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Management of Carcinoma of Uterine Cervix
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AEBRT (3DCRT/IMRT/ VMAT) + BT (2D radiographs/CT/MR)

CibulaD et al,RadiotherOncol 2018



Dose Accumulation of BT + EBRT
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Current Practice and Limitations

ASimple addition of biologically equivalent doses
ALQ model (a/b = 10 for target, 3 for OARS)

Limitations:

ABT: Doesnot take into account thepatial locatiorof the
hot spot (Worst case scenario).
AEBRT Assumption (Homogeneous dose)
AIMRT / VMAT
ASIB (Nodes close to BT reg. &
AMLB ;
AParametriaboost.

Uncertainty in dose estimation

Picture courtesy: K Tanderup, Denma



ALinking of dose to OARS toxicities

ARectum EQD2 R,.;0 2 By G4
ABladder EQD2 D, 20 2 By M4

A Sigmoid No dose effect established so far!

ABowet 4550Gy Dose effect likely to become
established for diarrhoea.

Picture courtesyProf RPoetter. MUW, Vienna
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dose effects for different endpeoints for rectal morbidity
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Mazeron et al. RadiothOncol 2016

Probability of grade 2-4 morbidity
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Follow up in months

Fokdal et al work in progress




Problem

Toreducethe uncertaintyof doseaccumulationin EBRTNd BT,especially
for OARs,so that, an accurate dose response relationship could be
established




Do we have a solution?

ADeformable Image Registration
AGaining momentum in EBRT
AContour mapping,
Al RI LJUA GBS wlk RA2
ADose accumulationEBRT
APlannedvs Deliverediose
ADose of the Day

AProstate &HN

AGyn cancers : EBRT + BT ?

BondarL et al. Med Phys.2018Ghoseet al. Artificial Intelligence itMedicine 2015Rigaud et al. Med3Phys.2018



DIR- More of a Problem than a solution!

Large deformationsSliding, content, shape Tumour Regression

Applicator, Vaginal pack

9

.:9

Lack of ma

Picture courtesy: ICRU ¢



DIRproducts- Which algorithm ?

A Velocity Medical Solutions Ve|0(;ity)
A Multi-modality demons
A Multi-resolution modified bspline
A Structureguided

A MIM Software Inc.

Deformable
Registration

| AAPM TG 132
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_ Geometry(Thin Intensity (B Hvbrid

A Intensity-based freeform. Plate Spline) spline, Demons y

A Hybrid
A Ray Search %

Anatomic Feature
A Morfeus / Boundaries/ | Vil Features and
Artificial mage voxe Image Intensity

A Anaconda Landmarks

: MIRADA
A Mirada medical

A Optical Flow Deformable 1J Chetty & M RosBubulac

Dose i

A DIRART (MATLAB, need CERR) accumulation Sem in Rad Oncol, 2019

A 3D slicer & - |
A DIR open source ITK Plastimatch
A Implemented in C++ fags

Direct Voxel
Tracking

Energy
Transfer

COM Interpolation




Issues with Intensity based Algorlthms

Q Doe"s not work well

- A Complex deformations. .
~ & A Multi-Modality
40 A Image Artifacts \ &
KO Nog, PhD Dissertation, Aarhugiversity, A L ow Contrast , JROBP 2001
A

Content 11.97mm

| |

Applicator cap is mistaken as bladder waII J Swamidas et a| Radiother Oncol 2015 .
(Thirion1998, Wang 2005, Kim H et al, J2B14)




Issues with feature based algorithms

Parametrium

Lacksin modeling discontinuities at
the Interface of sliding organs
(bladder, cervixuterus, rectum
sigmoidX)

Vagina

Cervix

parametersto register all structures
simultaneously

Uterus

Rectum

Flexibility can be prioritizedetween organs, not sufficient
to model the very complexity of the deformations. "

Useof a singleset of regularization] | % et
”
o,

—_—) Bladder

BondarL et al. Med Phys.201Qsario et al, MedPhys2015 e



Structure wise registration with vector field
integration (SW+VF)

ADesigned for Cenviterus, Bladder anBectumSigmoid.

AUsesindependent registration of eac$tructure, allowing
to naturally model slidingdeformations. ?

ATwotypes of features weresegmentediube-like feature:
such as vessednd ligaments, andheetlike features
such as muscles.

A Achievedhe best results 3.5 mm for the anatomical
correctness.

Osaorio et al, MedPhys2015

A Dosimetricvalidation
A Clinical Applicability
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Which DIR algorithm for bladder?
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A Synthetic Bladder a practical anghromisingtool for bladder dose summation.
A 0.7 mm
A=A R L s LI BTN /Present evaluation dBIOT demonstratéhat the current
A 3.7 mm algorithm issufficiently accurate for dose accumulation!

Wognumet al2014 ,Chen H et al PMB016 14



DIR for Rectum and Sigmoid

ARectum masKTetrahedra ¢ include
shapeinformation - Bent tube orcylinder
with variablecontent.

A Physiological Characteristi¢Stretching
of the muscles which elongates with the

rectal filling). ATubular
ATwist
AFocus on thewall ¢ not the content. ANon linearelastic FEM.

ASelf Surface interaction.

AMost Algorithms were tested forBT not
EBRT + BT.

Vila RB, et al. MeBhys2012, KONog Van Heerden el



DIR In the presence of applicator and vaginal pack

Intensity " Structure guided

A In multi fractionated BT may
be Yes!!

A In EBRT +BT How do we get
point-point correspondence?

Teoet al,RadiotheiOncol2015
Zhen et al, PMB 2015
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Deformable Dose AccumulatiqiLiterature review
EBRT + BT BT1+BT2
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