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Abstract

Objective Previous work in pediatric oncology has found

that clinicians and parents tend to under-report the fre-

quency and severity of treatment-related symptoms com-

pared to child self-report. As such, there is a need to

identify high-quality self-report instruments to be used in

pediatric oncology research studies. This study’s objective

was to conduct a systematic literature review of existing

English language instruments used to measure self-reported

symptoms in children and adolescents undergoing cancer

treatment.

Methods A comprehensive literature search was conducted

in MEDLINE/PubMed, EMBASE, CINAHL, and Psy-

cINFO to identify relevant articles published through

November 10, 2016. Using pre-specified inclusion/

exclusion criteria, six trained reviewers carefully screened

abstracts and full-text articles for eligibility.

Results There were 7738 non-duplicate articles identified

in the literature search. Forty articles met our eligibility

criteria, and within these articles, there were 38 self-report

English symptom instruments. Most studies evaluated only

cross-sectional psychometric properties, such as reliability

or validity. Ten studies assessed an instrument’s respon-

siveness or ability to detect changes in symptoms over

time. Eight instruments met our criteria for use in future

longitudinal pediatric oncology studies.

Conclusions This systematic review aids pediatric oncol-

ogy researchers in identifying and selecting appropriate

symptom measures with strong psychometric evidence for

their studies. Enhancing the child’s voice in pediatric

oncology research studies allows us to better understand

the impact of cancer and its treatment on the lives of

children.
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Introduction

In 2016, an estimated 10,380 children and adolescents

between the ages of 0 and 14 years were diagnosed with

cancer in the United States [1]. Each year, approximately

40,000 children undergo cancer treatment [2] and more

than 60% participate in a clinical trial [3, 4]. Treatments

are associated with high degrees of symptom burden,

which have both subtle and visible effects on children. For

example, nearly 50% of children experience treatment-re-

lated fatigue and 30% experience treatment-related pain,

nausea, cough, lack of appetite, and psychological deteri-

orations [5]. Unpleasant side effects may result in signifi-

cant decrements in physical, mental, emotional, and social

health domains as well as disruptions in primary and sec-

ondary education, which are of great concern in this young

patient population [6–12].

In the past 20 years in pediatric oncology, there has

been an increasing recognition of self-reporting being the

gold standard for subjective health status indicators,

including symptom burden and health-related quality of

life (HRQOL) [13, 14]. Objective indicators of symptom

burden may not accurately reflect unobservable symptoms

that could be better captured by subjective reports of

symptom experiences. That is, an objective symptom

experience such as a skin ulceration may be more amenable

to parent or clinician report, but an unobservable symptom

experience such as nausea may be better represented by a

child’s own self-report. Several pediatric oncology studies

have found that compared to child self-report, clinicians

often under-report both the prevalence and severity of

subjective treatment-related symptoms experienced by

children [15–18]. Studies on the agreement between chil-

dren and parent proxy symptom reports have found that

parents’ scores only agree fairly to moderately with their

children’s self-reports with correlations ranging from 0.30

to 0.49 [8, 9, 15, 19–23]. These research findings indicate

that clinician or parental proxy reports of cancer treatment

burden for the ill child may not accurately reflect views

from the child’s perspective [24]. As such, it is imperative

for us to better understand the child’s experience in order to

provide more patient-centered care in pediatric oncology.

Several self-report symptom instruments have been

developed and used in pediatric oncology. However, these

instruments differ in important ways including: symptoms

assessed, number of questions asked, reference period used,

phrasing of questions, and number and type of response

options. Differences often reflect the respective study’s

target population, with consideration of type of cancer,

developmental stage, and/or the chronological age of the

children being studied. There is also variation in the type and

quality of psychometric evidence supporting existing pedi-

atric self-report instruments. For example, some instruments

used in pediatric oncology have not actually been validated

in children (only in adults) whereas others have been vali-

dated in children, but not those with cancer (Fig. 1).

The objective of the current study was to conduct a

systematic literature review to identify and evaluate

available English language instruments for measuring self-

reported symptoms in children and adolescents undergoing

cancer treatment. We evaluated the evidence regarding the

psychometric properties of each identified instrument,

whether or not the evidence derived was from cross-sec-

tional or longitudinal evaluations, and if the instrument was

used in a clinical trial. Based on the evidence, we offer

recommendations regarding which self-report instruments

are ready for use in pediatric oncology research. Findings

from our comprehensive systematic review will help

inform longitudinal studies, comparative effectiveness

research studies, patient-centered outcomes research stud-

ies, and clinical trials that are interested in using self-report

symptom instruments in pediatric oncology.

Methods

Literature search strategy

A comprehensive literature search was conducted in

MEDLINE/PubMed, EMBASE, CINAHL, and PsycINFO,

to identify relevant articles from each database’s inception

through November 10, 2016. The literature search included

Medical Subject Headings (MeSH), Emtree headings, and

related text and keyword searches when appropriate,

focusing on terms used to describe self-reported symptom

measurements in children and adolescents with cancer

(Appendix A).

The study’s search strategy was developed with input

from members of the research team, and an experienced

librarian who conducted the searches. Details of the search

strategy are presented in Appendix A.

Inclusion and exclusion criteria

Criteria for inclusion of studies were: (1) only empirical

studies with children and adolescent self-report instruments;

(2) in the English language; (3) designed or evaluated in

children or adolescents with cancer less than 21 years of age;

(4) focused on measuring symptoms and either reported

scores for symptoms individually or in aggregate form (e.g.,

overall toxicity or symptom burden score); (5) reporting
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results for participants that were on treatment separately

from those who were off treatment, as we were specifically

interested in children currently on treatment; and (6)

reporting psychometric evidence for the instrument in at

least one publication in a pediatric cancer population. Psy-

chometric evidence included cross-sectional or longitudinal

studies that assessed reliability (internal consistency, test–

retest) and validity (content, construct, responsiveness) of

the self-report instrument. Studies that only correlated child

assessments with parent/proxy assessments, but did not

evaluate other psychometric properties did not meet our

criteria for psychometric evaluation.

HRQOL instruments were eligible if they also measured

symptoms and reported scores for symptoms (individually

or aggregated), but not if HRQOL scores were summarized

as an overall HRQOL or well-being score. Studies were

excluded if instruments only reported parent or clinician

proxy measures.

Data abstraction: cross-sectional psychometric

properties

Two trained members of the study team evaluated each

eligible study’s design (e.g., cross-sectional or

longitudinal), inclusion/exclusion criteria of the study

sample (e.g., English speaking/reading only), participant

characteristics (e.g., sample size, mean age, percent female,

cancer types included), reliability of each measure (e.g.,

internal consistency and test–retest), and how validity was

assessed (e.g., content, construct). In particular, an instru-

ment’s validity had to be assessed using an instrument that

has been validated in a pediatric oncology population. Two

senior members of the study team assessed all data

abstraction for quality control and consistency. The psy-

chometric properties of the eligible instruments are pre-

sented in Table 2.

Data abstraction: longitudinal psychometric

properties

Two members of the study team further evaluated studies

that were deemed eligible for the psychometric property

assessment to determine whether they also assessed the

pediatric self-report instrument’s responsiveness or ability

to detect changes over time. Eligible studies included ones

that performed a psychometric evaluation of responsive-

ness or studies that simply collected and reported change

scores for the instrument at two time points. Longitudinal

Records iden�fied through 
database searching (n=9,482)

Records a�er duplicates removed
(n =7,738)

Abstracts screened
(n =7,738)

Records excluded
(n =7,166)

Full-text ar�cles assessed 
for eligibility

(n =567)

Full-text ar�cles excluded
(n = 516)

Studies included in 
qualita�ve synthesis

Aim 1:(n = 40)
Aim 2:(n = 20)

Fig. 1 PRISMA [25] diagram

of studies of pediatric self-

report symptom measures in

children undergoing active

cancer treatment
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study attributes including study design (e.g., observational,

randomized control trial), participant characteristics (e.g.,

cancer types, mean age, sample size, percent female), and

conclusions regarding the instrument’s responsiveness are

presented in Table 3.

Data abstraction: use of instrument in clinical trials

We were interested in which pediatric self-report symptom

measurement instruments were currently being used in

oncology clinical trials. We conducted a review of the

ClinicalTrials.Gov database (last checked September 2016)

using these search criteria: (1) instrument name (or

abbreviated name) identified from the first two searches;

(2) cancer; and (3) child (limited to birth—21 years of

age). We collected information on the study status (i.e.,

completed, recruiting), study type (i.e., interventional or

observational), intervention type, phase of trial, estimated

sample size, age of children, and if self-report symptoms

were measured as a primary, secondary, or exploratory

endpoint. Findings are presented in Supplemental Table 4.

Criteria for the symptom instruments that are ready

for pediatric oncology longitudinal research

Informed by published criteria on the use of patient-re-

ported outcomes (PROs) for outcomes research, [26–29]

we identified the following three criteria to select an

instrument to be ready for pediatric oncology research with

longitudinal data collection:

1. There must be evidence of the instrument’s reliability

(alpha[.70) in children receiving treatment for cancer.

Reliability can include either internal consistency or

test–retest reliability.

2. There must be evidence for the validity of the measure

in children undergoing treatment for cancer. Validity

includes assessments of content and construct validity.

3. The symptom measure must show evidence of the

measure’s ability to capture symptom change over

time in children undergoing treatment for cancer.

Results

Literature search results

A total of 9482 articles were identified through database

searching, of which 7738 were non-duplicates. A total of

7166 articles were excluded during the initial abstract

screening phase leaving us with 567 articles eligible for

full-text review. An additional 516 articles were excluded

during the full-text review phase, leaving 53 articles that

met all eligibility criteria for inclusion in this study. For

cross-sectional psychometric studies, we included 40

empirical studies. For longitudinal studies, we included 20

empirical studies.

Study selection

A minimum of two trained members of the research team

independently screened all titles and abstracts for inclusion

using the eligibility criteria described above. Six trained

reviewers screened the initial 7738 abstracts. Inter-rater

reliability among all six reviewers was kappa of 0.72 (95%

CI 0.61–0.84), estimated from a subset of 100 articles that

all six team members reviewed. Studies with titles and

abstracts that met inclusion criteria or lacked adequate

information to determine inclusion or exclusion underwent

full-text review. A senior member of the review team

resolved conflicts.

During the full-text review, a minimum of two trained

members of the research team independently reviewed

each full-text article for inclusion or exclusion based on the

eligibility criteria described above. If both reviewers

agreed that a study did not meet eligibility criteria, the

study was excluded. If the two reviewers disagreed, a

senior member of the review team resolved conflicts. Five

reviewers participated in the full-text article screening.

Table 1 presents characteristics of the 38 self-report

English symptom instruments used in children and ado-

lescents undergoing cancer treatment that met our eligi-

bility criteria. Table 1 includes a summary of the

instruments’ age range, types of symptoms assessed,

attributes of the symptoms measured (e.g., severity, fre-

quency, interference), recall period (e.g., past 7 days),

number of questions included, and response options.

Pediatric self-report instrument characteristics

The youngest recommended age was 4 years; instruments

intended for younger ages rely on faces scales for response

options (Table 1). Most instrument age ranges were from 8

to 18 years (Table 1). Some instruments were dedicated to

measuring one symptom while others included a range of

symptoms experienced by children and adolescents

undergoing cancer treatment. Reference periods for

symptom recall ranged between ‘‘right now’’ (or today),

7 days (or the past week) up to one year prior. Response

options varied considerably and most instruments used a

version of the Likert scale. The most commonly assessed

symptoms were nausea, pain, fatigue, depression, and

anxiety. The 38 self-report symptom instruments included

in this review measured approximately 81 different

symptoms. The most comprehensive instrument was the

Memorial Symptom Assessment Scale (MSAS) 10–18,

294 Qual Life Res (2018) 27:291–319
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Table 3 Longitudinal studies providing evidence for the responsiveness of the pediatric symptom measures

Instrument

validated

Cancer type (treatment type,

inclusion/exclusion criteria)

Child age

(mean, range);

Sample

size; %

female

Responsiveness Number and timing of

assessments

Children’s

Depression

Inventory (CDI)

[69]

Children with Leukemia

(41%) or solid tumors

(59%). Exclusion criteria

included patients with

progressive disease,

individuals diagnosed

\2 weeks ago, and those

in the intensive care unit

Median: 12.9

(8–16.8)

years

N = 99,

39%

female

At T1: median CDI for

children was 6.0 and 3.5 at

T2 (p\ 0.01). The

23-item version of the

CDI had a median of 4.0

at time 1 and 3.5 at time 2

(p\ 0.01). Both the CDI

and CDI-23 should

statistically significant

decline from T1 to T2

Two time points

T1: At study enrollment and

T2: 4–6 weeks after

Children’s

International

Mucositis

Evaluation Scale

(ChIMES) [37]

n = 36 Leukemia/

Lymphoma, n = 38 Solid

tumor,

n = 7 Brain tumor,

n = 6 Other

Median: 14.7

(8–18) years

N = 87,

37%

female

Among children who

reported mucositis on the

14th day, Children ages

12–18 years: at baseline

reported 0.9 and at 14

days reported 10.6

(p\ 0.01), Children ages

8–12 years: at baseline

reported 0.9 and at 14

days reported 12.6

(p = 0.06). Overall, the

CHIMES showed

significant increases in

mucositis between

baseline and day 14

14 time points

T1: baseline is 2–5 days and

then again daily for days

7–17

Fatigue Scale-

Adolescent (FS-

A) [42]

ALL (60.9%),

AML (4.7%),

HD/lymphoma (9.3%),

Solid tumor (25%)

15.3 (13–18)

years

N = 64,

44%

female

Combined scores across 4

studies. FS-A scores

increased significantly

between T1 and T2

(p = 0.01)

Two time points. MFCC

study, T1: first day of re-

induction, T2: end of re-

induction. SLEEP study,

T1: 2nd day of the first

5-day period, T2: 2nd day

of the second 5-day

period. SLEEP2 study,

T1: date of admission to

hospital, T2: 3rd day of

hospitalization.

CLUSTERS study, T1: 1st

day of chemotherapy, T2:

week after final dose of

chemotherapy.

Fatigue Scale-

Adolescents (FS-

A),

Fatigue Scale-

Children (FS-C)

[41]

Solid tumors (86%) and

AML (14%). Eligibility:

7–18 years, inpatient, able

to understand English, and

able to give assent.

Children with CNS

tumors, being treated for

recurrent disease,

scheduled for rehab due to

amputated limb, and those

experiencing uncontrolled

pain ([3 on a 5-point

scale) were ineligible for

the study.

12.5 (7–18)

years

N = 29,

59%

female

FS-C and FS-A scores did

not vary significantly over

time (F = 0.50, p = 0.61)

Four time points

T1: Date of hospital

admission and fatigue was

collected the following

three days (T2, T3, and

T4)

310 Qual Life Res (2018) 27:291–319

123



Table 3 continued

Instrument

validated

Cancer type (treatment type,

inclusion/exclusion criteria)

Child age

(mean, range);

Sample

size; %

female

Responsiveness Number and timing of

assessments

Fatigue Scale-

Adolescents (FS-

A),

Fatigue Scale-

Children (FS-C)

[70]

ALL (low risk, standard risk

(63%)); 50 weeks after

diagnosis (on continuation

therapy)

9.2 (5–18)

years

N = 100,

38%

female

Children ages 7–12 years

completing the FS-C

reported significantly

more fatigue during the

on-dex period than during

the off-dex period

(p\ 0.01) Findings were

similar for adolescents

ages 13–18 completing

the FS-A (p\ 0.01)

Four time points (2

consecutive 5-day

periods). T1 (day 2) and

T2 (day 5): Patients not

taking dexamethasone. T3

(day 7) and T4 (day 10):

Patients taking

dexamethasone

Fatigue Scale-

Adolescents (FS-

A),

Fatigue Scale-

Children (FS-C)

[71]

Solid tumor (86%), acute

myeloid leukemia (14%)

12.5 (7.4–18.2)

years

N = 29,

59%

female

Mean FS-C was 16.59 at

T1, 22.69 at T2, 23.22 at

T3, and 23.33 at T4. Mean

FS-A was 25 at T1, 31.67

at T2, 33.78 at T3, and 37

at T4. Authors do not

present whether this was a

statistically significant

change over time

Four time points

T1: Date of admission,

fatigue was collected for

the following 3 days (T2,

T3, and T4)

Fatigue Scale-

Adolescents (FS-

A),

Fatigue Scale-

Children (FS-C)

[72]

ALL (6 children, 3

adolescents); AML (1

adolescent); lymphoma (5

children, 7 adolescents);

solid tumor (5 children, 3

adolescents). Newly

diagnosed within 3 cycles

of chemo

No mean

(6–18 years)

N = 30,

30%

female

FS-C at T1: 18 and at T2:

10.5 (p = 0.05) and FS-A

at T1: 23.5 and a tT3: 20.5

(p = 0.15). Using the FS-

C, fatigue significantly

decreased from cycle 1 to

3, but there was no

significant change using

the FS-A

Two time points

T1: first cycle of

chemotherapy between

days 15–29 of the cycle,

T2: third cycle of

chemotherapy between

days 15–29 of the cycle

Fatigue Scale-

Adolescents (FS-

A),

Fatigue Scale-

Children (FS-C)

[73]

Solid tumor (59%),

Lymphoma (41%)

No mean

(7–18 years)

N = 45,

35%

female

CFS showed significant

decreases in overall

fatigue among children

7–12 years (p = 0.04),

but not among adolescents

13–18 years (p = 0.94).

The CFS also showed

improvements over time

in the energy (p = 0.01)

and function domains

(p = 0.04), indicating that

fatigue declines

Four time points.

T1: During the 2nd cycle of

chemotherapy. Measured

again every 2

chemotherapy cycles for

up to 4 cycles (8 cycles

total)

Fatigue Scale-

Adolescents

(CFS-A),

Fatigue Scale-

Children (CFS-C)

[74]

Acute Lymphoblastic

Leukemia

8.7 (6–18)

years

N = 16,

69%

female

Fatigue levels did not

change significantly over

the 2 week study period

(p = 0.42)

Three assessment points

over 2 weeks

Fatigue Scale-

Adolescents

(CFS-A),

State-Trait Anxiety

Inventory for

Children (STAIC)

[75]

Leukemia, Bone tumor,

Brain tumor, Lymphoma

15.7 (12–21)

years

N = 34,

29%

female

Anxiety levels did not

change significantly over

time in the control group

(p = 0.4701) or the

intervention group

(p = 0.8291)

Fatigue levels did not

change significantly over

time in the control group

(p = 0.5337) or the

intervention group

(p = 0.9949)

Fatigue and anxiety

collected daily during

hospitalization. Pre-

intervention (days 1–2)

and post-intervention

(days 3–4?)
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Table 3 continued

Instrument

validated

Cancer type (treatment type,

inclusion/exclusion criteria)

Child age

(mean, range);

Sample

size; %

female

Responsiveness Number and timing of

assessments

Pain Squad App

[51]

Osteosarcoma (57%),

Ewing sarcoma (29%),

Other (14%)

Study 2: 14.8

(9–18) years

Study 2:

N = 14,

50%

female

Detect change in pain scores

after surgery using F

scores: The increase in

pain intensity from week 1

to week 2 was not

significant. However,

decrease in pain intensity

from week 2 to week 3

was significant

(p = 0.03). Pain

interference significantly

increased from week 1 to

week 2 (p = 0.005), but

pain interference did not

significantly decrease

from week 2 to week 3.

Median effect sizes were

large for pain

unpleasantness (Cohen’s

effect size = .96, 95% CI

0.14 to 1.79) and pain

interference from week 1

to 2 (Cohen’s effect

size = 1.08, 95% CI 0.16

to 2.00)

Daily assessments for

3 weeks: Participants

started completing daily

assessments 1 week

before scheduled surgery.

Then continued to

complete daily

assessments the next two

weeks after surgery

Pediatric Quality of

Life Inventory-4.0

Generic Core

(PedsQL) [61]

Primary intracranial tumors.

Children alive at one year

after diagnosis were

included in analyses

Median: 9.4

(1.8–16.6)

years

N = 26,

does not

report %

female

There were statistically

significant improvements

in HRQOL over time for

the total and physical

summary scores

(p = 0.01), but not for the

psychosocial summary,

emotional, social or

school domains

(p = 0.28). HRQOL

improved over time

Three time points.

T1: 1-month post-diagnosis,

T2: 6-month post-diagnosis,

T3: 12-month post-

diagnosis

Pediatric Quality of

Life Inventory-4.0

Generic Core

(PedsQL) [76]

Primary intracranial tumors Median: 9.1

(1.5–16.4)

years

N = 35,

49%

female

Mean score at T1: 73.4,

mean score at T2: 78.4,

and mean score at T3:

81.3. Authors do not

report on the statistical

significance of these

increases over time

Three time points.

T1: 1-month post-diagnosis,

T2: 6-month post-diagnosis,

T3: 12-month post-

diagnosis

Pediatric Quality of

Life Inventory-4.0

Generic Core

(PedsQL) (self-

and parent-report

versions) [77]

n = 5 Ependymoma,

n = 19 Astrocytoma,

n = 3 Germ cell, n = 3

Medulloblastoma, n = 5

Other (children must

completed the 12 month

assessment to be included

in the study

Median: 9.1

(1.5–16.4)

years

N = 35,

50%

female

PedsQL at T1: 73.4 and at

T2 81.3 (no statistically

significant difference)

Two time points.

T1: 1-month post-diagnosis,

T2: 12-month post-

diagnosis
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Table 3 continued

Instrument

validated

Cancer type (treatment type,

inclusion/exclusion criteria)

Child age

(mean, range);

Sample

size; %

female

Responsiveness Number and timing of

assessments

Pediatric Quality of

Life Inventory-4.0

Generic Score

(PedsQL)

Pediatric Quality of

Life Inventory-

Cancer Module

[78]

Hodgkin disease (Inclusion:

Patients newly diagnosed,

had to be enrolled by the

second week after starting

chemotherapy-all stages

could participate

14.7 (8–18)

years

N = 49,

55%

female

Responsiveness between T1

and T4 (in subset of

participants who reported

improvement in health

based on global

impression of change):

Effect sizes were large for

all instruments. However,

when analyzing the

changes between

individual time points 2–3

and 3–4. The PedsQL

Cancer Module had small

to moderate effect sizes.

The PedsQL had moderate

to large effect sizes.

Between T1 and T4:

PedsQL Cancer Module:

Significant change over

time (t = 5.83, p\ 0.05).

Cohen’s effect size = 1.22;

PedsQL 4.0 (t = 7.38,

p\ 0.05). Cohen’s effect

size = 1.69

Four time points.

T1: 2 weeks after beginning

1st course of chemo, T2:

Day 3 of 2nd course of

chemo, T3: 3rd week of

radiation, T4: 1 year post-

diagnosis. Children who

did not receive radiation

therapy did not complete

T3 questionnaires

Pediatric Quality of

Life Inventory-4.0

Generic Score

(PedsQL)

Pediatric Quality of

Life Inventory-

Cancer Module

[62]

Confirmed diagnosis of

solid tumor, Hodgkin’s

disease, Acute

Lymphocytic Leukemia,

Non-Hodgkin’s

lymphoma

11.6 (5–18)

years

N = 222,

45%

female

Two groups (EPO and

placebo) of 111 children

in each. Mean PedsQL-

GCS at the final visit was

significantly greater in the

EPO group (compared to

mean baseline score)

among kids 5–7 years

(mean 88.0 vs. 78.1,

p = 0.043), but no

statistically significant

differences over time in

the 8–12 or 13–18 year

old groups or in the

placebo group

Two time points.

T1: baseline,

T2 = final visit

State-Trait Anxiety

Inventory for

Children (STAIC)

[79]

56% Central Nervous

System neoplasm,

36% Non-CNS solid tumor,

7.2% Leukemia.

Median: 11.9

(8.1–21.9)

years

N = 55,

42%

female

Children’s ratings of

distress decreased

significantly pre/post

magnetic resonance

imaging procedure

(p\ 0.01)

Two time points (pre/post).

T1: Immediately pre

magnetic resonance

imaging procedure

T2: immediately after

State-Trait Anxiety

Inventory for

Children (STAIC)

[80]

Not reported No mean

(5–18 years)

N = 20,

does not

report %

female

No significant differences in

STAI anxiety

Two time points (pre/post).

T1: pre-intervention and

T2: post-intervention
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assessing 30 symptoms [5]. Whereas the Pediatric Patient-

Reported Outcomes version of the Common Terminology

Criteria for Adverse Events (PRO-CTCAE) is an item

library assessing up to 62 symptomatic toxicities [30].

Psychometric studies

Table 2 summarizes the 40 psychometric studies of the 38

symptom instruments included in Table 1. The majority of

the studies assessed cross-sectional psychometric proper-

ties with 10 instruments being assessed longitudinally.

Sample sizes ranged from 6 to 291 children/adolescents,

but nearly 60% of eligible studies included fewer than 100

children. Instruments generally used a diverse sample of

children and adolescents with respect to cancer type, age,

and gender.

Instruments varied in terms of reporting scores for

individual symptoms versus aggregating across symptoms

to report an overall toxicity score. As such, some studies

reported one internal consistency score, whereas others

reported Cronbach’s alphas for instrument subscales or

specific symptoms. Overall, 20 validated instruments

reported reliability measures above 0.70 when assessed at

single time point (internal consistency) or multiple time

points (test–retest). There were 15 instruments that did not

report any measures of reliability and three instruments

whose reliability did not meet our 0.70 threshold.

The types of evidence for the validity of the instruments

also varied across instruments. Many studies evaluated an

instrument’s content validity using focus groups, in-depth

interviews, or expert opinion (e.g., clinicians). Other

studies tested known group’s validity by comparing chil-

dren on and off treatment or children with cancer to other

chronic diseases or to healthy children their age. Conver-

gent validity was often evaluated by comparing pediatric

self-report scores to parent proxies as well as clinicians and

nurses. Other studies assessed convergent validity by

comparing the new instrument with an established PRO

instrument that was known to measure the same or similar

concept of interest. Finally, some studies compared self-

report scores to other more objective measures such as

sleep duration or number of emetic episodes.

Longitudinal studies

Table 3 presents longitudinal studies (not test–retest stud-

ies) that examined an instrument’s responsiveness or sen-

sitivity to changes over time. Ten instruments were used to

Table 3 continued

Instrument

validated

Cancer type (treatment type,

inclusion/exclusion criteria)

Child age

(mean, range);

Sample

size; %

female

Responsiveness Number and timing of

assessments

Symptom Distress

Scale (SDS),

State-Trait Anxiety

Inventory for

Children (STAIC)

[66]

Leukemia (64%) and

Hodgkin’s Disease (36%).

Inclusion: aged

10–17 years, first

diagnosis of cancer,

within first 4 months of

initial chemo regimen,

need at least three more

chemo cycles to complete

their treatment, able to

read/write in English, no

metastatic disease to brain

and no history of motion

sickness

No mean

(10–17 years)

N = 11,

45%

female

Immediately after the

chemotherapy treatments,

there were significant

differences in the SDS

(p = 0.06), but no

differences in the STAIC-

1 (p = 0.11). When the

instruments were used

48 h after the

chemotherapy was given,

they found that STAIC-1

scores differed over time

(p = 0.07), but there were

no statistically significant

differences in the SDS

(p = 0.19) The hypothesis

that the visual distraction

would have a lasting

effect on helping manage

chemotherapy-induced

symptoms was not

supported

Two time points.

T1: Immediately after

chemotherapy treatments

and T2: Within 48 h of

chemotherapy being given

10-cm Self-Report

Visual Analog

Scale (VAS)

Nausea [68]

Experiment one: Leukemia

(27%), Lymphoma (22%),

Sarcoma (50%), Teratoma

(4%), Brain tumor (4%)

15.4 (9–20)

years

N = 26,

27%

female

In the experiment (stratified

by antiemetic use), there

was a significant decline

in nausea observed

(p = 0.02)

Two time points

T1: Before video game

intervention,

T2: after video game

intervention
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assess changes over time in children undergoing cancer

treatment. Each study include 2–5 assessment points

spanning two or more 24-h sequential periods and several

months up to one year. We also present data on the timing

of assessment points to highlight the variation across

studies. Many of the eligible studies were not designed as

psychometric studies, but rather were studies that evaluated

symptoms over time as part of their larger study objectives

(e.g., evaluating the effectiveness of an intervention).

Instruments used in clinical trials

Supplemental Table 4 includes instruments that have been

used in studies that are registered in clinicaltrials.gov.

Twenty-two instruments were identified in this search. The

PedsQL 4.0 Generic Core Scales, PedsQL Multidimen-

sional Fatigue Scale, PedsQL 3.0 Cancer Module, Fatigue

Scale (Adolescent and Child version), and the Faces Pain

Scale -Revised were the instruments most often cited in

clinicaltrials.gov.

Discussion

This systematic review identified 38 self-report symptom

instruments used in pediatric oncology research with at

least one psychometric validation study in children with

cancer undergoing active treatment. These English lan-

guage instruments varied considerably in terms of symp-

toms measured, phrasing and format of questions asked,

and the amount of psychometric evidence supporting each

instrument.

Ten of the instruments were included in a study with the

intention of measuring change in a symptom or aggregate

of symptoms over time. However, a majority of the lon-

gitudinal studies were not designed as a psychometric

study to evaluate the responsiveness of the instrument. For

example, some studies collected self-report symptom and

HRQOL data over time, but did not characterize the trends

over time. The following instruments met our three

assessment criteria for use in longitudinal pediatric oncol-

ogy studies (described above): Children’s Depression

Inventory, State-Trait Anxiety Inventory for Children,

Children’s International Mucositis Evaluation Scale, Fati-

gue Scale (Child and Adolescent versions), Pain Squad

App, PedsQL 4.0 Generic Core Scales, and PedsQL 3.0

Cancer Module. These eight instruments have been psy-

chometrically evaluated (both reliability and validity) and

able to detect significant changes over time. All of the

instruments, except the Pain Squad App, are currently

being used in a pediatric oncology clinical trial.

The NIH’s Patient-Reported Outcomes Measurement

Information System (PROMIS) Pediatric instruments

include measures of symptoms such as anxiety, depressive

symptoms, fatigue, and pain interference. At the time of

this article’s publication, cross-sectional data supporting

the validity and reliability of the instruments in children

with cancer have been published [31, 32]. In addition, these

measures have been found to be responsive over time [14].

It is the opinion of the authors that the PROMIS pediatric

measures show adequate evidence for their use in longi-

tudinal pediatric oncology studies.

Methods for summarization of patient-reported data as

scores also varied considerably, an issue particularly

important for symptom research. The use of summary

scores (i.e., aggregating across multiple symptoms) to

represent overall patient well-being or symptom burden

can often mask domain- or symptom-specific decrements.

Summarizing data as individual symptom scores allows

researchers and clinicians to examine the effectiveness of

an intervention on a specific symptom or adverse event.

Some studies did not show statistically significant

changes in symptoms over time. We believe that some of

the non-significant findings are due to specific features of

the study design. For example, issues of small sample sizes

and not selecting time points that capture an instrument’s

sensitivity (i.e., assessments selected at times when

symptoms change in intensity) were seen across most

studies that did not observe differences over time. Factors

such as broad study participant inclusion criteria and

ambiguous time points likely contributed to small effect

sizes and insignificant results. If researchers intend to

measure an instrument’s responsiveness, they must be

thoughtful and deliberate when selecting time points, being

careful to choose time points where it is reasonable to

expect a change in the symptom experience. Another

possibility is to ask the patient directly if they felt a change

in their symptoms between time points, which could be

done by administering a global impression of change scale.

These considerations are especially important for social or

behavioral interventions where the anticipated effect size

may already be small.

Additionally, a few studies, including clinical trials,

collected longitudinal data using self-report symptom

instruments, but investigators did not present findings in

their publications. Researchers should consider including

results from these types of instruments in their published

findings to add further to the evidence base. Further, for

studies that include different instrument versions for child,

adolescent, and adult reports of symptoms, treatment tox-

icities, and quality of life, we recommend that the findings

be distinctly reported for each instrument version and not

as one total group.
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Limitations

There were limitations to this systematic review. First, our

search was limited to English language instruments

because verifying the quality of the translation of the

instrument and the further content evaluation was outside

the scope of this review. Including only English language

instruments limits the geographical scope of this review.

Next, inconsistent use of the instrument’s name challenged

our search within clinicaltrials.gov. As such, if an inves-

tigator entered only a portion of the instrument’s name or

abbreviation, it is possible the instrument does not appear

in Supplemental Table 4. In addition, while we did assess

the quality of the instrument (i.e., validity and reliability

were assessed), we did not examine the quality of each

study. We recommend that future studies examine this

important issue. Lastly, we focused only on symptom

measures for children currently undergoing active cancer

treatment, but further studies should also consider self-re-

port instruments for children and adolescents in palliative

care as well as survivors of childhood cancer.

Conclusion

Investigators should consider several issues in the selection

of the appropriate self-report instrument for their pediatric

oncology study. Before considering the use of an instru-

ment, the researcher should have a comprehensive under-

standing of the characteristics of the target population in

terms of age, cancer type, and disease status. They should

know what outcomes or domains they want to measure,

which should be driven by the study’s research aims. The

selected instrument should be designed to be relevant for

the age of the children under study, and take into account a

child’s literacy and cognitive abilities. In addition, the

instrument should have undergone psychometric evaluation

of reliability, validity, and responsiveness, ideally with the

study’s target population. If the particular domains are

primary study endpoints, choosing an instrument with

strong reliability and validity data is optimal.

This systematic review serves as guidance for pediatric

oncology researchers to select appropriate symptom mea-

sures with strong psychometric evidence. The overarching

motivation behind this work is to enhance the child’s voice

in pediatric oncology research studies in order to obtain a

better understanding of the impact of cancer and its treat-

ment on the lives of children.
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