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Treatment intent

Stereotactic Body Radiotherapy

Restrict volumes/dose to normal tissues

Volume effect of the organ

Partial organ irradiation

Local tumor control - acceptable toxicity

Reduce margins CTV -> PTV
Small margins GTV -> CTV

Technical aspect
Patient selection



Prerequisite

Stereotactic Body Radiotherapy

Volume effect of the organ

Target : well defined or small

High biological tumor-dose

PTV

Problem : Geometry, hit the target as planned

(Dosimetry, dose distribution)

CTV



Stereotactic Body Radiotherapy

Problem : Geometry, hit the target as planned

Set-up uncertainty, Internal tumor motion

Geometrical verification of the tumor-position, in 
the reference system used for set-up

Reproducibility of the tumor-position, in the 
reference system used for set-up



Radiotherapy

Intracranial SRT Conv. radiotherapy
Rigid body

Treatment unit

Tumor

OAR

SBRT

Set-up
Anatomical reference
system

Verification
Portal imaging of the 
skeleton

Set-up
External reference
system ���� Stereotactic

Verification
Imaging of the tumor
and organs at risk



Stereotactic Body Radiotherapy
Treatment planning imaging Verification imaging

Treatment unit

Stereotactic system

Diagnostic unit

Tomographic imaging

Treatment unit

Projection imaging kV or MV

Set-up for treatment

Treatment unit

Tomographic imaging kV or MV

Diagnostic unit

Tomographic imaging

Stereotactic system Diagnostic unit

Tomographic imaging

Stereotactic system

Treatment unit



Stereotactic Body Radiotherapy
Treatment planning imaging Verification imaging

Treatment unit

Stereotactic system

Diagnostic unit

Tomographic imaging

Treatment unit

Projection imaging kV or MV

Set-up for treatment

Treatment unit

Tomographic imaging kV or MV

Diagnostic unit

Tomographic imaging

Stereotactic system Diagnostic unit

Tomographic imaging

Stereotactic system

Treatment unit

Frame based

+ General solution with regard to diagnostic and treatment units
- Verification is not done on the treatment unit

Non frame based

+ Verification is done on the treatment unit – correction of the position possible
- Specialized treatment units, equipped for verification



Stereotactic Body Radiotherapy
Treatment planning imaging Verification imaging

Treatment unit

Stereotactic system

Diagnostic unit

Tomographic imaging

Treatment unit

Projection imaging kV or MV

Set-up for treatment

Treatment unit

Tomographic imaging kV or MV

Diagnostic unit

Tomographic imaging

Stereotactic system Diagnostic unit

Tomographic imaging

Stereotactic system

Treatment unit

+ Clinical, Scientific, Commercial interest. 
+ Many different solutions are explored today

Efficacy of SBRT: Outcome and cost



Spatial dose distribution

Dose profile

GTV

PTV

Dose

Normal tissue

Multiple beams



Spatial dose distribution

Dynamic situationStatic situation

GTV

PTV

Dose

Normal tissue



Dose prescription

Dynamic situation

Static situation

GTV

PTV

Dose

Normal tissue

Periphery of PTV

15 Gy x 3 
65%,  80%,   90% of the dose at the center

Center of PTV

20 Gy x 3 
65%, 80%, 90% at the periphery of PTV
13Gy, 16Gy, 18Gy at the peripery of PTV

”15Gy x 3, at 65%”

”20Gy x 3, at the center, 65% at the periphery of PTV”

23Gy, 19Gy, 17Gy  dose at the center



Dose specification

GTV

PTV

Dose

Normal tissue

Static situation

Dose to isocenter

Min, max, mean doses to GTV, CTV, PTV

Mean PTVMax PTVMIN PTV

Mean CTVMax CTVMin CTV

Mean GTVMax GTVMin GTV

Target volumes

Equivalent uniform dose (EUD)

Min, max, mean doses

Organs at risk (OAR)

Dynamic situation

Effective volume Veff



Temporal dose distribution

Fractionation

GTV

PTV

Dose

Normal tissue

1 – 5 fractions in 1 to 10 days



Treatment delivery

Static conformal beams
coplanar, non-coplanar

Dynamic conformal beams
static collimation
dynamic collimation

IMRT, static

IMRT, dynamic



Internal target motions (breathing)

Margins, CTV-PTV

Abdominal compression
reduced margins

Dynamic tracking
fluoroscopy

Gating



Stereotactic Body Radio Therapy
Small margins

Volume effect of the organ
Low toxicity – local tumor control

External, well-defined reference system
Target definition
Set-up

Geometrical verification
Tumor position
Reference system used for set-up

Heterogeneous dose distribution in PTV
Increased dose to GTV



� ���� � � � � � ���	��
����

�
����
�����������
����������
��������

���������	
��� 
�������
�����
��

������������
���� ����
��
��
�
�!��� �
"�#�
�
�������#����!$�%��&������������������������� �

����&�������
�'�%�(

�����)���� ������*�� �
�����������������
������������
�������

�
���������

�� ����
��
��
�
�!$�)������������*
�������
��� +��, '�(#���������

�

	�� ������� ���������� �������	� ���
����
	�������� ���� ����
��
�
������
�
�����	�� �������
�� ����������
�������������
�������	�������

���� ���	��  !!� �������
�� 
��
�
��	�	��
����
	����
�	�� �������� ���	���	�	��
����
�
��	�	�����
��������������	�����
�"�������

-#����.��
�-#����	$����	
)������*
����/////����������������
����&�������


�
���������������*0�
��������������1
��
�������	2���
�3��


