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Purpose: To report on the Stereotactic Body Radiation Therapy (SBRT) credentialing experience during the Phase
III Ontario Clinical Oncology Group (OCOG) LUSTRE trial for stage I non-small cell lung cancer.
Methods: Three credentialing requirements were required in this process: (a) An institutional technical survey; (b)
IROC (Imaging and Radiation Oncology Core) thoracic phantom end-to-end test; and (c) Contouring and
completion of standardized test cases using SBRT for one central and one peripheral lung cancer, compared
against the host institution as the standard. The main hypotheses were that unacceptable variation would exist
particularly in OAR definition across all centres, and that institutions with limited experience in SBRT would be
more likely to violate per-protocol guidelines.
Results: Fifteen Canadian centres participated of which 8 were new, and 7 were previously established (≥2 years
SBRT experience), and all successfully completed surveys and IROC phantom testing. Of 30 SBRT test plans, 10
required replanning due to major deviations, with no differences in violations between new and established
centres (p = 0.61). Mean contouring errors were highest for brachial plexus in the central (C) case (12.55 ± 6.62
mm), and vessels in the peripheral (P) case (13.01 ± 12.55 mm), with the proximal bronchial tree (PBT) (2.82 ±
0.78 C, 3.27 ± 1.06 P) as another variable structure. Mean dice coefficients were lowest for plexus (0.37 ± 0.2 C,
0.37 ± 0.14 P), PBT (0.77 ± 0.06 C, 0.75 ± 0.09 P), vessels (0.69 ± 0.29 C, 0.64 ± 0.31 P), and esophagus (0.74
± 0.04 C, 0.76 ± 0.04 P). All plans passed per-protocol planning target volume (PTV) coverage and maximum/
volumetric organs-at-risk constraints, although variations existed in dose gradients within and outside the target.
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Conclusions: Clear differences exist in both contouring and planning with lung SBRT, regardless of centre
experience. Such an exercise is important for studies that rely on high precision radiotherapy, and to ensure that
implications on trial quality and outcomes are as optimal as possible.

Introduction

1. Successful completion of an institutional survey describing SBRT
planning, delivery, image guidance, and program experience (ie
number of years of experience in using SBRT for NSCLC).
2. Completion of an end-to-end evaluation using an established Imag
ing and Radiation Oncology Core (IROC) phantom. Centres with
previously successful IROC phantom testing were asked to provide
proof of completion.
3. Successful contouring and planning of SBRT for two standardized
cases - one peripheral and one central NSCLC case, approved for use
by the institutional ethics board (Fig. 1). In order to pass, both plans

As technology continues to advance in the field of Radiation
Oncology, clinical trials designed to evaluate new techniques in radio
therapy (RT) planning and delivery require high level quality assurance
(RTQA) in order to ensure safe and effective treatment delivery [1].
Robust RTQA has been shown to not only improve protocol compliance,
but also affect clinical outcomes in randomized controlled trials (RCTs)
evaluating new RT techniques [2–5]. RTQA is also imperative to guide
institutions not familiar with a new technology in safe implementation,
allowing for adherence with protocol-derived metrics and expert review
of plans prior to widespread adoption [6].
In Canada, an RCT of stereotactic body radiation therapy (SBRT)
compared to more conventionally hypofractionated RT (CFRT) in early
stage, medically inoperable non-small cell lung cancer (NSCLC), Ontario
Clinical Oncology Group (OCOG) LUSTRE was conducted from February
2014 to January 2020. The trial randomized eligible patients in a 2:1
fashion to either SBRT (48 Gy/4 fractions for peripheral or 60 Gy/8
fractions for central tumours) or conventionally fractionated RT (CFRT)
(60 Gy/15 fractions). The primary objective of the trial was to determine
if SBRT would improve 3-year local control with acceptable morbidity
compared to CFRT. It is to date the only randomized SBRT trial including
patients with both peripheral and centrally located NSCLC [7].
As part of the trial, an extensive prospective RTQA process was un
dertaken to help improve compliance in lung SBRT practice (especially
with respect to central NSCLC, which at the time of study initiation was
less widely adopted) and to help train new centres in SBRT lung de
livery, as several centres in Canada prior to this study did not have lung
SBRT capability. The initial aspect of the RTQA process was a cre
dentialing exercise, which was mandated prior to each centre’s activa
tion on study. The purpose of this credentialing exercise was to
determine 1) each centre’s technical requirements for SBRT delivery, 2)
if centres were able to contour and plan patients according to protocolderived guidelines without major deviations, and 3) the degree of
variation in SBRT target definition, organ at risk (OAR) delineation, and
dosimetry. The main hypotheses were that unacceptable variation
would exist particularly in OAR definition across all centres, and that
institutions with limited experience in SBRT would be more likely to
violate per-protocol guidelines.

Table 1
Dose/fractionation and conformality considerations for lung SBRT.
Organ

SBRT 48 Gy in 4
Fractions
SPINAL CANAL
ESOPHAGUS
BRACHIAL
PLEXUS
HEART
VESSELS (SVC/
IVC/AORTA)
TRACHEA
PROXIMAL
BRONCHIAL
TREE
SKIN
RIBS
STOMACH
BOTH LUNGS

BOTH LUNGS
SBRT 60 Gy in 8
Fractions
SPINALCANAL
ESOPHAGUS
BRACHIAL
PLEXUS
HEART
VESSELS (SVC/
IVC/AORTA)
TRACHEA
PROXIMAL
BRONCHIAL
TREE
SKIN
RIBS
STOMACH
BOTH LUNGS

Material and methods
Development of credentialing process
In preparation for credentialing, a radiotherapy planning guide was
developed (Appendix A) that contained the necessary instructions for
contouring of targets, OARs, and dosimetric objectives including metrics
of high and low-dose target conformality, as well as permitted OAR
point and volume maximum doses (Table 1). The planning guide, con
touring guide and dose metrics devised were based on consensus by the
LUSTRE steering and RTQA committees with representation of two
participating centres, in addition to external validation from a nonparticipating site. The guide and metrics were similar to previous
guidelines for prospective/cohort trials in lung SBRT from the NRG
Oncology Group, Dutch, and Japanese groups [8–11].

Maximum Point
Dose (dose per
fraction) [Gy]

Critical
Volume
[cm3]

Critical Volume
Dose (dose per
fraction) [Gy]

27 (6.75)
30 (7.5)
27 (6.75)

1
5
–

18 (4.5)
19 (4.75)
–

35 (8.75)
48 (12)

15
10

29 (7.25)
40 (10)

40 (10)
40 (10)

5
5

32 (8)
32 (8)

36 (9)
50 (12.5)
28 (7)

10
5
1
1000
Critical
Volume
[%]
10

33 (8.25)
40 (10)
21 (5.25)
13 (3.25)
Critical Volume
Dose [Gy]

32(4)
40 (5)
38 (4.75)

1
5

22(2.75)
22 (5)

64 (8)
64 (8)

10
10

60 (7.5)
60 (7.5)

64 (8)
64 (8)

5
5

60 (7.5)
60 (7.5)

45 (5.6)
60 (7.5)
40 (5)

10
5
1
1000
Critical
Volume
[%]
10

40 (5)
50 (6.25)
36 (4.5)
18 (2.25)
Critical Volume
Dose [Gy]

BOTH LUNGS

20

20

Dose Conformity Metrics
PTV (cm3)

Credentialing process and standardized cases

0–20
20–40
>40

The SBRT credentialing process for each centre consisted of the
following three essential elements:
146

R100

R50

D2 cm (%)

DEVIATION

DEVIATION

DEVIATION

NONE

MINOR

NONE

MINOR

NONE

MINOR

<1.25
<1.15
<1.10

1.25–1.40
1.15–1.25
1.10–1.20

<12
<9
<6

12–14
9–11
6–8

<65
<70
<70

65–75
70–80
70–80
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required meeting contours and dosimetry goals as outlined in the
planning guide. Centres were required to contour using the available
4-dimensional computed tomography (4DCT) datasets in the
benchmark cases, and with window/level settings as recommended
within the planning guide. Centres were advised that target contours
including gross tumor volume (GTV), internal target volume (ITV),
and planning target volume (PTV) should be delineated on the 4D
image datasets provided, while OARs were to be contoured on the
primary image dataset (in this case the average-4D dataset). They
were then asked to plan using the method/algorithm that was
selected in the site survey. Plans were then uploaded in Digital Im
aging and Communications in Medicine (DICOM) format along with
the dose and structure list using a secure file transfer protoctol (FTP)
(instructions provided in planning guide) to the host institution for
evaluation within the MIM (Cleveland, Ohio) platform.

contouring, in addition to dice coefficients, the maximum mean distance
(in mm) between contours as compared to the host institution were
calculated. In order to compute the distance between contour A (host)
and B (each institution) each point in A was located, along with a cor
responding point on B. This was done by finding the point on B that was
the closest. This exercise was repeated over all points on A. The mean
distance represented the mean distance between contour A and B. This
process was repeated for each institution and was also averaged out
among institutions, with mean and standard deviation reported as well.
A distance of within 2 mm was considered to be good concordance, 2–5
mm moderate concordance, and >5 mm poor concordance.
Results
Centre demographics
A total of 17 Canadian institutions participated in the prospective
credentialing process prior to trial activation. Two centres were
excluded from this analysis - 1 participated only in CFRT (not SBRT)
credentialing (patients from this centre were treated with SBRT if ran
domized at the host institution), and a second closed the study soon after
activation, leaving a total of 15 accruing centres that participated.
Table 2 outlines the results of the centre survey. All 15 participating
institutions planned to utilize advanced planning algorithms for the
trial, in addition to 4DCT based lung SBRT volume and plan generation.
All centres also planned to use daily image guidance using either conebeam computed tomography (CBCT) or tumor tracking with/without
fiducial marker guidance. Of the 15 centres, 7 had previously estab
lished lung SBRT programs (>2 years of experience). Only one of the 15
centres failed the initial IROC phantom end-to-end test; initially the
reasons for this were unclear, but after delivery of a 2nd phantom within
a short period of time, this centre was successful.

Evaluation of submitted plans
Each submitted standardized plan was reviewed for both contour and
plan objectives by one medical physicist and one radiation oncologist.
Plans that violated either target/OAR volume delineation, and/or
coverage/dosimetric constraints as outlined in the planning guide were
sent back to the submitting institution for revision. As per the trial
protocol, reviews were required to be completed within three to five
working days to allow for quick feedback and amendments (if neces
sary). Upon final approval, the centre was considered to be fully
credentialed and allowed to proceed with trial activation. The final
approved plans were then compared across centres, using the host
institution as the “de-facto” gold standard based on previously agreed
upon consensus target and OAR structure volumes by the trial steering
committee. These same experts who provided consensus also approved
the contours and plan for the host institution “gold standard” against
which other centres were benchmarked.

Protocol compliance with standardized cases

Statistical analysis

A total of 30 SBRT plans (15 peripheral, 15 central) were submitted
for initial credentialing. Of the 30 plans submitted, 10 (33 %) required
resubmissions due to major deviations. Six of the resubmissions were for
the centrally located case, and four for the peripheral case. Centres with
previously established SBRT programs contributed 14 initial plans, of
which 4 were resubmitted due to deviations (28.5 %), whereas new
programs submitted 16 plans, of which 6 were not per protocol (37.5 %).
No statistical difference was seen between rates of proportions of
resubmission with respect to established versus new lung SBRT pro
grams (chi-squared p = 0.61). Reasons for resubmission were mainly
related to contouring issues such as: under-contouring of the brachial
plexus, not including cartilage rings of trachea and proximal bronchial
tree (PBT), skin contours contained the immobilization device, ribs not
contoured within 5 cm of PTV, lung contours included the PBT and/or

Simple descriptives were used to summarize the site survey, IROC
phantom results, and percentage of cases that did not meet initial perprotocol guidelines. With respect to contouring of targets, volume ra
tios of submitted ITV and PTV volumes were compared individually to
the host institution as well as summarized among institutions, with the
group mean and standard deviation calculated. Dice coefficients, which
are measures of similarity between two volumes (or the degree of
overlap between two volumes, in this case each centre (B) versus the
host institution (A)) were also utilized to determine concordance using
the following formula; Dice = (2 × |A ∩ B|)/(|A| + |B|): a value closer to
1 would indicate a high degree of correlation between contours, a value
of 0.8 or higher would be considered good concordance, 0.7–0.8 mod
erate concordance, and <0.7 poor concordance. With respect to OAR

Fig. 1. Standardized cases including both peripheral (left) and central (right) lung cancers.
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Table 2
Results of Site Surveys.
Centre

# of
ROs

# SBRT
pts per
month

Length of
SBRT
Program

Primary
Planning
Dataset

CT Slice
Thickness

Primary
Planning
Method

Dose Grid
(mm)

Algorithm

IGRT

IGRT
Frequency

Motion
Management

1
2
3
4
5

7
3
5
1
5

4–5
0
3–4
0
0

1 year
0 months
5 months
0 months
0 months

2–3 mm
2 mm
2–3 mm
2–3 mm
2–3 mm

VMAT
VMAT
VMAT
VMAT
VMAT

2x2x3
2x2x2
2.5x2.5x2.5
2.5x2.5x2.5
2.5x2.5x2.5

AAA
AAA
AAA
AAA
AAA

KV CBCT
KV CBCT
KV CBCT
KV CBCT
KV CBCT

Daily
Daily
Daily
Daily
Daily

ITV,
ITV,
ITV,
ITV,
ITV,

6

4

8–10

5 years

2–3 mm

VMAT

2.5x2.5x2.5

AAA

KV CBCT

Daily

ITV, 4DCT

7

8

6–8

5 years

avg 4DCT
avg 4DCT
avg 4DCT
avg 4DCT
FB CT/avg
4DCT
FB CT/avg
4DCT
avg 4DCT

2–3 mm

VMAT

2.5x2.5x2.5

AAA

Daily

ITV, 4DCT, AC

8

4

5

5 years

1–2 mm

VMAT
Cyberknife

2.5x2.5x3
1x1x1

AAA
MMC

Daily

9

6

7

7 years

avg 4DCT
exh 4DCT
exh BH CT
avg 4DCT

1–2 mm

VMAT

2.5x2.5x2.5

AAA

Daily

ITV, 4DCT, AC,
Gating, Voluntary
BH, Fiducials
ITV, 4DCT

10

6

8

2.5 years

avg 4DCT

1–2 mm

VMAT

2.5x2.5x2.5

ACS

Daily

ITV, 4DCT, AC

11
12
13

2
4
5

0
10
8

0 months
4 years
7 years

2–3 mm
1–2 mm
2–3 mm

VMAT
VMAT
VMAT

2.5x2.5x2.5
2x2x2
3x3x3

AAA
AAA
ACS

Daily
Daily
Daily

ITV, 4DCT
ITV, 4DCT
ITV, 4DCT, Gating

14

2

2

14 months

avg 4DCT
Fast FB CT
avg 4DCT
gated BH CT
avg 4DCT

2–3 mm

VMAT

2.5x2.5x2.5

ACS

Daily

ITV, 4DCT, AC

15

1

2

6 months

Fast FB CT

1–2 mm

VMAT

2x2x2

ACS

Daily

ITV, 4DCT, AC

HOST

4

5

3 years

avg 4DCT
exh BH CT

1–2 mm

VMAT
Cyberknife

2.5x2.5x2.5
1x1x1

ACS
MMC

KV CBCT
KV Ortho
KV CBCT
KV Ortho
Dual KV
KV CBCT
KV Ortho
KV
4DCBCT
KV CBCT
KV CBCT
KV/gated
CBCT
KV
4DCBCT
KV CBCT,
4DCBCT
KV CBCT
KV Ortho

Daily

ITV, 4DCT, AC, BH,
Fiducials

4DCT,
4DCT,
4DCT,
4DCT,
4DCT,

AC
AC
AC
AC
AC

AAA – Analytical Anisotropic Algorithm; ACS – Adaptive Convolution/Superposition; MMC – Multiplan Monte Carlo; BH – Breath-hold; FB – Free-breathing; ITV –
Internal Target Volume; AC – Abdominal Compression.

target, contours were not cleaned leaving many stray voxels on the
submitted plans, missing slices on OARs either superiorly or inferiorly,
and incorrect nomenclature/naming of structures as per the planning
guide. In terms of plans/dosimetry, one submitted plan was calculated
on the maximum intensity projection image; while the dosimetry in that
case appeared reasonable, the resubmitted plan was computed on the
correct dataset (in this case the average 4DCT).
Final submitted plan contouring – target volume ratios
For the peripheral case, the mean volume ratio of the ITV (± stan
dard deviation) across all institutions was 1.11 (± 0.16), with a range of
0.87–1.51, compared to the host institution. PTV mean volume ratios
were 1.13 (± 0.10), with a range of 0.95–1.38. For the central case, the
mean volume ratios for ITV were 1.13 (+/-0.20, range 0.89–1.55), and
PTV were 1.05 (± 0.12, range 0.90–1.27). A representative overlay of
GTVs and PTVs across all centres is demonstrated in Fig. 2a.
Final submitted plan contouring – min/max distances and dice coefficients
Table 3 presents the min/max distances and dice coefficients for both
targets and OARs for both the peripheral and central cases. In general,
good concordance was seen for targets (ITV, PTV), spinal canal, and
trachea across all cases. Moderate concordance was consistently
observed in PBT and rib contours for both cases. Finally, poor concor
dance was seen in brachial plexus and vessel contours across most in
stitutions. Mixed concordance occurred for heart volumes (high dice
coefficient, moderate max/min distance) likely due to it being a rela
tively large OAR, and esophageal volumes (moderate dice coefficient,
high max/min difference), likely due to the narrow organ structure.
Fig. 2b shows examples of contouring difference among centres
compared to the host institution with representative examples of high
and low concordant OAR structures.

Fig. 2a. GTV (above) and PTV (below) overlays compared to the host institu
tion (turquoise contour).
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Table 3
Contouring Variations on Final Submitted Test Plans.

Fig. 2b. Overlays of contours with moderate to poor concordance compared to host institution (in yellow) – from top left going clockwise: Ribs, Proximal Bronchial
tree, Vessels, and Brachial Plexus. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Final submitted plan evaluation

were predictably less variable, apart from PBT and vessels, however
doses to these structures were overall still quite low given the location of
the target. For the central cases, DVHs showed some more variability
particularly with the trachea and vessels, which were closer to the
target.

In terms of target coverage, there was observed variation with
respect to both high dose and low dose heterogeneity in both cases as
seen with the dose at 2 cm from the PTV (D2cm) and the maximum dose
in the PTV. This was evident in both cases, with some institutions pre
scribing up to a maximum point dose of 80 Gy within the target (in 8
fractions) in the central case, and up to 70 Gy (in 4 fractions) for the
peripheral case. Fig. 3 demonstrates examples of both high and low dose
isodoses across all institutions in the context of the peripheral case.
While OAR protocol constraints were met as per final submitted
plans, some variation was observed. Representative dose-volume his
tograms (DVHs) are described in Fig. 3. For the peripheral case, DVHs

Discussion
The credentialing process in preparation for the OCOG-LUSTRE trial
was prospectively designed to evaluate institutional practices with
respect to lung SBRT, and to provide a platform for newer centres to
participate. The results of this credentialing exercise clearly showed that
unacceptable deviations existed with respect to contouring, plan
149
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Fig. 3. Representative DVHs and variations in dosimetry across all centres for both standardized cases (substantial variations highlighted in yellow).

delivery and differences in terms of plan objectives and these were not
necessarily commensurate on centre experience. While all plans even
tually passed as per protocol, other variations, while appropriate for this
exercise, were observed. Whether such variations are clinically signifi
cant are uncertain but need to be studied further. In particular, con
touring and dosimetry related to key central and apical OAR structures
were most variable (ie brachial plexus, vessels, trachea, and PBT).
It should be noted that the benchmarking process of the European
Organization for Research and Treatment of Cancer (EORTC) LUNG
TECH trial of central SBRT observed similar issues with the majority of
plans failing initially due to contouring variations (in the current study
all requirements for resubmission were due to contouring errors) [12].
Other radiotherapy trials involving benchmark or “dry-run” cases have
also demonstrated this trend, for SBRT and other techniques [13–16].
Furthermore, SBRT peer review studies in lung and other sites have also
demonstrated high revision rates, mainly due to OAR contouring as the
main reason for plan revision/rejection [17,18]. A crowd-sourced lung
planning study recently exemplified similar discrepancies in central
OAR contours, including in that case both PBT and esophagus [19].
Poor concordance of structures such as vessels and brachial plexus
were possibly due to a few factors. First, the farther distance of the
brachial plexus to the targets and lack of experience in routine con
touring of this organ probably led to inaccurate delineation. Further
more, the brachial plexus contours were largely based on vascular
surrogates, but some centres elected to include the actual plexus bundle
if visible to them, which increased the volumes of the plexus overall.
This included more lateral vessels which affected the overall volume, but
did not impact dose to the plexus, due to the location of the target in
both cases. Second, with respect to the vessel contours, many in
stitutions included pulmonary artery and vein, although this was not
required per protocol. Additionally, some centres elected to contour
both ipsilateral and contralateral vessels, although it was not necessary
in the planning guide to do so. This is why, especially for vessel contours,

there was a discrepancy between poor concordance and non-violation of
per-protocol guidelines. There was flexibility allowed in the vessel
structure based on institutional practices that, while aligning with
general RTQA guidelines, led to variability in contour definition
compared to the host institution.
Reasons for OARs with moderate concordance such as PBT and to a
lesser extent esophagus were more likely variation in interpretation of
the radiological imaging provided. Such differences could have potential
implications given concern regarding radiation related toxicity espe
cially for central and “ultra-central” NSCLC, when these organs are close
to high dose gradients [20–22]. With emerging reports of even modest
biologically equivalent SBRT doses potentially increasing risk of bron
chial toxicity it is clear that ensuring avoidance of uninvolved bronchus
and other central OARs with careful delineation is paramount to
ensuring safe SBRT for these high-risk patients both on trial and in
clinical practice [23,24].
Interestingly, no institution failed due to under/overcoverage of
target volumes, this is in contradistinction to the LUNGTECH and transTasman Radiation Oncology Group (TROG) CHISEL credentialing
experience, where some plans did not pass due to PTV underdosing
[12,13]. These differences could be due to the priority of more stringent
OAR constraints in these trials resulting in lower target coverage in
submitted plans. With respect to PTV coverage in particular, there was
considerable variability in the “heterogeneity” of dose distributions
within the target. While all institutions passed minimum requirements
for PTV coverage, the maximum dose within the target was quite vari
able. Perhaps the choice of cases permitted this spectrum of heteroge
neity, however it was clear that some institutions preferred a more
uniform dose distribution across the target, especially when in proximity
to a critical OAR such as the trachea, or vessels. Whether this was by
design or intentional based on target location is somewhat unclear based
on this study. Furthermore, the impact of more heterogeneity within the
target at a clinical level is less clear. Additionally, the impact of
150
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intrafraction motion on both target coverage and high dose gradient
spillage into potential adjacent OARs is still the subject of continued
investigation [25]. While these issues are beyond the scope of this
analysis, future guidance on the effect of the planned PTV dose to what is
delivered will be important for future dose response studies, especially
for central or ultra-central NSCLC.
At a larger level, the results of this credentialing study emphasize the
need for continued, robust RTQA measures particularly when intro
ducing new technologies in radiotherapy. A recent systematic review
identified that within the past 25 years, while two-thirds of RCTs
involving radiation did have some measure of RTQA, less than half had
reported initial credentialing, and there was no increase in utilization of
RTQA in studies that utilized more advanced techniques (intensitymodulated RT/volumetric modulated RT/SBRT) compared to those that
did not [6]. Even with lung SBRT, which is more widely adopted in
general, there were still important variations observed that the cre
dentialing process helped in terms of streamlining practices. This should
hopefully ensure that accrued patient plans on trial are more compliant
with the protocol and will improve the quality of radiotherapy delivered
in the main study. As part of the trial, we have mandated real-time re
view for the first 4 patients treated with SBRT. Any major deviations will
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