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Evolu6on%of%Radiotherapy%

Thariat, J et al. Nat. Rev. Clin. Oncol. 10, 2013 Cancer Res 2009; 69: (2), 2009 



Basic%hypotesis%of%
Image>Guided%Radia6on%Therapy%
�Increasing%the%precision%and%accuracy%of%radia6on%
delivery%will%reduce%toxicity%with%poten6al%for%dose%

escala6on%and%improved%tumor%control�%
%

RTOG,%Reasearch%Plan%2002>2006%IGRT%CommiHee%
Int.%J%Radiat%Oncol%Biol%Phys%2001;51%
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Image>guided%radiotherapy:%from%current%concept%to%future%perspec6ves%



!  Technological advances both in imaging and delivery increase precision 
of radiotherapy sparing high dose to normal tissues with same or better 
coverage of the Target 
 
! In planning, definition of GTV and OAR is based on CT, frequently fused 
with MRI and PET 
 
! In treatment, 3D imaging is used to localize the target and organ motion 
can be assessed 
 
! Thus resulting in reduction of variability of dose delivered to GTV and 
OAR 

Lancet Oncol 2006; 7 



" EIR and ESTRO provide consensus statement with evidence-based 
and pragmatic guidelines on topics of practical relevance for radiation 
oncology 

" This report focuses primarily on 3D CT – based in-room image 
guidance (3DCT-IGRT) 

" Provided an overview and current standing of 3DCT-IGRT addressing 
the rationale, objective, principles and applications for treatment delivery 
and quality assurance 

" kV CT and kV CBCT (cone-beam CT) as well as MV CT and MV 
CBCT were considered 

Radiotherapy and Oncology 94 (2010) 129–144 





Imaging%doses%in%radia6on%therapy:%%
Dose%Measurement,%Calcula6on,%and%Inclusion%%

in%the%treatment%Plan%



Imaging%in%IGRT%

!  Precise daily positioning of the patient before treatment 
#  MV portal imaging 
#  dual kV planar imaging 
#  in-room fan-beam and cone-beam CT 
 
!  Intra-fraction motion monitoring 
# kV radiography and fluoroscopy 
 
! Daily plan adaptation 
#  fan-beam and cone-beam 



Difficul6es%in%determining%imaging%
dose%during%IGRT%

"  Data from literature on dose delivered by different imaging 

modalities used during radiation therapy are very 

inhomogeneous, thus resulting difficult to estimate the total 

dose received by the patient during treatment 

 

"  IGRT is performed in many ways 



Dose%calcula6on:%methods%%
"  MV imaging: same dosimeters and protocols used for MV dosimetry and 

beam data acquisition 

 

"  kV imaging: various detectors such as ion chambers, thermoluminescent 

dosimeters (TLD), metal-oxide-semiconductor field-effect transistor (MONSFET), 

radiographic and radiochromic films, optically simulated luminescence 

dosimeters (OSLD), glass dosimeters   



Dose%calcula6on:%methods%%

! Monte Carlo Method 
 
! Medium  dependent  correction (MDC) 

algorithm 



Dose%calcula6on:%methods%%
$  Measurement dose in phantom or patient 
! Taking in vivo dose measurements in a Rando phantom and using 

the data as a predictor of patient dose 

!  Taking dose measurements directly on patients undergoing CBCT 

using TLD 

 

$  CT Dose Index (CTDI)/Cone beam Dose Index (CBDI) 
!  CTDI used for CT dose specification and is a measure of scanner 

output 

!  Defining a dosimetric parameter for the cone beam dose index 

(CBDI) and taking dose measurements with a standard cylindrical CT 

Phantom 



Phantom%

J.F. Winslow, D.E. Hyer, R.F. Fisher, C.J. Tien and D.E. Hintenlang. Construction of 
anthropomorphic phantoms for use in dosimetry studies.  
J Appl Clin Med Phys 10, 195-204 (2009) 



• Taking in vivo dose measurements in a Rando phantom and using the data 
as a predictor of patient dose 
• Taking dose measurements directly on patients undergoing CBCT using 
TLD 
•  Technique used: 125 kVp, 80 mA, 25 ms (2 mA s) 
•  AP skin doses ranged from 3-6 cGy for 20-23 separation 
•  Central dose was ~3.0 cGy 
•  The left hip received 10-11 cGy while the right received 6-7 cGy 

Wen et al. Phys. Med. Biol. 52 (2007) 



The center slice of 
region I in the image 
QA phantom showing 
5 ROIs on the image 
in the axial view; on 
the display at the right 
of the ROI label 
“Mean/SD are 
displayed 

J Med Phys 2011 36(4) 



PATIENT%DOSE%FROM%KILOVOLTAGE%CBCT%
TOMOGRAPHY%IMAGING%IN%RADIATION%
THERAPY%
Islam%MK,%Purdie%TG%et%al.%

– Ion chamber and MOSFET measurements in phantom on a prototype 

Elekta XVI unit 17 

– Dose measured for 330 projections 

– Maximum dose for body phantom: 1.8-2.3 cGy (120 kVp) and 2.8-3.5 cGy 

(140 kVp) 

– Maximum dose for head phantom: 1.5-2.0 cGy (100 kVp) and 2.6-3.4 cGy 

(120 kVp) 

Med. Phys. 2006 Jun;33(6) 



PATIENT%DOSE%AND%IMAGE%QUALITY%FROM%MV%
CBCT%TOMOGRAPHY%IMAGING%THERAPY%
O.%Gayou,%D.%Parda,%M.%Johnson,%M.%MiXen%

– Dose measured using clinical delivery protocols 

– Minimum dose of 5-9 cGy and maximum dose 

of 9-17 cGy, depending on the anatomical site 

and patient thickness 

– Lower doses if localization is done using bone 

anatomy 

Med. Phys. 2006 34 (2), Feb 2007 



Dose%delivered%to%the%acrylic%phantoms%measured,%with%the%10%MU%and%15%MU,%using%a%
small%volume%ion%chamber%along%with%the%XiO%treatment%planning%system%(TPS)%

calcula6ons%%

Phantom$diameter$ 16$cm$ 32$cm$

MU%protocol% 10%MU% 15%MU%

Method% Mesured%
(cGy)%

Calculated%
(cGy)%

Mesured%
(cGy)%

Calculated%
(cGy)%

Isocenter% 7.9% 8.1% 9.2% 9.3%

0°% 10.3% 10.2% 12.1% 11.6%

90°% 8.9% 8.7% 9.7% 9.5%

180°% 6.9% 7.1% 4.1% 4.1%

270°% 8.3% 8.3% 8.2% 8.1%

Med. Phys. 2006 Jun;33(6) 



TLD%readings%for%the%pelvis%%

TLD$$
measurement$

(cGy)$

XiO$
calcula)on$

(cGy)$

Plane%posi6on% Anterior% 12.1% 11.9%

Midplane% 10.3% 10.7%

Posterior% 9.9% 9.9%

The measured dose value is the average of the three 
TLD measurements in the same horizontal plane 

Med. Phys. 2006 34 (2), Feb 2007 



TLD%readings%for%the%head%and%neck%
with%8%MU%protocol%

TLD$$
measurement$

(cGy)$

XiO$
calcula)on$

(cGy)$

Plane%posi6on% Anterior% 7.3% 7.1%

Midplane% 6.2% 6.3%

Posterior% 6.0% 6.0%



– Dose measured for standard and low-dose 
modes in and on phantom for three sites 
 
– Mean skin dose of 5.4-6.7 cGy/scan (650-700 
scans over 370 degrees) 
 
– Dose to body of 4-6 cGy/scan for standard mode 
(low dose 1/5th of standard one) 



– Dose measured for standard clinical protocols 

on head and body phantoms 

– Dose of 0.1 to 3.5 cGy/scan for the XVI unit 

– Dose of 1.1 to 8.3 cGy/scan for the OBI unit 



$ MVCT beam model was commissioned and verified through a series of 
absorbed dose measurements in phantoms. This model was then used to 
retrospectively calculate the imaging doses to the patients.  
MVCT dose was computed for five clinical cases: prostate, breast, head/
neck, lung, and craniospinal axis. 
 
$ MVCT typical imaging dose is approximately 1.5 cGy per image with 
normal pitch (2.0) 

$ With pitch 3.0 (coarse) the organ dose can be scaled by 0.67 

$ With pitch 1.0 (fine) the organ dose can be scaled by 2.0 



Transverse images from kilovoltage computed tomography data set for three phantoms:  
(A) 20-cm cylindrical phantom with central ionization chamber point 
 
(B) 30-cm cylindrical ‘‘cheese’’ phantom with three ionization chamber points 
 
(C) CIRS anthropomorphic thorax phantom with three ionization chamber locations 
varying with tissue density. 



Monte%Carlo%calcula6on%

Int J Rad Oncol Biol Phys, 83 (2012) 



MDC%dose%calcula6on%

Pawlowski and Ding, Phis. Med. Biol. 56 (2011) 



MV%CBCT%dose%

Distribution of dose deposited in the pelvis by a single 
fraction of MV CBCT imaging for a prostate patient, with 
10 cGy at isocenter. The isodose lines are labeled in cGy. 

Miften M, Gayou O et al. Med Phis 2007; 34 



Miften M, Gayou O et al. Med Phis 2007; 34 

Example of isodose distributions 77.4, 60, 40, 20,10, and 5 Gy on 
transverse, sagittal, and coronal CT slices from the IMRT plan (upper 
panel) and the IMRT plan optimized with daily MV-CBCT (lower panel) of 
a prostate patient. The latter was used for treatment. 



kV%CBCT%dose%

Ding et al., Phys. Med. Biol. 52: 1595-1615 (2007) 



Kv%CBCT%dose%

Dose calculation using the three-arc beam arrangement  indicate a 

difference in the range of 0% to 19% between planned and 

measured doses for points within the soft tissue portion of 

phantom.  
 

Alaei et al. Med Phys. 37 (1) 2010 



Comparisons%of%measured%and%computed%
point%doses%in%“soX%6ssue”%areas%of%Rando%
phantom%(Varian%OBI)%

Alaei et al. Med Phys. 37 (1) 2010 



The%loca6ons%of%the%TLDs%as%indicated%in%the%CT%image%of%the%
Rando%phantom%and%the%isodose%distribu6on%generated%by%

calcula6ng%the%dose%from%the%125%kVp%CBCT%beam%

The calculated dose around each point was investigated and there is 
essentially no dose gradient within the approximate area occupied by each 
TLD chip Alaei et al. Med Phys. 37 (1) 2010 



Kv%CBCT%dose%

Isodose distribution demonstrating imaging dose from 25 fractions of pelvic 
imaging for one patient using Elekta XVI pelvis imaging protocol (120 kVp, 1 mAs, 
650 projections) and calculated using Pinnacle treatment planning system. 

Alei P, Spezi E. Imaging dose from CBCT in radiation therapy. Phisica Medica 2015 



The TPS-calculated dose distribution from 11 daily CBCT imaging using:  
a)  the standard protocol used for pelvic imaging 
b)  b) the standard protocol used for head and neck imaging 

demonstrating an 18-fold reduction in dose. 

Alei P, Spezi E. Imaging dose from CBCT in radiation therapy. Phisica Medica 2015 



QUESTIONS%





For the differing qualities of kV, CT, 
and MV exposures, the doses should 
only be compared and summed in 
units of “effective dose”, which 
represent the approximate biological 
detriment associated with a given 
integral dose 



EFFECTIVE%DOSE%
Equivalent%dose%for%@ssue/organ%T%(Sieverts)%%%

EFFECTIVE DOSE 
(SIEVERTS) 

JR Sykes and al. Dosimetry of CBCT: methods, doses and clinical consequences. Journal of Physics: Conference Series 444 



Cone Beam dose measurements (similar to CTDIw ) for standard imaging 
protocols on the Varian OBI and Elekta Synergy CBCT systems published in 
the UK Centre of Evidence Based Purchasing report 

JR Sykes and al. Dosimetry of CBCT: methods, doses and clinical consequences. Journal of Physics: Conference Series 444 



"  daily pre-treatment CTs for 30 fractions: 
60 - 400 mSv 

 
"  two pairs of MV portal images daily for 30 fractions: 

40 - 400 mSv 
 
"  two minutes of daily kV fluoroscopy for 30 fractions: 

40 - 120 mSv 
 
"  100 dual kV planar images daily for 5 fractions: 

10 - 100 mSv 

AAPM Task Group 75, Medical Physics 34 (10):  2007 

IGRT%EXAMPLES%



DOSE%REDUCTION%



The%management%of%imaging%dose%during%
Image>guided%radiotherpy:%%

Report$of$the$AAPM$Task$Group$75$
M.$Murphy,$J.$Balter$et#al.$%

Med Phys. 34 (10) October 2007 

To%respect%philosophy%of%ALARA$
• %Compile%an%overview%of%image>guidance%techniques%with%enough%dose%levels,%to%
provide%the%clinician%using%a%par6cular%set%of%image%guidance%techniques%with%
enough%data%to%es6mate%the%total%diagnos6c%dose%for%a%specific%treatment%scenario%

• %Iden)fy$ways$to$reduce$total$imaging$dose$without$sacrificing$essen)al$imaging$
informa)on$
%
• %Recommend%op6miza6on%strategies%to%trade%off%imaging%dose%with%improvements%
in%therapeu6c%dose%delivery%



The British Journal of Radiology, 77 (2004) 



What do we 
know about 
doses in 
radiotherapy? 

The British Journal of Radiology, 77 (2004) 

"  Doses to critical structures from CT scanning for 
planning  = 0.1 cGy to 4 cGy 

"  Doses from portal image about 1-2 cGy from each 
image exposure (10 images=100-200 mGy) 

"  Dose due to leakage and scatter 3D-CRT (for 60 Gy to 
target-30 fractions) at least 6 cGy to every part of the 
body 

"  Dose from leakage and scatter in IMRT may be at least 
a factor of 2 higher than figures give above 



Int. J. Radiation Oncology Biol. Phys., Vol. 70, No. 1 

% According to ICRP 60: probability to inducing a fatal cancer from a single 
radiographic exposure 5 x 10-5 per mSv 

 
% Patient position verification by standard mode CBCT acquired by OBI on 

daily basis could increase the secondary cancer risk up to 2% to 4% 



Conclusions%




