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Abstract

Background. Tumour volume change during delivery of chemoradiotherapy is observed in small cell lung cancer (SCLC)
patients. In this study, we have compared tumour volume and anatomical changes, e.g. atelectasis or pleural effusions
determined by three different methods. Merhod. A total of 37 SCLC patients undergoing thoracic radiotherapy during
2010-2011 were included. The patients were treated based on a daily three-dimensional (3D) cone beam computed tom-
ography (CBCT) bony anatomy registration. The CBCT scans were retrospectively reviewed visually by a radiation thera-
pist (Visual-RTT) in order to register tumour volume changes. Furthermore, the tumour volume changes were obtained
by either deformable image registration (DIR) or delineation by a radiation oncologist (RO). Kappa (x) statistics and paired
t-tests were used for evaluation of the inter-tester agreement. Results. The tumour volume change between the Visual-RT'T,
the DIR and the RO assessments obtained 84-97% agreement (k =0.68-0.95). Furthermore, there was no statistically
significant difference between the tumour change assessment of the RO (mean 13.6 ml) and the DIR (mean 14.5 ml),
p = 0.59. Tumour shrinkage was observed in 15 (41%) patients and anatomical changes in seven (19%) patients. Conclusion.
The inter-tester reproducibility of tumour volume change between the three methods is excellent. Visual-RTT on-line
inspection may be used to determine tumour shrinkage and anatomical changes as atelectasis or pleural effusions during

the radiotherapy course by use of daily CBCT scans.

Small cell lung cancer (SCLC) is a disease consider-
ably influenced by tumour changes during delivery
of chemoradiotherapy [1]. Significant lung tumour
shrinkage during the radiotherapy (RT) course has
been observed and the pattern of tumour shrinkage
was very heterogeneous [2,3]. In some patients, a
large tumour volume change was observed and in
others there was no change during an entire RT
course [4]. In a previous study from our institution,
we observed a significant shrinkage (15-40%) of the
gross tumour volume of the primary tumour (GTV-T)
from planning computed tomography (pCT) until
the last cone beam (CB) CT in 40% of the patients
[5]. These studies investigated the tumour volume
change off-line by delineation of the GTV by a radi-
ation oncologist (RO).

The development of image-guided (IG) RT has
enabled a visual, on-line identification of tumour
volume change, e.g. shrinkage on a daily basis.

Moreover, anatomical changes related to density
variations in the lung tissue, e.g. changes in atelecta-
sis or pleural effusion may be observed. Such changes
may lead to deviations in the position of the tumour
compared to the pCT and thus dosimetrical changes
may appear [6—11]. Tumour shrinkage and lung
tissue changes can be accounted for by using an
adaptive approach for RT of SCLC to minimise the
dose to normal structures, allowing for dose escala-
tion and/or reduction of treatment morbidity [12,13].
Adaptive RT introduces a huge workload on the
clinic as it requires repeated CT scan, target delinea-
tions and treatment re-planning. Automated target
delineation on the repeated CT scans may therefore
reduce the workload. However, deviations between
delineations performed by the RO and the deform-
able image registration (DIR) method have been
observed [14]. Therefore, automated structure
propagation by DIR has to be validated.
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The aim of this study was to investigate the
possibility of online visual identification of tumour
volume and anatomical changes during a RT course
using the daily CBCT scans for the treatment of
SCLC patients. Furthermore, a comparison of the
inter-tester agreement on the determination of tumour
volume change between the visually radiation thera-
pist (Visual-RTT) assessment, the delineation by the
RO and the DIR method was made.

Material and methods
Patients

A total of 37 SCLC cancer patients were treated with
radical chemoradiotherapy and prophylactic cranial
irradiation (PCI) [15]; 25 Gy in 10 fractions (Fr), 5
Fr/week, between January 2010 and December 2011.
Thirty-one (84%) patients were treated in the tho-
racic region with 45 Gy in 30 Fr, 10 Fr/week and six
(16%) patients were treated with 50 Gy in 25 Fr, 5
Fr/week. Most patients (89%) were treated with 4-6
cycles of cisplatin or carboplatin and etoposide con-
comitant with RT. The median follow-up time was
25 months (range 4-40 months) and 29 months
(range 17-40 months) for patients still alive at the
time of analysis.

Treatment planning

The patients underwent a free breathing four-
dimensional (4D) scanning in the supine position on
a narrow cone beam helical CT scanner (Philips
LB16, Philips Healthcare, Best, The Netherlands).
The patients were fixed with both arms above the
head in an individual immobilisation device. The iso-
centre was marked on the patients with three skin
tattoos and the scan range covered the complete tho-
racic region. Intravenous contrast was supplied before
the scan. The median time interval from the pCT
until start of RT was 11 days (range 7-21). The
tumour and the normal tissue structures were delin-
eated at the pCT using the mid ventilation phase
defined as the mean bin in the respiration cycle in
the Eclipse treatment planning system (VMS, Palo
Alto, CA, USA). A 3D conformal or intensity-
modulated treatment plan using three to eight 6MV
beams was created.

Patient setup and in-room imaging

For every treatment session, the patients were aligned
according to the skin tattoos by use of the in-room
laser system. Thereafter, a kV CBCT scan [16] was
acquired with the gantry-mounted onboard imager
(OBI) (VMS) [17].The CBCT scan was rigidly reg-
istered to the pCT scan. An automatic registration

of the bony anatomy was performed using a user
defined region of interest including the spine. The
registration was evaluated by the RTTs and the
resulting translational shifts in three dimensions were
effectuated.

Retrospective tumour volume determinarion — radiation
oncologist (RO)

A senior RO delineated GTV-T at the CBCT scan
of the last fraction of radiotherapy for all 37 patients.
The delineation of the tumour at the pCT scan was
used as guidance. The tumour volume was measured
at the pCT and the CBCT scan after the delinea-
tion. The volumetric change was determined as an
absolute value of the pCT volume for each patient.
Absolute changes =5 cm? for small tumours or rela-
tive changes =15% for large tumours were consid-
ered as tumour shrinkage or growth. The RO used
the lung window (—1000 HU-—-200 HU) when con-
touring tumour in lung tissue, whereas the media-
stinal window (— 15 HU-85 HU) was used when the
tumour was located close to the mediastinum or
thoracic wall.

Retrospective tumour volume determination —
deformable 1mage registration (DIR)

The pCT was used as reference image for a registra-
tion of the pCT image to each of the CBCT images
acquired at fraction number 1, 6, 11, 16, 21, 26(25)
and 30. First, a rigid registration based on bony
anatomy was made. Second, a demons-based DIR
was performed using Smart Adapt (VMS). Finally,
the GTV-T was propagated from pCT to each of the
selected CBCT images using the DIR. The tumour
volume was measured at the selected CBCT scans.
The DIR algorithm was demons-based and was
expected to be inaccurate when large deformations
were present, e.g. disappearance of an atelectasis.
Therefore, all deformations were visually inspected
and corrected if necessary.

The volume of GTV-T (V) obtained by DIR
was compared with the volume of GTV-T delineated
by the RO (V) by calculation of the Dice similar-
ity coefficient (DSC) [18]:

2'(VD1R N VRO)
VDIR + VRO

Retrospective tumour volume determination —
visual-radiation therapist (Visual-RTT)

The CBCT scans of each fifth fraction were selected
for visual inspection by only one RTT in an off-line
imaging system (Offline Review, VMS). The GTV-T
was visible at the CBCT scans for all patients.
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No contouring was made at the CBCT scans for this
evaluation. For all selected scans, the size of the pri-
mary tumour at the CBCT scan was visually com-
pared to the size of GTV-T delineated at the pCT
and to the size of the GTV-T at the CBCT acquired
five fractions in advance of the actual CBCT. Tumour
shrinkage or growth was scored for each selected
fraction.

Furthermore, the CBCT scans were visually
inspected in order to observe major anatomical
changes related to an appearing or disappearing
atelectasis or pleural effusion.

Statistical analysis

The statistical analysis was performed using STATA
version 12.0. Kappa (k) statistics [19] was used to
assess reproducibility of tumour volume change
between the three methods: Visual-RTT versus DIR
or RO assessments. The RO assessments were used as
the golden standard to assess the validity of the
Visual-RTT and DIR method. The answer to the
test was that the patient either has reached a tumour
volume change (positive test) or not (negative test)
and the cut-off for the k value was set at 60% [19].
We used the Bland Altman plot and paired t-tests
for interval data to analyse the agreement in the
tumour volume change between the DIR and the
RO assessments.

The survival fraction and local relapse were
calculated from the time of diagnosis. Local relapse
was defined as recurrence in the radiation field by
RO assessments. Patients were censored from the
date of last follow-up. The Cox proportional hazard
method related to survival and the Fisher Exact-test
related to local relapse were used for comparison of
local recurrence/death and tumour volume change as
obtained from the RO assessments.
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Results

RO, DIR and Visual-RTT assessments of the tumour
volume change

At the last treatment fraction, tumour shrinkage
=5 cm? or 15% was observed in 15 patients (41%)
by the RO and the mean decrease in the initial
tumour volume was 27%. Comparison to the DIR
and to the Visual-RTT evaluation showed tumour
shrinkage in the same 15 patients (Figure 1). No
change was observed in 22 patients, as determined
by the RO. Of these DIR showed tumour shrinkage
in three patients and growth in one patient and the
Visual-RTT showed tumour shrinkage in three
patients.

Inter-tester reproducibiliry

The agreement of the scoring of tumour volume
change between the Visual-RTT and the DIR evalu-
ation at every fifth fraction is shown in Table I.
All observed agreements were within 84-97%, (x,
68-95%) with prevalences in the range of 45-54%.
At the last treatment fraction the Visual-RTT,
DIR and RO assessments had an overall agreement
of 84%.

The mean tumour volume change as determined
by RO and DIR was compared to the difference in
tumour volume change at the last treatment fraction
(Figure 2). The mean difference between the DIR
and the RO was 1.0 cm?® [95% confidence interval
(CI): —2.6; 4.6 cm?]. Four observations (8%) fell
outside the 95% limits of agreement. There was no
significant difference between the tumour volume
change assessments by the RO (mean: 13.6cm?;
—4.3;117.3) and DIR (mean: 14.5 cm?; —17.5;90.4),
p=0.59.

Patient

B RO ODIR

Figure 1. Number of patients with Radiation Oncologist (RO) assessed tumour shrinkage =5 cm? or 15% compared to the deformable
image registration (DIR) and visual radiation therapist (Visual-RTT) assessments at the last treatment fraction of radiotherapy.
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Table I. Inter-tester reproducibility of tumour change between
deformable image registration (DIR) and visual radiation therapist
(Visual-RTT) assessment for every 5th fraction of radiotherapy.

Observed agreement (%) Kappa
Fr1 91.9 0.84
Fr 6 89.2 0.79
Fr 11 94.6 0.89
Fr 16 83.8 0.68
Fr 21 97.3 0.95
Fr 25/26 96.8 0.93
Fr 30 93.5 0.87

The mean DICE similarity coefficient was 0.82
(range 0.65—0.98) with the lowest value observed for
a patient with a large anatomical change related to
disappearance of an atelectasis.

Pattern of survival, tumour recurrence and retrospective
Visual-RTT observation of major anatomical changes

Of the 37 patients, five (13%) had a local relapse of
the disease and 17 (46%) had died. There was no
statistically significant difference in local recurrence
(p =0.38) and in overall survival (p=0.94) related
to tumour volume change above 5 cm? or 15%.

Seven (19%) patients had major anatomical
changes of the lung tissue. Four patients (11%) had
an atelectasis at the pCT scan. The atelectasis disap-
peared before fraction number 16. In two patients
(5%) a pleura effusions varied during the treatment
course. One patient (3%) had both pleura effusion
and atelectasis at the pCT scan.

Discussion

The present study showed excellent agreement
between three different methods of determining
tumour volume changes during RT. On-line evalua-
tion of tumour volume changes or lung tissue changes
makes it possible to set up a strategy for adaptive
treatment planning for SCLC patients using the daily
CBCT scans [13].

In the present study, tumour shrinkage or growth
was defined as a volumetric change of more than 5
cm? for small tumours or 15% for large tumours.
This was based on a Visual-RTT evaluation and
only changes of this order of magnitude were evalu-
able. Tumour shrinkage (seen in 41% of the patients)
and anatomical changes as varying amounts of
atelectasis or pleural effusions (in 19% of the
patients) were visually identified by the RTT in
this study. Similar findings were obtained in other
studies, which relies on delineation of the tumour
at CT or CBCT images obtained during the treat-
ment course [2-5]. The results from Juhler-Nottrup
et al. [2] and Fox et al. [4] were difficult to compare
with due to different imaging schedules; the use of
megavoltage CT imaging, which may not provide
the same quality of image resolution of thoracic
tumours as kilovoltage CT; and the non-uniform
use of concurrent chemotherapy. Hugo et al. showed
that lung tumour regression during radiotherapy
can introduce geometrical changes in the normal
tissue surrounding the tumour that affect the tumour
volume, shape and position [20].
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Figure 2. Bland Altman plot of the mean compared to the difference in tumour volume change obtained by the DIR and RO with 95%

limits of agreement (broken lines).
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We found no significant difference between the
tumour volume change assessments by the RO and
the DIR method. The mean DSC for the two meth-
ods was 0.82 (range 0.65—-0.98), which is a decent
agreement. In a recent study, DIR and contour prop-
agation to the 10 respiratory phases of 4DCT scans
was investigated for 10 lung cancer patients [14].
Manual delineation and delineation based on auto-
mated propagation of the tumour were compared
and no significant difference was found. Ezhil et al.
[21] compared three different methods of propagat-
ing the tumour to the 10 respiratory phases of 4DCT
scans. They found a better agreement for rigid prop-
agation of the tumour than for DIR propagated
tumours. This was primarily due to a reduction in
the tumour volume when DIR was used. Such a
volumetric reduction was not seen in the present
study. A validation of different algorithms for DIR
using virtual deformable phantoms showed gross
errors for thoracic structures when using demons-
based algorithms, whereas B-spline algorithms
showed better agreement [22]. The deviations were
primarily ascribed to different contrast in the images
and large deviations were seen especially for the
heart, whereas the lung tumour showed a DSC of
0.83. In a recent study from our institution, Nyeng
et al. [23] investigated a former version of the
demons-based algorithm in Smart Adapt. A com-
parison of DIR of the inhale and the exhale respira-
tory phases of 4DCT scans of five patients and DIR
of the exhale and the inhale phases (reversed order)
showed deviations of 3-6 mm even though ideally,
no deviation should be obtained. Similar deviations
(mean 3 mm * 2 mm) were observed in a study by
Yim et al. [24] investigating another demons-based
algorithm. Speight et al. [25] found a mean DSC of
0.86 and a mean distance to agreement of 1 mm for
both a B-spline and a demons-based algorithm in a
study of 25 lung cancer patients. This is in concor-
dance with the present study.

We acknowledge that the lower contrast in the
CBCT scans compared to the CT scans makes the
delineations of the GTV-T less accurate. However,
as the tumour volume changes should be evaluated
on-line on a daily basis from the CBCT scans, we
will have to compare the visual assessment to the RO
off-line assessment using the CBCT scans.

The Visual-RTT assessed tumour volume change
was based on subjective assessments, which could
lead to different inter-tester assessments related to a
learning curve effect. However, we used the RO
assessment of the tumour volume as the quantitative
golden standard and the ¥ values between the
Visual-RTT and RO or DIR assessments were 68—
95% proposing a nice agreement of the methods.
Siker et al. [26] reported greater inter-observer

variability in tumours abutting the mediastinum or
with atelectasis on megavoltage CT.

The survival data was comparable with other
retrospective consecutive studies of patients [27-29].
We found no significant difference in survival and
local recurrence related to changes in tumour
volume, which was expected due to the low number
of patients.

We propose that the RTTs should be trained in
recognising tumour volume and lung density changes.
Furthermore, a decision algorithm should be set up
in order to categorise these visible changes and apply
the necessary actions to be taken. The implementa-
tion of such a decision algorithm will require close
collaboration between RTTs, RO and medical
physicists resulting in more accurate treatment of the
target volume. The DIR may be used to propagate
the target to the rescanning CT followed by a
revision of the structures a RO and an adaptive
treatment plan in order to deliver an optimal dose
distribution [30].

In conclusion, this study has demonstrated that
Visual-RTT on-line inspection may be used to
determine tumour shrinkage and anatomical changes
as effusion or atelectasis during the radiotherapy
course by use of daily CBCT scans. Furthermore,
the inter-tester reproducibility of tumour change
between the Visual-RTT, DIR and RO assessments
was excellent.
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