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Course Title: Brachytherapy Treatment Planning and Radiobiological Models
Course Code: To be decided later



Credit Units: 5
Level: PG
Course Objectives: 

The aim of the present course is to provide knowledge of Brachytherapy Treatment Planning and Radiobiological Models.  
Prerequisites:

Graduate Level physics
Student Learning Outcomes:

On completion of this course, the students will have the knowledge of Brachytherapy Treatment Planning and Radiobiological Models. 
	
	

	Module I Clinical aspects of Brachytherapy
	30% Weightage

	Definition, advantages and limitations as well as different methods of brachytherapy. Indications for various types of brachytherapy.

Treatment Planning of Brachytherapy

Calibration of Brachytherapy Sources: Specification of source strength, Radium Substitutes and Radioactive Isotopes Currently Used in Brachytherapy, Linear Sources, Seeds, Exposure Rate Calibration using well chamber. 

Calculation of dose distributions: Biological consideration of dose, dose rate, and fractionation; calculation of dose from a point source and line source using sievert Integrals; calculation of absorbed dose distribution in water around sealed sources with AAPM TG 43 algorithm protocol, point source, line, unfiltered and filtered; optimization of dose distribution.

Systems of Implant Dosimetry: Paterson-Parker, Quimby, Memorial, Paris, Computer

Implantation Techniques: Surface Molds/Plaques, Interstitial Therapy, Intracavitary Therapy -Uterine Cervix, Milligram-Hours, Manchester System, Bladder and Rectum Dose, ICRU System, Absorbed Dose at Reference Points


	

	Module II Brachytherapy Treatment Planning
	30% Weightage

	CT/MR based brachytherapy planning – forward and inverse planning DICOM image import / export from OT – Record & verification. Brachytherapy treatment for prostate cancer. Ocular brachytherapy using photon and beta sources. Intravascular brachytherapy – classification – sources – dosimetry procedures – AAPM TG 60 protocol. Electronic brachytherapy (Mammosite). Scope of computers in radiation treatment planning – Review of algorithms used for treatment planning computations – Pencil beam, double pencil beam, Clarkson method, convolution superposition, lung interface algorithm, fast Fourier transform, Inverse planning algorithm, Monte Carlo based algorithms. Treatment planning calculations for photon beam, electron beam and brachytherapy – Factors to be incorporated in computational algorithms. Plan optimization – direct aperture optimization – beamlet optimization – simulated annealing – dose volume histograms – indices used for plan comparisons – Hardware and software requirements – beam and source library generation. Networking, DICOM and PACS. Acceptance, commissioning and quality assurance of radiotherapy treatment planning systems using IAEA TRS 430 and other protocols. 
	

	Module III Radiobiological Models 
	40% Weightage

	 1. Time Dose and fractionation model



       


Radiobiology, therapeutic ratio, RBE, cell survival curves and fractionation, Time Dose Model, NSD, CRE, TDF, Modified TDF Model; Use of bio-effect models, limitations of NSD, TDF and CRE Models, LQ Model,

 2. Biodose Model                                                                                                              Concept of BED, BED for fractionated and continuous irradiation, calculation of (/( values for tumor, calculation of fraction size for alternate schedules. Normal Tissue Complication Probability and Tumor Control Probability, 

3. Altered fractionation regimes                                                                                    

Various fractionation schedules: Conventional fractionation and Altered fractionation; hyper fractionation; Accelerated hyper fractionation - CHART schedule, concomitant boost, split course schedule; hypo fractionation and their rationale.

4. NTCP and TCP for Treatment Planning and Radiobiology of Particle beam therapy 

Tissue Dose–Response Classification – γ50 and TD50, Concepts of “Serial” and “Parallel” Tissue Dose–Response - Local vs. Global Organ Injuries and concepts of functional sub units; NTCP Models - Generalized Equivalent Uniform Dose Equation, Basic Mathematical Features of Common NTCP Functions - parallel function model and Lyman Kutcher Burman model, Tumor Control Probability- γ50 and TCD50, Optimization of Radiotherapy using Biological Parameters: Radiobiological Models - Poisson Model, Logistic model, Probit model LKB model and Uncomplicated Tumor control modeling; Biological Optimization using Sub-volume-Based Radiobiological Models, Drawbacks to Treatment Planning Based on Dose–Volume Limit, Uncertainties in NTCP Models, Incorporating Fractionation Sensitivity. 
	


Pedagogy for Course Delivery:

1. Course will be delivered in the form of lectures and demonstration.

2. All the topics covered in the syllabus will be correlated with its applications in real life situations and also in other disciplines.
3. Extra sessions for revision will be undertaken.
Lab/Practicals:

List of Experiments:

1.        QA for High dose rate brachytherapy machine.

2.
Calibration of Ir-192 high intensity source.

3.
Treatment Planning on TPS for all types of brachytherapy procedure – Intracavitary, 

    
Interstitial implant, Surface Mould and Intra-luminal brachytherapy.

4. 
Brachytherapy dosimetry for single and double plane implants.

5. 
In-vivo dosimetry in Brachytherapy procedure. 

6. 
Auto-radiograph of different intracavitary and interstitial applicators

7.
X-Ray based ICRT Brachytherapy Planning.

8. 
Source position verification in HDR brachytherapy.

9.
Autoradiograph of different intracavitary and interstitial applicators.

10.
TPS QA in Brachytherapy.

11.
Radiation survey of Brachytherapy HDR unit.

Assessment/ Examination Scheme:


	Theory L/T (%)
	Lab/Practical/Studio (%)

	80
	20


Theory Assessment (L&T):

	Continuous Assessment/Internal Assessment

	Components  (Drop down)
	Mid Term Exam
	Home Assignment
	Quiz/Viva
	Attendance
	End Term Examination



	Weightage (%)
	10%
	10%
	5%
	5%
	70%




	Lab/ Practical/ Studio Assessment:

Continuous Assessment/Internal Assessment

Components  (Drop down

Lab Record

Performance

Viva

Attendance

End Term Examination

Weightage (%)

10%

10%

5%

5%

70%




Text & References:

1. Simon R. Cherry, James A., Sorenson, Michael E. Phels, Physics in nuclear Medicine (3rd ed.), SAUNDERS an imprint of Elsevier.

2. Ramesh Chandra, Nuclear Medicine physics (5th ed.), Lea & Febiger, Philadelphia.

3. Antonio Fernando Goncalves Rocha and john Charles Harbert, Text Book of Nuclear Medicine: Basic Science, Lea & Febiger, Philadelphia.

4. Pail J. Early, M.A. Razzak and D, Bruces Sodee, Text Book of Nuclear Medicine 

Technology. The C.V. Mosby Company.

5. A.L. Baert and K. Sartor, Diagnostic Nuclear Medicine (2nd ed.), Springer.

6. Gopal B. Saha, Fundamental of Nuclear Pharmacy (5th ed.), Springer.

7. S.Webb, The Physics of Medical Imaging, Medical Science Series, Adam Hilgers Publications, Bristol, 1984.

8. Herman Cember. Introduction to Health Physics

9. Shapiro J. Radiation Protection

10. Mckenzie. Radiation protection in Radiotherapy



1

