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Abstract
Background

The SCOPE?2 trial evaluates radiotherapy (RT) dose escalation for oesophageal cancer. We report
findings from the accompanying RT quality assurance (RTQA) programme and identify
recommendations for PROTIEUS, the next UK trial in oesophageal RT.

Methods

SCOPE2’s RTQA programme consisted of a pre-accrual and on-trial component. RTQA pre-accrual
requirements included acceptable submission of 3D+/-4D benchmark contouring exercise(s) and a
high-dose planning case. On-trial requirements for contouring and planning included prospective
reviews (PRs) of each centre’s first 3D+/-4D patient and all high-dose cases prior to formal safety
review. Further PRs were at the RTQA team’s discretion. Timely retrospective reviews (TRRs) were
also undertaken for a random 10%. Submissions were assessed against pre-defined criteria and RT
planning guidance document (RPGD). This study includes initial submissions only; subsequent
resubmissions are not included in this analysis.

Results

For contouring, 30/64 (47%) pre-accrual submissions were approved. 38/64 (59%) contained >1
target volume (TV) unacceptable variation from protocol (UV), most commonly in CTVB and ITV.
Organ-at-risk (OAR) contour review was undertaken in 28/64 (44%); 6/28 (21%) contained >1 UV,
most commonly in heart and spinal cord. 82/126 (65%) on-trial submissions were approved. 47/126
(37%) contained >1 TV UV, most commonly in CTVB, GTV and ITV. For OARs, 30/126 (24%) contained
>1 UV, most commonly in heart and lungs. On-trial contour submissions were significantly more
likely to be approved than pre-accrual (p=0.016).

For planning, 32/43 (79%) pre-accrual plans were approved, those unacceptable were due to PTV
coverage/conformity. 118/120 (98%) on-trial plans were approved, the remaining unacceptable
were due to PTV coverage/conformity. No UVs in OAR dose constraints were observed.

All on-trial submissions were approved following resubmission where necessary.
Conclusion

Despite RPGD, contouring atlas, and similar contouring protocols from preceding trials, the SCOPE2
RTQA programme demonstrates a high frequency of UVs. Our findings inform recommendations for
future oesophageal RT trials.
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Introduction

Chemoradiotherapy (CRT) has an important role in the curative treatment of oesophageal carcinoma
[1]. Advances in this treatment method have contributed to improved outcomes, with a modern
benchmark 5-year overall survival approaching 50% in patients with locally advanced disease
receiving multi-modal therapy [2]. In the UK, the SCOPE trials (SCOPE1 [3], NeoSCOPE [4] and
SCOPE2 [5]) have formed the backbone of radiotherapy (RT) studies for oesophageal cancer in the
modern era, recruiting more than 700 patients between 2008 and 2024. In recognition that RT
standards impact patient outcome [6-10], integral to this trial series has been a robust, educational
RT quality assurance (QA) programme which has evolved though an iterative and collaborative
process and led to national improvements in RT delivery and technique [11]. Table 1 illustrates these
developments [3-5,11-13], which have been a consequence of a reflective and analytical learning
process following each trial.

SCOPE2 was a phase 2/3 randomised controlled trial of definitive CRT which explored dose
escalation (50Gy vs 60Gy in 25 fractions) and PET-CT guided systemic therapy adaptation [5],
completing recruitment in January 2024 with 439 patients. Seeking to continue to the ethos of
evolving and improving RTQA processes in oesophago-gastric (OG) cancer, findings from the SCOPE2
RTQA programme- and how these will inform PROTIEUS- the next UK OG RT trial- are reported here.

SCOPE1 [3]

NeoSCOPE [4]

SCOPE2 [5]

Pre-accrual
benchmark case
(contouring and
planning)

Yes (mid-third only)

Yes (mid- and lower-
third)

Yes (mid- and lower-
third, GTV provided)*

Additional 4D
benchmark case

NA**

Yes

Yes

Reference volume for

Yes (defined by Cl and

Yes (defined by

Yes (defined by

pre-accrual case radiologist) consensus of TMG consensus of TMG
members) members)

Protocol variations Yes (GTV only) Yes Yes

pre-defined

Radiotherapy protocol Yes Yes (iterative process Yes (iterative process
with feedback from with feedback from
users) users)

Worked examples Yes Yes Yes

provided

Outlining atlas No Yes Yes

provided

Outlining workshop No Yes Yes

On-trial review

Retrospective- First
patient from each

Prospective- First 20
cases, first patient

Prospective- First 3D
+/- 4D case, all high




centre (achieved in from each centre dose cases prior to

33/36 centres) ) ) formal safety review
Timely retrospective -
. (20 cases), at
Remainder . - .
reviewers’ discretion
Timely retrospective-
Random 10%
RTQA reviewer(s) Chief investigator and A group of clinical A group of clinical
RTQA physicist oncologists from oncologists from

recruiting centres & on  recruiting centres & on
TMG, and trial RTTQA TMG, and trial RTTQA
clinical scientist clinical scientist

Table 1. Comparing RTQA processes for the SCOPE trials. *If not NeoSCOPE-approved (i.e. not streamlined) **4DCT not used
in SCOPE1. CI=Chief Investigator, TMG=Trial Management Group, RTTQA=National RT Trials Quality Assurance Group

Methods

Protocol and Radiotherapy Planning Guidance Document

The SCOPE2 RTQA programme was developed in conjunction with the National Institute for Health
and Care Research (NIHR) RT Trials Quality Assurance (RTTQA) group [14].

There was a comprehensive Radiotherapy Planning Guidance Document (RPGD) developed by a
subgroup of the Trial Management Group, informed by the SCOPE1 and NeoSCOPE RPGDs, SCOPE2
trial launch meeting discussions (2015), the EORTC-ROG guidelines for neoadjuvant RT of
adenocarcinomas of the gastro-oesophageal junction (GOJ) and stomach [15], UK and US patterns of
failure data [16,17] and dose escalation modelling work [18]. The RPGD was subject to an iterative
process and additions/modifications made in collaboration with, and in response to, queries raised
by participating centres during the lifetime of the trial [19-21]. Definitions of the target volumes are
listed in Table 2 and supplementary materials.

Review team/criteria for assessment

Pre-accrual and on-trial (individual case review, ICR) contouring reviews were undertaken by one of
six consultant clinical oncologists from the SCOPE2 Trial Management Group practising at recruiting
centres, supported by senior (post-FRCR) research fellows under supervision. Reviews were
allocated on a rota basis. Each target volume domain was deemed ‘acceptable- per protocol’,
‘acceptable variation’ or ‘unacceptable variation’ as per Global Harmonization Group (GHG)
terminology [22], with reference to the RPGD and pre-defined criteria (see Table 2). Organ-at-risk
(OAR) contour review was undertaken on a discretionary basis for pre-accrual but was mandatory
for ICRs. Though OAR contour guidance was contained within the RPGD, there were no pre-defined
criteria for assessing OAR variations, and the significance/grading of any variation was at the
discretion of the RTQA reviewer.

The submission, after discussion with the submitting centre if appropriate, was then classified as
overall acceptable and approved, or overall unacceptable and amendment +/- resubmission
requested. Written feedback, in the form of a standardised feedback report (accompanied by



screenshots where applicable) was provided to submitting centres. Reviewers were not blinded to
submitting centre/clinician.

RT treatment plans were reviewed by a RTTQA clinical scientist, and categorised as overall
acceptable and approved, or overall unacceptable and resubmission required. These plan reviews
consisted of a qualitative check of the dose distribution, including coverage of the target and dose
fall-off for OARs and normal tissue (PTV coverage/conformity), and an independent check of dose-
volume statistics against the optimal and mandatory dose constraints published in the RPGD. This
gualitative assessment of the dose distribution was not based on pre-defined acceptability criteria
but was performed using clinical judgement of PTV coverage within the context of each case, such as
the need for centres to compromise PTV coverage to meet OAR dose constraints, or loss of PTV
coverage over regions of low-density tissue in the lungs and trachea.

Queries that required medical input were addressed, in the first instance, to the same consultant
clinical oncologist performing the contour review, with opinions sought from clinical colleagues on
the Trial Management Group as needed.



Pre-accrual RTQA

Pre-accrual RTQA documentation, contouring and planning requirements are outlined in Figure

Documentation

Contouring

Planning

Completion of
RT process
document

+  Successful
completion of
3D lower +/-

Successful
completion of
high-dose arm

3D mid +/- planning case
4D lower and PAF
Completion of oesophagus
RT facilities contouring Completion of
questionnaire exercises™ IMRT/VMAT RT
QA
credentialing
Pre-accrual requirements programme

Far all patients Prospective Reviews

Performed prior to RT start

= Each centre's first patient (3D +/- 4D)

* Each high dose patient prior to formal
safety review

*+ At RTQA team'’s discretion™**

*  DICOM files for
planning CT,
contours, plan
and dose +/-

4D dataset
Timely Retrospective Reviews
Performed within 2 weeks of RT start
* Diagnostic » Forrandom 10% sample
reports
* PAF On-trial requirements

1.

Figure 1. Pre-accrual and on-trial RTQA requirements. *If prior NeoSCOPE approval not achieved **Most due to issues with
prior submissions. PAF=Plan Assessment Form

Contouring

Pre-accrual benchmarking of contouring was required for each centre’s Principal Investigator (Pl). In
order to reduce workload for recruiting centres, a streamlining approach was adopted where Pls
who were already approved for the preceding NeoSCOPE trial [4] were exempt from repeating the
benchmark contouring requirements. For 3D, this consisted of successful completion of the 3D
NeoSCOPE benchmarking exercise, and for 4D, either successful completion of the 4D NeoSCOPE
benchmarking exercise or attendance at a 4D contouring workshop.



Those without NeoSCOPE approval were required undertake the 3D SCOPE2 lower-third
benchmarking exercise. Pls were asked to submit contours (CTVs and PTVs, see supplementary
materials) for a lower-third case using provided GTVs. For centres wishing to use 4DCT, PIs were also
required to outline volumes using the 4D dataset on the same 3D SCOPE2 benchmarking case. The
requirement for an additional middle-third contouring case was omitted during the lifetime of the

trial.

Pre-accrual contours were reviewed in reference to the consensus reference (“gold standard”)
contour created by the RTQA group members using a STAPLE algorithm approach [23,24]. A centre
was not able to open to recruitment until approval was granted.

In the event of a change in local PI, satisfactory completion of the pre-accrual contouring case was

required for the new Pl. Some centres submitted additional pre-accrual cases undertaken by other
clinicians at their centre.

Target Volume

Brief Description

Acceptable variation

Unacceptable variation

GTV

Primary tumour, involved
lymph nodes, intervening
oesophagus, whole
circumference of
oesophagus at level of
GTV

>1.0 - <1.8cm longer,
>0.7- <1.0cm shorter

>1.8cm longer, >1.0cm
shorter

CTVA
Length/margin

GTV + 20mm sup-inf
along axis of oesophagus

<3mm deviation from
protocol

>3mm deviation from
protocol, grown below
GOJ

CTVA Whole circumference of Reviewer discretion No attempt to include

Gross oesophagus for the whole oesophageal

appearance necessary length of CTVA circumference, not
grown along axis of
oesophagus

CTVC CTVA + 5mm <3mm deviation from >3mm deviation from

Length/margin  circumferentially protocol protocol

CTVB CTVA + 10mm <3mm deviation from >3mm deviation from

Length/margin  circumferentially + CTVn  protocol protocol

CTVvB CTVB manually edited off Reviewer discretion, but CTVB edited to exclude

Editing for normal structures e.g. minor some of GTV or ELNI

normal heart, lungs, bone, great  inconsistent or areas e.g. subcarinal LNs,

structures vessels, but not in to incomplete editing of absent editing

CTVvC CTVB permitted CTVB edited in to CTVC
CTVvB CTVB manually expanded Reviewer discretion, but Whole stomach included,

Elective lymph
node

to include gastro-hepatic
space and mucosa of

greater/lesser extent of
inclusion of lesser curve

no ELNI included, lesser
curve not included

irradiation* gastric lesser curve and gastro-hepatic fat
compared to atlas
permitted
ITv Composite of CTVBs on Reviewer discretion Range of CTVB
(4DCT only) Reference, Maximum movement not included

Inspiration and Maximum
Expiration scans,
manually expanded on all
respiratory phases

on all respiratory phases




PTV_5000 Proximal: CTVB + 5mm <3mm deviation from >3mm deviation from
circumferentially + 10mm  protocol protocol
sup-inf

Distal 3D: CTVB + 5mm
circumferentially + 10mm
sup + 15mm inf

Distal 4D: ITV + 5mm

isotropically
PTV_6000 GTV primary + 5mm No deviation from Any deviation from
isotropically protocol protocol

Table 2. Overview description of target volume delineation guidance plus pre-defined criteria for acceptable/unacceptable
target volume variations. *For lower-third tumours. Upper-third tumours with node-positive disease within the SCF required
elective SCF nodal irradiation. See supplementary materials for more detailed descriptions of target volumes.
Sup=superiorly, inf=inferiorly, ELNI=elective lymph node irradiation

Planning

All centres were required to successfully complete the IMRT/VMAT credentialing programme
through the National RTTQA group or equivalent.

Centres were also required to satisfactorily complete a planning exercise for the high-dose arm (i.e.
6000cGy, including PTV_6000) using a provided, pre-contoured 3D DICOM dataset, accompanied by
a plan assessment form. A standardised feedback report was completed for each submission.
Centres were required to submit a further planning exercise if treatment technique or planning
system changed during the trial.

On-trial (ICR) RTQA

On-trial QA consisted of ICR of both contours and plans according to the criteria set out in Figure 1.
ICRs were either prospective reviews (performed prior to RT start) or timely-retrospective reviews

(performed within two weeks of RT start). Requirements for on-trial RTQA documentation are also
detailed in Figure 1. Centres occasionally requested a contouring review outside of the mandatory

requirements.

Statistical analysis

All analyses were conducted using STATA SE 18. Chi square tests were used to compare proportions.
All comparisons were pre-defined and all results have been reported. Due to the exploratory nature
of this work, no correction for multiple testing has been made.

Resubmissions were excluded from this analysis.

Results
Pre-accrual contouring

After streamlining, 34/39 participating centres submitted at least one pre-accrual benchmark case.
There was a total of 64 pre-accrual contour submissions: 14/64 (22%) 3D middle-third, 25/64 (39%)
3D lower-third and 25/64 (39%) 4D lower-third. 30/64 (47%) submissions were approved: 11/14
(79%) 3D mid-third, 14/25 (56%) 3D lower-third and 9/25 4D (36%) (p=0.036). 38/64 (59%)
submissions contained at least one, with 24 (38%) containing more than one, target volume
unacceptable variation, with a total of 81 identified. These were most frequently in CTVB (commonly



due to variation in contouring of the elective lymph node volume and in editing for normal
structures) and, for 4D submissions, in ITV (failure to manually expand the CTVB in all phases of the
respiratory cycle), as described in Table 3.

Domain Pre-accrual ICR p value
% Acceptable submissions 30/64 (47%) 82/126 (65%) 0.016
Total number of target volume 81 82

unacceptable variations

GTV -t 19/82 (23%)

CTVA 5/81 (6%) 6/82 (7%) 0.771
CTVB 39/81 (48%) 34/82 (41%) 0.391
CTVC 4/81 (5%) 1/82 (1%) 0.169
ITv 12/44* (27%)  6/23* (26%) 0.917
PTV5000 9/81 (11%) 7/82 (9%) 0.581
PTV6000 12/81(15%)  g/57** (14%) 0.898

Table 3. Target volume unacceptable variations for pre-accrual and ICR. TGTV provided *number of unacceptable variations
within 4D cases: pre-accrual=44, ICR=23 **number of unacceptable variations within high-dose cases: ICR=57.

OAR contour review was undertaken in 28/64 (44%) submissions. 6/28 (21%) submissions contained
at least one, with 2/28 (7%) containing more than one, OAR unacceptable variation, with a total of 8
identified. These were most frequently in heart (4/8, 50%) and spinal cord +/- PRV (2/8, 25%). For
heart, unacceptable variation was most frequently at the superior border (defined where the
pulmonary trunk and pulmonary artery are first seen as separate structures) and incomplete
inclusion of the pericardium, and for spinal cord, not including the entire OAR at levels defined by
the protocol (2cm superior and inferior to PTV).

ICR contouring

126/439 patients underwent an ICR for contouring. Of these, 82/126 (65%) were approved. 47/126
(37%) submissions contained at least one, with 23/126 (18%) containing more than one, target
volume unacceptable variation, with a total of 82 identified. These were most frequently in GTV
(commonly due variations in discrepancy between delineated volume and investigation reports and
failure to include whole circumference of the oesophagus) and CTVB (as per pre-accrual). For 4D
cases, unacceptable variations were also frequently seen in ITV (as per pre-accrual), as described in
Table 3. The remaining ICR unacceptable variation (n=1, not included in Table 3) was in using the
‘proximal’ rather than the ‘distal’ delineation guidance for a lower-third case.

OAR contour review was undertaken for all 126 submissions. 30/126 submissions (24%) contained at
least one, with 10/126 (8%) containing more than one, OAR unacceptable variation, and a total of 47
were identified. These were most frequently identified in heart (18/47), lungs (8/47), liver (7/47) and
spinal cord +/- PRV (7/47). For heart and spinal cord, unacceptable variation was most frequently



seen in the same components as pre-accrual. For lungs and liver, unacceptable variation was most
frequently due to incomplete inclusion of the structure, or for the former, inclusion of central
airways/bowel.

Table 4 evaluates factors which may influence ICR outcome; only review type showed a significant
difference, with 46/82 (56%) prospective reviews and 36/44 (82%) timely-retrospective reviews
approved (p=0.004).

Factor Acceptable Unacceptable Total % Acceptable  p value
Benchmarking method*
Streamlined 52 25 77 68%

0.469
Non-streamlined 30 19 49 61%
Centre volume**
Low 43 28 71 61%

0.227
High 39 16 55 71%
Planning modality
3DCT 64 35 99 65%

0.845
4DCT 18 9 27 66%
Planned dose
5000cGy 37 16 53 70%

0.342
6000cGy 45 28 73 62%
Review type
Prospective 46 36 82 56%

0.004
Timely-retrospective 36 8 44 82%
All 82 44 126 65%

Table 4. Factors which may influence ICR contour approval. *Streamlined=contouring clinician approved using prior
NeoSCOPE benchmarking, non-streamlined=contouring clinician approved using SCOPE2 benchmarking. **High-volume
centre defined as recruiting >20 patients to SCOPE2

Comparing pre-accrual and ICR contouring

The distribution of unacceptable variations was similar between pre-accrual and ICR (Table 3). ICRs
were significantly more likely to be approved than pre-accrual submissions, however (respectively
82/126 (65%) vs 30/64 (47%) p=0.016). Additionally, fewer ICRs had at least one target volume
unacceptable variation than pre-accrual submissions (respectively 47/126 (37%) vs 38/64 (59%),
p=0.004).

Pre-accrual planning



43 plans were submitted from 39 centres. Of these 35/43 (81%) were VMAT, 7/43 (16%) IMRT and
1/43 (3%) tomotherapy. 32/43 (79%) were approved. The 9/42 (21%) categorised unacceptable were
due to PTV coverage/conformity. Mandatory OAR dose constraints were met in all cases.

ICR Planning

120/439 patients underwent an ICR for planning. Of these, 50/120 (42%) were 5000cGy and 70/120
(58%) were 6000cGy plans, 77/120 (64%) were prospective and 43/120 (36%) timely-retrospective
reviews, and 29/120 (24%) were 4D. 118 (98%) were approved; the two unacceptable were due to
PTV coverage/conformity. Mandatory OAR dose constraints were met in all cases.

Discussion

We have described the SCOPE2 RTQA programme, detailing the protocol variations in contouring
and planning at both pre-accrual and ICR. Below, we explore our findings, compare with published
literature, and share strategies to further improve RTQA for the PROTIEUS trial.

Contouring

Despite an RPGD, contouring atlases, and similar protocols in preceding trials, a high frequency of
unacceptable variations from protocol persist.

At the pre-accrual stage, less than half of submissions were approved. This is notably lower than the
74% reported in the PRODIGE-26 trial, also a phase 2/3 trial of RT dose escalation in oesophageal
cancer (6600cGy in 33 fractions vs 5000cGy in 25 fractions) [25]. This difference may in part be
explained by SCOPE2’s use of 4DCT, which was associated with more unacceptable submissions than
the 3D mid- and lower-third cases, reflecting the additional complexity of 4D contouring. PRODIGE-
26’s major/minor deviations also only included variations that led to a smaller-than-per-protocol
CTV/PTVs, unlike SCOPE2, where all variations were recorded.

In the ICR setting, an improvement from pre-accrual was observed, with almost two-thirds of
submissions approved. This demonstrates the value of both components of the RTQA process [9].
These findings are comparable with those of TOPGEAR, a large phase 3 study of neoadjuvant CRT in
cancer of the stomach or GOJ, who undertook on-trial RTQA review for 203 patients from 53 centres
[26] and report an approval rate of 72%. However, given in our study, more than one-third of ICRs
contained unacceptable variations in target volume and one-quarter in OAR delineation, further
improvement is required.

Timely-retrospective reviews were much more likely to be approved than prospective reviews. This
may be explained by the chronological distribution of review type, with prospective reviews
inherently conducted earlier in the trial timeline, closer to the start of the trial learning curve. An
alternative explanation is that, for timely-retrospective reviews, the threshold for an unacceptable
outcome may be higher as a result of the additional logistical and practical implications introduced
when treatment has already commenced. The national RTTQA group are working in conjunction with
the GHG to determine if criteria for acceptable and unacceptable variation should in fact be different
for prospective and timely-retrospective reviews. There was also a trend suggesting approval was
more likely for high-volume versus low-volume centres, although this was statistically non-
significant. Similar findings were reported in TOPGEAR (81% vs 68%, p=0.078) [26], and this warrants
further investigation in future RTQA programmes.

Planning



Overall, the quality of planning in SCOPE2 was very high. For pre-accrual, we report comparable
rates of variance in PTV coverage and conformity to that in PRODIGE-26. However, despite SCOPE2’s
more stringent OAR dose constraints (e.g. spinal cord/D0.1cc PRODIGE-26=4800cGy vs
SCOPE2=4200cGy, lungs V20 35% vs 25%, liver V30 60% vs 30%), we found fewer variations in
meeting constraints [25]. This is likely due to SCOPE2’s use of IMRT in all cases, compared to 58% in
PRODIGE-26; the remaining 42% were 3D conformal RT (3DCRT), which were associated with a
significantly higher rate of major deviations in meeting OAR constraints (3DCRT vs IMRT, 44% vs 8%
p=0.009) [25]. Other potential contributing factors include a higher escalated dose in PRODIGE-26
(6600cGy vs SCOPE2=6000cGy), and larger margins applied in the cranio-caudal direction (GTV to
CTV expansion: PRODIGE-26=30-50mm vs SCOPE2=20mm). In ICRs, 98% of submissions were
approved. Unacceptable variations in PTV coverage/conformity were seen in the remaining 2%.

Informing RTQA for next OG trial

Based on the findings of the SCOPE2 RTQA programme, we have identified strategies to take
forward into the next UK OG RT trial, PROTIEUS. This is a phase 2 study randomising patients to
neoadjuvant, 4DCT-mandated, hypofractionated CRT (4005cGy/15#) to RT with either IMRT/VMAT
or proton beam therapy (PBT). This trial commenced recruitment in June 2024 [27,28]. The relevant
findings, together with the accompanying recommendations incorporated into the PROTIEUS RTQA
programme, are described in greater detail below and summarised in Table 5.

Focus on domains of greatest variation in target volume and OAR delineation

Given CTVB and ITV are the most frequent domains of target volume unacceptable variation, these
have been prioritised as areas for improvement. The PROTIEUS pre-accrual benchmark case was
selected to include T4 disease (pleura) and a small (reactive) pericardial effusion which led to more
challenging CTVB editing, and the 4D component necessitated manual expansion of ITV to account
for the motion seen on other phases. The PROTIEUS RPGD provides more detailed support for
contouring these domains, including worked examples and the addition of a simplified method for
ITV creation [21] which is hypothesised to reduce variation.

Unacceptable variations in OAR contouring were present in approximately one-quarter of
submissions. It is important to note, however, that there were no pre-defined approval criteria for
OAR variations. This may have led to greater variation between reviewers, which in turn, may have
led to overestimation of this variation. For PROTIEUS, we have developed pre-defined criteria for
OARs, considering the GHG guidelines on OAR definitions [29]. This will enable more consistent,
objective assessment and allow more detailed and transparent feedback for submitting centres.

We have also incorporated strategies to address OAR variation. For spinal cord, an atlas has been
added to the PROTIEUS RPGD. Despite the SCOPE2 RPGD already containing an atlas to aid heart
delineation, the heart was the most frequent OAR unacceptable variations the ICR setting. PROTIEUS
mandates prospective ICRs for the first three patients recruited from each centre, enabling the RTQA
team to prospectively highlight specific OAR variation, provide individualised education and promote
awareness of GHG OAR definitions [29]. We anticipate this will complement the pre-existing atlas
and newly updated feedback pro forma.

The increasing use and advancing standards of Al-generated OAR delineation may further promote
consistency, improve quality, and enhance workflow [30,31]. However, the need for clinical
evaluation of Al-generated contours along with ongoing education and training will remain of
paramount importance as Al is further integrated into both clinical practice and future RT trials.



RTQA programme should include both pre-accrual and ICR components

We have shown a reduction in target volume unacceptable variations between pre-accrual and ICR.
This improvement is likely to be an underestimate; GTV was provided and thus not evaluated for the
former, and accounted for almost a quarter of unacceptable variations in the latter.

The pre-accrual benchmark case is typically undertaken in a less time-critical setting, with support
and feedback from the trial RTQA team. Its aim is to assess and increase the understanding of, and
adherence to, the RPGD, thereby reducing contouring variation within the trial itself [24]. It also
facilitates identification of any RPGD ambiguities or errors that can be addressed prior to trial
recruitment [24]. A recent meta-analysis by Brooks et al [9] included eight studies seeking to
evaluate the relationship with pre-accrual and ICR assessments. Results from five of these studies,
including RTQA results from the SCOPEL1 trial [12], support the inclusion of both components within
an RTQA programme. Together with our findings, we recognise the importance of a pre-accrual
component in RTQA for oesophageal RT trials, and this is reflected in the requirements for
PROTIEUS.

Streamlining does not affect ICR performance

Alongside the benefit of a pre-accrual component, we have also shown that streamlining is safe and
effective in this setting. No difference in ICR approval was observed between those who had
successfully completed a SCOPE2 pre-accrual case versus those who were exempt through
NeoSCOPE benchmarking (i.e. streamlined). This streamlining approach, which increases efficiency in
trial set up [32] and reduces clinician workload, has been adopted for the PROTIEUS trial, with
clinicians who have successfully completed the SCOPE2 4D pre-accrual case not required to
complete the PROTIEUS pre-accrual case. However, given the time that has elapsed between trials,
those who have completed the NeoSCOPE 4D case, and not the SCOPE2 4D case, will not be
streamlined.

Ensure consistency in methodology and terminology for feedback

GHG criteria refers to three categories of variation: acceptable- per protocol, acceptable variation
and unacceptable variation from protocol [22]. In SCOPE2, reviewers did not always distinguish
between the two acceptable categories. This limits the ability to compare SCOPE2 contouring with
other published trials in the context of acceptable variation/minor deviation from protocol. A new
RTQA feedback form, developed from the national RTTQA template and using the GHG criteria, has
been introduced for PROTIEUS in attempt to improve this, and we encourage the international
community to strive for greater consistency in terminology when reporting their findings.

Planning constraints can be tightened

In both the pre-accrual and ICR setting, mandatory OAR dose constraints were met for every
submission, suggesting that tighter OAR constraints could be applied. This would reduce dose to
normal tissues and potentially lower toxicity rates. Preliminary work using SCOPE2 cases by our
group [33] shows more stringent constraints are achievable, and these have been introduced for
PROTIEUS.

SCOPE2 findings PROTIEUS interventions

Most frequent target volume e Pre-accrual benchmark case selected to highlight
unacceptable variations seen in challenges in CTVB contouring (including T4 pleural



CTVB and ITV disease and a small, reactive pericardial effusion) and
ITV (warranting expansion on all respiratory phases)
e Sections added to RPGD to provide further support,
including a simplified method for ITV creation

Unacceptable variations in OAR e Pre-defined approval criteria for OARs, informed by
contouring seen in one-quarter GHG criteria, introduced
of cases e Spinal cord atlas added

e Heart contour variations to be discussed in the
mandatory, prospective ICRs with individualised

feedback provided
e Al-generated contours to continue to undergo RTQA

review
Reduction in target volume e RTQA programme to contain pre-accrual and ICR RT
unacceptable variations QA components
between pre-accrual and ICR
observed
Streamlining does not impact e Streamlining strategy in place for those with relevant
approval prior SCOPE2 approval

Acceptable variations not always New, standardised feedback pro forma developed
documented from RTTQA template introduced

Mandatory OAR dose e Tighter OAR constraints introduced
constraints achieved in all pre-
accrual and ICR submissions

Table 5. SCOPE?2 findings and corresponding interventions for PROTIEUS
Further work

The heterogeneity of the SCOPE2 cases (e.g. mix of 3D/4DCT, standard dose/high dose, proximal
versus distal disease) did not allow a meaningful assessment of the quality of intra-clinician
contouring over the lifetime of the trial. Such information may enable quantification of the benefit
of ongoing involvement in the RTQA programme on contouring performance. We hope to explore
this in the PROTIEUS trial, given cases are likely to be more homogenous, with 4DCT mandated, and
most cases likely to be lower-third. Further assessment of submission approvals from high- and low-
volume centres will also be undertaken.

In addition, given the recognised association between protocol non-compliance and outcomes [6-
10], we will seek to explore this in our cohort once data are mature.

Conclusion

The incidence of unacceptable variations in the SCOPE2 RTQA programme highlights the need for
ongoing, robust RTQA in OG RT trials, allowing significant issues to be identified and addressed
whilst developing strategies to reduce variation.

The ongoing ethos of learning and development within the UK OG community embodied by the
SCOPE trial series is crucial to continuing national improvement, and the SCOPE2 RTQA team are
grateful to participating centres for their receptive, open and collaborative attitude.



Consistent with this, our findings have informed a number of strategies to take forward to the next
UK OG RT trial and beyond, and we are confident RTQA will continue to advance through ongoing
partnership with both the UK and wider OG community.
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Research Highlights

For SCOPE2, frequent variations from protocol in target volume contouring were seen
The role of both pre-accrual and on-trial QA has been confirmed

Streamlining was shown to be a safe and effective method of pre-accrual QA
Opportunity for tightening OAR constraints for future trials was identified

Areas for improvement in target volume and OAR contouring were also shown



Figure 1. Pre-accrual and on-trial RTQA requirements. *If prior NeoSCOPE approval not achieved **Most due to issues with
prior submissions. PAF=Plan Assessment Form
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