
Stereotactic radiosurgery in Tomotherapy

Assist. Prof. Anirut Watcharawipha, Ph.D.
Radiation oncology, Faculty of Medicine, CMU

1-3 Mar 2024, 15th TMPS, Trang, Thailand



Major requirements

Stereotactic radiosurgery



Stereotactic radiosurgery requirements

Immobilization system

Multiple image modalities and image registration



1st requirement of SRS

Immobilization system

Invasive system Non-invasive system



1st requirement of SRS

Stereotactic frame system with CT, MRI or angiography

Brown-Robert-Well (BRW)

BrainLab® System

Image registration and Organ delineation



1st requirement of SRS

Stereotactic frame system with CT, MRI or angiography

Stereotactic frameless

Image registration and Organ delineation



Stereotactic radiosurgery requirements

- - - Dose gradient for SRSDose gradient for trypical IMRT techniques



2nd requirement of SRS

Steep dose gradients external to the lesion.

Aperture to axis distance

Non-coplanar treatment technique



Treatment modalities in SRS

CyberKnife®

C-arm based Linac
(ceiling-floor mount IGRT)

C-arm based Linac
(CBCT IGRT)

Gamma Knife®



SRS in Tomotherapy

Tomtotherapy

• Binary multi-leaf collimator

• Provides Intensity Modulated RT

• SAD 85 cm

• Image guided RT 

• MVCT (Ctrue®)

• kVCT (ClearRT®)

• Stereotactic frameless technique



Consideration of treatment plane in SRS

Treatment planar Non-coplanar tx tech.
Coplanar tx tech.



SRS treatment planning in Tomotherapy

doi:10.1016/j.meddos.2009.11.003



SRS treatment planning in Tomotherapy

Target Matric Dose contraints

CSV D1% Prescribed dose (100%)

PTV D99% ≥ 80% of precribed dose



SRS treatment planning in Tomotherapy

Central sub-volume (CSV)
< 2.5 mm dia.

GTV  .

Sub-volume (SV)  
(< 2 cc).   

Inner ring (PTV - 2mm)   .

PTV

Ring 3 mm   . 
PTV < 2cc PTV > 2cc



SRS treatment planning in CMUH

Central sub-volume (CSV)
< 1 cc

 GTV

PTV

Ring 5 mm   . 

   Ring 10 mm   .

PTV > 2cc

PTV < 2cc



Dose constraints of SRS treatment planning in CMUH

Ring 10 mm ≤ 40% of Dmax
Ring 5 mm ≤ 70% of Dmax

80% ≤ PTV < 100% of Dmax

GTV 

CSV = 100% of Dmax

Target



Examples of SRS treatment planning in CMUH

PTV 22.7 cc
SRT 3 Fxs
Dmax 32.4 Gy
Target dose 27 Gy (83.3% of Dmax)



Examples of SRS treatment planning in CMUH

Increase high dose plan

PTV 22.7 cc
SRT 3 Fxs
Dmax 33.4 Gy 
Target dose 27 Gy (80.8% of Dmax)



Evaluation tools

• Conformity index (CI)

• Conformity index at 50% of the treated dose (CI50)

• Homogeneity index (HI)

• Conformity Gradient index (CGI)

• Gradient Distance* (GD)

            * inhouse evaluation tool



Evaluation tools

Conformity index

Conformity index (Paddrick, 2006)

where CI = Conformity index
 TV = Target volume
 TIV = Target isodose volume
 VIR = Treated isodose volume
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Conformity index (ICRU)

where CI = Conformity index
 TV = Target volume
 PIV = Prescribed isodose volume
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Evaluation tools

Conformity index at 50%

Conformity index (Paddrick, 2006)

where CI = Conformity index
 TV = Target volume
 TIV = Target isodose volume
 VIR = Treated isodose volume

 
 

Conformity index (ICRU)

where CI = Conformity index
 TV = Target volume
 PIV = Prescribed isodose volume
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Evaluation tools

Homogeneity index

where  Dmax = Maximum dose

  DRx = Treated dose
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Evaluation tools

Conformity Gradient index

Where CGI    = Conformity gradient index

 CGIc  = Conformity of CGI

 CGIg  = Gradient of CGI

Where CGIc  = Conformity of CGI

 TV      = Target volume

 PIV     = Prescription isodose volume or Treated isodose volume

Conformity of CGI

Where Reff,Rx = Effective radius at treated dose

 Reff,50%Rx = Effiective radius at 50% of treated dose

and, 	 𝑅!"" =
! 3V
4π

Gradient of CGI (UFIg)



Evaluation tools

  GD = Reff,50%Rx – Reff,Rx

Where   GD    = Gradient distance 

 Reff,Rx = Effective radius at treated dose

 Reff,50%Rx = Effiective radius at 50% of treated dose

and, 	 𝑅!"" =
! 3V
4π

Gradient Distance (inhouse formula)



Examples of SRT treatment plan in CMUH

Parameter criteria value

CIICRU ≤ 2 1.3

CI50,ICRU 3 – 7.5 4.4

HI ≤ 2 1.23

CGI 30% – 90% 55.6%

GD ≤ 10 mm 9.7 mm

PTV (22.7 cc, Reff = 1.76 cm)
SRT 3 Fxs
Dmax 33.4 Gy 
Target dose 27 Gy (80.8% of Dmax)



Consideration issues of Tomotherapy SRS/SRT treatment planning

Coplanar plan VS Non-coplanar plan

Treatment planar Non-coplanar tx tech.
Coplanar tx tech.



Consideration issues of Tomotherapy SRS/SRT treatment planning

Coplanar plan



Consideration issues of Tomotherapy SRS/SRT treatment planning

Coplanar plan



Consideration issues of Tomotherapy SRS/SRT treatment planning

Stereotactic Ablative Body Radiotherapy (SABR)



Consideration issues of Tomotherapy SRS/SRT treatment planning

Beam on time



Consideration issues of Tomotherapy SRS/SRT treatment planning

Beam on time

Beam	on	time ∝
1

Field	Width	



Consideration issues of Tomotherapy SRS/SRT treatment planning

Beam on time

Re
qu

ire
d

Dynamic jaws



Consideration issues of Tomotherapy SRS/SRT treatment planning

Beam on time (Plan qualities VS Field width)

FW 2.5 dynamic FW 2.5 Fixed



Consideration issues of Tomotherapy SRS/SRT treatment planning

Fixed jaws in a large field width of 
Tomotherapy => Plan qualities ⇩ 

Beam on time (Plan qualities VS Field width)



Summary

• Tomotherapy can be an alternative modality for SRS/SRT.

• Fixed field width of 10 mm of tomotherapy is the goal standard of SRS/SRT.

• The different distance of the steep dose gradient is only 1-2 mm between the non-coplanar 

technique by c-arm based Linac and the coplanar technique by tomotherapy.

• Dynamic FW of 25 mm provides not only the treatment time reduction but also the parallel 

plan qualities on the fixed field width of 10 mm.

• Fixed FW of 25 mm can be used with the consideration of the clinical practice.



Thank you for your attentions.


