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BRACHYTHERAPY : WHAT?



EBRT vs BT



• Conforms to irregular tumor 
volumes.

• Avoids geographical miss - 
moves with the tumor.

• Rapid dose fall off.  
• Center of tumor (hypoxic / 

radio-resistant area) actually 
receives much higher dose.
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Adapted from Nag, S.



BRACHYTHERAPY IN CARCINOMA 
CERVIX : WHY?



Advantages of BT : Eg : Cervix



Advantages of BT : Eg : Cervix
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BRACHYTHERAPY : EVOLUTION



Journey from 2D to 3D



Journey from 2D to 3D

Imaging

DosimetryApplicators



BRACHYTHERAPY : EVOLUTION
IMAGING



2D Orthogonal X-ray based concept

APLat



Assessment modalities
Clinical USG CT MRI

Availability

Cost

Standard Gold Silver+ Silver Gold

Pre EBRT Correlation
 (Pearson’s correlation coefficients)

MRI-CLINICAL MRI-USG MRI-CT

Antero-Posterior 0.48 0.49 0.73

Medio-Lateral 0.18 0.14 0.62

Supero-Inferior 0.23 0.45 0.66

RGKMCH study



Journey from 2D to 3D
The GYN GEC ESTRO I – IV recommendations



Journey from 2D to 3D
The Indian Brachytherapy Society recommendations



MRI protocol

• T2w FSE sequences
• Vaginal jelly
• Para images



Different 3D environments

Environments At diagnosis Before 
Brachytherapy At Brachytherapy

MR – MR MR
+ Clinical Clinical ± MR MR*

+ Clinical

MR – CT MR
+ Clinical

MR
+ Clinical

CT*
+ Clinical

CT – CT CT + Clinical Clinical ± CT CT
+ Clinical

* - at least for the first fraction



CT Imaging protocol

– Bladder filling with dilute contrast.
– IV contrast – arterial phase – blush!
– Axial 2-3 mm slices.
– MR compatible applicators.



CT based target delineation



Journey from 2D to 3D
The Indian Brachytherapy Society recommendations



T2w MRI

CT



Documentation

• Mrs. MS, 66 yr, HTN, white discharge with spotting 4 months.

At Diagnosis
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Dimopoulos et al. StrahlOnkol 2008

Adaptive MRI based planning : 4D RT



TRUS Guided Prostate Brachytherapy : 4D



BRACHYTHERAPY : EVOLUTION
TARGET CONCEPTS



The concept of Point A and B

100%20-25%

• Lateral throw-off 
      of dose
• Obturator node

• Nodal dose ~ 3Gy 
for 4 

• # of 7 Gy each



Modifications of Point A



The ICRU Bladder and Rectal Points



GYN GEC ESTRO concepts

GES ESTRO recommendations 2005



ICRU 89 concepts : CTV
CTV-THR, IR and LR 

and CTV – Tadapt

GEC ESTRO II and ICRU 89 Fig. 5.3



Morbidity related anatomical reference points 
and volumes for important OARs

Westerveld et al 2013; ICRU 83 Section 6.2



BRACHYTHERAPY : EVOLUTION
APPLICATORS

The slides in this section are courtesy of 
Dr. Primoz Petric and Prof. Richard Poetter.
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Applicator selection 
based on tumour topography

Courtesy of  Daniel Berger and Primoz Petric

80% 20%



Applicator selection based on tumour topography

Courtesy of  Daniel Berger and Primoz Petric



Advanced brachytherapy applicators

Courtesy of  Daniel Berger and Primoz Petric



BRACHYTHERAPY : EVOLUTION
DOSIMETRY



Preplanning

Applicator selection

Brachy procedure

Imaging

Contouring

Applicator 
reconstruction

Point A, B, ICRU Bladder, 
Rectal points

Treatment delivery

Plan Evaluation

Clinical

Traditional IC

Insertion, packing

Orthogonal X Rays

Not possible

X Ray markers

Standard loading, MO

Doses to Point A, B, ICRU 
Bladder, Rectal points

Planning

Definition of dose points

LDR / HDR / PDR

Point A, ICRU Bladder, 
Rectovaginal points

Clinical + MR
Adaptive

MR compatible
IC, IC+IS, IS

Protocols, USG guided 
insertion, packing

MR (CT)

Vital – Target, OARs

Dedicated  protocols, 
applicator commissioning

Standard loading, MO, 
GO, IP

GYN GEC ESTRO DVH, LQ 
spreadsheet, EQD2

HDR / PDR

2 
D 

BT
3 D I GAB T



Optimal geometry

Ideal application
Longest tandem
Largest ovoids
Perfect pear

Poor application
Shorter tandem
Largest ovoids
Flattened pear

Poor application
Longest tandem
Smaller ovoids
Narrowed pear



Optimal geometry

Ideal application
and dose distribution

Inappropriate application
and resultant 

dose distributions



Physician

Physicist

Brachytherapy
Planning

 Golden Rule
Good planning and optimization

 cannot turn a poor insertion 
into a great plan!



MRI images

PIBS

PIBS +2

PIBS -2

ICRU RV PtICRU BL Pt



Steps of brachytherapy planning

1
•Applicator reconstruction

Manual, library based

2
• Standard loading
• Based on known loading patterns from systems

3
• Normalization to a point
• Planning aim vs Prescribed dose

4
• Plan Optimization
• Methods



LQ spreadsheet

Summation of EBRT 
and Brachytherapy 

doses by EQD2



Reporting and auditing

ICRU 83 Section 8.8



BRACHYTHERAPY : EVOLUTION
OPTIMIZATION



• Design a distribution of source terms such that the 
resultant dose distribution satisfies certain constraints 
and meets certain objectives as well as possible. 
1. Forward Optimization (FO)
– Dwell time – adjust dwell times at each source 

position
– Geometric – based on implant geometry
– Graphical – local vs global; drag isodoses
2. Inverse Optimization (IO)
- IPSA
- HIPO

Optimization



• Forward – tedious but more robust.

• Inverse – fast but less robust.

Brachy Optimization Types

Generate 
plan

Define 
objectives

Optimize 
plan

Define 
objectives

Optimize 
plan

Generate 
plan



Dwell time        Geometric        Graphical          Inverse

Optimization
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Inverse planning is only relevant when 
numerous applicators (needles, catheters 

are used and the planning process by 
Forward Planning Optimization is 

complex, laborious and time consuming).



• Simulated annealing (SA) is a probabilistic technique for 
approximating the global optimum of a given cost function.

• Specifically, it is a metaheuristic to approximate global 
optimization in a large search space for an optimization 
problem. The technique used is Stochastic Optimization.

• For problems where finding an approximate global 
optimum is more important than finding a precise local 
optimum in a fixed amount of time, simulated annealing 
may be preferable. 

• The name of the algorithm comes from annealing in 
metallurgy (a technique involving heating and controlled 
cooling of a material to alter its physical properties).

Simulated Annealing



• CT-based inverse planning.
• Produce an optimized plan in a very short time.
• Uses stochastic optimization only.
• Used for prostate (permanent implants, HDR), breast. 

• Dose coverage of PTV (V100) lower.
• Dose homogeneity Index lower.
• Overloading of needle ends, higher active length, 

redundant dwell positions.
• DVH parameters often suboptimal.

Inverse Planning Simulated Annealing



• CT-based inverse planning.
• Produce an optimized plan in a very short time.
• Uses both stochastic and deterministic optimization.
• Used for prostate, breast, gynaecological implants. 

• Dose coverage of PTV (V100) higher.
• Dose homogeneity Index higher.
• Overloading of needle ends, higher active length, 

redundant dwell positions.
• DVH parameters better and comparable to FO.

Hybrid Inverse Planning Optimization



FO vs IPSA vs HIPO



Conclusions

For image-guided cervix cancer treatments, both IMRT and IMPT seem to be 

inferior to BT. 



Thank You

drabhishekbasu@yahoo.com
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