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Background: The aim of this study was to determine the feasibility of omitting the clinical target volume
(CTV) in patients with locally advanced non-small cell lung cancer (NSCLC) treated with intensity-
modulated radiotherapy (IMRT) by comparing dosimetric characteristics of three different IMRT plans with
or without CTV implementation.

Methods: Thirteen patients with stage III NSCLC were reviewed. Target volumes were contoured such
that the planning target volume (PTV) derived from the gross tumor volume (GTV) directly was named
PTV_g and that from GTV plus CTV margin was named PTV_c. The PTV margin to generate PTV_g or
PTV_c was the same within each case. Three IMRT plans were retrospectively generated to deliver: (I) 60 Gy
to PTV_g in plan_routine; (II) 60 Gy to PTV_c in plan_CTYV, and (III) 50 Gy to PTV_c while the dose
was simultaneously escalated to 60 Gy to PTV_g in plan_SIB, achieved using the simultaneous integrated
boost (SIB) technique. Optimization was performed to minimize the dose volumes of the irradiated normal
lung, heart, esophagus, and spinal cord. Dose distributions and dosimetric indexes for the target volumes and
critical structures in the three plans were computed and compared.

Results: In plan_routine, the 50-Gy isodose line covered at least 95% of the GTV plus CTV margins
in all 13 patients. The statistics showed better sparing of the organs at risk (OAR) in plan_routine than in
plan_CTYV, and the best OAR sparing in plan_SIB.

Conclusions: In patients with locally advanced lung cancer, IMRT planning without CTV implementation
provides sufficient dose coverage of subclinical disease while reducing the dose to normal tissues. The
omission of CTV was feasible in our cohort of patients. However, when CTV was implemented, IMRT
planning that included the SIB technique had further dosimetric benefits to the patients. This strategy thus

merits further evaluation in clinical trials.
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Introduction

Radiotherapy is one of the most important therapeutic
strategies for patients with locally advanced non-small
cell lung cancer (NSCLC) but the long-term outcomes
following treatment remain dismal (1). To examine whether
increasing the intensity of radiotherapy improves both local-
regional control and overall survival, several trials, initiated
by the Radiation Therapy Oncology Group (RTOG), were
conducted in which the safety and efficacy of increasing the
total radiation dose were determined. However, in the phase
IT trial RTOGO617 (2), a higher radiation therapy dose of
74 Gy did not improve overall survival and may even have
been harmful, because of the increased dose delivered to
adjacent normal tissues. Thus, efforts are currently being
directed at ensuring an effective radiation dose escalation
while reducing the irradiated volumes to limit treatment-
associated toxicities.

The clinical target volume (CTV) is defined as the
tissue volume that contains the gross tumor volume (GTV)
and subclinical microscopic malignant lesions. Decades of
experience led to the conclusion that 45-50 Gy results in
high control rates for subclinical disease in patients with
epithelial tumors (3-6). However, recent studies have shown
that omission of the CTV in lung cancer radiotherapy does
not compromise local tumor control (7,8). This latter result
may reflect sufficient dose coverage to the subclinical disease
extent within certain margins by delivering volumes in which
at least 60 Gy were administered for gross tumor eradication.
Importantly, irradiation of a smaller target volume would
improve normal-tissue sparing and thus allow dose escalation
to achieve better tumor control (9,10). However, while
the potential clinical benefits of CTV omission have been
pointed out, its feasibility from a dosimetric perspective has
not been evaluated. The aim of this study was to compare
the dosimetric characteristics of the different approaches to
treatment planning, with or without CTV implementation,
in patients with locally advanced NSCLC.

Methods
Ethics statement

Local ethical principles have been reviewed in relation to
this work and no ethical issues have been found to apply, as
this is a retrospective dosimetric study with no involvement
of impact on individuals. Thus, the Institutional Review
Board had waived the requirement for written approval of
this study.
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Patient characteristics

Clinical cases representative of the different, commonly
occurring tumor anatomies were analyzed in this small-
scale study. The characteristics of the 13 patients included
in the study are summarized in Table 1. All of the patients
had pathologically confirmed stage III NSCLC according
to the American Joint Committee on Cancer (7th edition)
and were treated with conventionally fractionated involved-
field radiotherapy.

Computed tomography (CT) simulation

Patients were immobilized in the supine position, with their
arms positioned above their head or beside their body. A
vacuum bag or a thermoplastic mask was used to immobilize
the thoracic region. A planning CT scan at 5-mm intervals
from the mid-neck to the diaphragm with contrast
enhancement was obtained using an AcQsim CT simulator
(Philips Medical Systems, Fitchburg, WI, USA) for each
patient during free-breathing. The acquired images were
transferred to the Pinnacle version 8.0 treatment planning
system (Philips Medical Systems, Fitchburg, WI, USA) for
target and organs at risk (OAR) delineation.

Target and OARs delineation

The GTV was defined as the primary tumor displayed in
the lung window together with the involved lymph nodes
(short axis of >1 cm) seen on either the enhanced CT or
pretreatment positron emission tomography (PET) scan.
In our routine clinical practice, the CTV is equivalent
to the GTV as applied in some RTOG studies (10,11).
Determination of the planning target volume (PTV) took
into account of tumor movement during free breathing,
as observed under fluoroscopy in the right-left, the
superoinferior, and the anteroposterior directions, and
uncertainty in patient positioning. It is observed that there
is a median of 5-mm tumor motion. In addition, the setup
errors were assessed to be no more than 5 mm according to
bony anatomy translation before image guidance [we used
electronic portal imaging device (EPID) prior to treatment
to assess patient positioning] and our experience. Thus, to
form the PTV, at least 1 ¢cm of margin was added to the
GTV (CTV) in the axial and superior-inferior directions
(5 mm for tumor motion and 5 mm for set up errors) and
the margins can be further larger according to different
tumor motion magnitude of each case.
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Table 1 Basic and clinical characteristics of the patients (n=13)

Characteristics Number/volume

Sex
Male 7
Female 6

Tumor histology
Squamous cell carcinoma 5
Adenocarcinoma 8
Central or peripheral
Central 11
Peripheral 2
Left- or right-sided
Left 6
Right 7

Local disease stage

T3-4N1 3
T1-2N2 5
T3-4N2 4
T-anyN3 1

Location of primary tumor
Right upper lobe 4
Right middle lobe 3
Left upper lobe 2
Left lower lobe 4

Gross tumor volume (cm®)

Median 91.4
Range 19.6-306.7
1200 .
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Figure 1 Absolute volumes of the planning target volume derived
directly from the gross tumor volume (PTV_g) and the gross

tumor volume plus the clinical target volume margin (PTV_c).
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To create new CTV plans, the CTV for each patient
was re-contoured as follows: for primary lung lesions,
CTV margins were 0.6 cm beyond the GTV for squamous
cell cancer and 0.8 c¢m for adenocarcinoma (12). For
involved lymph nodes, CTV margins were 0.3 cm beyond
the GTV for nodes with a short axis <2 c¢cm, and 0.5 cm
for those with a short axis 22 cm (13). Notably, the CTVs
were manually modified to exclude the vertebral bodies,
trachea, proximal bronchial trees, heart, large vessels,
and esophagus. The PTV was then generated by adding a
margin to the CTV as described for the routine plan. In
the following, the PTV generated from the GTV (without
the CTV) is referred to as the PTV_g, and the PTV
generated from the CTV as the PTV_c. The PTV_g and
PTV_c volumes are shown in Figure 1. The OARs were
the lung (defined as the bilateral lung minus the GTV),
spinal cord, esophagus, and heart.

Intensity-modulated radiotherapy (IMRT) planning

Three IMRT plans were generated: plan_routine, plan_CTV,
and plan_SIB. During routinely performed planning in
our hospital (plan_routine), a dose of 60 Gy is prescribed
in 30 fractions with respect to the isodose line, with the
requirement that at least 95% of the PTV_g receives the
prescribed dose. The plans in this study were generated
using the step-and-shoot technique and the Pinnacle
planning system (Phillips Medical Systems). Five to nine
coplanar 6-MV photon fields from a Synergy (Elekta
Oncology Systems, Crawley, UK) accelerator were created.
Beam arrangements were optimized for each patient
according to the tumor’s location and relationship with
the surrounding normal tissues. Adaptive convolution was
used to calculate dose distributions, optimizing the plan
by applying the Direct Machine Parameter Optimization
algorithm. In setting the optimization objectives, PTV
coverage was assigned the highest priority, followed by the
avoidance of an excessive dose to OAR. The parameters of
dose constraints were summarized in Tible 2.

Plan_CTV was generated similarly to plan_routine,
but with the requirement that at least 95% of the PTV _c
received the prescribed 60 Gy in 30 fractions.

In plan_SIB, we used the simultaneous integrated boost
(SIB) technique to prescribe adequate doses to the PTV_g
and PTV_c simultaneously. Thus the generation of plan_SIB
was similar to that of the other two plans except that the
PTV_c received 50 Gy and the dose to the PTV_g was
simultaneously escalated to 60 Gy in 30 fractions.

F Thorac Dis 2017;9(12):5194-5202
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Table 2 Summary of the dose constraints

Parameters Constraints
99% PTV >95% of the prescribed dose
95% PTV >100% of the prescribed dose

Total body V,,0s, Areas exceeding 110% of the prescribed dose
are confined within the PTV and <1% PTV

Spinal cord D, <45 Gy
Heart V;, <50%
Heart Dyean <15 Gy
Total lung V., <30%
Total lung Vs <70%

MLD <15 Gy

PTV, planning target volume; V,, percentage of volume receiving
a dose of = x Gy; Dyean, mean dose; D, maximum dose; MLD,
mean lung dose.

Comparison of the three plans

The final dose distribution in each plan was normalized
to 95% coverage of the PTV receiving the prescribed
dose. Dose coverage of the PTVs by the three plans was
compared using two endpoints: V4, (volume receiving at
least 60 Gy) and Vj, (volume receiving at least 50 Gy).
Various dose-volume parameters for specific OARs were
generated to assess the effectiveness of the three plans in
OAR sparing. The lung (bilateral lungs minus the GTV)
was evaluated using Vs, V,, and the mean lung dose (MLD)
as predictors of lung toxicity. The esophagus was appraised
according to the maximum dose, the mean dose, and Vi;.
The heart was assessed in terms of Vs, V,,, V;,, and the
mean dose, and the spinal cord in terms of its maximum
dose and maximum dose to 1 cm’.

Statistical analysis

The data were analyzed using the statistical software SPSS
19.0 (SPSS, Inc., Chicago, IL, USA). The equality of means
for continuous variables was assessed in z-tests. A P value <0.05
was considered to indicate statistical significance. Statistical
tests were based on a two-sided significance level.

Results

All of the plans created by the three planning methods
tulfilled the specified dose constraints. Tizble 3 summarizes
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the dose coverage parameters of the three plans. Excellent
target coverage was consistently achieved, with 295% of
the PTVs receiving at least 100% of the prescription dose.
Importantly, the 50 Gy isodose line of plan_routine covered
at least 95% of the PTV_c volume in all 13 patients,
suggesting sufficient irradiation to the regions of subclinical
disease. The isodose distributions of the three plans for a
representative patient are shown in Figure 2 as an example.

The numerical statistics for OAR calculated from the dose-
volume histogram (DVH) are provided in Table 4. Generally,
the statistics showed better OAR-sparing in plan_routine than
in plan_CTYV, and the best OAR sparing in plan_SIB.

Plan_CTV vs. plan_routine

In plan_CTV ws. plan_routine, the V5 and V,, of the lung
were increased by 4.8% and 2.4%, respectively, and the
MLD was ~1.3 Gy higher. The differences were statistically
significant. The V,, and V3, of the heart were 1.7% and
1.2% higher, respectively, and the mean dose to the heart
was ~0.5 Gy higher. These differences were also statistically
significant. The V; of the heart were 0.7% higher with no
statistical significance. The maximum doses to the spinal cord
and to 1 em’ of the spinal cord generated by plan_routine
were 40.93+5.90 and 37.49+5.36 Gy, respectively, with
non-significant increases to 41.88+4.14 and 38.71+4.48 Gy
obtained with plan_CTV. The V;; and mean dose to the
esophagus were 4.3% and 2.1 Gy higher in plan_CTV than
in plan_routine. The differences were statistically significant.

Plan_SIB vs. the others plans

Among the three plans, plan_SIB resulted in the best
OAR sparing. The MLD, mean dose to the heart, the V;
of the heart and maximum dose to the spinal cord were
significantly lower in plan_SIB than in plan_routine. All
the listed parameters were significantly lower in plan_SIB
than in plan_CTV except for the maximum dose to the
esophagus.

Discussion

The aim of this retrospective dosimetric analysis was to
investigate the feasibility of omitting CTVs in IMRT plans
for the treatment of locally advanced NSCLC. Comparisons
of the dosimetric characteristics of the different treatment
plans showed that the IMRT plan without CTV delivered
sufficient doses to subclinical lesions, with better sparing of

F Thorac Dis 2017;9(12):5194-5202
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Table 3 Summary of the dose-volume histogram-based parameters of the planned target volumes in the present study (n=13)

PTV_g Ve, (%)

PTV_c Vs (%)

Patient ID
Plan_routine Plan_CTV Plan_SIB Plan_routine* Plan_CTV Plan_SIB

1 95 99 95 95 100 98
2 95 100 95 99 100 99
3 95 99 95 96 100 97
4 95 98 95 99 100 100
5 95 99 95 97 100 97
6 95 98 95 99 100 99
7 95 97 95 99 100 100
8 95 99 95 99 100 99
9 95 98 95 100 100 100
10 95 99 95 98 100 98
11 95 97 95 99 100 97
12 95 99 95 99 100 99
13 95 97 95 100 100 100

*, for plan_routine, treatment planning was performed on PTV_g regardless of PTV_c. PTV_g, PTV derived from the GTV directly; PTV_c,
PTV derived from GTV plus CTV margin; PTV, planning target volume; GTV, gross tumor volume; CTV, clinical target volume; SIB,
simultaneous integrated boost.

Figure 2 Isodose distributions for plan_routine (A), plan_CTV (B), and plan_SIB (C) from one representative case. The red-shaded area

represents the PTV_g and the green-shaded area represents the PTV_c. For a description of the plans, see the Methods section of the text.
PTV_g, PTV derived from the GTV directly; PTV_c, PTV derived from GTV plus CTV margin; PTV, planning target volume; GTV,

gross tumor volume; CTV, clinical target volume; SIB, simultaneous integrated boost.

normal tissues than achieved with CTV implementation.
Further reductions in the doses to surrounding normal
tissues were possible with the plan using the SIB technique.
To the best of our knowledge, this is the first study to
provide dosimetric evidence supporting the omission of
CTV in radiotherapy for NSCLC patients.

The first priority of our study was to determine whether
IMRT without targeting the CTV delivers a radiation
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dose adequate for the eradication of subclinical disease.
From a radiobiological perspective, the doses necessary
to sterilize subclinical foci of common epithelial tumors
should be lower than those used to eradicate gross
tumors. Fletcher (3) showed that doses of 45-50 Gy
in 2-Gy fractions resulted in high rates of control for
surgically undisturbed lymph node metastases in head
and neck cancer and in breast cancer. Studies of patients
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who underwent elective radiation for various tumors (4)
showed that the dose-response curve for the control of
subclinical metastases had a lower threshold and a shallower
slope than the curves characteristic for the control of
macroscopic disease, indicating that subclinical disease
could be effectively eliminated with doses of 45-50 Gy.
A similar conclusion was reached by Okunieff ez /. (5)
based on an analysis of 90 dose-response curves from
macroscopic tumor therapies and elective therapies. The
doses to control microscopic disease were ~12 Gy less
than the doses required to control macroscopic disease. In
addition to data from elective irradiation, recent studies
have suggested that even incidental nodal irradiation with
much lower doses can effectively control microscopic
disease. In their study of node-negative NSCLC patients
treated with three-dimensional conformal radiotherapy
(3DCRT), Zhao et al. (14) reported that equivalent,
uniform, incidental irradiation doses of 9.6, 22.6, and
62.9 Gy produce excellent local control in high-risk nodal
regions. As shown by our routine IMRT plans, the isodose
line of 50 Gy autonomously covered at least 95% of PTV_c
in all cases. Taken together, these results substantiated the
feasibility, at least from a biological perspective, of omitting
the CTV.

An important goal of omitting the GTV-to-CTV
expansion is to decrease the radiation volume and thus deliver
less radiation to adjacent normal tissues. In our study, dose
volume parameters were significantly lower with plan_routine
than with plan_CTYV for the lung, heart, and esophagus. The
doses to the spinal cord delivered according to the two plans
were similar because they were not considered a priority
as long as the maximum doses were limited to <45 Gy.
In the phase II studies that preceded RTOGO0617, in which
CTV was omitted (10), 74 Gy was shown to be safe and
beneficial for patient survival. Therefore, our results
support CTV omission based on the benefits conferred by
limiting the toxic dose to normal tissues while facilitating
the implementation of further dose-escalation strategies.

Retrospective data also showed that CTV omission in
lung cancer radiotherapy would not compromise tumor
control. Liang ez 4l. (8) reviewed 105 patients with stage III
NSCLC treated with IMRT and found similar rates of local
recurrence, distant metastasis, progression-free survival,
and overall survival in patients treated with or without
CTV implementation, but the rate of grade 3—4 radiation
pneumonitis was significantly lower in the latter group (18.0%
vs. 5.5%). Kilburn et al. (15) reviewed local recurrence in
110 NSCLC patients treated with either three-dimensional
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conformal radiotherapy or IMRT without CTV expansion.
After retrospectively applying a 1-cm uniform expansion
from the PTV, only two cases of failed treatment were
determined in the retrospectively derived CTV expansion,
whereas the majority (86%) of the failures could be
attributed to the original PTV in which the full prescribed
dose was delivered. This suggests that failures at the
primary site are a consequence of ineffective tumor cell
killing and not of inappropriate target coverage.

In our opinion, once CTV is implemented in a treatment
plan, it is reasonable to prescribe delivery of the dose required
to eradicate subclinical disease. This may account for the
success achieved with the SIB since it enabled the simultaneous
delivery of different doses to different areas of the treatment
volume. Compared to plan_routine and plan_CTYV,
plan_SIB provided the adequate dose coverage of PTV_g
and PTV_c while further reducing the doses to the lung,
heart, and spinal cord. The SIB technique has already
been tested in clinical trials involving patients with locally
advanced lung cancer. In a retrospective study of patients
with locally advanced stage III NSCLC (16), SIB-IMRT
was well tolerated by 40 out of 48 patients when the dose
to the GTV was escalated to >60 Gy; the median survival
time achieved with this regimen was 21 months, considered
as good. Given the advantages of the SIB technique, we
are currently designing a prospective study to evaluate its
potential benefits in lung cancer patients.

One limitation of this study is that we did not perform
4D-CT simulation which may help reducing PTV margins.
One reason is that at this moment 4D-CT has not been
routinely used in our center for locally-advanced NSCLC,
as in many radiotherapy departments in China, due to
equipment insufficiency and heavy workload. Instead,
we use fluoroscopy to assess tumor motion during the
free breathing cycle. In this way, tumor localization was
measured by tumor itself when visible as well as anatomic
surrogates such as carina or diaphragm. It is reported that
good correlation between the position of these surrogates
and tumor can be achieved with linear models and the
average prediction error can be less than 1 mm (17,18).
Therefore, we think fluoroscopy can be generally adequate
for tracking tumor location in this study. In addition, patient
positioning was assessed prior to treatment by the EPID
according to the locations of anatomical landmarks on the
EPID image. We think that on-board imaging techniques
such like cone beam CT (CBCT) would be better to
define 3D anatomy, yet at present we are not able to apply
CBCT in every patient’s treatment due to the problem of

F Thorac Dis 2017;9(12):5194-5202
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equipment insufficiency and heavy workload, the same as
4D-CT implementation. Given that PTV_g and PTV_c
were affected by the same degree with these methods, we
believe that our dosimetric results comparing three plans
stay reliable although 4D-CT simulation or CBCT imaging
was not applied.

Conclusions

In summary, our IMRT planning series illustrated that
plans limited to targeting GTVs with 60 Gy in 30 fractions
autonomously provide a sufficient dose to eradicate
subclinical lesions while enabling better sparing of normal
tissue than plans that include CTV implementation.
Furthermore, we demonstrated that SIB-IMRT can ensure
adequate doses to both the gross tumor and subclinical
disease while further reducing toxicity to critical structures.
Thus, for patients with stage III NSCLC treated with
IMRT planning, the omission of CTV is feasible. In fact,
the therapeutic ratio is theoretically improved by omitting
CTV. Based on the results reported herein, this strategy
should be considered in the design of future clinical trials.
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