
Radiation Oncology Trials 

Alone & in Multimodality 

Settings



OBJECTIVES

-SUMMARY MODERN TECHNOLOGY & 
DEFINITIONS IN THE IMAGE-GUIDED ERA

-DISCUSS HOW VARIOUS RADIOTHERAPY 
APPROACHES EFFECT THERAPEUTIC RATIO

-RADIOBIOLOGY & PRINCIPLES OF 
DRUG/XRT INTERACTION

-CLINICAL TRIAL DESIGN



ñWhatôs the big deal about radiotherapy in

cancer clinical trial design?ò





The treatment of cancer with ionizing radiation is called 

Radiotherapy (RT) or Radiation Oncology.
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External RT + Intensity Modulated Radiotherapy 

(IMRT)
Brachytherapy

Radiosurgery -

Stereotactic RT

Particle therapy with 

Protons or light ionsPhillipe Lambin



The Evolution of Radiation 

Therapy

High resolution  IMRT
Multileaf Collimator

Dynamic MLC

and  IMRT

1960ôs 1970ôs
1980ôs 1990ôs

2000ôs

Cerrobend Blocking

Electron Blocking

Blocks were used to 

reduce the dose to 

normal tissues

MLC leads to 3D 

conformal therapy 

which allows the first 

dose escalation trials.

Computerized IMRT 

introduced which 

allowed escalation of 

dose and reduced 

compilations

Functional 

Imaging

IMRT Evolution 

evolves to smaller 

and smaller 

subfields and high 

resolution IMRT 

along with the 

introduction of new 

imaging 

technologies

The First Clinac
Computerized 3D CT 

Treatment Planning

Standard Collimator

The linac reduced 

complications 

compared to Co60





Multidisciplinary 

decision: Treatment 

protocol

The clinical side: workflow in Radiation Oncology

Treatment:

- Irradiation

- QA dose

- QA set-up 

(Imaging)
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*Baardwijk van A, et 

al. Int J Radiat 

Oncol Biol Phys. 

Treatment 

Preparation:

- Contact MD-patient

- Simulation (imaging)

- Tumour delineation*

- 3D Planning

Phillipe Lambin



Trials of Radiation Therapy Alone

ÅTarget Volume

ÅOrgans at Risk

ÅQuality Assurance

ÅDose

ÅVolume

ÅTime

ÅAssessment of Toxicities



ICRU 62 report

é and Margins: The irradiated volumes

ÅGTV = Gross Tumour Volume
= Macroscopic tumour

ÅCTV = Clinical Target Volume
= Microscopic tumour

ÅPTV = Planning target Volume

PTV

Advice:Always use the 

ICRU reports to specify 

and record dose and 

volumeBaumert et al. IJROBP 2006 Sep 1;66(1):187-94



Quality Control -Radiation

ÅStandard time, dose, and fractionation 

schedules

ÅSpecify fields or target volumes ïbe precise

ÅSpecify doses to target volumes

ÅIMRT vs. 3-D conformal radiotherapy

ÅCT-based vs. conventional simulation

ÅField verification

ÅDose inhomogeneity



0 20 40 60 80 100 120 140 160 180

10

15

20

25

30

35

40

5
-y

e
a

r 
s

u
rv

iv
a

l 
(%

)

SER (days)

De Ruysscher et al. J Clin Oncol. 2006 Mar 1;24(7):1057-63.)

Treatment Time: 

the SER (Start of any treatment to End of Radiation)

Phillipe Lambin





Quality Control -Radiation

ÅStandard dose and fractionation schedules

ÅSpecify fields or target volumes ïbe precise

ÅSpecify doses to target volumes

ÅIMRT vs. 3-D conformal radiotherapy

ÅCT-based vs. conventional simulation

ÅField verification

ÅDose inhomogeneity



Multi -leaf Collimator



Multileaf Collimator in 

LINAC



IMRT 
ÅAs the treatment head 

arcs, ñleaves open and 

close to control the 

amount of radiation 

given in each ñbeamôs 

eye view.ò

ÅThis creates the 

ability to tightly sculpt 

dose.





Image-guidance: The Next Generation



Advances in Radiation Therapy - The 

New Pyramid

Early

Period

Current

Period
GTV

Normal Tissue

Precise localization

Geographic miss

BTV



CTV CTV

PTV

PTV

Without

Imaging

With

Imaging

CTV ïvolume containing disease
PTV ïvolume that needs to be irradiated to ensure CTV
is always treated

Objectives of IGRT & Dynamic 

Targeting







Multi -Modality Radiation Trials



Translation to the Clinic -Potential 

Problems

ÅBaseline response rate

ÅBaseline cure rate

ÅBaseline  toxicity

ÅInterdependence of one modality on the 

other for therapeutic effect

ÅCompeting risks for end-point of interest



Factors Affecting Radiation 

Sensitivity

ÅIntrinsic Factors 

ÅRas mutational status

ÅEGFR

ÅDNA repair capabilities

ÅDNA methylation

ÅExtrinsic Factors

ÅTumor microenvironment ïhypoxia

ÅpH

ÅTumor vasculature ïónormalizationô



Cell Cycle
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Radiation Survival Curve

DMF = ratio of doses that give 

a  particular level of cell kill




