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Tumor therapy prior to 1895

Surgery
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Complex tumour therapy
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10 million patients/year receive radiotherapy



Radiotherapy

Loco-regional treatment method

Directed energy deposition in the human body

energy
mass
Unit Gy (Gray): 1Gy=1 J/kg

Dosis =



Physical process
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Chain reactions may also occur, particularly in lipids, and may play a role in
damage to cell membranes

*Free radicals are highly reactive fragments of molecules having unpaired electrons
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Radiation effects
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Characteristic of radiation

Quality (particle) photon, electron, proton...
Energy ( mean) —p
Intensity —

Dose rate (dose/time)

linear energy transfer LET/ biological effectivity RBE



High LET Low LET (inidrect action)
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'\ Very dense ionisation lonisation Free oxygen radicals
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Protons in H,0 Carbon Ions in H,0

Clustered lesions

High RBE
Low OER



T Cell cycle effects

__Radiosensitivity differs throughout the cell

cycle
- late S-phase being most radioresistant,
- G2/M being most radiosensitive

- G1 phase taking an intermediate position.



Biological effects depend on

micr. Macr.
. cell cycle -tumour size, -type, -vasc.
e OXygenisation *age, nutrition, perf. status
* regeneration eanaemia, co-morbidity,

o Intrinsic radiosensitivity medication

Radiaton quality, dosis, fractionation, combination




RT

AImS Side effects
Tumour elimination  Acute reactions
e Curation — General /Local -Inflammation
L ate sequales (irreversibile)
: Organ/function Presery. — Scar tissue, ulcus, organ function |
« Palliation » (second) tumor Induction

Therapeutic Index

Tumour response / side effects

CR, PR, MC, SD, PD Toxicity (grade. duration
LC, TFS, TTP, OS impact on QL)
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Concomittant radio-chemotherapy
NSCLC

50mg/m2 Paclitaxel 200 mg/m2Carboplatin (AUC)

! ! ! ! !

Irradiation
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Concomittant radio-chemotherapy
Glioblastoma

75mg/m?/day temozolomid (during 42 days)

N A

Irradiation
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Concomittant anti-EGFr-radiotherapy
Head and neck

Loading dosis Cetuximab
| | | | | |
radiation

—
1234567891011 12 13 14 15 16 17 18 19 20 21 22 23 24 25



Molecular tagets in connection of radiotherapy
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Optimisation in time

 Fractionation

« daily dose (conventional, hyperfr., adapted-dinamic,
chronobiology guided)

« weekly dose

 QOverall treatment time

« Timing In relationship to other treatment
modalities in combined scheme (pre-, intra, pert,
postoperative, sequential, altered, concomittant)



DOSE-FRACTIONATION IN RADIOTHERAPY

TYPE

Conventional

Hyperfractionotion

Accelerated MDF

Modified
Accelerated
Fractionation

Split Course

Hypofroctionotion

TIME ==

DOSE

D

D+d

D-d

D+d

SCHEDULE

10 T 11 11

200 cGy/day

1111 1V 1 1

115 cGy X 2 /day

1111 1 1

150- 200 cGy X 2 /day
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Target volume Normal tissues

Selective homogeneous Decrease of the dose

painted RT (concomittant to the normal tissues
boost, hypoxic areas)

TCP t NTCP |

Increased therapeutic index




 Brachytherapy

 Teletherapy (percutanious)



Hole of the body
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After 1895
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Abb. 51. Einrichten des Einfallswinkels der Strahlenkegel durch Vergleich aus einem ent-
fernten Standpunkt mit den auf der Visierpappe aufgezeichneten Richtungslinien.









Procedures

Patient positioning | | Planning 3b | | Setup, field
Immobilisation Imaging (CT) planning control
PET-CT/MRI

Re-CT- imige
fusion
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Indication of target voluae
Imag
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Treatment planning

Contouring of target volumes and organs at risk




Dose prescription - protocols

* Target dose , fraction size
 Dose constraints of normal tissues

Aim of the treatment (curative-pall.)
Tumour type and characteristics
Malignant cell amount (tumour size)
Other therapy modalities

Tolerance of surrounding normal tissues



Standard methods of dose calculation

Pure phenomenological models

Based on a parameterization of the dose distribution using
measured data sets, the so called dosimetric base data.

Depth dose curve, doseprofile, collimator-scatter, head-
scatter for open (square, rectangle shaped) fields

Inhomogeneity correction: A simple way is the scaling of the
depth dose curve with the relative electron density of tissue
to water.

Convolutional methods (Kernels and pencil beams)

A faster and more elegant method for a more accurate dose
calculation of such irregular shaped fields

elementary photon beam—s interactions —s energy
transmission and storing (dose kernel (core) )

Sum of elementary beams —> Sum of dose kernels

Monte Carlo simulation




Plan evaluation

dose distribution - visual and
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Measuring the dose

In order to determine a radiation dose, a variety of physical or
chemical radiation effects can be used.

Radiation effect: Detector of method:

Ionization in gas S ionization chamber
proportional counter
Geiger-Mueller counter

Ionization in solid — state semiconductor crystal
conductivity detector

Luminescence —> TLD

Chemcal effects —> photographic film

chemical dosimeters, gels
Thermal effect —> calorimeter



Phantoms

The measurement of water absorbed dose usually is
performed within an absorbing medium called a

phantom.

Standard phantoms

Water phantom: TBA (Therapy Beam Analyzer)
Anatomical phantoms: Alderson-Rando phantom

IMRT phantoms




Treatment

Simulation of the fields

Treatment set up — verification (EPID, orthogonal KV, MV
Images, Cone beam CT, MRI)

Treatment delivery with regular portal imaging and
careful patient care

Adaptation to the changes during RT (repeated imaging)
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Adaptive radiation

External

& External I o . '/'

:igﬁ?fTJ

Prior to radiation After 40 Gy



Maximized T » 1.90 {(cm) Scale=1: 1.11



Re-CT at 45Gy
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Quality Assurance

OPs, defined tasks and responsibilities, regular updating
education, training

Control on medical decisions
Regular control of the machines

~ontrol on procedures, treatment delivery and patient car

Evaluation of the results- transparency




Therapeutic Index

Tumour response

CR, PR, MC, SD, PD side effects

LC, TFS, TTP, OS type, seriousity,

management, duration
Impact on QL



