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Introduction

Head and neck cancers (H&N) constitute the sixth most prevalent 
disease around the world [1]. Squamous cell carcinoma, which  
affects the epithelium of the upper gastrointestinal tract, is the most 

common histology in this region, accounting for more than 90% of cases 

Original

ABSTRACT
Background: The evaluation of treatment-associated errors is important in the radio-
therapy process, particularly those resulting related to patient setup. 
Objective: This research aimed to assess the interfractional setup errors and deter-
mine the Clinical Target Volume to Planning Target Volume (CTV to PTV) margin in 
patients undergoing 3-Dimensional Conformal Radiation Therapy (3DCRT) for head 
and neck cancer by means of electronic portal imaging device.
Material and Methods: In this analytical study, 300 portal images were ac-
quired from 50 patients undergoing 3DCRT for head and neck cancer. Using the portal 
images of Lateral (LAT) and Antero-Posterior (AP) fields, population systematic (∑) 
and random (σ) errors were obtained in the lateral, longitudinal, and vertical directions. 
Finally, based on the International Commission on Radiation Units and Measurements 
(ICRU) Report 62’s, Stroom’s and Van Herk’s methods, Planning target volume margins 
were determined. 
Results: The translational shift ranges were 0-8.1 mm in the ML, 0-9 mm in the 
SI (AP), 0-8.8 mm in the SI (LAT), and 0-10 mm in the AP directions. The population 
systematic and random errors were respectively 3.230, 2.753, and 2.997 mm, and 1.476, 
1.853, and 1.715 mm in X, Y, and Z directions. The calculated PTV margins using the 
ICRU-62, Stroom’s, and Van Herk’s formulae were ranging from 3.236-3.551, 6.605-
7.493, and 7.932-9.108 mm, respectively.  
Conclusion: A PTV margin of 7.5-9.5 mm seems safe for ensuring adequate treat-
ment volume coverage. In addition, the EPID is an effective equipment for verifying 
patient positioning and reducing treatment setup errors.
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[2]. Annually, more than 650,000 new cases of 
the disease and over 350,000 deaths are report-
ed worldwide [3]. By 2030, the global burden of 
head and neck cancers is projected to increase 
by approximately 34% (1031479 new cases 
and 576563 deaths) [2]. In Iran, there is limited  
evidence regarding the epidemiology of head 
and neck cancer [4]. According to Mirzaei et al., 
25,952 cases of H&N cancer were recorded in 
Iran from 2003 to 2009, and laryngeal cancer is 
the most prevalent cancer in this area among the  
Iranian population [5]. The etiology of cancer is 
multifactorial, including smoking and alcohol 
consumption, pan-chewing, herpes virus, and 
Epstein-Barr virus [6]. According to interna-
tional guidelines, the standard cancer treatment 
is radiotherapy and platinum or cetuximab-
based chemotherapy [3].

Radiotherapy aimed for the least dose to 
the surrounding healthy organs and the high-
est conformity in delivering the dose to the 
target tissues [7]. The effectiveness of radia-
tion therapy relies in part on the patient setup 
at each session, particularly when treating  
regions of the head and neck; because in this 
area, the safety margin is limited due to the 
proximity of vital organs like the spinal cord 
and brainstem [8]. Therefore, a key part of the 
radiation treatment process is the assessment of 
treatment-associated errors, particularly those  
related to patient setup and organ motion [9]. 

Setup errors are described as any differ-
ence between the patient’s reference position 
at Computed Tomography (CT) scan and the  
patient’s position during each treatment session 
[10]. These errors are divided into systematic 
error, which is constant and repetitive errors 
in identical size and direction, and random  
error, changing in direction and size. Howev-
er, systematic errors lead to a shift in the cu-
mulative dose distribution, random errors can 
cause a blurring of the target dose distribution 
[11]. Daily setup errors during a standard ra-
diotherapy period may lead to significant de-
viations from the designed dose distribution,  
increasing the hazard of geographical mistar-
geting and/or overdosing of vital tissues [12]. 

To make sure desired target volume dose cover-
age in the presence of misalignment errors due 
to patient adjustment and organ movement, the 
Clinical Target Volume (CTV) is enclosed with 
a safety margin to establish the Planning Target 
Volume (PTV) [13].

Increasing treatment frequency with portal 
imaging is an effective way to reduce setup  
errors [14]. In the 1990 s, the accuracy of pa-
tient positioning was assessed using weekly 
port films as a standard method [15]. Such a 
process is time-consuming when using the port 
video, and it is difficult to interpret a small geo-
metric difference. The need for an improved 
portal imaging system to validate conformal ra-
diotherapy has led to the development of Elec-
tronic Portal Imaging Devices (EPIDs) [14]. 

The accuracy of the radiation field displace-
ment can be effectively determined using the 
EPID method. The digital nature of EPID  
supplies quantitative tools for population-
based or individual patient analyzing setup 
errors (systematic and random). This method 
replaces the various manual steps of film-
ing (setup, processing, review) by capturing,  
processing, and displaying a computer-con-
trolled image [16].

Advanced EPIDs are used in modern lin-
ear accelerators equipped with amorphous  
silicon technology (flat panels) with better im-
age quality than former devices with video 
camera-based EPIDs or ion chambers. The Dig-
itally Reconstructed Radiograph (DRR) of the 
treatment plan is usually compared with portal 
images, either analog (radiograph) or digital 
with the EPID to verify patient positioning [17].

The present study, which evaluated system-
atic and random setup uncertainties using both 
EPID and DRR techniques, aimed to assess 
interfractional setup errors and propose an op-
timal CTV-PTV margin for patients undergo-
ing 3-Dimensional Conformal Radiotherapy 
(3DCRT) for head and neck cancer by means 
of EPID.

Material and Methods
It is an analytical study.
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Patient, Treatment Simulation, and 
Treatment Planning

A total of 300 portal images were analyzed, 
which were obtained from 50 randomly select-
ed patients treated with 3DCRT. H&N cancer 
types were treated in the nasopharynx (16), 
larynx (10), hypopharynx (8), tongue (7), thy-
roid (5), parotid (3), and oral cavity (1). The 
patients were instructed to lie in the supine 
position on a NeuViz 16 Slices CT scan sys-
tem (Neusoft Medical System Co., Shenyang, 
China) and underwent planning CT using a 3 
mm slice thickness. A 5-point head-shoulder 
thermoplastic mask was used to immobilize 
the patients. The application of a thermoplastic 
immobilization tool for the head and shoulders 
makes the setup procedure reproducible and 
leads to the identification of systematic errors 
after a few guiding sessions [3]. To determine 
a reference point based on the localization 
of treatment volume, the room lasers’ posi-
tions were marked on the thermoplastic mask  
using radiopaque markers at the intersections 
of laser. The image data were entered into the 
treatment planning system (Isogray software, 
Dosisoft, Cachan, France) for 3DCRT treat-
ment planning. The DRRs were calculated and 
saved in the treatment planning system and sub-
sequently purposed as reference images. The 
delineation of the target volumes and OARs 
was performed by an oncologist. Isotropic 
margins to overcome geometric displacements 
were added to the relevant CTVs and the PTVs 
were constructed. 3DCRT plans were created 
using three-photon energies (6, 10, and 15 MV) 

in the Isogray treatment planning system. All 
patients received a prescribed dose of 70 Gy in 
35 fractions using the 3DCRT technique in an 
Elekta Precise linear accelerator (Stockholm, 
Sweden). The accelerator contained an 80-leaf 
multileaf collimator (MLC) and amorphous 
silicon EPID.

Treatment Verification 
The patients were transferred to the treatment 

room with immobilization tools for daily setup 
before treatment, and the marks on the mask 
were set with the sagittal and transverse lasers 
of the treatment room. Orthogonal portal im-
ages were obtained through amorphous silicon 
(a-Si) EPID with an active area of 41×41 cm2 

and consisted of 1024×1024 pixels at a gantry 
angle of 0 and 90 degrees (i.e., Antero-posterior 
(AP) and Lateral (LAT) directions) utilizing 6 
MV X-ray beam and 3 Monitor Unit (MU) with 
a dose rate of 50 MU/min in each field.

In all patients, portal images were obtained 
before treatment in the first three consecu-
tive sessions of irradiation. Portal images and 
DRRs (as reference images) were matched to 
estimate deviations using the MOSAIQ soft-
ware (Figure 1). Bone landmarks can be used 
as references to compare EPIs and DRRs, such 
as the external mandible profile, maxillary  
sinus, nasal septum, and spinous process of 
cervical vertebrae for LAT images and skull 
base, clavicle, and mandible for AP images. 
The offline correction protocol was performed 
in regard to a mismatch of more than 3 mm in 
each direction. If the translational deviations of 

Figure 1: Position verification using MOSAIQ software offline review; (a) Digitally reconstructed 
radiograph (b) Antero-posterior portal image.
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the setup were up to 3 mm in all directions, no 
action was done [18]. Then, the portal image 
was repeated weekly for the entire treatment 
duration; If translational shifts were larger than 
3 mm in each direction, they were corrected. 
Setup deviations were measured on 150 AP 
and 150 LAT portal images. The translational 
displacements observed in two directions of 
the lateral field (i.e., Superior-Inferior (SI) and 
AP), and Medial-lateral (ML) and SI directions 
of the AP field were registered.

Statistical Analysis
The displacement between the DRR and EPI 

was a combination of random and systematic 
errors (i.e., setup deviation that symbolized  
as μ), determined in all patients by using trans-
locations in three translational directions. The 
distribution of group systematic error (∑setup) 
was specified qua the standard deviation (SD) 
of each mean setup uncertainties for the over-
all population means (Mpop), and the average 
of whole patient‐specific random uncertainties 
was determined as the group random uncertain-
ty (σsetup) [13].

The number of acquired images (N) and pa-
tients (P) determine the reliability of the statis-
tical method for estimating standard deviations 
[9].

Individual mean setup error (mind) of n images 
for an individual patient given by [13]: 
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The equation for the overall mean setup  
error (Mpop) calculation is the overall mean for 
all patients p [13]:
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The group random setup uncertainty (σsetup) in 
the given direction is calculated as [13]:
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The equation for calculating the population 
systematic setup error (∑setup) for the patient 
group in this study in a given direction is as  
follows [13]:
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Calculation of CTV-PTV Margin
Using the ICRU-62 [19], Stroom et al. [20], 

and Van Herk et al. [21] formulae PTV margins 
were calculated. Based on the International 
Commission on Radiation Units and Measure-
ments (ICRU)-62, a quadratic combination ap-
proach is given to generate the PTV margin for 
the two random and systematic uncertainties. 
The authors assumed that the consequence of 
both random and systematic uncertainties on 
the target dose distribution is the same, which 
may not necessarily be true. Systematic errors 
have greater dosimetric outcomes than random 
errors and result in a target-relative shift in the 
cumulative dose distribution, but random un-
certainties lead the target dose distribution to be 
blurred [22]. The Stroom and Van Herk margin 
recipes recognize the effects of these two types 
of errors on the dose distributions. The Stroom 
formula states that, on average, over 99% of 
the CTV takes at least 95% of the prescription 
dose. The method of Van Herk used this crite-
rion to calculate the margins so that 90% of the 
patients obtained the least cumulative dose of 
CTV of a minimum of 95% of the prescription 
dose.

ICRU-62 formula: 2 2σ∑ +                        [19]
Stroom et al. formula: 2∑+0.7σ                  [20]
Van Herk et al. formula: 2.5∑+0.7σ               [21]

Results
A total of 300 portal images (150 anterior and 

150 lateral) were obtained and analyzed in 50 
patients with H&N cancers treated with 3DCRT. 
The general distribution of translational shifts 
in the ML and SI axes of the AP field and the 
SI and AP axes of the LAT field are shown in 
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Figure 2. The translational displacement ranges 
were 0-8.8 mm in the SI, and 0-10 mm in the 
AP (LAT field) directions, 0-8.1 mm in the ML, 
and 0-9 mm in the SI (AP field) directions.

Table 1 reports the frequencies of the transla-
tional shifts from the setup errors. The frequen-
cy of setup shifts >3 mm was 17.33% in the ML 
axis, 27.33% in the SI (AP field) axis, 25.33% 
in the SI (LAT field) axis, and 28% in the AP 
axis. The percentages of setup displacements 
>5 mm were 14% in the ML axis, 12.66% in 
the SI (AP field) axis, 8% in the SI (LAT field) 
axis, and 10.66% in the AP axis (Table 1).

Using Equations (3, 4, and 5) were calculated 
the overall mean setup error (Mpop), population 
systematic setup error (∑setup), and population 
random setup error (σsetup), respectively. The 

population systematic setup errors (∑setup) in the 
ML, SI (AP), SI (LAT), and AP directions were 
3.230, 2.753, 2.654, and 2.997 mm, respective-
ly. The population random setup error (σsetup) 
from the anterior portal was 1.476 mm for ML 
and 1.823 mm for SI, and 1.853 mm and 1.715 
mm for SI (LAT) and AP in the lateral field,  
respectively (Table 2).

The individual mean setup error (mind) and in-
dividual random error (σind) in the ML, SI (AP), 
SI (LAT), and AP directions for each patient are 
indicated in Figure 3.

Using population setup errors, the CTV-PTV 
margins were determined utilizing the ICRU-
62 [19], Stroom’s [20], and Van Herk’s [21]  
methods (Table 3). The PTV margins deter-
mined by the ICRU-62 method were 3.551 mm, 

Figure 2: Distribution of translational shift at (a) Medial-Lateral (ML), (b) Superior-Inferior (SI) 
directions from the Anterior-Posterior (AP) field, (c) Superior-Inferior (SI), (d) Anterior-Posterior 
(AP) axes from the Lateral (LAT) field.

ML SI (AP) SI (LAT) AP
Shifts >3 mm 26 (17.33%) 41 (27.33%) 38 (25.33%) 42 (28%)
Shifts >5 mm 21 (14%) 19 (12.66%) 12 (8%) 16 (10.66%)

ML: Medial-Lateral, SI: Superior-Inferior, AP: Anterior-Posterior, LAT: Lateral 
Values are stated as numbers (%)

Table 1: Frequencies of setup displacements more than 3 and 5 mm in Medial-Lateral (ML),  
Superior-Inferior (SI) (Anterior-Posterior (AP) field), SI and AP (lateral (LAT) field) axes
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3.301 mm, 3.236 mm, and 3.452 mm. Using 
Stroom’s formula, these were 7.493 mm, 6.782 
mm, 6.605 mm, and 7.194 mm; according to 
Van Herk’s formula, these were 9.108 mm, 
8.161 mm, 7.932 mm, and 8.693 mm in direc-
tions of ML and SI of the AP field and SI and 
AP of the LAT field, respectively.

Discussion
The 3DCRT requires good geometrical accu-

racy. Normally, the objective of radiotherapy is 
to achieve dose delivery conformity to the tar-
get tissue and consequently minimize the dose 
to adjacent healthy organs. Although several 
studies have concluded that the CTV-PTV mar-
gin for head and neck tumors varies between 
3-10 mm [15, 23, 24], it is recommended that 
each radiotherapy department develops its data 
and protocol to achieve optimal margins. 

According to Xing et al., a 3-mm displace-

Field Antero-Posterior Lateral

Direction Medial-Lateral 
(ML)

Superior-Inferior 
(SI)

Superior-Inferior 
(SI)

Antero-Posterior 
(AP)

Mpop (mm) 0.119 1.173 0.941 1.002

Systematic set-up error (∑setup) (mm) 3.230 2.753 2.654 2.997

Random set-up error (σsetup) (mm) 1.476 1.823 1.853 1.715

Table 2: The systematic (∑setup) and random (σsetup) set-up errors in each direction

Figure 3: The individual mean±standard deviation (SD) for all 50 patients in (a) Medial-Lateral 
(ML), (b) Superior-Inferior (SI) axis of the Antero-Posterior (AP) field, and (c) SI, (d) AP axis of the 
lateral (LAT) field.
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ment of the patient couch location in the  
anterior-posterior axis causes a reduction (38%) 
in the minimum target dose or an increase 
(41%) in the maximum spinal cord dose [25]. 
Accordingly, the calculation and reduction of 
setup uncertainties are necessary. In this study, 
the setup accuracy was analyzed in 50 patients 
who received 3DCRT for head and neck can-
cers using EPID and subsequently defined the 
optimal PTV margin. In our department (Imam 
Reza Hospital, radiation oncology department), 
the action level is 3 mm in H&N cases, in the 
translational direction. The finding of this study 
demonstrated that 68.66%, 60%, 66.66%, and 
61.33% of the setup displacements in the MI, SI 
(AP), SI (LAT), and AP directions were within 
3 mm, respectively.

According to previous studies [10, 11, 15], 
setup deviations were analyzed based on  
systematic and random errors. The results of the 
current research are in line with those of simi-
lar literature [9, 22, 26-31]. Zhang et al. inves-
tigated the set-up uncertainties of 14 patients 
with head and neck cancer. The calculated SD 
of systematic and random errors ranged from 
1.5-3.2 mm and 1.1-2.9 mm, respectively [32]. 
The difference between our department setup 
deviations and other studies could be due to 
several differences, including: (I) the accuracy 
of the laser alignment and LINAC, (II) daily 
patient set-up procedure variations, or (III) 
anatomical changes due to tumor shrinkage or 
weight change during radiation therapy (at our 
institution, these occurrences were low. If these 

issues were observed, we performed a new CT 
planning with a change in the degree of pa-
tient immobilization). According to Hurkmans  
et al., the setup accuracy differs depending 
on the immobilization method, the area being 
treated, and the department. They reported that 
for the head and neck the SD of systematic and 
random setup errors were, respectively, be-
tween 1.6-4.6 mm and 1.1-2.5 mm [33].

As shown in Table 2, the random error in the 
superior-inferior direction was slightly greater 
than that in the other two directions, which may 
be due to the optical illusion and uncertainty in 
the matching (adjusting) of the laser and sign 
on the thermoplastic mask. Hurkmans et al. re-
ported that the random error could be less than 2 
mm for head and neck tumors [33]. In the pres-
ent study, the magnitude of random errors was 
consistent with those of the Hurkmans study. 

According to the ICRU-50 [34], adding a  
margin to the CTV to generate the PTV is a 
regular approach to overcome patient setup 
and organ motion uncertainties. In this study, 
the required CTV-PTV margins for full target 
coverage in all three axes using the ICRU-62, 
Stroom, and Van Herk formulae were <4 mm, 
<7.5 mm, and <9.5 mm, respectively. 

Offline corrections were performed on 170 
of the 300 portal images (56.66%). We have 
an institutional protocol for “correction” 
based on literature [35, 36]. According to our  
protocol, if the displacement between the portal 
and the DRR is more than 3 mm in each di-
rection, the “correction” is performed before 

Population set-up errors (mm) CTV-PTV Margins (mm)

Direction Systematic 
(∑setup) 

Random 
(σsetup)

ICRU-62  
( 2 2σ∑ + ) 

Stroom 
(2∑+0.7σ)

Van Herk 
(2.5∑+0.7σ)

Medial-Lateral (ML) 3.230 1.476 3.551 7.493 9.108
Superior-Inferior (SI) (AP field) 2.753 1.823 3.301 6.782 8.161
Superior-Inferior (SI) (LAT field) 2.654 1.853 3.236 6.605 7.932

Anterior-Posterior (AP) 2.997 1.715 3.452 7.194 8.693
CTV: Clinical Target Volume, PTV: Planning Target Volume, ICRU: International Commission on Radiation Units and Measurements

Table 3: Population random and systematic errors and CTV (Clinical Target Volume)- PTV  
(Planning Target Volume) margins obtained by all three margin formulae.
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the next fraction. Then, the portal imaging is  
repeated weekly.

The geometric accuracy of the treatment  
machine, accuracy of the lasers in the treat-
ment room, imaging device, immobilization 
device, time spent, and patient cooperation in 
performing the setup procedure are factors that 
can affect setup accuracy [37]. After evaluating 
the results of the present study, we found that 
offline correction can reduce setup uncertain-
ties to acceptable levels; however, these are not 
eliminated and intrafractional uncertainties still 
exist [38]. Therefore, it is recommended for 
high-precision radiotherapy techniques (CRT 
or IMRT) [35]. 

The present study has several limitations. 
Since the portal images did not provide details 
about the motion of organ errors, we did not in-
clude these uncertainties in the calculation of 
the CTV-PTV margin. Gilbeau et al. asserted 
that intrafractional organ motions in H&N can-
cers could be ignored when calculating CTV-
PTV margins because the values were small 
and negligible [28]. Suzuki et al. showed that 
during the 15 minutes of treatment, random and 
systematic setup errors for organ motion were 
0.3-0.6 mm and 0.2-0.8 mm, respectively [31]. 
Next, the limitation was that possible rotational 
errors could not be estimated since portal imag-
ing in the LAT and AP did not capture them. In 
this study, we did not study target volume delin-
eation uncertainties or interobserver variability. 
A radiation oncologist delineated and checked 
the target volume based on the delineation 
guidelines, which is a common protocol at our 
center. Therefore, this data should be evaluated 
in future studies.

Conclusion
To ensure proper coverage of the target  

volume, the factors that potentially affect the 
margin should also be considered before adopt-
ing the margin guidelines. The present study 
was conducted on systematic and random errors 
in H&N patients receiving 3DCRT using EPID; 
the results were comparable to those reported 
in the published literature. Therefore, EPID is 

an efficient tool for patient positioning verifi-
cation and assessment of these radiotherapy  
treatments.
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