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Introduction

Abstract

Introduction: This study aimed to evaluate the effect of image-guided radia-
tion therapy (IGRT) on the margin between the clinical target volume (CTV)
and planning target volume (PTV) in lung cancer. Methods: The CTV and
PTV margin were determined in three dimensions by four radiation oncologists
using a standard method in 10 lung cancer patients, and compared to consen-
sus values. Transfer error was measured using a rigid phantom containing gold
markers. Systematic error (Zse[up) and random error (0sup) Set up errors were
calculated in three dimensions from pre-treatment and post-treatment cone
beam CT scans. Finally, the margin between the CTV and PTV was corrected
for set up error and calculated. Results: The margins between the CTV and
PTV with IGRT (and without IGRT) were 0.88 cm (0.96 cm), 0.99 cm
(1.08 cm) and 1.28 cm (1.82 ¢cm) in the anterior and posterior (AP), left and
right (LR) and superior and inferior (SI) directions, respectively. Images from
two other patients verified the validity of the corrected margin. The target
delineation errors of the radiation oncologists are considered to be the largest
compared with the set up errors. The application of IGRT reduced the set up
errors and the margins between CTV and PTV. Conclusions: The delineation
errors of radiation oncologists are the most important factor to consider for
the margin between CTV and PTV for lung cancer. IGRT can reduce the mar-
gins by reducing the set up errors, especially in the SI direction. Further
research is required to assess whether the reduction in the margin is solely
based on set up errors.

clinical examination or imaging, is defined by the gross
tumour volume (GTV). The clinical target volume (CTV)

Radiotherapy (RT) is one of the most effective modalities
for the treatment of cancer; however, it can take weeks or
even months and requires several steps from the decision
to treat with RT to completing treatment. Potential errors
can occur at each step. During the target definition step,
sources of uncertainties include: target motion, patient set
up errors, organ (tumour) motion and delineation of the
target volume(s).!

According to the nomenclature of the International
Commission on Radiation Units and Measurements
Report 50, macroscopic disease, which is apparent on

incorporates this volume and adds the volumes in which
the disease is expected to be microscopically present based
upon the natural history of the disease and relapse pat-
terns. The planning target volume (PTV) is an enlarge-
ment of the CTV, which takes into account the internal
motion of the target volume and set up variations.
Imaging techniques have been introduced not only at
this stage but also at the treatment stage, and can control
patient set up errors and (or) organ motion. RT treat-
ment delivery using these techniques is collectively called
image-guided radiation therapy (IGRT). IGRT provides
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an essential tool to investigate, quantify and in turn cor-
rect for geometrical uncertainties.’

The three main reasons for local failure after RT in lung
cancer are: (1) geographical misses due to the inadequacy
of imaging tools for staging and RT planning, (2) geograph-
ical misses due to respiratory tumour motion during RT
delivery and (3) inadequate RT doses due to the potential
for significant toxicity. IGRT enables more accurate
tumour targeting, thereby reducing side effects and (or)
providing the opportunity to escalate the tumour dose.
Cone beam computed tomography (CBCT) is the major
type of IGRT used for the treatment of lung tumours, as it
provides excellent visualisation of the target with volumet-
ric imaging and relatively high-resolution soft-tissue infor-
mation. Studies have revealed that CBCT-based IGRT
significantly reduces the set up margin in lung cancer.
Yeung et al. found that CBCT-based IGRT reduced the set
up margin by up to ~1.5 cm, compared with no image
guidance or image guidance using bony anatomy as a sur-
rogate for the target(s) in lung cancer.” Ottosson et al.
reported that the margin can be reduced by half when
CBCT is used to correct set up errors in lung cancer.®

The definition of set up errors is errors that relate to
the treatment position of the patient and are fixed for
each treatment course. Reduction in set up errors by
IGRT may reduce the margin between the CTV and PTV.
However, there are many factors influencing the margin
between the CTV and PTV, so is it reasonable to reduce
this margin based only on set up errors? The aim of this
study was to evaluate the effect of IGRT on the margin
between the CTV and PTV in lung cancer. In this study,
target volume delineation, target motion from respiration,
phantom transfer errors and set up errors are considered
as influencing factors. Organ position and shape at time
of localisation, which comprise geometric imaging errors,
are not considered.

Methods

This study protocol was approved with the approval
number 13-075/751 by the institutional ethical review
committee and permission to conduct the study was
granted by the institutional review board. The study has
been registered according to the Good Clinical Practice of
the Cancer Institute and Hospital, Chinese Academy of
Medical Sciences.

The margins between the CTV and PTV in lung cancer
were calculated following the guidelines in Geometric
Uncertainties in RT.” The factors influencing the margin
include: (1) uncertainties of target-volume delineation; (2)
physiological changes, such as target motion from respira-
tion; (3) phantom transfer errors, which accumulate during
transfer of the imaging data from the initial localisation

Effect of IGRT on the CTV and PTV margin

images through the treatment planning system to the linear
accelerator and can be measured with a phantom contain-
ing gold markers; and (4) set up errors and other factors.®

Inter-observer uncertainties in delineation
of the target volume

Simulation

Ten patients were positioned supine on the couch of a
CT simulator (Philips Inc., Cleveland, OH) and immobi-
lised with thermoplastic masks. For each patient, the
localisation centre was marked on the mask. Transverse
images were scanned for the body/chest from the mandi-
ble to the second lumbar vertebra at a 3-mm slice thick-
ness. Positron emission tomography (PET) is important
for accurate target delineation in lung cancer.”'® There-
fore, the patients also received a PET-CT scan in the same
position (GE, Discovery ST16; GE Inc., Waukesha, WI).
Both the simulation CT images and PET-CT images were
transferred to the treatment planning system through the
network (Philips Pinnacle 3).

Delineation of GTV and CTV

Four radiation oncologists that have been trained for
target volume delineation and have worked for more than
15 years independently defined the GTV and CTV for the
10 patients on a treatment planning system (Philips
Pinnacle 3 version 6.3). Many studies show that radiation
oncologists choose a value or threshold value based on
the PET standard uptake value (SUV).'" Some authors
have suggested the use of percentage values for the maxi-
mum SUV of the primary tumour, while others have
suggested a SUV of 2.5,'* which was used in this study.
The GTV of non-small cell lung cancer (NSCLC)
included the primary tumour and lymph nodes with
metastases which showed on the images (reference CT,
PET, fibreoptic broncoscopy [FOB]). The GTV was delin-
eated on the CT images using the PET scan as a refer-
ence. CTV was defined as the GTV with a 6-mm margin
for squamous cell carcinoma, the GTV with an 8-mm
margin for adenocarcinoma, or a 1.5-cm margin of the
main trachea in central lung cancer.'>'* The CTV was
not to exceed the delineated anatomical margin, except
for invasion. For prophylactic regional lymph node irradi-
ation, the CTV included the ipsilateral pulmonary hilar
region if mediastinal lymph node metastases were present.
Additionally, the CTV included the subcarinal region if
mediastinal lymph node metastases were detected in the
right middle or lower lobe, left ligule or lower lobe.
Otherwise, the CTV included the subaortic region if left
upper mediastinal lymph node metastases were present in
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left upper lobe cancer. In small cell lung cancer (SCLC),
the GTV was defined as the primary tumour after chemo-
therapy, and the CTV was defined as the GTV with an
8-mm margin and the regional lymph nodes metastases
detected before chemotherapy.

Data analysis

The CTV values determined by each observer were com-
pared to the CTV values approved by consensus in three
dimensions (Fig. 1). The inter-observer CTV delineation
errors (D 40r) Were calculated using the equation:

. 1 _ _
Zdoctor(l) = N-—1 Z (Pj,i - POVEmZI,i)Z, (1)
T =N

where i is the direction index, j is the patient index, N is
the total number of patients, Pj; is the average unilateral
delineation difference of patient j in direction i, and

Poveranri is the average unilateral delineation difference of
all patients in direction 1.

Target motion from respiration

Three methods are used to deal with target motion due to
respiration at the Cancer Institute and Hospital, Chinese
Academy of Medical Sciences: observation of the primary
tumour motion using a conventional simulator, a four-
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dimensional CT simulator or a PET-CT simulator. Target
motion can be explicitly determined using a conventional
simulator or a four-dimensional CT simulator; therefore,
the margin formula includes a component to represent the
contribution of target motion. PET images are acquired
over minutes or even tens of minutes and target motion is
reflected as an enlarged target in the images; therefore, the
contribution of target motion is not included in the
margin formula. In this study, all 10 patients received
PET-CT simulation; therefore, target motion was not
included in the formula to calculate the margin.

Phantom transfer error

RT includes three basic steps: simulation, planning and
delivery; with different equipment required for each step
(simulator for simulation, planning system for planning
and treatment machine for delivery). Each machine has
its own coordinate system, which should be identical.
However, minor differences exist between the simulator
and treatment machine due to limitations in the accuracy
of manufacturing. Such differences result in the transfer
error, which can be measured using a rigid phantom.

Set up errors

Slight differences occurred in the positioning and immo-
bilisation of patients for each treatment fraction and
between treatments. These errors are set up errors which

Figure 1. The yellow line represents the clinical target volume (CTV) CTV approved by consensus.
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relate to the treatment position and fixation. The 10
patients studied received pre-treatment and post-treat-
ment cone beam CT scans on the Elekta Synergy linear
accelerator, with 72 and 66 image series acquired and
analysed respectively. The characteristics of the 10 patients
are shown in Table Al. The systematic set up error
(Zsetup) in three dimensions was calculated as:

Z(l) = ﬁ Z (gj.i - govemll,i)zy (2)

set up =1N

where §;; is the average set up error for patient j in direc-
tion i, and Syyeran; is the overall mean population set up
error for all patients. The random set up error (Gecyp) in
three dimensions was calculated using the equation:

L Y -5 O

J=LN k=14

where k is the set up index, A is the set up error summation
for all patients, dk,j,i is the k set up error for patient j in
direction i and Sj; is the average set up error for patient j in
i direction.

Calculation of the CTV and PTV margin
corrected for set up errors

The margin between the CTV and PTV corrected for
set up errors was calculated using the following:

2 2 2
2.5% \/Zdacwr + Zset up + Ztmnsfer
+ B X (\/ aszetup + 6127 - GP)

where f is a parameter related to the beam configuration,
and o, is the photon penumbra width. The values for f
and o, were adopted from Holmberg et al”

(4)

Results

The differences between the delineations of the CTV of
individual radiation oncologists are shown in Figure 1
and Table 1. The differences in the delineation error of
individual doctors (3 ocror) Was 0.32 cm in the anterior
and posterior (AP, Z) direction, 0.37 cm in the left and
right (LR, X) direction and 0.48 cm in the superior and
inferior (SI, Y) direction. Table 2, 3 show the pre-treat-
ment and post-treatment set up errors during CBCT in
three dimensions. Table 4 shows the random error (o
wp) and system error (Y gocror) S€t Up errors in three
dimensions.

Effect of IGRT on the CTV and PTV margin

Table 1. Inter-observer differences in clinical target volume (CTV) CTV.

Patient number

1 2 3
Anterior (A)-posterior (P) direction (cm)
A P A P A P
Doctor 1 —0.293 0.195 —-0.098 0.195 0.274 0.293
Doctor2 —0.195 -0.391 -0.488 0.683 0.137 -0.39
Doctor 3 —0.293 0.391 0.000 -—-0.098 0.547 0.586
Doctor4 —0.39 0.098 —-0.488 0.879 0.274 —-0.292
Average —-0.292 0.073 -0.268 0.414 0.308 0.078
Unilateral ~0.109 0.073 0.193
average
Left (L)-right (R) direction (cm)
L R L R L R
Doctor 1 1.172 0.097 -0.097 -0.976 0.293 -0.195
Doctor 2 0 0.488 0.098 -0.976 0.196 0.391
Doctor 3 0.586 -0.489 -0.097 -0.586 0.098 0.293
Doctor 4 0.098 1.757 0 —-0.097 0.684 0.391
Average 0.464 0.463 -0.024 -0.658 0.317 0.22
Unilateral 0.463 0.317 0.268
average
Superior (S)-inferior (I) direction (cm)
S | S I S I
Doctor 1 0.000 2.289 -0.327 0.981 -0.654 —-0.654
Doctor 2 0.327 0.327 0.654 0.654 0.327 0
Doctor 3 0.327 0.327 0.346 0.327 0.654 —1.327
Doctor 4 0.327 0 0.327 0.654 0 0
Average 0.245 0.735 0.134 0.588 0.082 —0.495
Unilateral 0.49 0.361 —0.206
average

Table 2. Pre-treatment set up errors during cone beam computed
tomography (CBCT).

Number of patients

pre-
treatment  (cm) 1 2 3 4 5 6
Anterior-  Average 0.12 0.04 -033 -0.16 -0.17 -0.16
posterior  SD 0.28 0.49 0.25 0.18 0.24 0.60
Left-right ~ Average -0.65 -0.27 0.64 0.10 -0.25 -0.06
SD 0.24 0.26 0.48 0.46 0.28 0.25
Superior—  Average 1.25 0.36 0.06 0.37 0.71  -0.15
inferior SD 0.53 0.62 0.49 0.39 0.42 0.58

The systematic error (3 ;ranser) Of the reference frame
was 0.10 cm in the AP (Z) direction, 0.07 cm in the LR
(X) direction and 0.08 cm in the SI (Y) direction.

Table 5 lists the values for the corrected CTV and PTV
margins, which were calculated using formula 4. The
margins with and without set up correction were 0.88 cm
and 0.92 c¢cm in the AP direction, 0.99 ¢cm and 0.99 ¢cm in
the LR direction and 1.28 cm and 1.43 cm in the SI
direction, respectively.
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Table 3. Post-treatment set up errors during cone beam computed
tomoraphy (CBCT).

J. Liang et al.

Table 5. Values used for calculation of the post-treatment and pre-
treatment CTV and PTV margins.

) No. patients Post-treatment (pre-treatment) values
post-
treatment  (cm) 1 2 3 4 5 6 Directions AP (2) LR (X) SI(Y)
Anterior—  Average -0.02 -0.04 -0.19 0.07 -0.01 -0.25 > doctor 0.32 scm 0.37 cm 0.48 cm
posterior  SD 014 013 014 008 011 004  Yiocer 0.10 cm 0.07 cm 0.08 cm
Left-right ~ Average —0.05 0.03 -0.17 0.07 0.01 0.14 Esetup 0.10 (0.14) cm 0.11 (0.16) cm 0.09 (0.33) cm
D 012 012 019 010 013  0.08 Tetup 0.12 (0.29) cm 0.13(0.31) cm 0.17 (0.51) cm
Superior—  Average —0.05 -0.01 -0.01 0.06 0.09 -0.07 op 0.5 cm 0.5 cm 0.5 cm
inferior SD 0.22 0.12 0.19 0.18 0.18 0.13 B 0.67 0.67 1.64
Margin 0.88 (0.96) cm 0.99 (1.08) cm 1.28 (1.82) cm

Table 4. Post-treatment and pre-treatment random errors (o) and
system errors (3 - ) in three dimensional directions.

Post-treatment (pre-treatment) error

AP (2) LR (X) SE(Y)
Yset up 0.10 (0.14) cm 0.11 (0.16) cm 0.09 (0.33) cm
Oset up 0.12 (0.29) cm 0.13 (0.31) cm 0.17 (0.51) cm

AP, anterior—posterior; LR, left-right; Sl, superior-inferior.

Verification of the validity of the corrected
CTV and PTV margin

Two patients who received PET-CT localisation and IGRT
were selected for further analysis. The margin values from
CTVold to PTVnew were set according to Table 5. The
post-treatment CBCT images from the first 3 weeks were
retrieved and transferred to the planning system. The
CBCT images and CT images were registered, then CTV-
new was delineated on the CBCT images to observe the
relationship between CTVnew and PTVnew. Figure 2
illustrates that all of the CTVnew was included in the
PTVnew.

Discussion

It can be difficult to decide the margin between the CTV
and PTV in lung cancer, as there are many influencing
factors and complicated formulae. From Table 5, the tar-
get volume delineation errors of radiation oncologists
were the largest at 0.32 cm in AP, 0.37 cm in LR and
0.48 cm in SI. The set up errors with IGRT were 0.1 cm
in AP, 0.11 cm in LR, and 0.09 cm in SI, which were
approximately a third of the delineation errors. Therefore,
it is likely that the most important factor for the margin
between CTV and PTV is the target volume delineation
errors of doctors, whereas the impact of set up errors is
small. Even though all of our radiation oncologists have
been trained, use the same delineation protocol and have
more than 15 years of experience, delineation errors still
existed.

CTV, clinical target volume; PTV, planning target volume; AP, anterior
—posterior; LR, left-right; SI, superior-inferior.

Herk et al. advised that systematic errors introduced
by target volume delineation, organ motion, and set up
errors have a similar magnitude and should be reduced
by clear delineation protocols, multimodality imaging,
correct CT scan procedures and electronic portal imag-
ing with decision rules.'”” Technological advances in
treatment planning algorithms, radiotherapy delivery,
motion management and patient set up have consider-
ably improved the precision of RT; however, as preci-
sion improves, errors in target delineation take on
greater levels of importance. The impact of target vol-
ume delineation error may be a significant source of
error in addition to other classic sources, such as the
set up, inter-fractional or intra-fractional errors in the
IGRT era.
depends on the target, the surrounding tissue, the

The target volume delineation variation

imaging modality, the observers and the delineation
protocol. Steenbakkers et al. demonstrated that delinea-
tion accuracy can be improved with the use of a stan-
dardised delineation protocol in addition to PET
information. The reduction in interpretation differences
among radiation oncologists by using PET/CT caused
the largest improvement in delineation accuracy. How-
ever, even with the proposed improvements, observer
variation in delineation was still a major source of geo-
metric error in external beam RT.'® This finding was
also demonstrated by this study.

The application of IGRT in this study reduced the
set up errors from 0.14 cm to 0.1 cm in AP, 0.16 cm to
0.11 cm in LR and from 0.33 cm to 0.09 cm in SI. These
results contributed to the margin reduction which fell
from 0.96 cm to 0.88 cm in AP, 1.08 cm to 0.99 cm in
LR and from 1.82 cm to 1.28 cm in SI. The margin val-
ues were largest in the SI direction, which may be related
to differences in the delineation by individual radiation
oncologists and the spacing of the CT image slices. The
LR differences were related to regional lymph node
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GTVo1d +CTVo1d +PTVnew

GTVnew +CTVnex +PTVnex

Figure 2. Verification of the margin between the CTV and PTV corrected for set up errors in (A) GTVold + CTVold +PTVnew and (B) GTVnew +
CTVnew + PTVnew. The red line indicates the GTV, the blue line indicates the CTV and the green line indicates the PTV. CTV, clinical target
volume; PTV, planning target volume; GTVold, old gross tumour volume; CTVold, old clinical target volume; PTVnew, new planning target
volume; GTVnew, new gross tumour volume; CTVnew, new clinical target volume; GTV, gross tumour volume.

involvement. The application of IGRT reduced the mar-
gin between the CTV and PTV in all three directions,
especially SI, which decreased by 0.54 cm. These results
show that IGRT could reduce the margin between the
CTV and PTV of lung cancer, but the largest effect was
in the SI direction. The GTV of all 10 patients was less
than 90 cm?, except for one patient (141 cm®). Most
patients received IGRT at the first three irradiations, and
subsequent set up errors were corrected; therefore, the
reported set up errors are smaller than the other errors.

Herk et al. recommended the formula (5) to calculate
the margin from CTV to PTV."

Margin = 2.5 Z +0.70

This margin formula takes into account the errors; in
this formula, ) 1is total standard deviation (SD) of
systematic error and ¢ is total SD of random error.
However, this formula was not created for individual can-
cers. The target delineation error provided in their study
was from prostate cancer, and was smaller than that of
this study. They show that the set up error was the major

factor, and systematic and random errors mostly resulted
from set up errors. They proposed that this formula
should be considered as a lower limit for the administra-
tion of safe RT. Even if the values are close to our results,
the definitions would be different between cancers. This
might explain why the results we obtained for lung can-
cers were different to those of their study.

Conclusions

The target volume delineation errors of radiation onco-
logists are the most important factor for determining the
margin between the CTV and PTV for lung cancer. IGRT
can reduce the margin by reducing the set up errors,
especially in the SI direction. However, further research is
required to confirm that the reduction in the margin is
solely based on set up errors.

Conflict of Interest

None declared.

© 2014 The Authors. Journal of Medical Radiation Sciences published by Wiley Publishing Asia Pty Ltd on behalf of 35
Australian Institute of Radiography and New Zealand Institute of Medical Radiation Technology



Effect of IGRT on the CTV and PTV margin

References

1.

Njeh CF. Tumor delineation: The weakest link in the
search for accuracy in radiotherapy. J] Med Phys 2008; 33:
136—40.

. Thwaites D, Scalliet P, Leer JW, et al. Quality assurance in

radiotherapy: European society for therapeutic radiology
and oncology advisory report to the commission of the
European union for the ‘Europe Against Cancer
Programme’. Radiother Oncol 1995; 35: 61-73.

. Guckenberger M, Meyer ], Wilbert J, et al. Precision of

Image-Guided Radiotherapy (IGRT) in six degrees of
freedom and limitations in clinical practice. Strahlenther
Onkol 2007; 183: 307—-13.

. Chang JY, Dong L, Liu H, et al. Image-guided radiation

therapy for non-small cell lung cancer. ] Thorac Oncol
2008; 3: 177-86.

. Yeung AR, Li JG, Shi W, et al. Tumor localization using

cone-beam CT reduces set up margins in conventionally
fractionated radiotherapy for lung tumors. Int J Radiat
Oncol Biol Phys 2009; 74: 1100-7.

. Ottosson W, Baker M, Hedman M, et al. Evaluation of set

up accuracy for NSCLC patients; studying the impact of
different types of cone-beam CT matches based on whole
thorax, columna vertebralis, and GTV. Acta Oncol 2010;
49: 1184-91.

. Holmberg O, Coffey M, Armstrong J, et al. Geometric

uncertainties in radiotherapy of the lung. In: Armstrong J
(ed). Geometric Uncertainties in Radiotherapy Treatment
Planning, Chapter 4, British Institute of Radiology,
London, 2003; 78—84.

. Korreman S, Rasch C, McNair H, et al. The European

Society of Therapeutic Radiology and Oncology-European
Institute of Radiotherapy (ESTRO-EIR) report on 3D
CT-based in-room image guidance systems: A practical
and technical review and guide. Radiother Oncol 2010; 94:
129-44.

10.

11.

12.

13.

14.

15.

16.

17.

J. Liang et al.

. Bradley J, Thorstad WL, Mutic S, et al. Impact of

FDG-PET on radiation therapy volume delineation in
non-small-cell lung cancer. Int ] Radiat Oncol Biol Phys
2004; 59: 78-86.

Macmanus M, Dcosta I, Everitt S, et al. Comparison of
CT and positron emission tomography/CT coregistered
images in planning radical radiotherapy in patients with
non-small-cell lung cancer. Australas Radiol 2007; 51:
386-93.

Hong K, Halama J, Bova D, et al. Correlation of PET
standard uptake value and CT window-level thresholds for
target delineation in CT-based radiation treatment
planning. Int ] Radiat Oncol Biol Phys 2007; 67: 720—6.
Black QC, Grill IS, Kestin LL, et al. Defining a
radiotherapy target with positron emission tomography.
Int ] Radiat Oncol Biol Phys 2004; 60: 1272-82.

Giraud P, Antoine M, Larrouy A, et al. Evaluation of
microscopic tumor extension in non-small cell lung cancer
for three-dimensional conformal radiotherapy planning.
Int J Radiat Oncol Biol Phys 2000; 48: 1015-24.

Kara M, Sak SD, Orhan D, et al. Changing patterns of
lung cancer; (3/4 in.) 1.9 cm; still a safe length for
bronchial resection margin? Lung Cancer 2000; 30:
161-8.

van Herk M. Errors and margins in radiotherapy. Semin
Radiat Oncol 2004; 14: 52—64.

Steenbakkers RJ, Duppen JC, Fitton I, et al. Reduction of
observer variation using matched CT-PET for lung cancer
delineation: A three-dimensional analysis. Int ] Radiat
Oncol Biol Phys 2006; 64: 435—48.

van Herk M, Remeijer P, Rasch C, et al. The probability of
correct target dosage: Dose-population histograms for
deriving treatment margins in radiotherapy. Int J Radiat
Oncol Biol Phys 2000; 47: 1121-35.

Appendix
Table A1 Characteristics of the 10 lung cancer patients.
Total dose/dose No. of No. of
CTV (including GTV per fraction/ CBCT CBCT
Patient and mediastinal GTV number of before after
no. Diagnosis lymph node regions) (cm®) fractions regulation irradiation
1 Right upper lobe adenocarcinoma post operation ~ 10R 9.64 60 Gy/3 Gy/20f 1 10
and chemotherapy right pulmonary hilar
metastasis lymph nodes
2 Right upper lobe squamous carcinoma GTV, 2R, 4R, 7, 10R 20.55 66 Gy/2 Gy/33f 7 7
3 Right upper lobe squamous carcinoma superior GTV, 2R, 4, 5, 10R 62.45 66 Gy/2 Gy/33f 9 9
vena cava syndrome
4 Right lower lobe NSCLC GTV, 7, 10R 81.08 60 Gy/2 Gy/30f 7 7
(Continued)
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Table A1 (Continued)

Effect of IGRT on the CTV and PTV margin

Total dose/dose No. of No. of
CTV (including GTV per fraction/ CBCT CBCT
Patient and mediastinal GTV number of before after
no. Diagnosis lymph node regions) (cm3) fractions regulation irradiation
5 Right upper lobe cancer GTV 21.97 60 Gy/6 Gy/10f 10 9
6 Left upper lobe squamous carcinoma GTV, 4L, 5,6,7,10L  140.76 58 Gy/2 Gy/29f 4 4
7 Right lobe SCLC post operation and 4R, 7 5.28 60 Gy/2 Gy/30f 9 9
chemotherapy metastasis mediastinal lymph
nodes
8 Left lower lobe squamous carcinoma post GTV, 2, 4,7, 10L 44.23 60 Gy/2 Gy/30f 4 4
chemotherapy
9 Left upper lobe SCLC post chemotherapy lung GTV, 6, 5, 10L 88.58  37.5 Gy/2.5 Gy/15f 5 4
metastasis
10 Right lower lobe squamous carcinoma GTV, 7, 10R 81.15 60 Gy/2 Gy/30f 7 7

CTV, clinical target volume; GTV, gross tumour volume; NSCLC, non-small cell lung carcinoma; SCLC, small cell lung carcinoma; R, right; L, left;
Gy, Gray; f, fractions; CBCT, cone beam computed tomography.
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