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Simple Summary: Proton radiation therapy is a radiation oncology innovation expected to produce
superior health-related quality of life (HRQoL) outcomes for children with cancer, compared to
conventional photon radiation therapy. The review aim is to identify if clinical evidence exists
to support the anticipated HRQoL improvements for children receiving proton radiation therapy.
HRQoL outcomes of 1986 childhood cancer survivors are described. There is insufficient quality
evidence to compare HRQoL outcomes between proton and photon radiation therapy. Therefore,
the current state of the literature does not conclude that proton radiation therapy produces superior
HRQoL outcomes for childhood cancer survivors. Despite recommendations, no evidence of routine
HRQoL assessment using patient-reported outcomes in paediatric radiation oncology are identified.
Further rigorous collection and reporting of HRQoL data is essential to improve patient outcomes,
and to adequately compare HRQoL between radiation therapy modalities.

Abstract: Paediatric cancer patients have a risk of late side effects after curative treatment. Proton
radiation therapy (PRT) has the potential to reduce the incidence and severity of toxicities produced
by conventional photon radiation therapy (XRT), which may improve the health-related quality
of life (HRQoL) in children. This systematic review aimed to identify the evidence of HRQoL
outcomes in childhood cancer survivors following XRT and PRT. Medline, Embase, and Scopus were
systematically searched. Thirty studies were analysed, which described outcomes of 1986 childhood
cancer survivors. Most studies (n = 24) described outcomes for children with a central nervous system
(CNS) tumour, four studies reported outcomes for children with a non-CNS tumour, and two studies
combined CNS and non-CNS diagnoses within a single cohort. No studies analysed routine HRQoL
collection during paediatric radiation oncology clinical practice. There is insufficient quality evidence
to compare HRQoL outcomes between XRT and PRT. Therefore, the current state of the literature
does not conclude that PRT produces superior HRQoL outcomes for childhood cancer survivors.
Standardised clinical implementation of HRQoL assessment using patient-reported outcomes is
recommended to contribute to improvements in clinical care whilst assisting the progression of
knowledge comparing XRT and PRT.

Keywords: quality of life; radiation oncology; paediatric oncology; proton therapy; survivorship;
patient-reported outcomes
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1. Introduction

Radiation therapy (RT) is used to provide treatment for paediatric cancers, often in
combination with surgery, chemotherapy, and/or immunotherapy. Whilst multimodal
curative intent treatments increase the probability of cures, it comes with an added risk
of late side effects [1]. Common RT-induced late-presenting toxicities include neurocog-
nitive effects, psychosocial effects, endocrine abnormalities, and second primary cancer
development [1–5]. Children with cancer are treated during physical and cognitive devel-
opment and are, therefore, more susceptible to developmental and functional impairment
than adults, whilst having the additional burden of a lifetime to experience these chronic
late effects [6].

Late effects of RT are associated with poor health-related quality of life (HRQoL) [3,5].
HRQoL assessment of childhood cancer survivors includes domains of physical function-
ing (e.g., impact of pain and symptoms), psychosocial functioning (e.g., self-esteem and
body image), cognitive functioning (e.g., school performance), and social functioning (e.g.,
interpersonal relationships) [7]. Due to the highly subjective nature of these domains,
patient-reported outcomes are used to gain experiential insights and direct symptomatic
reports from the patient [8,9].

Proton radiation therapy (PRT) is increasingly used in paediatric radiation oncology [10].
The unique absorbed dose deposition of charged particles can reduce the volume of healthy
tissues receiving medium to low radiation doses, and, therefore, has the potential to reduce
the risk of long-term toxicities and second primary cancer induction when compared to
photon radiation therapy (XRT) [11,12]. PRT is not as widely available, with many countries
lacking access to this modality [13], so XRT remains the standard of care for many service
providers delivering RT to children with cancer.

Radiobiological modelling and initial clinical evidence demonstrate the advantages of
using PRT to improve health outcomes in paediatric cancer patients [11,14,15]; however, the
evidence comparing XRT and PRT HRQoL outcomes in childhood cancer survivors has not
been previously synthesised. Additionally, despite recognition of patient-reported HRQoL
assessment as a meaningful outcome for children with cancer, it is unknown if reported
HRQoL outcomes are used in routine clinical care for paediatric RT patients. Therefore, this
systematic review aimed to (1) identify and evaluate the current evidence and utilisation
of patient-reported HRQoL assessment in childhood cancer survivors following XRT and
PRT, and (2) to determine if PRT results in improved HRQoL outcomes for childhood
cancer survivors.

2. Materials and Methods
2.1. Search Strategy

This systematic review was conducted in accordance with preferred reporting items
for systematic reviews and meta-analysis (PRISMA) 2020 guidelines [16]. The review
protocol was registered with the international prospective register of systematic reviews
(PROSPERO, registration number: CRD42021249369). Medline, Embase, and Scopus
were systematically searched from 1 January 2000 to 12 May 2021, to identify all articles
describing the patient-reported quality of life in childhood cancer survivors following XRT
or PRT (see Supplemental Table S1 for the search strategy). The search was updated on
1 May 2022, with no further eligible studies identified by the first author.

2.2. Selection Criteria

Studies were included if they were peer-reviewed, original research articles published
in the English language, if a validated patient-reported outcomes tool was used to measure
quality of life, and if participants were children diagnosed with cancer between ages 0 to
21 years [17]. Studies were eligible if participants received external beam RT (XRT or PRT),
with total body irradiation excluded, as a comparable technique using particle therapy
is not in clinical use [18]. If an analysis of a patient cohort included patients with and
without RT treatment, 50% or more participants were required to have received RT. Studies
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were excluded if RT was delivered prior to the year 2000, as the resulting patient outcomes
may not reflect contemporary modulated treatment planning and delivery techniques. If a
longitudinal analysis included patients treated prior to 2000, the article needed to provide
sufficient details to confirm that the treatment delivery method was still used by the treating
facility as current practice, or include an analysis by decade.

2.3. Screening and Data Extraction

Two authors (MD and MS) performed independent screening of title and abstracts
after removal of duplicate records, followed by full-text assessment for inclusion. In
situations where agreement for inclusion could not be reached, consensus was achieved
by inviting additional authors for decision making (EB and NP). Figure 1 summarises
the screening process, including exclusion reasons. Author MD performed reference and
citation searching of the included studies (pearling), which identified one additional study.
Author MD extracted all eligible data from the included studies. Author MS extracted data
from three studies to confirm reliable extraction. If multiple studies reported results for the
same patient cohort, the study with greater follow up was included. Studies that included
a potentially overlapping cohort of patients, but provided different analyses, were included
as separate records but outcomes were summarised together in Tables 1–4.

Figure 1. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram
detailing selection process and exclusion reasons. Abbreviations: RT, radiation therapy; HRQoL,
health-related quality of life.
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2.4. Quality Assessment and Analysis

Two authors (MD and MS) performed quality assessment for all included studies using
the 14 item QualSyst quantitative checklist [19] (Supplemental Table S2). Each criterion
was assessed by compliance with the corresponding recommendations in ‘International
standards for the analysis of quality of life and patient-reported outcome endpoints in
cancer randomised controlled trials’ [20]. An agreement of 94.85% was observed between
the two authors. Studies were not excluded based on a quality assessment threshold. Stud-
ies that used the Pediatric Quality of Life Inventory (PedsQL) Generic Core (Version 4.0)
patient-reported outcome measure and provided the total summary score (total core score)
of the cohort were included for further analyses. PedsQL is a validated, 23 item ques-
tionnaire, designed to measure HRQoL in children and adolescents via self-reporting and
parent–proxy reporting [21]. Modules are grouped into four domains (physical, emotional,
social, and school functioning), which are averaged to produce a ‘total core’ summary score,
scaled from 0 to 100, with higher scores indicating better HRQoL [21]. Studies were in-
cluded in the further analysis if they provided a measure of central tendency and a measure
of dispersion or variation, or the raw data. A biostatistician was consulted to advise on
the use of meta-analytic methods; however, due to heterogeneity across published data,
a meta-analysis was not possible. Overall data were tabulated, grouped by tumour site
(central nervous system (CNS) vs. non-CNS), and RT modality. Studies were grouped in
tumour sites and ordered by quality assessment score. Comparisons were made between
modality and tumour sites where applicable.

3. Results
3.1. Study Characteristics

Tables 1–4 summarise 30 studies that meet the inclusion criteria for review, reporting
outcomes of 1986 childhood cancer survivors. A total of 14 studies are cross-sectional,
15 studies are longitudinal, and 1 study uses both longitudinal and cross-sectional data
collection. Articles are included from the United States [22–29], Switzerland [30–33], South
Korea [34,35], Canada [36,37], Japan [38,39], Netherlands [40,41], India [42], United King-
dom [43,44], Germany [45], Brazil [46], Italy [47], Poland [48], North American collabora-
tion [49], European collaboration, [50] and an international collaborative [51].

A total of 19 studies analyse HRQoL after XRT, and 10 studies analyse HRQoL after
PRT. One study includes survivors treated with XRT or PRT [45]. Yock et al. (2014) compare
the HRQoL in two cohorts from separate institutions, one treated with PRT and one treated
with XRT [25]. Only the PRT results from this study were included in this review, as the
XRT data do not meet the inclusion criteria. Dessens et al. (2016) describe two cohorts
following XRT, with only the cohort attending follow up in April 2014 meeting inclusion
criteria [41].

3.2. Central Nervous System Cancers

Twenty-four articles capture HRQoL in survivors of paediatric CNS tumours follow-
ing RT (see Tables 1 and 2). A total of 11 studies analyse individual diagnoses, whilst
12 combine several different CNS diagnoses within their analyses. Eight studies analyse
the HRQoL in patients diagnosed with a tumour of the brainstem or cerebellum (includ-
ing medulloblastoma [22,43,47,50,51], diffuse intrinsic pontine glioma [28,40], or atypical
teratoid rhabdoid tumour [32]. Kamran et al. (2018) describe self-reported increases in
HRQoL annually for a median of 5 years post-PRT [22], whilst Veldhuijzen van Zanten et al.
(2017) survivors self-reported worsening in nausea and fear of procedures at 3 months
post-XRT [40]. However, the other longitudinal studies identify no significant changes to
self-reported HRQoL with time [28,32,43]. Two studies use PedsQL Generic Core score
to evaluate HRQoL in survivors of childhood retinoblastoma [23,42]. HRQoL scores of
both cohorts do not significantly differ from the normative PedsQL reference population
scores [52].
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Table 1. Health-related quality of life in survivors of central nervous system tumours treated with photon radiation therapy.

Author Diagnosis and
Sample

Age at
Diagnosis

(Years)

Treatment
Regimen

n (%) with
RT

RT Modality
and Technique

Prescribed
Dose PROM Assessment

Point(s)

Statistically
Significant
Outcomes

deMedeiros et al.
(2020) [51]

Medulloblastoma
n = 76

Mean (SD)
6.71 (3.56)

Surgery (GTR:
85.1%), CT

(98.7%), and/or
XRT (97.3%)

74 (97.3)

XRT
CSI + PFB or
tumour bed

boost

30.6 to 39.4 Gy
n = 24;

18.0 to 23.4 Gy
n = 50

Health Utilities
Index Mark 2

and 3
SR only: n = 13;
PPR only: n = 36;
SR + PPR: n = 27

Mean (SD) time
from diagnosis:
6.58 (4.00) years

No difference in
overall HRQoL

between Western
and Eastern

countries.
Higher proportion
of PPR reporting

moderate to severe
morbidity burden

than SR

Kennedy et al.
(2014) [50]

Medulloblastoma
p = 151;

standard XRT (S)
n = 77;
hyper-

fractionated
XRT (H) n = 74

Median (range)
S: 7.7 (3.3–20.4);
H: 8.7 (3.2–20.8)

Surgery +
concurrent
ChemoRT +
adjuvant CT.

CT protocol was
the same for S +

H patients

151 (100)

XRT
S: CSI + PFB

H: CSI + PFB +
tumour bed

boost

S: 23.4 Gy CSI +
54 Gy PFB

(30#, 1.8 Gy/#);
H: 36 Gy CSI +
60 Gy PFB + 68
Gy tumour bed
(60#, 1.0 Gy/#

twice daily)

PedsQL Generic
Core: PPR for
participants

aged < 18 years;
SR for 11–17

EORTC quality
of life measure
(QLQ-C30): SR

aged > 18

Median (range)
time from
diagnosis:

S: 5.8 (4.1–9.8)
years;

H: 5.7 (4.2–9.9)
years

No difference
between SRT and

HRT total scores for
PedsQL or
QLQ-C30

Bull et al. (2014)
[43]

Medulloblastoma
(M) n = 37;
cerebellar

astrocytoma (A)
n = 35;

matched control
group (C) n = 38

Mean (range)
M: 8.2 (6–13)
A: 9.2 (5–14)

M: Surgery +
XRT + Packer
regimen CT;

A: Surgery only

M: 37 (100)
A + C: 0

XRT
CSI + PFB

CSI: 23.4 Gy;
PFB: 55.8 Gy

PedsQL Generic
Core SR + PPR

T1: at
recruitment

(1–35 months
from diagnosis)
T2: 12 months

post-T1
T3: 24 months

post-T1

No change in SR or
PPR overtime.

HRQoL scores were
lower for M than A
cohort, and lower

for A than C
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Table 1. Cont.

Author Diagnosis and
Sample

Age at
Diagnosis

(Years)

Treatment
Regimen

n (%) with
RT

RT Modality
and Technique

Prescribed
Dose PROM Assessment

Point(s)

Statistically
Significant
Outcomes

Veneroni et al.
(2017) [47]

Metastatic
medulloblas-

toma
p = 25 ˆ

n (completing
PROM) = 14

Median (IQR)
10.8 (7.0–13.9)

Surgery + CT +
XRT ±

myeloablative
CT

14 (100)

XRT
Hyper-

fractionated
accelerated XRT

strategy
CSI + PFB ±
metastases

CSI: 31.2–39 Gy;
PFB: 59.7–60 Gy;

metastases:
additional 9 Gy

Twice daily
1.3–1.5 Gy
fractions

SR 12–17 years:
PedsQL Generic

Core
SR 18+ years:

PedsQL Generic
Core + QLQ-30

+ SF-36

Median (IQR)
time from
treatment:
12.6 (IQR

7.4–14.9) years

PedsQL and
QLQ-30 scores do
not differ from the
general population.
SF-36 psychological,

physical, and
mental scale scores

were worse than the
general population

Mandrell et al.
(2016) [28]

Diffuse intrinsic
pontine glioma

n = 24;
medullary

glioblastoma
n = 1

Median (range)
5.8 (2.3–17.2)

ChemoRT
(Phase 1 clinical

trial to
determine
maximum

tolerated CT)

25 (100)

XRT
Conformal

n = 24;
whole brain

n = 1

54 Gy (n = 24),
55.8 Gy (n = 1)

PedsQL Generic
Core: PPR

<4 years, SR 5+
PedsQL brain

tumour module:
PPR all ages,

SR 5+

T1: baseline
pre-XRT

T2: week 2
of XRT

T3: week 4
of XRT

T4: week 6
of XRT (last

week of XRT)
T5: 10 weeks

post-XRT
(week 16)

No change in SR
PedsQL Generic

Core subscales from
T1–5 (total score not

reported).
PPR improvement

from T1–2 in
cognitive problems,

movement and
balance, procedural
anxiety, and brain
tumour module

total score

Veldhuijzen van
Zanten et al.
(2017) [40]

Diffuse intrinsic
pontine glioma

n = 9

Median (range)
10.8 (7.5–17.3)

ChemoRT
(Phase I/II

clinical trial to
determine
maximum

tolerated CT)

9 (100)

XRT
Volumetric-

modulated arc
therapy

54 Gy

PedsQL:
Generic Core,

multi
-dimensional
fatigue scale,
and cancer

module
SR

T1: baseline
T2: 3 months

post-XRT

Worsening in
nausea (SR) and

fear of procedures
(SR + PPR) scales on
cancer module at T2.

No change from
T1–T2 in generic or

fatigue modules
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Table 1. Cont.

Author Diagnosis and
Sample

Age at
Diagnosis

(Years)

Treatment
Regimen

n (%) with
RT

RT Modality
and Technique

Prescribed
Dose PROM Assessment

Point(s)

Statistically
Significant
Outcomes

Batra et al.
(2016) [42]

Retinoblastoma
n = 122 ˆ;

sibling control
group
n = 50

* At study Mean
(SD)

9.33 (0.3)

Surgery
(n = 111) and/or

XRT
27 (22) XRT # Not reported PedsQL Generic

Core SR

Median (range)
time from
treatment:
4.5 (1–10.3)

years

No difference in
total scores between
XRT and non-XRT

group.
XRT group total

score is lower than
control group

Netson et al.
(2016) [27]

Various brain
tumours (BT)

n = 45;
non-CNS cancer

control (CC)
n = 33;

sibling control
n = 36

Mean (SD)
BT: 6.11 (3.45)
CC: 3.36 (2.87)

BT: Surgery
(STR 47%, NTR
or GTR 53%) +
XRT. Pre-XRT

CT: 13%
CC: does not
receive CNS

directed therapy

BT: 45 (100)
CC:

not reported

XRT
Conformal or

intensity-
modulated

54 Gy (low
grade glioma,
craniopharyn-

gioma, or
ependymoma

<18 months old
at GTR);
59.4 Gy

(ependymoma)

Kid KINDL-R:
SR age 8-12;

Kiddo
KINDL-R: SR

age 13-6;
KINDL-R for
Parents: PPR

Mean (SD) time
from diagnosis:
BT: 6.55 (2.52)

years
CC: 8.82 (3.66)

years

BT cohort
self-reported lower
scores than the CC,

but do not differ
from sibling control.
BT cohort is lower

than sibling control
on PPR, but did not

differ from CC

An et al. (2011)
[34] (2013) [35]
Direct overlap

Various CNS
tumours

n = 31 [34] ˆ,
n = 13 [35];

Age-matched
control

n = 125 [1]

Mean (SD)
8.67 (3.93) [34]

10.15 (2.58) [35]

Surgery + CT ±
XRT ±

peripheral blood
SCT [34].
Protocol:

Surgery, CT,
XRT, CT,

autologous stem
cell rescue [35]

16 (51) [34]
13 (100) [35]

XRT # [34,35]
CSI + boost to

tumour bed [35]

23.4–30.6 Gy CSI
and boost [35]

PedsQL Generic
Core SR + PPR

Patients at
different points

during
treatment

regimen [34].
Cohort [2]:
T1: During

treatment; T2:
mean (SD) of
12.69 (2.90)

months
post-T1 [35]

SR total score was
lower than the

control group [34].
No difference in

total scores between
T1 and T2 for SR

and PPR [35]
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Table 1. Cont.

Author Diagnosis and
Sample

Age at
Diagnosis

(Years)

Treatment
Regimen

n (%) with
RT

RT Modality
and Technique

Prescribed
Dose PROM Assessment

Point(s)

Statistically
Significant
Outcomes

Barrera et al.
(2017) [36]

Various CNS
tumours
n = 91ˆ

* At study.
Mean (SD)
11.21 (2.76)

Surgery ± CT ±
XRT 50 (55)

XRT #

Whole brain
n = 28;

focal n = 22

Not reported PedsQL Generic
Core SR + PPR

T1: at study
commencement
(mean (SD) time

since last
treatment 4.06
(2.91) years)

T2: 2 months
post-T1

T3: 8 months
post-T1

XRT had a negative
impact on all SR

scores. and physical,
social, and school

PPR scores.
Total scores of all

participants
increased with time

Sato et al. (2014)
[39]

Various CNS
tumours

n = 53

Mean (SD)
9.5 (4.1)

Surgery (85%),
CT (75%),

and/or XRT
(79%)

42 (79) XRT # Not reported

PedsQL Generic
Core + subscales

from brain
tumour and

cancer modules
SR + PPR

Mean (SD) time
from treatment:
4.6 (4.3) years

Moderate to high
level agreement

between SR + PPR

Penn et al.
(2009) [44]

Various CNS
tumours
n = 35 ˆ

Median (range)
9.1 (1.5–16.4)

Surgery (details
not provided),

XRT (57%),
and/or CT

(31%)

20 (57) XRT # Not reported
PedsQL Generic

Core
SR + PPR

T1: 1 month
post-diagnosis
T2: 6 months

post-diagnosis
T3: 12 months
post-diagnosis

At T1, SR total score
was lower for XRT

than non-XRT group.
No difference at any
timepoint for PPR.
SR + PPR scores
increased from

T1–T3

Dessens et al.
(2016) [41]

Various CNS
tumours

n = 35

Median (range)
5.9 (0.1–13.8)

Surgery (87%),
XRT (60%),
and/or CT

(54%)

21 (60) XRT # Not reported TACQOL
SR + PPR

Median (range)
time from

diagnosis: 5.9
(1.8–11.0) years

Lower PPR scores
than the normative
data for motor and

cognition scales,
and lower SR scores

for negative
emotions scale
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Table 1. Cont.

Author Diagnosis and
Sample

Age at
Diagnosis

(Years)

Treatment
Regimen

n (%) with
RT

RT Modality
and Technique

Prescribed
Dose PROM Assessment

Point(s)

Statistically
Significant
Outcomes

Musiolet al.
(2019) [48]

Various CNS
tumours
n = 46 ˆ;

age and sex
matched control

n = 104

Median (range)
6.5 (0.5–18.5)

Surgery (STR:
n = 23, GTR
n = 19), XRT

(n = 32), and/or
CT (n = 14)

32 (70) XRT # Not reported
PedsQL Generic

Core
SR + PPR

Cross-sectional:
median (range)

time from
treatment: 37

(3–123) months

SR + PPR scores
were lower than the
control group for all
scales, excluding SR

emotional
functioning

Abbreviations: RT, radiation therapy; PROM, patient-reported outcome measure; SD, standard deviation; GTR, gross total resection; CT, chemotherapy; XRT, photon radiation therapy;
CSI, craniospinal irradiation; PFB, posterior fossa boost; SR, self-report; PPR, parent–proxy report; HRQoL, health-related quality of life; PedsQL, Pediatric Quality of Life Inventory;
EORTC, European Organisation for Research and Treatment of Cancer; T1–3, timepoint 1–3; SF-36, Short Form Health Survey; CNS, central nervous system tumour; IQR, inter-quartile
range; STR, subtotal resection; NTR, near-total resection; KINDL-R, Kinder Lebensqualität fragebogen PROM; SCT, stem cell transplant; TACQOL, Netherlands Organisation for Applied
Scientific Research Academic Medical Centre Children’s Quality of Life rating scale. # The radiation therapy modality is not reported. The authors determined that treatment was XRT
from the availability of PRT in the study country and treating facility at date of treatment receipt (as identified on https://www.ptcog.ch/index.php/facilities-in-operation, last accessed
15 August 2022). ˆ Please note, age and treatment details are only available for the larger sample (i.e., not just participants completing PROM or just participants with RT). * Age at
diagnosis was not reported.

Table 2. Health-related quality of life in survivors of central nervous system tumours treated with proton radiation therapy.

Author Diagnosis and
Sample

Age at
Diagnosis

(Years)

Treatment
Regimen

n (%) with
RT

RT Modality and
Technique

Prescribed
Dose PROM Assessment

Point(s)

Statistically
Significant
Outcomes

Badiyan et al.
(2017) [30]

Low grade
glioma

p = 20 (18 treated
at recurrence or
progression) ˆ,
n (completing
PROM) = 16

Range
2.2–18.0

PRT ± surgery
± CT 16 (100)

PRT, PBS
Focal

4# per week
(2004–2007)
5# per week
(2007–2014)

Mean (SD) dose
delivered: 52.8
(7.1) Gy(RBE)

PEDQOL
PPR

T1: baseline
pre-PRT

T2: 2 months
post-PRT
T3: 1 year
post-PRT

T4: 2 years
post-PRT

No change in scores
from any domain

from T1–4

Weber et al.
(2015) [32]

Non-metastatic
atypical tera-

toid/rhabdoid
tumour p = 15 ˆ,
n (completing

PROM) = 8

* Age at PRT
median (range)
1.56 (0.38–2.28)

Surgery + PRT;
pre or

concurrent CT
15 (100)

PRT, spot scanning.
Focal PRT.

Sequential SFUD
and intensity-

modulated PRT
delivery

54 Gy(RBE)
PedsQL Generic

Core
PPR

T1: pre-PRT
T2: 2 months

post-PRT

No change in PPR
scores between T1

and T2

https://www.ptcog.ch/index.php/facilities-in-operation
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Table 2. Cont.

Author Diagnosis and
Sample

Age at
Diagnosis

(Years)

Treatment
Regimen

n (%) with
RT

RT Modality and
Technique

Prescribed
Dose PROM Assessment

Point(s)

Statistically
Significant
Outcomes

Kamran et al.
(2018) [22]

Medulloblastoma
n = 108

Primitive neu-
roectodermal

tumour
n = 8

Median (range)
7.6 (2.1–18.1)

Details of
resection or CT
not provided

116 (100)

PRT
CSI + boost

(tumour bed 74%,
PFB 26%)

Not reported
PedsQL Generic

Core
SR + PPR

Baseline:
average of
2–3 scores
calculated

during PRT.
Ongoing annual
assessment for
median (range)

of 5 (1–10.6)
years

SR total score
increased on average
1.8 points annually,
PPR increased on
average 2.0 points

annually.
At the last follow-up,
SR physical score and
all PPR subscales are

worse than
normative levels

Mouw et al.
(2017) [23]

Retinoblastoma
p = 12,

n (completing
PROM) = 9 ˆ

Median (range)
3 months

(1–20 months)

Enucleation
(n = 8), CT

(n = 8), PRT, CT
(n = 1)

9 (100)

PRT.
Single lateral or
posterior lateral

field

Median dose: 44
Gy(RBE).

Range: 40–48.6
Gy(RBE)

PedsQL Generic
Core: PPR + SR
for participants

aged ≤ 17
18+ SR (n = 2):
FACT-brain +
FACT-fatigue

Median (range)
length of follow

up 12.9 years
(5–22 years)

PedsQL scores were
equal to the

normative population

Kuhlthau et al.
(2012) [24]

+ Yock et al.
(2014) [25]

Direct overlap
Potential overlap:

Kamran
n = 50 [22]

Various CNS
tumours
p = 142,

n (completing
PROM): ˆ

At T1 = 99 [24]
At T5 = 57 [25]

Mean (range)
8.5 (2–18)

Surgery, CT,
PRT (52.8%);
surgery, PRT

(31.0%);
CT, PRT (9.2%);
PRT only (7.0%)

142 (100)

PRT
CSI + boost

(43.0%);
involved field
PRT (57.0%)

95.8% received
≥ 45 Gy(RBE),
4.2% received
<45 Gy(RBE)

PedsQL Generic
Core, brain
tumour and

cancer modules
SR + PPR

T1: During first
week of PRT

T2: During last
2 weeks of PRT

T3: 1 year
post-PRT
T4: 2 year
post-PRT
T5: 3 year
post-PRT

PPR total core scores
increased from

T1 to T5.
All diagnoses, except
for ‘other low-grade

neoplasms’ saw
increases in total core
score from T1 to T5
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Table 2. Cont.

Author Diagnosis and
Sample

Age at
Diagnosis

(Years)

Treatment
Regimen

n (%) with
RT

RT Modality and
Technique

Prescribed
Dose PROM Assessment

Point(s)

Statistically
Significant
Outcomes

Eaton et al.
(2020) [26]

Overlap:
Kuhlthau

n = 18 [24]

Various CNS
tumours
n = 40;

cross-sectional
n = 22,

longitudinal
n = 18

* Age at PRT
median (range)

2.5 (0.3–3.8)

CT (60%), high
dose or

intrathecal CT
(25%)

40 (100)

PRT
Supratentorial
involved field

(30%);
infratentorial
involved field

(57.5%);
CSI (12.5%)

Median (range)
total dose: 54

Gy(RBE)
(50.4–57.6
Gy(RBE));

CSI median
dose: 23.4
Gy(RBE);

CSI range: 18–36
Gy(RBE)

PedsQL Generic
Core

SR + PPR

Combined (n =
40) median

(range) length of
follow-up
between

treatment and
last assessment:

6.7 (3–15.4)
years.

Longitudinal:
T1: baseline

pre-PRT
T2: At final
follow up

median (range):
7.0 (3.1–11)

years post-RT

All SR and PPR scores
were lower than

normative levels for
all domains,

excluding SR physical
and school.
PPR social

functioning scores
decreased from

baseline to last follow
up, with all other

domains unchanged

Tran et al.
(2020) [31]
Potential
overlap:

Badiyan n = 16
[30] and Weber

n = 15 [32]

Various CNS
tumours
p = 221

n (completing
PROM) = 206 ˆ

Median (range)
3.1 (0.3-17.7)

Pre-PRT surgery
(95%) ± CT

(72.4%);
concomitant CT:

17.2%

206 (100)

PRT, PBS
focal PRT
(200/221);

CSI (21/221);
partial XRT

(7/221)

Median dose to
PTV: 54

Gy(RBE);
range 18–64.8

Gy(RBE)

PEDQOL SR +
PPR if child > 5

years
PedsQL Generic

Core PPR if
child < 5 years

T1: pre-PRT
T2: 2 months

post-PRT
T3: 1 year
post-PRT

T4: 2 years
post-PRT

T5: 5 years
post-PRT

PEDQOL PRR scores
were below

normative data, SR
were above normative

data.
PedsQL PPR scores

were below
normative data

Abbreviations: RT, radiation therapy; PROM, patient-reported outcome measure; PRT, proton radiation therapy; CT, chemotherapy; PBS, pencil beam scanning; SD, standard deviation;
PEDQOL, Quality of Life in Children and Adolescents with Cancer PROM; SR, self-report; PPR, parent–proxy report; T1–4, timepoint 1–4; SFUD, single-field uniform dose; PedsQL,
Pediatric Quality of Life Inventory; CSI, craniospinal irradiation; PFB, posterior fossa boost; FACT, Functional Assessment of Cancer Therapy PROM; CNS, central nervous system
tumour; XRT, photon radiation therapy. ˆ Please note, age and treatment details are only available for the larger sample (i.e., not just participants completing PROM or just participants
with RT). * Age at diagnosis was not reported.
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3.2.1. Influencing Factors

Three studies investigate the effect of socioeconomic status (SES) on the HRQoL of
children treated for a CNS tumour with RT [22,26,43]. No effect is observed between SES
and HRQoL, however variable methods of determining SES are used, and there is low
representation of families within the low SES categories. Five studies find no statistically
significant differences by sex in patients who undergo RT [22,24,26,43,48]. Three studies find
no correlation between age and HRQoL [22,24,43], while Musiol et al. (2019) describe a weak
negative correlation between age at diagnosis and self-reported emotional functioning [48].
Three studies analyse the impact of race, however there is limited representation of non-
white participants that hinders producing a true analysis [22,24,26]. deMedeiros et al. (2020)
find no difference in the overall HRQoL of survivors from Eastern and Western countries
during a cross-sectional assessment, a mean of 6.58 years post-diagnosis [51].

One study compares the HRQoL of patients with craniopharyngioma following XRT
or PRT [45]. At 1 and 3 years post-surgery, there is no statistically significant difference in
HRQoL between the treatment modalities [45]. Due to the variability in patient demograph-
ics, assessment points and patient-reported outcome measures, a statistical comparison
cannot be made between XRT and PRT outcomes for the cohort of CNS tumour studies.

Three studies found that the self-reported HRQoL is worse for patients with brain
tumours requiring RT than patients not requiring RT [36,43,45]. Musiol et al. (2019) report
that the overall self-reported HRQoL in survivors treated with both RT and chemotherapy
is comparable with that of survivors treated only with chemotherapy [48].

The reporting of RT variables, such as prescribed dose and fractionation, treatment
modality, and treatment field extent, is highly variable. Kamran et al. (2018) found that
survivors who have a whole posterior fossa boost have greater improvements over time
in parent–proxy reported HRQoL than survivors who have a tumour bed boost, but there
is no differences between the self-reported HRQoL [22]. Kuhlthau et al. (2012) identify
worse self-reported and parent–proxy reported HRQoL during the first week of PRT, for
survivors who have craniospinal irradiation on one patient-reported outcome measure
(PedsQL Generic Core), but no significant difference when using a different measure
(PedsQL cancer module) [24]. Eaton et al. (2020) report no significant difference in parent–
proxy reported HRQoL between patients who undergo craniospinal irradiation or involved
field RT [26]. Kennedy et al. (2014) directly compare the HRQoL following standard
and hyper-fractionated XRT, in matched cohorts, with no self-reported or parent–proxy
reported differences at a median of 5.8 years after treatment [50]. In 11 of 30 studies, there
are no details of prescribed dose and/or RT delivery technique, only the proportion of
participants who received RT.

3.2.2. Analysis Using PedsQL Generic Core Score

The PedsQL Generic Core score, version 4.0, was used in 22 of the total 30 studies. A
total of 19 studies report the PedsQL total core score. Two studies are excluded for further
analysis, as patients are described as ‘post diagnosis’, and could not definitively be placed
on a timeline post-RT. Two studies include a directly overlapping cohort, so the study of
highest quality assessment is included in our analysis. One study is excluded from analysis
as it includes patients of both CNS and non-CNS tumour sites, and another is excluded as
it is the only eligible PedsQL study describing a non-CNS tumour cohort. Figure 2 shows
the self-reported and parent–proxy reported HRQoL following XRT and PRT CNS tumours
based on the 14 eligible studies.
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Figure 2. Cont.
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Figure 2. Health-related quality of life following photon (A,C) [34,36,40,42,47,48,50] and proton
(B,D) [22–26,31,32] radiation therapy in paediatric central nervous system cancer, measured by
PedsQL Generic Core self-report (A,B) and parent–proxy report (C,D). Legend. Blue: treated with
photon radiation therapy. Mean and standard deviation (SD). Green: treated with photon radiation
therapy. Median and inter-quartile ranges (IQR). Red: treated with proton radiation therapy. Mean
and SD. The grey shading denotes assessment before or during treatment. Patients assessed during
radiation therapy are placed at timepoint 0. Patients assessed prior to commencement of radiation
therapy are placed at a combined timepoint before timepoint 0, due to each patient having a different
duration from diagnosis to radiation therapy. Vertical lines represent SD or IQR. Horizontal lines
denote duration of follow-up. The horizontal dashed line represents the mean healthy population
PedsQL data from [52]. Higher PedsQL total core score indicates higher quality of life. Additional
clarification on data was sought from [31]. Abbreviations: XRT, photon radiation therapy; PRT, proton
radiation therapy; T, timepoint.
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PedsQL HRQoL scores for survivors of a CNS childhood cancer appear to improve
with increased time from treatment, however due to the inconsistency in measurement
points and variable patient characteristics, statistical analysis and/or regression could
not be performed to compare the outcomes of XRT and PRT. Of the studies that collected
self-report and parent–proxy report outcomes for the same cohort, parent–proxy reports are
lower than the child self-report, and further from the PedsQL normative population score.

3.3. Non-CNS Cancers

Three longitudinal and one cross-sectional study are identified with survivors treated
for a non-CNS cancer (see Table 3) [33,37,46,49]. Harris et al. (2020) self-report the impact
of multimodal treatment, including XRT, for chest wall sarcoma on the HRQoL of survivors
a median of 5.5 years following diagnosis [49]. Leiser et al. (2016) parent–proxy report
the HRQoL of patients with rhabdomyosarcoma of various locations, up to 2 years post-
PRT [33]. Although differing patient-reported outcome measures are used, both sarcoma
cohorts have comparable HRQoL to their respective normative reference populations.
Two cohorts investigate HRQoL following XRT for Hodgkin disease [37,46]. One study
shows self-reported increases in pain and xerostomia during treatment, but otherwise no
significant changes in HRQoL during and acutely post-XRT [46]. Conversely, patients in
the study by Klaassen et al. (2010) show an improvement in PedsQL Generic Core total
score of HRQoL with time, during varied multimodal treatment [37].

Two studies combine several diagnoses (including CNS tumours, sarcomas, and blood
cancers) into a single cohort for cross-sectional analyses (see Table 4) [29,38], however,
clinical diversity of the cohorts, and differing lengths of follow-up, preclude further mean-
ingful comparisons.
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Table 3. Health-related quality of life in survivors of non-central nervous system tumours (photon and proton).

Author Diagnosis and
Sample

Age at
Diagnosis

(Years)

Treatment
Regimen

n (%) with
RT

RT Modality
and Technique

Prescribed
Dose PROM Assessment

Point(s)

Statistically
Significant
Outcomes

Leiser et al.
(2016) [33]

Rhabdomyosarcoma
p = 83,

n (completing
PROM) = 34 ˆ

* Age at PRT
range: 5–15.5

Surgery + PRT,
pre or

concurrent CT
34 (100)

PRT, PBS
SFUD, intensity-
modulated PRT,

or both

Median dose:
54 Gy(RBE),

range: 41.4–64.8
Gy(RBE)

PEDQOL
PPR

T1: pre-PT
T2: 2 months

post-PRT
T3: 1 year
post-PRT

T4: 2 years
post-PRT

Scores for all
domains (excluding
cognition and social

functioning with
peers) increased

from T1–T4.
At T4, mean scores
were comparable to

the normative
population

Harris et al.
(2020) [49]

Chest wall
sarcoma
p = 175 ˆ,

n (completing
PROM) = 36

* Age at PROM
completion

median (IQR)
17.5 (14–22)

Surgery, CT,
XRT: 42%;

surgery, CT:
35%;

CT, XRT: 13%

96 (55)

XRT
Definitive XRT

(n = 17).
Timing:

pre-operative
(n = 9);

post-operative
(n = 66);

pre +
post-operative

(n = 3)

Median (IQR)
50.4 Gy

(41.3–56.0 Gy)

SR 8–18 years:
PROMIS

paediatric
profile 37, v2.
SR 18+ years:
PROMIS 43,

v2.1

Median (IQR)
time from

diagnosis: 5.5
(4.1–9) years

HRQoL was
equivalent to the

reference
population in all

domains, excluding
anxiety, when all
participants were

combined

Marangoni-
Lopes et al.
(2016) [46]

Hodgkin disease
n = 10 (location of
involved area not

reported)
Matched control

n = 10

Median (range)
13 (6–16) CT + XRT 10 (100) XRT 21.6 Gy

Portuguese
version of
Quality of

Life—head and
neck module
(QLQ-H and

N35)
SR

T1: baseline
T2: after 10.8 Gy
T3: after 21.6 Gy

(end of XRT)
T4: 1 month

post-XRT
T5: 2 months

post-XRT
T6: 3 months

post-XRT

Worsening in pain
scores post-XRT

from T1–T3.
Worse xerostomia
scores during RT

than control group.
No difference in
other domains

between
participants and

control group
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Table 3. Cont.

Author Diagnosis and
Sample

Age at
Diagnosis

(Years)

Treatment
Regimen

n (%) with
RT

RT Modality
and Technique

Prescribed
Dose PROM Assessment

Point(s)

Statistically
Significant
Outcomes

Klaassen et al.
(2010) [37]

Hodgkin disease
n = 49

(location of
involved area not

reported)

Mean (range)
14.7 (8.9–18.0) CT ± XRT 36 (73) XRT # Not reported

SR, PPR and
nurse proxy

report: PedsQL
Generic Core

and cancer
module, HUI 2 +

3, EuroQol
EQ-5D

T1: 2 weeks
after CT course 1

T2: 3rd day of
CT course 2

T3: during the
3rd week of XRT
T4: 1 year after

diagnosis

90% of summary
scores had at least

moderate
concordance with

SR and PPR and/or
nurse proxy report

Abbreviations: RT, radiation therapy; PROM, patient-reported outcome measure; PRT, proton radiation therapy; CT, chemotherapy; PBS, pencil beam scanning; SFUD, single-field uniform
dose; PEDQOL, Quality of Life in Children and Adolescents with Cancer PROM; SR, self-report; PPR, parent–proxy report; T1–4, timepoint 1–4; IQR, inter-quartile range; XRT, photon
radiation therapy; PROMIS, patient-reported outcome measurement information system PROM. # The radiation therapy modality is not reported. The authors determined that treatment
was XRT from the availability of PRT in the study country and treating facility at date of treatment receipt (as identified on https://www.ptcog.ch/index.php/facilities-in-operation, last
accessed 15 August 2022). ˆ Please note, age and treatment details are only available for the larger sample (i.e., not just participants completing PROM or just participants with RT). * Age
at diagnosis was not reported.

Table 4. Health-related quality of life in cohorts including multiple diagnoses or radiation therapy modalities.

Author Diagnosis and
Sample

Age at
Diagnosis

(Years)

Treatment
Regimen

n (%)
with RT

RT Modality
and Technique

Prescribed
Dose PROM Assessment

Point(s)
Statistically

Significant Outcomes

Eveslage et al.
(2019) [45]

Craniopharyngioma
n = 131 ˆ

Median (range)
9.7 (1.3–17.6)

Surgery ± RT
46 of 47 RT

patients had an
incomplete
resection

47 (36)

XRT n = 22,
PRT n = 22,

other (seeds or
stereotactic

radiosurgery)
n = 3

Not reported
RT performed

after
progression

n = 27

PEDQOL
SR

T1: 1 year
post-surgery
T2: 3 years

post-surgery

At T1 and T2, those
who had undergone

XRT had worse
autonomy, body image
and physical function
than those who did not

have any RT.
No difference between

PRT and those who
did not have any RT.

When directly
compared, no

difference between
XRT and PRT scores

https://www.ptcog.ch/index.php/facilities-in-operation
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Table 4. Cont.

Author Diagnosis and
Sample

Age at
Diagnosis

(Years)

Treatment
Regimen

n (%)
with RT

RT Modality
and Technique

Prescribed
Dose PROM Assessment

Point(s)
Statistically

Significant Outcomes

Ruccione et al.
(2013) [29]

Total n = 94 ˆ
Leukaemia (n = 36),
lymphoma (n = 23),
CNS tumour (n = 9),
soft tissue tumour

(n = 19), bone tumour
(n = 7)

* Age at XRT
Mean (SD)
14.8 (2.74)

Surgery (n not
reported) ± XRT

(38%) ± CT
(96%) ± SCT

(5%)

36 (38) XRT # Not reported

PedsQL
Generic Core

SR (only
psychosocial

summary
score

reported)

0–6 months
post-XRT

Psychosocial summary
score was lower for

participants who had
XRT than patients

without XRT

Fukushima
et al. (2017)

[38]

Total n = 16 +

Ependymoma (n = 3),
Ewing sarcoma

(n = 3),
nasopharyngeal

carcinoma (n = 3),
germ cell tumour

(n = 2),
rhabdomyosarcoma

(n = 2), parotid gland
tumour (n = 1),

neuroblastoma (n = 1),
PNET (n = 1)

* Age at PRT
median (range)

6.1 (2.4–13.7)

Variable surgery,
CT, and/or SCT 16 (100) PRT

Not reported
separately from

total eligible
participants

(n = 32).
Median dose 54
Gy(RBE), range

19.8–78.4
Gy(RBE)

PedsQL
Generic Core

SR

Median (range)
time from
treatment:

5.2 (4.3–12.7)
years

PedsQL scores were
higher than Japanese
population means for
total core score and

psychosocial summary
score

Abbreviations: RT, radiation therapy; PROM, patient-reported outcome measure; XRT, photon radiation therapy; PRT, proton radiation therapy; PEDQOL, Quality of Life in Children
and Adolescents with Cancer PROM; SR, self-report; T1–2, timepoint 1–2; SD, standard deviation; CT, chemotherapy; SCT, stem cell transplant; PedsQL, Pediatric Quality of Life
Inventory. # The radiation therapy modality is not reported. The authors determined that treatment was XRT from the availability of PRT in the study country and treating facility at date
of treatment receipt (as identified on https://www.ptcog.ch/index.php/facilities-in-operation, last accessed 15 August 2022). ˆ Please note, age and treatment details are only available
for the larger sample (i.e., not just participants completing PROM or just participants with RT). + Fukushima et al. 2017: 1 participant had PRT prior to 2000. Results were reported
separately, so this participant was excluded from our analysis. * Age at diagnosis was not reported.

https://www.ptcog.ch/index.php/facilities-in-operation
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4. Discussion

To the best of our knowledge, this is the first systematic review identifying the patient-
reported HRQoL following XRT and PRT for childhood cancer survivors treated after the
year 2000. Based on the current evidence, a difference cannot be identified in HRQoL
during or after RT, between XRT and PRT. This is a somewhat unexpected finding, and is
likely due to the variability in patient characteristics, diagnoses, treatment regimens, and
length of follow-up in the included studies of both modalities.

Five longitudinal studies report that HRQoL improves with time after
treatment [22,24,33,37,44], whilst eight studies do not show a significant
change [28,30–32,35,40,43,46]. Although several studies used PedsQL total core scores
for survivors of a CNS tumour, a trend could not be identified, due to the diversity of
tumour types, patient characteristics, applied therapies, and length of follow-up. There
is minimal analysis of additional potential contributing factors such as age, sex, SES, and
race in the studies included in this review. Younger age at radiation exposure has been
associated with increased risk of toxicities [53], however, age does not appear to influence
HRQoL outcomes for the participants within the included studies. Additionally, due to
the lack of studies with baseline details, selection bias may have influenced the reported
outcomes, as patients with poor prognosis, survival, and possibly worse quality of life,
may have not been represented. However, poor prognosis may not always be an indicator
of poor HRQoL, as shown by the two diffuse intrinsic pontine glioma cohorts reporting
HRQoL appearing similar to, or higher than, normative PedsQL levels in the acute period
post-XRT [28,40]. The outcomes of these cohorts may have been notably influenced by the
small sample sizes (n = 25, n = 9) [28,40], and, therefore, a statistical comparison to the
normative reference data with a large sample size is not reported.

The inconsistent reporting of RT details is a major limitation of the included studies.
The severity of acute and late chronic effects of RT are partially related to the dose received
by critical structures [54,55]. In particular, the dose received by brain substructures is
correlated with critical neurocognitive outcomes [56], which may impact HRQoL. However,
no studies meeting the inclusion criteria describe the association between irradiation of a
specific organ or region and the associated HRQoL outcomes. Two studies examine the
impact of prescribed dose on HRQoL, with no statistically significant outcomes [24,26].
Few studies consider the impact of an RT technique (e.g., craniospinal irradiation compared
to focal treatment), or variable multimodal treatment regimens, however, baseline HRQoL
data are not acquired. Without a baseline assessment, the difference in HRQoL could be
due to confounding factors including pre-existing disease-specific causes, or additional
intensive therapies. Therefore, it remains unknown what impact modern RT techniques
may have on overall HRQoL outcomes. Armstrong et al. (2010) describe associations
between region-specific doses to the brain and HRQoL in the Childhood Cancer Survivor
Study cohort (1970–1986) [57]. Survivors who receive radiation exposure to temporal brain
regions are at increased risk of memory and social functioning impairment [57]. With the
now standard use of computed tomography-based dosimetry planning to accurately delin-
eate brain substructures, reporting of dosimetric statistics and data describing outcomes
produced by modulated RT techniques are required to expand on this knowledge. The
authors recommend future HRQoL studies describing radiation oncology patients to follow
Bentzen’s (1998) radiation oncology adaption of Consolidation of Standards for Reporting
Trials (CONSORT) guidelines for reporting clinical outcome studies [58].

No studies report on the clinical utilisation or implementation of HRQoL assessments
into routine practice. This is despite the growing body of evidence and calls for the
integration of HRQoL assessment using patient-reported outcome measures into routine
care to improve clinical outcomes and patient satisfaction [59–62]. Additionally, there are
no details describing if patient-reported outcome measures were actioned by healthcare
professionals, if they were deemed clinically significant. Notably, Bull et al. (2015) utilise
the HRQoL outcomes presented in this review to identify a screening measure to detect
cognitive deficit in children with cerebellar tumours, and conclude that PedsQL would
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be suitable for use in a clinical setting [43,63]. Therefore, routine clinical implementation
of HRQoL assessment for paediatric patients would be an effective means to identify the
impact of tumour and patient-specific factors prior to any therapeutic intervention, and to
utilise HRQoL data to guide patient management, and acquire true baseline data to inform
longitudinal studies.

Another key solution to drive change will be an international effort to increase quality
data collection following both XRT and PRT, and to promote data sharing to aid compar-
isons. This is underway and shown by the collaborative studies included in this review.
Pediatric Proton Photon Consortium Registry and PanCareLIFE, are key examples of in-
ternational consortia collecting longitudinal HRQoL outcomes for children with cancer,
during and following XRT and PRT, to accompany clinical data [64,65]. Furthermore, the
Children’s Oncology Group have recognised patient-reported HRQoL as an important
metric by including PedsQL Generic Core assessment within their Standardised Neu-
ropsychological and Behavioural Battery [66]. These efforts demonstrate the recognised
importance of assessing patient-reported outcomes and perspectives to evaluate treatment
options for children with cancer.

A potential limitation of this review is the inclusion of studies by the same institutions,
with potentially overlapping patient cohorts. However, studies were not included in the
analysis if they were estimated to have ≥50% of the same participants. This review does
not include conference abstracts or grey literature, which may have described clinical action
based upon HRQoL assessments, or provided further insight into potential routine assess-
ment. Additionally, some studies may have been excluded during the screening processes
by inadvertent human error or bias. Studies utilising ‘life functioning’ assessments were
excluded because physical functioning may not be directly associated with the psychosocial
domains of HRQoL, and do not consider the personal perspective of physical functioning
on the individual’s HRQoL [67]. There is variability within the defined age ranges of
‘paediatric’ classification. Whilst some adolescents may be included in this review due to
our upper age limit, we do not specifically synthesize the literature analysing outcomes
for survivors of adolescent and young adult cancers. Due to the lack of robust evidence,
this review is limited and could not analyse the difference between HRQoL during active
treatment, acute follow-up, and long-term survivorship.

There is a large gap in the literature describing the HRQoL of non-CNS childhood
cancer survivors following RT, and, hence, non-CNS diagnoses are underrepresented in
this review. In countries where XRT is the standard of care, future research is needed to
evaluate the HRQoL outcomes of XRT patients, particularly with intensity-modulated RT
and volumetric-modulated arc therapy, to accompany the growing PRT evidence.

5. Conclusions

There is currently insufficient evidence to compare and determine if a difference
exists between the HRQoL of children following XRT and PRT. There are limited rigorous
HRQoL data following both XRT and PRT. This review highlights the importance of
enhanced HRQoL collection, given the expanding global availability of PRT facilities, before
concluding that PRT provides HRQoL improvements for this cohort. Standardised clinical
implementation of HRQoL assessment using patient-reported outcomes may contribute to
improvements in clinical care, and assist the rapid progression of knowledge comparing
XRT and PRT. Improved reporting of prescribed dose and organ at risk dose constraints to
accompany HRQoL assessments will assist in quantifying HRQoL outcomes for childhood
cancer survivors following RT as treatment delivery techniques evolve.
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