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Dosimetric impact of setup errors in head and neck
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ABSTRACT

To assess and analyze the impact of setup uncertainties on target volume coverage and doses to organs at risk (OAR) in head
and neck cancer (HNC) patients treated by image-guided radiotherapy (IGRT). Translational setup errors in 25 HNC patients
were observed by kilovoltage cone beam computed tomography (kV CBCT). Two plans were generated. Plan one - the
original plan which was the initially optimized and approved plan of the patient. All patients were treated according to their
respective approved plans at a defined isocenter. Plan two — the plan sum which was the sum of all plans recalculated at a
different isocenter according to setup errors in x, y, and z-direction. Plan sum was created to evaluate doses that would have
been received by planning target volume (PTV) and OARs if setup errors were not corrected. These 2 plans were analyzed and
compared in terms of target volume coverage and doses to OARs. A total 503 kV CBCT images were acquired for evaluation
of setup errors in 25 HNC patients. The systematic (mean) and random errors (standard deviation) combined for 25 patients in
X, Yy, and z directions were 0.15 cm, 0.21 cm, and 0.19 cm and 0.09 cm, 0.12 cm, and 0.09 cm, respectively. The study showed
that there was a significant difference in PTV coverage between 2 plans. The doses to various OARs showed a nonsignificant
increase in the plan sum. The correction of translational setup errors is essential for IGRT treatment in terms of delivery of

planned optimal doses to target volume.
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Introduction

Patientpositioningandimmobilizationduringradiotherapy
planning and treatment are of utmost importance, especially
in the execution of conformal techniques of radiotherapy.
Intensity modulated radiotherapy (IMRT) technique allows
delivery of steep dose gradients, respecting the normal
tissue tolerances in head and neck cancer (HNC) patients.
Image-guided radiotherapy (IGRT) is a step further to
IMRT using modern imaging modalities for adjusting target
motion and positional uncertainties. The margin from
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clinical target volume (CTV) to planning target volume
(PTV) accounts for uncertainties such as target shape,
organ motion, and patient setup errors. The patient setup
at each radiotherapy treatment is affected by various setup
uncertainties such as variations in patient positioning,
mechanical uncertainties of the equipment (sagging of
gantry, collimators, and couch), dosimetric uncertainties,
transfer set-up errors from computed tomography (CT)
simulator to the treatment unit, and human factors. These
setup uncertainties constitute systematic error, i.e., mean
and random errors, ie., standard deviation (SD). Many
studies have dealt with translational setup errors!™ and a
few with rotational setup errors,”’! and defined the margin
from CTV to PTV.!l Some of these have reported the impact
of these errors, if not corrected, on target volume coverage
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and doses to organs at risk (OAR).’7) The current study
was undertaken to quantify translational setup errors in
the treatment of HNC patients by IGRT. We also aimed at
analyzing the impact of these errors, if not corrected, on the
target volume coverage and doses to OARs, and comparing
these parameters with the initially optimized plan of the
patient.

Materials and Methods

Study population

This was a single-institutional prospective study in which
25 HNC patients were recruited from November 2014 to
April 2015, undergoing definitive radiotherapy by IGRT
technique. Patient- and discase-related characteristics are
shown in Table 1.

Patient simulation and treatment planning

Patients were simulated supine on an all in one base plate
and immobilized with a head, neck, and shoulder Orfit
thermoplastic ray ordinary cast. Radiotherapy planning CT
scan was acquired on CT simulator (Siemens, SOMATOM
Sensation open - 40 slices) with 3 mm slice thickness with
intravenous contrast. The CT images were transferred to
the SomaVision v10 treatment planning system (Varian
Medical System, Palo, Alto, CA). Target volumes: Gross
tumor volume (GTV), CTV, PTV, and OARs, for example,
spinal cord, parotids, cochlea, eyes, optic nerves, optic
chiasma, mandible, and brainstem were delineated and
contoured by radiation oncologist on planning software
SomaVision v10 (Varian Medical System, Palo, Alto, CA).
Three dose level CTVs were contoured depending on the
risk of harboring discase; CTV 1, CTV 2,and CTV 3. CTV 1
was defined as GTV with an added margin of 0.5 cm. CTV 2
was defined as the region encompassing CT'V 1 and regions

Table 1: Patient and disease-related characteristics

Characteristics n
Age (mean) (years) 55.64
Age group (years)
<40 3
41-50 10
51-60 "
>60 1
Gender
Male 21
Female 4
Diagnosis
Oral cavity 12
Oropharynx 2
Larynx 6
Hypopharynx 2
Nasopharynx 1
Paranasal sinus 2
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adjacent to it deemed at harboring subclinical discase but at
high-risk. Generous margin from CTV 2 was used based on
the pattern of spread of primary and adjacent nodal levels.
CTV 3 was defined as the region encompassing elective
nodal regions which are at low risk (prophylactically treated
neck). A5 mm margin was taken for defining PIT'V1, PTV2,
and PTV3 from CTVI, CTV2Z, and CTV3, respectively.
PTVI1, PTV2, and PTV3 were prescribed 66-70 Gy, 63 Gy,
and 56 Gy in 35 fractions, respectively.

For every patient, after optimization and detailed plan
evaluation, IGRT plan was implemented on treatment
machine Clinac®iX (Varian Medical System, Palo, Alto, CA).

Setup error data acquisition and analysis

For setup verification, daily imaging for the first 5 days of
treatment and thereafter twice weekly imaging were done
for the rest of the treatment sessions. For three-dimensional
(3D) matching, the setup verification kilovoltage cone
beam CT' (kV CBCT) images were acquired using Varian
On Board Imager integrated in Clinac®-iX medical linear
accelerator (Varian Medical Systems, Alto, CA). Setup errors
were determined by considering cach patient as rigid body
model. For 3D-3D match, CBCT was volumetrically fused
to reference CT images in axial, sagittal, and coronal planes
using 3D registration algorithm. All 3D-3D matchings were
done with manual registration using a defined procedure
using Aria online review software. Manual matching was
also done utilizing bony landmarks such as skull base, nasal
septum, cervical vertebral bodies, and spinous processes
[Figures 1 and 2]. The displacement of portal image
from the reference image was recorded in x (lateral), y
(longitudinal), and z (vertical) direction. At the end of the
treatment of a patient, systematic setup error (mean error)
and random error (SD) were calculated.

Analysis of dosimetric impact of observed
uncertainties on target volumes and organs at risk

“Original plan” was the initial optimized plan of the
patient, approved by treating radiation oncologist. All
patients were treated with their respective approved
original plans at a defined isocenter. Another plan named
“plan sum” was generated which was the sum of all plans
recalculated at different isocenter depending on setup
uncertainties in x, y, and z-direction (isocenter was shifted
according to shifts obtained and optimization was done).
For treatment sessions when no imaging was done, patient’s
average sctup crror was used for plan sum calculation.
These two plans were analyzed and compared with respect
to TV coverage and OARs doses. Various parameters used
to evaluate the target volume coverage were-Dx% (dose to
which x% of TV is irradiated), where D98%, D95%, D50%,
and D2% for PTV1 PTV2, and PTV3. OARs were evaluated
as per the QUANTEC guidelines.”!

Journal of Medical Physics, Vol. 41, No. 2, 2016



146 Kaur, et al.: Setup errors in head and neck

Figure 1: Patient undergoing treatment on Clinac®X (Varian Medical
System, Palo, Alto, CA)

Table 2: Setup errors for 25 patients in X, Y, and
Z direction

Patient No Z direction Y direction X direction
Mean (SD) (cm) Mean (SD) (cm) Mean (SD) (cm)
1 0.14 (.09) 0.10 (.06) 0.12 (.07)
2 0.22 (.09) 0.44 (.19) 0.15 (.19)
3 0.10 (.05) 0.07 (.06) 0.07 (.05)
4 0.42 (.11) 0.42 (.13) 0.22 (.12)
5 0.16 (.06) 0.42 (.07) 0.12 (.09)
6 0.23 (.12) 0.19 (.11) 0.43 (.64)
7 0.21 (.11) 0.19 (.12) 0.34 (.25)
8 0.06 (.05) 0.09 (.09) 0.03 (.05)
9 0.08 (.05) 0.14 (.09) 0.10 (.06)
10 0.30 (.10) 0.31(.12) 0.20 (.11)
1 0.13 (.09) 0.05 (.05) 0.06 (.03)
12 0.24 (.10) 0.12 (.07) 0.21 (.11)
13 0.16 (.09) 0.11 (.08) 0.18 (.10)
14 0.42 (.11) 0.42 (.13) 0.22 (.12)
15 0.13 (.09) 0.17 (.07) 0.06 (.07)
16 0.14 (.08) 0.19 (.08) 0.16 (.13)
17 0.17 (.06) 0.33(.18) 0.13 (.10)
18 0.13 (.06) 0.13 (.07) 0.05 (.07)
19 0.16 (.08) 0.15 (.07) 0.26 (.16)
20 0.17 (.08) 0.11(.08) 0.09 (.07)
21 0.12 (.06) 0.12 (.06) 0.07 (.05)
22 0.28 (.14) 0.17 (.07) 0.06 (.03)
23 0.16 (.05) 0.23 (.06) 0.13 (.08)
24 0.10 (.05) 0.15 (.07) 0.05 (.05)
25 0.26 (.05) 0.29 (.12) 0.12 (.09)

Statistical analysis

To illustrate the magnitude of setup error values absolute
values of errors were considered for calculation. Statistical
analysis was performed using paired ¢-test for comparison
between normally distributed continuous variables. All
statistical computations were carried out using Statistical
Package for the Social Sciences version 20.0 (SPSS version
20, SPSS Inc, Chicago, IL, USA). AP < 0.05 was considered

statistically significant.

Figure 2: On board image registration with cone beam computed
tomography. Upper row shows acquired images and lower row shows
online matched images in axial, saggital and coronal view. Arrows point
towards bony landmarks utilized for manual matching

Results

Magnitude of setup errors

A total of 503 kV CBCT images were acquired for
evaluation of translational setup errors in 25 HNC patients
[Table 2]. The systematic and random errors for the
population of 25 patients in x, y, and z directions were 0.15
cm, 0.21, cm and 0.19 cm and 0.09 ¢cm, 0.12 ¢cm, and 0.09
cm, respectively. Maximum and minimum error in x, y, and
z directions were 0.43, 0.44, 0.42 cm and 0.03, 0.05, and
0.06 cm, respectively. Utilizing formula given by van Herk
et al., the margin from CTV to PTV in x, y, and z directions
in our study are 0.43 cm, 0.61, cm and 0.54 cm, respectively,
to cover 95% C'T'Vs in 90% of patients.!®!

Comparison of target volume coverage and doses
to organs atrisk between original plan and plan sum
The dose coverage was significantly higher in the original
plan than the plan sum for D98%, D95%, D50%, and D2%
for each level of PTV-PTVI1, PTV2, and PTV3 [Table 3].
However, the doses received by OARs were not statistically
significant between the two plans [Table 4]. Figure 3 depicts
the dose volume histogram of a patient comparing Plan
sum and Original plan for PTV and Parotid gland. Figure 4
shows the Color wash dose distribution for a patient.

Discussion

IGRT, especially with the advent of volumetric
imaging by CBCT," is an excellent tool to correct the
sctup errors and increase the precision and validity of
treatment delivery. It requires a high degree of precision
and accuracy from radiation oncologists (target volume
and OARs delineation), physicist (plan optimization),
and radiotherapy technicians (treatment delivery) for its
successful implementation. The delivery of such precision
treatment mandates the need for narrowing the broad
field margins, as used in conventional treatment, to few
millimeters margin for conformal treatment delivery. It also
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Table 3: Difference of target volumes coverage
between original plan and plan sum

Original plan Plan sum Difference P
(meanxSD?) (Gy) (mean+SD) (Gy) (Gy)
PTV1°D98%  68.06+1.93 67.54£1.98 0.52  <0.001
PTV1 D95% 69.19£1.49 68.61x1.51 0.58  <0.001
PTV1 D50% 71.29+0.86 70.80+0.85 0.49  <0.001
PTV1D2% 73.18%0.96 72.74+1.04 0.44  <0.001
PTV2 D98% 60.14+0.95 59.73+1.03 0.41 <0.001
PTV2 D95% 61.90+0.50 61.31£0.55 0.59  <0.001
PTV2 D50% 67.28+2.14 66.64+2.08 0.64  <0.001
PTV2 D2% 71.28+1.80 70.57+1.75 0.71 <0.001
PTV3 D98% 53.39+1.02 52.97+1.04 0.42  <0.001
PTV3 D95% 55.02+0.80 54.53+0.80 0.49  <0.001
PTV3 D50% 56.89+0.76 56.29+0.74 0.60  <0.001
PTV3 D2% 56.52+6.67 55.90+6.70 0.62  <0.001

aSD: Standard deviation, °PTV: Planning target volume

Table 4: Doses to various organs at risk in
original plan and plan sum

Original plan ~ Plan sum  Difference P
(mean+SD)  (mean=SD) (Gy)
Gy)

Brain stem D__ 41.89+6.91  42.17+7.64 0.28 0.41
Spinal cord D__ 38.23x4.11 38.72+2.67 0.49 0.213
Eyel/LD, 3.17£3.01 3.49+1.87 0.32 0.1
Eyel/LD, ., 1.67+1.02 1.85+1.34 0.18 0.09
EyeC/LD,_,, 3.01+1.23 3.15+1.81 0.14 0.22
EyeC/LD,.,. 1.64+0.67 1.88+0.75 0.24 0.32
Lensl/LD_, 1.98+1.25 2.18+1.22 0.20 0.41
LensC/LD,_ 1.59+0.67 1.8+0.93 0.21 0.1
Optic nerve I/LD, 2.55+1.1 2.72+1.12 0.17 0.52
Optic nerve C/LD,_, ~ 2.60£1.02 2.73+1.14 0.13 0.23
Optic chiasma D 3.16+1.34 3.32£1.36 0.16 0.20

I/LcochleaD,  ~— 22.71+14.28 23111747  0.40  0.09
C/LcochleaD,, ~ 17.50:8.18 18.10¢1270  0.60  0.22
I/Lparotid D~ 36.24+11.59 36.72+12.89  0.48  0.37
C/LparotidD,, ~  27.58+7.43 27.81+4.42  0.23  0.82
B/LparotidD,_ ~ 3175:7.88 32.10¢6.72  0.35  0.45
Mandible D 71.4047.84 7197¢7.41 057  0.37

max

|/L: Ipsilateral, C/L: Contralateral, SD: Standard deviation, B/L: Bilateral
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Figure 3: Dose volume histogram of a patient. Planning target volume
coverage is represented by blue curve and ipsilateral parotid dose
distribution by red curve. Original plan is represented by square boxes
and plan sum by triangles
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requires appropriate immobilization and positioning of the
patient on the treatment couch, familiarity with imaging
tools, and vigilance in correcting the setup errors.

van Herket al. emphasized the importance of translational
setup uncertainties and gave a “margin recipe” for margin
from CTV to PTV based on systematic and random
errors.” With the advent of 3D imaging, rotational setup
errors have been investigated and found to have significant
dosimetric effects on target volumes and OARs. 7]

There are several publications addressing the issue
of sct-up uncertainties in HNC. Xu et al. observed
that translational sctup errors in x, y, and z directions
were 1.2 £ 09 mm, 1.2 £ 1.1 mm, and 1.0 = 0.8 mm,
respectively.?! Allen et al. reported that setup variations
vary within 3 mm in head and neck patients.! Hurkmans
et al. in a review article stated that SDs of the systematic
and random setup errors varies, respectively, between
1.6-4.6 mm and 1.1-2.5 mm in HNC.P®) The observed
systematic and random errors in our study in x, y, and z
directions were 0.15, 0.21, and 0.19 ¢cm and 0.09, 0.12, and
0.09 cm, respectively, in line with these studies.

Our study showed that the sctup uncertainties if
left uncorrected would result in significant decrease in
target volume coverage and nonsignificant increase in
doses to OARs, which might result in inferior tumor
control and increased normal tissue toxicity. Duma
et al. too assessed the impact of setup uncertainties
on parotid gland with a nonsignificant P value.l'!
This necessitates the need for acquiring images and
correcting sctup errors to avoid underdosing of target
volumes and unforeseen excess dose delivery to OARs
and hence, fulfill the purpose of IGRT in HNC patients.
The limitations of this study are that only bone to bone
matching was done, and rotational sctup errors were
not analyzed. Patient’s weight loss and tumor shrinkage
were not taken into account.

Conclusion

Detection and  correction of setup uncertainties
are important for the precise delivery of radiotherapy

Figure 4: Color dose wash of original plan (left) and plan sum (right) on a
54-70 Gray scale
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treatment. IGRT by CBCT helps in reducing uncertainties
to a large extent. This may ensure adequate and accurate
dose delivery to target volumes and sparing of OAR.
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