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Aim: To determine the systematic error (
∑

), random error (�) and derive PTV margin at

different levels of the target volumes in Nasopharyngeal Cancer (NPC).

Materials and methods: A retrospective offline review was done for patients who underwent

IMRT for NPC from June 2015 to May 2016 at our institution.

Alternate day kV images were matched with digitally reconstructed radiographs to know

the  setup errors. All radiographs were matched at three levels – the clivus, third cervical (C3)

and  sixth cervical (C6) vertebra. The shifts in positions along the vertical, longitudinal and

lateral axes were noted and the
∑

and � at three levels were calculated. PTV margins were

derived using van Herk’s formula.

Results: Twenty patients and 300 pairs of orthogonal portal films were reviewed. The
∑

for

the clivus, C3 and C6 along vertical, longitudinal and lateral directions were 1.6 vs. 1.8 vs.

2  mm; 1.2 vs. 1.4 vs. 1.4 mm and 0.9 vs. 1.6 and 2.3 mm, respectively. Similarly, the random

errors were 1.1 vs. 1.4 vs. 1.8 mm; 1.1 vs. 1.2 vs. 1.2 mm and 1.2 vs. 1.3 vs. 1.6 mm.  The PTV

margin at the clivus was 4.4 mm along the vertical, 4 mm along the longitudinal direction

and 3.2 m in the lateral direction. At the C3 level, it was 5.5 mm in the vertical, 5 mm in the

lateral direction and 4.4 mm in the longitudinal direction. At the C6 level, it was 6.4 mm in
the  vertical, 6.9 mm in the lateral direction and 4.4 mm in the longitudinal direction.

Conclusion: A differential margin along different levels of target may be necessary to ade-

quately cover the target.
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5.2.  Setup  error

For each patient, fifteen orthogonal pair portal images were
reports of practical oncology and 

.  Background

rimary radiotherapy with or without concurrent chemother-
py is an effective curative treatment for Nasopharyngeal
ancers (NPC). With the advent of intensity modulated radio-
herapy (IMRT), it is possible to deliver highly conformal doses
o the target volumes and at the same time reduce the dose to
rgans at risk (OAR) thereby achieving a maximum therapeutic
ain.

The target volume in NPC usually extends from the skull
ase to the supraclavicular fossa. The accurate delivery of
ighly conformal dose with steep fall off obtained with the
ew planning techniques requires selection of an appropriate
lanning target volume (PTV). Often, a uniform PTV margin is
hosen for the entire target volume. However, this may not be
ppropriate considering the movement  of the skull and neck
n spite of rigid immobilization. Further, these variations are
ften found to be differential at various regions.1

The close proximity of critical organs, like brainstem, optic
pparatus and cochlea, to the target volume often necessi-
ates stringent PTV margins. The positional accuracy during
ach fraction of radiation is of paramount importance in both
nsuring good tumor coverage and sparing OARs. It is often dif-
cult to attain a perfect match of the treatment portal images
ith the digitally reconstructed radiograph (DRR) at all levels
f the target volume. Therefore, matching primary target vol-
me at the skull base receives top priority due to the location of
djacent critical structures. This can result in positional inac-
uracies in lower neck which can impact the dose delivery to
his region.

.  Aim

o determine the systematic error, random error and derive
TV margin at different levels of the target volumes in NPC.

.  Materials  and  methods

.1.  Patient  selection

0 patients with NPC (irrespective of stage), treated using vol-
metric arc therapy (VMAT) technique, between June 2015 and
ay 2016 were included in the analysis. All patients were

reated using simultaneous integrated boost (SIB) protocol
elivering 66, 60 and 54 Gy in 30 fractions to the corresponding
TVs with or without concurrent chemotherapy as indicated.

.2.  Immobilization  and  ct  simulation

atients were immobilized with the neck extended using a
eck rest and use of a head and neck thermoplastic shell with

 point fixation (Orfit). Planning CT was acquired on a wide
ore CT scanner (GE optima) with the use of intravenous con-
rast and slice thickness of 2.5 mm.  Laser markings were made

n the shell at the time of CT simulation to be used for patient
etup in the treatment machine.
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3.3.  Planning,  treatment  setup  and  execution

The clinical target volumes (CTV) was contoured on the plan-
ning CT scan. The CTV to PTV margin in all patients was 5 mm.
IMRT  plans using 6 MV photons were generated using the
Eclipse© planning system version 13. Patients were set up in
the treatment machine, aligning the treatment lasers to the
markings on the shell. Necessary couch shifts as obtained
from the planning system were then applied. Image  verifi-
cation using two orthogonal kilo voltage (kV) images (100 kV
for anterior and 70 kV for lateral) were performed using the
on-board imaging system. The imaging protocol followed at
our institution includes daily image  verification prior to treat-
ment.

3.4.  Study  design

This study was planned as a retrospective offline review of the
kV orthogonal images that were acquired for daily image  veri-
fication. The kV images taken on alternate days were reviewed
and compared with the DRR to assess the shifts at three dif-
ferent levels of the target volume. The three levels used for
matching were the region of the clivus, third cervical vertebra
(C3) and sixth cervical vertebra (C6) (Fig. 1). The corresponding
shifts in positions along the vertical, longitudinal and lateral
axes were collected for the data analysis.

4.  Data  analysis

The systematic error and random error for matched positions
at the clivus, C3 and C6 were calculated separately. System-
atic error for the population (

∑
) was calculated by taking the

standard deviation of the average value of individual mean
setup error along the vertical, longitudinal and lateral direc-
tions, respectively.

Random error for the population (�) was calculated by
taking the root mean square value of individual standard devi-
ations along the vertical, longitudinal and lateral directions
respectively.

Further, the PTV margin for the antero-posterior direc-
tion, lateral direction and cranio-caudal direction for the levels
were determined using the van Herk formula.2

PTV margin = 2.5
∑

+0.7�.

5.  Results

5.1.  Patient  characteristics

Patient characteristics are summarized in Table 1.
reviewed off-line, amounting to a total of 300 image  pairs for
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Fig. 1 – Overlay of digitally reconstructed radiograph

Table 1 – Patient characteristics.

Age
Mean 42 years
Range 14–70 years

Sex
Male 10
Female 10

Stage
I 1
II 5
III 13
IV 1

Chemotherapy

tions at the C-6 level, with the largest one along the lateral
Induction 15
Concurrent 19

20 patients. The systematic error and random error along the
three axes (vertical, longitudinal and lateral) are illustrated in

Table 2.

Overall, the systematic error was greater in all directions
at the C-6 level (the greatest in the lateral direction – 2.3 mm)

Table 2 – Calculated systematic and random errors at different 

Level Systematic error in mm 

Vertical Longitudinal Latera

CLIVUS 1.6 1.2 0.9 

C-3 1.8 1.4 1.6 

C-6 2 1.4 2.3 

C-3, cervical spine -3; C-6, cervical spine-6.
 and lateral portal image for setup verification.

and the smallest error was at the level of the clivus (lateral
direction – 0.9 mm).  The systematic error at the level of C-3
spine (1.8, 1.4 and 1.6 mm along the vertical, longitudinal and
lateral directions) was greater when compared to that at the
clivus (1.6, 1.2 and 0.9 mm along the vertical, longitudinal and
lateral directions).

Similar to the systematic errors, the random errors at the
C-6 level were greater in all directions compared to the level
of the clivus and C-3. The greatest error was along the vertical
direction (1.8 mm)  at the C-6 level. The smallest random error
was at the level of the clivus along the vertical and longitudinal
direction (1.1 mm each). The random error at the level of C-3
was greater than at the level of the clivus in all directions (1.1
vs. 1.4, 1.1 vs. 1.2, 1.2 vs. 1.3 mm along the vertical longitudinal
and lateral directions, respectively).

The calculated PTV margin according to the van Herk for-
mula is shown in Table 3.

The calculated PTV margin was the greatest along all direc-
direction (6.9 mm)  followed by the vertical direction (6 mm).
At the C-3 level, the calculated margin was the largest in the

levels.

Random error in mm

l Vertical Longitudinal Lateral

1.1 1.1 1.2
1.4 1.2 1.3
1.8 1.2 1.6

dx.doi.org/10.1016/j.rpor.2017.07.005
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Table 3 – Calculated planning target volume (PTV)
margins at different levels.

PTVmargin in mm

Level Vertical/AP Longitudinal/SI Lateral/ML

CLIVUS 4.4 4 3.2
C-3 5.5 4.4 5
C-6 6.4 4.4 6.9
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C-3, cervical spine -3; C-6, cervical spine-6; AP, antero-posterior; ML,
medio-lateral; SI, supero-inferior.

ertical direction (at 5.5 mm)  and the smallest in the longitu-
inal direction (4.4 mm).

.  Discussion

trict immobilization and regular treatment portal verifica-
ion form an integral part of IMRT.  Most centers treating
ead and neck tumors use an uniform PTV margin of 3–5 mm
ith appropriate image  guidance protocols to account for the

etup uncertainties during treatment.3,4 In spite of using good
mmobilization in the head and neck, varying degrees of move-

ents are possible at the level of the skull and neck. Zhang
t al. demonstrated this in day to day setup at selected regions
f interest (palatine process, C2 and C6 vertebra) and the

argest shifts were noted at the C6 level.5 Considering these
ovements, a uniform margin at all the levels may not be

deal in head and neck treatment.

Various publications have looked into the setup errors in

ifferent sub-regions of the head and neck.6–8 Both kV ortho-
onal matching and cone beam CT (CBCT) matching have been

Table 4 – Planning target volume (PTV) margins reported by dif

Study Imaging Correction protocol 

van Kranen et al.10 (2009) CBCT SAL 

Kapanen et al.7 (2013) Orthogonal Weekly 

kV image 

Djordjevic et al.9 (2014) Orthogonal No 

kV image ‘ 

Daily 

Cheo et al.8 (2015) CBCT No 

Weekly 

Present study Orthogonal No 

kV image 

CBCT, cone beam CT; SAL, shrinking action level; AP, antero-posterior; ML,
therapy 2 2 ( 2 0 1 7 ) 396–401 399

used in the evaluation of these errors. In our study, we  eval-
uated the errors at the clivus, C3 spine and C6 spine levels.
Clivus is an important landmark in nasopharynx as it forms
the roof and lies in close proximity to the gross tumor volume
and critical structures like the optic apparatus and brainstem.
This bony landmark matching will give a close approximation
of the target and OAR match. Other studies have evaluated
the region of the occiput, maxilla and mandible as well.6,9,10

The mandible can move independently of the skull produc-
ing different positional errors, if used for matching. Since the
target structure in NPC is mostly away from the region of the
mandible, the errors in this region were not evaluated in our
study. In evaluating the neck for positional errors, we  chose
the C3 vertebra since it represents the level of the hyoid which
forms a landmark for the level II and level III neck node levels.
For the lower neck, the C6 vertebra corresponds to the lower
lymph node regions.

The positional variations at the clivus and neck have been
demonstrated by Cheo et al. by using kilo voltage cone beam
CT verification and correction protocol.8 The setup error was
considerably small at the clivus when compared to the lower
neck. In addition, the errors were most often in the lateral
direction in the neck. Van Kranen et al. have evaluated the
set up uncertainties at eight different regions in the head
and neck (including different levels of the cervical spine)
with an offline shrinking action level correction protocol.10

In this study, the systematic error at different local regions
ranged from 1.1 to 3.4 mm,  with random error ranging from
1.3 to 2.5 mm.  The variations in day to day setup were found

to be more  in the lateral and the antero-posterior directions
in the lower neck. Also, the setup errors were comparatively
smaller at the occiput bone. In another study by Djordjevic

ferent studies.

Margin (range) in mm Largest margin direction

Skull (occiput) 4.6–7 ML
C1–C3 spine 3.8–4.7 ML
C5–C7 spine 5.4–6 AP

Skull (occiput) 6.1(SI), 8.3(AP) AP
C1–C2 spine 4.8–7 AP
C5–C7 spine 4.9–5.7 AP

Skull (maxilla) 5.2–5.9 SI
C2 spine 4.5(SI), 6.5(AP) AP
C5 spine 5–9.3 AP
Skull (maxilla) 4.2–5.9 AP
C2 spine 2.3(SI),2.6(AP) AP
C5 spine 2.6–5 AP

Skull (clivus) 1.75–2.33 SI
C4 spine 2.61–4.33 ML
C7 spine 2.72–6.52 ML
Skull (clivus) 0.51–1.2 AP
C4 spine 0.97–3.72 ML
C7 spine 1.2–6.08 ML

Skull(clivus) 3.2–4.4 AP
C3 spine 4.4–5.5 AP
C6 spine 4.4–6.9 ML

 medio-lateral; SI, supero-inferior.

dx.doi.org/10.1016/j.rpor.2017.07.005
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et al., evaluating different correction protocols, a similar
increase in setup errors at the lower neck were noted.9 In our
patient group, the systematic error ranged from 0.9 mm to
2.3 mm and random error ranged from 1.1 mm to 1.6 mm.  The
maximum variations were found at the C6 spine level.

In the present study, the calculated PTV margin at the
level of the clivus was small compared to the other two levels
in all directions. Overall, the margin required in the vertical
(antero-posterior) direction is comparatively larger than the
other directions for the clivus and C3 spine level. The lower
neck requires a wider margin in the lateral direction and in
antero-posterior direction. Our result is in concurrence with
various studies reporting on margins in the region of the skull
and at different levels of the neck (Table 4).

This study has several limitations. First, the analysis was
limited to kV portal images. Although the kV portal image
usage can be correlated well with that of CBCT for treat-
ment setup verification in head and neck radiation therapy,
rotational errors are not corrected.11 The interplay between
translational and rotational errors and their impact has been
demonstrated by previous studies.12,13 The rotational errors
could have influenced our results. Second, patient weight
loss during the course of radiation increases the probabil-
ity of errors. This correlation was not analyzed in this study.
Finally, the quality of the kV portal image  and DRR is impor-
tant for accurate matching. The thickness of the simulation
CT slice determines the quality of the DRR.14 Also, over-
lap of bony structures may cause difficulty in matching the
landmarks.

The setup accuracy can be improved by paying care-
ful attention to the mask molding process. Ensuring proper
patient positioning – shoulders pulled caudally, mouth closed
and neck extended, removing the thermoplastic mask after
cooling and reapplying before simulation, and making tat-
too marks on the chest have shown to reduce the errors.15

In addition, following a daily image  guidance protocol with a
threshold level for correction can reduce the need for larger
margins.16

Bony landmark matching and verification is followed for
both kV portal image  and CBCT. This matching might not
always correlate with the target location, especially in the neck
considering the change in patient contour due to weight loss
and also response of the disease during the treatment course.
These issues have led to the evolution and usage of adaptive
radiotherapy practices.17

7.  Conclusions

Regular treatment portal verification is necessary for main-
taining accuracy in delivering radiation. In head and neck
treatment, although rigid immobilization is achieved, there
is still a considerable variation occurring in day to day setup
of patients. This difference and its magnitude vary widely
at different sub-regions and are found to be higher at the
lower neck. From our study, the maximum margin required

at the level of the clivus, C3 spine and C6 spine were 4.4 mm,
5.5 mm and 6.9 mm,  respectively. To encompass the target
structure at various levels, a differential PTV expansion may be
followed.
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