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Department of Radiotherapy, KGMU, Lucknow

Learning outcome:

Ta knowing neads of cancer patients in terms of oncology care
Mansgement of different malignancies with bath curalive and palliative intentions
Research project in form of thesis
Knowledge of statislical methoda uged in anslysis of dinical data, Descriptive and
Analytical Epidesmiciogy
Knawledge of Radiation tachnigues in detail
Knowledpe of Radialion physics
Knowledge of Radialion biclogy
Knowledge of chematherapy and targeted therapy
. Knowledge and application of genetic and Molacular Oncclogy
10. Planning and seliing up specialty depariment of radiotherapy and oncology
11. Knawledge: of palliative care
12, Knowladge of medical education technology for training of undergraduate and
paramedical staff
13. Knowledge of preventive oncology
14. Knawiadge of different gavamment schemes and program of cancer care
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Syllabus:

1. Beslc sclences curriculum
(&) Anatomy
»  Knowledge of surface anatomy pettaining to Oncology
= Detallad knowledge of the anatomy of all organs
= Dglailed knowledge of the blood supply & venous drainage of all raglons

Detailed knowledge of the lymphatic system, hicod supply and nervous drainage
of all regions

= Practical familiarity with the radiographic appearance of impertant ragions
= Cross seclional anatomy
{b) Pathology
1. General Pathelogy
* Definitions of & distinction between different types of growth disorders {i.e.
dislinctionamongmetaplasia, hyparplasia, hypertrophy, regeneration,
maiformation, metaplasia, anaplasia&nsoplasia)
Il. Systemic Pathology



Malignant transformation—

a Initialion & promotion stages of carcinogenesis

o Mode of origin - manactonal, polyclonal, unifocal multifoeal

o Structural & functional chenges in the cellular components.

o Etilogy, mechanisms of carcinogenesis, known types of
carcinogens & their effacts upon the cell. The ralative Imparfance
of different factors in the causation of human cancer.

»  Rate of growth, mathods of measurement

Factors affecting growth rate

Mechaniams of spresd

Local effects of tumors

Local & syatamic raactions to tumorse

Effacts of therapy on tumors& normal tissugs

o

oo oo

v Criteria for tumor diagnosis - macrescopic, histologleal & cytological uses & value
of biopsy material

»  Classification of tumors - histogenic, histological, behavioural & immunological

*  Nomenclature - solid tumors, lymphomas, lzukemias

»  Stnucture & organization of tumors - vascular supply, stromaetc.

v Systems of grading

'  Endocrine aspects of malignancy:- production of hormones by tumors, effect
athormanes on fumors, paracrine effects of tumors

' Paranaoplastic syndromes

Etiolagy of cancer

Tumor Iimmunology
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Genetic predisposition, conganital syndromes
Chromosomal abnommnalities, hereditary tumeurs
Protooncogenes, oncogenes, tumor suppressar genes,
viruses &mallgnancy

Multifactoriat causation

Mutritional aspects in cancer causation and pravention.
Biological - protozoal, bacterial, viral

Chemical - Classes of carcinogenic chemicals, smoking
Physical - trauma, irradiation

{Common occupational cancers.

Organizationd development of the immuna system
Celhilar basis of immunity

Tumar imtmunity, tolerance, enhancement
mmune surveillance hypothesis



o Immunclogical markers in dlagnosis & monitoring
o Experimental & elinlcal immunotherapy
o The HLA systems

. Tumour markers

(c) Radiclogical Physics

structure of Matter
Constituents of atems, Atomice and mass numbers, Afomic and mass energy unis,
Electran shells, Atomic enargy levels, Nuclear ferces, Nuclear gnergy levels.
Eleciromagnetic radiation, Electromagnetic spectrum, Relationship between
Wavelength, Frequency, Energy

Nuclear Transformations i
Natural and artificial radioactivity isctopes isobars and isotonas, Decay constat,
Activity, Physical, Biological and Effective haif-lives, Mean life, Decay processes,
Radioactive series, Radioactive equilibrium

Production of X-rays
‘The X-ray tube, Physics of X-ray production, Continuausspectrum, Characteristic
specirum, Efficiency of X-ray production, Distribution of X-rayein space,
Specifications of beam quality, Measuremant of beam quality, Filters andfiltration
overview of X-rays imaege formation

Interaction of radiation with matter
Attenuation, Scattering, Absorption, Transmission, slopping power Attenuation
coefficient, Half Value Layer (HVL), Energy transfer, Absorption and their
coefficients. Photoeleciric  effect, Complon Effect, Pair-production, Relative
importance of different altenuation processes at various photon energies (REBE)
Elechion interactions with matter. Energy loss mechanisms- Collisional losses,
Radioactive lossas, lonization, Excitation, Heat praduction, Delta rays, Polarization
effects, Scattering, Slopping power, Absorbed dose, secondary electrons interaction
of neutrons and other heavy iona with malter intevaclions of cherged particles:
lonization vs. Energy, Stopping power, Linear Energy Transfer (LET}, Bragg curve,
Definition of particle range

NMaasuremant of radiation
Radialion Delectors: Gas, Solid-state, Sciniillation, Thermoluminascenca, Visual
Imaging (Film, Fluorescent screens), and their examples

Expasure, Dose, Kerma
Definitions, Units {Old &New), Inier-relationshipe between units, Variation wilh
anergy and material. Measurement of exposure (Free air chember, Thimble



chamber), Calibration of therapy beams: Ceoncepts, Phantoms, Protocols
(TG21,TG43, IAEA TRS-277/3p8, TG 51) Dose determination in practice {bref
oulfine only, detalis hot requined)

Radiotherapy Equipment

Granz ray, Contact, Supesficial, Orhovoltage or Deeptherapy,Supervaltage,
Megavoltage thergpy. Therapy and diagnostic X-ray unils - comparisen.Filters,
factors affecting outpudt, principles of cooling.Betelrons,

Co-60 units: Comprehensive description of the unit, Safety machanisms,
Source capsule

Linear accelerators: Hislory, Development, Detailed description of a modern, dual
modea linear accelerator, Linac head and its constituenis, Safety mechanisms,
Compuler controlled linacs, Record and Varify systems FFF,RTRT and other
newer modelities Relative merits and demerits of Co-80 and linac units

Simulators: Nesd, applications datailed dascription of a typical unit, Simulator CT

Basic ratios, Factors, Dose distributions, Beam modifications and Shaping inTeletherapy

besams

Characteristics of photon beams: Quality of beams, Diffarence hetwean MV and
MeV. Primary and scattered radiation.

Percentage depth dose, Tissue-Air Ratio, Scater Air Ratio, Tissue-Phantom
Ratio, Tissue Maximum Ratio, Scatier Maximum Ratio, Back Scatter Factor,
Peak Scatter, Factor, Off-Axis Ratio, Veriation of these parameters with depth,
fisld siza, sourceskindistance, beam quality or energy, beam flattening filler,
1arget malerial. Centralaxis depth doee profiles for vartous anergies.

Equivalent square concept, Surface dose (entrance and exit), Skin sparing effect,
Cutputfactors

Practical applications

Co-60 dose calculations (88D, and SADtechnique), Acceleratorcalculations
(85D, and SAD tachnigua)

Beam profiles, Isodoge curves, Charts, Flatness, Symmetry, Fenumbra
(Geometric, Transmission, and Physical), Field size dafinition

Body inhomogenelties: Effects of patient contour, Bane, Lung cavities, Prosthesis
ondose distributian. Dose within bone / lung cavitias, Intarface effec!s,
Electronicdisequilibrium

Beam madification devices Wedge filtars and their use, Vedge angle, Wedge
Factors, Wedge systems (External, In-built Universal, Dynamic / Virtual), Wedge
isodose curves.

QOther beam madifying and shaping devices: Methods of compensation for
patientcorkour variation and / or tissusinhomoganeity - Bolus, Buildup material,



Compensatore Merits and Demerits. Shielding of dose himiting tissue: Non-
divergent end Divergentbeam blocks, Independent jaws, Mullileaf collimators,
microleaf Merits and Damarits

Principles of Treatment Planning - |

Traatment planning for photon beams: ICRU 506283110 and NACP
terminclogies. Determinationof body contour and locelization: Piain  film,
Flucroscopy, CT. MRLIMRI, PET-CT SPECT-CT Ultrasancgraphy, Simulater based
partial blocked fields and specialised field treatment.

Methods of corraction for beam's obligue incidence, and bedy inhomogeneities

$8D technique and isocentric (SAD) technique: Descriptions and advantages of
SAMechnique

Combinsgtion of fields: Meathods of field additfon, Parallel opposed fields, Patient
thicknessvs. Dase uniformity for different energies in a parallel opposed setup,
Multipla fields (3fields, 4 field box and other tachniques). Examples of above
arrangaments of fields inS50 and SAD techniguas, Integral Dose

Wedge field technique, Rolation Therapy {Arc, and Skip), Tangential Felds.
Beambalancing by welghtihg. Total and hemi-body irradiation. Field junctions
abutment, comparison betwsen manual and computer based planning

Principles of treatment planning - Il {must know)

Limitations of manual planning. Description of a treatment planning system {TPS):
2Dard 3D TPS. Radiation bean library, DICOM systems EBeam data input, Patient
data input (simple contowr, CT, MR data,Advantages of transfer through media),
Input davices (Digitizer, floppies, DAT devices Magneto-optical disks, direct link
wilth CT, MR). Beamn selection and placement, Beam'sEye View (BEV), Dcse
calculation and display (Point dose, lsodose curves, Isodosesurfaces, Colowr
wash). \farious Plan algorithms{pencil baam, montocerda, convolution )
optimization, Plan evalustion tocls: Dose-Volume Histograms (Cumulalive and
Differential), biological dose comparison(TCP,NTCP,BED,EUBD) Hard copy
output, Storage and retrieval of plans.
Alignment and Irmmoblization: External and internal reference marks,

Impartance ofimmobilization in radiotherapy, Immobikization methods (Plaster of
Faris casts, Perspexcasts, bite block, shells, head rests, neck rolls, Alpha-Cradlas,
Thermoplastic materials polyurethane foamg), Methods of beam alignment
{isocentric marks, |aser marks, andiont’back pointers).
{Should know)
Traatment execubion:Light field, Cross hair, QDIs, Scales in treatment

Machines.
Treatment verification:Port films, Electronic perlal imaging devices,

In-vive patient desimetry (TLD, dicde detectors, MOSFET, Film, etc) Changes in

patisnt posifion target volume, and erifical volume during course of treatment



Elactron Beam Therapy
=  Froduction of electran beams: Production using acceterators, Characteristics of
slectrons. Surface dose, percentage depth dose, beam profiles, isodose curves
and charts, Flatness and Symmeby. Beam collimation, varialion of percentage
dapth dose and output with field slze, and SSD, photon contamination. Energy
spectrum, Energy spacification, vanation of mean energy with depth. Suitability of
maasuting instrurments for electron baam dosimstry
» Treatmant planning:Energy and field size cheice, air gaps, and
obliquity, Tissue inhomogenaity — lung, bone, air filled cavilies. Field juncticns
{with either electron or photon baam).Extamnal and internal shielding. Arc therapy,
Usa of bolus in alactron baam
= Total Skin Electron liradigtion, Intra-operative Radiation Therapy

leslcal Principles of Brachytherapy

Properties of an ideal brachytherapy sourge, Scurces used in brachyviherapy: Ra-
226, Cs-137, Ir-192, Au-198, Co-50, 1251123, Sr-80, Y{-80, Ru-108, Ta-182,
Cf-252 and other new radionuclides, Their comzlete physical properties, Radium
hazards. Eource construction incleding filbration, comparative advantages of these
ratdionuclides.

’ Historical background. Radistion and Dose units: Activity used, Exposure,
Absorbed Dose, mg-hr, curie, milli-curie, milligram Radium eguivalent, rosntgen,
rad,gray. Source strength specification, Brachytherapy Dose calibrator

Techniques: Pre-loaded, after loading {manual and remote), Merits and
Demarits. Surface, Interstitial, Intracavitary, Indraluminal, Intravascular
brachytherapy. Low, Medium, Highand Pulsed decse rales. Remcte afler loading
machines, Detailed description of any ona unit

. Dosage systems: Manchesiar System [outlina only}, Paris System {working
knowledge)

u Treatmant Planning: Patient selsciion, Voluma speciication, Geametry of
implant, Number, Strength and Distribution of radivactive sources, Scurce
localkization, Dose calculzbon, Dose rate speciication, Record keeping. ICRU
38 ICRU 58, Image based planning

s Radiation Safety; Planning of brachytharapy faciily, Roums and equipment,
Storageand Movement control, Source inverdory, Disposal, Regulatory
requirements

=  Belaray brachytherapy including methods of use, inspection, storage and
transport ofsources, dose distribution

. Unseated radionuclides: Concepts of uptake,l-131, Tc-89m and other isctopes
distribution and slimination, Activitiesused in clinical practice, Estimation of dose
to target tiszues, and critical organs, Procsdures for administering radicnuclides to
paiients BNCT,POT



Quality Assuranca in radiotherapy (QART)

Overview of ESTRO QART: Need for a quality system in Radiotherapy, Quality
Syetem:

Definition and practcal advantages, Construction, Davslosment and
Implementationaf a Quality System

Quality Assurance of Simulator, TPS, Co-80, linear accclerator, brachytherapy
Acceptance testing of Simulator, TPS, Co-60, linear accelerator brachytherapy

Radiation Protection and Regulatory Aspects
Statutory Framework: Frinciples underlying International Commission on
RadlatenPrctection (ICRFP) recommendations. ICRP and Naticnal radiation
pratection i.e. AtomicEnargy Regulatory Board (AERB) standards. Effeclive dose
limits ICRP and AERB ICRP 60, 80,110).
Prataction mechaniams: Time, Distance and Shielding. Concept of “As Low As
Raasonably Achlevable” (ALARA)
Personnel and Area Monitoring: Need for personnel manitoring, Principlas of
film badge, TLD badge used for personnel monitoring. Pocket dosimeter. Need for
arga monitoring, Gamma Zone monitors, and Survey meters
Regulatory aspects: Procedural steps for installation and commigsioning of a
newradictherapy facility (Teletherapy and Brachytharapy) .cancar control program
of government of India under the provisions of non-communicable diszase Type
appraval of unit, Site plan, Layout ofinstallation / Associated facility: Primary,
Sacondary barriers, leakages and acatteredradiation. Regulatory requirement in
pracurement of teletherapy/brachytherapysource(s). Construction of building,
Qualified staff, Procurement of instruments, andaccessorias, (nstallation of unit
and parformance tagts, Calibration of unit, RP8ADapproval for ciinical
commissioning of the unit.
Other regulatory requirements: Regulatary consant, NOCs, Periadical Reports
to AERBand Radiological Physics and Advisory Division (RP&AD), Bhaba Atomic
ResearchCantre {(HARC) and AERE.

Advancements in Radiation Oncology:
Virtual Simulation: Principle, CT-Simulation, TPS based virluel simulation,
Differences,Ments and Demerits, Practical consideralions
Conformal radiotherapy {CRT): Principles, Advantagee ovar Convantional
methods, Essantial requirements for conformal radiotherapy. kmage fuslon,
Biological target volume.
Various methods of CRT:
1. With customizad field shaping using conventional caplanar beams
2, Multiple non-coplanar MLC beams conforming to target shape
3. Steraotactic radiotherapy
4, Principle of inverse planning and Intansity Modulated Radiation Therapy
(IMRT)



— Using 30 compensalars

= Static IMRT (Step and shoot technigus)

— Dynamic IMRT (sliding window technicue)

= Dynamic are IMRT, IGRT VMAT, RTRT(Real tme respiratory gatad radio

therapy)

= Micro-MLC

= Tomgatherapy mathods

5. Time gated {(4D) radictherapy
Merits and demerits of IMRT
Sterectactic irradiation methods: Physice principles, Tachnintes, Description of
Units (Gamma
Knife and Linac basad-Cyber Knife), Ments and demerits, Stereotactic
Radiosurgery (SRS) and SterestacticRadiotherapy (SRT), Whole body
sterantactic frame
Natworking in radiotherapy: Networking of planning and treatment units in a
radiotherapydepartment Including Picture Archival Communication System
{PACS), Advantages, PetientData Managemant DICOM bagad RT, Remote RT
Planning

{d) Clinical Radiobiclogy and Molecular Biology

Thae call

o Introduction to Radialion Biology.

o Radlation interaction with matter.
Types of radiation,
Excitation and ignization. Radialion chamistry: diract and indiract effects,
fraa radicals, oxygen effect ratio {OER) and free radical scavengears, LET
and RBE theory,dual action theory, intraceliular repalr, general
knowledge of repeir modals.

o Introduction to factors infiuencing radiation response

. Physical factors: dose, dose quality, dose rate, temperature
. Chemical factors: Oxygen radio sensitizers, radio protectors
" Biological factors: type of organism, cell fype and stage, csll
Density and conflguration,age, sax.
" Host factors: Partial or whole body exposure.
o Relevance of radiaticn biology to radictherapy
o Interaction of lonizing radlation on mammailian cells.

structure and function; relative radiosensitivity of nucleus and cytoplasm, mitasis,
cell cycle, principles of DNA, RNA and protein synthesis, radiation effects
onDNA, strand breakage and repair, cammon molecular biology techniquas.



Cell Injury hy radlation
Damage 1o cel organslle like chromatids, chromosomes, Interphase death,
apoplosis, mitotic death, micronucleus induction, SLD, PLD.Oxygeneffect:
mechaniam, hypoxia, OER, reoxygenation in tumors, significance In
radiotherapy Dose rate. Brashytharapy sources including Cf-252.Radicbiology of
low, high doserate& pulsed brachytherapy, hyperfractionation, significance in
radiolherapy.
Effects of iow LET and high LET radlation on cell. Cell survival curves.
Effect of sansitizing and protective agents.Dose modifying factors and their
determination.Variation of response with growth and the prograssion of cell
through the phasas of call sycle.
Physicat factors influencing cell survival; relative biclogical eflectiveness (RBE);
itsdefinition end determinalion, dependenes upan linear anergy transfer, dosa,
dose rate and fractionation. Hyperthermic and photodynamic Injury.
Biological hazards of irmadiation; dose protection and LET, effects on the embryo
andthefetus, life shortening, leukaemogenasis and carcinogenssis, ganetic and
somatichazards for axposed individuals and population.Blological basis of
radiclogical protection.
o Organ radiosensitivity and radio responsiveness, concept of theransutic
indax.
o Acule effects on Radiation
Concept of mean lethal dese
Radiation Syndromes: BM, Gl, CNS, cutaneous
Supprassion of inmune Sysiem: mechanism, consequences
Total Body irradiation
Bialogical desimetry: Blood counts, BM mitetic index. Chromosoms
abarrationg inperipheral blood lymphocytas
% Radiation accidents: typical examples
o Radiation Effects an Major Organsitissuas
Acute & late effacts on all normal organs & fissues including connective
fissue, bonemarrow, benes, gonads, eye, skin, ung, heart, central nervous
system lissues, peripherainerves, esophagus, intesting, kidney, liver &
thyroid with special reference o lreamentinducedsequelae after doaes
employed in radiotherapy
Normal tissue tolerances

TR

o Late effacts of radialion {somatic)

Sterilily, cataracts and cancer

Carcinogenesis: mechanisms in vitra and in vive, oncogenes and
anti-oncogenes Radiation induced cancer of occupational, medical
or military crigin Racent controversial results for low level
exposura, nek estimates

o Late Effects of Radietion (Genelic)



Mutations: definition, types, pctential hazards.
Low lavel radiation; sources, potential hazands, stochastic and deterministic
(nonstochastic)efiects, high background areas and cancer.

o Effects of Radiation on Human Embryo &Fetus
Lethality, conganital abnomalities and late effects (Leukemia and childhood
cancar), severe mental retardation. Dogas inveived,

»n Biology and Radiation Respanse of Tumors
Tumor growth; kinetics of tumor response.Growth fraction, cell loss factor,
Volurna doubling times, potential volume doubling times, repopulation, and
accelerated repopulatian,
Radiocurability: dafinltion, factors involvad, lumor control praobability curves.
Factors detenmining tumer regression rates. Causes of failure to contrel
tumars byradiation: tumor relatad, host related technical/machanical arrors.
Relationship between clanogen numkbers and tumor cantrol probability. Local
tumorcontrol and impact on survival.

o Applied Radiobiology

Fractionatlon: rationale, factors involved (4 R's).
Time, dose, and fractionation relationship: isoeffect curvas,
Isoeffectrelatianships,e.g. NSD, CRE, TOF farmalisms and their
limitations, partial iolerance, means of summating partial
telerance, steepness of dose response curves,

Multi-targst, two componeant and linaar quadratic model.a/b ratios
for acute and |ateeffects and means of deriving these values.
lsoeffective formulze. Clinical applicalionsof the L-Q model,
hyperfractionation, accaleratad fractionatian,

hypcfractionation, CHART, spit dose reatments Concept of BED,
EUBED,TCE,NTCP.

Brachytherapy- low dosa rata, high dose rate and pulsed
treatments.

Introcuction to new techniques to oplimize radio-curability;
combination therapy(adjuvant surgery or chemotherapy),
hyperthermia, hypoxic call radio-senaitizes, highLET radiation.
Photodynamic therapy Image based brachytherapy
The volume effect, generzl principles and current hypotheses.
Shinking Fisld technique.

v Combination Radiation -Surgery
Pre-, post- and intra-operative radiation.
Rationala, radiobiologlica! factors, current clinical results.
Irvadiation of sub-clinical diseass, debulking surgery, importance
Ofdonogen numbess,



¥ Combination Radiation —Chemotherapy
Definitons of adiosensitiser, synergism, polentiation, antagonism.

¥ Radiosensitisers: types, mechanism.
¥ Hyperthesmia
Sources, rationale (historical axamples), advanlages and
dlsadvantages thermatolerance.

v Cellular damage: comparison and contrast with radiation, thermal and non-thanmal
effscts of uttrasound, microwaves, radiofrequency, elc. General host respenses
(immunology, metastases). Use along with radiotherapy and chemotherapy: optimum
soguancing of combined modalties. Currant limitations to the clinical use of
hyparthermia.

Courss and High LET Radiation
Comparison and contrast with low LET radiation.

¥ Neutrons: source (including CRS52) end boron neufron capiure (outline anly).
Advantages and disadvantages of neutronz, RBE valuas, hazards of low doas and
lowenergy neutron, use in radiotherapy, combination with low LET, cument clnical
resufts.
Other high LET particles: protons, mesans, high-enargy heavy nuclel, application
toradiotherapy, current clinical results. Clinical application of protons therapy.

{e) Glinical trials - Statistical basis for planning & interpretation
Clinical Trials
- Advantages & disadvantages
— Retrospective & prospective studies
-~ Controllad & uncontrolled trials
= Single-blind & double-blind siudies
—Phase |, Il & Il trials
- Ethice (Halsinki declaration),ICH,GCR,ICMR guidelines.

Planning a trial

~ Establishing objectives- short tarm and long tarm

- Datarmining the appropriate criteris.

- Establishing grounds for inclusion and exclusion of patients

— Determining how many treatment schedules are to be complstad

= Detarmining the traatmant schedules and any apgpropriate modifications

~ Detarmining the methed of allccation of treaiments; the allocation ratio and the methed
andtiming of randomization

— Determining what measures are to be 1aken, how they will be taken, who will take
thesn, atwhat tima(s) and where they will be recorded

— Designing the appropriate forms of documentation



— Datermining the proposed duration of the trial, either in tenms of a fixed closing date, or
theentry of a pre-datermined number of patients.

~ Establishing conditicns under which the trial may be terminated earlier than plannad
&procedures for detacting these conditions.

_ Re-assassing the proposad frial in terms of ethics, appropiisteness to the short & leng
termobjectives, feasibility & the availabllity of resources.

- Wiiting the protocol

- Running a pilot study

2. Clinical Radiotherapy
v Cancer Epidemiclogy &Eticlogy
1 Cancer Slatistics —worldwides India
s = Cancer Registrias
= Nationa! Cancer Control Programme.
» Analysis of data in cancer registries.
* Regional Cancer Canters
TCC-Tartiary Cancer Centrres
Cancer Screening & Pravention.
National programme for prevention and control of Cancef, diabetas,
= Cardic-vascular diseases & stroke (NPCDCS)
v’ Palient Care
Asseasment & referral systams for radiotherapy
Diagnosis & workup.
Staging
Care & evaluation during & after trealment
Emergencies in Oncology
Management of different malignancies
¥ Treatment Response & Result
Guidelines lor treatment respense assessment;
4 Complete Response (CR)
% Partiel Response (PR}
4 No Rezpanse (NR)
% Stable disease (SD)
End points of Ireatment resuits: Loco-reglonal control, recurrence,
metastasis, survival, quality of life.
Treatment ralated morbidity assessment
» Radiation morbidity (early & late)
= Morbidiies of combined treatment
= Qrading Systems of toxicities.
3. Clinlcal Chemotherapy
v Basic principles of chamotherapy
« Chemotherapy drugs.
s  Newer chemotherapeutic agents.



Basis for designing differant chemotherapy schedules.

Standard Chamotherapy schedules.

Chematherapy practice in various malignancies

Chemotherapy practice & results/ toxicities in sequentia) &
Cancomitart chemo-radiotherapy.

Supporiive care for chemotherapy.

Nano particla based chemotherapy,

Molacular targeted chemotherapy including moenoclonal antibodies

v" Tha basic principles underlying the use of chemotherapautic agents.

1.

6.
7.

Classification and mode of action of cytotoxic diugs. The principles of cell
killby chemolherapautic agents, drug resistance, phase specific and cycle
specific action.

Drug administration. The general principles of pharmacokinetics; factors
affecting drug concentration *in vivo induding route and timing of
administration, drug activation, plasma concentration, metabolism and
clearance.

Frinciples of comblnations of therapy, dosa responsea curves, adjuvant and
neo-adjuvant chamotharapy, sanctuary sites, high dose chemotherapy, and
regional chemotherapy.

Toxicity of drugs. Early, intermadiate and late genetic and somatic effects of
common classes of anticancer drugs. Pracautions in the safe handling of
cytotoxic drugs.

Endocrine manipulation and biclogical response modifiers. An understanding
of the mode of action and side effects of common hormenal praparations
used in cancer therapy (including corticosteroids). Use af the mejor biological
response madifiers such as Interfarons, interleukins and growth factors and
knowledge of their sida affects.

Assessment of New Agents. Principles of phase |, Il, and |l studies.

Gene Therapy cancer vexing

Preventive oncology

Guidelines for palliative care

Symploms of advanced cancer

Manmagameant of terminally ill patients.

Different pharmacologic & non-pharmacologic mathads
Paln conirol, WHO guidelines for adults & children.
Palliafive radiatherapy, pelvic surgery

Falliative chernotherapy

Home care, Rehabilitation

Hospice care

Physical, social, spiritual & other aspects.



Taaching leaming methods:
Resgarch in Oncology
How to conduct & research
Guidelines for biomedical research: Animal studies, drug studies, human tral.
Cancer clinical trials Phasa AL, 1l
- Ethics of clinical research
Evidence basad medicine.

Academics
Residancy In Rediotherapy and Oncclogy
Thaory, clinical & practical modes of training
Structured training: lectures, seminar, Journal club, Ward-round, Physics
demonstration,Practica!, Case Presentailons (e.g. Long Case; Short Cese)
Participatian in various pracedures, techniques (e.g. Brachytherapy, Radictherapy
Planning, Mould Room Procedures etc.)
CME-conference, symposium, workshop, geminar
Vistting other cancer centersé radiotherapy depariments

Interdisciplinary Training

¢ Teaching classaa in surgical oncology

» Teaching classes in obstetrics and gynaecolegy
Teaching classes in otorhinology
Teaching classes in surgical gastroenterology
Teaching classes in radiodiagnosis
Teaching classes in endocrine surgery
Teaching classes in pathology

Assessinent methods

Internal Assessment:
1. Day to day ‘working as a resident doctor in the hospital.
2. Log book
3. Generzal attitude towards the patiente.
4, Competence in using radiotherapy, chemotherapy and combined treatment
modalities.
5. Grading done for clinical preseniation, raviews, seminar, journal
reading/ptesentation.

Midterm assessment:
Al the end of two years In the subject of basic sciences
Muttiple choice questions of subject

University Assessment:
Theory syllabus: Paper , Paper |I, Paper Il and Paper IV
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B.Sc.Radivtherapy.Technology
1. Goal apd Obijective of the Prosram

Radiation therapy is onc of the most common modes of treatment for cancer apant from surgery
and chemotherapy. Radiotherapy technologists play an imporiant role for optimizing health care
delivery system in radiation oncology. The objective of the bachelor degree course in
Radiotherapy Technology (B.Sc. RT) is to meet the requirements of growing demand for the
trained & competent radiotherapy technologist in the country. With the development of new
technologies for the treatment of cancer, the demand of compeient Radiotherapy technologists
has increased by many folds. Keeping this wgent requirement in mind, department of
Radiotherapy, KGMU, Lucknow had taken the initiative to start B.S¢. (RT) course in the year
20135. The department is committed to impart quality training & teaching to the students of B.Sc.
{RT) course. The course has been desigred to provide the necessary basic tools & knowledge 1o
meet the specific requirements of the discipline. Lectures as well as practical training
{demaonstrations, laboratory exercises, case studies) have been included as part of the curriculum.

2. Duration of Course

The duration of the course for B.Se. (Radiotherapy Technology) course is three years.

3. Syllabus, including skills
Detailed syllabus of B.Sc. Radiotherapy Technology course is altached herewith

4. Teaching Learning & Assessment methods

Theory & Praciical



5. Examination Pattern: Three annual examinations
1" Year
Theory Papers:
Two theory papers, each of three hour duration, carrying 100 marks each
1, Anatomy and Physiology
2. Radiological Physics and Radiation Protection

3. Practical and viva voce (100 marks)

2™ Year
Theary Papers:
Two theory papeis, each of three hour duration, carrying 100 marks each
|. Radiation equipment, Dosimetry & Quality assurance tests
2. Radiographic Techniques

3. Practical and viva voce (100 marks)

3" Year
Theory Papers:
Two theory papers, each of three hour duration, carrying 100 marks each
1. Radiatherapy Treatment techniques
2. Recent advances
3. Practical and viva voce (100 marks)

4. Dissertation on a given topic {100 marks)



B.Sc.Parf--T

There shall be two theory papers of three hour duration canying 100 marks each and practical

and viva-vooe of | 00 marks, _
Sr, No. Theory Faper Marls
1. Anatomy and Physiology  Paper - | 100 (50 marks for
each subject)
2 'Ra_dio‘lugica] Fhysiesand  Paper - 17 100
Radiation Protection

) Eractical and Vive Viooe* Anatomy 100

Physiology 100

Radiological Physics 100
B.Sc. Part—I1

There .';hall be two theory papers of three hour duration carrying 100 marks sach and practical
and viva-voce of 100 marks, -

Sr. No, Theory : Paper Marks
1. Radiatibn.equipment, Paper- T 100
Dosimetry & Quality
RISUrance tests
3. Radiogr=phic Techniques  Paper - I{ 100
i Dnctflﬂ_g}-' _
3, Practienl and Viva Vace* | 100
B.8c. Part— 11

There shall be two: theory papers of three hour durstion carrying 100 marks ¢ach, practical and
viva-vaoe ofi 10D marks and dissertation on a given lopic carrying 100 marks,

Su. No. Theory Paper Marks

i Radiatherapy Trestment  Paper - | 106
techniques

b Recent advances Paper - IT 140

3. | Fractical and Viva Voga® 100

100
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Paper=I1

Raiiological Physics and Radigtion Protection

Basic Radiation Physics, X-Ray tubes & production of X-rays

Atomic structure, Nucleus, Atomic Mo, Electron orbit and energy levels, Isotopes and lsobars,
Radioactivity, Radioactive decay, radicactive equilibrium, haif life, alpha, beta and gamma emission.
Sealed aw unsealed sources, production of artificial radioactive issiopes. common radioactive elements
and their properties. Units of radiosctivity, exposure and absorbed dose. Type of Nuclear renctions,
induced radioactivity; fission and fusion reactions, cross saction

! I-Ilibl-l-l--ll-'ll-'ll"ll'!li!l'!a m'—“m

X-ray tubes, production of X-rays, transformer, properties of x-rays Continuous X-ray spectrum,
Bremssivalilung radiation, Characteristics x-rays, Filters, Quality of X-rays, Effect-of voltage and current
on the intensity of X-rays, Properties of X-rays.

SENESFINSANANYREFRY u.-‘ [ﬁturﬂ

Physics of X-ray production — x-ray tubes, high tension circuits, properties of x-rays. Rectification and
high tension circuits: meaning of rectification, principle of semiconductors, solid state rectifiers. The seif
rectified circuit, full wave four — rectifier cireuits, shock proofing, X-rey tubes construction of fixed
anode, x-ray tube (inserts & shield), filament design, anode design (fixed ancde), method of cooling. |
Insulation and cooling problems in x-ray tubes. Care of the x-ray tube. Inherent filtration and additional
inclinatian, grid controls. Types of target, the filament cireuit, timers, safety devices and interlocks. Basic
principles of megavoltage, x-ray machines, gamme ray equipment for therapy, high energy accelerators
and size of focal spot or source,

FETEUNNED l.f'lll'.&..ln hclnrﬂ

Imteraction of radiation with matter

Pholncle-c.lrin effect, "Compton effect, Pair production, fonisation of matter, Energy absorbed from X-
rays, X-rays scettering, X-rays transmission through the medium, Linear and mass atteauation coefficient,
inverse square law HVT and TVT, Interaction of charged particle and neutrons with matter.

p-ii--tb-didriootdioliﬁ me

Deteclors & Measurement of Radiation

</ BrdhoHional couplers, M Counters, Seintillation Detsctors, Liquid scintillator, Pocket
— 5
Q}@}‘\ A Page 10
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Dagimietsrs, TL Dosimeters and, thelr 0se in personnel monitoring badges, AGvantages and’ disadvaniages
of varions detactors, appropriateness of different types of detectors for different types of radiation
measyrement.

dddakdwhy b naddd I.t---ﬂ lem ;

Principleii of Radintion Protection & Radiation Units

Types and sources of inﬁizing radistion & radistion wnits, Fiux, Fluence, Kerma, Exposure, Absorbed
dose, Equivalent dose, Weighting Factars, Effective Dose, Matural Background Radiation, Occupational
Exposure Eimits, Bese limits to public

FRAR A P RA R RN .--5 Iﬂctﬂm

Assesement of external and internal exposnres

Philosaphy of radiation protection, Effect of ‘tims, Distance and Shielding, Caleulation to workload,
Caleulation of wekkly dose ta the Readiation worker and general public, good work practices in diagnostic
mdiology mnd/or radiotherapy practices (including Teletherapy and brachytherapy), Planning
congideration for radiology end/or mdiotherapy installation ineluding work load, use factor & occupancy
factors, effect ofdifferent shielding maarial, warning signs; quality assurance; commissioning survey and

rrrddbdabrrardd uu...s I:Bflhlreﬂ
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1™ Year

Paper -1
Radiation equipment, Dosimetry & Quality assurance tests

Radiotherapy Simulator aud CT Simulator: General principle, parts and construction, Types of

simutlator. Types of imaging formats. Layout and plan of simulator room. Routine cheeks and
maintenance.

Mould room equipment: Block cutting and shield meking devices. Types of immabilization devices,
shields end shielding materizls. Bolus and compensator. Preparation of permanent ink.

Shielding: Shielding and shie!ding mnteriale, Casting and fabrication, Management of pollution.

Telegamnia Unil: Stationary and rotational units. Types of sources used. Basic design and construction —
sources, head, gantry, collimator, table. Types of shatter and mechanisms. Control and conscle,
Accessories used. Room layout.

Linear Accelerator: Basic design and construction —modnlator, source of RF power, electron gun,
accelerating structure head, gentry and collimators (varions types including muiti leaF coliimators),
flattening filter, scaneting foil, dose chembers table. Electron cone and other accessories used.

Brachylherapy equipment: Preloaded, manua) aftetloading and remove afterloading. Mould, interstiial,
intrecavitary, intraluminal beachytherapy, Systems of brachytherapy ~ Manchester, Paris, Quimby, Dose
iz in brachytherapy — LDR, HDR land MDR. Types of sources in common use. Varions types of

applicators used. Common brachytherapy equipment and accessories. Layout of brachytherapy suite (OT,
imaging, Planning, Treatment).

Optical Systems, Conches ad Inser systems used in radistion oncalozy.

Treatment planming systern : Types of plannig systems — 2D, 3D. Basle principle of functioning.
Image acquisition for planning.

Basic principles of Conventional X-ray equipments e.g. Simulator, [mage intensifiers, Fluorescopy, DSA
ad C-arm, CT Scanners, MR1 Scannets, Digital radiography, Beam directional devices, Applicators end
diaphmgms, erc.

radiotherapy: Complete quality assurance and quality tests of Simulator,

#ig System, Telegamma Unit, Linear Accelerator, Brachytherapy Equipment, Sealed
brachytherapy

R
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Paper II
Radiographic Techniques

Dark Room: Layout of dark room, stze of dek room and types of entrance. Safe lights — types, testing for
sfficiency and safety. Cleaning of derk roam. A brief outline of the formation of the latent imnge.
Purposes of development, fixing and washing. Methods of silver recovery.

X-ray Films: Construction of x-ray film, base material substratum coating, emulsion, anti abrasive
snpercoating, double coating and the advaniage of double coated film {double sided emulsion). Storage of
un-gxposed film materinls, main siock, films in use, records of film stock. Types of smmlsion,
characteristics & control, screen films and non — screen films.

Film Characteristics: Optical density and broad apprecition of the characterittic curves of x-ray
emulsions. Contrast, gamma infinity, exposure latiede, spred, d-max, basic fog. Correct exposure, under
and gver exposure as related to characteristics curve. Minimum fog value and grain, suitable contrast.

Intemsifying screems: Fluorescence, applications of fluorescence to radicgraphyy, construction of an
intensifying screen, types of intensifying screen. Intensifying factor, relative speeds of intensifying
scieens, factors affecting the speed of streens, unsharpriess relative to the speed of the sereens.

Cassette: Types of x-ray cassette for good screen contact and for light (eaknge. General care of cassettes
and screens.

Photopraphic requirement of I'.I|mrmm|:|rm;T Fluorescent screen: speutrnl emissian la provide maximum
brightness and optiiiym resolution.

Antomaiie- : Basic principles, faahuﬁ ef aqmpmnnt, advantages and limitations of automnnc
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3" Year
Paper I
Radiotherapy Treatment techniques

computerized TPS,

Basic Radiothernpy Technmiques; SSD & SAD Techniques, Single field, parallel opposed fields,
multiple fields. Small beam directed therapy and wedge field techniques, Use pf patient immobilizaticn,
fixation and alighment devices-different types of patient immobilization davices-POP casts, Perspex
casts, Thermoplastic, Vac-lok, Redifosm, preparation and use of various types of immobilization devices,
bite blocks, head, arm and leg support and restraining straps, shoulder retractors, laser beams, Testicular
shiclds, breast cone, customized shieid making equipment - mannal and computerized, electron cone
lemplate and shielding, varions types of shielding materials — lead and low mehing point atloys.

-

Radiatdor Therapy Techuigues for Specific Sites;

Radiation planning & treatment techniques in head and neck tancer, especially cancers of larynx,
maxillary antram, Nasopharynx, ear, salivary glands, eto,

Planning & Treatment techniques in cancer of breest by telecobalt, low cnergy mega-valtage, x-rays and
electron beam. Use of breast boarg. :

Tele and brachytheragy planning techniques of treatment of different stages of carcinoma uterine cervix
with special emphasis on HDR and LDR brachytherapy.

Three fisld planning and trestment techniques in cancer of esophagus and bladder,
Radiotherapy tachnique n medulioblzstoma and pitvitary tumors for planning and treatment,

Flanning treatment tachnique of mali gnant and non-melignant conditions of ey,
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