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Implant Dosimetry

Conventional treatment planning

« Using set of radiograph (orthogonal or variable angle)
« Practiced since the inception of BT

« Lack of dosimetric information on patient anatomy

Conformal treatment planning (2005 in TMH)
« Using CT/MR images & advanced software algorithms

« More precise, becoming popular now

* Provide clinically realistic information




Radiograph based planning

e | ocalization

* Treatment Planning

 Plan Evaluation




Radiograph based planning

Localization:

Done on simulator or X-ray Machine

Patient positioning

|dentification of implant tubes
Insertion of X-ray markers (dummies)
Acquisition of set of radiographs

Measurement of tube length




Radiograph based planning (Localization)

Patient positioning:

* Supine, Arm above the head

« Try to orient patient in such a
way that implant plane becomes
nearly perpendicular to beam
axis

* To make implant tubes more
distinguishable on radiographs




Radiograph based planning (Localization)

Identification of implant tubes:

|dentification of implant planes

Numbering of catheters in each
plane

Immobilization of tubes from open
end (flags)




Radiograph based planning (Localization)

. Dummy Radiograph
Insertion of X-ray markers

(Dummies):

Dummies provided by
manufacturer

Binary coded numbering

Dummy should reach to the
tip end of the implant tube




Radiograph based planning (Localization)

Acquisition of radiographs:
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Radiograph based planning (Localization)

Measurement of tube
length:

To determine Indexer
Length:

“The distance travel by
source to reach first dwell
position from a reference
point in machine”




Radiograph based planning

* Localization

* Treatment Planning

 Plan Evaluation




Radiograph based planning

Treatment Planning:

Reconstruction of implant tubes
Determination of source loading
Determination of Basal Dose points
Dose prescription

Optimization




Radiograph based planning (Treatment Planning)

Reconstruction of implant tubes:

Catheter: 1 of 11 1lm: o] Catheter: Film: 2 of 2




Radiograph based planning (Treatment Planning)

Reconstructed images




Radiograph based planning (Treatment Planning)

Determination of source loadings




Radiograph based planning (Treatment Planning)

Determination of Basel Dose points

Points at local dose minima

At geometric centre of triangle or
square formed by neighboring
tubes at the mid of transverse

plane of implant




Radiograph based planning (Treatment Planning)

Dose prescription:

340 cGy / fraction at 85% of Basel dose
Total dose = 34 Gy in 10 fractions, 2 fraction daily




Radiograph based planning (Treatment Planning)

Optimization:

All active dwell positions are considers as dose points

GO adjust the dwell time of stepping source in each dwell
position to increases homogeneity and isodose coverage




Radiograph based planning (Treatment Planning)

Un optimize distribution Geometrical optimization on
volume




Radiograph based planning

* Localization

* Treatment Planning

 Plan Evaluation




Radiograph based planning

Plan Evaluation:
Using Cumulative DVH of Implant

Dose Homogeneity Index
DHI = (V1OO% B V150% )/ V1OO%

DHI >0.75
V509, < 70 CC
Vg9, < 20CC

Dose to marker points

( m a rke rS at C av i ty a n d S ki n ) DVYH 0 Cumulative DVH on implant. State : Consistent.
RTOG 0413




Radiograph based planning

Plan Evaluation

Un optimize Plan

Ml: 340 coy 50.2 en3 M2: 510 coy 10.8 cn*3
M3: 80 coy 4.70 en"3

Vlume [em’3]
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V,00%.= 50.2 cC
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DHI = 0.78
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Geometrically Optimize Plan

Ml: 340 coy 69,1 cutd Me: 510 cBy 15.6 cmd
M3: 680 chy 6.48 cutd

Doge [cGy]

Volume [em"3)

250

Vi009,= 69.1CC
Vi505,=15.6 cC
V005,=6.48 CcC
DHI = 0.77
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600

Dose [eGy]

DVH_0 : Cumulative DVH on implant. State : Consistent.

DVH_0: Cumulative DVH on implant. $tate : Consistent.



CT based 3D brachytherapy planning

CT image acquisition

Patient position: supine
Both arms above the head.

Thin copper wires (0.2mm)
Inserted inside the tubes for
delineation

3 mm CT cuts from the level of
mandible to several centimeters
below the inframammary fold

Entire body contour should be
taken in the field of view
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3D brachytherapy planning

Contouring

: lung (2]
ang (3)
r {4)

Lumpectomy cavity
Target (CTV)
For brachytherapy

Normal breast
Heart

Lung




3D brachytherapy planning

Catheter reconstruction

> Transve rse CT _ ; . ) o : Base Plane

cuts

« Multi planer
reconstruction Final Sean _




3D brachytherapy planning

Multi planer reconstruction (MPR)




3D brachytherapy planning

Axial Sagittal




3D brachytherapy planning

Determination of source loadings




3D brachytherapy planning

Prescription & Optimization
« 340 cGy/ fraction at 85%
of Basel dose

« Geometrical Optimization
on volume




3D brachytherapy planning

Graphical Optimization

It's a kind of manual optimization which allows to
optimize dose distribution interactively on multiple
planes by dragging the isodose lines

 To achieve dose distribution more conformal around the
target

« To spare the dose to critical structure in acceptable limits




3D brachytherapy planning

Geometrical Optimization Graphical Optimization

Slice : 48 of 33
Z{CT) : —84.0




3D brachytherapy plan evaluation

M1: 340 cCy 32.7 cm”3

M1: 340 cGy 83.5 cm~3

Volume [em™3]

250 M

400 600
Dose [cGy]

Volume [co®3]

100 M

80.0

400 600
Dose [cidy]

DVH_0 : Cumulative DVH on CAVITY. State : Consistent.

M1: 340 cGy 106 cm™3

Yolume [cm™3]

1000 M
500

500

400

400 600
Dose [clv]

DVH_2 : Cumulative DWH on IPSI_BR. State : Consistent.

DVH_1 : Cumulative DVH on PTV. State : Consistent.

Cumulative DVH of
Implant

Cavity

PTV

Other organs




3D brachytherapy plan evaluation

DVH of implant geometry
Dose Homogeneity Index = (Vq50, = V500, )/ Vigoo
DHI >0.75
V150 < 70 cc
V 200 < 20cc
Dose to marker points

Target coverage: > 90% of the PTV is covered by 90%
of the prescribed isodose line

<60% of the whole breast reference volume should
receive >50% of the prescribed dose.




3D brachytherapy plan evaluation

Normal tissue tolerances

Contralateral breast: <3% of the dose to any prescribed
point.

lpsilateral lung: <15% of the lung to receive 30% of the
prescribed dose

Contralateral lung:< 15% of the lung to receive 5% of the
prescribed dose.

Heart: <5% of the heart to receive 5% of the prescribed
dose




DVH Analysis

Coverage Index Cl= PTV y/ Vpry
Homogeneity index HI = (V400 Viso%) | Vigoe,
Over dose volume Index Ol = PTV,q50,/ Vpry
External volume Index El= (V100 = PTV00%) [ Vpry

Conformal index:

COIN=C1xC2

Balta et al [IJROBP 40,1998




Dosimetric comparison study

Climical Oncology (2008) 20: 46—52
doi:10.1016/j.clon.2007.09.006

Original Article

Dosimetric Comparison of Conventional Radiograph- and
Three-dimensional Computed Tomography-based
Planning using Dose Volume Indices for
Partial Breast Intraoperative Implants

S. D. Sharma®, A. Budrukkar{, R. R. Upreti®, A. Munshif,
R. Jalalif, D. D. Deshpande®

“Department of Medical Physics, Tata Memorial Hospital, Parel, Mumbai, India; tDepartment of Radiation Oncology,
Tata Memorial Hospital, Parel, Mumbai, India

18 Consecutive APBI patients

X-ray plan, Geometrical optimization & Graphical optimization




Loading based on Loading based on
X ray information CT information




Cl for cavity and PTV
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DHI, Ol and COIN
O X-ray BCT-GO mCT_GO+Graphical

" DHI
Xray plan VS GRPT: p=0.000

CT_GOPT vs CT_GRPT: p= 0.000
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I Xray plan VS GRPT: p=0.000

CT_GOPT vs CT_GRPT: p= 0.000

COIN
Xray plan VS GRPT: p=0.000
CT_GOPT vs CT_GRPT: p= 0.000
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Summary

CT based 3D brachytherapy is superior over conventional
planning

3D brachytherapy plan provides more conformal
distribution

Dose reduction to normal breast

Clinical realistic evaluation of implant dosimetry by DVH
analysis
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Brachytherapy Planning
3D Planning: Contouring

Clinical Target Volume (CTV): Is et 1ung. TR
drawn by uniform expansion of the ot i3]

cavity by 1-2 cm

CTV is further edited for skin and

chest wall

Skin: CTV is taken 5mm inside the
skin

Chest wall: CTV is edited so that it is
just above the pectoral muscle.

For Brachytherapy : CTV=PTV




Brachytherapy Planning
3D Planning: Contouring

ipsi BR (1)
left lung (2]
rt lung (3] left lung (3]
Body (4] rt lung (4]
Body (5]
ipsi EBR (5]
contra broas » heart (7]
heart 3

KE%FEI: 1ol Catheter:

Body (4]

ipsi_BER
heart |




3D Brachytherapy Planning
. Contouring of normal structures

Heart: Contouring should begin at the level where the pulmonary trunk diivides into
right and left braches

— All'the mediastinal structures below this level to be contoured including great
vessels

— Heart should be contoured till the last cut where it touches the diaphram.

Lungs: Both lungs to be contoured based on the visibility. Automated tools can be
used for contouring

Normal Breast : Ipsilateral and Contralateral

— All the breast tissue between the midline medially and midaxillary line laterally
to be contoured.

— Posterior border to be formed be formed by chest wall.
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RTOG Criteria for dose evaluation; APBI

95% Isodose line should cover 100% of the PTV
Uninvolved normal breast:
— <30% of normal breast should receive >50% of prescribed dose

— <25% of normal breast should receive the prescribed dose

Ipsilateral Lung: <10% of the lung should receive 30% of the

prescribed dose
Contralateral breast: <3% of the prescribed dose to any point

Heart: <5% of the heart should receive 5% of the prescribed dose




Radiograph based planning

Acquisition of radiographs:

Orthogonal or Variable angle

=

Angles depending on the visibility of all the tubes




