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1 Foreword

This document describes the Radiotherapy (RT) guidelines and Quality Assurance (QA) processes for
treatment of patients within the PEARL trial, and should be referred tmwnjunction with the main

trial protocol.

Further amendments or corrections to these guidelines may be necessary. Updated versions of the
guidelines will be circulated to investigators in the trial, but centres entering patients for the first time
are alvised to contact the PEARL Radiotherapy Trials Quality Assurance (RTTQA) group to confirm that
they have the most recent version.

Any queries regarding these guidelineshould be directed to the PEARRTTQA contac
PEARL.RTTQA@wales.nhs.UK
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2 Introduction

The PEARL trial aims to examine whether adapting the high dose volume midway through
radiotherapy treatment based upon response on #HTis feasible and reduces dose to swallowing
structures while maintaining low local recurrence ratesn Human Papillomavirus positive
Oropharyngeal Squamous Cell Carcinoma {pt#3itive OPSCC).

This guidance document describes the process for delivafatigmetric Arc Therapy (VMABDased
treatment for OPSCC in thegstreatment and intratreatment setting for patients within the PEARL
Trial. Investigators should refer to the main trial protocol which sets out the background to the study
and explains the rationale behind some of the recommendations made with regatdsget volume
definition and dose prescription.

The PEARitudy uses a geometric approach to define clinical target volumes.

Neck node levels are outlined according to thd2@ipdate of theconsensus guidelingg).
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3 PEARL Trial Schema

PEARL TRIAL SCHEMA

T1-T3, NO-N1 (TNM v8)
Oropharyngeal cancer (OPSCC), informed consent, REGISTRATION

[ HPV positive (central testing) ]

Pre-CCRT assessments: water swallow test, MDADI, PSS-H&N, EORTC QLc
C30, HN35, translational sampling (plasma and saliva), FDG PET-CT
(prePET)

CCRT to radiotherapy plan 1
30Gy/15F/weeks 1-3
FDG PET-CT (iPET) and translational sampling at week 2

CCRT to radiotherapy plan 2 based on iPET
36Gy/18F/weeks 4-6

4 weeks post-CCRT
Translational sampling, water swallow test, MDADI, PSS-H&N, EORTC QL
C30, HN35

12 weeks post-CCRT
FDG PET-CT (postPET) and translational sampling

12, 24 months post-CCRT
Water swallow test, MDADI, PSS-H&N, EORTC QLQ C30, HN35
Translational sampling at 12 and 24 months,

[ Clinical follow up for a total of 2 years J
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PRIMARY OUTCOME MEASURE

2 year progression free survival

SECONDARY OUTCOME MEASURES

Swallowing panel measurements including qualitative and quantitative swallowing assessments
(MDADI, PSH&N, water swallow test) and feeding tube dependency rate at 1 year.

Quality of life (EORTC QLQ C30, HAIBBUWQOL questionnaires)
Acute and late toxicity (NCI CTCAE criteria v4.03)

Complete response rate on RET (postPET)
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4 Quality Assurance Team Overview

Dr Mererid Evans Consultant Clinical Oncologist
Velindre NHS Tat

Velindre Road

Cardiff CF14 2TL

Tel: 029 2061 5888

Email: MereridBvans@wales.nhs.uk

Dr Thomas Rackley Consultant Clinical Oncologist
Velindre NHS Trust

Velindre Road

Cardiff CF14 2TL

Tel: 029 2061 5888

Email:Thomas.RBckley@wales.nhs.uk

Dr Sarah Hargreaves Clinical Research Fellow
Velindre NHS Trust

Velindre Road

Cardiff CF14 2TL

Tel: 029 2061 5888

Email: Sarah.Hargreaves@wales.nhs.uk

Owain Woodley Radiotheragyials Panner
Velindre NHS Trust

Velindre Road

Cardiff CF14 2TL

Tel: 029 2061 5888

Email: Owainoodley@wales.nhs.uk
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Rhydian Maggs Radiotherapy Trials Physicist
Velindre NHS Trust

Velindre Road

Cardiff CF14 2TL

Tel: 029 2065888

Email: RhydiaMaggs@wales.nhs.uk

Further information:

RTTQA website: www.rttrialsqa.org.uk
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5 Radiotherapy treatment planning

5.1 Radiotherapy Localisation

Patients should be immobilised in a thermoplastic shell with their neck in a neutral posiionouth
bite should be usedThe panning PECT scas are to be done in the shell, reconstructed at
appropriate thickness (2 to 3 mmlise of intravenous contrast is recommended in order tlitate
accurate delineationThe PE-CT scan should incladoth shoulders and extend fmo vertex to liver
as a minimumFollow up PETT scan (postPERil be carried out as per standard protocol

52 t 9! w[ WRdzYYe& NHzyQ FLILRAY(GYSyi

Depending upon the treating centrpatientsmayl G G Sy R | Wt 9 appdintmBndaN the2  NXzy Q
radiotherapy CTSIM after the mask is made. The patient does not have a CT scan but has anterior and
lateral topograms taken to check alignment on the couch and the fitting of the shell. An anterior
alignment PM is given and the sagiti@ber position marked down their anterior skin surface to assist

in set up on the PECT scanner.

5.3 CT dataAcquisition

Radiotherapy treatment planning (RTP) must be performed olian&nsional CT dataset witixial
slice separation of no more than 3mmc¢auired on a PETT scanner.The image quality and
dimensions of the CT scan should héfisient for the production ofcontoursspecific to head and
necksites. The field of view (FO$Hould encompass the entire patient outline through whicke th
treatment beams will passincluding any immobilisation devices. Longitudinal scantdirshould
include 5cm of tissubeyond the superior and inferior extents of any PTV in ordertHerTPS to
account for scatter from these regiond/here practical, planning @arameters should be matched
to local practice for radiotheraplgead and neck planning CT, but care should be taken garerthe
CT dose is within thapecified in the research application. The actual parameters used will likely vary
between siesand sanner models; advice can be obtained frona thad site (Velindre University NHS
Trus).

For all patients in PEARE part of the PETT studya separa¢ CT for attenuation correctioof the
PET should be acquired. As the study involves CT contrast djuésition sequence should be as
follows:

1. Low dose CT for attenuation only
2. PET (3 bed positions to cover vertex to carina)
3. Planning CT with contrast
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All should be done in the Rieatment position.

5.4 PET datacquisition

A 3dimensional PET scanust be acquired on an integred PEICT scanner in order tionprove
image quality thragh use of CT attenuation scarhe patient must be in the radiotherapy treatment
position (flattop couch and fulimmobilisation setup) for bth PET and CT scahsorder to get the
most accurate alignment between PEIJaCT data the planning CT s€ased for radiotherapy dose
calculation) must be acquired dide after the PET scan using amegrated PEICT scanner. This
minimises the possibility fointernal and e&ternal anatomydifferences between CT and PET and
reduces image fusion errar§his plannind®?ET- CT scan will belone after the AC (attenuation
correction) CTAs the planning CT dataset will be acquired on the®@E$canner externksers must
be fitted in order to reference external patient landmarksismcentre position at plannindmage
quality will be matched between PEIT systems at diffent centres. This will be donesing standard
phantoms. The NEMA image quality phantaili be used to asss the PEdata. The recovery curve
and accuracy of calibration Ivbe investigated. The CATPHpiNintom will be used to assess the CT
data acquisition wh regards noise and resolutioB®therphantoms may be used.

5.5 Quality Assurance

A guality assurancprogram must be in place to assess the quality of @ledata (geometrymage
quality, electron density, etc.). To this end theddmponent of the PETT scanneshould be subject
to the same rigorous testing as a cemtional radiotherapydedicated CTI® machine. The daily QC
may be performed instead webk(on account of leshroughput d patients) but must be carriedut

on theday of scanning a patient in R€atment position and it is also advised to perform the daily
QC on the day prior to thissavell. Monthly or bimonthly QC testing should also be fmmed along
with 6-monthly and annual QALhe couch sag and couch levelling on a@ETEcannerra expected

to be worse than C3canners used routinely for radiotherapy planning scanes&lparaneters must

be measuredvith and without load and the results comparedwithth& FNRBY GKS OSy i NBQ
scanner used for planningihe PET to CT alignment must be checked at least dyiaunal after gantry
separation.The PETCT scanner must be aedited by the NCRI PETr€hab.

5.6 Planning PECT process QA

On the day of each scannisgssion, local treatment centfge-treatment radiographers must check
with the PEICT operators ahe PETCTcentrethat the PEICT scanner is in clinical ugsition the

radiotherapy hard couch top with the minimum of two stafhe input of all patient data and scanning
parameters is the responsibility of the RET staffIn the scanner room turn on the radiotherapy
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lasers and sethe couchX,Y and Z to zer®lace the ISIS phantom on the bed at H1 and align with the
LAP lasers in all directioridove the central axis of the phantom to the position of the internal lasers
and check indicated position.

5.7 Other planning PETT QA

Actual machine checking and caébon are carried out by?ET centre statind PEICT physicists. If

out of tolerance then it is the responsibility of the PET physicists to inform the PEARL trial team at

the treating centre and adwe in terms of suitability for clinical us®n a quaterly basis a QA check

shall be commissioned by a member of medical physics fiteentreating centre and it is the
responsibility of medical physics thie treating centreto liaise with PECTstaff to ensure suitable
access to the scanneifhe Infusion pumps, maintenance, and any service agreement are the
responsibility ofthe PETCTcentre. The LAP lasers, maintenance, and any service agreement is the
responsibility othe PETCT centreRAW data of all PET scans (i.e. data before imagasecction)

must be saved and made available with the reconstructed PET scans as part of standard trial data
collection.
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6 Target Volume Delineation

6.1 Primary Tumour Categorisation

Prior to target volume delineation, the investigator must categorisepttieary tumour as lateralised

or nonlateralised, based on the site of primarysfhge and the extent of involvement of midline
structures. We recommend that this categorisation is based on clinical examination findings and
imaging.

Lateralised Tumour

Tumour confined to the tonsillar fossa/lateral pharyngeal wall extending onto or into the adjacent
base of tongue and/or soft palate by <1 cm and with >1cm clearance from midline

Non-lateralised Tumour

Tonsillar/lateral pharyngeal wall tumour that involves the adjacent base of tongue and/or soft palate
08 XM OY 2NJ gAGK XmMOY Of SINXyOS FTNRBY YARtAYS

OR

A tumour that arises from a midline structure (base of tongue, soft palate or posterior pharyngeal wall
primary tumour)

6.2 Treatment of Neck

The trial protocol requires that all patients with lateralised tumours should undergo unilateral neck
RT, regardless of the nodal stage of the ipsilateral neck and all patients willateoalised tumours
should undego bilateral neck RT.

6.3 Definition of Treatment Volumes

Diagnostic imaging, clinical findings including seadoscopy reports, and pathology information
should be used to delineate target volumes. Outlining will be carried out using a geometric approach
as per the current internabnal consensus guidelings). Coregistration of the diagnostic CT and/or
MRI scans with the first ptaming PET Cican(prePET)s recommended.

Treatment will be prescribed in 2 phases. Phase 1 includes8{week 1 to 3 direatment) and will
be prescribed prior to the start of treatment. Phase 2 includes&38 and will be prescribed after
the radiotherapy plan has been adapted based on iPET.

Treatment of the nodes will not be adapted based on biological tumour actagn on iPET.
However, the nodal volumeshould be transferred across from prePET to iPET and edited for
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anatomical changeor may bere-outlinedde novoon the CT component of iPET without reference to
avidity.

6.4 Primary tumour target volume delineation
6.4.1 FHrst Phase

Primary biological Gross Tumour Volume (bGTV_preP)
Defining the bGTV_preP:

The region of the GTV_P that is avid on baseline@HEBGTV_prePyill be defined bya nuclear
medicine radiologist and a clinical oncologishey should eview the PET and CT scans with any
relevant clinical information to inform review of the bGTV_preP e.g. to distinguish tumour uptake
from physiological uptake or causes for increased FDG uptake such as any infective/inflammatory
causesBoth bGTV_preP and bGTV_hEl¢w) will consist of the high FDG uptake volume based upon
suitable windowing levels. Any differences in contouring will be settled either by the two doctors
reaching a consensus, or by a third doctor if differneces between the first two cannot beegsolv

Definition of bGTV_prePmay also be informed by the automatic delineated volume created by
ATLAAS oftware (bGTV_preP_ATLAASRavailable. All volumes delineated by ATLAAS must be
reviewed and if required, modified by the nuclear medical expert dimical oncologis{see below)

It will then bere-named bGTV_preP.

Defining bGTV_pR ATLAAS

Automated contouring with the Automatic Decision THegsed Learning Algorithm (ATLAAS) should
be used. This will take place using CERR software and willnséetnaed to Velocity within 24 hours.
See the SOP for ATLAAS structure creation and traf#giendix Afor more information regarding
this.

This will then be reviewed by a clinical oncologist and/or nuclear medicine consultant:

1. Open PET and accompamy planning CT images on Velocity

2. All PET images must be displayed in SUV. The display settings for the PET should be:
a. Zoom: 15200%
b. SUV scaling:-A.0

c. Colour scale: Inverse Linear

3. Review the PET and CT scans with any relevant climfimation to inform review of the
bGTV_preP e.g. to distinguish tumour uptake from physiological uptake or causes for increased FDG
uptake such as any infective/inflammatory causes.
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4. Review the ATLAAS generated bGTV_pgx&PAASNd check it corresporsito the visible tumour

on the PEXCT. It is the FDG uptake on the PET that directs the drawing of the bGTVAPL&AS

not the CT abnormality. If there is a discrepancy (i.e. the tumour is not well visualised on the CT scan)
the volume to be defined asie bGTV_prePATLAA®IIl remain the metabolically active volume.

5. The bGTV_preRTLAAShould not include areas of soft tissue/tumour on CT that have low grade
FDG uptake or are not FDG avid. The bGTV_grEPAASay sometimes include areas which dd no
contain tumour e.g. the airway because of scatter. This will be adjusted by the Clinical Oncologist or
nuclear medicine consultant in the radiotherapy treatment planning system where the volume will be
edited out of bone (unless involved) and/or air. Tasom tool can also be used to better define the
bGTV_preP but it is important to be aware that increasing the zoom too much means that larger
regions are likely be outlined, which may overestimate the metabolic volume.

Primary Gross Tumour Volume (GTV_P)

This volume includes the primary tumour. It will be delineated taking into consideration all the
information available from the diagnostic CT (and MR if available) as welle&Té preP generated
from the prePET scamnd findings from clinical examination including the panendoscopy report.

Primary Clinical Target Volume 1 (CTV1_P)

This volume includes the primary tumour (GTV_P) withisotropic margin of 5mm, edited for
anatomical barrier®.g. air, fascia and boné'he editing for platysma is permissibléhe CTV margin
allows for potential microscopic spread around the primary tumour.

Primary Clinical Target Volume 2 (CTV2_P)

This volume includes the primary tumour (GTV_P) witisatropicmargin of 1cm, editedsabove

6.4.2 Second Phase

Phase 2 will commence at #16.
Primary biological Gross Tumour Volume (bGTV_iP)
Defining the bGTV_iP:

The region of the GTV_P that remains avid on@ERfter 10# of radiotherapy will lneeated by a
nuclear medicine radiologist aralclinical oncologisaind named bGTV _iPefinition of the bGTWP

may also be informed by the automatic delineated volume created ABLAASsoftware
(bGTVIiP_ATLAAS) if available. All volumes delineated by ATLAAS must be reviewed and if required,
modified by the nuclear medical expert and clinical oncologist (the same procedure as for
bGTV_prePATLAAS It will then bere-named bGTMP.

16

Radiotherapy Outlining, Planning, DeliveryCumlity Assurance Guidelines
V 3.0 2# July 2020



NB- If there is a complete metabolic response (CMR) at this time point, ATLAAS will not generate a
bGTV_IPATLAAGNd there will not be a bCTV1_P. If this there is clinical concern about any residual

avidity in this scenario, the decision to include a bGTV_iP defined by the nuclear medicine consultant

and the clinical oncologist will need to be made atthe treatingd Y A OA I Yy Q&4 RAAONBlOAZ2Y

Primary biological Clinical Target Volume (bCTV1_P)
This volume includes the bGTV_iP withisotropicmargin of 5Smnedited for anatomical barriers.
Primary Clinical Target Volume 1 (CTV1aR{l Primary Clinical Target Volume 2 (CXT\P)

This volume includes the primary tumour (GTV_P) transferred from the prePET and rigidly registered
with the iPET. It can then be-ggown on iPET with a geometric expansion of 5amd 10mm to create
CTV1_P and CTV2_P respectiwdited for anatomical barriers. The CTV margin allows for potential
microscopic spread around the primary tumour.

Fig 1.Comparison of final primary dose levels and volumes in standard treatment (a) and PEARL (b)

a) STANDARD TREATMENT b) PEARL

bCTV1_P RECEIVES 66GY

CTV1_P RECEIVES 66GY
B CTV1_P RECEIVES 60GY

CTV2 P RECEIVES 60GY

The volume of the GTV_P remaining avid on the iPET will be boosted in phase 2 to receive a final dose
of 66Gy.The original CTV1_P receives at least @@grmediate dose), the original CTV2_P receives
at least 54Gy (prophylactic dose).

17

Radiotherapy Outlining, Planning, Deliveryunality Assurance Guidelines
V 3.0 2# July 2020



7 Nodal target volume delineation
In the scenario where there is concern about contralateral pathological nodes on the prePET or iPET,

these should be outlined as GTV. ®ONTRALAT or GTV_iN_CONTRALAT respectively and grown

with margins as for the ipsilateral GTV_N. Although the presence of contralateral pathological nodes

RSSya GKS
analysis of results.

Nodal Gross Tumour Volume (GTV_N)

This volume includes the involved nodes. It will be delineated taking into consideration all the

LI A Sy

AyStAIA0ES FT2NJt 9! witkati KS

information available from the diagnostic CT (and MRI if availablgp and FNA/core biopay well
asthe prePET scaibGTV_preP_nodeahd findings from clinical examination.

Nodal Clinical Target Volume (CTV1_N)

This volume includes the GTV_N with a 5mm margin in all directions edited for anatomical lzexriers
detailed aboveThe CTV margin allows for potential microscopic spread around the involved nodes.

Nodal Clinical Target Volume (CTV2_N)

LJF

This volume includes the GTV_N with a 10mm margin in all directions edited for anatomical barriers.

Prophylactic NodaClinical Target Volume (CTV3_N)

This volume includes the rest of the involved nodal level(s) and all at risgatbological nodal levels
appropriate for prophylactic irradiation as defined by the updatedsamsus guidelines and atlag.(1

The contoursdr CTV3_N should include the entire level regardless of any overlap with CTV1_N or

CTV2_N.

NB Thenodal volumescan eitherbe transfered from the phase 1 scan (prePET) to the phase 2 scan
(iPET) and editedor they can bere-contoured on the CT componenf the iPETde novo. CTV1_N
and CTV2_N may become small&he definitionsand nomenclatureof all the nodal target volumes

will remain the same.

Nodalstatus CTV3_N
Lateralised Node negative Ipsilateral(1by, II, IlI, IVA+ Vlla*
tumour
Node positive Uninvolved ipsilateralb, Il, Ill, IVa, Va+b

IpsilateralVIla at the level of the oropharyn
IpsilateralVIIb (when Il involved)
IpsilaterallVb+Vc (when IVa or V is involve

Non-lateralised Node negative Ipsilateralll, I1I, IVallVa
tumour 1b?
Contralateral 11, 111, IV&/lla
Node positive Uninvolved ipsilaterdb, II, I, IVa, Va+b

IpsilateralllVa at the level of the oropharyn
IpsilateralVIIb (when Il involved)
IpsilaterallVb +Vc (when IV or V is involve(

Contralateral I, I, &
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Contralateral VH at the level of the
oropharynx

1 Unilateral treatment is recommended for NON1 tonsillar fossa tumour not infiltrating the soft
palate nor the base of tongue.

2 Any tumour with extension to the oral cavity and/or the antefpdiar of tonsil and/or in the case
of anterior involvement of level .

3 Level IVb should be included in case of involvement of level IVa

*In PEARL, we recommend that the cranial border of the retropharyngeal nodal level (level Vlia) is
defined as the uper edge of the body of C1 or the upper extent of the hard palate, whichever is more
cranial.

Planning pathways

PEARL PATHWAY FOR PLAN 1

{ LOCAL MOULD ROOM APPOINTMENT 1

PLANNING PET-CT (prePET) at PET CENTRE

IMAGE TRANSFER FROM PET CENTRE TO
ATLAAS / TREATMENT CENTRE

v

‘ DEFINITION OF bGTV_preP +/- ATLAAS INPUT ‘

TRANSFER OF PRE PET CT AND bGTV-preP
TO LOCAL TREATMENT CENTRE

[ GTV_P DEFINITION AND COMPLETION OF }

CONTOURING AND PLANNING LOCALLY

A

TREAT LOCALLY WEEK 1-3
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PEARL PATHWAY FOR PLAN 2

{ LOCAL MOULD ROOM APPOINTMENT

[ FRIDAY WEEK 2 PLANNING PET-CT (iPET) at PET CENTRE }

IMAGE TRANSFER PET CENTRE TO
ATLAAS/TREATMENT CENTRE

Y

[ MONDAY WEEK 3 DEFINITION OF bGTV_iP on iPET CT +/- }

ATLAAS INPUT

iPET and bGTV_iP TRANSFER TO LOCAL
TREATMENT CENTRE

FROM prePET CT TO iPET CT AND COMPLETION OF

[ TUESDAY WEEK 3 TRANSFER OF PLAN 1 VOLUMES }
PLAN 2 VOLUMES

[WEDS — FRI WEEK 3 PLANNING LOCALLY}

¥

[TREAT LOCALLY WEEK 4 — 6 PER PLAN 2 }
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8 Example case

8.1 Preoutlining requirements
The equired preparation for PEARLopharyngeal planwill standardlyinclude:

- A contrastenhanced planning PEJT
- Access to diagnostic information:
Diagnostic CT
Diagnostic MRI
USS neck
Panendoscopy

NB For the benchmark case you vii# provided withan outline ofthe GTV_Rind GTV_Nand only
basic clinicabind radiologicalinformation. We acknowledge that in practice, more information will
be at your disposal to assist with Gvid CT\definition.

8.2 Example Case Information

Clinical information:52 year old man presenting with a 2 month history of sorenessafeeling of
fullness in the back of the throat

Diagnostic CTSoft tissue in the right tongue base measuring 3.8cm in maximal axial dimension.
Extends inferiorly into the right side of the vallecular, crosses the midline in the region of the lingual
tonsils which are involved. Superiorly it appears to involve the right palatine tonsil and right lateral
pharyngeal wall which are bulky. Does not appear to involve the extrinsic tongue muscles but does
appear to invade the tongue base. The mass abuts the sigomandibular gland although a faint fat
plane is visible. No extension into the parapharyngeal fat, no involvement of the pterygoid muscles
Two right level 1l nodes.

Diagnostic PETT:An area of avidity, maximum SUV 1irBthe tongue predominantlpn the right
side but extends across the midline into tledt tongue base and right vakkular. Tumour measures
4.1cm in longest axis. Two adjacent FDG avid right level Il lymph nodes.

Interim PETCT:Since baseline there has been a reduction in sizeraethbolic activity within the
primary tumour in the right base of tongue. This now measures 2.9cm in the longest axis and has a
maximum SUV of 9.1.
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8.3 Primary tumour target volume delineation
Colour code: Red = GTV  Green = High dose Pinkretlitdée dose  Blue = prophylactic dose

FIRST PHASE

Step 1 Definition of Primary Gross Tumour Volume (GTMrdd)

This volume includes the primary tumoulelineation should take into consideration all the
information available from thelinical examination, panendoscomdiagnostic CT and MRis wdl as
the avid volume on th@rePET scafpGTV_prekh orangg asdefined bya nuclear medical expeand

a clinical oncologistn some cases, the bGTV_preP &b be informed by the voloe automatically
defined byATLAASoftware(bGTV_prePATLAAS
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Step 2 Definition of CTV1_(&reen)

This volume includes the primary tumour (GPXeP) with a margin of 5mm, edited for anatomical
barriers.

Step 3 Definition of CTV2_(Pink)

This volume includes the primary tumour (GTV_P) withaagin of 10mm, edited for anamical
barriers.
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SECOND PHASE
Step 1 Definition of primary biological Gross Tumour Volume (bGTV_iP)

The region of the GTV_P that remains avid on®@Eafterl0 fractions of radiotherapy will beefined
by a consultant clinical oncologjstnd a consultant of nuclear medicinte create the bGTV_iP (dark
blue). bGTV_iP incorporates the avid and macroscopic primary tumour diseasene cases, it may
be informed by the contour defined by ATLAASTV _iPATLAAS
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Step 2 Definition of primary biological Clinical Target VolufTV1_P(Green)

This volume includes the bGTV_iP with a margin of 5mm edited for anatomical barriers.

Step 3Phase 1 volumebrought over to become phase 2 volumes

The GTVPis transferredrom the pre_PET onto the iPHSing rigid fusionlt is regrown to CTV1 P
and CTV1_P and edited as befokrtowever, CTV1 P is now treated to an intermediate dose and
CTV2_P to a prophylactic dose so the colours will change accordi6dly1l P will be treated to the
high dose.
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8.4 Nodal Target Delineation

Colour code: Red = GTV  Green = High dosmk = Iatermediate dose  Blue = prophylactic dose

The nodal volumes are outlined on the phase 1 scan. They can then either be transferred to the phase
2 scarand edited as necessargr reoutlined de novo on the phase 2 scan.

NB The nodal volumes wibnly be edited to match the CT component of the phase 2 scan and not
be adapted based upon any biological response on the PET.

FIRST PHASE
Step 1 Definition of Nodal Gross tumour Volume (GTY(fdd)

This volume includes the pathological lymph asdnd delineation should take into account all the
information available from the diagnostic CT and MRI as well as the avid volume on the prePET scan
(bGTV_preP_nodésand findings from clinical examination.
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Step 2 Definition of CTV1_(Green)

Thisvolume includes the pathological nodes (GTV_N) with a margin of 5mm, edited for anatomical
barriers.

Step 3 Definition of CTV2_{®ink)

This volume includes the pathological nodes (GTV_N) with a margin of 10mm, edited for anatomical
barriers.

Step 4Definition of CTV3_NLight blue)
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This volume includes all the prophylactic nodal levels to be included as per the PEARL trial
requirements and should be outlined to include the entire level regardless of whether this overlaps
with CTV1_N or CTV2_N.

CTV3 NTR

8.5 Corversion ofClinical Target Volume (CTW Planning Target Volume (PTV)

A margin will be added to each CTV in all directions, to produce the corresponding Planning Target
Volumes (PTV), in line with IRCU50, 62 and 83. The PTV margin allowsttmddgyariations in
patient anatomy and positioning. The magnitude of this ma(gypically 2; 5mm) should reflect the
geometric accuracy of the immobilisation system used byttbating centre. Radiotherapy dose is
prescribed to the PTV and minimum standards for PTV coverage are gitenDwose prescription

and Factionation setion.

9 Organs at RigOARS) outlining

OARs will be outlined on prePETand can betransferredby deformable fusion methodsnto iPET
CTfor phase 2 planning. Thepan thenbe modified on iPETTby the consultantlinicaloncologist as
appropriate.Alternatively, the OARS for phase 2 can be outlined de novo on theCiREfhis is felt
to be a more accurate method of maintaining consistency between the 2 phases.

The following normal tissue structures should be delineated:

9.1 Spinal cord

Outline the ginal cord (not the spinal canal) from the lower border of foramen magnum to 2.5 cm
inferior to PTVIsotropic expansion of-8mm (depending on local practice and immobilisatitm)
create the PRV. Pleasentactthe RTTQA team yfour centre wistesto create a PRV volume outside

of 3-5mm.

28

Radiotherapy Outlining, Planning, DeliveryCumlity Assurance Guidelines
V 3.0 2# July 2020



9.2 Brainstem

Outline the entire brainstem up to the lower border of foramen magnisotropic expansion of-3
5mm (depending on local practice and immobilisatimgreate the PRWlease contact RTTQA team
if your centrewishesto create a PRV volume outside e58im.

9.3 Parotid glands (contralateral and ipsilateral)

Both superficial and deep lobes should be included. When blood vessels (external carotid artery and
retromandibular vein) are encased by the gland, these shioeilicicluded. If there is an accessory lobe

to the parotid, this should be included in the volun@utline the visible parotid glands with reference

to the diagnostic MRI if available.

9.4 Submandibular glands (contralateral and ipsilateral)
Outline thevisible submandibular glands with reference to the diagnostic MRI if available.

9.5 SwallowingRelated Structures

The following swallowing related structures (SWOARS) will also be outlined for every patientragcordi

to published guidelineand the ATHOStlas for contouring swallowing related structures. These
structures include the pharyngeal constrictor muscles (superior PCM, middle PCM and inferior PCM),
supraglottic/glottic larynx, cricopharyngeus, oesophageal inlet, cervical oesophagus and oral cavity.
The superior and middle pharyngeal constrictor muscles will often be in the treated volume but the
other SWOARSs can all be usedtfeatment plan optimisation.

Comprehensive guidelines for outlining the swallowiatated structures in PEARL are included in
Appendix Bbased on those published IGhristianen et al2) and Shwartz et al(3).

The dose constraints for OARs and PRV are given below. No constgiigrisfor the ipsilateral
parotid gland as it often overlaps or abuts the PTV; this should be kept as low as possible but not at
the expense of PTV coverage.

NB All doses to OARs muse within tolerance for both phases, as though each phdsg being
planned for the entire 33 fractions.

Structure Volume Optimal Dose

Constraint Constraint
Spinal cord Max <48Gy

lcnm? <46Gy
Spinal cord PRV lcm? <48Gy
Brain stem Max <55Gy

lcnm? <54Gy
Brain stem PRV lcm? <55Gy
Contralateral Parotid (LateralisGdimour) Mean <14Gy
Contralateral Parotid (Notateralised Tumour) Mean <24Gy
Ipsilateral Parotid Mean ALARP
ContralateralSubmandibular Gland Mean <HGy
Supraglottic arynx Mean <55Gy
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Glottic Larynx Mean <45Gy
SuperiorPharyngeal Constrictor Muscles Mean <50Gy
Middle Pharyngeal Constrictor Muscles Mean <50Gy
Inferior Pharyngeal Constrictor Muscles Mean <20Gy
Cricopharyngeus/oesophageal inlet Mean <20Gy
Cervical oesophagus Mean <20Gy
Oral Cavity (low priority for optimisation) Mean <30Gy

*Mandatory dose constraint

10 Dose prescription and Fractionation

10.1 Primary tumour radiotherapy dose and fractionation

PHASE 1 DOSE (Gy) FRACTIONATION
PTV1 P 27.3 15

PTV2 P 24.5 15

PHASE 2 DOSE (Gy) FRACTIONATION
bPTV1 P 38.7 18 (Total 66Gy/33F)
PTV1 P 32.7 18 (Total 60Gy/33F)
PTV2 P 29.5 18 (Total 54Gy/33F)
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10.2 Nodal radiotherapy dose and fractionation

PHASE 1 DOSE (Gy) FRACTIONATION
PTVL N 27.3 15
PTV2 N 27.3 15
PTV3 N 24.5 15
PHASE 2 DOSE (Gy) FRACTIONATION
PTVL N 38.7 18
PTV2_ N 32.7 18
PTV3 N 29.5 18

The dose is prescribed to the median of the respective volumes (ICRU 83). Centres unable to prescribe
to the median dose due to their planning system capabilities should ensure that the median dose lies

within 1Gy (aim for within 0.5Gyf the prescription dose. The median dose should be reported on

the plan assessment form. D50 must be within 1Gy of the prescription value for PlanPTV5400 (aim for

within 0.5Gy). Centres with any issues regarding the median dose prescription should tloat@eét
group. The minimum and maximum doses to the PTV should be withia®®% of the prescription

dose. Less than 2% of the volume outside the PTV should receive >107% of the prescription dose. In

those areas where the PTV and PRVs overlap, whnkag of the PTV will be permitted in order to
fulfil the constraints for the OARs. Plan assessment will follow ICRU 83 guétheheport doses to

the PTVs and CTVs

Dose volume constraints for volumes of interest

DOSE (%)
VOLUME | bPTV1 P |PTV1l P PTV2_P PTV1_N PTV2_N PTV3_N
(%)
99 >90 >90 >90 >90 >90 >90
98 Unspecified | Unspecified | Unspecified | Unspecified | Unspecified | Unspecified
but must be| but must be| but must be| but must be| but must be| but must be
reported reported reported reported reported reported
95 >95 >95 >95 >95 >95 >95
50 =100 =100 =100 =100 = 100 +/|=100 +1Gy
1Gy
5 <105 <105 <105 <105 As low ag As low as
possible possible
2 <107 <107 <107 <107 As low ag As low as
possible possible
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11 Planningguidelines and treatment delivery

The trial protocol mandates that all patients within the PEARL study will undergo swallowing and
salivasparing RT, delivered using Volumetric Arc Therapy (VMAT) (RapidArc), which the UK DARS
clinical trial team demonstrad reduced RT dose to the pharyngeal constrictoose effectively than

IMRT Each participating trial centre must detail their method of treatment planning and delivery in
their radiotherapy process documenthe Velindre planning process is detailed ppéndix C as an
example.

11.1 Treatment verification

The PEARL protocol mandates daily imaging with online cone beam CT for the majority of fractions (
minimum of 3( for on treatment verification.

11.2 Field arrangement
A partiatarc VMAT technique irecommended.

11.3 TPS Dose modelling

Dose distributions should be calculated and corrected for inhomogeneities and undeliverable beams.
Normalisation should be to the median/mednse of the PlanbPTV1, PlanPTRIanPTVar PlanPTV3
(ICRU 83). Normalisation to the uncra&gpPTV may be accepted on a case by case basis.

11.4 Plan evaluation

A Dose Volume Histogram (DVH) should be produced to show as a minfauait treatment arms:

bPTV1, PlanbPTV1, PTV1, PlanPTV1, PTV2, PlanPTV2, PTV3, PlanPTV3, spinal cord, spinal cord PRV,
brainstem, brainstem PRV, contralateral parotid gland and ipsilateral parotid gharss reporting

should also include the CTVs.

If volumes are to be edited away from the skin surface for purposes of planning and maintaining skin
sparing, then this shodlbe noted on the plan assessment form. Both edited and unedited volumes
should be recorded in the relevant columns of the plan assessment form. The treatment plan along
with the plan assessment form (PAF), preferably filled in electronjealdto be submitted Plans

should be inspected on each and every slice to ensure conformal coverage of the PTVs resulting in
sufficient target coverage as well as normal tissue and OAR sparing. There should be no avoidable low
and high dose regions inside the PTagswell as no high dose regions in normal tissue.

Planning aims should be prioritised in the following order:
Meeting critical organ constraints (spinal cord and brainstem)
bPTV1 (phase 2 only)
PTV1
PTV2
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PTV3
Non-critical organ constraints (e.g. pards)

Other nonspecified normal tissue

Please note, meeting specified DVH criteria alone may not be sufficient to ensure that an optimal plan
has been produced. A plan may still need to be resubmitted if it is not compliant with the above as
well as ICR reports 50, 62 and 83.

If a centre feels unable to meet the trial requirements, please contact the RTTQA team for further
guidance.

11.5 Treatment Plan PatienSpecific QA

Direct Dicom Direct Dicom Route for un

Direct Dicol RM(-MP1, Dir o .
) ta
| Velocity VCC i ProSoma VCC [ a

link
ProSoma VCC

Export to TPS

WPET/CT in
treatment
setup and

immobilisation

wDelineate GTV
based on PET
SUVs

wVCC
wSwansea
wBristol

wintermediate wComplete
target
delineation
(CTVs)

wintermediate

stage

TPS NWISfileshare

wOptimise wAnonymise uReturn to

plan

uReview plan
oProvide
feedback

Once the treatment plans have been accepted by the QA team, the acceptedrplestisundergo
patient specific QA, and the QA data sent to the QA team. This should be obtained by following the
standard local procedure fo/MATper-patient QA for PEARILial patients.

No extra forms are included for this data as all centres will hes/ated their own documentation.

This is required for completion of the plang benchmark case#t is recommended that this is carried
out once the plans have been accepted to avoid the centre carrying out QA unnecessarily.
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11.6 Monitor Unit checking

Monitor units should be checked by measurement for a minimum of one dose point in an appropriate
homogeneous region of the high dose volufoe each planindependent calculation programs may

be used in place of measurements, provided the centre has a pe\igh level of experience in
measurement QA and has a system in place for verifying errors found by the independent calculation.

11.7 Treatment verification

Centres should follow their local protocols for-tieatment verification. This should be detailadthe
process document.

The use of volumetric imaging (CBCT or MVCT) matched to plannir@TP&3ans is strongly
recommended within the PEARL study.

Daily imaging is recommended for an acceptable minimum of 30 fractions.

11.8 Radiotherapy Delays

Patientsin the PEARL trial are managed as category 1 patients. Radiotherapy must be completed on
time as planned: 6 weeks (42 days) to receive 66Gy in 33 fractions as per the Royal College of
Radiologists best practice guidelines.

Planned interruptions (machine sacing bank holidays) should be managed by delivering fractions
on other days of the week and unplanned interruptions should be managed as per the Royal College
of Radiologists guidelines.

12 Radiotherapy quality assurance

12.1 PreTrial Requirements

Prior to goening the trial at a participating centre a programme of -pial RT trials QA must be
completed. Details of these requirements are outlined below.

12.2 VMAT Credentialing

Centres must have achieved VMAT creddlitig from the RTTQA group in order to entextipnts

into the PEARL trial. An overview of the complete credentialing programme, along with the associated
data and documentation, is given on the RTTQA website (www.rttrialsqa.org.uk). The VMAT
credentialing programme consists of the following steps:

12.3 Pre-Accrual Target Delineation Benchma@ase

The aim of the outlining benchmark cases is to ensure consistency of outlining across study centres.
The outlining benchmark cases must be done or reviewed by the Principal Investigator before
submission.

34

Radiotherapy Outlining, Planning, DeliveryCumlity Assurance Guidelines
V 3.0 2# July 2020



All participating centres are required to outline both phase 1 and phase 2 of the benchmark case as
below:

1 ZPEARLDelineationPh1Z
1 ZPEARLDelineationPh2Z

Clinicians will be provided with clinical information on the benchmark cases to assist them in
establishing whether or not the tumour is lateralised and what nodal levels should be included in
CTV3_NIn all caseprimary and nodaGTV delineation will beompleted by the RTTQA centising

all clinical and radiological information available d@dhelautomated delineation on PEIT scan using
ATIAAS software followed by manual checkigvestigators at each centre should follow the
guidance in section 9 argkction 10 of the RT guidance document for target volume delineation and
organ at risk outlining respectively. The GTVs should not be edited, but used as provided to create the
CTVs as per the guidance in section 9.

The following OARs should be outlined:

Ipsilateral parotid
Contralateral parotid
Submandibular glands
Spinal Cord
Brainstem
Superior Pharyngeal Constrictor Muscle
Middle Pharyngeal Constrictor Muscle
Inferior Pharyngeal Constrictor Muscle
Cricopharyngeus

. Oesophageal Inlet

. Cervical Oesophagus

. Sipraglottic Larynx

. Glottic Larynx

. Oral Cavity

© o N O

[ e
A W DNDPEL O

The structures should be labelled according to the nomenclature below:

bGTV_preP_ATLAAS ATLAAS defined biological primary GTV in phase 1
bGTV_preP diniciandefined bblogical(avid)primary GTV iphase 1.
GTV_P Gross primary tumour volume
CTVl P CTV to receive a dose of 60Gy
CTv2 P CTV to receive a dose of 54Gy
bGTV_iP_ATLAAS ATLAAS defined biological primary GTV in phase 2
bGTV_iP Cliniciandefined biological primary GTV in phase 2
bCTV1l P CTV to receive a dose of 66Gy
bGTV_preP_nodes Clinician defined biological nodal GTV in phase 1

35

Radiotherapy Outlining, Planning, DeliveryCumlity Assurance Guidelines
V 3.0 2# July 2020



GTV_N

Gross ndal tumour volume

CTV1_N CTV to receive a dose of 66Gy
CTV2_N CTV to receive a dose of 60Gy
CTV3_N CTV to receive a dose of 54Gy
SpinalCord Spinal cord

BrainStem Brainstem

Parotid_IL Ipsilateral Parotid

Parotid_CL Contralateral Parotid

SMG_IL Ipsilateral Submandibular Gland
SMG_CL Contralateral Submandibular Gland

PCM_Superior

Superior Pharyngeal Constrictdiuscle

PCM_Middle Middle Pharyngeal Constrictor Muscle
PCM_Inferior Inferior Pharyngeal Constrictor Muscle
Cricopharyn Cricopharyngeus Muscle

Oeso_Inlet Oesophageal Inlet

Cervical_Oeso

Cervical Oesophagus

Larynx_SG Supraglottic Larynx
Larynx_G Glottic Larynx
Oral_Cavity Oral Cavity

Benchmarking of participating centre target (CTV) delineation will be achieved through test case
delineation anckither submissiorto the RTTQA centre for review, or throudiscussion athe RTTQA
workshop.

The local PI at participating centres will be required to complete the target delineation benchmark
case and should be involved in completion of altiial cases by nowredentialed cliniciangn their
centres
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12.3.1 PEARL Target Delineation Benchm&se

T2N2V0 Squamous cell carcinoma righiase of bngue
Clinical Information

62 year old man presents with a fullness in the back of his throat and a right neck lump. No other
symptoms. No cemorbidities.

PanendoscopyRight posterior tongue base massosy confirmed squamous cell carcinoma. P16
strongly positive. Extends inferiorly into the right side of the vallecular and crosses the midline at the
lingual tonsils which are involved.

CT:Soft tissue mass in the region of the right tongue base meag8iB8 cm in maximum axial
dimension. This extends inferiorly into the right side of the vallecula, crosses the midline in the region
of the lingual tonsils which are involved. Superiorly it appears to involve the right palatine tonsil and
right lateral orgpharyngeal wall which are bulky. Within the limits of the CT this this does not appear
to involve the extrinsic tongue muscles but does appear to invade the tongue base. The mass abuts
the right submandibular gland although a faint fat plane is visibled®imite extension into the para
pharyngeal fat with no involvement of the pterygoid muscles. No involvement of the hyoid bone or
lingual surface of the epiglotti€onclusionTumour centred in the region of the right base of tongue

as described above thi likely involvement of the tongue base, lingual tonsils and possibly the right
palatine tonsil with extension across the midline. Radiologic stage of T2 N2b MO.

PETCT Base of tongue is FDG avid with a maximum SUV of 11.9. This is predominansiyed ot
extends across the midline into the left base of tongue and inferiorly to involve the right vallecula. The
tumour measures 4.1 cm in longest axis. No overt invasion into surrounding structures. There are two
adjacent FDG avid right level 1l noddse largest measures 16 mm in short axis and has a maximum
SUV of 9.5. No contdateral cervical or distant nodal disease demonstrated. The remainder of FDG
uptake is unremarkable. No other significant abnormality demonstrated. Conclusion: FDG avid righ
base of tongue tumour with ipsilateral nodal disease (T3 N2b MO).

12.4 Pre-accrualPlanning Benchmark Cases

Participating centres will be required to submit two planning benchmark casee for each phase

of treatment. A plan is to be optimised on a pretlined case (targets and OARS) provided by the
RTTQA grougentres should grow the PTVs and PRVs using their own margins as determined by their
local immobilisation and set up techniqueBhis will be returned to the RTTQA group to assess
adherence to prtocol, suitability of the planning technique and plan quality.

A plan assessment form must be completed and submitted to assess agreement of dose/volume
recording between participating centre and RTTQA group.
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12.4.1 PEARL Planning Benchmark Case

T2N2MO0 Squamasicell carcinoma right base of tongue
Clinical Information
57 year old man presents with right neck lump. No other symptoms omgorbidities.

PanendoscopySubtle abnormality in the right tongue base. Biopsies confirm moderately
differentiated squamousadl carcinoma.

MRI:Multiple enlarged right level 2/3 nodes which are cystittwperipheral rim enhancementhese
measure up to 14mm in short axis. No further significantly enlarged jugular chain nodi$iede
Irregularity of the mucosa region of tmight lingula tonsil and right sided vallecula which shows some
asymmetric increased enhancement. No apparent involvement of the structures deep to the mucosa
or the tongue base. There is also slight asymmetry of the soft tissues in the right laterhapnop
although there is no increed enhancement in this regioNo further abnorméty identified within

the tongue base, pharynx or larynx. Normal appeararafgehe major salivary glandSonclusionThe
features are highly suspicious for neoplasfitiltration of the right level 2/3 nodesAbnormalities
within the region of the right lingual tonsil, vallecula and oropharynx as described above should be
directly visualised as potential sites of a primary lesion

PETCT:The known primary tumour withithe right side of the base of the tongue is marked FDG avid
with a maximum SUV of 14.8. This measures 2.6 cm in long axis and there is no invasion into
surrounding structures. There is ipsilateral, necrotic right cervical lymphadenopathy at leveltIIl w

the largest node measuring 16 mm in short axis. The maximum SUV of the nodes on the right side is
5.7. There are shotty nodes in the left neck at level Il/lll, none of which are enlarged by size criteria,
however one of the nodes at level Il demonseatabnormal FDG uptake with an SUV of 3.2 (8 mm
short axis) and this is suspicious of nodal infiltration. The remainder of FDG uptake is unremarkable,
in particular there is no evidence of distant disease. Conclusion: FDG avid primary tumour within the
right base of tongue with bulky right and probable small volume left cervical nodal disease (T2 N2 MO).

12.5 Trial Specific Facilities Questionnaire

Participating centres will be required to complete a facilities questionnaire during credentialing for a
newtrial. This will be sent directly from the RTTQA contact.

12.6 Verification of Electronic Transfer of Data
During the typical patient pathway, data shall be transferred both anonymised andmamymised.

As such, transfer between participating centres andRI& QA group will be undertaken via the NWIS
Fileshare Service. The data transfer method is outlined below:

1. Patient PETCTed at PEJentre

2. Data transferred directly to RTTQA groupB@&TV Pdelineation

3. Data transferred to participating centre via NWIS $lilare (where participating centre is
remote from RTTQA Centre).

4. Anonymised delineated / planned data returned to RTTQA centre for review
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The intended transfer method between RTTQA and participating centre will be followed using a test
case in the trial sefp stage to ensure this transfer can be successfully achieved and to identify any
issues that require resolution prior to commencingtoial cases.

12.7 Map of the real time review process
A map of the reatime review process for phase Il is shown below.tNexach stage is shown the

latest fraction day (assuming no breaks) at which each task should be concluded to achieve the overall
process within the intendg timescale.

PETIC

#10

articipating
Centre

#12
.

12.8 Dosimetry Audit

Consists of an output measurement and dosimetric measurementagr@sentative treatment plan.
Audits are carried out either by the RTTQA group in person (with participating centre support) or via
a postal audit using RTTQA equipment and performed by the participating centre. Centres may start
entering and treating paents into the trial prior to the dosimetry site visit. However, the dosimetry
audit should be completed as soon as possible following generdtipt€A approval.

#16

12.9 Streamlining of Outlining, Planning and Audit process

There is no streamlining of targeeliheation or planning from having completed credentialing for
other H&N trial(s). Ph1l and Ph2 delineation must be completed and submitted for structure baseline
case (Ph2 structures are partially generated through transfer from Phl). However, as Rhéhar¢h
complex it is only required to submit a baseline planning case for Ph2, and standardly, only the first
Ph2 cases will undergo retiine target delineation and planning QA.
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A dosimetry audit is required per technique, not gael. As such, complaih of a dosimetry audit
for the purposes of a previous trial within an appropriate timescale will suffice for credentialing for
subsequent trials. This will be checked by the RTTQA centre.

12.100n-Trial Prospective Case Review

It is intended that all trial cges will undergo a redime QA of target delineation prior to plan
optimisation.ltis intended that independent review will be conducted by any available TMG clinician.
To allow for this, the delineation and submission must be completed in a timamyer, especially in

the case of the more tightly timbound phase 2 turnaround, and sufficient clinical history must be
submitted to include as a minimum:

9 Site of primary disease

9 Categorisation of primary tumour
9 Involved nodal levels on pathology
f  TNM stage

1 Treatment start date

Review will be organised by the RTTQA centre to ensure that timescales and communication method
are agreed in advance of submission to allow for maintenance of required trial planning timescales.

Following successful completing of tatglelineation QA, reaime plan QA will be completed through
submission of optimised plan and completed plan assessment form and review by RTTQA. This must
be successfully completed prior to patient commencing RT.

12.11Trial Data Collection

Data will be collected by the RTTQA centre for all patient treated in the PEARL trial. Data must be
appropriately anonymised and transmitted to the RTTi@#g the NWIS FileShagea named trial
contact at the participating centre will require user prigés to be setup for this. Please submit in
DICOM format the following:

1 PETCT images. MRIs, if used, may be collected.

9 Structures, ensuring conformance with agreed trial nomenclature.
1 Plan.

9 Dosecube.

9 Electronically completed plan assessment for (in iaxat)

Data associated with any+@ans for PEARL patients during radiotherapy must also be submitted to
the RTTQA group. This data may not be subject to prospective review given the further shortened
timescales for replans.

12.12Data Anonymisation

All datacollected by the RTTQA centre must be anonymised prior to being sent; data that has not been
anonymised will not be accepted. Any anonymising software may be used; DICOMpiler is available at
http:// itc.wustl.edu/DICOMpiler/index.htmit is required that the trial number and initials are used

to identify the patient. It may be of use to keep your own list of names and IDs as well.
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14 Appendix A: ATLAAS structure creation and transfer SOP

14.1 Importing patient scans intovVelocity from Prosoma

In Prosoma, find the patient to be exported.

Doubleclick to open the PET scan.

Register the patient if necessary, and ensure that the yellow exclamation mark is not present.

{ St SO0 W9OELRNIQ FNRY (GKS 5L/ ha w¢ YSydzo

Selectthe networkRSa G A Yyl GA2y a4 WQ5L/ hapeCh[59wy5! at QQ
W{Syid we¢ adGNHzOGdzZNBaQ 2N Wwe LI FyQd t NBaa W{ S\
6. Repeat this for the CT scan.

7. In Velocity, go to the atient Import Inbox. Browse\togfh5srvpukkajSfolderdump study.

8. Select the patient study, making sure the pET and CT scans are selected.

9. { St SO0 WwW5StSGS az2daNOS FAfSaQo

10. Import the scans.

11. Check that the patient details including Patient ID are correct.

arwDnhPe

14.2 Setting the Matlab path

1. OISy aldGflro Wwamyo FyR dzyRSNJ GKS K2YS GFo6o &St S
are located in the T drive.

2. {StSO0 W' RR ¢6A0GK {dzoF2ft RSNAQ®

3. Browse to Working roup$DBIT and then choose the pettat, cerrt and custonrfunctions
directories in turn

4, { St SO0 wotz2asSqo

14.3 Importing DICOM Scans into the CERR environment

1. Find the patient in Velocity using the search toBlssure that the PET scan has been interpolated

to match the CT scan. If this has not been performed, open the patient. Select theaas the

primary dataset and the PET scan as the secondary dataset-dRidghon the PET scan and select
WONBI 4GS NBal YL SRQd ! ySg AYyGSNLRfIFIGiSR t9¢ &aoly

2.In the main Velocity menuAra K Of A O1 2y (KS Ql@wivde foythé direggply & St SO
TATrialsQAPEARIONTrial ' YR ONBIF GS | F2f RSNJ gA0GK {(GKS y2Y!
Wt | GA Sy dLS5 pA-CTRdked giredtrdedd ahd midtedtment respectively. Select the

scan(s) to be exported (i.e. theinterpole t 9¢ X 2NRAIAYIEf t9¢ aoOly FyR [ ¢

od® hLISYy aldGftlo FyR (8L &/ 9wwh Ayid2 GKS O02YYIlI VYR

nd® LYy GKS /9ww O2yuUNRft LI ySt 6 CA3IdzNBlow inenb.y & dzNB
/ £t A01 GAYLRNIbH®

5. Browse to the relevantfolder K SNB GG KS SELIR NI SR LI sélac&oldét. Rl G &I 2
cd hyOS /9ww KFa FAYAAKSR a0l yyAy3 F2N) FAf Sas Of
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file://///rqfh5srvpukkaj5/folderdump/study

T® {StSOUG ab2b AT bppehdiiesaaisSUKSNI é2dz g yid (2

8. Save the new CERR files with the Y Sy Of | (i dzNIIB @t 12 INA SBE G LISABLI G L 5 YA Y
directory TiTrialsQAPEARIONnTrialPatientiD_pre (or PatientID_interinERR_data If asked
GKSGKSN) 82dz ¢l yilG (G2 TALI GKS FAES3Y asStSOG wyz2qQo |1
onto the local driveand then manually move to the correct directory on the T drive.

4. CERR control panel - X

C

Computational Environment
for Radiological Research

Local GitHub Hash:

Date:
SO 2 3 Help
Clinical use prohibited, see copyright terms.
Import Export Review
DICOM W D]COM Viewer

Import

Figure 1: The CERR control panel.

14.4 Performing the ATLAAS segmentation

Mm® LT y2G | fNBFIReé R2yS a2z 2Ly aldGflo FyR & LIS
control panel (Figte 1).

Hd /fTAO1 2y G+xAS6SNpH G2 2Ly (GKS / 9ww @GAS
f

-

G
G2LISYb® . NRgasS

Q)¢
(7))
(s}
c

o® /tAO1 2y aCAtSb YR
previously created. Select this file.
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14.5 Creation of the segmentation boundary box
md / fAO| 2 ¢ctthedn@tpyfated PET Rnage 8dm the drdpwn menu.

2. Scroll through the image set to find the approximate location of the bGEWould be noted that
Velocity slice numbering is lower by 1 than CERR slice numbering.

3. From the PESTAT droglown YSy dzz a8t SO0 &adSLI wy {GFNI &as3ay

segmentation GUffigure 2)
"
&

Initialisation

Segmentation
Define your bounding box

percentagePeak

Generate contour

Add CT thresholding
Use Fuzzy Rules

1

Level

Wmin
0
intensity (BamL)

512

Contouring
Draw manually
Contour as BB
Save BB as contour
Select Seed Pot
Propogate Contour
Generate BB from seeds
Shrink BB Expand BB
Custom bounding box

- 1 2 I R 155 1
Save bounding box .

Edit L.d Enter structure name Structure Name Save Close

Figure 2. The segmentation GUI

4. Select the appropriate colour map and the window level and width by using the windowing tool
(Figure 3) in the upper right handroer of the segmentation GUI.

4 Window Level... — X

Select window level
0 96310.

Si— d

Level = 30725.4258 Ba/mL

Select window width

- 96310.
A | v
Width = 61450.8516 Bg/mL
Done

Figure 3: The adjustable window level and width tool.
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5. Create a boundary box demonstrating the location of the tumour. This should be attempted in the
FANRG AyadlyOS dzaAy3a Gécton 22118 hikRmeth&dfais? tReHouRdarst ONR 6 S |
box should be created manually using the method describ&kition 2.2.2.

z

146/ NBlI GA2y 2F | 062dzyRFNE 62E dzaAy3d (KS aasSsi

w»

1. Within the segmentation GUI, move through the transverse slices to find the extremike of

LINA Yl NB GdzY2dzNJ @2f dzYSod hyO0S (KS ctSSeel REn intie af A O8
contouringbox (Figure 4) and then left click on the approximate location of the extremity of the

primary tumour. Press the enter key () after placing #eed point on the PET image.

Contouring

Draw manually
Draw rectangle

Propagate contour

Contour as BB
Save BB as contour

Select Seed Point
Auto generate mask
Shrink BB | Expand BB

Edit i |

Figure 4: The contouring box within the segmentation GUI.
2. Repeat for the extremity of the tumour in the opposite transverse direction.

3. Seeds should also be placed indicating the tumour extent on an approximatetgicieigh uptake
slice of the tumour (Figure 5). A maximum of 4 seed points should be placed on this slice.
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Figure 5: Placement of seed points (the black dots) to mark the extent of the boundary box.

4. Scroll through the slices and check that theipoas of the seeds are correct. If any seeds are in the
incorrect position, the GUI should be closed angpened and the above process repeated. In the
event of repeat incorrect seed placement, the bounding box should be created using the manual
method (see section).

pd {StSOG WDSYSNIGS .. FNRY aSSRaQ (2 ONBFIGS (GKS

6. Check visually that the generated boundary box (drawn in purple) is in the correct location, covers
the full extent of the tumour and does not include any other regions af apitake. If the boundary

box appears poorly located, close andagen the segmentation GUI and use the manual boundary
box creation method described Section 2.2.2.

1471 NBFGA2y 2F | 062dzyRIE NBE 062E dzZAAy3a (GKS avYl y
This method should be attemptefildan acceptable boundary box cannot be produced using the seed
method.

1. The extent of the boundary box can be defined manualy Of A Qliaw yidghuallK S5 di# (G 2 v
(Figure 4). On each slice, left click aroundghape to defie the area to run the ATLAAS segmentation
on (Figure 6)When finished right click to complete the shape.
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Figure 6: % 2 dzy Rl NB 6 2 E OB inan$alR/” fulzétiany The bousedy box is displayed
in purple.

2. The boundary box on individuglices can be propagated onto adjacent sligsing the propagate
contour function. After drawing the boundary box orid A OS I Pépakaie]conidus” Bttorm
(Figure 4)nter the slice numberof the contour you wish to propagate and the first andtlslkce
numbers you wisho copy the boundary box onto. The slice number caridagnd above the slicen
G§KS &aS3ySyil dkiahygchddk thadmalcHing Eblundaity box has been copied onto the
correct slices.

3. In order to delete the boundary ban an individual slice, click on the rubblsn icon (Figure 4).

14.8 Saving the segmentation bounding box

1. hyO0S (KS o062dzyRAy3 o62E Kl &a 06SSy ONBIGSRI Al
¢tKS y2YSyOfl GdzNB Wt GASYGYOpagpdINR Q6 8 NHZWER G X 1

scans acquired preatment and midtreatment respectively. The saved bounding box
should be moved from the Matlab working directory to the directory
TATrialsQAPEARIONTrial PatientID_pre (or PatientID_interinERR_data

2. ltisalso useful to visualise the bounding box in the CERR viewer. This can be achieved by

aStSOGAy3a W{I@gS .. la 02yi2d2NR Ay (KS O2yi2dz

14.9 Performing the ATLAAS segmentation

1. To delineate the primary bGTiteRATLAAS or bGTYET ATLAASer the boundary box has
been delineatedselect the ATLAASv1 segmentation froml#fehand side of the segmertian GUI
(Figure 7)/ £ A O Benar&teScondour” button.
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Segmentation

Select segmentation method

AT Al
RG

WT

AC

KM

FCM

GCM

ATLAASVO

ATLAASV1 fad)

Generate contour

O Use Fuzzy Rules

Figure 7: The segmentation selection box witthe segmentation GUThe ATLAASv1 segmentation
method has been selected.

2. Check that the contour is ticked in the results box. Name the struaisieg the structure
name box asas bGTV_prePATLAAS"if the PET was acquired pheatment or
WO D¢+ YA tQP IAG] G !&uiredntdtreatinent/ f ASave". &

Check that the ATLAAS segmentation and bounding box look as expected in the CERR viewer.

3. Check in the Matlab command window that no errors have been genel@tese the
segmentation GUI.

4. Findthe volume ofthe structur@ @ G @ LAYy 3 W@2f &0 NHzOG dzNB ! ¢ [ !
the command box in the CERR viewer. (The structure number can be found by selecting the
relevant PET image under the sttures menum the viewer and finding the nuber to the
left of the contour ame). Make a note of the volume.

5. Delete the bounding boxasastrubt8 Ay GKS @ASSHSNI o6& dzaiAy3d (KS
®. . A0GNHZOGdZNE ydzYoSNBQ Ay GKS /9ww @GASESNI 02"

6. Save the CERR file.

14.10Exporting the ATLAAS segmentation
1. / £ A0 -FIRT" antliKSy Bed B Buiport GtructuresExport the structures to
TATrialsQAPEARIONTrial PatientID_pre (or PatientlD_interifERR_data Separate
folders will be created in the directofgr each scan which has contours associated with it.
2. Exit CERR.
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14.11lmporting the ATLAAS segmentation into Woeity
1. In Velocity, fid and open the patient.

2. RightclickonthePETscarE Y 1S (GKS &aOFly GKS LINR Yl NEBroRdeld I aSd
to the foldercontaining the ATLAAS contour associated With€T scan and click omport.

0 /[ fITC vied the ATLAAS segmentation.

nd wAIKG OtAO]l 2y GKS t!te[!!{ &adNH2OGdz2NE | yR aSft
KAaid23aNrYQo [/ fA01 2y WDNI LK { il dre\aodicheé@itiadthid 2 S R
agrees with the volume recorded in CERR.

5. Ensure that visual interpolation in Velocity is turned off.

6.The ATLAASo ontour should be assessédh inverse grey colour map should be used for this
assessmenbn the PET scan, with abl'® window setting of 810.

TO | ySg aiGNHzOGdzZNBE &dK2dzZ R 0SS RPrePAATEAABSaRres KA OK &
GNBFGYSYy G aid NUHzATLNNS Tl2yNBeatmedBRetuper t
8. The final bGTV structure should be exported to Prosomaelsttiucture menu, right click on the

structure sset containing the bGTV. Export to\TiiglsQAPEARIONnTrialPatientlD_pre (or
patientlD_interimybGT¥® ¢ KS W! aS +St20A0& tIFGASydG 5S8SGFAfaQ

14.12Exporting from Velocity to Prosoma

1. Load the Prosoma database.

2. LYLR2NI GKS oD¢+ AGNHZOGNBAE FAESa dzaay3a w{St SOl
TATrialsQAPEARIONTrial PatientID_pre (or PatientID_interubdGTW and select the
structure file.
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15 Appendix BSwallowing structures atlas

The swallowingtructure outlining guidelines for PEARL are based on those published by Chmistiane
et al (2) and Schwartz et al)(I'he table below details the anatomical borders of the structures.

Organs at Risk Cranial Caudal Anterior Posterior Lateral Medial
lcm Sternal
caudal to notch
Cervical lower edge
Oesophagus of the
cricoid
cartilage
Tip of First slice Hyoid bone; Pharyngeal Thyroid Pharyngeal
epiglottis cranial to Pre-epiglottic | lumen; cartilage lumen
Supraglottic the upper | space; Inferior PCM (lumen
Larynx edge of the | Thyroid exduded)
arytenoid | cartilage
cartilages
Upper Lower Thyroid Inferior PCM; | Thyroid Pharyngeal
edge of edge of cartilage Pharyngeal cartilage lumen
. arytenoids | cricoid lumen/ (lumen
Glottic Larynx . . . Cricoid
cartilages cartilage if , exduded)
. cartilage
soft tissue
is present
Upper Firstslice Buccal Anteriorto Medial
edge of cranial to surface of soft palate up | edge
hard superior maxilla, to bottom of | maxillary
palate border of mandible and | C1in the sinus
Oral Cavity Level 1a/ teeth upper half superiory
(to include Insertion and Anterior Media
mucosal surface of . to tongue edge of
of hard palate, Platysma base from buecinator
oral tongue, muscle to below C1 in oo
gingva, buccal mandible the lower half
mucosa and anteriorly/ Buccal
floor of mouth) Firstslice surface of
where mandible/
hyoid seen maxilla/
on axial teeth
sections
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Organ at risk

Anatomic borders
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Cranial Caudal Anterior Posterior Lateral Medial
Caudal tip | Lower Hamulus of Prevertebral Medial Pharyngeal
of the edge of C2 | pterygoid muscle pterygoid lumen
pterygoid plate; muscle;
. plates Mandibula; Para-
Superior PCM
(hamulus) Base of pharyngeal
tongue; space
Pharyngeal
lumen
Upper Lower Base of Prevertebral | Greater Pharyngeal
Middle PCM edge of C3 | edge of tongue; muscle horn of lumen
hyoid bone | Hyoid hyoid bone
First slice Lower Soft tissue of | Prevertebral | Superior
caudal to edge of supraglottic/ | muscle horn of
Inferior PCM the lower | arytenoid | Glotticlarynx thyroid
edge of cartilages cartilage
hyoid bone
First slice Lower Posterior Prevertebral | Thyroid
caudal to edge of the | edge of muscle cartilage;
Cricopharyngeal | the cricoid cricoids Fatty
Muscle arytenoid cartilages cartilage tissue;
cartilages Thyroid
gland
First slice lcm Tracheal Prevertebral Fatty
caudal to caudal to lumen muscle tissue;
lower edge | the Thyroid
Oesophageal of cricoid superior gland
Inlet Musde cartilage border of
oesophage
al inlet
muscle
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