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To the Editor,

Radiotherapy dose escalation improves patient out-
come in non-small cell lung cancer (NSCLC) [1-5].
To achieve this, motion compensation techniques are
often used, e.g. active breathing control (ABC) which
allows for relative tumour immobilisation during
inspiration breath-hold [6-8]. Although both
reduction in dose-volume parameters determining
lung toxicity and good reproducibility have been
demonstrated with ABC, inter-patient variability
exists with significant tumour motion being reported.
As a result, image guidance and tumour-directed
localisation have been recommended [9,10].

Image guidance with kilovoltage cone beam com-
puterised tomography (CBCT) has been shown to
provide accurate bony and soft tissue setup informa-
tion [11,12]. Deep-inspiration breath-hold with
CBCT is also feasible [8] and has been integrated as
a verification tool for correction protocols when
treating patients with ABC [13]. Current CB imag-
ing software allows automatic matching within a user
defined region of interest (ROI) but the selected ROI
volume is important and can affect image registration
accuracy [14-16]. For patients with lung tumours
undergoing free-breathing radiotherapy, studies have
shown that ROIs centred on the carina and spine can
produce accurate CBCT image registration with
advanced tumours [17] whilst soft tissue tumour
matching is more accurate with early-staged tumours
[18]. With ABC-gated radiotherapy, the optimal
automatic registration method for image-guided
setup correction has not yet been established. The
aim of this study was therefore to evaluate the effect
of using four different ROIs (with the Synergy XVI
R4.2 software, Elekta, Crawley, UK) with ABC-gated
radiotherapy in order to determine the optimum vol-
ume for registration.

Methods

The study was approved by the local institution’s
Committee for Clinical Research.

Twenty-eight patients with NSCLC (Stage IA
to IIIB; 10 early staged and 18 locally advanced,
Supplementary Table I to be found online at http://
informahealthcare.com/doi/abs/10.3109/0284186X.
2013.861610) treated radically with radiotherapy
using the ABC device, between February 2009 and
September 2009, were evaluated. Patients were
positioned in a supine position on a winged lung
board (Civco, Oncology Systems Ltd, UK). Planning
CT scans were acquired in one mid deep-inspiration
breath (75% of maximum inspiratory volume) using
2 mm slice thickness and conformal planning was
used to deliver a dose of 64 Gy in 32 fractions. The
CBCT images were acquired through a rotation of
200° in around 70 seconds and was acquired
continuously while the patient was using the ABC
device with short breaths in between, usually 2—4
breath-holds of 15-20 seconds each [13].The CBCT
acquired on the first fraction of treatment were used
to assess the automatic registration to the reference
planning CT scan using the grey-value registration
algorithm [19]. We defined the following ROIs using
Synergy XVI R4.2 software, where all ROIs are
cuboids, each observer made their own ROI for the
automatic match:

1) The PTV + 2 cm, the current standard in our
institution for radical lung cancer patients being
treated with ABC.

2) PTV+ Bone. This included the PTV plus the
closest bony anatomy adjacent to the lung tumour
(vertebrae, ribs, scapula or clavicle depending on
the tumour localisation) with 2 cm margin in the
superior and inferior borders of the PTV.
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3) The ipsilateral Hemithorax: lateral borders
included the chest wall and the mediastinum;
anterior border included the sternum and the
posterior limit included the vertebrae; superior
and inferior borders were limited by the maxi-
mum length of the collimator (13, 18 and 26
cm) centred on the isocentre.

4) The Carina. This included the carina with a
superior-inferior/anterior-posterior/lateral mar-
gin of 3 cm.

These ROI definitions were set out in written
guidelines to perform an automatic grey-scale match.
The clinical oncologists were able to use a manual
match where necessary and a consensus agreement
confirmed visually between two clinical oncologists
was used as the gold standard match. The amount of
translational shifts and angular rotations after auto-
matic matching were recorded by five independent
radiation technologists without manual adjustments.
The ROIs were scored as being a successful match
for a given patient if the displacements in each of the
three planes lie within 2 mm of the clinicians’ con-
sensus measurements for each of the five radiation
technologists. Thus, for each of the four ROIs, suc-
cess was described in terms of a percentage match.
For the ROI to be useful in automatic image registra-
tion, a successful match should occur in 95% of regis-
trations; less than 75% was deemed unacceptable. The
proposal was that an ROI would not be considered
optimal for automatic matching if there were less than
25 successfulmatches (alpha 1-side = 5%, power = 90%).
Reproducibility between independent users for each
ROI was assessed by comparing the means between
them [intra-class correlation (ICC), two-way random
effects model] [20]. The differences between the
ROIs displacements after matching was assessed by
the Mann-Whitney test to rank the ROIs and confi-
dence of ROI definition was recorded by the users.

Results

Five independent observers (radiation technologists)
performed registrations on 28 patients resulting in
560 observations.

Degree reliability of successful matching

The regions of interest that resulted in > 24 (25/28)
successful matches were PTV+ Bone and Hemitho-
rax. PTV only and Carina resulted in 23/28 success-
ful matches. Figure 1 a—d shows the differences from
the five observers and the clinician measurements
using each ROI.

Failed matches were documented in eight of
28 patients (Table I). In three of these patients, there
was only one observer failing to match for an individual
ROI (PTV +2 cm, Carina, Hemithorax). In four

. o Right-Left
c 0.9 (a) . ]
© ~ o Superior-Inferior
g LE-’, 0.6 4 a Anterior-Posterior
S E 0.3 1 a A ° a .3
g9 a A
S E R L s F R T R E N
- o ° o
8 3-03{ o° o . o8 o "
c®
& 2-06-
? . o a
T 09/ : e
Observer
09 - o Right-Left
(b) o Superior-Inferior
% 0.6 a Anterior-Posterior
OE
£S5 0.3 4 o
(e} A
£% o HH—HH——HH—+H—HH-
33 a :
2 i a °pg a a
g g 0.3 ° o °n o g © o
a -06 -
—0.9 -
Observer
09- o Right-Left
(C) o Superior-Inferior
% 0.6 1 a Anterior-Posterior
OE
g5 031 °
2T ol gia it 4
33 a
c c _ | oD < B o a
g ..g 0.3 o °n om © o
8 -0.6-
-0.9-
Observer
09- o Right-Left
(d) a o Superior-Inferior
K=} 0.6 . a Anterior-Posterior
SF 4 : a a® s
A
ES 0.3 1 8 a o N
) A
&7 04
8 § g 8 A A g2
g [0} —0.3+ A ° o
-
w " 8 8 g0 8
5 -06- § &0
-0.9- a
Observer

Figure 1. (a) Distance from clinician measurement for five
observers and using ‘PTV only’ region of interest. (b) Distance
from clinician measurement for five observers and using
‘PTV+bone’ region of interest. (c) Distance from clinician
measurement for five observers and using ‘Hemithorax’ region of
interest. (d) Distance from clinician measurement for five observers
and using ‘Carina’ region of interest.

patients, all five observers using the Carina ROI
failed to achieve a successful match.

Reproducibiliry

Reproducibility for all four ROIs was very good for
translational (ICC>0.94) and good for rotational
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Table I. The patients and number of observers where failed matches occurred in each region of

interest.

Patient No. Age/Gender Stage Tumoursite PTV only PTV+Bone HemiThorax Carina
6 73 M T1 NO LLL 5 obs 5 obs 4 obs 5 obs
10 63 F T2 NO LLL 4 obs 5 obs 5 obs 5 obs

20 90 M T1 NO LUL 1 obs 5 obs

23 76 M T1 NO LUL 5 obs

28 69 M T3 N1 RLL 1 obs 1 obs

12 87 M T2N2 RUL 1 obs

19 69 F TINO LUL 1 obs

21 66 F T3N2 LLL 1 obs

(>0.75) measurements. Hemithorax matching
achieved the highest level of reproducibility for
linear couch displacement (ICC = 0.99), followed by
the PTV +2 cm (ICC =0.99-0.98). The Carina was
the poorest with an ICC of 0.90-0.98.

Confidence in ROI definition

The confidence in defining the ROI was highest for
PTV+2 cm (94%), followed by Hemithorax
(82%), Carina (68%) and PTV+ Bone (68%).

The mean time of automatic match for each ROI,
measured in 10 patients, was 10.3, 9.6, 25 and 5.9
seconds for PTV +2 c¢cm, PTV+ Bone, Hemithorax
and Carina, respectively.

Discussion

Reduction in setup errors and treatment verification
is increasing important with dose escalation in lung
cancer radiotherapy. In free-breathing radiotherapy,
internal anatomical surrogates and different CBCT
volumetric images ROI have been investigated for
image registration accuracy [17,18,21]. The situa-
tion with motion management using ABC gating is
potentially different where there is relative tumour
and chest wall immobilisation.

In our study, we have shown that for accurate
registration for ABC-gated radiotherapy it is not
always sufficient to rely on the automatic match and
manual registration to the tumour is occasionally
required for certain situations. Although Hemithorax
and PTV+ bone ROIs produced successful matches,
significant heterogeneity existed. Two groups of
patients failed (Table I): 1) small peripheral tumours;
and 2) situations where there was collapse and
consolidation or significant change in tumour size
between planning and treatment. In the first group,
there were four patients with TINOMO tumours (3
UL and 1LL); the failed matches in the UL
tumours with the carina ROI is consistent with
studies where the carina was not an optimal sur-
rogate for tumour position in UL tumours [21]. In
the second group of four patients, three had cen-
tral tumours with associated collapse and consoli-

dation and one had a significant change in tumour
size between planning and treatment. This is con-
sistent with the literature where reported concerns
of tumour deformation and migration affecting
image registration accuracy [17,22]. There was no
particular ROI which produced better registration
between central and peripheral tumours in ABC-
gated radiotherapy; this compares with non-gated
radiotherapy where the Carina was deemed satis-
factory for locally advanced tumours [17] and soft
tissue matching around the PTV for peripheral
tumours [18].

As only day one CBCT images were assessed in
our study, future investigation throughout the full
course of treatment should prove useful especially in
light of long-term variability in tumour position [9].

The effect of ROIs selected by different observ-
ers can potentially affect image registration but has
not previously been investigated. We were able to
show good reproducibility for all the ROIs amongst
the observers; there were, however, issues with ROI
definition when performing image registration.

While there is concern about additional dose from
regular IGRT, the dose received from the 200° scan
(<3.9-5.5 mSv) is much reduced from the full 360°
(<7-10 mSv) scan with the imaging settings used in
the current study. Further, radiation doses from CBCT
imaging have been found to be low [23] while recent
epidemiological data indicate lower than expected risks
of low-dose exposure to radiotherapy [24].

In conclusion, we have showed good reproduc-
ibility of ROI definition and image registration with
ABC-gated radiotherapy for lung cancer. We dem-
onstrated that overall PTV+ Bone and Hemithorax
ROIs resulted in successful automatic image regis-
trations and identified clinical situations where
automatic registration may not be suitable with fur-
ther checks and manual correction being required.
This together with some concerns with ROI defini-
tion amongst the observers highlight the need to
adopt an individualised approach in image registra-
tion with ABC-gated radiotherapy and to identify
training needs for all professionals involved in the
definition of ROIs and soft tissues when using
three-dimensional imaging tools for verification.
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