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Highlights

What is already known on this topic?

e  Children and young people (CYP) who survive cancer—particularly females—are
more likely than the general population to report acute and chronic pain in later life,
and they frequently experience comorbidities such as fatigue, depression, and anxiety.
Yet, their pain is often likely to be under-recognized, especially in childhood, partly
due to a lack of developmentally sensitive assessment tools in CYP.

What this study adds?

e  This study demonstrates that the poor understanding of post-cancer treatment pain
in children and young people (CYP) stems not only from the absence of adapted
assessment tools but also from limited early post-treatment data. Together, these
shortcomings create a significant gap in mapping CYP pain trajectories after cancer.

How might this study affect research, practice or policy?

e  Our findings highlight the urgent need for timely, rigorous, age-specific research to
better inform survivorship care and shape evidence-based clinical policy. Our study
also suggests that clinicians should routinely assess both acute and chronic pain in
CYP cancer survivors using validated, age-appropriate tools in early post-treatment
completion assessments.

Abstract

Background: Pain is a common but often under-recognized clinical feature among children
and young people (CYP) cancer survivors. This systematic review aimed to examine the
prevalence of acute and chronic pain in 5-24-year-old cancer survivors, explore associated
biopsychosocial comorbidities and evaluate the psychometric properties of pain assessment
tools used with this population. Methods: This review provides a conceptual replication to
a review published in 2020 by Schulte et al. by updating and purposefully narrowing the
review population to CYP (5-24 y) to better capture their pain experience. We updated the
search from Schulte et al., extending the search period up to October 2024 across 5 databases.
Results: Our independent search identified 18 studies, with only 1 new paper published
since Schulte et al., 2020. Overall, CYP cancer survivors reported a higher prevalence
of pain than the general population, with females experiencing higher levels than males,
consistent with broader chronic pain literature. Fatigue, depression, and anxiety were
common comorbidities, and pain substantially impacted quality of life. Key limitations
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included the use of unvalidated questionnaires; inconsistent definitions of chronic pain
and lack of patient stratification based on diagnoses, age and treatment protocol. Moreover,
data were aggregated, and we were unable to extract information from early survivorship.
Conclusions: There is a critical need for more rigorous research on pain in CYP cancer
survivors. Specifically, gathering data on pain experienced during the immediate post-
treatment completion phase of cancer care, an area currently underrepresented in the
literature, will provide valuable insights into patients’ pain trajectories.

Keywords: children; pain; cancer; survival; anxiety; depression; fatigue

1. Introduction

Survival rates for most paediatric cancers have improved dramatically over the past
four decades [1,2]. As the number of paediatric cancer survivors is growing, it is essential
to prioritize the enhancement of their quality of life, short-term and long-term. For this, it
is necessary to fully understand the challenges survivors face beyond treatment, including
the prevalence, type, impact and management of pain throughout survivorship. Pain is
indeed a key factor that significantly affects CYP survivors’ quality of life, psychosocial
health, and overall well-being [3]. The pain reported is often recurring, chronic (lasting
more than 3 months), complex and varied, including neuropathic pain from nerve damage,
musculoskeletal pain linked to growth or mobility changes, and headaches or abdominal
pain of unclear origin [4].

While pain management is a critical but under-studied outcome of cancer treatment,
only a few studies have been published focusing on cancer-related pain in CYP [5-8].
Indeed, according to the World Health Organisation’s “Guidelines on the management
of chronic pain in children” published in 2020: (I) “systematic reviews of effectiveness
did not identify any studies in children less than 10 years of age”; and (II) “research is
needed for children with chronic cancer-related pain during or following cancer treatment”.
Children with cancer frequently report pain, starting from the moment of the diagnosis
to the end of life or to survivorship [9,10]. The pain is certainly the result of a variety of
processes, from the cancer itself to the medical interventions used for its management,
including chemotherapy and radiotherapy [9]. Other important factors to consider when
examining cancer-related pain in CYP include the psychological trauma associated with the
diagnosis of a potentially life-threatening condition and the impact of numerous hospital
visits and interactions with the medical staff. These experiences likely contribute to the
overall pain experience, as stress alone is expected to exacerbate pain in adolescents, as
observed in adults [11,12]. Pain in CYP is a complex biopsychosocial experience that
significantly impacts the quality of life of both individuals and their families [13]. It is
conceptualized through the interaction of biological, psychological, and social factors
within a dynamic cognitive framework [14]. Interdisciplinary interventions provide the
most effective management approach [13,15-17].

The most recent systematic review of 73 studies by Schulte et al. [18], which we concep-
tually replicated, showed that childhood cancer survivors are at high risk of experiencing
pain, with pain being more prevalent in females and commonly associated with fatigue,
emotional distress, anxiety and depression. Although Schulte et al. [18] provided important
insights into pain in paediatric cancer survivors, significant gaps in the evidence base
remained, which limited our understanding of pain experiences in this population. Their
review, consistent with the available literature, seldom examined pain as a primary out-
come and was constrained by studies that often-lacked validated assessment tools, clearly
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defined pain measures, and attention to age-, diagnosis-, and treatment-specific differ-
ences. Moreover, age groups were frequently combined, offering no information on the
immediate post-treatment completion phase, where early pain trajectories and intervention
opportunities may be particularly critical.

Addressing these gaps is essential to develop targeted, evidence-based interventions
that improve long-term quality of life for children and young people (CYP) survivors. The
present conceptual replication of the Schulte et al. [18] review therefore aimed to (a) assess
the prevalence and characteristics of acute and chronic pain in CYP cancer survivors (up to
24 years), with a specific focus on the early post-treatment period; (b) evaluate the methods
used to assess pain and their psychometric properties; (c) identify biopsychosocial outcomes
associated with pain, and its impact on quality of life; (d) provide recommendations for
future research and clinical practice.

2. Materials and Methods

In October 2020, Schulte E. et al. [18] conducted a systematic review examining the
prevalence of pain in paediatric cancer survivors; the current review conceptually replicates
their work by focusing on a narrower population, replicating and updating the literature
searches up to October 2024 and conducting more rigorous assessments of the risk of
bias of included studies and additional assessments of the psychometric properties of
the questionnaires used in included studies. A conceptual replication is a “purposeful
broadening or narrowing of the research question in existing systematic reviews” (e.g.,
across broader or more focused populations, intervention types, settings, outcomes, or
study designs) and as such it is realistic to view the two reviews as overlapping systematic
reviews rather than truly replicated or duplicate systematic reviews [19].

The present systematic review was conducted in accordance with Cochrane guide-
lines [20] and reported using the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) standards [21]. The review includes studies investigating acute
or chronic cancer-related pain in survivors of any type of paediatric cancer. Although
adolescence has traditionally been defined as ending at 18 years, more recent perspectives
recognize that the transition from childhood to adulthood extends beyond this age. Sawyer
et al. [22] argue that defining adolescence as ages 10 to 24 more accurately reflects devel-
opmental processes and societal norms. In line with this contemporary view, we have
adopted an adolescent age range extending to 24 years for the purposes of this review.
Screening of the articles and data extraction were conducted independently by 2 reviewers,
incorporating both newly identified studies and those from the original review. The review
protocol was prospectively registered with PROSPERO (registration ID CRD420250622420).

2.1. Databases Searched

Databases searched included PubMed (Web-based), PsycINFO (EBSCO), EMBASE
(Ovid), EMBASE (SCOPUS) and Web of Science (Thomson Reuters). Full PubMed search
parameters are available (Table S1). Search strategies for additional websites were cus-
tomized to each database’s syntax, using a combination of thesaurus terms and keywords.
Relevant articles from the original review and new ones between October 2020 and October
2024 were included. Only original research articles were considered, though narrative
and systematic reviews were assessed to identify relevant original studies. Dissertations,
books, book chapters, editorials, letters, case studies, and conference proceedings/abstracts
were excluded.

Ethical approval was not required for this study, as it is a systematic review of pre-
viously published literature and does not involve any primary data collection involving
human participants or animals.
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Patient and Public Involvement: No patient involved.

2.2. Endpoints

The primary endpoint of this review was the prevalence of acute and chronic pain
in children and young people (CYP; 5-24 years) surviving cancer. Secondary endpoints
included (i) characteristics of acute and chronic pain, biopsychosocial comorbidities associ-
ated with pain (e.g., fatigue, depression, anxiety), (ii) the impact of pain on quality of life,
and (iii) the psychometric properties of pain assessment tools applied in this population.

2.3. Inclusion Criteria

The inclusion criteria were defined as follows: (1) original research, (2) assessment
of pain included, (3) children diagnosed with cancer between the ages of 0 and 21, and
(4) survivors aged between 2 and 24 who were at least 5 years post-diagnosis and/or
2 years post-completion of therapy. Eligibility criteria based on the PICOS framework can
be found in Table 1.

Table 1. Eligibility criteria based on the PICOS framework. Inclusion and exclusion criteria were
defined using the PICOS (Population, Intervention, Comparator, Outcomes, Study design) framework
to guide study selection.

Element Inclusion Criteria Exclusion Criteria

Children diagnosed with

cancer between the ages of 0

and 21 years; survivors aged ~ Children diagnosed after the
Population (P) 2-24 years who were at least age of 21; survivors older than

5 years post-diagnosis and/or 24 years.

2 years post-completion

of therapy.

Studies not within 5 years
Intervention (I) All cancer-related treatments.  post-diagnosis and/or 2 years
post-completion of therapy.

Studies with and without a
Comparator (C) comparison group. None.

Acute and chronic pain,
Outcomes (O) quality of life, and
psychological outcomes.

Studies in which pain was not
assessed at all.

Reviews, editorials, conference
Randomized controlled trials  abstracts, dissertations, books,
and cohort studies. book chapters, letters, and
case studies.

Study design (S)

2.4. Risk of Bias

Risk of bias was assessed for each study using an adapted ROBINS-I tool [23], which
was developed to evaluate non-randomized intervention studies. We conducted inde-
pendent quality assessments based on five key criteria: (1) confounding, (2) participant
selection, (3) intervention classification, (4) missing data, and (5) outcome measurement.
While the original ROBINS-I framework uses a five-point scale (low, moderate, serious,
critical, no information), we simplified this to three levels (low, moderate, high) to improve
clarity and consistency. This adaptation was necessary because the papers lacked sufficient
methodological detail for more granular assessment. None of the studies reached the
“critical” threshold, making the distinction between “serious” and “critical” risk uninfor-
mative for our synthesis. We classified “no information” as high risk to acknowledge the
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uncertainty introduced by missing methodological details. This three-tier classification
approach is commonly used in systematic reviews [24].

3. Results
3.1. Data Extraction

The review identified 1213 unique publications based on title and abstract screening,
of which 18 articles were included in the final review (Figure 1). Any disagreements were
resolved through consensus.

? Records identified through Records aﬂe{ﬂ‘l‘-}%‘iﬁ‘ite‘j removed
= database searching (n=1213)
= PUBMED (n=1196)
Eg PSYCINFO (n=14)
= EMBASE (n=2)
e WEB OF SCIENCE (n=1)
o SCOPUS (n=0)
|
) l
Records screened for relevance | | Records excluded
(n=1041) (n=677)
= !
g Full-text articles assessed for Records excluded (n=346)
o eligibility » | Survivorship not specified (n=17)
8 (n=364) Parents view (n=10)
Not paediatric diagnosis (n=221)
Not assessing pain (n=72)
Not paediatric whicle assessed
P (n=26)
o
o Studies included in review
= (n=18)
=
©
=
—

Figure 1. PRISMA chart.

3.2. Quality Assessment

The most frequent source of potential bias was confounding: 11 of 18 studies (61%)
were rated at high risk, with none judged at low risk. For participant selection, 6 studies
(33%) were rated high risk and 11 (61%) low risk. Intervention classification was another
area of concern, with 15 studies (83%) rated high risk and only 3 (17%) low risk. In the
missing data domain, most studies (17/18, 94%) were judged to have moderate risk of bias,
with one study rated low risk. For outcome measurement, 6 studies (33%) were rated high
risk and 11 (61%) low risk. Detailed GRADE assessment can be found in Table 2.

Table 2. Risk of bias. Risk of bias was evaluated using an adaptation of ROBINS-I across five
domains: confounding, participant selection, intervention classification, missing data, and outcome
measurement. Each domain was judged as low (green), moderate (yellow) or high (red) risk of bias.

Study

Confounding

Arpaci T. [25]

Berg C. [26]

Bowers DC. [27]

Brinkman TM. [28]

Crom DB. [29]

Feeny D. [30]

Participant Intervention Missing Data Outcome
Selection Classification Measurement
+
+

+++++I
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Table 2. Cont.

. Participant Intervention - Outcome
Study Confounding Selection Classification Missing Data Measurement
Mo CC B .

Khan BR. [32]
Kranick SM. [33]
Schultz KAP. [34]
Lieber S. [35]
Odame I. [36]
Portwine C. [37]
Van Dijk EM. [38]
Revel-Vilk S. [39]
Sadighi Z. [40]
Schwartz LA. [41]
Williamson LR. [42]

+
1

1

Judgement: X: High; -: Moderate; +: Low.

3.3. Data Synthesis
3.3.1. Characteristics of Included Studies

The majority of studies were observational, cross-sectional studies (77.77% n = 14) or
cohort (16.66% n = 3), with the remainder classified as non-experimental (1% n = 1). Of the
18 assessed studies, 33.33% (n = 6) included a comparison group: siblings (n = 1), parents
(n = 1), general population (1 = 2) other cancer survivors (e.g., survivors with or without
chronic pain, n = 2). The remaining 66.67% (n = 12) did not include a comparison group.
Sample sizes varied widely in different studies, ranging from 19 to 1123 participants, and
the follow-up period spanned an average of 2 to 15.2 years post-diagnosis. The average
age at diagnosis ranged from 3.9 to 19 years old, while the average age at the time of
the study ranged from 5 to 24 years old. It was impossible to stratify the data according
to post-treatment time because relevant time-point information was not collected or not
reported. Among the studies, only 4 (22.22%) identified pain assessment as a one of the
primary objectives for the study. Table S2 in Supplementary Data (summary of included
studies) presents the descriptive characteristics of the included studies.

3.3.2. Methods for Measuring Pain

The most commonly used measures of pain were validated psychometric question-
naires used by 77.77% of the studies, while items created by authors were used for 27.70%
of the studies. One study (5.5%) used an Algometer, a validated measurement of pain
tolerance [35] (Table 3). The most common validated surveys used in the studies were
Health Utilities Index and Short Form Health Survey (SF-36). Specific approaches for
measuring pain are reported into Table 53 in Supplementary Data (Psychometric domains).
Of the included studies, five (5/18) investigated chronic pain, with only 3/5 including
a definition of chronic pain, defined as pain lasting more than 12 weeks [4], or chronic
headache, defined as headaches that occurs 15 or more days per month for at least three
consecutive months, whilst the other 2 referred to chronic pain without offering a clear
definition. Among these 5 studies, one study focused exclusively on chronic pain, while
the remaining four examined both acute and chronic pain. Overall, ambiguity in pain
classification was frequent.
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Table 3. Frequency of various approaches used to assess pain and quality of life in reviewed studies.

Health-related quality of life or health

status measures 14.(77.77%)
Valid pain measures 1 (5.5%)
Chart review 1 (5.5%)
Author-created measures 5 (27.7%)

3.4. Pain Prevalence
3.4.1. Chronic Pain

Only 5 studies (27.77%) investigated chronic pain. All five studies that investigated
chronic pain had pain or/and headache assessment as one of their primary objectives.
Chronic pain prevalence ranged from 9.5% to 55.0% among survivors. Further, 3 of those
5 studies focused on survivors of acute lymphoblastic leukemia (ALL) [27,32,40], while the
others on acute myeloid leukemia neuroblastoma sarcoma, Wilms tumour, kidney tumour
and soft tissue sarcoma [26,42]. The five studies reporting chronic pain focused on back
pain in ALL survivors [27,32], cancer-related pain, neuropathic pain [26,32,42] migraine
and headaches [32,40]. Of these eight studies, only one had a comparison group, such as
healthy siblings [27].

3.4.2. Acute Pain

Acute pain, or any other pain not defined as chronic, was reported by 13 studies
(72.22%). In addition, four studies reported both acute and chronic pain. Of those 17 studies,
only 7 studies (41.2%) identified pain as one of their primary objectives. Pain prevalence
ranged from 7.0% to 44.4% among survivors. ALL was the most prevalent form of cancer,
reported in 8 of the 17 studies [27,30,32,34,35,38—40] followed by leukemia reported in 5
studies [25,31,38,39,41], CNS tumour, lymphoma, Hodgkin’s lymphoma, Wilm’s tumour,
sarcoma [28,31], neuroblastoma [37], posterior fossa astrocytoma [36], glioma, germ cell [33]
and craniopharyngioma [29]. The 17 studies reporting acute pain focused on bone pain,
back pain, and headaches. A comparison group was reported in 6 of the 17 studies
(35.3%), including healthy siblings (1 = 1) [27], general population (n = 2) [28,30,38], parents
(n =1) [38], and other cancer survivors (n = 2) [33,40]. Of those, evidence suggested that
survivors of childhood cancer are at higher risk of experiencing pain. Studies show that
cancer childhood survivors report pain 4 times more than healthy controls [41], specifically
back pain, where 44.4% or survivors reported back pain, compared to 21.1% of siblings [28].

3.4.3. Treatment-Related Pain

A limited number of papers reported treatment-related acute or chronic pain. Children
who survived ALL and were treated with a high-risk protocol reported significantly more
pain compared to those treated with a standard-risk protocol [31]. Additionally, survivors
of acute myeloid leukemia (AML) who underwent chemotherapy followed by allogeneic
bone marrow transplant (alloBMT) reported a higher prevalence of chronic health condi-
tions, including pain, at 76%, compared to 58% among those treated with chemotherapy
alone or chemotherapy followed by autologous bone marrow transplant (autoBMT) [34].
Another study found that radiotherapy increased the incidence of back pain in children
who survived ALL [27].
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3.5. Pain Correlates
3.5.1. Biological

Female survivors consistently reported a higher prevalence of pain compared to male
survivors. Two studies looked at the difference between males and females, and one study
evidenced that 60.5% of female ALL survivors reported back pain compared to 32.1% of
male survivors; of those, 60.5% of female ALL survivors reported back pain compared with
only 14.3% of female siblings. In comparison, 32.1% of male ALL survivors reported back
pain compared with 31.8% of male siblings [27]. The other study evidenced that 54% of
females reported headaches compared to 41% in male’s survivors [40].

Another study that clustered symptoms among childhood cancer survivors found that,
within the neurological symptom cluster, which included back pain and other types of pain,
females reported pain significantly more often (96.8%) compared to males (67.2%) [42].

3.5.2. Psychological

The psychological factors explored in the literature included sleep, fatigue, and emo-
tional distress. Fatigue, daytime sleepiness, and difficulty performing daily activities
were commonly reported in a limited number of studies [31,42]. Arpaci et al. found that
52% of participants experienced fatigue, with 36% reporting that it limited their ability
to work [25]. Another study reported fatigue in 21.6% of patients, with 1.8% experienc-
ing severe fatigue [32]. Fatigue was also found to be associated with moderate to severe
headache-related disability [40].

Pain was associated with anxiety [31,34,42], depression [41,42], and suicidal ideation [37].
Cognitive difficulties were also noted in several studies: one reported that 48% of respon-
dents experienced cognitive issues that impacted their educational activities, while another
found that 4.1% of survivors reported cognitive impairments [37].

3.5.3. Quality of Life

Quality of life was assessed using validated questionnaires such as the Medical Out-
comes Survey Short Form-36 (SF-36) and the 15-item Health Utilities Index (HUI).

Khan et al. found that quality of life was negatively affected by migraines, tension-
type headaches, and the presence of back pain in CYP [32]. Portwine et al. reported no
significant differences in quality of life based on gender, relapse history, or current disease
status when analyzing the HUI-2 (which measures emotional distress and anxiety) and
HUI-3 (which assesses emotional well-being and happiness) [37].

Psychosexual functioning was evaluated in one study, which found that 18.4% of
survivors felt their illness had limited their sexual life. The same study also reported
no differences in quality of life between survivors treated during childhood and those
treated during adolescence. However, when compared to the general population, survivors
reported lower quality of life in areas such as general health, physical functioning, and
social functioning [38].

4. Discussion

This review set out to address persistent gaps in the evidence on pain in children and
young people (CYP) cancer survivors, with a particular focus on the early post-treatment
completion phase, when pain trajectories and intervention opportunities may be most
critical. By concentrating on studies that included survivors up to 24 years, we aimed
to extend the insights of Schulte et al. [18], whose review was constrained by mixed
age groups, infrequent use of pain as a primary outcome, and limited reporting of early
survivorship data. Despite this targeted approach, it was not possible to stratify findings by
post-treatment time, as relevant information was rarely collected or reported, underscoring
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the need for more rigorous, methodologically consistent research in this area. Nonetheless,
overall, our review confirms the findings from Schulte et al. highlighting several key
observations and ongoing gaps in the literature.

Our findings reinforce that both acute and chronic pain are prevalent issues among
CYP cancer survivors, with survivors consistently reporting higher rates of pain than
control populations when comparison data were available. Female survivors also tended
to report higher levels of pain than males, a trend consistent with findings in the broader
chronic pain literature beyond oncology [43]. However, many studies lacked control groups,
as identified by Schulte et al. [18], potentially limiting the ability to draw robust conclusions.
In both Schulte et al. [18] and this review, only a third of studies included a comparison
group, including healthy or population controls, siblings, and other cancer survivors.
Nonetheless, when comparisons were made, they consistently showed higher levels of
pain among survivors, underscoring the added burden associated with childhood cancer.
Broader population-level data reinforce this picture: Chambers et al. reported an overall
pain prevalence of 20.8% in the CYP population, whereas our findings indicate that pain
affects up to 55% of the survivor population [44]. Beyond methodological issues, the more
fundamental problem for CYP survivors is that no control group can adequately reflect the
cumulative trauma, treatment intensity, and life disruption faced by survivors. As such, it
may be impossible to identify a truly equivalent comparator, and alternative strategies—
such as longitudinal within-cohort designs—are likely to provide more meaningful insights
into pain trajectories and risk factors unique to CYP cancer survivors.

Importantly, pain in CYP survivors was also frequently associated with a range of
biopsychosocial comorbidities, including fatigue, depression, and anxiety. These findings
underscore the complex and multidimensional nature of pain, which cannot be fully
understood or addressed without considering psychological and functional outcomes [45].
In line with this, several studies reported a significant negative impact of pain on quality of
life, particularly in domains such as physical functioning, social engagement, and emotional
well-being.

A notable limitation across the included studies was the variability and, in many
cases, the lack of rigour in pain assessment methods. While most studies used validated
questionnaires, a substantial proportion relied on author-created or unvalidated measures,
compromising reliability and comparability. Only a few studies employed standardized
psychophysical assessments, such as quantitative sensory testing, to quantify pain sen-
sitivity or tolerance a methodology that has provided valuable insights into different
phenotypes of a number of paediatric chronic pain conditions [46,47]. Furthermore, many
studies did not report the psychometric properties of the tools for paediatric populations,
leaving uncertainty about their appropriateness. These methodological limitations restrict
confidence in the reported prevalence and characteristics of pain and impede identification
of meaningful associations with biopsychosocial outcomes. Future research should priori-
tize validated, age-appropriate instruments with well-documented psychometric properties
to ensure accurate and clinically meaningful measurement of pain in CYP cancer survivors.

Beyond assessment methods, the studies included had several additional limitations.
First, pain was inconsistently defined across studies, with acute and chronic pain often
grouped together or not clearly distinguished. Moreover, pain was rarely identified as a
primary outcome in the studies examined, highlighting a broader issue in survivorship
research: the underrepresentation of pain as a clinical priority. Another key limitation was
the aggregation of different cancer diagnoses, coupled with the lack of consideration for
treatment era. As cancer therapies have evolved over time, generally becoming less toxic in
more recent years, the prevalence and nature of pain among survivors may differ across
treatment cohorts. Failing to account for cancer diagnosis and treatment differences limits
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our ability to understand how cancer types and treatment protocols influence long-term
pain outcomes.

Finally, only a few studies focused exclusively on paediatric populations, while most
combined children and adolescents with young adults. This practice limits the ability to
draw age-specific insights and may obscure important developmental differences in pain
experience and reporting. Moreover, our study is the first to report a critical gap in the
literature: the absence of data on pain in children and young people in the immediate
post-treatment completion phase of cancer care. While most studies focus on long-term
survivors (often several years post-treatment) and provide valuable insights into late effects,
few, if any, address the immediate survivorship phase or stratify the collected data by post-
treatment time. However, understanding pain experiences in the early post-treatment
period is essential for mapping the trajectory of pain in these children, from its onset to
potential progression into late chronic stages. Early pain reports are especially valuable as
they more accurately reflect children’s and adolescents’ experiences during cancer therapy,
unlike later reports that may be affected by memory biases or adaptation over time [48]. In
addition, evidence on the influence of age on pain reports is inconsistent, further reinforcing
the need for not-only early but also age-stratified data collection [18]. Collecting data from
CYP immediately after treatment would bridge this knowledge gap and provide insights
into pain trajectories, ultimately informing the development of targeted early interventions
for prevention and management.

In conclusion, this systematic review assessed the prevalence and characteristics of
acute and chronic pain in CYP cancer survivors (up to 24 years). Across studies, pain
prevalence was high, with chronic pain reported in up to 55% of survivors, yet very few
studies treated pain as a primary outcome or collected data during the immediate post-
treatment phase, limiting insight into early pain trajectories. In evaluating methods of pain
assessment, we found inconsistent use of validated, psychometrically sound tools, with
many studies relying on author-created items or unstandardized measures. This variability
hinders comparability across studies and highlights the urgent need for validated age-
appropriate patient-reported outcome measures (PROMS) and psychophysical assessments
tailored to paediatric populations [47]. Our synthesis also identified biopsychosocial
correlates of pain. Female survivors consistently reported higher pain prevalence than
males, and pain was strongly associated with fatigue, anxiety, depression, and lower quality
of life. These findings underline the multidimensional burden of pain and its significant
impact on survivors’ physical, emotional, and social functioning. Based on these findings,
future research should prioritize rigorous, child-focused study designs that incorporate
standardized pain outcomes, validated measures, and stratification by age, diagnosis,
treatment type, and survivorship stage. Clinically, routine monitoring of both acute and
chronic pain, particularly in the immediate post-treatment completion phase, could identify
survivors at risk for persistent pain and enable timely multidisciplinary interventions. Such
efforts are essential to improve long-term quality of life for CYP cancer survivors.

Supplementary Materials: The following supporting information can be downloaded at https://
www.mdpi.com/article/10.3390/children12101320/s1, Table S1: Systematic Review Search Strategy;
Table S2: Summary of the studies included; Table S3: Psychometric domains.

Author Contributions: FD.D. conducted the literature search, performed data extraction and analysis,
and drafted the manuscript. SM.G. contributed to data extraction, data analysis, and manuscript
preparation. C.L. contributed to the writing and critical revision of the manuscript. All authors
approved the final manuscript. All authors have read and agreed to the published version of
the manuscript.


https://www.mdpi.com/article/10.3390/children12101320/s1
https://www.mdpi.com/article/10.3390/children12101320/s1

Children 2025, 12, 1320 11 0f 13

Funding: This work was supported by the Medical Research Foundation [MRF-RGL-CACP-23-106
2024, 2027] and Great Ormond Street Children’s Charity [Grant number: V511].

Data Availability Statement: Data from this study are available from the corresponding author
upon request.

Conflicts of Interest: The authors declare that there are no known financial or personal relationships
that could have influenced the work presented in this article.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Robison, L.L.; Hudson, M.M. Survivors of childhood and adolescent cancer: Life-long risks and re-sponsibilities. Nat. Rev. Cancer
2014, 14, 61-70. [CrossRef]

Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics, 2018. CA Cancer J. Clin. 2018, 68, 7-30. [CrossRef]

Gongalves, J.P,; Veiga, D.; Aratijo, A. Chronic pain, functionality and quality of life in cancer survivors. Br. J. Pain 2020, 15,
401-410. [CrossRef]

Treede, R.D.; Rief, W.; Barke, A.; Aziz, Q.; Bennett, M.L; Benoliel, R.; Cohen, M.; Evers, S.; Finnerup, N.B.; First, M.B.; et al. A
classification of chronic pain for ICD-11. Pain. 2015, 155, 1003-1007. [CrossRef] [PubMed]

Rheel, E.; Heathcote, L.C.; Bosch, J.v.d. W.T.; Schulte, F; Pate, ].W. Pain science education for children living with and beyond
cancer: Challenges and research agenda. Pediatr. Blood Cancer 2022, 69, €29783. [CrossRef]

Alberts, N.M.; Leisenring, W.; Whitton, J.; Stratton, K.; Jibb, L.; Flynn, J.; Pizzo, A.; Brinkman, T.M.; Birnie, K.; Gibson, TM.; et al.
Characterization of chronic pain, pain interference, and daily pain experiences in adult survivors of childhood cancer: A report
from the Childhood Cancer Survivor Study. Pain 2024, 165, 2530-2543. [CrossRef] [PubMed]

Reinfjell, T.; Zeltzer, L. A systematic review of self-reported pain in childhood cancer survivors. Acta Paediatr. 2020, 109, 56-70.
[CrossRef] [PubMed]

Karlson, C.W.; Alberts, N.M.; Liu, W.; Brinkman, T.M.; Annett, R.D.; Mulrooney, D.A.; Schulte, E; Leisenring, W.M.; Gibson,
T.M.; Howell, R M,; et al. Longitudinal pain and pain interference in long-term survivors of childhood cancer: A report from the
Childhood Cancer Survivor Study. Cancer 2020, 126, 2915-2923. [CrossRef]

Tutelman, P.R.; Chambers, C.T; Stinson, ].N.; Parker, J.A.; Fernandez, C.V.; Witteman, H.O.; Nathan, P.C.; Barwick, M.; Campbell,
F; Jibb, L.A,; et al. Pain in Children with Cancer: Prevalence, Characteristics, and Parent Manage-ment. Clin. J. Pain 2018, 34,
198-206. [CrossRef]

Greenfield, K.; Holley, S.; Schoth, D.E.; Harrop, E.; Howard, R.E,; Bayliss, J.; Brook, L.; Jassal, S.S.; Johnson, M.; Wong, I; et al. A
mixed-methods systematic review and meta-analysis of barriers and facilitators to paediatric symptom management at end of
life. Palliat. Med. 2020, 34, 689-707. [CrossRef]

Jahre, H.; Grotle, M.; Smedbraten, K.; Richardsen, K.R.; C6té, P.; Steingrimsdottir, O.A.; Nielsen, C.; Storheim, K.; Smastuen, M.;
Stensland, S.J.; et al. Low social acceptance among peers increases the risk of persistent musculoskeletal pain in adolescents.
Prospective data from the Fit Futures Study. BMC Musculoskelet. Disord. 2022, 23, 1-9. [CrossRef]

Wurm, M.; Anniko, M,; Tillfors, M.; Flink, I.; Boersma, K. Musculoskeletal pain in early adolescence: A longitudinal examination
of pain prevalence and the role of peer-related stress, worry, and gender. J. Psychosom. Res. 2018, 111, 76-82. [CrossRef]
Palermo, T.M.; Chambers, C.T. Parent and family factors in pediatric chronic pain and disability: An integrative approach. Pain
2005, 119, 1-4. [CrossRef] [PubMed]

Liossi, C.; Howard, R.F. Pediatric Chronic Pain: Biopsychosocial Assessment and Formulation. Pediatrics 2016, 138, e20160331.
[CrossRef] [PubMed]

Palermo, T.M. Cognitive-Behavioral Therapy for Chronic Pain in Children and Adolescents; Oxford University Press (OUP): Oxford,
UK, 2012; ISBN 9780199763979.

Palermo, TM.; Valrie, C.R; Karlson, C.W. Family and parent influences on pediatric chronic pain: A developmental perspec-tive.
Am. Psychol. 2014, 69, 142-152. [CrossRef]

Liossi, C.; Johnstone, L.; Lilley, S.; Caes, L.; Williams, G.; Schoth, D.E. Effectiveness of interdisciplinary interventions in paediatric
chronic pain management: A systematic review and subset meta-analysis. Br. |. Anaesth. 2019, 123, e359-e371. [CrossRef]
Schulte, ES.M.; Patton, M.; Alberts, N.M.; Kunin-Batson, A.; Olson-Bullis, B.A.; Forbes, C.; Russell, K.B.; Neville, A.; Heathcote,
L.C.; Karlson, C.W,; et al. Pain in long-term survivors of childhood cancer: A systematic review of the current state of knowledge
and a call to action from the Children’s Oncology Group. Cancer 2020, 127, 35-44. [CrossRef]

Tugwell, P; Welch, V.A.; Karunananthan, S.; Maxwell, L.].; Akl, E.A.; Avey, M.T.; Bhutta, Z.A.; Brouwers, M.C.; Clark, ].P.; Cook,
S.; et al. When to replicate systematic reviews of interventions: Consensus checklist. BM]J 2020, 370, m2864. [CrossRef]

Higgins, J.P,; Green, S.; Ben Van Den, A. Cochrane Handbook for Systematic Reviews of Interventions. Int. Coach. Psychol. Rev.
2020, 15, 123-125. [CrossRef]


https://doi.org/10.1038/nrc3634
https://doi.org/10.3322/caac.21442
https://doi.org/10.1177/2049463720972730
https://doi.org/10.1097/j.pain.0000000000000160
https://www.ncbi.nlm.nih.gov/pubmed/25844555
https://doi.org/10.1002/pbc.29783
https://doi.org/10.1097/j.pain.0000000000003284
https://www.ncbi.nlm.nih.gov/pubmed/38981063
https://doi.org/10.1111/apa.14977
https://www.ncbi.nlm.nih.gov/pubmed/31423647
https://doi.org/10.1002/cncr.32853
https://doi.org/10.1097/AJP.0000000000000531
https://doi.org/10.1177/0269216320907065
https://doi.org/10.1186/s12891-022-04995-6
https://doi.org/10.1016/j.jpsychores.2018.05.016
https://doi.org/10.1016/j.pain.2005.10.027
https://www.ncbi.nlm.nih.gov/pubmed/16298492
https://doi.org/10.1542/peds.2016-0331
https://www.ncbi.nlm.nih.gov/pubmed/27940762
https://doi.org/10.1037/a0035216
https://doi.org/10.1016/j.bja.2019.01.024
https://doi.org/10.1002/cncr.33289
https://doi.org/10.1136/bmj.m2864
https://doi.org/10.53841/bpsicpr.2020.15.2.123

Children 2025, 12, 1320 12 0f 13

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Page, M.].; McKenzie, J.E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A,;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ 2021, 372, n71.
[CrossRef]

Sawyer, S.M.; Azzopardi, P.S.; Wickremarathne, D.; Patton, G.C. The age of adolescence. Lancet Child Adolesc. Health 2018, 2,
223-228. [CrossRef] [PubMed]

Sterne, J.A.C.; Hernan, M.A.; Reeves, B.C.; Savovi¢, J.; Berkman, N.D.; Viswanathan, M.; Henry, D.; Altman, D.G.; Ansari, M.T,;
Boutron, I.; et al. ROBINS-I: A tool for assessing risk of bias in non-randomised studies of interventions. BMJ 2016, 355, i4919.
[CrossRef] [PubMed]

Schoth, D.E.; Holley, S.; Johnson, M.; Stibbs, E.; Renton, K.; Harrop, E.; Liossi, C. Home-based physical symptom management for
family caregivers: Systematic review and meta-analysis. BM] Support. Palliat. Care 2025, 15, 586-599. [CrossRef]

Arpaci, T.; Toruner, E.K. Assessment of problems and symptoms in survivors of childhood acute lymphoblastic leukaemia. Eur. .
Cancer Care 2016, 25, 1034-1043. [CrossRef]

Berg, C.; Hayashi, R.J. Participation and Self-Management Strategies of Young Adult Childhood Cancer Survivors. OTJR Occup.
Ther. J. Res. 2012, 33, 21-30. [CrossRef]

Bowers, D.C.; Griffith, T.; Gargan, L.; Cochran, C.J.; Kleiber, B.; Foxwell, A.; Farrow-Gillespie, A.; Orlino, A.; Germann, J.N. Back
Pain Among Long-term Survivors of Childhood Leukemia. J. Pediatr. Hematol. Oncol. 2012, 34, 624-629. [CrossRef]

Brinkman, T.M.; Li, C.; Vannatta, K.; Marchak, ].G.; Lai, ].-S.; Prasad, PK.; Kimberg, C.; Vuotto, S.; Di, C.; Srivastava, D.; et al.
Behavioral, Social, and Emotional Symptom Comorbidities and Profiles in Adolescent Survivors of Childhood Cancer: A Report
From the Childhood Cancer Survivor Study. J. Clin. Oncol. 2016, 34, 3417-3425. [CrossRef]

Crom, D.B; Smith, D.; Xiong, Z.; Onar, A.; Hudson, M.M.; Merchant, T.E.; Morris, E.B. Health Status in Long-Term Survivors of
Pediatric Craniopharyngiomas. J. Neurosci. Nurs. 2010, 42, 323-328. [CrossRef] [PubMed]

Feeny, D.L.A,; Leiper, A ; Barr, R.D.; Furlong, W.; Torrance, G.W.; Rosenbaum, P.; Weitzman, S. The comprehensive assessment of
health status in survivors of childhood cancer: Application to high-risk acute lymphoblastic leukaemia. Br. |. Cancer 1993, 67,
1047-1052. [CrossRef]

Hsiao, C.; Chiou, S.; Hsu, H.-T.; Lin, P; Liao, Y.; Wu, L.-M. Adverse health outcomes and health concerns among survivors of
various childhood cancers: Perspectives from mothers. Eur. J. Cancer Care 2017, 27, e12661. [CrossRef]

Khan, R.B.; Hudson, M.M.; Ledet, D.S.; Morris, E.B.; Pui, C.-H.; Howard, S.C.; Krull, K.R.; Hinds, P.S.; Crom, D.; Browne, E.; et al.
Neurologic morbidity and quality of life in survivors of childhood acute lymphoblastic leukemia: A prospective cross-sectional
study. J. Cancer Surviv. 2014, 8, 688—-696. [CrossRef]

Kranick, S.M.; Campen, C.J.; Kasner, S.E.; Kessler, S.K.; Zimmerman, R.A.; Lustig, R.A.; Phillips, P.C.; Beslow, L.A_; Ichord, R,;
Fisher, M.]. Headache as a risk factor for neurovascular events in pediatric brain tumor pa-tients. Neurology 2013, 16, 1452-1456.
[CrossRef]

Schultz, K.A.; Chen, L.; Chen, Z.; Kawashima, T.; Oeffinger, K.C.; Woods, W.G.; Nicholson, S.; Neglia, ].P. Health conditions and
quality of life in survivors of childhood acute myeloid leu-kemia comparing post remission chemotherapy to BMT: A report from
the children’s oncology group. Pediatr. Blood Cancer 2014, 61, 729-736.

Lieber, S.; Blankenburg, M.; Apel, K.; Hirschfeld, G.; Driever, PH.; Reindl, T. Small-fiber neuropathy and pain sensitization in
survivors of pediatric acute lymphoblastic leukemia. Eur. ]. Paediatr. Neurol. 2018, 22, 457—-469. [CrossRef]

Odame, I.; Duckworth, J.; Talsma, D.; Ba, L.B.; Furlong, W.; Webber, C.; Barr, R. Osteopenia, physical activity and health-related
quality of life in survivors of brain tumors treated in childhood. Pediatr. Blood Cancer 2005, 46, 357-362. [CrossRef]

Portwine, C.; Rae, C.; Davis, ].; Teira, P.; Schechter, T.; Lewis, V.; Mitchell, D.; Wall, D.A.; Pullenayegum, E.; Barr, R.D. Health-
Related Quality of Life in Survivors of High-Risk Neuroblastoma After Stem Cell Transplant: A National Population-Based
Perspective. Pediatr. Blood Cancer 2016, 63, 1615-1621. [CrossRef]

Van Dijk, E.M.; Van Dulmen-den Broeder, E.; Kaspers, G.J.; Van Dam, EW.C.M.; Braam, K.I; Huisman, ]. Psychosexual functioning
of childhood cancer survivors. Psychooncology 2008, 17, 506-511. [CrossRef] [PubMed]

Revel-Vilk, S.; Menahem, M.; Stoffer, C.; Weintraub, M. Post-thrombotic syndrome after central venous catheter removal in
childhood cancer survivors is associated with a history of obstruction. Pediatr. Blood Cancer 2010, 55, 153-156. [CrossRef]
[PubMed]

Sadighi, Z.S.; Ness, K.K.; Hudson, M.M.; Morris, E.B.; Ledet, D.S.; Pui, C.-H.; Howard, S.C.; Krull, K.R; Browne, E.; Crom, D.; et al.
Headache types, related morbidity, and quality of life in survivors of childhood acute lymphoblastic leukemia: A prospective
cross sectional study. Eur. J. Paediatr. Neurol. 2014, 18, 722-729. [CrossRef]

Schwartz, L.A.; Mao, J.J.; DeRosa, B.W.; Ginsberg, J.P.; Hobbie, W.L.; Carlson, C.A.; Mougianis, 1.D.; Ogle, SK.; Kazak, A.E.
Self-Reported Health Problems of Young Adults in Clinical Settings: Survivors of Childhood Cancer and Healthy Controls. J. Am.
Board Fam. Med. 2010, 23, 306-314. [CrossRef] [PubMed]

Lewis, R.W.; Effinger, K.E.; Wasilewski-Masker, K.; Mertens, A.; Xiao, C. Self-reported late effect symptom clusters among young
pediatric cancer survivors. Support. Care Cancer 2021, 29, 8077-8087. [CrossRef]


https://doi.org/10.1136/bmj.n71
https://doi.org/10.1016/S2352-4642(18)30022-1
https://www.ncbi.nlm.nih.gov/pubmed/30169257
https://doi.org/10.1136/bmj.i4919
https://www.ncbi.nlm.nih.gov/pubmed/27733354
https://doi.org/10.1136/spcare-2024-005246
https://doi.org/10.1111/ecc.12561
https://doi.org/10.3928/15394492-20120607-01
https://doi.org/10.1097/MPH.0b013e31827080de
https://doi.org/10.1200/JCO.2016.66.4789
https://doi.org/10.1097/JNN.0b013e3181f8a59d
https://www.ncbi.nlm.nih.gov/pubmed/21207770
https://doi.org/10.1038/bjc.1993.192
https://doi.org/10.1111/ecc.12661
https://doi.org/10.1007/s11764-014-0375-1
https://doi.org/10.1212/WNL.0b013e31828cf81e
https://doi.org/10.1016/j.ejpn.2017.12.019
https://doi.org/10.1002/pbc.20512
https://doi.org/10.1002/pbc.26063
https://doi.org/10.1002/pon.1274
https://www.ncbi.nlm.nih.gov/pubmed/17935145
https://doi.org/10.1002/pbc.22459
https://www.ncbi.nlm.nih.gov/pubmed/20232430
https://doi.org/10.1016/j.ejpn.2014.06.006
https://doi.org/10.3122/jabfm.2010.03.090215
https://www.ncbi.nlm.nih.gov/pubmed/20453176
https://doi.org/10.1007/s00520-021-06332-4

Children 2025, 12, 1320 13 of 13

43.

44.

45.

46.

47.

48.

Paller, C.J.; Campbell, C.M.; Edwards, R.R.; Dobs, A.S. Sex-Based Differences in Pain Perception and Treatment. Pain Med. 2009,
10, 289-299. [CrossRef]

Chambers, C.T.; Dol, J.; Tutelman, PR.; Langley, C.L.; Parker, J.A.; Cormier, B.T.; Macfarlane, G.J.; Jones, G.T.; Chapman, D.;
Proudfoot, N.; et al. The prevalence of chronic pain in children and adolescents: A systematic review update and meta-analysis.
Pain 2024, 165, 2215-2234. [CrossRef] [PubMed]

Lu, Q.; Tsao, J.; Leisenring, W.; Zeltzer, L.; Robison, L.; Armstrong, G. A report from the Childhood Cancer Survivor Study (CCSS):
Cancer related posttraumatic stress symptoms, depression, anxiety, and chronic pain in adult childhood cancer survivors. J. Pain
2009, 10, S14. [CrossRef]

Schoth, D.E.; Blankenburg, M.; Wager, J.; Zhang, J.; Broadbent, P.; Radhakrishnan, K.; van Jole, O.; Lyle, G.L.; Laycock, H.;
Zernikow, B.; et al. Quantitative sensory testing in paediatric patients with chronic pain: A systematic re-view and meta-analysis.
Br. |. Anaesth. 2022, 129, €94-e97. [CrossRef] [PubMed]

Liossi, C.; Laycock, H.; Radhakrishnan, K.; Hussain, Z.; Schoth, D.E. A Systematic Review and Meta-Analysis of Conditioned
Pain Modulation in Children and Young People with Chronic Pain. Children 2024, 11, 1367. [CrossRef]

Babel, P.; Pieniazek, L.; Zarotyriski, D. The effect of the type of pain on the accuracy of memory of pain and affect. Eur. J. Pain
2015, 19, 358-368. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1111/j.1526-4637.2008.00558.x
https://doi.org/10.1097/j.pain.0000000000003267
https://www.ncbi.nlm.nih.gov/pubmed/38743558
https://doi.org/10.1016/j.jpain.2009.01.063
https://doi.org/10.1016/j.bja.2022.07.001
https://www.ncbi.nlm.nih.gov/pubmed/35973840
https://doi.org/10.3390/children11111367
https://doi.org/10.1002/ejp.554
https://www.ncbi.nlm.nih.gov/pubmed/25056190

	Introduction 
	Materials and Methods 
	Databases Searched 
	Endpoints 
	Inclusion Criteria 
	Risk of Bias 

	Results 
	Data Extraction 
	Quality Assessment 
	Data Synthesis 
	Characteristics of Included Studies 
	Methods for Measuring Pain 

	Pain Prevalence 
	Chronic Pain 
	Acute Pain 
	Treatment-Related Pain 

	Pain Correlates 
	Biological 
	Psychological 
	Quality of Life 


	Discussion 
	References

