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Abstract

Variability in gross tumour volume (GTV) definition is a major source of systematic error in conformal radiotherapy.
This prospective study assesses the role of multidisciplinary collaboration between oncologists and radiologists in
defining lung cancer volumes. Twenty patients with non—small cell lung cancer due to receive three-dimensional
conformal radiotherapy formed the study population. GTVs were defined by a radiologist (GTVrad) and an oncologist
(GTVonc) using available clinical information and imaging. A collaborative meeting was then held to agree on a final,
common GTV (GTVfin) to be used for treatment planning, and differences analysed. The collaboration changed the
GTV in 19/20 patients with a total of 50 regions being edited. Changes made were categorized as (a) differentiation of
tumour from atelectasis or ground glass shadowing, (b) separation of tumour from vasculature, and (c) defining
mediastinal extent of tumour. Oncologists were more confident in the GTVfin than the GTVonc. The radiologist took
longer to define the GTV than the oncologist. Real-time collaborative GTV definition by a radiologist and oncologist is
practical and feasible. This approach allows specific areas of uncertainty to be categorized and focussed on, reducing
systematic error in GTV definition. The physician’s approach to risk and decision making for each patient may also
play a role.
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definition!>~'?!. Some of this variability reflects the gen-

Introduction uine unknown nature of the location of the GTV. This

Computed tomography (CT) planned three-dimensional
(3D) conformal radiotherapy (CRT) has been estab-
lished as the standard of care for the non-surgical cura-
tive treatment of non—small cell lung cancer' "%,
Defining volumes as set out in International Commission
on Radiation Units (ICRU) reports 50 and 62 is central
to radiotherapy planning[3 41 The first step is delineation
of the gross tumour volume (GTV), which is “the gross
demonstrable extent and location of tumour growth,
defined by clinical examination and/or imaging”. It is
well established in lung and other cancers that there is
considerable inter- and intra-observer variability in GTV

can only accurately be defined by clinicopathologic cor-
relation on an individual basis, which is impracticall13 I
However, the magnitude of the total variability suggests
that a more formal approach to GTV definition could
lead to greater agreement between physicians and a
reduction in the systematic error that errors in volume
delineation create!'*. This systematic error is magnified
as the GTV is expanded to form a clinical target volume
(CTV) and planning target volume (PTV). Refining the
way the GTV is defined is thus critical.

Volume definition is usually carried out by radiation
oncologists, sometimes with the help of radiologists to
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interpret uncertainties in the imaging. Retrospective stu-
dies show that radiologists working independently usually
draw smaller GTVs than oncologists in lung cancer!®).
The UK Royal College of Radiologists has produced
guidance on how oncologists and radiologists can work
together to define the GTV: “It is recommended that the
clinical oncologist and clinical radiologist work together
to define the GTV for specific tumour types. Once appro-
priately trained, the clinical oncologist should be able
to undertake GTV definition for routine work such as
prostate and lung cases. The clinical oncologist and clin-
ical radiologist should meet on a regular basis (at least
weekly) to discuss and jointly plan more complex cases
such as head and neck cancers and sarcoma.”!'®!

A more systematic approach to GTV definition is also
being developed by a Royal College of Radiologists (UK)
working party as outlined in a recent paper[”’].

The purpose of this study was to assess and develop a
useful model of collaborative volume definition. This
multidisciplinary approach to GTV definition was first
investigated in a retrospective study in several tumour
types in order to develop useful methods for recording
the volumes and the effects of the collaboration'!”!.
The radiologist—oncologist collaboration was particularly
helpful in defining lung cancer volumes. Here we report
the results of the first study to look at the impact of a
radiologist helping the oncologist to define the GTV pro-
spectively in patients having conformal radiotherapy.

Materials and methods

Twenty patients having 3D conformal CT-planned radio-
therapy for non—small cell lung cancer formed the study
population. Patient and treatment characteristics are
listed in Table 1. The patients were treated with

Table 1 Patient and treatment characteristics

Characteristics No. of patients

Average 72
Range 35-85
Sex Male 13
Male Female

Stage Ia

Ib

Ila

1Ib

IlTa

1IIb

v

55 Gy/20#

39 Gy/13#

30 Gy/6#

27 Gy/6#
Gemcitabine/carboplatin
Vinorelbine/carboplatin
No chemotherapy
Average no. cycles
Range

Age (years)

-

—_

Radiotherapy

—_
A WA ON W= B —= O 0= O W=

Chemotherapy

—_
|

radiotherapy alone or with sequential chemotherapy
and radiation.

All patients had had an intravenous contrast-enhanced
diagnostic CT scan as part of their initial lung cancer
staging investigations. The study immediately predated
availability of positron emission tomography (PET)/CT
in our institution. Planning images were obtained on a
GE high-speed single-slice spiral CT scanner in the treat-
ment position with the patient supine, arms above the
head, and immobilized with a customized T-bar device.
Images were acquired with the patient free breathing with
a 3-mm slice thickness reconstructed every 3 mm. Each
set of images was acquired over approximately 30 s with-
out intravenous contrast, as per standard departmental
protocol. Images were transferred digitally to the Eclipse
radiotherapy planning system.

One consultant thoracic radiologist and one of 2 con-
sultant thoracic radiation oncologists defined a GTV for
each patient independently (GTVrad and GTVonc,
respectively). For each patient the physician was given
access to the electronic patient record. All radiologic
investigations were available to the physicians electroni-
cally via PACS (Picture Archiving and Communications
System) with screens adjacent to the radiotherapy plan-
ning computer.

Each doctor was asked to define the visible extent of
the tumour and any involved lymph nodes. We consid-
ered nodes >10 mm in short axis diameter to be involved
by tumour. In patients who had received neoadjuvant
chemotherapy, the GTV included all initial sites of dis-
ease (e.g. lymph nodes larger than 10 mm on diagnostic
CT that had been reduced to <10 mm by chemotherapy).
Lung windowing (W=1600 and L=—600) was used to
define the extent of pulmonary disease and soft tissue
windowing (W=400 and L=20) was used to define
lymph nodes and mediastinal tumour extent as described
in the ESTRO literature-based recommendations for lung
cancer radiotherapy[ 18], Participants rated their degree of
confidence in the GTV they had defined as representing
the true tumour volume on a 10-point Likert scale (1, not
at all confident; 10, extremely confident). The time taken
to define the GTV was recorded as were any specific
difficulties encountered.

The physicians then had a collaborative meeting to
review the GTV on each CT slice. The oncologist’s
GTV was copied and modified by the oncologist during
the meeting to produce a common, final GTV (GTVfin)
to be used for treatment planning. Reasons for differ-
ences between the oncologist’s (GTVonc) and the colla-
borative (GTVfin) volumes were recorded. Participants
also rated their confidence in the collaborative GTV after
the meeting, and the time taken for this meeting was
noted.

This final GTV was subsequently used by the oncolo-
gist to produce a CTV (GTV + 8 mm) and then a PTV
(CTV +7mm axially, 12 mm superiorly and inferiorly).
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This PTV was used as the basis for the treatment plan for
each patient.

The 3 GTVs (GTVonc, GTVrad and GTVfin) were
compared quantitatively in terms of the volume (cm3)
and the concordance index (CI). This is defined as the
ratio of volume of intersection (N) of the GTVs to the
volume of union (U) of the GTVs!®. When comparing
GTVonc and GTVfin, the CI is thus defined as:

GTVonc N GTVfin

= 100 x —onef1 &2 Viin
€l =100 % G one U GTVHn

This can therefore range between 0 (complete disagree-
ment between the 2 volumes) and 100 (perfect agree-
ment). This method is sensitive for small variations in
overlap as well as different volume sizes.

Results
Time

The radiologist took longer to define a GTV than the
oncologist (mean 26.2 vs 17.4min, P<0.005, 2-tailed
paired t-test). The mean time for the joint meeting to
agree on a final, collaborative GTV to be used for treat-
ment planning was 15 min (range 5—30 min). There was
no evidence that GTV definition became faster as the
study progressed.

Confidence in volumes

The radiologist was more confident that his GTV was
correct (mean 7.7, range 6—10) than the oncologist
(mean 6.1, range 4—8) P<0.0005, 2-tailed paired t-test.
The collaborative meeting led to an increase in the oncol-
ogist’s confidence in the GTV in all patients, by a mean
of 2.5 points, range 1—4. However the radiologist did not
feel more confident after the collaborative meeting. This
suggests that the oncologists found the radiologist’s input
beneficial in improving GTV delineation.

Volume sizes and concordance

The GTVonc (mean 74.0 cm’, range 13.3—295.0 cm3)
was not significantly larger than the GTVrad (mean
81.0cm’, range 8.8—297.9 cm3), P=0.15, 2-tailed paired
t-test.

The collaborative meeting produced a different GTVfin
from the oncologist’s GTVonc in 19 of the 20 patients
studied. The GTVfin was larger than the GTVonc in
16 cases (increased by mean of 11.4%) and smaller in
3 (decreased by mean of 8.4%). The CI between the
GTVonc and GTVfin varied from 40 to 100 with a
mean of 80. The CI was greater than 90 in 3 out of the
4 patients with stage I disease, which were more straight-
forward to delineate due to the lack of invasion of other
structures. However, 1 of the 4 patients had a below
average CI of 73, and required different areas of atelec-
tasis/tumour to be removed or added, and part of a vessel
removed from the GTVfin.

In the 20 patients there were a total of 50 regions
(range 0—6 per patient) where the GTVonc was altered
at the planning meeting in the production of the GTVfin.
In 3 of the patients the physicians felt that PET/CT
imaging would have improved the accuracy of GTV
definition. The changes made to the regions are sum-
marized below and shown schematically in Fig. 1.
Examples of different types of changes are illustrated in
Figs. 2—4.

e 19 regions altered due to differentiation of tumour
from atelectasis or ground glass shadowing

e 12 regions altered due to change of extent of med-
iastinal invasion

e 10 regions altered due to differentiation from
vasculature

e 6 regions altered at the tumour/chest wall interface

e 3 regions altered due to incorrect window levels

Discussion

Accurate target volume definition in CRT has the poten-
tial to improve the therapeutic ratio by allowing dose
escalation, which may subsequently lead to increased
cure rates' !, Definition of the GTV on a planning CT
scan is the first step in achieving this. Previous research
has shown that different physicians interpret GTVs
differently and that oncologists and radiologists define
different volumes>#2°!. Better agreement between phy-
sicians defining GTVs in lung cancer can be achieved if
3 areas of uncertainty are focussed on:

Differentiation of tumour from atelectasis/
ground glass shadowing

This was the most common type of uncertainty in this
study. In most cases, the GTVfin included more areas of
atelectasis or ground glass shadowing. This has the effect
of improving the likelihood of tumour cell kill if these
areas include malignant disease, but if these areas are
benign, it increases the amount of normal tissue included
and thus worsens the therapeutic ratio. In this study the
GTV was defined using incorrect settings in 3 cases.
Specifying window width and level in protocols and
encouraging manufacturers to allow presetting of these
in planning software will reduce this systematic error.
PET imaging alone or in conjunction with radiotherapy
planning CT scans is helpful in distinguishing tumour
from atelectasis, in lymph node staging, and in excluding
distant metastatic disease!*!!. Several series have shown
that the use of PET in radiotherapy planning results in a
change in treatment intent or target volume, usually by
reducing the size of the GTV!?!=2%], There are many dif-
ferent methods of using PET information to aid contour-
ing the GTV, including visual interpretation, maximum
standardized uptake value (SUV,,,,) of 2.5, or threshold-
ing of a percentage of SUVmaXu”. No one method is
suitable for all clinical scenarios, and the limitations of
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Figure 1 Classification of changes made to GTVonc during collaborative meeting to produce GTVfin.

Figure 2 Differentiation between tumour and tumour-
related non-malignant change. The GTVfin is larger than
the oncologist’s GTV as a larger area of ground glass
change has been included after discussion with the radiol-
ogist. GTVonc, yellow; GTVrad, green; GTVfin, red.

each technique should be weighed upm]. Problems of

respiratory motion, spatial resolution and immobilization
may be partially overcome by the use of PET/CT and
fusing the images to the radiotherapy planning CT, or by
the use of a dedicated PET/CT simulator. In one series,

Figure 3 Differentiation between tumour and vascula-
ture. The extent of invasion of the tumour into the right
pulmonary artery is difficult to assess and there is also a
partial volume effect, so the exact position of the boundary
is not known. In this example, a compromise between the
different outlines was reached to produce GTVfin.
GTVonc, yellow; GTVrad, green; GTVfin, red.

radiotherapy planning using the latter in comparison with
conventional CT planning has allowed dose escalation by
reducing the radiation exposure to the dose-limiting
organs of lung and oesophagus, potentially increasing
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Figure 4 Assessing the mediastinal extent of disease. The
oncologist’s GTV is extended to include more mediastinal
extent of tumour, in this case a previously unrecognised
aortopulmonary lymph node. GTVonc, yellow; GTVrad,
green; GTVfin, red.

the tumour control probability (TCP) from 6.3+1.5% to
24.0+5.6%1.

Separation of tumour from vasculature

This type of uncertainty usually led to a reduction in the
size of GTVfin as the oncologist had mistakenly included
blood vessels in the GTV. Using the GTVfin to produce
the PTV would therefore lead to an improvement in
the therapeutic ratio by reducing the radiation dose
to normal mediastinal structures, in particular the
oesophagus.

Although using intravenous contrast for the planning
CT may improve the accuracy of vessel definition, all
patients had a recent contrast-enhanced diagnostic CT
scan available on an adjoining computer in the planning
room. The extra benefit of a contrast-enhanced planning
CT scan can be inferred but has never been prospectively
studied.

UK oncologists currently receive no formal training
in cross-sectional anatomy. Identification of normal
vessels and other mediastinal structures could be
improved by incorporating formal training in CT-based
anatomy into training programmes, or by using online
atlases similar to the head and neck consensus guidelines
for nodal volumes!?®3°!. Combined training of oncolo-
gists and radiologists in oncologic cross-sectional anat-
omy would be useful to bring their 2 perspectives
together.

Definition of the mediastinal extent
of the tumour

For this category of uncertainty, PET scans, intravenous
contrast and training in cross-sectional anatomy will
again help to define the extent of both mediastinal inva-
sion and nodal extent. But in most of the patients in this
study, the physicians did not feel that further imaging
would have been useful; the mediastinal tumour extent
may be a genuine unknown. Collaborative volume defi-
nition in real time during planning by an oncologist and
radiologist may therefore be the best way to bring
together the 2 opinions and better define areas of
uncertainty.

The study asked the oncologist and radiologist to
define the GTV separately and then together. The radiol-
ogist took longer to do this — perhaps because of unfa-
miliarity with the planning software and the concepts of
volume delineation although it is difficult to draw many
conclusions as only one radiologist participated in the
study. Nonetheless the additional time that a collabora-
tive meeting took was manageable.

How physicians factor in the natural history of the
cancer in an individual patient also needs to be consid-
ered in relation to the above issues. The radiation oncol-
ogist has a wide experience of treating patients with
radical radiotherapy and therefore has a repertoire of
knowledge of tolerable treatment volumes, the ability of
patients to cope with treatments, and follow-up data in
particular with respect to late toxicity and patterns of
relapse. He has also met the specific patient being
planned for treatment, and assessed their suitability and
fitness for therapy. For example, a cautious approach
may be taken in a patient with poor lung function on
the basis that if all areas of uncertainty were included,
the resulting pneumonitis would be intolerable.
Conversely for a patient with excellent performance
status and an otherwise long life expectancy where radi-
ation is the only chance of long-term cure, the oncologist
may wish to include all areas of uncertainty; the fear of a
geographic miss outweighing the risk of side effects. This
accepted uncertainty may explain why the oncologist’s
confidence increased after a collaborative meeting. The
final GTV may still be modified on an individual patient
and individual physician basis, despite the above areas of
uncertainty being identified and potentially resolved. In
contrast, the radiologist takes a more impartial view and
contours the GTV without reference to individual patient
characteristics so his confidence in the accuracy of the
GTV does not change with the collaborative meeting.

The individual physician’s approach to risk will also
play a role; the more risk averse with respect to tumour
recurrence will attempt to cover all possible sites of dis-
ease, while the less risk averse with respect to recurrence
(or more risk averse for complications) will try to keep
the volume small. The science of judgment and decision
making as applied to medicine has revealed many biases
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in the way we assess risk in this kind of situation3!.

Value-induced bias infers that a probability estimate is
distorted by allowing the undesirability of a possible out-
come to alter the estimate of its likelihood of occurrence.
The availability bias or heuristic states that the probabil-
ity of recent and salient or rare but vivid events is over-
estimated and the probability of remote, less memorable
or common, ordinary events is underestimated. So we
may fear a marginal recurrence or a fatal pneumonitis
more if we have recently encountered one in clinical
practice — and (sub-)consciously adjust the GTV we
define accordingly.

Other cognitive biases (e.g. ego bias, which suggests
that physicians tend to overestimate our own perfor-
mance and underestimate the performance of
othersm]) also have implications for a collaborative
approach to complex tasks. More research into the how
the biases of judgment and decision making affect GTV
definition may help to define strategies to improve
concordance.

Defining the GTV is only one step in the chain of tasks
required for successful radiotherapy treatment. Evidence-
based GTV-CTV and CTV-PTV expansion are also impor-
tant in producing a plan to treat the tumour and mini-
mize normal tissue toxicity“”. If the margins from CTV
to PTV are larger than necessary, refining the GTV may
have less effect on the therapeutic ratio than reducing the
systematic and random errors in PTV definition, for
example, by accounting for tumour motion!**!. The
chain of tasks must be considered in its entirety so that
the weakest link is improved as a priority.

The major limitation of this study and indeed all other
work in defining the correct GTV is the lack of a gold
standard. The few studies that have attempted to corre-
late CT volumes with pathologic specimens have been
biased, for example, by the shrinkage of pathologic speci-
mens and the problem of deflation of excised lung[34].
Careful longterm follow-up of all patients having 3D-
CRT with the matching of relapse data to planning CT
images is perhaps the best way to refine the accuracy of
volume definition'®*!. This study assumes that concor-
dance between physicians in defining the GTV will pro-
duce a more accurate volume. If each physician has made
the same error then the GTV may still be incorrect, but
the different perspectives of experienced oncologists and
radiologists should lead to greater accuracy. The study
only investigated the approach of 1 radiologist and 2
oncologists specializing in the field of lung cancer and
should be repeated with other physicians to ensure the
data are reproducible.

Conclusions

Radiologists and oncologists can work together to define
GTVs in lung cancer patients and produce volumes that
are concordant and reflect their complementary expertise
and perspectives. The most common areas of uncertainty

and discussion include differentiation of tumour from
tumour-related non-malignant change or vasculature,
and defining the mediastinal extent of invasion. Newer
techniques such as PET/CT may improve accuracy but
some collaboration is still likely to be useful for many
patients, particularly when defining the extent of primary
tumour invasion of the mediastinum. Although this
method may be time consuming initially, it can be
expected to become faster over time as each specialist
learns from the other. Such a collaborative approach will
increase the confidence of the oncologist that the GTV is
correct and will reduce the chance of a systematic error
in GTV definition that will be magnified as the GTV is
expanded to a PTV.
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