whole gland (WH)
b - ref/focal area (RF)
¢ - whole gland + focal (WF)

pt. 2

» Plans in WH and WF cover the entire prostate (blue
contour) and have a larger dosage (maroon colored
contour shows V )

* Number of needles (green circles) compared to RF in
which only the cancerous region (bright red contour
within the prostate) is covered

pt. 3

Shiradkar, Podder et al, Radiation Oncology (2016) 11:148
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Dose painting to DIL or mpMRI Vol.

Pre-Operative and Post-operative dosimetric coverage of DIL volume with 125] and '%3Pd

with 1% and 1%°Pd.

P . Pre-Operative Post-Operative
arameter
1251 103pd p-value 125] 103pd p-value
DIL Vi
(% vol) 99.8+2.9 99.9+0.2 0.83 99.8+0.6 99.2+2.5 0.89
DIL Vysgse
(% vol) 96.0+10.6 97.2+4.4 0.88 84.5+18.7 82.1+16.5 0.82
DIL Vao0s
(% vol) 63.8+17.3 | 72.1+13.5 0.05 51.0+24.1 51.8423.2 0.13
- . hen g pas tda " ]
oz Poy o peast s00 024 P27 P06
A L — — = ——
50 B
g
DI 1125 8
:::.l:ln-‘l-i\ 'E' "  DIL, Monotherapy
oo N3nE § No DIL, Monatherapy
s - = DIL, Boost
E wNo DIL, Boost
10
Frequency Urgency Nocturia Dysuria
Toxicities 0
(A) - Incidence of urinary toxicities for patients with and without DIL treated Frequency Urgency Nocturia Dysuria
Toxicities
(B) - Incidence of urinary toxicities for patients with and without DIL treated with PSI as monotherapy

l DIL (mpMRI vol.) - dominant intraprostatic lesion ‘

Aim is to cover DIL/mpMRI volume with 150% of Rx dose |

and boost.

Muenkel, Traughber et al, J Oncol Res (2019) 3(1): 01-14

Dose painting to DIL or mpMRI Vol.

Dosimetric parameters by group.
30
LDR only LDR * Boost p valua
Disease charactenstics n T (Range) n % (Range) ]
Stage (NCON) ; 20
Tic 6 2 s1 \]'
T 16 15 1 24 0226 E 15
™ = % " 2 - f\‘ N —
Tx 5 ] [ o 10 t
Gleason’s score g = LDR + Boost
6 57 2 = 51 0359 bl
T3+4) 48 £ n 49 o
T(4+3) 4 4 [ [ & © = & &
&
Initial PSA level f@“#@fﬁg‘fﬁfﬁ
Median 63 (32-101) &1 v & G g 5 0 o o
<10 L i £l 69 0424 q“
=10 » 2% ” n 0583
Positive biopsy ratio (X) n (14-38) F 17-33) 0333 Time
:;-"':' "'":" "ﬂl;r ratio (X) :" 17'“51 ;0 L?'z“” ::: Mean IPSS score during follow-up by group
<oceductive hormatherapy ! °
- oy T %% e o~ IPSS = International Prostate Symptom Score

NCCN = National Comprehensive Cancer Network, PSA = Prostate-Specific Antigen, Range = First Quartile and Third Quartile

inary by group ing to CTCAE v.4.03.

Toxicity Grade LDR only LDR + Boost Pvalue:
Acute (%) 1 58,1 519 0118

2 333 46,2

>3 0 0
Late (%) 1 505 604 0,076

2 36,6 37,7

>3 o 02
Catheterism (n) 3 2 1,00

CTCAE = Common Terminology Criteria for Adverse Events.

DIL (mpMRI vol.) - dominant intraprostatic lesion;

Boost - boost to DIL

e

==&~ LDR + DiL boost

—+— DR only
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Years after treatment

biochemical failure-free survival (7-year BFFS) curve.

Guimond, Lavallee et al., Radiotherapy and Oncology (2019) 133:62—-67
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Multimodal Imaging: dosimetric planning

Segmentation/ contouring — TRUS, CT, MRI
1) TRUS -

= suitable for real-time, no radiation, inexpensive

= |ow-contrast between the prostate and surrounding tissues, and the inter-exam variability of the
prostate characteristics, inherent artifacts (speckle, shadowing, and attenuation)

2) CT — prostate contouring is challenging

3) MRI - good contrast compared to the TRUS and CT

Auto segmentation on MRI is based on automatically extracted features; used methods are CNN, deep learning
for feature extraction.

Multimodal Imaging - promising results have been obtained by incorporating information of prostate
gland shape from MRI with US or with CT.

Multimodal Imaging: dosimetric planning

1) Pre-Op planning — TRUS, CT, MRI
. Determine seeds, order seeds, assay/verification (TRUS, CT, MRI)
=  Pre-loaded needles (TRUS)

2) Intra-Op planning — TRUS, real-time dosimetry
3) Post-Op planning — CT, MRI or a combination

LJS ifm‘ge of P't"smf ;’Vith 'IEIDH " CT image of prostate prior to EBRT Post LDR CT image of prostate.
rachytherapy template grid on it. and LDR implant. Seeds are seen as bright white spots.

** Accurate contouring of prostate on CT is very challenging

7/8/2020



Brachytherapy Dose Computation

1)
2)
3)

1D/2D geometric formulation (TG-43)

Model based computation (TG-186)
Dosimetric evaluation (TG-137)

1-D dosimetry formulation (AAPM TG-43U1)

. G (r.8)
D(r)y=S,.A. " g (r)g,(r)
G 8y S ®
D(r) = dose rate to water at point (r)
S, = air kerma strength
A = dose rate constant

G, (r.0) = geometric function (line source approximation)
£.(r) = radial dose function
¢.,(r) = 1-D anisotropy function

P8y
f
ry=1 cm
\ %
| (-
I ! L |

2-D dosimetry formulation (AAPM TG-43U1)

. G,(r,0,)
Nr,.@)=S, A1 g, (r).F(r,0)
YUG(.0) |
D(r,8) = dose rate to water at point P(r)
S, = air kerma strength
A = dose rate constant

G,(r.0) = geometric function (line source approximation)
£,(r) = radial dose function

F(r,0) =2-D anisotropy function

Factor-based vs Model-based

INPUT CALCULATION OUTPUT
Source =) | Superposition of
TG43s characterization data from source => | Dy1e4a
characterization
INPUT CALCULATION OUTPUT
Source - D
characterization Model-Based m,m
MBDC Dose Calculation =
Tissue/applicator | = Algorithms Dym
information
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Brachytherapy Dose Computation (MBDC vs. TG43)
Dose metrics evaluated with MCref/MBDC and TG43sim/TG43 for 613 patients and 3 example cases
Target Urethra Rectum Bladder
Dog Dog Vioo  Vamo Ds D3p Vioo Doiem3 Dzems Diso  Doiems Ds Dso
(Gy)  (Gy) (%) (%) (Gy) (Gy) (%) (Gy) (Gy) (Gy) (Gy) (Gy) (Gy)
Overall results from 613 patients
MCref 144.1 946 882 300 2714 2222 834 1763 975 428 221.8 120.1 54.9
TG43sim 1526 1013 904 334 2834 2328 860 1856 1028 442 2192 1197 560
%A, -59 72 —26 =115 —-44 -47 =57 —5.2 -54 32 15z 04 21
(77,9 1.6 215 1.7 32 1.8 1.9 6.5 1.8 1.7 53 1.8 1E5 2.0
1QR(MCref) 349 322 98 14.7 93.2 56.6 19.8 73.6 348 16.7 99.8 38.6 220
IOR(TG43sim) 366 338 92 169 975 586 17 76.0 36.8 184 98.9 38.5 22.1
Example case 1: 1,52 em”® calcification
MCref 1104 724 733 19.7 230.8 1826 79.1 121.4 64.6 25.1 2246 91.9 349
TG43sim 1374 984 876 227 2673 2238 932 1525 81.8 318 2292 99.7 387
%A —244 =359 -194 —155 —158 -226 -—178 -256 -—266 -26.6 -2.1 —1.8 —109
Example case 2: 0.32 em” calcification
MCref 84.9 545 61.7 13.6 1903 168.7 59.8 86.9 544 21.7 86.2 452 19.3
TG43sim 929 60.5 68.4 152 2037 1833 68.4 94.1 58.6 235 87.0 44 20.6
%A -95 —-11.0 -108 =—-12.1 -7.1 —-86 -—144 83 -76 -85 -09 19 =70
Example case 3: no CT visible calcification
MCref 114.2 73 791 205 193.6  162.0 59.0 99.4 624 272 2470 141.1 704
TG43sim 120.9 784 82.0 226 201.2 167.3 62.0 105.0 66.7 295 2546 1413 71.9
%A -59 =0.8 =36 -10.1 —4.0 -33 -5.2 56 =09, —8.4 -3.1 =0l -2.1
MCref: CT-derived heterogeneous tissue model with interseed effects Vikeys. Vianeauly et al. LIFOEP (2019) 97(3):606.615

Sensitivity of Anatomic Sites to Dosimetric
Limitations of Current Planning Systems
ana;iiwgwic pehnoef;);y absd%r::d attenuation | shielding scattering betz/l;:;ma
rostate high
P low XXX XXX XXX
breast high XXX
reas low XXX XXX XXX
high XXX
GYN low XXX XXX
i high XXX XXX
low XXX XXX XXX
. high XXX XXX
g low XXX XXX XXX
. high XXX
penis low XXX XXX
e high XXX XXX XXX
Y low XXX XXX XXX XXX
Rivard, Venselaar, Beaulieu, Med Phys 36, 2136-2153 (2009)




Multimodal Imaging: post-Op dosimetry

US/TRUS

Imaging modality-

* CT only — commonly used

* US only — better prostate contour

* MRI only — still challenging

* CT & MRI — good, but expensive

* CT & US — take advantage from both
e US & C-arm — real time/dynamic

Post-Op plans on CT post-implantation and on US
images at the start of the procedure.

Difference Mean (%) o (%) p-value
DI0CT—D90preus 6.4 21.6 0.1097
DIO0-D100pe ys  —3.75 19.33  0.3052
VI00cr-V100peys  —0.17 901 09186
VI50cr-V150pe-us 1.29 18.03  0.0379

(a)—(c) A comparison of the visibility of implanted seeds on axial, sagittal and coronal views of a prostate
implant on US images acquired using twister mode that was performed at the end of implantation
procedure. (d)—(f) CT images acquired nearly 4 weeks post-implantation.

Ali, Spencer et al., Phys. Med. Biol. (2009) 54:5595-5611

Multimodal Imaging: post-Op dosimetry

MRI only post-Op planning

[ 30 convolution [ 2 ~ 2 = 2 max pool [IIIN] 50% dropout
Bateh norm + ReL Ul Fully connected

SR, 4
The SeedNet architecture. The windows were processed with 3D CNNs. Three separate CNNs, each First, each sub-window was passed to the detector to identify windows containing seeds. The seed sub-windows

with the same configuration of layers, were trained to perform seed detection, classification, and were then passed to a classifier to reject seed marker sub-windows that, owing to their similar shape and proximity
localization tasks. to the seeds, were incorrectly classified as seed sub-windows. The seed sub-windows from the classifier were

passed to the localizer to pinpoint the precise location of the seed. Finally, the seed sub-windows were mapped
back to their locations within the original image stack.

image veiume prostate conour

MIM SDK | crotate contour MIM SDK
(receive) kil e

bageinein | Bounding box |prostate ROI|  Subwindow  [sub-windows|
aae S T e peef o | o o e
Example of SeedNet's (left) and a CMD's (right) seed location inferences and corresponding radiation
Seediet model dose distributions in MIM Software. The prostate contour was deactivated to allow for unobscured

visualization of the isodose lines. The radioactive seeds are depicted as green circles.
Data-flow diagram demonstrating the integration of SeedNet into a clinical software package using DLAE.

Sander, Frank et al., Magn Reson Med. (2019) 81:3888-3900
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Real-time Dynamic Dose Computation

» Used TRUS and C-arm fluoroscopy
« fluoroscopy-to-TRUS registration

» Seed segmentation: 1% false
negative rate and 2% false positive

« Ability to detect cold spots

Fluorescopic
Reconstruction

=N
Uiaaound Yohae Registration & Dosimetry
Workflow of our image-guidance system for dynamic dose calculation. At least three fluoroscopic images
are taken of the implanted seeds and the fiducial above the patient's abdomen (the dark round object in
the images is a Foley catheter balloon optionally filled with contrast to identify the bladder). An ultrasound
volume of the seed-filled prostate is acquired. Both image sets are processed to calculate dose.

s -

Intraoperative dosimetry result showing a cold spot. (a) TRUS image is overlaid with the prostate
contour and the 100% isodose level (bright line) computed from the registered seed reconstruction
(dots). (b) 3D rendering of the same prostate and 100% isodose level; cold spot is evident at the
anterior base of the prostate.

Prostate dose:
metrics
Reconstruction crror (mm) Registration error (mm).
mean + Sid mean + Sid Dy Viso
Patient Overall x ¥ z Ovenll  USFL(%) MRCT(%) USFL(%) MRCT(%
1 08203 0404 12209 1608 129 123 90 95
2 0710 09209 125 s ux 9.1
3 09+09 1610 14 15 930 5.1
4 0807 1206 153 130 989 9.0
5 05+03 09404 131 126 9Tl 986
6 0. 3
7 09£07 132 100 o83 0.1
8 06£03 136 134 %98 %0
9 . 09£06 125 s 974 976
10 02402 05+05 0907 s us 970 ®0
1 0403 0505 1107 123 125 43 985
7 04104 05:04 08:06 154 146 w4 w8
13 5 07+06 0807 131 ns %3 913
il 05£02 08407 1L1£06 1n3 109 952 032
15 06+05 1007 13:06 108 106 932 918
16 08:+07 143 146 "S5 986
09+08 140 151 989 %96
18 08£05 169 16 %86 992
19 05+03 130 n a7 87
2 05405 09405 m 24 96 985
n 0302 1006 137 24 03 976
n 104£05 132 139 970 95
B 0306 165 It %8 993
n 13210 s n 953 9%.1
25 14213
2% 09+ 06 14 1o 968 9.9
n 07+05 125 107 954 920
09106 7 ns ;S 953
09108 136 129 %6 %S
05403 06106 10+07 124 106 %.1 939
03:04 0404 1011
04403 1] 130 9l 984
06+04
04+04 125 (53] 964 949
116 ne 99 %64
05£06 09+05
37 0806 14205 120 124 us %9
Overall 04404 05£05 09£07 13x07

Kuo, Dehghan et al., MedPhys (2014) 41(9):1-13

Treatment Delivery

1) Loose seeds stacked in cartridge — Mick Applicator

2) Pre-loaded needles

3) Seedsin a strand — preordered/cut or make in OR

4) Mechanized device — robotic systems

Prostate gland

Prostate
gland

Seed strands

: (a) seed dimension, (b) strands

Device to make strands

7/8/2020
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Conventional Prostate Seed Implant

Pubic Arch

Fixed
template

Prostate

Needle
angulation

Fixed template — limited maneuverability

PAI (pubic arch interference) — needle angulation difficult
¢ Consistency, accuracy, efficiency — techniques & human factors

Clinicians’ fatigue, commitment

Technical Challenges in Prostate Seed Implantation

e Edema - prostate volume increases, dose uncertainty, toxicities

* Needle placement — deflection from desired coordinates, difficulties in

puncturing prostate capsule, prostate deformation deflection, i.e. challenge in
immobilization

* Seed position — local movement, long distance migration (lungs, heart);
position of delivered seeds can be significantly different from pre/intra-Op
planned coordinates resulting in substantial deviation in dosimetric coverage

* Post-Op evaluation — challenging to delineate prostate in post-Op CT,
several seeds may clamp together

7/8/2020
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Techniques for Prostate Immobilization

0P PusLIsHING

Phys. Med. Biol. 53 (2008) 15631579

PHYSICS IN MEDICINE AND BloLOGY

doi:10.1088/003 1-9155/53/6/004

Methods for prostate stabilization during

transperineal LDR brachytherapy

Tarun Podder', Jast
John Strang’, Wan-

an’, Deborah Rubens®, Edward Messii

ent of Radiation Oncology, Jefferson Medical College, Thomas Jefferson University.

Hook needle

Regular needle

i

-

£/

)

PA 19107, USA
tof Medical Physics, University of Buffalo, Buf
ents of Imaging Science and Surgery, University of

is of Urology and Surgery, University of Rachest
ing Science and Surgery, University of

7 Dep t of Radiation Oncology, Jefferson Medical Colle
Philadelphia, PA 19107, USA

Received 2 July 2007, in final form 23 December
Published 22 February 2008
Onli cks.iop.org/PMB/53/1563

Table 7. Overall prostate displacement results for all the configurations (in vitro experiment).

Needle Resultant Reduction

Needle configuration displacement (mm)  in movement
No stabilization  — 15.4 -

18G Regular Parallel (0°HO®V) 11.5 25.3%

18G Regular 20°H30°V 72 53.2%

18G Regular 30°H30°V 6.1 60 4%

18G Regular 30°H30°V crossed 5.6 63.6%

18G Hook Parallel (0°HO"V) 6.5 57.8%

18G Hook 20°H30°V 6.3 59.1%
[18G Hook 30°H30°V 5.7 63.0%]

Rectilinear vs. Curvilinear Techniques for PSI

Radioactive Conventional Radioactive
seeds
pms!ate seeds needle Prostate
By ~ Q
o
38
5g
©
E]
2
2
Urethra % Urethra
Rectum Rectum
(@ (b)

(a) Conventional rectilinear
approach.

_Smart needle

ease ainound
[enueo |jews

(b) Curvilinear conformal smart

needle insertion.

‘TasLe L. Comparison of proposed curvilinear approach and conventional rectilinear approach.

20 patient PSI cases

Parameter Rectilinear method Curvilinear method pvalue
(n=20) Average = SD (range) Average = SD (range) Difference (two-tailed)
Total needle 192£26(14-23) 1322 14(10-15) ~6.0(~30.5%) <0001
Total seed 625+ 112 (43-85) 5.1 104 (38-74) ~74(~118%) <049
Total activity (mCi) 38363 (28347.3) 3849 0.3) ~11.8%) <037
Prostate (average =41.3cm’, range = 26.6-53.2cm’):

Dy (Gy) 198.7+9.9(1829-215.2) 1833+ 6.8 (1763-194.5) ~154(~78%) <004
Vg0 (c’) 99.98 1 0.06 (99.8-100) 99.97 10.06 (99.83-100) —0.01 (~0.01%) <085
Viso (em’) 65753 (578-759) ~152(~188%) <001
Vagy (em’) 289+33 ~148(-339%) <0001
Urethra:

Dy (Gy) 2099122 (186.2-228.7) 1892+ 8.1 (178.3-208.8) ~207 (-9.9%) <002
Dy (Gy) 205.1 104 ( 1843£7.4(172 0.2) ~20.8 (~10.1%) <001
Reetum

Ds (Gy) 160.2% 15.9 (137.9-196.8) 1305 123 (111.0-151.1) ~297 (~185%) <003
Vigp (e’ 0932051 (0.19-2.0) 0212017 (0.03-0.61) ~0.72(-778%) <0.001

% Structure Volume

Cumulative DVH

= = Prostate
= = Urethra
= = Rectum
| = Prostate- CL
| —Urethra- cL
——Rectum-CL

0 25 50 75 100 125 150 175 200 225 250 275 300 325 350

Dose (Gy)
CL inlegerd stands for “Curvilinear”

Conventional rectilinear implantation (dotted lines)
Proposed curvilinear implantation (solid lines)

Podder, Dicker et al., MedPhys (2012) 39(4):1887-1892

7/8/2020
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Other Challenges

Brachytherapy is underrated/underappreciated
Shadowed by proton therapy and IMRT
Decreasing expertise

Increasing lack of BT training; needs to shorten and
make it popular

Robotic BT devices can mitigate some of the
above issues

Robot-assisted Brachytherapy

Main Objectives are to -
1) Improve accuracy of needle/catheter placement

2) Improve consistency of source placement/delivery
3
4

) Improve avoidance of OARs
)

Improve dose optimization

o

Reduce the clinician’s learning curve

v@

Reduce clinician’s fatigue

~

Reduce radiation exposure to clinical staff

8) Streamline the brachytherapy procedure

AAPM TG-192, MedPhys (2014) 41(10)

7/8/2020
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Robotic Systems for Brachytherapy

MIRA, Minimally

Invasive Robot EUCLIDEANS, Endo-Uro FIRST#*, Fully Integrated
RRI robot, Assistant, University ~ Computer Lattice for Reaktime Seed Treatment,
Robarts Research o \wastern Ontario,  Intratumoral Delivery, Elekta-Nucletron .
Institute, lung, US - upgraded  Implantation, and Ablation prostate, (TR)US s
University of to MIRA-V with Nanosensing, Thomas ’

UMCU robot, University
Medical Center Utrecht,
prostate, (TR)US /

Western Ontario,
prostate, (TR)US %

Jefferson University, prostate,
(TR)US

¢ MIRAB, Multichanel Image-

;/ guided Robotic Assistant for

! Brachytherapy, Thomas ¥
{ lJefferson University, pra .
! prostate, (TR)US - ’;

interchangeable with
EUCLIDEAN)

UBC robot, JHU robot1#, Johns
University of Hopkins University
British Colum 4 (JHU), prostate, (TR)US
ProstNe; MB .. JHU robot3, Johns
Hopkins University,
prostate, MR CHUG robot, Centre
Hospitalier Universitaire

- Para-Brachyrob, Technical
University of Cluj-Napoca,
prostate/lung/liver/kidne

o JHU MrBot, Johns Hopkins V/ENT, CT
< University, prostate, MR - G;RGlrjesnob!e, presiate:

UW robot, odapted for prostate biopsy L

University of

Wisconsin, JHU and BHW robot, Johns

prostate, (TR)US Hopkins University and
Brigham and Women's
Hospital, prostate, MR Popescu et al., J. Cont. Barchy (2015) 7(6)

Available/developed Robotic Systems for Brachytherapy

1) Thomas Jefferson University, USA (2) — Podder, Yu

2) Johns Hopkins University, USA (4) — Fichtinger, Stoianovici, Song

3) University of Wisconsin, USA (1) — Thomadsen, et al.

4) University of British Colombia, Canada (1) — Salcudean, Spadinger

5) Robarts Research Institute, Canada (1) — Fenster, et al.

6) University of Western Ontario, Canada (1) — Patel, et al.

7) Elekta/Nucletron - SeedSelectron/FIRST, Netherlands (discontinued) — Elekta
8) Univ. Medical Center Utrecht, Netherlands (1) — Moerland, Lagerburg
9) Grenoble University Hospital, France (1) — Troccaz, Hungr

10) Univ. of California at San Diego/ Univ. of lowa (1) — Watkins, Song

11) Univ. of Cluj-Napoca, Romania (1) — Galdau, Pisla

12) Tianjin Univ, China (1) — Dou, Yang, et al.

13) CoBra (MRI guided) - European project Total = 17 robotic systems
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Summary of Brachy Robots

Table 1: Summary of the currently available robotic brachytherapy systems. Total = 17 (2 are not listed here, shown later)
TRUS-based Robotic Prostate Braclytherapy Systems MR-based Robotic Prostate US-based Robotic Brachytherapy
Features Brachytherapy Systems Systems for Other Organs
FIRST FUCLDGN | MIGE TWraber | JECroborl | TBC s e TICT | BT AR | HUNE | MEAV | PARA- DAET
a ABot 2) I BRACHYROB
Tt e Eln T T oW =) TEC TR UG TCT | 150 HD O TWO TOCN TesD
Nucletron.
Year (approx ) 2001-2004 2005-2010 2007-2012 2005-2008 2002-2008 2007-2009 2005-2011 2007-2011 2006- 2003- 2005-2008 2007- 2005-2009 10132016 2011-2016
2010 2008 2011
RIA Class 2 3 3 2 2 2 3 2 2 2 2 2 3 2 3
Bracky Ciaz T i W T T T T T T ™ T T T T T
‘Application PST PSI PSVHDR PSVHDR PST PSI PST PSI PSIVHDR | PSI PSI PSI LST (hung) Seed HDR
Tmplantation (rectum/
breast)
Imazing modaliry 'S (auto & UJS (auto & U'S (auto & us us U/S (manual) | U'S (awto & us MRI MRI MERI MEI us
masnal) mama) mamsa) mosl) | (mama)) mamual)
Degrescoffmedom | 2DOF SDOF SDOF 6DOF 4DOF 3DOF TS o & | 5DOE SDOF | 4DOF [ 3DOF EDOF [ SDOF TDOE 3DOF
(DOF) surgieal, swgical, surgical swrgical mazual) (including
2DOF U'S, 2DOFU’S, 6 HDR
6DOF DOF sowrce
posisoning, 3 | posi movement)
DOF cart DOF cart
“Number of chamnell Single Single 16 needles Single Single Single Single Single Single Single Single Single Single Single 16
meedle s
Needle msertion Manual Autonomous Autonomous. Auto and for | Mazual Manual Manual Autonomou | Autonom Autonom Marual Autonomous NA
Manual B ous ous
tapping
Nesdie rotstion Mo Yo Yo Ve To ED el Ye: No To Mo Vo o No Ni&
‘Angled Insertion. No Yes Yes Yes Ve Tes Yes Yes Ne Ve Yes Yes Yes NA
Soures debvery! Hntonsmen: | Awonomews | Awonsmows | Mamusl Ml | Ml Yzl Mamual Vomal | Auenom | Ml Mamual | Mamual A THwonoms
positioning (auto in . ou
Needle/source ‘Autonomenus Autonomous Autonomous. Autoand for | Mamual Manual Manual Manual Manual Autonom Manual Manual Manual Autonomous ‘Autonomo
w Manual ous us
Physical template Yes Neo Yes Ne Ne Neo No Ne Ne Ne Neo No Neo Ne Neo
Templtepornenm | Comventiomal | 62mmx Omm = Tommx | Sommx | Dmmx Sommx Wsmm= | NA Wmmx | WA Stmmx | WA A NA
area coverage 67mm 60mm 250mm Shmm 150mm $0mm 105mm 40mm. S0mm
Depth movement Conventional 3mm 240mm 250mm 120mm 150mm T0mm NA 150mm A0mm NA 120mm NA 45mm
T Oncenma To-howss, Tohows E7 DA A Tobows WA A VA WA Done A A NA
Seeds FDA-IDE approved
approved Interplant
Needle tip positioning | NA 0.2mm <0.2mm NA NA 0.3zm 0.2mm NA NA 0.32mm NA 0.94mm NA NA
Needle fip positioming | =0.5mm 0 5mm “05mm NA 104mm NA 05mm T Omm A Osmm | 20mm 3 0mm 09mm WA NA
accwacy in phantom
‘Accuracy m Tmm (tested) lmm. <lmm <lmm NA 12mm 1.6mm NA NA Lmm NA NA NA NA lmm:
source/seed deposition Gested)
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes NA NA
Provision for reverting | Yes Tes Yoo Ye: Tes No WA NA
© 1 mod
Force-torque sensor No, but motor Yes No Yes No No No No Neo No No No No Ne NA
stops if too
much force
Deeded)
FDA, CEwpproval | Yes,akoCE | IDE Yo To To To o e To No No Mo No

Some of the Brachy Robots

Hungr, et al. IEEE-EMBS, 2009

The Robotic Needl

Surgical XY [ Rotary needle Plastisol gel : :
carrier adapter phantom Dou, et al. MedPhys 2017

Salcudean et al. IEEE-ICRA 2010 (4DOF CT-guided for lung brachy)

Podder et al. IEEE-BIBE 2010
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CT-guided Robotic System for Lung Brachy

Robot-assisted seed implantation for lung cancer.
Used this system for treating over 34 NSCLC patients since 2015.

™ Control PC

.S =

P <
Moyaablc ummnlhu\/f/
" CT table

Treatment plan

| Delineation of tumor target area
21 caleulstion
3 Sceds position arrangement

TPS software

Target information

Robot Registration

CT Scanfier Room
moowwsuo;)

Actual
position .
feedback

Encoder
- and M

v
Target
position

Robot
position

Control board

Driving
Mechanism

Inverse
Kinematics

d
e Comman

Signal

Motien Controller,

Raobot control interface in TPS

I'he artificial phantom | Step3

Step 4

Dou, Yang et al., MedPhys (2017) 44(9)

coBra robotic system (MRI-guided)

Multiple sensors (force/torque, optical range, radiation) — improve safety and reliability

Automatic seed deposition — less burden for clinicians ™

detection of needle deformation during the insertion

Needle rotation — reduces insertion force, improves targeting
Needle angulation —a few puncture at the perineum, avoidance of PAI
Cartridge with 100 seeds — less radiation exposure, saves time

Robot/patient calibration

to the
with QR ¢

https://youtu.be/3f41dV8EIT4
https://cobra-2seas.eu/
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Future Directions

1)

2)
3)
4)

5)
6)
7)

Use of multimodal imaging and mpMRI for cancer detection and
diagnosis — radiomics, Al/ML, ANN/CNN etc.

Consider focal thera PY — reduce toxicity, improve quality of life
Improve dosimetric computation — mc, MBDC, etc.

Improve deIivery of TX — target stabilization, accurate needle placement and seed
deposition, real-time dynamic dose verification and adaptation

Training of new generation — physicians & physicists
Use mechanized/robotic systems — reduce clinician’s burden, improve Tx consistency

Respect and follow the science

Summary

» Multimodal imaging is critical for PSI
> Radiomics, Al/ML may play important role

> Dose paining to DIL/mpMRI can reduce toxicity and may
improve clinical outcome

> Mechanized/ robot-assisted Tx delivery can improve
consistency & quality of implant and may reduce some
burdens of the clinicians
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Thank You!
Stay Safe!!

Any Question?
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