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INTRODUCTION

 mproving tumor control and keeping a decreased 
 dose to the surrounding healthy tissues is almost a 
 dogma in external beam radiotherapy. With a pre-
dominant characteristic in tailoring the treatment dose to 
match the shape of the targets and so reduce the dose to 
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ABSTRACT

Objective: Setup accuracy of our head and neck intensity-modulated radiation therapy (IMRT) patients based on the non-
extended standard thermoplastic masks was examined using a Varian onboard imaging system.
Methods: Retrospective analysis of thirty head and neck IMRT patients treated during April 2009-July 2010 was performed. 
All two-dimensional kilovoltage (2DkV) and cone-beam computed tomography (CBCT) images were acquired weekly during 
the same session and reviewed by oncologists using an offline review 8.6 program on an Eclipse treatment planning system. 
Couch shifts predicted by software between 2DkV and CBCT images were recorded. The planning target volume (PTV) 
margin using VanHerk’s margin formula was calculated. 
Results: Four-hundred and forty-four images of 2DkV and CBCT alignment were analyzed. Positioning errors within ±           
3 mm. were shown in 84.07% of 2DkV radiographs and 85.84% of CBCT images. Average displacement found in antero-
posterior (AP), cranio-cuadal (CC) and left-right (LR) axes , were  0.3±2.0  mm , 0±1.7 mm,  0.5±1.5 mm for the 2DkV, and 
0.3±2.3, 0.7±2.1,  0.4±2.1 mm for the CBCT data set, respectively.  Systematic and random variations from both methods 
which were seen in the range of 0.5-1.8 mm. PTV margins determined from 2DkV pair images, in AP ,CC and LR directions 
were presented at 4.60, 3.80 and 2.41 mm. when compared to 5.4, 4.32 and 4.35 mm from CBCT, respectively. Adaptive 
treatment planning on six patients were undertaken as well owing to the great benefit of CBCT to detect the patient’s contour 
changes ,which can be seen in the range of 1.20-3.12 cm. 
Conclusion: Based on our immobilization masks and laser-based positioning, the majority of treatment setups were accurate
within our acceptable criteria. Both 2DkV and CBCT were shown to be effective methods to reduce the residual setup                
error.  The results from this study will be used as a baseline for further improving the setup accuracy for head and neck IMRT 
patients at our institution.
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avoid normal tissue e structures, intensity modulated radia-
tion therapy (IMRT) has shown highly clinically relevant 
benefit for head and neck cancer. However, because of 
a complex anatomy in which many radiation-sensitive 
organs are in close proximity to the target,  as well as  treat-
ment plans which must be accurately delivered throughout 
a six-to-seven week treatment course, it is challenging to 
keep the daily setup precision and positioning reproduci-
bility  for the patients receiving head and neck IMRT.1

  To reposition patients accurately between daily treat-
ment fractions, several parameters including patient- setup 
procedure, laser alignment accuracy, mechanical stability 
of the linear accelerator table and gantry, as well as type of 
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immobilization device are important. Typically, in brain 
and head and neck tumors, thermoplastic masks fixed to 
a carbon fiber base plate have been used for many years 
to reduce setup uncertainties during treatment delivery.2-5  
Head-to-face masks are used to fix patient’s face from 
the hair line to below the chin.  Later, head-to-shoulder 
masks, are extended to thoroughly immobilize lower 
head and neck regions. Peer-reviewed data of the facial 
mask system, showed a range of average positional error 
which varies from 1 to about 5 mm., and standard devia-
tion as high as 5-8 mm.1-9 Setup verifications were also 
reported on various methods of the alignment correction 
protocol.11-15 
 Lately, image-guided radiation therapy (IGRT) has 
been successfully implemented to maximize treatment 
accuracy.16-19 Movement of the patient during treatment, 
intrafractional  organ motion and  anatomical deformation 
are the main factors  for  geometric uncertainty. Using the 
in-room kilovoltage computed tomography technology, 
high contrast of the two-dimensional kilovoltage (2DkV) 
and three-dimensional kilovoltage cone-beam computed 
tomography (3DkV-CBCT) images are provided on the 
treatment day.  When matching these verification images 
to the reference images of patient or target position on the 
treatment plan, the positioning deviations can be assessed 
accurately and consequently corrected for each individual 
patient. 
 It is crucial for each institution to analyze their own 
radiation treatment quality employing IMRT and IGRT. At 
our center, head and neck IMRT patients were routinely 
fitted with facial masks. This mask fastened the patient’s 
head to face and was extended to the lower neck region 
without fixation for the shoulders. This type of mask may 
introduce inadequate rigidity for maximal immobilization. 
Currently, the head-to-shoulder masks have been imple-
mented, but due to their being doubly more expensive 
than the conventional ones, they have been applied only 
to the patients who had no financial or reimbursement 
issue. Thus, we would like to retrospectively analyze the 
setup efficacy obtained from using the standard head-
to-face masking and three points laser alignment as the 
routine daily setup for our head and neck IMRT patients. 
We also reviewed and compared the verification images 
from two different IGRT methods, 2DkV radiographs 
and 3DkV-CBCT. Results of the setup accuracy on the 
standard, non-extended thermoplastic masks has been 
reported and discussed.

MATERIALS AND METHODS

     The study population consisted of consecutive thirty 
head and neck cancer patients receiving IMRT treatment 
during April 2009 - July 2010. All patients on appropriate
neck rests, were aligned and fixed in their treatment 
position using 2.4 mm thickness, Uni-frame® (35.6 cm) 
standard perforated thermoplastic masks (CIVCO Medical 
Solutions, Kalona, IA, USA) as shown in Fig 1. All 3 mm. 
slice thickness images from Philips Brilliance Bigbore-16 
CT simulator (Philips Electronics, Netherland) were 
imported into the Eclipse 8.6 treatment planning system 
(Varian Medical Systems Inc., Palo Alto, CA, USA) and 

seven-field sliding window IMRT treatment plans were 
generated for each patient.  Plan delivery was performed 
by marking three reference points of plan isocenter on the 
patient’s masks using a laser alignment system on Acuity 
ix simulator (Varian Medical Systems Inc., Palo Alto, 
CA, USA). Easily seen bony structures, such as mandible, 
c-spine, orbit and base of skull were outlined by the radia-
tion oncologists on the digitally reconstructed radiographs 
or simulation images. These bony landmarks would be 
used as regions of interest for setup verification. (Fig 2)    
 At the treatment room, IGRT with 2DkV radio-
graphic and 3DkV-CBCT mode, were acquired with a 23 
EX linear accelerator (Varian Medical Systems Inc., Palo 
Alto, CA, USA) equipped with onboard-imaging system. 
At every pre-treatment, patients were repositioned using 
the same thermoplastic masks and aligned with treatment 
room lasers. Based on our routine practice, a pair of 
2DkV orthogonal images were firstly acquired and then 
compared to the reference images using bony structure 
alignment as the criteria of matching. Setup deviation in 
three directions (x,y,z) was then assessed from the of-
fline review 8.6 program (Varian Medical Systems Inc., 
Palo Alto, CA, USA) and consequently corrected for the 
patient.  Each patient was repeated with head and neck 
CBCT volumetric imaging protocol (120 kVp, 20 mA 

Fig 1. The Uni-frame® (35.6 cm) head-to-facial mask used for 
head and neck IMRT patients in this study. 

Fig 2. The system software matched the 2DkV verification          
images with the pre-computed digitally reconstructed radio-
graphs from planning CT or simulation images using bony 
structure alignment as the criteria of matching.
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and 25 millisecond, full- fan mode with bowtie fi lter, 3 
mm. slice thickness). The acquired 3DkV-CBCT images 
on the treatment day were registered with the planning 
CT images using the soft tissue auto-fusion software. 
To reduce the residual setup errors, the outlined contour 
were manually adjusted by radiation therapists until they 
were matched with the target position. (Fig 3) According 
to our setup protocol, no couch shifts were performed if 
the setup errors in three directions were within ± 3 mm. 
To assess our setup quality, weekly treatment verifi ca-
tions, both of on online 2DkV and offl ine 3DkV-CBCT 
images on thirty head and neck IMRT patients, were 
retrospectively reviewed.  Couch shifts presented in three 
axes, antero-posterior (AP), cranio-cuadal (CC) and left-
right (LR) directions, on each image guidance session 
were collected and quantifi ed for the mean and standard 
deviation error. Systematic (Σ) and random setup varia-
tions (σ) for this study population were calculated.13,22  
An  appropriate margin for the planning target volume 
for our head and neck IMRT patients,  fi tted with  the 
non-extended thermoplastic masks, was defi ned using 
Van Herk’s margin formula (2.5* Σ+0.7σ).20,24  Finally, 
we examined verifi cation effi cacy between using 2DkV 
radiographs and 3DkV-CBCT alignment methods. All 
CBCT images on each patient were shifted to the pre-
corrected positions and reregistered to the planning CT. 
Verifi cation procedure on CBCT was repeated and the 
analyzed results were compared to the 2DkV method. Due 
to their better representation of 3D anatomy than 2DkV 
image pairs, couch shifts in 3DkV-CBCT imaging were  
regarded as reference shifts in this study.
 Our study was certifi ed by the Siriraj Institutional 
Review Board to be in full Compliance with International 
Guidelines for Human Research Protection (COA Number 
Si.497/2011).

RESULTS

 The total number of 444 scans (composed of 226 
pre-correction scans with 2DkV, and 218 post-correction 
scans with 3DkV-CBCT) with an average of 7.5 images/
patient, were analyzed in the context of this study. Fig 4 
has shown 87.8% of the patients were verifi ed using both 
2DkV and 3DkV-CBCT image guidance technique.  Fig 5 

has presented scatter plots of the isocenter displacements 
seen in any direction.  Both IG methods in Fig 6, have 
shown about eighty-fi ve percent of all treatment sessions 
contained pre-correction position errors within ± 3 mm. 
Both 2DkV and 3DkV-CBCT showed similar capability 
to detect setup errors. Only the setup deviation, which 
was greater than ± 5 mm was observed in about 4% of 
the reviewed data from 2DkV radiographs, compared to 
1.8% from the 3DkV-CBCT verifi cation method.
   Table 1 has summarized the measured mean and 
standard deviation of setup uncertainty in any single di-
mension. Total 3D vector error was presented at 0.58±3.06 
mm. on online 2DkV and 0.85±3.72 mm. on offl ine 3DkV-
CBCT image guidance, respectively. Mean and standard 
deviation of isocenter shifts on the AP and LR direction 
were similar on both imaging techniques.  An exception 
was in the CC direction, in which mean ± SD of setup 
error examined from 3DkV-CBCT verifi cation was found 
to be 0.68±2.06 mm., when compared to -0.02±1.69 mm. 
from  2DkV orthogonal radiographs. Appropriate mar-
gins calculated from Van Herk’s margin formula using 
the systematic and random variations in this population 
study have been tabulated in Table 2.  Our present data 
was also compared with the previous published literature 
as shown in Table 3.  

Fig 3. Coronal and sagittal 3DkV-CBCT images were superim-
posed upon the planning CT images using soft tissue auto-fusion 
software from the offl ine review 8.6 program. Couch shifts in 
three directions were obtained after the contour overlays were 
visually inspected and manually adjusted by the radiation 
therapists.

Fig 4.  Image guidance technique used on thirty head and neck 
IMRT patients.

Fig 5. Scatter plot of all observed  isocenter displacements  seen 
in any  direction from  2DkV and 3DkV- CBCT verifi cation.

Fig 6.  Pre-correction position errors obtained from online 2DkV 
& offl ine 3DkV-CBCT  images.
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DISCUSSION

 This study was undertaken to examine daily setup 
variation in the IMRT treatment of head and neck cancer 
patients using conventional applied masks immobiliza-
tion and laser alignment technique. With weekly IGRT, 
the interfractional setup-errors of this population (n=30) 
showed the systematic error in the range of 0.5-1.7 mm 
and 1.3-1.8 mm for the random errors. This finding, when 
compared to the previous studies in Table 3, was found 
to be acceptable. We also noticed that the systematic 
uncertainty which carry a greater dosimetric impact was 

Direction	 Online	2DkV		Offline		3DkV-CBCT
AP 0.30±2.04 0.31±2.32
LR 0.50±1.53 0.41±2.06
CC -0.02±1.69 0.68±2.06
Total vector errors* 0.58±3.06 0.85±3.72

TABLE	1. Mean ± SD (mm.) of displacement errors (D) from 
thirty head and neck IMRT patients.

*Total vector errors = √D2AP+ D2LR+ D2CC

Direction									Online	2DkV		 	Offline	3DkV-CBCT	
  Σ σ  Margin Σ σ  Margin
AP 1.4 1.5 4.6 1.7 1.7 5.4
LR 0.5 1.6 2.4 1.2 1.8 4.4
CC 1.1 1.4 3.8 1.2 1.8 4.3

TABLE	2.	Systematic setup uncertainty (Σ),  random uncertainty 
(σ) and calculated  appropriate margin  (in mm.) in any single  
direction using Van Herk’s margin formula.

Series Σ σ Type of Mask  Displacement Errors 
Gilbeau, 2001 (10) 2.3-3.1 0.7-0.9 head-to-face 4.5-5.5 mm. for 90%
 1.7-2.4 0.9-1.0 head-to- shoulder probability of target coverage
   (4-points masks) 
De Boer, 2001 (30) 1.5-2.0 1.5-2.0 head-to-face Probability values not specified
Humphreys, 2005 (26) 0.02-0.9 0.4-0.7 head-to- shoulder 3 mm. for 95% of the errors
    5 mm. for 99% of errors
Hong, 2005 (31) 2.7-4 2.3-2.8 head-to-face Setup errors cause underdosing 1% 
    of tumor subvolume by 20% 
    can lead to a loss of 11% in expected 
    TCP
Zhang, 2006 (27) 1.5-3.2 1.1-2.9 head-to- shoulder 5.5 mm. for 90%
    probability of target coverage
Zusuki,  2006 (28) 0.7-1.3 0.7-1.6 head-to- shoulder 5 mm. margin for PTV 
    and 3 mm. for PRV.  
    Probability values not specified
Rotondo RL, 2008 (15)  2.6-3.0a 0.9-1.0 head-to-face PTV margin for upper head &
 5.7-10.2b 2.4-7.2  neck target <4 mm.
 2.9-3.6a 1.2-2.1 head-to- shoulder Probability values not specified
 5.1-10.0b 2.1-6.1
Present study 1.2-1.7c 1.7-1.8 head-to-face 3 mm. for 85% of the errors
    5 mm. for 98% of errors

TABLE	3. Systematic setup uncertainty (Σ), random uncertainty (σ) and displacement errors of  various series compared to the 
present study.

TCP: tumor control probability, PTV: planning target volume, PRV: planning organ at risk volume
a Data from upper neck region, b Data from lower neck, c Data from 3DkV-CBCT method

likely to be less than or equal to the random setup error 
and 98% of all observations contained setup deviation 
within 5 mm in this investigation.23  
 Verification based on 3D- CBCT was found more 
sensitive in detecting setup errors than 2DkV images. 
Setup uncertainty in the CC direction from 3DkV- CBCT 
as shown in Table 1 presented itself as higher than 2DkV 
alignment. The study of Li H et al.,25 also reported a 
stronger correlation between 2D and 3D registration 
technique on AP and LR direction than CC direction. 
They pointed out that this might be because planning CT 
has lower resolution in the CC direction and therefore a 
higher uncertainty. Thus, the discrepancy is most likely 
from using the different registration techniques between 
the two alignment techniques. In twenty-one patients, 
the systematic and random errors were <1.6 mm for both 
2DkV and kV-CBCT, as well as the couch shifts were 
>3 mm, 18.7% for all CBCT whereas for 2DkV 11.2%, 
were reported. This study showed, couch shifts within 
3 and 5 mm. which were comparable to both 2DkV and 
3D- CBCT techniques. However, reviewing all the CBCT 
verification images suggested the advantage of detecting 
the patient’s contour changes, which in this study was 
found on six patients in the range of 1.20-3.12 cm. All 
patients received adaptive radiation therapy, and benefited 
from volumetric CBCT images.
 Several investigations reported the smaller SDs 
on the head-to-shoulder masks than the non-extended 
ones.10,26,30 Hong TS et al.,31 also concluded that the 
rigorous immobilization device such as head, neck and 
shoulder immobilization shell may be a prerequisite 
for highly conformal radiation therapy such as IMRT 
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or three dimensional conformal technique for head and 
neck tumors. However, it should be kept in mind that the 
important factors for reproducibility of patient position-
ing also came from the quality of infrastructure as well 
as the experience and efforts of treatment staff. There 
was no significant difference of setup accuracy between 
the conventional and  head- to-shoulder masks.15  The 
study concluded that the non-extended masks were found 
equivalent to the head-to-shoulder masks in terms of setup 
accuracy, comfort level and  setup time. 
 According to the positioning error, the setup margin 
of the clinical target volume (CTV) to defined planning 
target volume (PTV), was universally accepted as the 
benchmark of radiation therapy. Several recommendations 
included the International Commission on Radiation Units 
and Measurements (ICRU) Report 6221, Stroom’s22,23 and 
van Herk’s20,24 indicated that the PTV margin should be 
calculated based on the data of the population systematic 
and random errors. Using this concept, the appropriate 
PTV margin in this population study was found to be 
about 5 mm. which was consistent with our current head 
and neck IMRT practice guideline, except for the direc-
tion adjacent to the brain stem.
 In conclusion, prior to adopting any published 
margin formula, factors that can potentially impact upon 
margins should be taken into consideration to ensure  
adequacy of target volume coverage. Our study presented 
here was a report of the set-up accuracy obtained from 
using the conventional, head-to-face masks for head and 
neck patients receiving IMRT radiotherapy. The results 
compared well with published set-up error data with ninety 
eight percent of translational displacements being within  
5 mm. Optimal setup margins were detected at about 5 mm 
in all three directions with this type of mask.  The online 
correction procedure from the IGRT system has enabled 
an additional reduction of both systematic and random 
deviation for application of this mask to the patients. 
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