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Abstract

Background Lung cancer is the third most common type of cancer in the UK. Treatment outcomes are poor

and UK deaths from lung cancer are higher than any other cancer. Prehabilitation has shown to be an important
means of preparing patients both physically and psychologically for cancer treatment. However, little is understood
about the context and mechanisms of prehabilitation that can impact physiological and psychological wellbeing.

Our aim was to review and summarise primary research on prehabilitation in the lung cancer pathway using a realist
approach.

Methods A scoping review of empirical primary research was conducted. Five online medical databases from 2016
— February 2023 were searched. All articles reporting on prehabilitation in lung cancer were included in the review.
For this review, prehabilitation was defined as either a uni-modal or multi-modal intervention including exercise,
nutrition and/or psychosocial support within a home, community or hospital based setting. A realist framework

of context, mechanism and outcome was used to assist with the interpretation of findings.

Results In total, 31 studies were included in the review, of which, three were published study protocols. Over 95%
of studies featured an exercise component as part of a prehabilitation programme. Twenty-six of the studies had

a surgical focus. Only two studies reported using theory to underpin the design of this complex intervention. There
was large heterogeneity across all studies as well as a lack of clinical trials to provide definitive evidence on the pro-
gramme design, setting, type of intervention, patient criteria, delivery, duration and outcome measures used.

Conclusion A standardised prehabilitation programme for lung cancer patients does not yet exist. Future lung
cancer prehabilitation programmes should take into account patient led values, needs, goals, support structures
and beliefs, as these factors can affect the delivery and engagement of interventions. Future research should con-
sider using a conceptual framework to conceptualise the living with and beyond cancer experience to help shape
and inform personalised prehabilitation services.
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Background

Lung cancer is the third most common type of can-
cer in the UK [1]. Treatment outcomes are poor and
UK deaths from lung cancer are higher than any other
cancer [2]. Cancer incidence and mortality projections
within the UK predict that although mortality rates are
likely to increase over the next 10 years, there will also
be more people living with and beyond cancer [3].

Prehabilitation has shown to be an important means of
preparing patients both physically and psychologically for
cancer treatment by mitigating deconditioning associated
with cancer treatments between the time of cancer diag-
nosis and the beginning of acute treatment’ [4, 5].

Prehabilitation within cancer surgery has shown to
reduce morbidity and improve health outcomes. For exam-
ple, an improvement in functional capacity [6-14] and
health reported quality of life (HRQOL) [9, 12, 15, 16] as
well as a reduction in post-operative complications [9, 15]
and length of hospital stay [9, 13, 15, 17].

Few prehabilitation pathways exist for people who do not
have surgery, despite 50-60% of people with cancer in the
UK being treated with primary, neo-adjuvant or palliative
chemotherapy and/or radiotherapy treatment [18]. Along
with the rise in the use of targeted agents and immuno-
therapy, there is potential to optimise quality of life within
the lung cancer population. However, little is understood
about the context and mechanisms of prehabilitation that
can impact physiological and psychological wellbeing.

Prehabilitation is a complex intervention and it is widely
understood that the success of a complex intervention
depends on the theory underpinning its design [19], which
helps to explain the mechanisms underlying an individual’s
behaviour, based on what works for them and their circum-
stances [20-23]. Lung cancer treatment regimes can be
prolonged and people may experience a range of toxicities,
which could limit their ability to engage in prehabilitation
interventions. Prehabilitation programmes should there-
fore be tailored to the individual to optimise symptom con-
trol, treatment tolerance and independence [24, 25].

The aim of this scoping review was to review and sum-
marise primary research on prehabilitation in the lung can-
cer pathway using a realist approach. Realist approaches
focus on the contexts and mechanisms that lead to particu-
lar outcomes. This approach enables a detailed exploration
of factors likely to influence the success of a complex inter-
vention, such as prehabilitation, thereby helping explain
how and why interventions may or may not work [26, 27].

Methods

Scoping reviews are particularly relevant to examine
the extent, range and nature of evidence on a certain
topic and to identify concepts, theories and knowledge
gaps from a heterogeneous body of research [28].
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The PRISMA extension for scoping reviews was used
for the conduct and reporting of this scoping review [28].
This enabled an examination of the extent, range and
nature of the evidence on prehabilitation and lung cancer.

Following the Joanna Briggs Institute (JBI) framework
[29], this scoping review addressed the following: 1. Define
the review questions 2. Determine the inclusion criteria 3.
Search strategy 4. Evidence screening and selection 5. Data
extraction 6. Data analysis 7. Presentation of the results.

1. Define the review questions.

Prehabilitation is a complex intervention and it is
important to understand what has worked or is per-
ceived to work based on measured or predicted out-
comes within the lung cancer pathway. Pre-surgical
prehabilitation is often a linear process from baseline to
a defined, one-off target (surgery). However, this is not
the case for patients receiving oncological treatment
where prehabilitation may be delivered immediately
prior to, during + after each treatment session or cycle.
Our research questions were:

A) How does the literature within the field of lung can-
cer describe the structure of prehabilitation?

B) How does the literature within the field of lung can-
cer describe the personalisation of prehabilitation
interventions?

C) What are the actual outcomes for lung cancer patients
participating in a prehabilitation programme?

2. Determine the inclusion criteria.

All studies included in this review had to involve lung can-
cer patients who received a form of prehabilitation within
a home, community or hospital based setting. For this
review, prehabilitation was defined as either a uni-modal
or multi-modal intervention or programme including
either exercise, nutrition and/or psychological wellbeing.
All study designs were included in this scoping review
providing that they met the inclusion criteria as outlined
in Table 1. Protocols for ongoing or upcoming lung can-
cer prehabilitation studies were included in the review, as
the authors felt these provided key insights into the deliv-
ery and proposed outcomes for prehabilitation within this
field. All articles available in English were included.

3. Search strategy.

The literature search was undertaken by a research librarian
using pre-defined search terms between the period of 2016
and 03 February 2023. This time period was chosen due to
a rapid emergence of the use of prehabilitation within can-
cer care to improve health outcomes and reduce healthcare
costs since the publication of a key research paper by Silver
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Table 1 Eligibility criteria
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Inclusion criteria

Exclusion criteria

Population
Intervention

Adults aged > 18 years old with a diagnosis of lung cancer
Unimodal or multimodal* prehabilitation interventions prior to lung cancer treatment

Studies addressing other tumour sites
Not applicable

Comparator  Usual care or another type of intervention Not applicable

Outcome The intended and unintended outcomes for lung cancer patients participating ina pre-  Not applicable
habilitation programme
The effectiveness of prehabilitation programmes

Study design  Quantitative studies Commentaries
Quialitative studies Opinion articles
Mixed method studies Book reviews
If relevant systematic reviews identified, primary papers will be included Conference abstracts
Study protocols for ongoing or upcoming prehabilitation studies specific to lung cancer  Social media posts
Published from 2016 up to and including 03 February 2023 Blogs

Podcasts
Language Written in the English language Articles published in a language other

than English due to limited translation
resources

*Multi-modal: delivery of two or more non-pharmacological interventions (for example exercise, nutrition and/or psychological wellbeing)

in 2015 [30]. This was followed by the Macmillan preha-
bilitation evidence and insight review [31] and subsequent
publication of the Macmillan prehabilitation guidance
[32]. A total of five databases were searched incorporating
medical, nursing, allied health and psychological literature
relevant to prehabilitation and lung cancer: Cumulative
Index to Nursing and Allied Health Literature (CINAHL),
Embase, Emcare, Medical Literature Analysis and Retrieval
System Online (MEDLINE) and Psychological Information
Database (PsycINFO). The major search terms ‘lung, ‘can-
cer’ and ‘prehabilitation’ were used.

4, Evidence screening and selection.

All duplications were removed using the Zotero dedupli-
cation function. All retrieved abstracts for possible inclu-
sion were independently screened by the first and last
author. There was a consensus between both authors and
thus, a third reviewer was not required.

5&6. Data extraction and analysis.

All articles reviewed for inclusion were obtained in full
text. The JBI reviewers manual for evidence synthesis was
used to create a synthesis matrix for data extraction [33].
Data extraction included: study title, year of publication,
country, study design, sample size, type of participants,
study aim, type of prehabilitation intervention used, key
findings, strengths and limitations.

Results

A total of 31 articles were included in this scoping
review; see Fig. 1. In some studies, pulmonary reha-
bilitation was described as prehabilitation. After discus-
sion with authors conducting the review, it was agreed

that pulmonary rehabilitation is a separate intervention,
acknowledging that it may complement prehabilitation in
the long-term. Therefore, studies that focused on pulmo-
nary rehabilitation were excluded from this review.

The results of this review are presented in a narrative
form in Tables 2 and 3.

Overview of the studies

The 31 studies included in this review comprised of four-
teen randomised controlled trials [34—36, 38, 40-43,
45-50], four feasibility studies [57-60], three registered
protocols [37, 39, 44], two cohort studies [51, 52], two
prospective studies [53, 54], two retrospective studies
[55, 56], one qualitative study [61], one cross sectional
survey [62], one proof of concept study [63] and one
quality improvement study [64].

The largest number of studies originated from Canada
(n=6). The origins of the other studies included France
(n=4), United Kingdom (n=4), China (n=3), Switzer-
land (7=3), United States of America (n=3), Australia
(n=2), Denmark (n=2), Spain (n=2), Ireland (n=1) and
Turkey (n=1).

Sample sizes ranged from 15 to 377 lung cancer
patients with a mean age range of 46 — 72 years of age.

How does the literature within the field of lung cancer
describe the structure of prehabilitation?

All studies except one [50] included in this review fea-
tured an exercise component as part of a prehabilitation
programme. Sixteen studies were uni-modal, focusing
solely on exercise prehabilitation [38, 40-42, 45, 47-49,
52, 54, 58—-60, 62, 63]. Ten out of the 31 studies described
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Fig. 1 PRISMA flow diagram of the scoping review process

multimodal prehabilitation interventions using a tri-
modal approach, incorporating nutrition, exercise and
psychological wellbeing [35, 36, 39, 43, 53, 55-57, 61, 64].
Other studies incorporated an exercise and psychological
component (n=3) [34, 44, 46] or an exercise and nutri-
tion component (n=1) [37]. A single study focused solely
on nutrition prehabilitation [50], but there were no uni-
modal psychological wellbeing prehabilitation interven-
tion studies. See Table 3.

All prehabilitation interventions varied in terms of
programme setting, type of intervention, patient crite-
ria, intervention delivery, duration of prehabilitation and
measured outcomes. Nine out of the 31 studies provided
a comprehensive description of all aspects of the preha-
bilitation programme [36, 40, 44, 45, 47, 52, 59, 60, 63].
In relation to programme setting, most interventions
were delivered in a hospital setting (n=9) [37, 47-49,
51, 52, 58, 60, 64] or provided flexibility between a hos-
pital setting and remote supervision (n=9) [36, 39, 40,
44, 45, 54, 56, 61, 62]. Six of the 31 studies used remote

Duplications n=21
News articles n=1
Not lung specific n=8

supervision [35, 43, 55, 57, 59, 63]. In the remaining
studies, the programme setting was unclear (n="7) [34,
38, 41, 42, 46, 50, 53].

Exercise

All prehabilitation programmes that included an exercise
intervention used a baseline physical fitness assessment to
develop an individualised exercise prescription. The type
of baseline physical fitness assessment used was variable
throughout all of the studies, ranging from cardio-pul-
monary exercise testing to more general elements such as
muscle strength and activity questionnaires. More than
50% of the studies described the exercise intervention as
a combination of both aerobic and resistance exercise to
improve cardiorespiratory fitness and muscle strength.
Other exercise interventions included High Intensity
Interval Training (HIIT) and medical Qigong. Breathing
exercises such as Respiratory Muscle Endurance Train-
ing (RMET) were also described under the term exercise,
alongside aerobic exercise interventions.



Page 5 of 35

747

(2023) 23

Wade-Mcbane et al. BMC Cancer

UONUAIRIUI B3 JO Jusuodwod
Bupnpas-A1aIxue ayi 01 DU
-19ype uo ejep o dlwapued
61-AINOD @Y1 019Np UsiA
9Alleladoald ay 1e erep
Buissiw jo uontodoid ybiH A
-AI2E [e2IsAyd AlIsusiul snoJo
-Bin- 91e19p0oWw pariodai-j|as ul
aseasnul uedyubis sy Ag
PIDUSPIAS SE ‘UMO JIBY) UO
SSIDJ9X3 JB|IWIS INO 1YHBNOS
aney Aew syusned |011U0d
‘UolUSAISIUI BY] JO aunjeu
|einolAeYaq 2yl 01 an ‘dnoib
|03U0D 3Y3 Ul uoneluawa|d
-dns-jjas pue dnoib uonel|iq
-eyaud ay1 uf 1089 ogeded
3|qissod e 01 pa| aAeY P|NOd
(leu |2gej-usdo ue) ubissp
Apnis ay3 Jo ainiep :suoneiur]
UONUSAIRIUI 351D

-19%3 31 JO A|IqIxa4 A19bins
Bujobispun syusned Jsdued
Bun| ur uoneuswaiddns
uia101d Aaym 1o/pue adiApe
AJe131p pUOASq UOIIUSAIRIUI
|euonuinu aAneIadoald paio)
|edyiads e spn|dul 01 s3I
-pMIs 151y 8Y1 JO BUQ sy1buang

PoPN[IXD SJoM
Uduai4 o ysijbug eads jou
pIp oym siusied “A196ins pue
sisoubelp uaamiaq suol
-eInp HOYs Yum syusied oy
a|geiejsuen Alybiy ag 1ou Aew
uouaAISIUL Uonel|Igeyald
399M-IN0J / :SUONRIIWIT

sawwelboid

pasegawoy Jo Juanedul o)
spiebal yum paywil| st Al
-pl[eA [eUIR1XT :SUONRIIWI
SIsA[eue 1ea.1-01-UonUR1UI puR
awod1no Atewnd ayi jo
JUSWISSSSE PIpUIlq ‘UoN
-eJ0|[e Pa|eadUO)) sY1bUBNS

sdnoib usemiaq

TODYH 10 1591 ¥j|em 1nujw

XIS 9U} Ul S9OUISHIP [PD1ASIIRIS ON
1uswalddns jeuonuINu ay3 01
9dUBIBYPE %7 €6 pue welboid
951219X2 paseq-awoy pariodal
-}|9S 9y} 01 9DUBIBYPL %788
‘weiboid as219xa pasiaIadns syl Jo
Aysuaiul paqguasaid ayy 03 9ouUd
-JYpe % '+8 AQ palesisuowap se
9|qIseay s A1abuns Bupieme syuaned
J95ued BUN| 10§ UOIIUSAISIUI
uoneyjigeyaid epowninu v

A1oeded jeuonouny

aul|aseq 01 pauiniai sdnoib yioq
'K1961ns 1a1je syoam 1yb13

sdnoib 7 ay1 usemiaq

pouad aAnessdousd ayy bulnp
Auoeded [euonouN Ul 9dUIYIP ON

SJUDAS SSIDAPE 3SPIDU| JO 90U
-J9YpEe 35e3129P 10U PIP pUe SSSUIY
A1o1edidsalolpied Ul Jusawaroidul
191124 10 JejIWIs 03 P3| SUOISSIS
uoney|igeyaid buisuspuod

AW 0102810} 9AIID3[D Bunieme Jadued bun|
e|| 10 || ‘| 96e1s yum syusned (e [011u0d 3y3 Ul
01 pUB Wie UORUSAIIUI YL Ul #7) YE=N

|BLI} P3||041UOD PISILIOPUEY

uondasal [e216Ins
DTDSN 10§ panpayds siuaied Jadued bunj (we
|BLI1 P3||01UOD PSILIOPURY  geyaJ SU1 Ul €1 pue wiie geyaid syl ul 7s) G6=N

suonedljdwod aAnessdoisod Jo
3suybiy - a1elapow pue (J1JSN) Jadued bun
19D |[eWS-UON Yim syuaiied (wle [03U0d 3yl Ul

|BLI1 P3]|01U0D PasIuIopuRY Q1 pue Ulie UOIUSAIIUI DY Ul ) 9E =N

aIed
|eudsoy piepuels oy
pasedwod (JODYH)
41740 Aujend
pale|ay-yijesH pue
Ayoeded [euonouny
aAneladoaid uo s10aya
S)I pue uonUaAIIU|
uoneyigeyaud [epowy
-|NW %99M-IN0J [9AOU B
BulaAIlRp Jo Aljigls
-e3) a3 a1ebI1IsaAUl O]

K19A023)

|euonduny aAlesado
-150d UO UONUAIIUI
[epowninw
paIn1dNiIs pue pasije
-uosiad e Jo 123)3 ay)
21eb11s9AUl O]

USWIB3I %99M-G B LM
patedwiod uswibal
¥99M-€ B 0JUI SUOISSIS
uoneyigeyaid G|
Buisuspuod Jo 19342
OAl1e[2) 9yl 21eNn|eAs O

[9€] 120z [ewr1opd

P3]|0J3U0D pPasiuopuel

:K19bins bunieme siusned

J190ued bun| ioy uon

-UaAJ91Ul uoneyigeyaud
|epownNW e uj Jusw

-2|ddns JuauINu-paxiw

epeued |9A0U € JO AN|IqIsea

[S€] L0z [e1a pajjolu0d
pasiwopuel \y :A1abins

J95ued Bunj| Joj uonell|iq

epeued) -eyaid [epowinniy
[€] 220T [et pasiwop

-UeJ \/ 1Jaoued bunj |22

[[ews-uou yum ajdoad ul

A2e01)9 191197 IO

JB[IWIS YUM UsWwiIbal

pauanioys e Ul Apuanbaly

2J0wW papiroid g ued

aouel SUOISSaS UOIeYI|IqRYDld

suonejwi|/syibusns

saAnRda[qo malaal buidods
3y 01 pajeal sbuipuy £y

adAy/ubisap Apms azis a|dwes / uonejndod Apmis

asodind pue swiy

uibuo jo A13uno)

Jeak pue syl

MalAal Buidods Juasaid sjyy ul pasn Apusnbasgns pue euiud Aj1qib1e sy Bunaaw salpnis |8 Jo Alewwns g ajqer



Page 6 of 35

747

(2023) 23

Wade-Mcbane et al. BMC Cancer

sjued

-piued jo dnoib pareanow
Alybiy — seiq uonsa|as 3|q1ssod
9IS 9|dwies ||ews :suonelul
1IAY eiA uoneljigeyaid Jo
S1yauaq 9yl 21el1suowlap 01 sal
-pNIs 1514 SY1 JO BUQ SYIbUaIS

papnpaxa &q [|Im

suoyduiews e 03 ss922e N0
-U}IM S)USIIed SUOHRHUIIT
uondope 321AIS d1e|NPoW
PINOD UYDIYM S10108) pue
SS9UDAINIDYYR-150 1B Y00| 01 S
-pN3s 351y BY3 JO BUQ syIbuans

papn|axa
2Jom Weiboid as2Iaxa ayy 1oy
|eadsoy oy puane 01 s|geun
S1USNRY Y%t AJUO SeM
UONUSAIIUI 8Y) O} DU
-1laypy "a1es 1no doip

9%9°9€ ‘SUoeNWI

sjuaied Jadued

|eabeydosao pue bun| yioq jo
uoISn|oU| ‘paulwexa bulaq
Aoenbape [euonuinu a1idsap
Bulusa.ds [euonuINu Jo
92U3SqY SUONRUWIT
S9WODIN0 8y} JO 1ed se

Quop aq ||Im swweiboid uon
-e1ljiqeyaid aspiaxa ay Jo
suonedljdwi dIWou03 3yl Jo
UOIBUILIEXD UY [eL] P3]|041
-UOD PasILOPUE i/ :syibuaig

dnoib j011u0> ay3 01 paseduwlod
dnoib uonuaniaul aY) Ul (LE0°0=0)
suonedljdwod aanesadolsod
Areuow|nd ul uononpal pue
(L000=d) adue

-INpua 3|asnw Alojelidsal Ul Jusw
-an0idwi JUuedYIUBIS Ajjednsnels

$1S0D aledyljeaH (1) pue (uon
-BUIWBUL DIWDISAS JO S[oA9] pUR
2ye1dn uabAxo yead ‘suoned)duwiod
aAleIadoIsod Jo A11IaAas pue
Jaquinu ‘Ae3s Jo yibua) eudsoy 6:3)
SOWODINO Paseq-yieay uonejndod
(11) ‘@ouauadxs [euolssajold pue
1U11ed (1) :S9WODINO0 pauue|d

dnoib jo13u0d pue

UOIIUAISIUI S USaMID] (L0 =)
uoissaldap pue (zo'0=d) A1a1xue
"(y0'0=d) buiag-||om |e1>0s Ul pue
(v0'0=d) umop ||nd [ese| pue
(100> =d) ssaid 15ayd (L0'0 > =d)
uolsuaIxe B9 ‘(100 =d) ssaid B3|
436uans Ul SdUBIRYIP JUedYIUbIS
Ajjeonsnels ead oA Ul dnoib [0
-UOD PUP UOIUSAIDIUI 9} U99MIDG
9DUBIAYIP JURDLIUBIS ON

3J1| Jo Aujenb pue

9ouewuopad [edisAyd pue Aieu
-ouw|nd ‘Aupigqiow aAnelado-1sod
:S3WODIN0 AIBPUODSS "SSaUIY
Ai01eJ1dsaI0IpIeD) :$9U001N0
Alewlld :$aWodIN0 pauue|d

|BL1} P3||04IUOD PISILIOPURY

(|0201014)
[B11} P3]|0IIUOD PaSILIOpURY

|BLI} P3]|01U0D pasiuIopuURy

(1030101d)
|BL1} P3||04IUOD PISILIOPUEY

DTSN 10§ UOds3I
Bun| bulobiapun (wie

|01IUOD BYI Ul 7| pue
UiIe UOIIUSAIRIUI 3Y} U

1) susied oz =N

6/ PUE ULIe UONUIAIRIUI BY} Ul 6/) 851 =N

G111 9683S Yum syuaned (wie [013U0d ay) U
801 PUB W UONUSAISIUI DY UI 0L L) 8LT=N

Bun| Jofew Jo Awo1d9beydoS90 UR JSYIIS J0)
pajnpayds siuaned (Wwie [011U0d 8yl Ul
6€ PU UL UOUSAIRIUI BY) Ul 6€) 8/ =N

suopedl|dwod aanesadolsod pue Ayeded 9p
-snw Aiojelidsal uo (1 3NY) bulutel] adueinpu3
9asn Alozelidsay aanesadoald aienjeas o

salbojouyday

UoIeDIUNWWOD

pue uonewuojul Aq

payoddns weiboid

uonejigeyald [epowiny

(WJe [01UOd BYI Ul ~[NUI B JO SSAUANDDYD
-150D 3} 31eN[eAd O]

J95ued Bun| 9|ge
-1adoul pasueApe yim
syuained 1oy Ajyoem
901m) Bujuiely uone
-Xe|2J1 pue ‘'yibuais iq
-0J2B PaJNIdNIIS ‘PISIA
-19dns Jo oM 7|
puisudwod weiboid
951219x3 [ed1sAyd e jo
1094J9 9Y1 31eN[eAS O

J1OSN

$150D [eydsoy uo
swwelboid ayi Jo
10edW] Y1 ‘SOIWOU0DS
yijeay jo uone
-njeas ybnoiys pue
K1an02a1 anesado
-150d pue sawodINo
|ea1bojoisAyd uo
uoney|igeyaud
95I2J9X3 JO 9DUD
-Nul Y1 dUjWIeXD O

uonosasal

[0v] 0c0g As9buns

Bun| ssyje suonediduwod
aApesadoisod Areuownd
syuanaid pue Ayoeded
K101e13UA sanoidwl Bul
-UleJ} 9DUeINPUD 32SNW
Kloreuidsal aaneladoald

[6€] 020t |030301d [}

P3]|0J1U0D pasiwopuey
:U0ND3s21 J9dURD Bun|
Bulobiapun syuaned

s yb1y-01-s1e19p0Wl Ul
welboid uoneyjigeyaid
[epownnu payiod

-dns Abojouyas e jo

ureds SSOUBAIIDYD-150D

aouely

[8€] 020

[eLI3 [BDIUID PasILIOpUR]
:Adersyrowsyd buiob
-Japun Jaoued bun| s|qe
-19douj pasueApe yim
sjualied Joj UoIIUIAIIUI

suewiusQ 351219X U JO 512943

[£€] 020 [el] pojj0u0d
pasIWOPUEI B J0J [020101d
‘(11IH34d) snbeydosao 1o
Bun| ay1 Jo JadUed o)
K12b1ns xaidwod bul
-oblspun syuaped ul
ssauly anoidwi 01

puejai| 351219 dAIIeId0dld

suoneywi|/syibuans

saA119[q0 maInal buidods
33 01 pajejal sbuipuy £y

adAy/ubisap Apms

azis a|dwes / uonejndod Apms

asodind pue swiy

uibuo jo L13uno) Jeak pue a1

(panunUOd) Z 3jqey



Page 7 of 35

747

(2023) 23

Wade-Mcbane et al. BMC Cancer

sabueyd a|A159yl| UO
UOIBULIOJUI ON "PIPN|IXD 2I9M
sauabINs J9dued Hun| JIaylo

||e ‘Awi0103G0| S 1WA B Bulrey
21am A3y3 §I papn|dul Aluo
SJUBIIed [SUOIRIWIT
(KBojoyoAsd pue asIaxa
‘uopiinu) awweibold uopey
geyaid [epow 1] syabuang

uonell|igeyaid Jo syusu
-odwod [eoibojoydAsd pue uon
-1JINU JO 92U :SUOIIRYIWIT
“9duaIaype ybiH

“(S429M € 49O SUOIssas Bululesy
8) pouad awi 1oys e uj uon
-e1l[igeyaid 3512193 JO 1yauaq
pajelisuowlad syibuang

syuaned D1DOSN

UOU JO UOISN|DUl 3Y) Yum
Apnis a11ud 9|buls |jews e
5,11 se paywi| st sbuipuy Jo
A)ljIgeSI[eIauUaD) ;SUOHRIIWI
UOIUSAIRIUI 8Y) JO

SISA[eUR SSOUIANDIYD

-1502 B JO UOISN|oU| :sy1buang

Ayjeriow pue suopedyd

-wod aAlesadoisod ‘Aels Jo yibus)
‘JUaWIssasse [ed1bojoydAsd ‘Aujigesip
‘uonouny Bun| Ul 25uaJalIp ON
(100> =d)

dnoib |011u0d ay3 01 paledwiod
dnoib uonusassul By UL (170" =d)
Auoeded ey padioy pue (L0 > =d)
(LAANO) 1591 %{[eM UIU 9 3Y3 Ul JUsW
-an0ldwi uedyiubis Ajjesnsinels

2Jed |ensn 01 pasedwod dnoib
uonuUaAISIUL YL Ul (LO00> =d)
AMING pue (00'0=d) Aoeded
21qoIse ‘(L0'0 > =d) 91e) Lieay
(100°0> =d) Jamod Bululesy [eAIaIUl
Ausuaiul-ybiy ur aseanur yuedyiubis
Aj[eo1snels e Ag paduspIAS se A1l
-deded bupyjem pue ssauly Aioreid
-59J-01pJRD $95BUDUI 1| "9DUDIDYPE
9%/8 Aq paduspIAS se sjuaned
pPaUONIPUOSP Ul 3|qISes) s bululely
|eAl1ul Alisuaiul ybiy wial-1ioys

sdnoib usamiaq

(1000=09) 0£D-OT0 DLYOF Y1 Jo
UoNOUNy [BUOIIOWS 3Y3 J0) 1dadXd
‘91| 4o Anjenb o uonouny bunj ul
S9DUBIRYIP JUedYIUDIS A|[eo1ISiiels
ON (910'0=d) 5150 |exdsoy-ul
JaMO| puUe (1000 > =d) Ae1s Jo
Yibua| Jauoys ‘(zz0'0=d) suonedyd
-wiod Areuownd aaiesado-1sod ul
uonaNpPal ‘(000 =4d) (AMIN9)

1591 3{|BM UIW 9 3Y1 AQ PaIaA0D
9DURISIP Ul 958310Ul JURdYIUBIS
A||BD13S1181S B AQ PODUSPIAS SB
‘Apeded as1D1axe anoidwil ued
(s9s1219%2 BuIy1ealg pUR DIgOJE)
Buiure jedisAyd aanesadoaid

Aw0125q0] (S1VA)
K1261ng d1dodsodeioy |
Pa1sISSy 0PI Bul
-obJapun J1DSN
abeys yam syualied
(W.e jonuod ayy Ul

QF pue ULIR UO[UIA

|BLI} P3]|0IUOD PISIUIOPURY  -123UI YL UL /€) €/ =N

59| 10 eyl abe1s
DTSN yim siuaied
(WJe jonuod ayy Ul
// PUB ULIE UONUIA

|11} P3J[0AIUOD PASILIOpURY  -12Ul 3YI Ul 1/) LG =N

siuaied H1OSN
(Wie [01U0d 3y Ul
€ pUE WIe UOIIUIA

LI} P3||0JIUOD PISILIOPURY  -I23UI SY3 Ul $€) 89 =N

S3W02IN0

13410 pue A1peded jeuonduny aanelsdouad uo
welboid uonelljigeyaid [epownnul ‘paseq
-9UIOY Y29M OM] B JO $109)43 a3 21eH1IsaAuUl O]

J90ued bun| yum pasoubelp syusiied ul
uonejigeyald JO 129449 9Y3 SUIWEXd O]

uonouny bun| pairedw; yum

syuaiied Jadued bun| [e2161Ns Uo sasRIRXa Bul
-U3iealq pue diqosae buluiquiod bulurely esisAyd
aAlesadoaid Jo sdusnjul 9y 91eH61SaAUl O]

[ev]610T

|e1} P3]|0JIUOD PISILIOP

-Uel v 1Jadued bun Joy

Awo122qo| didodsodeloyy
Buiobispun syuaped ul

Ajigeded [euorduny
annesadouad sanoidwi

welboid uoneyjigeyaid

eulyD [PPOWINUI }29M OM |

[evl610C

[eLIY [BDIUID PASIWIOpUR Y/
:195Ued Bun| yum
syuaned pauoIPUOI3P Ul
9JBS PUB SAIIRYR S|
Buiulesy [eAsiul Alsusiul

PUBUSZIMS yb1y annelado-aig

[L¥] 610C o1

PasILOPUEI i/ :UoldUNy

Bun| paywi| yim syusned

J25Ued Bun| [e2161NS Jo

SSWODINO [edIul Uo bul

-ureny [edisAyd annesado

eulyd  -aidyeem-auo Jo 1oedul|

suoneywi|/syibuans

saAnda(qo mainal buidods
9y 0} paje|as sbulpuy Aoy

adAy/ubisap Apms

9z|s a|dwes / uone|ndod Apms

asodund pue swiy

uibuio jo Anuno) Jeak pue 3L

(Panunuod) z 3jqeyL



Page 8 of 35

747

(2023) 23

Wade-Mcbane et al. BMC Cancer

Apnis oy pa1a|dulod 950G Ajuo
‘dnoib uoneljigeyaid sy o)
pasiwopues syusited 0z su1 Jo
- 91eJ 1nodoup ybiy e yim
ApNis |[ews :suonenwi]

J9sued bun| yum

syuaned ul a1 jo Aljenb pajejal
41jeay Jo 1usuoduwod [ed
-1sAyd ay3 pue yibuass spdsnW
‘Aioeded asipiaxa anoidull

ued awwelboid paseq
9512J9x2 aAneladoaid e jeyy
pajessuowa( syibuang

dnoub pareanow

— SElq UOND33S ‘SuonewI]
sawiwelboud

AuAnoe [edisAyd painioniis ul
a1edpied o1 9|ge a.e Jadued
Bun| pasueApe 1eyy bunens
-uowIap ‘(9%69) POOH sem
9OU3J2YPE UOUAISIUI
AuAnoe [edIsAyd 'syibuans

SIUBWISSIsSe yioq pajajdwiod
syuaned g1 AuQ ‘patemod
-1I9pun sem Apnis :suonelw]
uon

-U3AIDIU| 351219 JaYI0Ue 1M
BuobIp a1edwod 01 sa1pnis
151y 9Y3 JO UQ syibuang
papn|axa

29 pjnom yslibu3 ui saueip s
-19xa pue saileuuonsanb a1a|d
-W0D pue SUONaIIP MO||0) O
3|geun S1USNE SUCHUWI
“A196ans 1s0d 01

K196ans 24d wouy 2183 Jo wnn
-UlUOD 33 SSOIDR Jadued Bun|
A1epuodas pue Atewd yim
suaited Joy swuweiboid 951>
-19X3 Pas|[euosiad e aujuIexa o}
S, 1Y 3514 3Y1 JO 2UQ syibuang

(2000=d) y1buais Apoq

J9MO| pue (sS40 0=d) Joddn pue
9€-4S 94140 (100’0 =4d) 3usuodwod
Arewwns [edisAyd (500:0=d)
Auoeded 951219 Jo abueyd

UB3W Ul S92UJRHIP UedYIUbIS
AJ[eD11s11e1s a1am a1ay1 ‘A1abins-1sod
SYIUOW € UI9AIMOH A19DINs Ja)ye
sdnoub ussm1aq sdUIRYIP
uedylubis ou alam asay ] ‘dnoib
|013U0D 31 0} pasedwod Ulie uoly
-UdAJRIUI Y1 Ul (100 > =d) yibuains
3|2sNW pue (800°0=d) A9AINS 9
(4S) W04 1oYS ay1 Jo Jusuodulod
Arewwns [edisAyd au1 ‘(10000 =d)
9DURIS|0} BSIDIAXD Ul JUBW
-anoldwi uedyiubis Ajjesnsinels

sdnoib ay1 usamiaq

[BAIAINS JO SNIBIS [PUOIIDUNY IO
|ea1sAyd ‘swordwiAs 100 ‘@anbiey ul
S9DURJaYIP 1UedYIUBIS ON

(Z0'0=d) aouelsip bupyjem pue
(S0'0=d) ybuans panisdiad ul
syuawaAoidul JuedyIubIs Ajednsi
-e15 Ag paresisuowap se buobip 01
Jopadns sem Adeiayy asIaxa
plepuels 1anamoH ‘Adesayl asid1axa
plepueis pue BuobID usamiag
700 10 uoissaidap ‘A1a1xue ul
S9OUIBYIP JULDYIUBIS ON

A196ans-150d sypuow 9 03 dn $150d>
pale[al-1usWIeaI} pUR UOHdUNY
Ateuow|nd ‘Uolss|upeal ‘suol
-el|dwod ‘Ae3s Jo yibua| ‘Adeduyys
-3 'anbney ‘(100) 941140 Aujend
:S9WODIN0 AIPPU0I3S ‘A19bins-1sod
SYIUOW 7 18 | MIAQ 941 Ag passasse
uonauny [e21sAyd Jo [9A7 :DWOdINO
KJewlld :s9UW021N0 pauue|d

|BLI} P3J|0AUOD pasiuIopuRy

|BLI} P3||041UOD PISILIOPURY

|11 P3]|0AUOD PasILIOpURY

(jod010.d)
|BLI1 P3]|043UO0D PasIUIOpuRY

DTSN 4o sisouberp
pawIyuod 1o pajdad
-SNS Y syusned
(WJe [oauod 2yl Ul

1 pue ue uonuaa
SRR UIOL) TC=N

(D1DS) 422ueD) Hun
[19D ][eWS 10 ITDSN Al
/Il 96e1s yim syusned

(e jonuod ayy Ul

GG PUP WR UOIUIA

-IRUIRYI UI9G) ZLL=N

195U [PUNNSAIUIO
-seb 10 DTDSN 4noj Jo
9211 9be1s yum
syuaped yz=N

K1abins

Bujobispun Jsoued
Bun| A1epuodss Jo

ej|| 10 || ‘| obeIS J2dURD
Bun| Arewnd yum
syuaned (wie jon

-uod 3y U0l pue
We UOUSAISIUI 9Y1 Ul
001) 00¢=N

S1vA Bulobiapun
J90ued Bun| yum syuaned uj awwesbold asp
-19x3 aAieiadoald e Jo s10aye ay3 a1ebsaaul of

100 pue anbiej saroidwl UoRUIAIIUL
ANAIDR [e21sAyd YIuow-z B JYIaym $sasse o]

swoldwAs bupnpal pue Aydeded

[euonouny buiroidwi Joy Jouadns st bujuren
951219X pAePUE]S 10 BUOBID) [EDIPaW Jaylaym
ysl|geise 01 pue JOD Pue S[9A9| uoissaidap pue
A131xue UO AdeIay) 35DIaX3 plepuels pue
BuobID [e21PaW JO 10BdWI BY3 21edWOD O]

K19b1ns Bulobiapun Jaoued bun| yim syusped ul
UOURAIRIUI 35I219Xa Pasieuosiad e Jo A1
-|1qISea) PUB SSRURAIDYS [EDIUID 943 1591 O

[/¥] £10€ [e11 p9]|0]Iu0D
pul|q-3|buls ‘pasiuiop
-uel v :A1961ns uodsal
Bun| Jaye auiap [euon
-ouny syuanald Bulues

uleds 951219%a aAlleladoald

(9] £10T [et1 p9jjonu0d
PaSILIOPUEI / 1Jadued

Hun| pasueApe yum

o|doad ul 9y Jo Al

-lenb pue anbnej uo

ellensny  AlARDe [ed1sAyd jo 1oedul|

[sv]l z10C

J95UBD PIDURADPE YIIM
syuaned ul ay1f Jo Al
-lenb pue swoidwiAs uo
Adeiayy ssid19xe pie
-pueis pue buobip
|BDIPAW JO $109)49 31 JO

epeued) uosledwod y

[v¥] 8107 [e13 Apnas

d3d a1 Jo ubisap pue
aleuoney :A19bins bujob
-19pun Jaoued bun| yum
syuaied ul (d3d) uonduds
-21d-9512J9X3-UOISDal

e2LIBWY JO
$31815 paun

suoneywi|/syibuans

saA1dR(o maIaal buidods
33 01 pajrejal sbuipuy £y

adAy/ubisap Apms

az|s a|dwes / uone|ndod Apms

asodund pue swiy

uibuo jo L13uno) Jeak pue 3L

(PanuNUOd) T 3jqey



Page 9 of 35

747

(2023) 23

Wade-Mcbane et al. BMC Cancer

10§ PAIUNOIJE JOU SeM
AJsuaiul as1o1ax3 “ubisap Apnis
21102050113 'SUORIWIT
9dojs ZODA

/3AUO JTDSN 10} U01D3S3I
Bun| a1049q uoneligeyaid jo
10342 B} 31eN[EAS 01 SAIPNIS
1514 93 JO BUQ syIbuang

|enoloe)
-1INW 8¢ PNOd ulwingje ul
sabuey) ‘(JNg) Xapu| Ssepy
Apog Mo| e yum siusiied pue
syuaned paysunoujew
papnpx3 AjaAnoadsal

f SNSIDA G 'S9[eUID) SNSIDA
S3JPW JO JIQUINU 1RUOI}
-jodoudsiq :suoneyuwi]
DTDSN yum siusiied ul
uopeyl|iqeyaid [puoniINu Jo
109449 341 BUUIWEXD S3IPNIS
1514 9Y3 JO SUQ syrbuaig

suols
-s3s buiulel) paquasaid ayy
Hulpuane audsap ssauly
21gOJe U] 1Jauaq AUue 95U
-11adxe 10U pIp 9467 ‘pasamod
-1apun sem Apnis :suoneuw]
9ouewioyiad digoise
Buiroidw ur wesboud Huj
-UleJ) 3SI29%X2 UlIS1-1I0yYS e Jo
SSOUDANDAYD pue A12Jes sy}
pajessuowa( syibuang

SUOSeal UMOUUN 10}
51591 3s1249xa Ateuow|ndoip
-1ed pue uonduny Aleuow

-Ind sy3 219|dwod 10U pIp
syusned JO piIyl Y [suonelw
UOND3s34 J9}Je SaUI0IN0
wl91-buoj uo uoneyjigeyaid Jo
10edwl 9Y1 SUIWIEXS 0) $IPNIS
1514 943 JO 3UQ syrbuang

uoney|igeyaid 3s0d 01

Qul|aseq wioly (|00 =d) sia1aweled AIoy
-eJjdsalolpied pue (L0'0=d) ¥eadzOA Ul
95310Ul JURDYIUDIS A|[BD1ISIIRLS B SEM
2491 JaraMmOH uonell|igeyaid 1sod 01
aul[aseq wioly (05'0=d) suonedldwod
aAnelado-1sod pue (550 =d) Aels [eud
-s0Y Jo Yibua| (60'0=4d) 8dojs ZODA

/3A Ul abueyd uedyiubis Ajjesnsieis oN

(1000 > d) Ulle UOUSAISIUI 9Y) Ul
950U Ul UOIIDNP3J %7 | B AJUo 0}
paJedwod wie [01U0d 3y} Ul
syuaned Ul S|aA9] UlwNg|e aAleID
-doisod ul 9557 JO uondNPaI JUed
-4IubIs A||eD1SIIeLS B OS|e SeM 2Iay |
dnoub |013u0d ay3 0}

pasedwod Wiie UOUSAISIUI 9Y) Ul
219m oym suaned ul (610°0=d)
QW [BAOWIA B3N] 1SaYD pue
(6+0'0=d) suonesidwod ul uon
-onpai juesyiubis Ajjednsiels e
papiroid uonunu aaireladoald

sdnolb ussmiaq sarel
uoeDI|dWod Ul S9OUBIBYIP JUBD
-UIUBIS A|[e211SI11B1S OU SJaM 243y |
(1000 > d) AMING pue (£000=4d)
uopdwnsuod usbAxo sead uj
syuswanoidwil Juedyiubis Ajjesnsn
-B1S Ul paynsal | ||H 9AleIadoald

sdnoub 7 ay1 usemiaqg

92UaJayyIp Aioielidsaiolpied Jo uon
-ouny Areuow|nd ‘leAlAINs Ul 92U
-1941p uedYIUBIS [eD1ISIRIS OU AQ
Pa2URPIAS se A1aBINns Ja1je Jeak | 1e
S9WODINO [eUOIIDUNS PUE [BDIUID
2/0Jdwi 10U PIp UONDSSJ JadURD
bun| a10joq weiboid |||H v

Apnis 11oyoD

|BLI} P3]|02UOD pasiwIopury

|BLI} P3||04IUOD PISILIOPURY

|BL1} P3||04IUOD PISILIOPURY

J1OSN Yim
syuaned 0g=N

DTIDSN yum siusied
(W.e jonuod ayy Ul
/T PUB UWJe UOIIUSA
-JSIUloYI UL LE) 8BS =N

uon29saI HDSN
Hulobispun syuaned
(WJe jonuod 3y Ul

// PUE WlIe UOIIUSA
-IRUI YL UL y/) LSL=N

1SN S$9] 40 eyj| 9bes
paWIYuod Jo pardad
-sNS Yum siuaied

(e jouod syl Ul

// PUB ULIe UONUIA
-IRIRYI UL Y/) LGL=N

$edZOA Yim

diysuoneyal sy pue (z0dA/IA) 2dojs uononpoid
SPIXOIP UOGIeD / UONR|IIUSA 91NUIU 31 UO
uollell|iqeyaid Jo 1093 aY3 ssasse o]

UOI1D3534 DIUIOIRUR JUSMISPUN
oym syuaned HTDSN Joj oddns jeuonuinu
aAiesadoaid Jo 1ysuaq ayi a1eblisaAul o)

suonedljdwod aAinesadolsod jo

25U3PIDUI 9y pue sia1awleled ssauly Alorelid
-S2J-0lpJed BUISSISSe AQ 218D [BNSN 01 | ||H A1
-esadoaid wis1-10ys aiedwod pue s1en(eAs o)

auwod1no aAnesadoisod

wia1-buo| aroidwi pue ssauiy Aioresidsal
-01pJed a5ueyuUa 01 A19bins Jodued Bun| 21045q
(LLIIH) Buturel] jeasaiu| Aysuaiu| ybIH Yam uon:
-elljiqeyal buippe jo 1oedull ay) a1en(eAs o]

2ouel4

Aoy

pUBIZIMS

PUBHSZIMS

(151 6L0Z Apris

1J0yod v sjuaned Jadued
Bun| |93 |jews—uou u
AdU315J3 A101|IIUSA UO
uoneyl|igeyaid Jo 19943

[05] 9107 Apnas pasiwiop
-ues aApdadsoud v
;K1abans Jadued bun| |19
|[EWS-UOU U} 3W02IN0
annesadoisod uo aan
-D9J49 UONLIANU YoL
-uieyoid anneladoaid §|

[6¥] £10T [e1

P3]|0J3U0D pasiuopuel
:K1961ns 1aoued bun| bul
-Jleme syuaned ul buuiely
[eAIRIUI ANISUSIUI-YBIY
aAneladoaid wisl-1Ioys

[8v] z10C

Apnis paj|0J1uod pasiwop
-uel v :A1ebuns Jadued
Bun| Jayye awodno
wi9)-Hbuo| anoidwi Jou
soop Adesayy asioiexe
9AleIadoald Wi1-10ys

suonejwi|/syibuans

saAnda(qo maiaal buidods
33 01 pajeal sbuipuy £y

adAy/ubisap Apmis

azis a|dwes / uonejndod Apms

asodind pue swiy

uibuo jo L13uno)

Jeak pue syl

(panunuod) g ajqey



Page 10 of 35

747

(2023) 23

Wade-Mcbane et al. BMC Cancer

SUIIe Y10q Usamiaq
suaned Jo Jagwinu ayl Ul 95U
-19441p JUBDYIUBIS 'SUoeWI
Buiag|lam [es1bojoydAsd pue
9SIDJ9X3 ‘UONIIINU JO JUSW
-SS9SSE 10} S|00) Pa1ePI[eA JO
95 "(AbojoydAsd pue asid19xd
‘uonuInu) awweiboid uoney
qeyaud [epow 1] :sy1buang

uonunu uo
uonewojul oN ‘dnoib |01
-UOD e JO ¥DeT [suonelul
awn

[B3J Ul P31D3]|0D S| BIEP ||B OS
Apnis aA1dadsold “A1abins pue
sISoubelp U9aMm1aq Suon

-eINp 1OYS Yim syuafied oy
3|geIe|SUBI] 2J0W S| YDIym
'SY99M 7 Se 1IOYS SB S| UO[UIA
-191Ul Uonell|igeyaid syibuang

SaN|eA 4 JO 9DUISE 3Y3 O}
Buimo uonned yum paaid
-191U1 9q 0} SNSY :suonelw
(KBojoyoAsd pue asiax
‘uoniinu) awweiboid uoney

dnolb |0J3u0d ay3 0}

paledwod dnoib uonuaAIalul 2y} Ul
(S00'=4d) SAVH pue (€0'=d) snieis [euol
-duny panodal-j|as ‘(1'=d) LMY ay3 Ul
JuawaAoidul Juedylubis Ajjednsiels

uoneljigey
-a1d buimo||oy A1961ns JusmIspun 987t
uoluaAIIUl UoeY|Igeyald 1sod 01
Sul[eseq Woy (850000 =) Ayjiely pue
(10000°0> =d) AAnde JO [9A3] (€000 =)
sn1els aduewIopad (200000 =4)

524025 e0UdSAp Ul JusWaA0IdWI
1UBDYIUBIS A|[B2NSIIEIS PUB A|[BDIUID

uonuaAIUl 1sod

sdnolb usamiaq (papiroid Jou sanjen d)
suonedljdwod aAlresado-1sod pue (SQvH)
9|e2S uolssaidag A1aIxuy [eIASOH ) Ul
uonoNpal e pue (papiroid 10U sanjea

d) s|ana| Aunnde pue | N9 Ul ul

Apnis aAnnoadsoliay

Apnis aAlz0adsold

K1abins Aq pamoy|oy
JusWieal) JUeAN(pe
-09U JUSIMIIPUN OYM
syuanied Jaoued bun|
(W.e [o1uod 3y Ul

|71 pUB UlIe UONUSA
-y UL0Y) LY L =N

siuaned
J90uUed bunj9lz=pN

S1vA obispun o}

anp sjuaiied J1OSN

|- 9be1S (WJe |01}

-U0d 3y} Ul {7/ pue

WiJe UORUSAIRIUI Y3 U

S9WO1INO 3siwndo o1 sdjsy
uonel|igeyaid JuRAN[PROBU JBYIBYM $5355e O

AJljexJow pue Alpigiow

panpal Yum A196INnS SAIIRIND SAID A|2Jes 0}
wiay) smojje Agaiay (1) pue sjqesadoul pasa
-pIsuod a1am oym A126.ns 1oy a|gens syuaned
sayew (1) ‘sio1aweled [ediulp buiroidwl Ag ‘uony
-e}l|Igeyaid aAnelado-aid Jayiaym aulw1ap o)

S1VA Bulobispun Jsoued bun| yum sjusiied jo
Juswabeuew aneladoald Ul [9pow uone|iq

epeue)

wopbury panun

[s5] ceoe

21ed Jo A10103(e1) 9Y1 INO
-ybnoiyi sswodINo
BuiziwndQ 1soued bun|
|[92-]|BWS—UOU padueApe
K||e20| 10 Adeiayy uon
-ellIgeyaid 1ueanfpeosy

[¥S] Lzoe

o|gelado syusned s|qels
-doul ayy bupjeyy :Jaoued
Bun| ul uone|igeyai
Kreuownd yum uon
-esjwindo Juswiean-aid

[€] €20z Assbuns
u,.QOUmOUQO:H paisisse

-09pIA bulobiapun Jadued

Bun| yum syusned Jo
1uswWabeuew aapesado
-a1d Ul [opow uoney|iq

-eyaid [epowili Jo

qeyaid [epow 1] isyibuang JusWwaAoidwl JuedYIubIs Ajjednsiels Apnis anndadsold /) 871 =N -eyaud [epowlliy Jo uonedljdde sy asAjeue o] eulyd  9opoeid pue uonediddy
papn|oxs a1om welboid
951219%a 91 40§ [R3dSOY By
pua1ie 0} 3|geun syualied
‘K1abuns-1sod shep p¢ 01 dn
PapPI03I A|UO 3J9M SUOI}
-ed]|dwod aAnelado-1504 suonedljdwod jo A1301ns aAIseAUl
9IS 9|dwies ||ews :suoneyuw A1Ianas pue Aeis Jo yibus| ul sdnoub Ajlewiuiw Ag Awoy
UONEDYISSED  OM] Y} U99MISG 2DURIYIP Juedyubls oN -9qo| Ateuowi|nd pey [zS] 8107 Apnis
opulg-uaineD) ayi buisn suolt (c00=4d) oYM 53] 1O /||| 9b.IS 10402 V :A136INS SAISBAUl
-ed||dwod aAnelado-isod Jo suonedl|duwod aaneladolsod Jomay pue 1SN yum siuaied UOoI1eDYISSP|D OPUI-USIAR|D Y3 01 Ajjewiuiw Agq Awo12aqo|
A119ASS 3Y3 pue uonel|lq  (20'0=d) ¢S Jo spelb opuig-usine|D e Yim (WJe [0U0d aY1 Ul Bulpiod2e AlpIgIoWw Jamo| pue A1sbins Jaye Ateuow|nd Jae Alfey
-eyald UO sN20j 01 S3IPNIS dnoib uoneyjigeyaid ay3 Jo INOARY U| 61 pUe Wie uonuan S9W021N0 dA0Idwil pinom wielboid uolel|ig -JoW pue A1pIgiow uo
1514 Y3 JO BUQ Syrbuang 9OUIRYIP UBDYIUBIS A|[BoNSIIelS Apnis1oyod  -IRIaylIul6l) 8 =N  -eyaid e uj uopedpiiied Jay1aym auluIIap of 9duel{  uonel|igeyaid jo 1oedu|
sannda[qo maiaal buidods
suonejwil/syibuais a3 01 pajeal sbuipuy £y adAy/ubisap Apms azis a|dwes / uonejndod Apmis asodind pue swiy  uibuo jo £1unod Jeafk pue sl

(panunuod) g ajqey



Page 11 of 35

747

(2023) 23

Wade-Mcbane et al. BMC Cancer

Aliqisesy

$S9SSE 01 SaIPNIS AM|IGISea) 4oy
SIOMaWel} UyoD pue puow
-SI0 @Y1 JO 95N syibuans

pooisiapun Apood ale siyy 1oy
SUOSeaJ B3 pue awiwelhb

-oid ay1 u a3edpipied o3 Jou
pa1do g ul | ‘dwweiboid ayy
pa1adwod syusned oz | AlUO
‘B1EP JUBWISSISSE UONEl|Igey
-21d Jo pus a19|dwodu| ‘dnoib
|013U0D ou 01 Bumo seiq
UOI1D33S JO YSIY [SUOneIUI
|9poW 21ed pasijeuosiad s pueg|
-bu3 SHN Jo ssydiduld ayy uo
paseq abell] "yoeoidde weay
Ateuldidsip -1nip syibuang

paJa
-mod 10U sem Apnis ‘sysiA dn
MOJ|0} 16 pa1eadal J0U sem
|00} JUBWISSISsSe DY) Se
‘PAINSIW 10U SBM SN1RIS
JeuonLINU Ul 3bueyD

“(960€) e1ep BUISSIW Jo uon
-10doid ybiH :suonenw
Aioeded [euonouny pue

ysu [euoninu ybiy buiag se
pasuobaled syuaied usamiag
UOI1BD0SSE 31 18 400| 01
salpnis uoneyljigeyaud

1544 9U1 JO SUQ syabuang

SJUDAD ISIDAPE OU PUB UOUSAIDIUI
uoneyjigeya.d 150d 01 uljeSeq WO}
9105 (€£170'0=0) 100 Pue (1 1000=0)
puels 01 31s (L0000 > =d) LMIN9

‘(S#00°0 =d) wn|oA A101elidxa Padioy Ul
Juawanolduwi Juesyiubis Ajjednsnels e Aq
P31eJ1SUOWSP Se 9jes pue 3|qIses) sI
suwwelboid uoneligeyaid saoued bun| v

uolieyuaw
-9|dwi JspIm 10 yiomaulely e buipiroid
‘SJUSWISSISSE [BUOIIDUNY 9ANDSIgNS pue
[ea16ojoisAyd sanelsdoaid uo 1oedwi
aAlisod e pey pue ayeidn ybiy yum
9|eds 1e 9|qIsesy sem awwelboid ay |

(L0'0=4d) uoney|iqeya1d

|epown|nu buiaiedas uodn Audeded
|euonouny aAneIadoald ul siuswiaAosdwl
uesylubis pasusuadxe Inqg ‘(zz0'0=4d)
SH MO| 3I9M OYM 3SOU3 YlIMm paledwlod
Aioeded [euonduny auljaseq Jamo| Ajjued
-ylubis pey syuaned 3su uonuinu ybiy

Apnis Aljigisesd

Apnis Aljiqisesd

Apnis aA11Dads0110Y

A1261ns oblapun 03
anp siuaiied
J90ued bun| ps=pN

uondasal
|ea1b1ns jo uonep
-USWWOD3l JuaW
-1ea1} e yum siuaned
J190ued bun| //e=N

Uo1129531

J9oued bun| buiob
-1apun syusiied Jadued
Bun| (payidads 10u
|0J3u0d sA dnoub uon
-eyjigeyaid syi ul
Jagquinu) 79| =N

K1261ns 1a0ued BUN| 10§ DIAISS UONRY
qeyaud e dn Buias Jo AjIgISes) oy ssasse o]

suon
211531 61 -AIAQD 10§29 Syauow | | 3y buunp
|opow AIAlap 22IAISS J92URD) t qeyaid Y3 JO
S9UWI02IN0 pue axe1dn A11|iqises) ay) 91en|eAs o]

uonejigeyald [epownnu

anneladosid woij 1yausq syusized ydiym oy
U912 3Y1 pue Adeded [euoidUNy sulfRsSeEq pue
UOIIINU[PUI US9MISC UOIRIDOSSE 31 SUIWIEXD
‘uonLINUIBW JO 9dUsaId DU 3S1IIDRIRYD O]

(851 0Z0Z N ay1 Ul
K1261ns 1aoued bun| 1oy
92IAI9s qeyaid, uopesiw
-ndo aanelado-aid e dn

wopbury pajun Bumas jo Aljigisea

[£S) zzozinayul
swwelboid uonel|iq
-eyaid saoued bun|
|euoibai pjiom-|eal e Jo

wopBuly paNuUn  SBW0IN0 pue AljIgIsea

[96] 120z uonel|iq
-eyaid [epowiNU Yyim
syuawaroldw) 15218216

Moys Ing Ayoeded
Jeuonouny aulRseq Jood

aney sjuaned Jadued

epeued Bun| paysunouepy

suoneywi|/syibuans

saAnda(qo mainal buidods
9y 0} paje|as sbulpuy Aoy

adAy/ubisap Apms

9z|s a|dwes / uone|ndod Apms

asodund pue swiy

uibuio jo Anuno) Jeak pue 3L

(Panunuod) z 3jqeyL



Page 12 of 35

747

(2023) 23

Wade-Mcbane et al. BMC Cancer

[eudsoy ay3 woiy

Keme 92URISIP B Al OYM
95043 0§ 3DIAJDS SY3 O}
$S9228 JO Aljenb3 ‘pauwi| si
sBulpuy sy Jo Aljigesielausb
210421941 ‘dnoib asIaAIp A|jed
-luy3a ue JoN "a1eddnied 0y
pareAnow Alybiy ag o1 Ajaxi|
2J0W a1om auluielboid
9512J3%a 9y} ul a1edidied

PIP OYM S[ENPIAIPU] 'SMIIA
-J21Ul 8] Ul pa1ussaidal 1ou
2U9M SISSED BSIDISXD DY3 Ul
a1edpied Jou pip oym
suai1ed JO SMIIA [suonelw
uolnedipnied o1 siallieq oyl se
|[oM se ajgeidande sem

1eYM U0 1yBI| pays smalniaiul
PRINIdNAIS-IWSS 9y | dulwelb
-oid uoneyjigeyss 1sod pue
21d e Jo anjeA ay1 Jo Buipuels
-19puUn Ue paplAoid :syibuang

dnoib

poleAllow — seiq Uono9|eS
'9z]s a|dwes ||ewS :suoneyur
uon

-edpipied juaied oy ssadde Jo
9503 "DTDSN 2dURAPE YUM
suuaned Ul 9jes pue 9|qises) si
9512J9X3 PaJNIONIIS PIS|
~[enpiaipul Ajtep JaL1aym

1591 01 ApN3s 15414 :syibuang

papPN|IX3 oM
ysi|bu3 3eads 10u pip oym
S1UaNeq uaned Jadued bun|
obeJaAe Ue UBL] SAI1DE SJoW
90 Aew awwelboid ayy uo
|0JU 01 Bul||Im 219M Oym
syuaned se sbuipuy jo Aujiqe
-sijesauab ay) Buipunolns
suonsanp suoneindod

J9P[O YUM S[eUY 21nIny Jull|
PINOD Y2IYMm ‘@31A3p 243 35N O}
MOY 0} Se UOISnju0d PadIOoA
sjuaed aWoS :suonewI]
SJUDWISSISSE

ApN1s pue 921A3P Y3 YlMm
Juswabebus ybiH :sy1buang

[eudsoy ay1 woly aduelsip e 1e

SAI| OYM 3SOU IO} 3DIAIDS O} SSDD€ JO
Aijenba ssaippe Aew 1ioddns [enuip
2ouelsp e 1R

paAl| oym s1usiied Joj ssa20e pue uon
-BAIJOW ‘S1UIRJISUOD SWI} PapN DUl
$355e|D 31 Jo axerdn 1usned o1 siauieg
Burag-|lam pue yieay

11941 01 s1yausq paniodal pue poddns
J199d pue ad1Ape/1ioddns palojie Jo Uols
-1n01d BY) pan|eA siusiied ‘sjeuolssajoid
2Jedyyjeay pue syuaiied Aq paniediad
Aj9AnIsod sem 221195 3DV I10S YL

SIUSAS 3SI9APE OU pue
uonedpnied 352193 ||n} 0} dUI3YPE
0688 '351D19X3 01 dULPURNIL 9406 A
pa1eIISUOWISP Se 3fes pue 3|qIsea

skep aAnelado-aid Jo

960/ JO 9DBIaAR UE IO} B3} APNIS dY3 0}
2DIASP BY1 WO paNjWisueI] sem e1eq
‘poliad aAnesado-aid ayy bulinp adiAsp
11941 PISIUOCIYDUAS AJ|Nyssa00NSs 94| /£
‘sapiAnoe Apnis aanesado-aid ayy buj
-19|dW0d 96/ AQ PadUSPIAS SE 3|ge
-1dadoe pue a|qiseay si uondudsaid
951219X3 PUR 9DIASP SSAUIY D|qRIeIM

(2402 [R2IBINS-150d
pue aid uj syuaned
J95Ued BUN| YIM dIoM
oym sjeuolssajoid
aledyi[esy g +Aisbins
pey pue Jadued bun|
abe1s-A|1ea pey oym

Apnis aAielenD swuaned /1) sz=N

D1OSN
SDUBAPE A|[BD0] UM
syuaped G| =N

Apnis Aljigises

K1961ns 10y

pa|Npayds Jaoued bun|
1110 1| 9681 yum
syusned pg=N

UONUSAIIUI UONRI[IGRYS DAl
-e19do-150d pue-aid e Jo s9dUSLAAXD pUB SMIIA
sleuolssajoid a1edyijeay pue syuaied 2i0(dxa o

Adesayiolpes a10j9q

Aj21eIpauwull Bujuiel) 9510493 J91awobIa 394>
Aisu1ul Yyb1y-01-21eJ9pOU PINIdNIIS ‘PISIA
-1adns ‘[enpIAIpUIl U JO A)1|IGISeS) 9U1 SUIWEXS O]

uoabins e woly

uondiosald 95219X Ue puUB SJIASP Ssauly
S|geseam e Jo uoisiroid 8yl Jo AN paAled
-1ad pue Ayjigeidanoe ‘Ajigises) sy a1ojdxa o

wopbupy pajun

sewusq

e2LIBWY JO
$3121G paun

[19] Lz0z Apnis 9l
-ejenb v adued bun ioy
(3DV10S) 2wwelboid
uonel|igeyas aaesado
-150d pue-aid e uo

SMBIA S|euolssajoid
2JedU1[E3Y PUE S1USI1E]

[09]

610¢ Apmis Aujiqises) v
:19dued Bun| |93 |jews
-uou ujl bujuren aspIaxa
Ajiep Adessypoipes-ald

[65] 020t 422ued

Bun| yum synpe Joj weib
-01d 351019%3 aAlRIadO
-a1d ‘pasinsadnsun ue Jo
Apnis Ajigiseay v

suonejwi|/syibusns

saAnda(gqo maiaal buidods
33 01 pajejal sbuipuy £y

adAy/ubisap Apms

azis a|dwes / uonejndod Apms

asodind pue swiy

uibuo jo L13uno)

Jeafk pue sl

(panunuod) g ajqey



Page 13 of 35

747

(2023) 23

Wade-Mcbane et al. BMC Cancer

pasue|eq 10U 21am sdnoib
|011UOD PUR UONUSAISIUI DY |
'sjuj0d aWi 1USISISUOD U0
PasN $3|geII_A SUIODINO [BSIDA
-lun pue pauyapaid ou se Al
-pl[eA [BUIDIXD PRYWIT "PaLISR)
219M £1961Ns 210§9q SHIIM
9AY-01-IN0J INOCe JO Wl
Buniem payoadxs ue pey pue
eaJe ueyjodosauwl ay) ul

paAl| oym syuaned Ajuo - seiq
UoNI33S sUoneIWI
yoeoidde

uoneyjigeyaid (Buiaqjom
|ed160j0ydAsd pue as1219%d
‘UoIIINU) [epOW-1] [SY1buans

suope|ndod juaned

J32oued aanesado-aid buowe Jo
uone|ndod [eiauab ayy buowe
JUSWISSISSE JAIN 10§ pa1epljen
U93q 10U pey pasn adIAdp

912l 1Jeay SAIIDBOAIA UlUdIeD
34 "PaUIRICO JOU SeMm UOI}
-USAJS1UI 341 BULINp S[oA9)
VdAW 21edwod 01 YdAN
UoluUAISIUI-1d JO aInseaw
9A1123(C0 Uy "PIPN|IXD M
19UJ31U] 8y} 01 $S3DD€ dARY 10U
PIP OYM SIUSNEJ [SUONELIUII
paiInseaw

AjoAnoafgo pue uosbins e Aq
paguosaid A|[eonselsnyius s|
9S12J9X3 UBYM SDUI3YpPe JO
|9AS] Y1 1B 00| 01 S2IpNIS

1514 Y3 JO 3UQ syrbuaIg

%t AJuo sem

9184 asuodsay :suonew
suoabins

J12eI0Y1 ISBuoWwe uonel|iq
-eyaud Jo suondaniad pue
SIPNUIE SY1 18 }OO| 03 SAIPNIS
151y 9Y3 JO UQ SYIbuang

SJUSAD 3SI2APE OU
2I9M 3Ja) pue Suoned|dwod JO I13q
-WNU 31 Ul s92UJaIp Juedyiubis ou
219M 2Jay] "uoneljiqeyaid Jaye (101 '0=4d)
Ae3s jo yibua) [eydsoy pue (F00'0=d)
oxexdn usbAxo ‘(1000 =d) AMING Ul
JuswaAoidull Juedylubis Ajjednsiiels e Aq
P2DOUSPIAS SB 3AIID3YS PUR ‘BJes ‘3|qises) Si
A1261ns 1aoued bun| aAndaje buobispun
syuaied ysu-ybiy bunabiey weiboid
uoneyjigeyaud paddais ‘pasijeuosiad v

Juswabebua YA pue Aideded oiq
-0J2€ Ul JuaWwanoidud] Juedyiubls Ajjesiuld
210woid Aew saxdely AyAnde ue snid uon
-diosaid as|Diaxa palaAIPP-uoabins e 1eyy
Bunybiybry ‘10w 10 W | JO JUSW
-anoldwi Juedyiubis Ajjesiuld e paiens
-UOWdP 9%/ (#1'0=0) VdAIN 3sod pue
aUl|95eg U9IMID] | MING SU3 Ul punoy
9OU3JRYIP 1UBDYIUBIS [ed13S11eIS ON

pouad aAnessdo

-a1d Y1 bunp sAep ay3 JO %9| Uo
VdAW JO Ul O£ Jo [eob ay1 19w syusied
‘abesane uQ ‘pouad annelado-aid ayi bul
-INP UlW 07 :Aep Jad YdAN UBSN

pajueliem s| Jaoued Bun| ul uolelljigey
-21d 01Ul Yo1easal JaY1INy 18yl 9A112q %76
sjeuolssajoid yieay

pal|je 0} $$920e pue SINIPIGIOWOD Jualied
2JaM uoneyl|igeyaid 01 sialieq Ulew ay |
uoneyljigeya.d eia syusiied asiw

-ndo 01 A1a61ns Aejap 03 Bul||Im a19M %16

103f0ld
1uswanoiduw Aujenp

Apnis 1daou0> Jo Joold

AoAIns
|BUOND5-55042 SUIUQ

A12b1ns 1a0Ued

Hun| obiapun 01 anp
syuaiied Jaoued Bun|
(W.Je jonuod syy ul

9€ pue WJe UOUIA
12U BYI UL ) 18=N

K1sbins
obiapun 03 anp Jadued
Bun| |jj-] abeis yum

syusped gL =N

suoabins
JDeIOY) 87 =N

AbBa1ens uonejuswadwi oAl

2942 pue ‘ajes ‘2|qIsesy e si a1ed uolel|igeyald

paddais ‘pasijeuosiad Jay1aym auIwIS1Sp Of

UOIIUDAISIUI 3SI1DJ9X3 dAlelado-a1d
paseqg-awoy e ul uoliedidipied Jae Apeded
21qoJae Ul abueyd pue (YdAN) ANAIDY [edIsAyd
SNOJOBIA-21RISPOIA JO [9A3] 21 SUIWIIRISP Of

suoabins d1dei0y) buowe
J30ued bun| u uoneljigeyaid Jo 1yausq
paai@diad pue A1ijigeidadde syl aulwIlep O]

[¥9] LZ0T =182 JO
piepuels 01 ydIessal
wol :A196INns 19oued

epeueD)  DIDEIOYL Ul Uonel|igeyaid

[€9] L20T syuaned
Ja0ued bun| jo Aydeded
21qOJe puUR dUIRYpPe

9512193 aAnesado-aid uo
J1y2e41 A1AIOR UB pue
uonduosaid 3spIaxa
PaI9AIIDP-U02HINS € JO
SSOUDAIIDYS [e11Ua10d

edlawy Jo
s91e15 payun

[¢9] 020T 49dued
Hun| ur uoneyjigeyaid o}
ejjensny  suondadiad pue sspnuny

suoneywil/syibuais

saAnda[qo malaal buidods
3y 01 pajeal sbuipuy £y

adKy/ubisap Apms

azis a|dwes / uonejndod Apmis

asodind pue swiy

uibuio jo A13uno) Jeak pue syl

(pPanuiuod) Zalqel



Page 14 of 35

747

(2023) 23

Wade-Mcbane et al. BMC Cancer

saibarens

Buronpal Aaixue pue uon
-esjwndo [euoninu Jo
92USNYul Y1 UO UOISSNISIP
ON "0M1 Aep Aq AjoAneisdo
-150d pabieydsip aiam
%91 SNSIZA %71 ING

‘Aeis Jo yibus| jeudsoy
UeIPaW Ul 3dUIa4Ip ON
Kiabins-sod

Aieded [euonouny jo K101
-33(e1) ay1 Ul 2dUI3IP ON

Apnis siyy ut
suoned||dwod aanessdo
-150d Ul UoNINPaJ B YUM

P31BID0SSe 10U SeM S|}
"I9ASMOH “UaWIIB3J |03
-U0D 3y} UeY) 191187 IO Se
po0b se ale s10342 ay1 18y}

papiroid Jou
uoneuloju|
‘Butaq|lem
JUsW|oIua Jo
awi ayi e
pa1|dwod Aleip
pooj Aep € e uo
paseq uanb
SDIAPY UONIINN
[9AS] SS2UIY pUE
9SID1eXa JO

2d1 pausjaud
sjuaied e o)
palojie] :3s1019x3

399M B SaWIN} €7 :BUIRq|[oM
351D19%3 JO INOY | UILYIM SIUSW
-a|ddns ur104d + Aep uad uisi0id Jo
1yBram Apoq eapi B3/6 G'| :uonnN
399M e SAep ¢

s3s12Jaxa Bulyd1ans pue (suoniadal
71-8) bululesy aduels|sal +Yaam e
sAep ¢ bulules) 21qoJae A)sua1ul SNo
-1061A-91219POW JO UIW (€ :351249X]
K19b1ns 1aye

s9am g 01 dn pue (K1sbins 01

Joud syeam ¢ Aj@1ewixoidde) Jusw
-55355€ QUI[aseq Ja)e Aj21eIpauuw|

papinoid
S3SIDIDX3 UoN
-exe|al YlIm

2s1p 1oedwod
‘butaq|lem
1ybram

Apoq [eap! B3

/6 G| 1e pajend
-|e> uioud Ajieg
|00} BuluaaI05
Asty [euon

-LIINN 241 pue
(VDS-9d) Wusw
-$5955Y [PQO|D
EARSEIC)IN
pa3eIausn
Juaned ay3 buisn
paudalds syualed
IV :uonnN

awweiboid uondiosaid
pasinsadnsun 9SID19Xa pasi|e
Paseq-aWoH  -U0SIad :351D19x]

suolssas dnoib
Buimoyjoy ay1 bul
-Inp papiroid
2J9M DIAPE pUE
siapulwal pue
UOISSaS [ENPIAIPUL
1514 41 bunnp
PaJDAIIOP SeM

[suuosiad

paulel) ABojoydAsy
Butaqiem

113Ip pa1s}
-s1bay :uonnN
1s160jo1sauly
payIIa) Bs1DIaxX]

A131xue 9onpai
djay o1 buiyiesiq
daap pue uoliesije
-nsIA ‘A1abew uo
paseq $as1219%a Lol
-exe|ay :Bulaqiom
paiinbai ji
syuawa|ddns uie)
-oud Aaym paquos
-a1d pue uie104d JO
p/6%4/6 §'1 1oj wie 01
pasIApe 5|00} pajep
-l|leA Buisn pauaalds
SyuSled UOHLINN
buiuien

3dUeISISal pue
Bujuren oigosse
Ausua1ui snoJobia
-91ISPO :351049%X3

-01d pue paiaulp
‘Buiyiesiq-dasp
‘sanbiuyday adue
-J32 SNONW UO
uonesNpa pue
1oddns uonessad
Bupjows :bulaqapm
buiuayibuans od
-snw AJo1elidsu) pue

Ayijerjow pue

KI19A0231 pake|sp e 01 pes| pjnod
yo1ym ssans |edibojoydAsd aoua
-l12dXa US1JO pue 3xeIul pooy
padNpaJ B 01 aNP XSl [PUORLINU 1B
aJe syuaned Jadued bun| ‘uonduny
1e21sAyd anoidwil Apuedyiubis oy
UMOYs Uaaq sey buluiesy asd
-19%3 ybnoyije 1ey1 yoieasal Ing
‘10341 JO [9pOW B UO Paseq 10N
Buraqiiam -

uonunn «

351219X7 *

SUOISSaS

JaM3) pauioyiad oym 3ol ueyy
weiboid uoneyjigeysid ayi Jsyje
sainseaw A1o1elidsaiolpied ul
1UBWaA0IdWI 2I0W PAIMOYS

[sel (e

P3)|013U0D PasiopuURY)
[B1} P3[|0A2UOD PasiWopUel
v :A1361ns 4a0Ued Bun| I}
uoneyjigeyaid [epownniy

[vel (e
P3]|0JIUOD PISILIOPURY) [e1}

pa1edIpUl S[RAIIUI 9DUSP EslVI=IET o uoneaNps pue Bujusyibuans spd SUOISS3S G| Z pa19|dwod oym pasiWOpUel y 1Jadued bun|
-Juod sy pue uswibal [enpIAIpUI O} 1oddng -snwi esayduad 4919 siuaiied 1yl punoy yoiym Apnis |92 |lews-uou yim ajdoad ui
uoneyjigeyaid asusp syl Buipiodoe SYOIM G 10J 3j9am Jad BVELTIEIN -wobia 9PpAd e UO snoinaid e jo sbulpuy ayruoIng  AdedLye 411aq JO JBjIuIS Yim
painoney adojs ZODJA paseasnul SUOISSaS UIW-06 X € ‘WIe [011U0D SUOISSaS Bulules) adue ‘10341 1O [SpOUI B UO Paseq 10N uswiBal pauslioys e ul
/3/\ pueeadzOA Jo adueIsisal / SHIOM € JOJ Yoam Jad pspiroidiou  dnoib pue suo 01 -INpu? JIgoILe JO Buleqepm s Apusnbaiy siow papiroid g
S9JeWINSD UBY  AUSUSIUI/ PROT  SUOISSIS UIUI-06 X G “ULIR UOIIUSAIDIU] uonew.oju| UQ :951219x3 1sidesayroisAyd S1SISUOD) :351049X7 ENBIEXER ued SUOIsSas uohelljigeyald

uondudsag syusuodwo)

(pauued

\_MBuumv IPM moH m:_._o__m._. ysnw moy pue usyp\ 2I9YMm MOH Uwﬂ_>0‘_ﬁ Ooym Jeym >ﬂ=um

1SIP2YD YaId|L 241 JO UOISIDA Paypow e Buisn suopuaAIaiul uoielljigeyaid ayi jo uondudsad € ajqeL



Page 15 of 35

747

(2023) 23

Wade-Mcbane et al. BMC Cancer

AKypeded

Yo9M B saWl -7 :BuIaq|[apm

19400q uonew
-Jojul 1uaned e ul
sasuodsal uo
paseq

passasse sem
ERVEIEN ol
‘dwoy 1e
pawuioyad ag 0}
S3S1DJ9X3 Uon
-eXe|3) YUM dsIp
1dedwod e usAlb
EIE)

syuaned pue
SUOISSS SUO 0}
2uQ :BuIRq|I9M
wexs

|ea1sAyd pasnooy
-uoninu e pue
Ansiwaydolq

Buiyreaiq

dasp pue uonesije
-nsIA ‘A1abew uo
paseq sas|D1axa Uol)
-exe[ay :buRq|PM
d UlweiA yim
Juswa(ddns (10 ysy
Ajlep e+2upnaj yum
Juswa|ddns

21e|os| u304d
Aaym e +p/by

/1B 0€-5C JO
AbBlaua pue p/bx

[euonouny sAnessdoaid ul Aep e 321m1 uoiey ‘swoidwiAs /B 71 <joayeiuruR)  1ed [eudsoy piepuels 01 paiedwod
paAIasgo JuaWaA0IdWI ON -uswsa|ddns ur101d A3y UORLAINN 1oedwi-uonnu -0Jd 193w 03 JUsW Auoeded [euonduny sAnesadoaid [9g]
969'8G SeM pasije Aep puodas A1aAa SasIDI9Xa DU ‘Anawodoiyiue -ss955e AIRIaIp Pas|  aA0idwl pue 9|gisea) 9q Pinom uon (len
91kl JuUsWiINIDSY -NPIAIPUL S -1SIS31 + 9S|D19X3 DIQOIR 91eIapoWl JO ‘9)ejur uo paseq -UanJa1ul uoneyljigeyaid [epouiy P3]|0J3U0d pasiwopuey) (el
Juauodwod [ed160) adIApe Aieraig Ulw O€ :9sDIaxa pasialadnsun 1USWISSISSR [suuosiad 9SI12J9X3 DUB  -|nW [9A0U 2y pouad aAnesadoald  10|id paj|01Iu0d pasILOpUe) i
-0ydAsd au1 uo elep ou Ing 'SIUBISSISSEe ujw g oy Alelalp auo 01 paulen ABojoyoAsd  -1sisal pue asipiaxe oyl buunp leyl sisaylodAy ayi ing :A196ins bunieme syuaned
Jusuodwod [euon [eniuruodn  suonnadal G1-g JO $195 7| :SISIDIIXD 2O 1B SUOISSaS QUQ uonNN Butag|iom 2Iq0I2e 1eIapow ‘1031 JO [9pOW B UO Paseq 10N J92ued Bun| 1oy UoUIAIIUI
-LINU pUB 8S1D19X3 3Y1 10)  paseq pasijenpia 9DUPRISISAI+9SIDI9XD DIqOI9R JO  pasiAiRdnsun yum uopdudsaid  uennaIg uoRLINN pasiaiadnsun pue Bulag|op«  uoney|igeyaid [epowninui e ul
Ajiqisesy 1s966ns o1 -Ipul sem wielb 399M /| :951219%3 pasiaiadng pauIquiod 95I12J9X2 pasi|e 1516 pasiaiadns jo UONLANN + JusWwa|ddns JusLINU-paxiw
sa1el 2dualaype ybiH  -oid as1219xa ay | :A1961ns 01 Joud s)oam 4 paseq [eUdSOH  -UOSI9d :DSIDIaX3  -O|OISaUly 2SI1219XT Pa1SISUOD) :351D1aX3 ENBIEYER [9A0U B JO AlljIqisea

uondudsag syuauodwo)

(pauued

/len1de) ||9m moH lojiel yonw moy pue uaym avYM MOH papinoad oym 1'YM Apms

(panunuod) € ajqey



Page 16 of 35

747

(2023) 23

Wade-Mcbane et al. BMC Cancer

Z0A>ead lawodino
Alewd ay) ul Us3s 30Uy
-JIp uedyiubis oN ‘Adesayy
-0lpel PaAI2d3I 04/9 pue
1USWILSI] DIUWIRISAS 1US)
-INduod bulobiapun

alam syuaned ||y (Lz=u)
1591 WOJJ 9dU3sqe pue
‘(07 =u) uoissaiboid asea
-sIp ‘(zz =u) a1edpiued 01
|esnyal ‘(z L =u) yiesp 0y
BNP 96/ € Sem a1el UORLNY

abieydsip puokaq

S12948 W) Jebuoj sey
UOIIUSAISIUI S JI S5955€ O)
Pa103||02 34 [|IM S310DS
150503 PUe SIDIAISS
4i[eay Aunwiwiod Jo asn
‘uoneunsap abieydsiq
“uaeIIapUN 3q OS[e [|IM
UOI1BN|AS DIUWLIOU0D]
‘K136ins 1oy uonesedaid
11341 paroedul sey Apnis
91 MOY UO %Deqpad) O}
MBIAISIUI PAINIDNIIS

-lwas e ul Led oxel ||im
syuaned JO 110Yod gns iy
"(10S03 'D1403) 100 pue
sAep Og 1e K1anodal
|euonouny paniodal-jes
‘Keys Jo yabua| ‘Aujeriow
‘xapul suonedljduwiod
x3|dwod ‘(uonesyisse|d
opuid-uaine|D) Aupigious
aAnesado-1s0d ‘xapul
Aupiglow aanelado-1sod
:K19A0231 anlel1ado-150d 18
painseaw aq [|im Buimoj|oy
ayL'(D1403) 100 pue
(211PULONSAND AUAIDY [BD
-15KYd [euoneusaiu| ‘A1sneq
9ouewiopad [earsAyd 1oys

|9A3] SSaUIY
suaned ay1 0}
paio|ie} 1om
SUOISSIS
ESDIEXCENTE

buiuen
yibuains pue
Bul2A> A1euon
-e15 Jo bunsisuod

papiroid Jou Hujuresy dnoib

SY9IM 7| J9AO Y G| JOJeam eX T uoneulioju| pasiniadng
(kep

/6%/651-5T'1)

oMeiul

ure101d pue (Kep
/6%/5[e2% 0€-62)

ABiaus Aieraip
91enbape ue bul

buiuien

351249%3 AU pasd
-Allop 15idesyio
-1sAyd youeasal
‘uonedpnled 03
Joud syusied

||e pauaaids isid
-esaypoisAyd uo
15ijeads

35INU [BDIUID Y

bui

-yn12.15 pue bujuren
Digosae ‘Bujulesy
y1buains jo buisud
-WOoD uolexe|as pue
Buiuteny [ea1sAyd

[8€]

(et paJ|01AUOD PasILIOPUEY)
(e [es1uld

pasiwopuel \y :Adesaylowayd
Huiobiapun 1odued bun|
3|qeladour paoueApe Yim

paliodai aseq K103 JO [SpOw ON sjualied Joj UOIUSAIRIUI
ESDEER 351D19%3 UP JO 510343
paiinbai s

su aanessdolsod 1saybiy yum
950U)3 Ul pue s}joyod Jabie| ul
uohen|eAs Iayunj IsAaMmoy ‘COE

‘yibuans appsnwi [esayduad -Insuj :uontinN 33591 dieday pue Awoldago| [£€]
‘ainssaid Aiojesidsul 1usned syy 01 UOIUdAJRIUI 341 INO Bujobispun (jo>0101d |eLi} Pajj01IUOD
|ewixew) asuewlopad 1USIUSAUOD -ybnoiyy paurey S1|NPe 3P[0 1Y-MO]| Ul SSaUlY pasiwopuey) (el pajjosiuod
|ed1sAyd pue Areuownd auli} e e 191 -utew s| Aoenbape  Aleuownd-olpied saroidul Ajpued P3SILIOPUEI B 10} 0301014
‘(13dD) sseuiy Areuownd -wobia [EUONLIINU 2INSUS 0} -LIUubIs ]||H JO SUOISSaS G| -7 | 1By} {(LIIH3Yd) snbeydosao Jo
-oipied :Aiabuns oy Joud  [enpiAlpul 8yl 0} papir0id 10U UOIPULIOJU| :UORLNN 3]PAd> e UO 1USWISSISSE DN21AIP  2dUdpIAS Ateulwiliaid uo paseq ing  Bun| ayi Jo Jadued 1oy A1abins
uonuaaIUl 1sod pue paJojiey g [|Im uiw o SUOISSSS PASIA - UeniaI :uonINN paJojie] :uoninN ‘K1094} JO [9POUI B UO Paseq 10N x3)dwod Bujobiapun
QUI|9seq ‘sisoubelp 1e pain  uolUSAIIUI Ale) Bunse| UOISSIS Yo YlIM Yoam e -Jadns auo 0} 1s1desayio swuwelboid |||H uonunN « suaiied ul ssauly anoiduwil 0}
-seaW 9q ||IM BuIMO|[0} 3y -3Ip pue 3s1D1ax3  SABP G 01 dn Sy9aM 7 1583 1Y :95ID1aX] paseq [eudsoH aUQ :9s1D19x3 -ISAYd :9s1219x3  pasiaIadng :as121ax3 ENBIEYER 351049%3 aAneIadoald

uondudsag syuauodwo)

(pauueld

/|en1de) ||9m MoH ojiel yanw moy pue uaym EYEITTTY MOH papiaoad oym 1eYM Apnmis

(panunuod) € ajqer



Page 17 of 35

747

(2023) 23

Wade-Mcbane et al. BMC Cancer

13Ny PaAIRDRI Oym
350U3 Ul Jamo| Ajpuedyiu
-b1s sem suol1edl|dwod aAn
-e1ado-1s0d Jo Jaquuinu ay |
13Ny Joje

Ajuedyiubis paseasnul
oWl 9dueInpus pue
Uole|IUSA 3INUIN
‘dwiwelboid Buiutesy syl oy
30U3IBYPE %98

(SM3IAIRIUI P2IN1DNIIS puR
sdnoib snaoy ‘aueuuon
-sanb seds 1e Juswikoldsp
Y1[eaya[a] pue uoneulp
-1002 31D BudURAPY)
annoadsiad sjeuoissajold
a1edy1jeaH

() 51502 21EDU3|PBH

(€) (sJox4ew uonLINU pue
Buragjjam ‘Auanoe [eaishyd
‘SUOISSILIPeal 'SUOIL
-eljdwod aAnesadoisod
‘Ae3s Jo YbuST) sowodINo
pa1ejai-yijeay uone|ndod
(@) (uon

-elligeyaid o1 s1a1leq pue
S1031e|108) AJIIUap! 01
SMBIAISIUI PRINIDNIIS pue
sdnoib snooy pue aleuuon

ERIIEle) @6@
-noads ay1jo
asn eiA juaned
4oe3 0] Palo)
-1e1 sem ] JNY

papiroid Jou
UOIeULIOU|
Buteq|am

usw

-ssasse Ale1alp
pasifenplAlpu|
uonuInN
9DURID|0}
S,[ENPIAIPUL UB O}
pa1depe aq

™ Bujugen
yibuans sy1 pue
(9]e2s biog pay
-Ipow ay1 buisn)

Aep | 1o} paisal pue

SAep 9AINJ3SUOD 7 UO pawiofiad s|
13WY Aj1ep uolssas bululel} ulw-o¢ e
213|dWod 01 paySe ae pue syaeMm
331Y1 JSAO | JNY JO SUOISSSS 7|
9AIDD3I SJuUdled AjpAnelado-aid

paseq
awoy pue [eydsoH

151dessyy [ed
-IsAyd swles ay1 Aq
Y99M B 90UO PasIA
-1adns sem | JNY
3y "821A9p oIab
-nouids e buisn

dde sjigow ay3 ul
S951249%3 pue sa1b
-a1ed1s Buidod oy
sapinb olpne pue
suolssas dnouny
Bureq|em

dde sjigow ay3 ul
sAanins dn-mo
-|0J pue [eus1eW
[PUONEINPS LAIM
Buy|lesunod
Kie1a1p pasieuos
-13d :uoninN
dde ajiqowi e 01
payul| Jaxoen

Adesayy

1594d aAnesado-aid
|ensn pue esoud
-12dAy s1udedos| jo
Bunsisuod ‘1IN

1sidesayy
|eaisAyd v

-UaAJo1ul [eUO
AIDD3] [|IM sjuapied
‘uoniINUlew Jo

3SU 1 pawWaap J|
"9)eIU| [0YOD[e pue
uonessad bupjows
‘AuiAnoe [edisAyd uo
SDIApE A1)

[Im sjusned

W [0JIU0D
Adeiayp
[BINOIARYSC SAI
-1ubod pue UoNLSSD
Bupjows :bulsqapm
Juswa|ddns

ulased 1o ;wU\SOQ
ui0id Asym
e+upa104d Jo p/By
/6 7-G'1 193w 0y
Buy|lesunod Aieiaip
pasijenpiaipu|
:uonnN ‘weiboid
paseq Ja1swopad

13Ny Buimojoj syusiied

(QdOD) aseasiq Aleuow|ng aA1
-dN1ISgQ 2IU0IYD Yum syuaned ui
Aioeded 9s1219%a pue 9dURINPUD
3asnwi A1o1esidsas Ul suswl
-anoidwi JuedyIubIs pamoys aney
Ud1ym s] DY snoiraid paseq inq
‘10941 1O [9POUI B UO Paseq 10N
EIENER

uIbLIO [eLIO1DRINW WOL)
Audeded [euonouny ul uonoNpal
uedylubis e

aney Ajjensn Aay3 se uoney|iq
-eyald woly 1yausq 01 A|2Y|| e

[ov]

(P11 P3||0AUOD PASILLIOPURY)
A1abins bunj usye
suoned|idwod aanesadoisod
Aseuownd sjuanaid pue
Aioeded A101e|lluaA saroldwil
@C_r:mb @dueInpus a|psnw
Kloyeuidsal aapeladoaly

le€]

(e} P3J|01IUOD PISILOPURY)
jod0104d |l

P3]|043U0D PISILOPURY :UOI

-sanD ANNuRUOD UsbawliN swoydwiAs 0y AAnDe [Bd 1516 pasijeuosiad e pue syuaiied Jadued bun|  -2asal Jadued bun| bujobispun
‘dileUUONSIND 9duUdLadX]  Bulpiodde [enpia SaM X | :BuIRq|[oM -I1skyd e jo -ojoyaAsd yijeay Buiuten yibuans [e216ans 1eu sisaypodAy ay1 ing susned ysu
Pa31eUIPIO0D) PaJIUDD) UOS -Iput 8y} 0} papiAoid 10U UOIBULIOJU| (UORLIINN asnpueald  [edIulD BUIRG|RA  ‘9SIDISXS SdURINPUS ‘A109Y} JO [9pOWUI e U0 paseq 1oN  ybiy-01-a1esspow uf wesboud
-134) @ouUaliadxa 1uaned (1) palojie1 aq ||IM MM X € 1951219XT dde -wobis  uenILIg UoIINN Ausua1ul-ybiy Buraqg||om « uonel|igqeyaid [epowliynwi
‘yoeoidde wie sjdnipenb e Bujuien sdue pay d|lqowl e eIA pUR  92AD B UO SUO 0} 1sidessyio 19512J9XT {We UONLINN + pawoddns Abojou
MO||0} 01 SUI0DINO APNIS  -INPUT :351D19X] -pads Jou uoneing ‘A19bins 01iold  Paseq AuuUNWIWOD ElilgRcNbIE el -15AYd :951219%3 UONUaAIRIU| ENBIEYERY -14231 B JO SS9UDANIRYR-1S0D)

uondudsag syuauodwo)

(pauueld

/|en1de) ||9m MoH ojiel yanw moy pue uaym EYEITTTY MOH papiaoad oym 1eYM Apmis

(panunuod) € ajqer



Page 18 of 35

747

(2023) 23

Wade-Mcbane et al. BMC Cancer

sawwlelboid uoneyjiqeyas
Ateuownd ui uonedidde
JejnBai st Jo Aupgissod syy
Bunesipul ‘paie

-13[01 ||9M Sem Buiulesy ayy
ddOD PeY %0€ ybnoyyy
‘05/8 SPM DUIBYPY
“SYOIM € JaN0 paudioyiad
90 03 SUOISSas bululesy
|eAIIUL AVIsURIUI-YBIY 8 Jo

panjoAs
91el 1eay pue
sbupel biog se
UoISsas yoea
paisn(pe sem ales
YIOM "S MOJRq
pasealdsp

11049 Jo

95U3S AU} JO
eaoudsAp Ji uiebe
pasealnul sem
19MOd "3|edS

Biog ay1 uo

G 1se9| je Jo
anbiey H3| pue
eaoudsAp e
ulelqo o3 A1oeded
sjuaned ayi 01
buipiodoe
pIaMO| Sem
Jamod ayy 1amod

DT1DSN 4oj A196ins uondasas bun)
Krewnd bunieme syusned ul pajed
dal 3¢ pINod siy1 pue sseasip

11eay DIUOIYD YUM
Siuaied pauoIPUOIaP Ul 3jes pue

[ey)
(w1 [e21Ul pasiwopuey)
LI [E2IUI[D PISILIOPURI Y/

UBIPaW B PIMO|B YDIUM 9400  SUOISSS 1915WobI9 3|qIsea) aq 0} 190ued Bun| yum syuaned
‘skep Gz sem A1abins pue 919|dwod 01 9PA> e buisn umoys sey |||H 1eyl yaieasal inq P3UOIIPUOI3P Ul 3jes pue
UOISIDap [BDIUID UaM1dq 3|geun a1am %3aMm e saw papiroid Jou suolIssas dnoib sisidessylo weiboid ‘A103Y} 1O [9pOWUI B UO paseq 10N A3y S| Bululel) [eAIIUl
uoneinp uelpaly syuaned | €—| ulw Qg ‘A19bins 01 Joud syeam ¢ uoneWLIOJU| pasiniadng -1sAyd Aioresidsay ENBIEYER]IIE] ENBIEY=R Ausua1ul ybiy aanelado-aig
yieay
[BIUSW UO DAY AJUO S|
K19b1ns 210430 Buulen
9su1Ul 1ey) bunsabbns
‘sdnoib omy ay) usamiaqg
(UondUNJ [EUONOWS IO}
1daox3) 9y1f Jo Ayenb 1o
uonsuny bun| Ul aduIYIP
Juedylubis o edue
-Inpua Aeuow|ndoipied
anoidull pinod uawibal JusWwINAsUl
Buiuten Aususiui-ybry dais-np e buisn [L¥] (et
wiis1-1oys 1eyy bunesipul :9S1219X3 D1qOIRY P3]|013UOD PISIWOPURY) [BLI}
‘dnoJb |03u0d 3y} 03 J919Wolds 951249%3 DI pasiwopuel i/ :uonouny bun|
pasedwlod wie UoRuUIA Kepe SAUBDUI -0J9B PUB S35I249Xd payWI| Yim syusiied saoued
-193U1 9Y1 Ul | MING 943 Ul UIW Q€ :95ID19X3 DIgOI9e pue Aep X € D1II9WN|OA B sisidesayy  Buiyieasq buipnppul Bunj |ed16INns Jo SaWOINO |BD
PR12A0D 3DURISIP DY Ul papiroid 10U 159512193 BUIY1LIg HOIM | JSAO papiroid 10U Buisn :sas1019% [eaisAyd pue  Bulutely jedisAyd jo  paiodas aseq AI0SY3 JO [SPOW ON  -IUlj> uo Bulutely [edisAyd aAn,
ERVEIETISRU=STIVSTIS UoeWIOU| papiroid sem uonuaAISIUL 3y | UoIeWIOU| Buiyiesig sisijernads asinN pa1sISUOD aspiaxg - -essdoald yoam-auo Jo 1dedu|
uondudsag syuauodwo)
(pauueld
/|en1de) ||9m MoH ojiel yanw moy pue uaym EYEITTTY MOH papiaoad oym 1eYM Apnmis

(panunuod) € ajqey



Page 19 of 35

747

(2023) 23

Wade-Mcbane et al. BMC Cancer

papiroid ou

papiroid sem disnuw
Buixeas yum sakeid
JIsnw Y :BulRq|em
urer04d Jo

p/By/6 61 Jo

9)eIUI UB 9A3IYDE O}
351019%3 JaYye INoy
SUO UILY1IM 33e) 01
ed 01 uanIb Jop
-mod urayoid ASym
'suioid Ayjenb
-ybiy pue suniy pue
sa|qe1abaA aiow 1ea
‘s191p 18} ybiy pue
alojed>-ybiy proae
‘s)qey bunes
Ayeayun sbueyd o)
pasiApe siuaned
Suleu

-uonsanb [[eda1 pooy
|e101 Aep ¢ :uonunN
[9A3]

$saUIY JI2Y) Yydlew 0}

papiroid Jou

JISNW Buixe[al yym
uones|[ensiA pue
Kisbew buipnpoul
uol1exe|[as [eIUSA

uonew.ou| pueq aoueisIsal uonew.oju| RSVIEL[[EIYY
:buag|iem Jse|9 ue UsAIb :buIag|ism uoneluswa|ddns [ev]
Aljeriow pue alleuuonsanb siuaned ‘buuren papiroid Jou ur101d Aoym yum (el Pa||0AUOD PasILOPURY)
‘suonedldwod |e23) pooj P10} 91RI9POU DA3IYDE 01 uonew.oju| Buyjlesunod |el) pajjouod
annesadolsod ‘Aijenb Kep-¢ e uo Buidaays 01 Joud Ajieq :butaqiop 195 pue 91eJ 1esy UONLAINN  [eUOLINN :UONLINN pasILIOpUe] Y :12dued bun| Joy
KISA0D31 WIS1-1I0YS ‘Aeis Jo paseq usnIb MNIIMX T 196181 pue (3)eds SIUBWISSaSSe Bujuren Aiorend Awo3103qo]| d1dodsodeioyy bul
Y1bua| JUsWISSasSe [eD160]  IDIAPY (UOILINN S3SIDJ9XD DDURISISAU+ MM X € blog) uoiaxa  dUlRSe] ||B 300} -S31 puB S3sIDIAXa  paiodal aseq A1oayy 1o [spowl oN  -obispun syualied ul Aljigeded
-oyaAsd ‘Aujigesip ‘'uonouny |9A3] SSOU UIW OF ‘9SID1aX3 D1qOIaY 9510193 panRaiadjo  -lapun Adesayy 2oueIsISal ‘Buluten Buraq|iom « Jeuonouny sAnessdonsd
Bun| ur sadusRYIp Ou INg -1y syuaned o) (A1961ns 210§3G SHIM 7) 91eJ 3Y1 UO paseq |ed1sAyd jo oy igoJae Alsuaiul UONLANN + sanoidwi weiboid uoney|iq
‘AMING Ul luswaAcidwl|  palojie] :9S1219X3 1USIA SUI|9SEq JaJe Aj91eIpawiw| paseq aWoH ANSURIU|:2SIDI9XT  -DOP Y 510193 91RISPOIA :251049X7 9sDIaXF+  -eyald [PPOWI|NUL %S9M OM |
uondudsag syuauodwo)
(pauued
/len1de) ||9m moH lojiel yonw moy pue uaym avYM MOH papinoad oym 1'YM Apms

(panunuod) € ajqey



Page 20 of 35

747

(2023) 23

Wade-Mcbane et al. BMC Cancer

(eAljes)

JUSWISSISSE Bupjows pue
51502 aledy3jeay ‘suonedd
-wod ‘Aeis Jo yibua) ‘Aieip
9512193 ‘(UonIPUOd bul
'swoydwiAs ‘siappe| sniels
[BID0S 3A1123(QNS ‘SISMieU
bulag|lam pue uonnu
‘AAnoe [edisAyd ‘xaput
Aujenb das|s ybingsnid
‘anbiyej-Adesay ssau
oluoiyd pue bunj-Adesayy
J3DUBD JO JUBWISSISSe
|BUOIIDUNY) SAUIODINO
pajiodai-uaned ‘(K1aneq
9ouewiopad [edisAyd
110Ys) @due|eq pue adue
-INpus ‘Ybuans (GMING)
uonsuny [edisAyd ‘210ds
Aujigow Dyd-WY :A161ns
-150d syuow g 1e pue
Kisbins-1s0d syiuow ¢
‘9b1eydSIp Uo ‘B

3S1049X3 Ul
sbebus 01
KoedLya-J|9s pue
Uol1eAlIOW UO
paseg :bulaq||opm
yiealq Jo
SSoulloys Jo
/pue uled ‘ssau
S{eam appsnuw
'anbiey Jo [aA3)
sjuafied e uo
Buipuadap
paisnfpe aq

ued 3| '2102s
Aujigow diseq
snedino (Ovd
-Y) 246D 31ndy
1504 10} INSEIN
AIARDY s enpia

Koo :busq|om

951D19%2 dUR

-151S21 JO UIW G| 43510198 DIqoIae JOo
ulw g =Aususiul ybiy asniexe
9DURISISAI JO UIW (| +3SI249X3 DI
-013@ JO UlW Oz = A)ISUa1Ul 21eI9PO
"3512J9X2 9OURISISI JO UIW G+ 351D
-J9X3 DIqOJIR JO UlW 0| =AUS

-UdJUl MO :G pue ¥ ‘¢ sabeis

Kep X Ulw 7—G'| =Alsuaiul

ybiH ‘Aepx z uiw € |—| =Ausuaiul aje
-I9PO "Aep X 7 Ulw | -5 0g =A1ISu1ul

213U9 [eUON
-83123] B IO 21U

Bupouow-4as pue
Bumas [eob ‘suonnjos
Buiajos-wajgoid pue
Buisiniaxe 01 s1al
-Jeq JO uonesynuap!
‘sanbiuyda bul
-M3IAJS)UI [BUOIIRA
-1OW :BuIg|lopm
Jyoe1 AlAnDe Ue pue
Kielp asppiaxa ue
‘Spueq aoueIs|SaI pue
s1ybram 1ybi1| 01
ssadde uanib aq
sjuaned ‘Aususiul pue
SIPOU 3SIDIIXD
Bunensuowsp
swusiied 01 usAIb 3¢

swwelboid aspd
-19X3 Pasi|ewlo) ou
39 ||Im 21941 Inq
‘aled |ediul|d [ensn Jo
1ed se pouad A1ab
-Ins-1s0d pue K196
-Ins aid sy Ul yioq
Bupjjem asealdul 0y
pabeinodus aq [|Im
S1UBI1EJ ULIE [041U0D
s||es

suoyds|al Buirjos
wa|qolid pue |euony
-BALOW :ButRgIam
(Ausuaaul ybiy) aso
-19X9 9DUEeS|Sal pue
21qoI2e (G) ‘(Ausuaiul
31LI3POW) 3SIDISXS
9dURISISal pue
21qOI3E (f) ‘(Ausuaiul
91J3POWI-MO]) 351D
-19X9 9DUES|Sal pue
21qoIe (£) ‘(Kusuaiul
yb1y-sreispou)
951219%3 AMjigow
dluy3si|ed (¢)
‘(Ausus1ul 1elopow
-MO|) 8SIDIaXd
Aujiqow Jajsuen)
oIseg (1) :sabeis 6 jo

K10341 9A11UDOD [B1D0S Y1 pue
BuImalAISIUl [PUORAIOW UO
paseq sl 1usuodwod Bulsq|em sy

il
(looor0ud ey

P3][0JIUOD PASILIOPURY) [eL}

Apnis d3d aya Jo ubisap pue

oeuoney :A1abins bujobispun

-95€( 18 PaInsesaul -IpulUB UO  MOT:Z pue | sabels :9s12Jaxg K1abins SSaU|[OM DY) M $199US 951219X 1sidesayy SISISUOD) 1951219X3 VECER J35Ued Bun| Yyim syusied ul
39 ||Im Buimoljof 3y paseq :951219x3 -150d syiuow g 01 dn A19bins-aid ‘QUWIOY 1B J2YNT  [RUOIDNIISU :DSIDI9XT] |edisAyd v WR UORUSAIRIU| 3sID1ax3 »  uoNdudSaId-35I219X3-UOISIDAIY
uondudsag syuauodwo)
(pauueld
/|en1de) ||9m MoH ojiel yanw moy pue uaym EYEITTTY MOH papiaoad oym 1eYM Apnmis

(panunuod) € ajqey



Page 21 of 35

747

(2023) 23

Wade-Mcbane et al. BMC Cancer

uoissaiboid

95e351p 01 NP Ajulew
‘sdnoib y10q ul paundd0
uonLNY ‘SUOISSas abueyd
[eINoIARYRq [[e 96S/ Pue
Auanoe [edisAyd jje bunsid
-WOD 969 YlMm ‘poob sem
ERIVEIEIN oAV [IMVEVNEMV]]
100 10 anbiiey Jo swis) ul
sdnoib om1 ay3 usamiaq
EERVEICTIeRVI=SITIVISTeIN}
S JaA0 Ajeailb s1elol
-219p 10U pIp uonduUNy [ed
-15Ayd pue swoldwiAs pue
pajedidiue ueyy AlAde
|ed1sAyd aurjaseq alow
pauodas sdnoib yiog

swoldwAs ulenad uj Jusw
-anoidwi ay3 uo 1oedull
1uedYIubIS e pey pauIoy
-19d alom suonusAISIUL BYL
UDIYM Ul J9PIO 8y ‘[eAl1ul
puo23s ay1 bulnp
paonpai A|payiew

2JoM SUONUaAI21IUL
351D19%3 A1 JO S103Y3
[eIdYaURG 3Y) ‘sased |[e U]
Slusuissasse

||e PUB SUORUSAIIUI
3512192 Y10 paia|dwiod
(%L€) 61 A|U0 INQ "UONUSA
-J21UI 351219X3 1541 Y3 Ja1e
1USWISSasSe 154y Y3 pais|d
-W0D (9%/ 1) 77 TUSUISSaSSe

papiroid 10U
UoNRWIOJU|
Buraq|em
EERIVEIETEY 6|
AuAnde |ed
-1sAyd pue snies
souewlopad
‘ssauly auljaseq
siuaied ay1 0y
paioyie] 3512493

Ausuaaul buy
-utel} [enpiaipul

suolIssas 1oddns unol

-ABYSQ Ul O€-G L ‘AR :Butaq|iam
UIW GH—0¢ ‘APRap :9s1019x3

SyuoW ¢ 104

Ajtep bul

S{[eM JO INOY SUO + [enpIAIpUl 33 O}
paio|ie] :Adeiay) 3SI2I9XS plepurlS
awioy 1e Aep e y | +5uols

UOIIUSAIRIUI BY3 INO
-ybnoiyy asn o1
yoogapinb sbueyd
InoiAeyaq pue Ajiaioe
|edisAyd e uanib osje
2Iam s1UNed
‘s9|dipund abueyd
91A1s341] Inoineyaq

35N suolssas 1od
-dns Jnoineyaq ay |
SUOISSS

Auanoe jeaishyd swoy
pasiasadnsun +suols
-595 pasialadns

9UO 0] 2UQ :351249X]

papiaoid jou
uonewlou|

spouad bujuten
$29Mm-9 y1oq bul
-Inp awoy 1e
pawLoyad saniAnoe
|ea1sAyd jo sooqgboj
1day s1uaiey

dnoib eselo
Ajlenpiaipur sayie
paJaAI|ap Sem
Adeiayy asidioxa
plepuels sealaym
suoIssas dnoub se
paJaAI|ap sem
BuobIp |edIpay
UONUAIRIUI JO 9dAL
19410 941 9AI9D31 01
SY98M g Isyunj e 1o}
papualie uayy pue
SY99M 7 JO WnWw
-lulw e Jo} paddois
s1ualjed ‘polad
399M-Q B JISAO PaJ
-N|9p a1am Adeiayy

-INSUOD AVIAI
jed1sAyd v

e
puodas ay) bul
-19|dwod Jaye

SHIPM 7

01dn pue
Apnis ayy Jo
wiie 1siy ayy
bunasjdwod
1aye

Syeam z oxdn
‘spouad bul
-urel} sy}
Buiiels 210j30
SHOIM 7-0
auleseq syuod
swi 8a1y1 1e
(3uswubisse
dnoib o1
papuljq pue
buiuren ul
P3AJOAUL JOU)
1sidesayroisAyd
puodas e Aq
palen|eAd os|e
2I9M S1UBNE

351249%3 pue
uonunu buipiebas
S[ela1ew uoiesnpa
oy1oads-1aoued
SEINEREIESUEHTN!
:UlJe [011U0D
'suojssas poddns
|eInolAeyaq pue
S3SI1DJ9X3 2dUR
-)SIS21 IN0ge AdIAP.
‘Auanoe [eaisAyd oiq
-o1ae bunelodiodul
swweiboid uoddns
|eInolAeyaq pue
Auninoe [ea1shyd v
:UlIe UONUSAIIU|

BuobIp

Buisnoeid wouy
ulelyai 01 pue Ajiep
%j|em 0} pasiApe os|e
SI9M SJUalIed
'S951249%3 JO 9dA) 121
papinoid sjielap oN
'sasiDIaxe Bululen
9DUBISISI puR
JendseAolpled Jo
paisisuod :Adesayy
35IDI9Xa pIEPURIS
pouad siyy bulnp
Bujurely Jejnaserolp
-1 JO DUBISISAU
Juapuadapul woyy
uleljal 01 pasiApe
2I9M S)ualied
"uoneypaw Jo
uonexe|as dasp Jo
91E1S B Ul 3[Iym
SJUSWIAAOW We
pa1eulpiood bul
-AJOAUI dwiwelboid
351D19%3 Bulem v
- Buobip bul

inolneysq
pauue|d Jo 103yl 3y} UO paseg
Buiaqjom -

9SIDI9XT «

[ov]

(Je1 pa|j0suod
PasIWOpPURY) [eL) P3][0JIU0D
pasiWopuel \ tJadued bun|
pasueape yum ajdoad ul

3)1| Jo Aujenb pue anbey uo
Auanoe [eaisAyd Jo 1oedul|

[sv]

(ApN1s 120 501D
pasiWOpUeY) Jadued
padueApe yum siuaned uj

3Ji| Jo Alijenb pue swol

-dwis uo Adelay asidiexs pie

suljaseq pa1a|dwiod (91 /) sjusned e o) -535 928) 01 328 UIW G X 7| :BUobID SWOY 1B pue [e]  3SIDI9XS PIepUR)S pue ISIdRISYIO  epn, JO PRISISUOD  papiodal aseq A10ay3 0 [9pOW ON  -puels pue Buobip) [edipaw Jo
Q€ "pa1UasU0d syuaned |G paJojie| [eDIPR ‘polad 3oaMm g B UISAQ  -IdSOY [BD0] 91 1Y BuobIp [edipay -1shyd v BuobIp [ed1pay ENBDIEYER $1234J9 91 JO UosLedwod v
uondudsag syuauodwo)
(pauueld
/|en1de) ||9m MoH ojiel yanw moy pue uaym EYEITTTY MOH papiaoad oym 1eYM Apmis

(panunuod) € ajqer



Page 22 of 35

747

(2023) 23

Wade-Mcbane et al. BMC Cancer

S9WOINO [eDIUID
annesadoisod anoidul 10u
pip swwelboid |[|H ay1
"ISASMOH ‘ssaully [e1sAyd
119y bupueyus Aq uon

ael
1ieay [ewixew

S [eNPIAIPUI UR 0}
Buipiodde

(uones

-592 |0yod|e pue
Bupjows pue uon
-Lnu Ayieay “69)
JusWabeuew J01oe)

%S pUe UONES!|Iow

aA1De bulpiebal
DIApe UsAID
2Jom dnoib
|013U0D By} pue
Wiie UOUSAISIUI

lov]

(|2 P3||013U0D pasiwopuey)
[BL) P3||03UOD PasILIOpUe
:A1961ns J12dued Bun| bul

D954 Jadued BuN| 2102 UOISSIS YIS U0 ouIp a41 yioq ul -1leme syusiied ul buures
syuaiied asedaid sdjpy paisnfpe sem JuaedIno Ue Ul J919Wo0bI sjuaned ‘weiboid  panodal aseq K103y Jo [9pow ON |easa1u] Alisuaiu|
swwelboid [||H v 914 yI0M 3y | Yoamx € Ajannelado-ald paseq [eldsoH appAd e Buisn  asidessyiolsAyd Buluten | [|H asiIax3«  -ybIH aAnesadoald wisl-1oys
(uones
-$92 |0yod|e pue
Bupjows pue uoly
-Uinu Ayjeay “69)
Juswabeuew 010}
Sl pue UoNes|jigow
aAnoe Buipiebal
uoNasal ael 2DIAP. UaAID [8¥]
J91ued Bbun| Jaye Jeak | 1e 1ieay |eulixew 219m dnoib (leuy pajjoauod
painseawl A1oeded s [enpiAipul Ue O} |013U0D 3Y3 pue pasiwopuey) Apnis pajj0auod
2IC0J9e pUe UOIDUNY Buipiodoe WiJe UoiusAIIUl pasiwopuel y :A196ins Jaoued
Areuownd spoidwil 10U UOISS3S Yoes uo ay1 y1oq ul Hunj 121y 9W02IN0 WIA-Hbuo)
pIP 1IIH Yum uoneljigeyas paisnfpe sem J919Wo0bI siuaned ‘weiboid  pariodai aseq Aoyl Jo [spowi oN  aroidudl Jou saop Adessy 51D
annessdoaid win-1oys 9181 3I0M 3y | J9am X € Alpanesado-ald paseq [eudsoH 9PA> e buIsn  1s1delayloIsAyd Buiuten | ||H 9SIDI9XT+  -I9X3 SAleIadoald wisl-1ioys
Aoeded
ENBIENE] |epadsa
‘dn-mo||oj InoyBnoiyl
Qul29p aAIssaiboid e sem
219y3 dnoib jonuod sy Ul Jo19Wods
SEIIDUM ‘PIUILIEXD 51919 SAIUIDU| PR1USLIO
-Wweied ay ||e uf sanjea -awinjoA e buisn
duIjaseq J1dy) dseanul Jo 's951DI9Xa BulyIealg
/pue uieiulew o1 s|ge 159) EENBIENC]
alom dnoib uoneyjigey  uonnadar wnw 1ybiam Apogq pue
-a1d 3y} U] SJUBlled 'SUOIS  -IXew-Gg e buisn spueq dnsefd buisn
595 9| JO UBIPaW B YUM  PRUILLISISP SeM :Buiulen aduelsisay 53512493 Bul
sKep GG sem A19bins 01 peoj buluien a|ess -yeaiq wiopad o}
1USWISSISSE DUI[aSe] WOl 20URISISAY Bi0g ay1 Jo UoISIA payse 0s|e AJaM
awi ueaw ‘dnoib uonel 1591 9242 payipow ay) buisn sjualied ‘Bululen ¥
1ligeyaid ayy u| ‘paskjeue [[2ENEIRIV]] p=b60| a1om anbiiey 9dUuRISISa) puUR aduUR (leuy pajjoauod
9I9M PpUB UONEN[EAD dAI paMIWI-WO} 63| pue esoudsAp ‘Bul -INPU 21LISPOW JO pasiWOpURY) [eL) P3]|0JIU0D
-eladolsod suo 1se3) 18 -dwiAs e sane -UleJ1 8y JO pus pue uoleUIqUIOD B JO pul|g-3|buls ‘pasiuopuel v
pa13|dW0d (95G) 7 A|UO  PaUILLISISP SeM Bujuuibag sy 1y pa1sisuod bul :A1961ns uondasal bun| Jayye
‘PISILIOPURI 2I9M OUYM peo| buiuren 21ep [e21bins ay) uo J319Wobu 3240 B UQ -Ulen) asDIaxa  papiodal aseq A10ay1 J0 [2poul ON aulpap jeuonouny syuaaaid
syuaned oy 9yl Jo IO souRINpU] Buipuadap eam e saun G-¢ paseq [eudsoH :Buiuten sdueinpu3  1sidessylolsAyd anlesadoald asiD19x3+  Bujulel) 3s1DJaX2 dANRISdO3I]
uondudsag syuauodwo)
(pauued
/len1de) ||9m moH lojiel yonw moy pue uaym avYM MOH papinoad oym 1'YM Apms

(panunuod) € ajqer



Page 23 of 35

747

(2023) 23

Wade-Mcbane et al. BMC Cancer

uonoejsiies

buisinu buiroidwi pue
suoned|duwod bunuaraid
'31€15 |ed1bojoydAsd pue
31L1S [PUONDUNY 3Y) Bul
-AoJdwf 03 SAIDNPUOD I
K1a6ins didodsodeloyy
pa1sIsse-0apIA bulob
-Japun Jadued bun| yim
sjusiied Jo Juswabeuew
snelsdoaid sy Joj [spoul
uoneyjiqeyaid [epow

-1 e Jo uoneddde ay |

sdnoib ussamiaq suon
-e21|dwod Jo A1eAss pue
Ae3S JO Y1BU3| Ul US 2IaM
S9DURIaYIP URdYIUDIS OU
‘uonedyisse|d> opulq
-ualAe|D pue suonedlduod
anesado-1sod uj uon
-onpai e Jo swisy ul dnoib
uoneyjiqeyaid ay3 ut
PAAISSCO SIM SDUIYIP
uedyIubIs ybnoyly

3o130e1d

11> Ul 9|gedi|dde bul
-Ulewal 3)IyMm ‘souodIno
13dD Jay310 ancidwi 03
PlOYsaIy3 [PUOIIRI B 3( O}

SUOISSSS 210U O G | “AduaD
-yo Aiole|nusa sbueyd jou
pip uoneljigeyaid

dnoib jonuod sy 01
paJedWod Wiie UoUIA
-191Ul 9Y1 Ul S|2A9| Ul
-nge ul doip Ul pue sawi}
sbeulelp aqn) uesw ‘sael
uoned!l|dwod Ul adulayIp

Buraqjjam pue
351249%3 10}
papinroid uon
-euwllojul oN
|00}

BulusaIS ysiy
UonIINN 8yl uo
paseq [enpiA
-putsy) 01
paio|ie) sem
nduj [euoniinN

pio

-4sa1y3 JO1e|IIudA

s [enpIAIpUl UB 01
pajojie) sem
9S[249%9 ddURINPUT

20UeI3|0)
[enpiAipul 0}
Buipiodoe
pasealnul
sduelsIsal /
Asua1ul / peo

papinoid 10u

uonesado sy JO Yoam

151y ay3 Jayje

Papus uonuaAIlul By |

Ajlep uiw oz :Buisq|iem

papiA

-0id 10U UONRWLIOJU| :UOHLINN

padnpal sem A1IsUSIU| 3512193 SYL
‘Aneay sem anbnej paaediad ay)
UaYM ABP X € UIW G [—Q1 :SIDIaXD

Buiyreaiq jeurwopge pue bul
-utes) Bulyresiq dssg Aep x ¢
“Buiguud 1eis "Aep X z uiw 0¢

1951249%3 DICOJAY 5ID49X]

3OIM X G—¢
ulw 06 :AjA1resado-ald

p uiw G| :butuayibuans spsnuw

Kioredidsu] ¥2am X G—¢ ulw 06 :bul
-usyibuains sppsnw [essydiad pue
Buuten adueinpul *A1abins 03 Jold

papia
-0id 10U UonEWIOJU|

paseq [eldsoH

Bumas
Aloye|nguie ue uj

papia

bujuien

uonexe|al eIA pue
21815 [ed160j0YydAsd
31eN[eAS 01 3|PDS
|euolssajoid e
Buisn :butag|ap
‘001 Buluaa10S
Ysiy uonuINN ayd
buisn :uonuInN
papiao.d jou
UOIRWIOJU| 3512193

SA[BA DAISISDI B
Buisn pawlioyiad sem
Buuayibuans
appsnwi Ajoresdsu
J313WobIs

924> B UO PaULIO)
-1ad sem bBuiua
-yibuans appsnw pue
951219X2 dURINPUT

Buiybnod

paiallp pue
sanbiuyday sbeureip
[e1youoIq ybney osje
9I9M Sluslled 9A|RA
ploysaiyy e buisn
:Bulusyibuans
3psnwi A1ojeddsuyy
‘papliAoid 10U uolew
-loju| :butusyibuains
9psnul [eiayduad
wpeail e o 121
-wobia 3> e eIp
:buiules) adueinpul

papia

uenialg
geas buisiny

sisidessyio
-1sAyd om|

papiroid Jou
uonew.oju|

papinoid 1ou

bujuren uon
-exe[ay :butaq|om
951DI9X3 Jale

y | yuup uswsld
-dns uir01d Aoy
“UONILINN "3SIDIaX3
Buiyiealq eut
-wopge pue buures
Buiyiesiq dssg
‘Buruten buiquip
-1IR1S PUB 3SIDJ9X3
2IOJaY :951D19X3

Buiusyibuans
9Psnwi K101
-eJidsul pue bujus
-y1buans Jejndsnw
‘3sIDJaxa edueINpul

buiuayibuans sp
-snw A10jelidsu) pue
|esayduad ‘bul

-ules} dueINPUT

skep 01 10}
(sopnospnu pue
spioe A1ej ¢-ebawio
‘auiuibie yum
PaYd1US) S|NWIO)
Buneinpow
aunuiull ue usaAb

pa1iodal aseq K103y JO [apow ON
Buraqyiam -

UonINN +

351219X7 *

pa1iodai aseq K101 4O [3pow ON
951219X3 +

suoned||dwod aAnesd

-doasod Joj 10128} sl ybiy e si Ge <
Kouapuyysul A1o1e|1n

-U3A pue 10108} 3S1 dAlesadolsod
sanoidwi uoneijigeyaid Aleu
-ow|nd 1ey1 YyaJeasas uo paseq Inq
‘1031 JO [9pOW B U0 pPased 10N
EIENER

pauiodal aseq A10ay3 Jo [9pow oN

[es]

(Apn1s aAnDads

-01d) £196ans d1dodsodeioyy
pa1sisse-oapia Bulobiapun
J21ued Bun| yum siuaped Jo
1uswabeuew aapesadoald Ui
[opow uoneyjiqeyaid [epow
-13 Jo @on2eid pue uonedyddy

[es]

(Apn1s 110YoD) Apnis 110yod
:K1961ns anIseAul Ajjewiuiw Ag
Awo12aqo| Areuow|nd Jaye
Aujerjow pue Alpiqiow uo
uoneyjiqeyaid jo 1edw|

[1¢]
(Apnis 110yoD)
Apnis 1oyod v :syuaned

132Ued Bun| |22 |[eUWIS-UOU
ul AoUaDLYd AI0IR|IIUSA UO
uoneljigeyaid Jo 10343

[0s]

(Apms pasiwop

-uel aAndadsoud ) Apnis
pasiwopuel aAndadsoud v
;£1364ns 130uURd BUN| 192
|[EWS-UOU U] 9UIODIN0 SAIRID
-doisod uo aAndaye uonLINU

uedyIubIs Ajjednsnels uoneulioju| papiroid Jou uonewsoju|  -0id Jou uoiewlou|  -0id 10U UONBULIOJU| uoneulloju| 2I9M S1USNRY UonuINN « you-uzioid aAnesadoaid s|
uondudsag syuauodwo)
(pauueld
/|en1de) ||9m MoH ojiel yanw moy pue uaym EYEITTTY MOH papiaoad oym 1eYM Apmis

(panunuod) € ajqer



Page 24 of 35

747

(2023) 23

Wade-Mcbane et al. BMC Cancer

Ajiqiseay poob bul
-1es1suowsp ‘swiwelboid
uoneyligqeyaid ayi jo uon

-eniul Jaye 1no paddoip
wuaned | AuQ Adessyy
1ueAn(peoau bulobispun
1uaiied e Jo 3|npayds
Buipuewsp Apeaije ayi bul
-AJjdWIS 'SWI JUSIUSAUOD
Aue 1e awoy 1e swweib
-0id ay1 @19|dwiod 03
sjuaied pamol(e ydiym
‘paseq-awioy pue pasije
-NPIAIPUI Sem swiwelboid
uoneljigeysid ay |

sdnoub ysi

ybiy pue mo| ayi usamiaq
Aujersow Jo Aexs eydsoy Jo
y1bua| ‘suonesidwod
annesado-1sod uj sadud
-19J1p 1uedYIUbIS ON
A12bins Juam

-1apun syuaned Jo %87
“JUSWI1eaI] [DIPRS YlIM
paadoid 01 Apeal a1am
syuaned ysu-ybiy ayl Jo

papiroid 10U
UoleWIOU|
Buraq|em
JUSW|0IUS JO
swinaylle
paia|dwod Alelp
pooj Aep ¢ e uo
paseq uanb
SDIAPY UOBLANN
[9A3] SSaUIY puE
351DIAXD JO

2dA1 pausjeud
sauaned e oy
paJoie] :3s1219x3

olel Jeay

19b1e1 pue (3)eds
b10g) UonIaxa
Um>.,mu_®Q joalel
ayi uo

paseq sem
Alsua1ul 9spIax3
'S351D19X
JejnoseA

-0lpJed 8yl 1oy
pa3e|nd[ed aiem

S99M X £-7 :Bulag||op

351DIDX3 JO Y | UIyum
siusws|ddns ugsioid + Aep Jad
ui101d Jo 1yblam Apoq [espi By
/b 67| :uonunN yeam x ¢ buiues
SDURISISAI+429M X € UIW OE
:951049%3 "A196INS J21je SHIM
1yb13 01 dn pue (£1a61ns 01 Joud
S49am INoj Aj21ewixoidde) 1usw
-S5955E dUI[DSE( Jaye A[a1eIpawu|

Aepx € sasidJaxa bulyiealq pue
Huiuten apsnw Aioielidsal paseq
SWOY +339M X 7 $351249%3 Je|nd

swweiboid pasia
-Jadnsun paseg-awoH

paseq awioy pue

papiroid

S351219%3 Uon
-exe|al Yam dsip 1oed
-Wwod v :burag|iap
1612m Apog [eap!
B£3/6 6’| 1e paiend
-|ed> ug104d Ajleq
"|001 BuIUS31DS Ysly
[PUONLANN BU) pue
VDS5-Od ay1 buisn
pausaids susned
IV :uonmnN
bujutesy diqosae Jo
adfy pauayaud
saualied e 0 bu;
-pIOJDY :951049X]

|auuosiad
pautes Abojoyd
-Asd :Buiaqiam
uennaig
:uopmINN
15160|0

-ISauBf pagile)
ESBIENE]

sisidessyio

Aia1xue adnpal
djay o1 buiyreaiq
dasp pue uonesije
-nsIA ‘Aisbew; uo
paseq sas21axa uon
-exe[ay :bulRq|om
paiinbal ji
syuswa|ddns uisy
-oud Aaym paqus
-a1d pue uier04d JO
p/63/6 G'L 1o} wie 01
pasIApe ‘s|00) palep
-Ilea Buisn pauaaids
SUaNed UONLINN
bujuren

9DURISISAI pUR
Buiuten diqosse
A¥su1ul SNoJOBIA
-91RIDPO DSIDIAX]

papiroid sem
Adelayy Joiejipoyd
-uoiq AJessadau
aldym—siuabe
Kbojodewieyd ()
SdIApe ol

85530 Buows pue
uonedNps YiesH
—uonesanp3 ()
S3SID19X3 Jejnd
-SeAOIpIRD) (7) $9510
-19xa Buiyealq pue
Bujuten spsnuw
Aiorendsay (1)

payiodal aseq A10ay) Jo [9poul ON
Buiaqjiom -

UonIINN +

ENBIEYeR

9|qelado

-Ul PaJaPISUOD a8 UoNdUNy
Areuownd Jood Jo

snieys aduewlopiad Jood ‘esoudsAp
JuedYIUBIS YIM S1UBNIRd "Yy1eap pue
suoned|duwod Areuowndoipied
‘esoudsAp 01 way) buisodsipaid
uonduny A1oje|iiuaA aAielado-1sod
Jredwl pNod Y21ym ‘uonouny
Kreuow|nd pasnpal Y1m aseasip
Areuow|ndoipied pajejal bul

S{ows pue Ayjiely aney Aew syuaned
13pjo 1ey3 sisayiodAy ayy uo Inq

[ssl

(Apnis aAnDads0119Y) a1ed Jo
A10103fe1) 241 INOYHNOIYY
sawo21no buisiwndo
:195ued Bunj |19-|[ews-uou
pasueApe A||edo| 1o} Adesayy
uoneyljiqeyaid 1ueAn(peosn

[vs]

(Apnas [euon

-eAJ95q0 9AIDRdS01d) 3|ge
-1ado siuaned sjgessdoul syr
Bupiely :J9dued bun| ul uon

9% 78 ‘uonel|igeyaid yum sauoz bujuren -SeAOIPJED UM SUOISSS 928 01 - 1IUN UD83JIN0 IO 211Udd papin  -1sAyd dpeioyy S1UsWale Ulew ‘10941 1O [SpOWI B UO Paseq 10N -eljigeyal Areuow|nd yim
uonesiwndo buimoljo4 |enpiApu| 908) UIW 0/ "SH99M 7 18AO -04d 10U UONPWLIOU|  -OIpJeD paulel| Inoy Jo pasudwo) ENBIErER uones|wido Juswiean-ald
uondudsag syuauodwo)
(pauueld
/len1de) ||9m moH lojiel yonw moy pue uaym avYM MOH papinoad oym 1'YM Apms

(panunuod) € ajqer



Page 25 of 35

747

(2023) 23

Wade-Mcbane et al. BMC Cancer

syuaned

S UOIILINU MO| YIM
patedwod uoneyjigeyaid
|epown|nuw wouy (Ajje
-uonouny) ueb o3 350w 3yl
aAeY syualied ysu uonnu
ybiH "syuaned 3su-uon
-LINU-MO| Ylim pasedulod
sjana| Auanoe [edisAyd
pauodal-jjas pue yibuans
dub ‘ob pue dn 196 pawn

spasu
syuaned e o1 bul
-pJodde palojie|

SWIOY J0j S3SIDISXS
uonexe|al LM Jsip
1oedwod e pue
SUOISS3S SUO 01

QU :burg||PM
‘el ugpioid uo
SNJ0J B YIM S|eawl
pasue[eg-|[am

Bunes papnpul
SUOIIDNIISU| "Wexa
|ed1sAyd pasndoy
uonuINu e pue st
-Wwiaydolq ‘swodwiAs
1oedw uonuinu ‘K119
-wodoiyiue ‘Kieip
pooy Aep-¢ e uo
Pa5eq JUSUISSISSe
Kieyaip anisuayaid
-WO0D  {UONINN|
‘weiboid ay1 01
p31e|21 SNIAINDE [|B
piodal 03 [euinof e
papnjpul osje
13]400q 3y "SUOIS

sas1049xa bulyieaiq
-doap pue uonesije
-NsIA ‘Alsbewt uo
paseq $asIDIaxd
UoIIeXP[3) S

yons ‘A1aixue bul
-dnpal 1e pawie
sanbiuydal uab
s1uaned :Bulaqg|lom
p/By/6 §'1-T'L Jo
ayeiul upioid e10) B
3A31Yde 01 Uoe}
-uswis|ddns ur10id
ASym +spasu [euon
-p3nu syuaped yoes
192w 0} ued pasije

‘Aipeded [euonouny bul :buisg|ispm -saiboud as219x3 pue -NPIAIPUJ :UOILIINN [95]
-pnjoul ‘auljaseq 1e aduew S21Ape AIelaip weiboid ayy jo [suuosied S3s1219%3 A|Iq! (Apnis aAndadsonay)
-Jopad [ed1sAyd Jamo pasiienplAlpu| SJUSWIId [ UO  paules ABojoyd -X3|J puU $351D1S%S uon
Apuedyiubis paaugiyxe onuINN 3I9M X €—¢ :Bulag||ap sainby puesuon  -Asq:Buldqg|Epy  @dueISISal ‘Bululesy -elljigeyaid [epOWI N Ylm
(VDS-Dd 2y 01 buipiodoe) SJUBUISSISSE papiA awioy 18 -dNASUl Yim 1300 uennaig 21qoiae Alsuaiul - paiodal 3seq K103y JO [Spow ON sjuswanoldull 15318316
SSU uonunu yby 1o are |erur uodn -0id 10U UONRULIOJU| :UOILANN  SUOISSSS 9SIDI9XS PASIA - UOIIRWIIOJUI UB YlIM :uonunN 31eJapow papn|oul Buraq|iom « Mmoys Ing Aldeded [euonouny
-I9POW 1M PayIssed  paseq pasiienpla YO9M X G UIW OE -1adnsun yum pauig papiroid 1516010 Bujuren paseq uonun auljaseq Jood aney syusiied
SIETEX] -lpujasiax3  :s10uax3 A19bins 01 Joud Syeam -Wwod paseq |exdsoH SIUDIEJ 9SIDI9XT  -ISAUIY :DSIDI9XT  -2WoY 3y :251219X3 ENBIEYER J35Ued Bun| paysunoulely

uondudsag syuauodwo)

(pauued

/len1de) ||9m moH lojiel yonw moy pue uaym avYM MOH papinoad oym 1'YM Apms

(panunuod) € ajqey



Page 26 of 35

747

(2023) 23

Wade-Mcbane et al. BMC Cancer

pus ay11e
98'6¢ 01 Apnis aY Jo uon
-dedurayrie 98¢ | Wwoy
Sa1ed [e2I0INS Ul JUsWRA0IdW|
sjeuayas 1eudoiddeur o
Alessadauun alam (9597)
syuaned ¢ | 91ep [ea1bins
P3INPaYDS 91 AQ UsALP
Apueujuiopaid sem adueLieA
siy| 'sAep 1ybia Jo uoneinp
UeIpaW e LM ‘uonejigeyaid
Juanedul JUsMISpUN (9691)
sjusned1ybig skep ¢z Jo
UBIPIW B JIAO 31U} SeM
wiea) AdesayioisAyd Abo
-|02U0 Juaedino aLy Aq
Aland usss s)usned G 1oy
SUOISSSS JO aquunu Uelpa|A|

$31025
(@5-03) suolsuswiq 9N
)40 Aulenp

ueadoin3g ay1 pue (Ovdl)
2u1eUUONSIND AUAIDY
[e21sAyd [euoneusaiul (335)
3512193 10§ A2RDLYF-[3S
‘(SYQOHM) Pajnpayds
1URWISSasSY ANjigesiq uones
-uebIO e PHOM (ADH)
AnawoweuAq duo pueHq
(SLS) 3531 puels 01 1Is Ui 09
LMING (LMSI) 3531 >H[eM
9[1INYS [EIUSWRIOU| Y3 Ul
syuaWaAoIdwl JuedyIubls
Al[eansnels ‘siusas

SSIDAPE OU 3I9M Y|
'skep 9¢ sem A196ins 0}
JUSLUSSISSE WO [eAIIUI
UBIPIN "9/ /1 Sem SIseq

IgejleAe pue
paau ‘310>
1uaned o1 bul
-plodde palojie|

syuauoduiod
|epowl 11 ||e Joj
uondudsaid

sawwelboid

sjualied [enplAlpul JO SINJeU DY Ul

uolelien Juedylubis 01 pa
swweiboud Jo uoeinp pue
2Jin1eu ‘uoiled0| punole yoeoidde
onewbeid sy “Aemyied Jadued
Bun| Aep-z9 ay3 Jo S1UIRIISUOD
onewbeid ayy Ag USALIP sem
uoneinp sy ‘syusned Jo Al
-Jofew ay1 Jo4 9|qissod se

Al1ea se apew sem [eidjay

papiroid sem awwieiboid
nesadoisod
399M 7| B 1UsWIIeaI] oY
K1961ns Jo 31ep 3Y1 310J3q
Aj210Ipawwl pareadai alam
SIUSLISSSSE JOD PUe [PUONDUNY
auljaseq ‘pouad uone|iq

-eyaid ay1 Jo yibus| ay1 uo
papiroid si uonewIojul ON

A3l|ige|iene pue paau
‘321042 Juaiied uo
Buipuadap suolissas
dnoib 10 3uo-01-3uQ

$311U3D 2UNSI9| [ed0|
/8 9y} Jo auo Aue 1e

papia
-o1d 10U UoIeWIOU|

paquos

-a1d sem awwelboid
pasijenplAipul ue pue
928)-01-228) 22e(d
31001 SJUBWISSISSE
suleseg DUl
JUSWISSISSE 151y B 1B
Juswiuodde adey

Iqe|iene pue
pasu ‘ad104>
1uaned uo bul
-puadap weal
Adesayroishyd
Aioreudsal
-0IpJed JO Wea)
Aioreudsal
Ayunwwod
[B20] ‘Wea)
Adesayroishyd
juapedino
ABojoduQ

uon
-UsAJ21UI 943 JO
sjusuodwiod (e
Bunanlep pue
syuaned bui
U215 10}
d|qisuodsal
2U9M (SI2UONN
-oeid as|DIaxa
payijenb uon
-elljiqeyal

(Buureny
2I0oJ9e puUe DU
-151S24 9|2SNW SAIS

-sauboud Buipnppur)
uolieyjigeyas
Ateuowl|nd pue
uonessad bupjows
‘Adesayy pajeyul
puisiwndo Juswabe
-ueW gdOD Jo skeis
-ulew ay1 punole
paseq sem
swweiboid uon
-ejigeyaud ay |

palinbas uaym

[PAISJ2) PIEMUO JO
suonusAIRIU SidwIs
panEdal Alobayed
yoea pue poddns
Buisqg|em Jo [euon
-1INU JO P33U Ul 950y}
AJnuspl 0} pasn sem
(UBY pue wnipaw
'MO) JUSUUSSISS SU
J21-331U)  Swweld
-oid ay1 Inoybnoiyy
SleAs21U 1 pue aul|
-9seq Je passassy :bul
-3Q|[oM pue uonLINN
Buiuien

2DUe)SISaI pue Buuien
[eAsSIUl AisUSIUFYBIY
papnpul suondudsaid
3sD1ax3 1slfernads
SIDISXS U YIM Bul
~JONUOW A{Ram yim
Apuspuadapul
35DISX3 PINOd
sjuaned Aemyred
[ESISAIUN 31 404

a1epipued [ed1bins e

pa1apisuod bulaq pue A1a6ins 1oy
ybnous 1y 10U pawasp bulsq
Juai1ed e USIMISQ BDUB[R] BY}
Huiddn Ajjlenusiod ‘sanipiquowod
10j 1UusW

-1eai buisiundo Aq panocudul aq
p|Nod uonduny Alolelidsal 1eyy
SIsaU10dAY 8y uo paseq Inq
‘1031 JO |[9pOW B U0 Pased 10N
351D19XT -

|9pOW 2187 Pas|euosIad s, pue|bul
SHN Jo sa|dipund sy uo paseg

[8s]

(Apnis Aujigisead)

ANe=yul

A1961ns J9dued BUN| J0) 3JINIDS
,geyaid, uonesiwndo aanneiado
-21d e dn bumas Jo Aujiqisead

(Apras A
SN Y1 ur swwelbold

10311 0} UOIUS1UI UR UO swweiboud X SU0Iss3s WAD dnoib pasin - swwelboid pasijenpia  -031-30e) e 3siuebio 0} J9dued N0y shkemyied pajsbie),io Buraq|iom « uone|igeysud Jaoued bun|
uonednied ||ejono uoneyjigeyald  -1adns ¢ papnpul Aemyied paisb Ul Jisy 319|dwod  suoyds|sl Ag paidel  [9A3)) Sislfeads jesisAiun, 0ul pabel uonuINN - |euolbal piom-|eal e Jo
‘pasagai syuaned //€ 341 JO pasifenpIAlpu|  -Je) 9y) 4oy suondudsaid 3s1219x3 p|Nod slualed  -UOD Aj[e1ul S1USNed 951219%3 siuaned ||y :3s11ex3 351019X7 * S3W02IN0 pue Alljigisea
uondudsag syuauodwo)
(pauued
/len1de) ||9m moH lojiel yonw moy pue uaym avYM MOH papinoad oym 1'YM Apms

(panunuod) € ajqer



Page 27 of 35

747

(2023) 23

Wade-Mcbane et al. BMC Cancer

221A9p a3 Bulpiebal
pueIsIapUN 10U PIp Aoy
Buiyl auo 1ses| 1e pariodal
%6¢ PUB PAIISIP A3Y3 18y
9DIASP SSBUIY DY} JO 10adse
3UO 1563 18 parodal %6/
OIASP Y3 01 paie|al
SIUSAS 9SI9APE 3DUSLdXD
%t | pue Ho| as121a%3 Y}
pa319|dwod %67

AU "susw

-ssasse anljelado-aid ayy
Buns|dwod %6/ yum

Ellef3
-Kofua 10 3|qisea}
Jsow punoy
Kayrreyr Ay
-AI}DE Jo 9dA1 3y
950042 01
pamoje

6o

paseq-saded e ujyim
SUOISSS ISIDI9XD
2Iq0Je JIaY)
papI0d31 SJuUdlled
buidasys pue
bunamoys bui
-pNjaul Sawi 110
|| 12 @21A8p Y1
1eam pue Ajlep
901A3P Y}

abieyd pue asiu
-0JYdUAs 01 payse
EIEWSSUETL
JuaWiolua buunp
2DIAIP $S3UIY DY
pajeAnoe pue
sauoyd uaned oluo
uonedldde ayy
papeojuMOp 10}
-euiplood 10afoud
3y 'ddy s|iqop
129UU0D)

ulwes) ayy 1oy

uiboj e se

pasn sem ydIym
piom

-ssed pue ssaippe
|lewa ue paubisse
9J9M SlUSlled "@dIAap
914 1Jeay SAIDROAIA
UIWLIED) B USAID sem

101euIpIo-0d
129foid e pue

,ownele
Ulw ¢ 10 9SIDIaXa
noA 1ey1 os AlAide

InoA asealnul ued
noA 1abuoins 196
noA seng ‘(ewn e e
uiw L= “63)
AIMOJS 1Je1S O}

pasu Aew NoA

‘W) e 1e SpIom

M3} e ueyl aiow
>eads 01 3ndyip S|
111ey1 ybnous piey
buppiom ag pjnoys
noA ‘AA1oe ayy
Buiop 3|Ium Heam
4oea sAep G 1o} pue
Aep e ulw Qg 1o}
(3pAo1q A1euonels
‘1312Wwobis Apoq
Jaddn ‘Buiquuipd Jiels
‘Buibbol ‘buryiem

“69) Aninoe |edisAyd

2|Cj048 35U

-Aj21e19pow Aue oq,
:u036.NS 13y} Woly

uondudsald aspiaxe

US1LIM pUB [RCUSA B

paniodas aseq A10ay} 1o [9poul ON

l6s]

(Apnis

A111q15ea4) J9dUed HuN| YIM
synpe Joj welboid sspiexe
annesado-aid ‘pasialed

91eJ JUSWIINIDI %8 2I9M S1UBNRY 39IM X G UIW Of A[pAeIado-21d paseq awoH juaned yoeg uoabing SEINEREIRSVENEN] asPISXI - -Nsun ue Jo Apnis Aljigises)
uondudsag syuauodwo)
(pauueld
/|en1de) ||9m MoH ojiel yanw moy pue uaym EYEITTTY MOH papiaoad oym 1eYM Apmis

(panunuod) € ajqey



Page 28 of 35

747

(2023) 23

Wade-Mcbane et al. BMC Cancer

a1ed Jjay) Jo

sabeis dn-moy|oy sy1
Buaua syuaned sadued
Bun| Joj sad1AI9s UON
-ell|Iqeyai O} 553008
pabuojoid ajqeus o3 skem
13pISUOD 01 paau e Sl 38y

2aouepinb
ue|jiwdepy ayy Aq

(d1v) 4Jouonn
-oeld isidesay |
pasueApY
diysioniains
J9oued Bun| ue|

SgAQ uon
-eljigeyas pue sjel
-13J31 351243%3 [BIO|

'S95SB[D 3SIDIAXS UON
-ell|igeyal aanesado
-150d pue-aid
‘sajpuabe poddns
[eUIS1X2 pUe UP||IW
-2\ 'SHN JaL10 01
syull ‘djay |epueuy
‘Juswabeuew uled
“oddns [ed160)
-0ydAsd ‘skemyed
[e216ans ddeI0Y) UO
UONBWIOJUI ‘9DIAPE
[PUONLINU ‘UONESSSD
Bupjows ‘A1abins
190ued Bun| woy
AKI9A0D21 UO UON

suolissiupeal [eudsoy pue
suoned||dwod aanesado-1sod ul
UOoNONPaJ B PAIRIISUOWSP YIIYM

abeuew-jas 01 Aljiqe PSWOJUI SUOIL  -[IWDB| B pUe -ewlojul USNUM /  uonelljigeyas Areuownd ul Apnis (9l
JIETGRVERIET IR -UaAJU| ‘STUSW (dNY) Jauon uonesnps jusied uonuaAlaul [ed1bins-150d pue aud (Apn1s aAnelenp)
p|Ing pue yijeay eaibojoyd -auinbas poddns -noeid 9NN apnjpul awwelboid  snolaaid e uo paseq Ing ‘A10ayi Jo Apnis aAneljenb v usdued
-Asd pue |ed1sAyd paned sausied e uo pasueApY 3OVIOS Y1 Ul [9pow e UO paseq1oN  Bun| oy (3Dv10S) 2wiweiboid
-1d syuaied anoidwi djay uoddns Buipuadap 1oddns diysioninins papiroid $2DIAIRS Bulaq|iom « uonel|igeyal aanessdo-1sod
ued $3DIAI9S Uonelljiqeyss  pasijeuosiad Jo paseq Aunw  pasijeuosiad Jo UOIS J190ued bun| ‘papiroid uon uonun - pue-aid e UO SM3IA S[eUOIS
snnessdo-1sod pue aid UoIsInOIg papir0id 10U UONPWIIOJU|  -WOD Jo/pue [eldsOoH -1n01d ay1 ybnoay | UB|[IWDB Y/ -BULIOjUl DY1Dads ON asipIax3 +  -sajoid a1edyyjeay pue siualied
SUOISSaS asIDIaX dy1 bul
-INP PAAISSCO SI9M SIUSAS
9SI2APE ON ‘SIUSAS 3SIaAPe
Adesayiowayp 01 anp pasi
-lendsoy a1em syusied ¢
(Kep uaAIb e UO
Adesayrolpe Jo 1els Jaljiea
'6°39) suoseal [eonoeid Jo
UOISS3S 95219%3 dY3 bul
-Inp asned ‘uonsneyxa Adeiayroipel jo
Alies 01 anp weiboud 95In0d 3y buunp
payIpow e Aq pawlioy asn 03 s1xdel}
-1d sem pue 94|°gg sem AuAnoe a1el
uopedipied aspiaxe 1edy g HeWSOAA Bul2£> snonunuod
I[Ny 0} 9181 3DUIBYPE 3y} PRV RVENTS :0M] 3seyd ‘buluren
'3dUBPUILIR %06 Y} JO 2J9M pUE SUOISSS [PAIIUI D31} pUe
‘9606 SEM 351219Xa 01 318l 3512193 ay1 bulnp QU0 3seyd ‘saseyd
aduepuale |[esdAQ polad |9A3)] SSaUIY, uiw oz bunse| SI01UOW d)el 1Iedy 9S1219XD 91U} JO
399M-UBASS 31 JSA0  sauaiied syl 01 U0ISS3s 2B YU ‘poliad 3aam 1uawean Adelayy alom syuaiied ||y 15d pa1s1suod sy Ade
SUOISSDS 95ID19XD pai0|ie) 1em UDASS B JSAO SUOISsas Adesay) -olpes 10y papuane  '3|2Ad Js1wobie ue  -eisyioisAyd 1o -Iayiolpels 01 Joud Apnis A)jigises) y HJsdued
paquosald | ¢ jo pasud SUOISSSS  -Olpel JO Jaquuinu sjusned syl ol Juaned e usymJoless  Buisn 3SIDI9xa Pasie 15160j01Ayd  Ajreipawiwll Buutesy  paliodai aseq A0Syl Jo [spowi o Bunj ||92 |jews-uou Ul buuies
-W0D UONUAIUI Y| 350192 3y [enba sem polad uonuaaiaIUl Y| <[220 3Y1 01 IXaN  -NPIAIpUl ‘pasiaiadng 3SPISXS UY  3SIDIDXS PaINIdNIG 3s1DIax3 +  asiIaxa Ajiep Adessyrolpes-ald
uondudsag syuauodwo)
(pauued
/len1de) ||9m moH lojiel yonw moy pue usym aPYM MOH papinoad oym 1’YM Apms

(panunuod) € ajqey



Page 29 of 35

747

(2023) 23

Wade-Mcbane et al. BMC Cancer

1jo0ddns Jo suiioy
y2no3-ybiy pue sadinosal
|eUOIIPPE WO} JYausq
p|No> oym asoy pue 1iod
-dns,yano1-moj, A|uo yum
uopduasaid aspiaxa
aAnelado-aid ayi 01
2Iaype AJjnyssadons ued
oym syuaiied Ajuspl oy
Wia1sAs abew e Jo asn oyl
SA|OAUL PINOYS YI0M a1nin4
‘1eob VAN APf@am paguds
-a1d ay3 Bulasiyde Jo 1oys
194 sxusned Jo A

-lofew ay) pue siy1
9AIYDE 10U PIP %05
Aj1ewixoidde JanamoH
“UOIIUSAJSIUL SU1 Ul UOIL
-edppiyed jo ynsai e se
A12bins 01 soud Apeded
21qoIe Ul JuswaAodwl
|ngburueaWw Ajjeo1ul
[BUIIUIW DU PaARIYDR
a|dwes Apnis ayi Jo Jjey
AJJeau se panalyde sem
1da5u0d JO Jooid

S|euols
-s9j0ud Yijeay paljje 01
$$9208 pUe $311IPIGIOW0d
1uaned alom papiodai
uoneyljiqeyaid 01 siaueq
ulew ay] ‘K1361ns Joy
SS9UIY SUIDPIOT YUM
syuaned up Aejnoiied
‘KaAneladoaid (A1saqo o
/pue ‘aseas|p Aiozelidsal

/ snyexs bupjows aaiisod
‘abe pasueApe ‘saIpIg
-Jowod 3|diNuW yum
as0y1) syuaiied ysu yby,
351wndo 01 JspIo Ul uoney
-Ijigqeyaid oy A19bins Aejop
pinom pakaains suoabins

a|qe
-Kolus 10 3|qIsesy
150W punoy
Aoy 1eyy Al
-AIDe JO 2dA1 a1y
950042 0}
pamoje

SI9M S1ualIed

papinoid 10u

buidasys pue
bunsmoys bul
-pNoul SaWIN JSY10
[[e 38 D119 By}
1eam pue Ajlep
22IASP 3Y)

abieyd pue asiu
-0IYDUAS 0} payse
SI9M SIUBNIed
“JuaWoIus buunp
2D1A3P SSaUIY DY)
pajeAnoe pue
sauoyd juaiied ouo
uonedidde ayy
PapeOjUMOp IO}
-eulpiood 123foid
ayL 'ddy s|iqop
103UuU0)

ululIeS) 3yl Joy
u1bo| e se pasn sem
yoiym piomssed pue
SSaIPPE [IPWd Ue
paubisse a1am
S1USNE "9IASP D1kl
143y SAIDROAIA
uluies) e UsAIb sem
juaned yoe3
JUSW|0JUS UO uon
-dussaid sy Jo
Adod usnum e
papiroid Joreulpio
-02109foud By |

3IIM X G UlW O AleAleIado-aid paseq awWoH

1ewoy
paiund ul pue ssaud

pue|eaz MaN pue |eUBIP ‘s1oN3[smau

101eulpIO-0d
129foid e pue
uoabing

papinoid 1ou

,ownele
UjW O 10§ 3SIDIIXS
noA 1ey1 os A1iAie

INOA 3sealdul ued
noA 1sbuois 196
noA seing ‘(ewiy e e
ulw 01-§ “69)
AImols 1e1s 03

pasau Aew NOA

‘Wi e 1e SpIom

M3 B UeY] 3J0W
3eads 01 NouyIp si
111e41 ybnous piey
buppiom ag pjnoys
noA ‘AyAoe ayl
Buiop aj1um Heam
yoea skep G Joj pue
Kep e uiw ¢ 10}
(3]2A21q Aleuonels
‘1313Wobus Apoq
Jaddn ‘buiquuip Jiels
‘Buibbol ‘buryiem

“B9) AAnnoe |edisAyd

2|08 SSUU|

-A|21e9pow Aue oQ,
:U096.NS JIBY) Woly

uonduosaid asipiaxa

US)ILIM pUB [eQIIA B

SEINEREIESIVEN X

suoabing
J1DeIoYloIpIeD) JO
969]|0D uelsejelsSNY
|eAoy ayi jo

SMO||34 861 01 1USS

sweiboud

951049%3 dA1eIado-a1d JaAIRp 01
Buibus|ey 11 sxew usping pue
S92IN0S31 150D YUM P31RIDOSSe 19
-111eq Ing ‘sauanied Jadued bun| 1oy
S3UWO2INO [PUONDUNY SA0IdWI

ued a51D1axa aAnesado-aid 1eyy
sisayl0dAy ayy uo paseq ng
‘10341 IO [9pOW B UO Paseq 10N
9512I9XT *

paniodal aseq A1093 10 [pow ON

(€9
(Apms
1dadu0D Jo jooud) syusied

12dued bun| jo Apeded
21q0I9E PUB 3DUIIBYPE 35D
-19x3 ane1ado-aid uo Jsyden
Auanoe ue pue uopdudsald
351249%X3 PAISAIIRP-U03BINS e Jo
SSOUDAIIIRYD [B1IUDIOG

[29]

(Aonins

|BUO[1235-55012 UI|UQ) J9oued
Bun| ur uoneygeyaid o

J12BI0Y1-0IPIRD JO %06 < UoleWIOJU| papiroid Jou UoeULIoU| eljessny Inoybnoly | 263102 ‘|lewa eIA UoneWIOoU| AanIns wall ¢ 3S1DI9XT - suondadiad pue sapnimy
uondudsag syuauodwo)
(pauueld
/|en1de) ||9m MoH ojiel yanw moy pue uaym EYEITTTY MOH papiaoad oym 1eYM Apmis

(panunuod) € ajqer



Page 30 of 35

747

(2023) 23

Wade-Mcbane et al. BMC Cancer

skep Qg sem
uoneljiqeyaid Jo uon
-eInp ueIpaw Ay
weiboud

351D19%3 puUe uonLINU B
paAladal 77 pue welboid
|epouwliil e paAISdal
95941 Jo 9| “wesboid uon
-e1ljiqeyaid pasijeuosiad

alleuuonsanb

SAvH Buq|IIm
V9S-9d
UBWISSISSY "aN|eA
SAIIEULIOU JO 3]11UD
-1ad yi0z > :yabuans
dubpuey moj Jo/pue
(S99M 15| 3Y1 JISAO
uonedsuod pue Jo
Buniwon ‘eibeydsAp
‘s11=dde sood) swoy
-dwiAs pajejas uon
-1IINU JO/PUB S}9am
snoinaid syl Jano
%05 > aye1ul A1elalp
paonpal Jo/pue
syiuow g ul

JERTESININ
siuaiied 1oy
1oddns [e1>0s

weiboud
eyaid Ays
-uaiul-yb1y e uanib
2JaM sjusuliedwl
2I9ASS YIIM

syuaned ysu-ybiy
sealaym ‘weiboid
uoneyjigeyaid
Ajsuaiul-mo| e
panIzda1 JusWIedwl
pliw e yum syusied
SsuU-ybiH aseyd
1USWISSasse sy bul
-INp payiusp!
sjuawuredw [ed
-16ojoyaAsd Jo
‘leuoniinu ‘ledisAyd
5yi2ads uo paseq
paJojie) sem uon
-UdAIDIUI BY |
"UONUIAIDIUI Y3
Jojiey djay o1 usw
-Jledw) ay1 Jo A
-19A35 3y} payiuenb
JUBWISSISSY
‘Juauliedu es1bo)
-0ydAsd Jo ‘jeuoiy

YIUOW-2UO & PaA2I3L %01 <550 1ybram -oydAsd ul -13Nu ‘jleuonouny

syuaned ysu-ybiy Sy ysu Kreyunjoau—bul bujuren SUO 1589 1B YIIM

MO| Se pasliobaled alam oypads yum syuaiied ysu-ybiy

syuaned ¢z ‘weiboid ay1 Jo 13dD—waw  1sieads asinN - paynusp! bulusains
9seyd 1uswWssSasse ay1 01Uo 55955V “(ISYQ) Bulsqgepy  UORUSAIIU (€) pue [¥9]
passaiboid pue Jusw [enplAIpUl X9pu| SNJe1S AUANDY uennalg 1USWISSaSSY (7)  paniodal aseq A10ay) Jo [spowl ON (103[01d Juswanoidw|
-Jledw [eIUSW JO ‘leuoll  yDes 01 palojiel NQ ay1 pue woninN - ‘Buiuaaids (1) :sdais Bulaq|om AljenD) 24ed Jo piepuels 01
-1anu ‘|edisAyd s10u 0 suo 3J9M suol} 1MN9—Duuaaids 15160/0 ¢ papnpoul weiboid UONUINN »  YDIeasal woi :A1abins Jadued
15e3] 18 pamoys syuaned g5 RICWVEVIRTY papiroid 10U UonewIo| paseq |endsoH DSIDI9XT -ISaUly :9sIDIaxg uoneljigeyaid ay 351D19XT - D12BJOY) Ul Uone|Iqeyald

uondudsag syuauodwo)
(pauueld

/|en1de) ||9m MoH ojiel yanw moy pue uaym EYEITTTY MOH papiaoad oym 1eYM Apnmis

(panunuod) € ajqey



Wade-Mcbane et al. BMC Cancer (2023) 23:747

Nutrition

Tailored dietetic advice was provided in all prehabilita-
tion programmes which included a nutritional compo-
nent (n=12) [35-37, 39, 43, 50, 53, 55-57, 61, 64]. In
eight studies, this was based on an individualised assess-
ment, which was undertaken by a registered dietitian
[35-37, 39, 53, 55, 56, 64]. Only three studies [35, 55, 64]
stated using validated tools such as the Patient Generated
Subjective Global Assessment (PG-SGA). However, the
use of nutritional screening tools to assess malnutrition
risk was not frequently described. The majority of studies
(n=8) [35-37, 39, 43, 53, 55, 56] focused on increasing
dietary protein, often recommending the use of protein
supplements. Two interventions focused on the use of a
fish oil supplement [36, 50].

Psychological wellbeing

Only three studies described the validated tools that were
used to establish baseline psychological wellbeing. These
included the Hospital Anxiety and Depression Score
(HADS) [53, 55] and the Short Form (SF) 36 question-
naire [47]. There was large variation in the description
of the psychological interventions used. Some studies
used the terms ‘support’ and ‘coping strategies, whereas
in other studies, more specific techniques such as relaxa-
tion, imagery, visualisation, cognitive behavioural therapy
and motivational interviewing were described.

How does the literature within the field of lung
cancer describe the personalisation of prehabilitation
interventions?
A number of studies described tailoring the exercise,
nutrition and/or psychological wellbeing prehabilitation
intervention to an individual (n=28), but there was large
variation across all studies in how this was fully concep-
tualised and achieved. The personalisation of the preha-
bilitation intervention mostly referred to a starting point
variation along a continuum, e.g. intensity of exercise in
relation to baseline fitness. This was typically considered
at a single point, usually at baseline and not reviewed.
Only two studies [44, 46] in this review reported using
theory to underpin the design of this complex inter-
vention. The two theories that were described were the
theory of planned behaviour and social cognitive theory,
respectively.

What are the actual outcomes for lung cancer patients
participating in a prehabilitation programme?

Twenty-six out of the 31 studies included in this review
focused on lung cancer surgery. The remaining stud-
ies included chemotherapy (n=2) [38, 45], radiotherapy
(n=1) [60], neoadjuvant treatment (n=1) [55] or had a
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specific focus on quality of life (n=1) [46] for those with
advanced lung cancer.

There was a wide variety of outcomes reported amongst
all interventional studies. The majority of reported actual
outcomes were positive. These included improvements in
functional capacity (n=16) [34, 40-43, 45, 47, 49, 51, 53,
55-58, 63, 64], high adherence to the intervention (n=5)
[36, 42, 57, 59, 60], improvements in psychological well-
being (n=3) [38, 53, 55], reductions in post-operative
complications (n=5) [40, 41, 50, 52, 53], improvements
in muscle strength (n=3) [38, 45, 47], no adverse events
(n=5) [34, 57, 58, 60, 64], qualitative outcomes includ-
ing increased perceived physical and psychological health
benefits (n=2) [61, 62], reductions in length of hospital
stay (n=2) [41, 64] and improvements in quality of life
(n=1) [58]. Conversely, five studies reported no improve-
ment in functional capacity [35, 36, 38, 46, 48]. Further-
more, some studies described no improvement in quality
of life (n=4) [36, 41, 45, 46], length of hospital stay (n=5)
[35, 43, 51, 52, 54], post-operative complications (n=5)
[43, 49, 51, 54, 64], survival (n=3) [43, 46, 48] or psy-
chological wellbeing (n=2) [43, 45]. Only one study [59]
reported an unintended outcome of their intervention
which was related to an adverse reaction to the device
used to monitor heart rate.

The intended outcomes described within the three
protocol papers included in this review [37, 39, 44]
are similar to the actual outcomes reported from the
interventional studies as shown above. These include
improvements in functional capacity (n=2) [37, 44],
improvements in quality of life (n=2) [37, 44], reductions
in hospital length of stay (n=2) [39, 44], reductions in
post-operative complications (n=3) [37, 39, 44] and qual-
itative outcomes including self-efficacy (n=1) [44]. All
three randomised controlled trials for which protocols
have been published [37, 39, 44] include health econom-
ics in their planned outcomes. These include treatment
related costs as well as costs from a healthcare profes-
sional perspective. This will provide valuable information
on the economic implication of the adoption of prehabili-
tation programmes for patients with lung cancer.

Specific to the oncological lung cancer treatment path-
way, a multi-modal prehabilitation programme delivered
remotely during neoadjuvant treatment led to a signifi-
cant improvement in functional capacity and psychologi-
cal wellbeing [55]. In comparison, a uni-modal exercise
prehabilitation intervention for 110 lung cancer patients
with advanced inoperable lung cancer undergoing chem-
otherapy showed no significant difference in functional
capacity. However, there were significant improvements
in strength and psychological wellbeing [38]. Neverthe-
less, these results should be interpreted with caution
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owing to high attrition, poor adherence and anticipated
attenuation of decline amongst this cohort.

Discussion

To our knowledge, this is the first scoping review that
aims to summarise the evidence on prehabilitation in the
lung cancer pathway using a realist approach.

Our review provides a summary of several interven-
tional studies and three ongoing randomised controlled
trials for which protocols have been published.

The majority of studies in this review had a surgical
focus and demonstrated that prehabilitation before lung
cancer surgery is feasible and is associated with physi-
ological and psychological benefits. Our findings reveal
that there are only a few studies involving lung can-
cer patients undergoing oncological treatment, despite
70-80% of people with lung cancer receiving non-surgi-
cal treatment within the UK [65].

Our analysis of the contexts, mechanisms and out-
comes for prehabilitation provide useful insights into
the factors that need to be considered in the design and
implementation of prehabilitation for patients with lung
cancer.

Prehabilitation is a complex intervention. It is widely
understood that the success of a complex intervention
depends on the theory underpinning its design [19],
which helps to explain the mechanisms underlying an
individual’s behaviour, based on what works for them
and their circumstances [22]. However, only two stud-
ies in this review described using theory to underpin the
design of this complex intervention [44, 46]. Similarly,
there are only two completed studies which used a quali-
tative approach [61, 62], with only one evaluating the
acceptability of their interventions, despite this being an
important consideration for complex interventions [61,
66]. Although the qualitative literature in this field sheds
some light on some of the factors which might influence
engagement with prehabilitation, it does not fully illus-
trate the complexity of delivering prehabilitation.

Using a realist lens, this review has identified the
importance of a personalised approach to prehabilita-
tion. Whilst the personalisation of the prehabilitation
intervention was often stated by the studies reviewed,
and generally viewed as a positive factor, how it was fully
conceptualised and achieved was less clear. The person-
alisation of the intervention mostly referred to a starting
point variation along a continuum, e.g. intensity of exer-
cise in relation to baseline fitness. No studies considered
personalisation to patient-led values, needs, goals, sup-
port structures and beliefs. This is a considerable gap,
given that initiation and adherence to any intervention
is determined by behavioural, psychological, physiologi-
cal, environmental and social factors [20-23], especially
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when research findings with well-intentioned patients
need to be translated to clinical practice with the full
range of real-world complexities and comorbidities [23].

Personalisation was mostly considered at a single point,
typically at baseline. This is typical in pre-surgical pre-
habilitation, where it is a relatively brief and linear pro-
cess from baseline to a defined, one-off target (surgery).
However, prehabilitation during oncological treatment is
a prolonged and undulating 'marathon; during which the
patients other roles, values and needs have to be consid-
ered with learning and adaptation along the journey. An
adaptable model and practice of ongoing, collaborative
personalisation therefore needs to be explicitly defined
and implemented. To address this, future research could
utilise the Adversity, Restoration and Compatibility
(ARC) framework [21] to help underpin a personalised
and collaborative prehabilitation programme. The ARC
framework provides a synthesised view of how people
conceptualise the personal experience of living with and
beyond cancer, namely as an ongoing process of learn-
ing about their evolving challenge (Adversity), learn-
ing how to cope effectively (Restoration) and adapting
one’s identity (Compatibility), in parallel. These broad
themes, derived from qualitative synthesis of over 70
primary studies of patient narratives, are consistent with
psychological adjustment theory [67] and may provide a
structure for personalising prehabilitation that is patient-
centred rather than a purely logistical or psychomet-
ric approach. This could be key to empower patients to
maintain progress through the longer, more variable con-
text of peri-oncological prehabilitation. This theory-led
approach is further supported by Faithfull et al., 2019 [5]
and The Medical Research Council (MRC) framework
for developing and evaluating complex interventions [68]
which suggests that future studies should use a concep-
tual framework to help guide intervention design and
thereby maximise outcomes.

We acknowledge the limitations of this review.
Firstly, we recognise that some studies may have been
missed by database searching or were published after
the search date. Secondly, the extrapolation of findings
is limited owing to context dependency e.g. it may be
difficult to extrapolate the results from a pre-surgical
setting to those with a poor prognosis. Thirdly, only a
few studies included in this scoping review provided
a comprehensive description of all aspects of the pre-
habilitation programme, therefore the descriptions of
the interventions are limited. To counterbalance this, a
realist framework of context, mechanism and outcome
has been used for reporting. Furthermore, our analysis
of the mechanisms and outcomes for prehabilitation
provide insight into the role of prehabilitation within
the lung cancer pathway.
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The coronavirus pandemic has accelerated the remote
delivery of prehabilitation interventions. Completed
studies suggest that home-based multimodal prehabili-
tation is feasible and leads to improvements in a range
of outcomes [43, 55, 57, 59, 63]. However, there is lim-
ited qualitative data in this field to determine whether
remote delivery of prehabilitation interventions is
more or less favourable than face to face or a hybrid
approach.

There is potential for digital interventions within this
field. Two completed studies in this review used an app
for the delivery of their prehabilitation interventions
[59, 63], with one study demonstrating high recruit-
ment and attrition rates [59] and the other showing a
minimally clinically meaningful improvement in aero-
bic capacity prior to surgery as a result of participa-
tion in the intervention [63]. However, it is important
to note that in the latter study, approximately 50% did
not achieve an improvement in aerobic capacity with
the majority of patients falling short of achieving the
prescribed weekly exercise target. Technology access,
skillset and confidence strongly need to be considered
prior to implementation of delivery of prehabilitation
interventions [69]. Furthermore, the cost-effectiveness
of a technology supported multimodal prehabilitation
programme needs to be evaluated. The study by Bar-
beran-Garcia et al. [39] aims to address this, as detailed
in their published study protocol.

Whilst there will be emerging evidence from ongo-
ing randomised controlled trials, the heterogeneity in
study designs, programme setting, type of interven-
tion, patient criteria, intervention delivery, duration of
prehabilitation and measured outcomes is significant.
There are no trials which have the same set of primary
and secondary outcomes. The lack of standardisation
across interventions and outcome measures makes it
difficult to conclude benefit across the whole lung can-
cer pathway. The inability to draw significant improve-
ment benefit of prehabilitation due to the heterogeneity
of studies has also been seen in systematic reviews in
breast cancer [70], pancreatic cancer [71] and hepato-
biliary cancers [72].

Conclusion
This scoping review demonstrates that there is evidence
for providing prehabilitation for patients with lung cancer,
particularly in the surgical domain. However, there is a lack
of clinical trials which provide definitive evidence on the
programme design, setting, type of intervention, patient
criteria, delivery and duration. This therefore makes it dif-
ficult to conclude significant improvement benefit.

The design and implementation of future lung cancer
prehabilitation programmes should take into account
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factors such as patient led values, needs, goals, support
structures and beliefs which can affect the delivery and
engagement of interventions. The findings of this review
provide important insights into these issues.
Furthermore, future research should consider the use
of a conceptual framework such as ARC [21] to concep-
tualise the living with and beyond cancer experience to
help shape and inform personalised prehabilitation ser-
vices. This will enable personalised care to be given from
the outset and help support identification of the ideal pre-
habilitation model and delivery options to optimise both
health and economic outcomes. This will enable patient
empowerment and engagement towards self-managed
behaviours and thus, optimise long-term health.
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