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Abstract

Background: Patient-reported outcome (PRO) measurements linked to Common Terminology Criteria for Adverse Events
(CTCAE) grading may improve symptom adverse event (AE) reporting in pediatric oncology trials. We evaluated construct
validity, responsiveness, and test-retest reliability of the Ped-PRO–CTCAE measurement system for children and adolescents
undergoing cancer care. Methods: A total of 482 children and adolescents (7–18 years, 41.5% not non-Hispanic white) newly
diagnosed with cancer and their caregivers participated from nine pediatric oncology hospitals. Surveys were completed at
72 hours preceding treatment initiation (T1) and at follow-up (T2) approximately 7–17 days later for chemotherapy, and 4þ
weeks for radiation. Psychometric analyses examined the relationship of Ped-PRO-CTCAE items (assessing 62 symptom AEs)
with Patient-Reported Outcomes Measurement Information System, Memorial Symptom Assessment Scale, Lansky Play-
Performance Scale, and medication use. A separate test-retest study included 46 children. Results: Ped-PRO-CTCAE and
Memorial Symptom Assessment Scale were strongly correlated across age groups at T2: 7–12 years (r¼0.62–0.80), 13–15 years
(r¼0.44–0.94), and 16–18 years (r¼0.65–0.98); and over time. The Ped-PRO-CTCAE was strongly correlated with Patient-
Reported Outcomes Measurement Information System Pediatric measures at T2; for example, pain interference (r¼0.70, 95%
confidence interval [CI] ¼ 0.64 to 0.76), fatigue severity (r¼0.63, 95% CI ¼ 0.56 to 0.69), and depression severity (r¼0.76, 95% CI
¼ 0.71 to 0.81). Ped-PRO-CTCAE items differentiated children by Lansky Play-Performance Scale and by medication use. Test-
retest agreement ranged from 54.3% to 93.5%. Conclusions: This longitudinal study provided evidence for the construct
validity and reliability of the core Ped-PRO-CTCAE symptom AE items relative to several established measures. Additional
responsiveness data with clinical anchors are recommended. Incorporation of Ped-PRO-CTCAE in trials may lead to a better
understanding of the cancer treatment experience.

Pediatric oncology trials collect adverse event (AE) data to en-
sure patient safety and inform sponsors, regulators, patients,
caregivers, and clinicians about treatment effects. Clinicians
grade AEs using the National Cancer Institute’s (NCI’s) Common
Terminology Criteria for Adverse Events (CTCAE) (1,2), although
symptom AEs (eg, nausea, anxiety) are subjective in nature and
difficult to capture, especially in children. Prior research has
found that compared with the child’s self-report, clinicians tend

to underreport symptoms and downgrade their severity (3–6).
Understanding a child’s ability to tolerate a given treatment,
therefore, requires a measurement tool that can validly capture
the child’s voice.

As previously reported, we designed the Pediatric Patient-
Reported Outcomes (PRO) version of the CTCAE to directly inte-
grate the child’s and adolescent’s voice into AE grading in pediat-
ric oncology trials (7,8). The measurement tool is an extension of
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the NCI’s PRO-CTCAE, which is designed for adults participating
in oncology trials (9,10). The Ped-PRO-CTCAE measurement sys-
tem includes a library of 130 items (ie, questions and response
options) that can assess up to 62 symptom AEs. This includes a
core set of 15 symptom AEs that are prevalent across a broad
range of pediatric cancers and treatments (eg, pain, fatigue) and
47 symptom AEs with lower prevalence (eg, dyspnea, pruritus).

To develop the Ped-PRO-CTCAE, 187 pediatric oncology clini-
cians reviewed the entire CTCAE and identified symptom AEs to
be included in the Ped-PRO-CTCAE measurement system (7).
Subsequently, 132 children and adolescents undergoing cancer
treatment participated in a qualitative study including concept
elicitation and cognitive testing (8,11). Concept elicitation
allowed children to discuss experiences with disease- and
treatment-related symptoms, informing content of the Ped-
PRO-CTCAE (12). Cognitive testing confirmed children could un-
derstand the questions and provide valid responses (11).
Together, this qualitative work supported content validity of
the Ped-PRO-CTCAE measurement system.

The goal of the current study is to evaluate construct valid-
ity, responsiveness, and test-retest reliability of the Ped-PRO-
CTCAE measurement system using longitudinal data collected
from children and adolescents (7–18 years) undergoing cancer
treatment. Because there is no gold standard for symptom as-
sessment in pediatric oncology, we compared the Ped-PRO-
CTCAE against multiple established patient-reported and
parent-reported instruments to evaluate the validity of the Ped-
PRO-CTCAE in narrow age ranges.

Methods

Longitudinal Study

Participants
Children and adolescents participated from nine pediatric oncol-
ogy hospitals: Children’s Healthcare of Atlanta, Children’s
Hospital Los Angeles, UPMC Children’s Hospital of Pittsburgh,
Children’s National Hospital (Washington, DC), Dana-Farber
Cancer Institute/Boston Children’s Hospital, Duke University
(Durham, NC), the Hospital for Sick Children (Toronto, Ontario,
Canada), St. Jude Children’s Research Hospital (Memphis, TN),
and the University of North Carolina at Chapel Hill. Sites provided
access to a diverse group of children in respect to cancer type,
treatment modality, race, ethnicity, and geographic location.

Eligibility Criteria
Children and adolescents between 7 and 18 years of age with a first
diagnosis of cancer and receiving frontline therapy that included
chemotherapy or radiation as part of standard care were eligible.
Patients must have completed 1 month of frontline treatment, be
at least 3–6 weeks from any surgery, and be able to read (or listen
to) and understand English with no clinically significant cognitive
or memory impairment based on the judgment of the site investi-
gator. Finally, the child’s caregiver must have agreed to participate.

All sites obtained institutional review board approval. All
caregivers provided written informed consent, and children and
adolescents provided assent. Participants received a $10 gift
card at each time point.

Study Design
We did not administer all 62 Ped-PRO-CTCAE symptom AE-related
items to participants because of potential response burden.
Instead, every participant responded to the 15 “core” AEs and was

randomly assigned to one of four forms containing a subset of the
additional 47 less prevalent AEs. To ensure validity across ages,
we divided our sample into three age groups (7–12, 13–15, and 16–
18 years) and planned to enroll 160 patients per group.

Enrolled participants completed questionnaires via tablet
computers during clinic visits on two occasions. The interval be-
tween the first (T1) and second time point (T2) varied based on
treatment considerations. The goal was to capture symptom
burden and functional impact at points along the care contin-
uum that represented one point when the child was experienc-
ing relatively low symptom burden and higher functional
performance (T1) and another point when the child was likely
experiencing relatively high symptom burden and functional
limitations (T2). Generally, T1 was collected within 72 hours of
beginning therapy. For patients receiving chemotherapy, T2
was collected 7–17 days later, and for patients receiving radia-
tion therapy, T2 was collected approximately 4 weeks later.

The caregiver completed surveys on the child’s functioning
and medication use on the same day as the child. A study team
member helped ensure that the child and caregiver completed
responses independently. If the child and caregiver were not in
the clinic for their T2 assessment, survey links were sent to the
caregiver requesting that the caregiver and child separately
complete their surveys.

Measures
Ped-PRO-CTCAE. Questions assess symptom AE attributes of
symptom presence, frequency, severity, and/or interference
with daily activities. Each question uses the recall period “the
past 7 days” and provides 4 response categories that match the
symptom attribute. Conditional questions are used if a child
reports experiencing the symptom. If a child reports not having
the symptom, conditional questions are scored 0. More infor-
mation about the measure is provided via a website (13) and in
publications (8). Access to the Ped-PRO-CTCAE questions and
additional information is available by the NCI website (https://
healthcaredelivery.cancer.gov/pro-ctcae/).

Memorial Symptom Assessment Scale (MSAS 7–12; MSAS 10–
18). The MSAS 7–12, completed by children aged 7–12 years,
assesses eight symptoms with eight questions plus conditional
questions for reported symptoms (3). The MSAS 10–18, com-
pleted by participants aged 13–18 years, assesses 31 symptoms
with 31 questions plus additional conditional questions for
reported symptoms (14). For this study, both versions use a re-
call period of “the past week” and query symptom frequency,
severity, and/or bother or distress.

Patient-Reported Outcomes Measurement Information System
(PROMIS). The PROMIS Pediatric measures include
computerized-adaptive testing measures of physical function-
mobility, pain interference, fatigue, depressive symptoms, and
anxiety (15–19). The computerized-adaptive testing was set so
that a child would answer five to six questions per domain. The
recall period is “the past 7 days.”

Lansky Play-Performance Scale (PPS). This performance status
tool was developed to be completed by caregivers on an 11-
point scale (20). For this study, we presented ranges from 10
(“No play, does not get out of bed”) to 100 (“Fully active, nor-
mal”). Performance status was categorized as “moderate to se-
vere restriction” (PPS 10–40), “mild to moderate restriction” (PPS
50–70), and “able to carry on normal activity” (PPS 80–100).
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Medication Use. Caregivers completed 10 questions about medi-
cations their child had taken in “the past 7 days” for nausea, in-
somnia, constipation, diarrhea, mucositis, neuropathy,
headache, depression, anxiety, and pain.

Test-Retest Study in Independent Sample

Test-retest reliability indicates the reproducibility of a measure
and its ability to provide consistent scores over time in a stable
population (21,22). Because our longitudinal study included chil-
dren whose symptoms would vary over time, we selected an in-
dependent patient group and treatment time period where
clinical stability was expected.

Participants
Participants were between ages 7 and 17 years, receiving acute
lymphoblastic leukemia (ALL) treatment, in the maintenance
phase of therapy (weeks 50–126þ), and patients at Children’s
National Hospital, Duke, St. Jude Children’s Research Hospital,
and University of North Carolina at Chapel Hill. Otherwise, in-
clusion criteria were the same as the longitudinal study.
Participating sites obtained institutional review board approval.
All caregivers provided written informed consent, and children
or adolescents provided assent.

Study Design
Our goal was to have 50 participants complete all 62 Pediatric
PRO-CTCAE symptom AE questions at two time points (5–9 days
apart) when treatment did not include a steroid pulse. After
completion of in-clinic or online surveys, the child and care-
giver received a $20 gift card each.

Statistical Analyses

Psychometric analyses (using SAS, version 9.4) were performed
at the individual-item level for each symptom attribute,

consistent with the recommended scoring approach of Ped-
PRO-CTCAE to directly reflect the child’s responses (11). For all
cross-sectional analyses, we present results for only T2 because
this was when the child was expected to be more symptomatic.
Although not presented, we also examined results at T1 to
make sure findings were consistent. We provide results by age
group (7–12, 13–15, 16–18 years) when possible.

Convergent and discriminant validity of the Ped-PRO–CTCAE
was examined by its association with the MSAS (using polychoric
correlations for ordinal variables) and with PROMIS Pediatric
measures (using polyserial correlations for ordinal and interval
variables). If statistically different from zero, magnitudes of corre-
lation estimates are classified as small (0.10–0.29), moderate
(0.30–0.49), strong (0.50–0.69), and very strong (>0.70), consistent
with Cohen’s recommended effect sizes for correlations (23,24).

Known groups validity was examined for PPS and medica-
tion use. Means and 95% confidence intervals (CIs) are provided.
The groups were considered statistically different (P < .05) when
confidence intervals did not overlap. Analysis of variance and t
tests (two-tailed tests) were used to test for differences in mean
scores for the PPS and medication use with P less than .05.

Responsiveness was examined by looking at correlations of
change scores between Ped-PRO-CTCAE and MSAS items.
Correlations of change scores were expected to be smaller than
in cross-sectional data when participants’ symptom levels did
not change from T1 to T2; thus, there is a restriction of range of
change scores (25).

Test-retest reliability was evaluated by both intraclass corre-
lations (ICCs) and percent agreement between T1 and T2 (26).
For ICCs, we used a two-way mixed effect model (27). ICCs are
more commonly reported but may not be an accurate reflection
of stability when there is a restriction of range in the data (28).
The issue of restricted range may be pertinent for the test-retest
data collected on the Ped-PRO-CTCAE, because children in their
maintenance phase of ALL treatment may have few symptoms.
Thus, we provide percent agreement alongside ICCs, acknowl-
edging that percent agreement does not adjust for chance (29).

Table 1. Characteristics of the participants by age group*

Child characteristics
7–12 y 13–15 y 16–18 y Total

(n ¼ 203) (n ¼ 144) (n ¼ 135) (n ¼ 482)

Age, mean (SD), y 9.5 (1.7) 14.2 (0.8) 16.9 (0.8) 12.9 (3.4)
Sex, female, no. (%) 97 (48.3) 67 (47.2) 56 (42.4) 220 (46.3)
Race, no. (%)

White 141 (70.1) 99 (70.2) 88 (65.7) 328 (68.9)
Black 35 (17.4) 17 (12.1) 28 (20.9) 80 (16.8)
Asian 9 (4.5) 8 (5.7) 5 (3.7) 22 (4.6)
Other 16 (8.0) 17 (12.1) 13 (9.7) 46 (9.7)

Ethnicity, Hispanic, no. (%) 29 (14.6) 24 (16.9) 18 (13.5) 71 (15.0)
Cancer type, no. (%)

Leukemia or lymphoma 107 (53.2) 67 (46.9) 89 (66.4) 263 (55.0)
Solid tumor 49 (24.4) 52 (36.4) 34 (25.4) 135 (28.2)
Neuro-oncology 41 (20.4) 19 (13.3) 11 (8.2) 71 (14.9)
Bone marrow transplant 4 (2.0) 5 (3.5) 0 (0.0) 9 (1.9)

Treatment received, no. (%)
Chemotherapy 179 (89.1) 127 (88.8) 130 (97.0) 436 (91.2)
Radiation 18 (9.0) 11 (7.7) 4 (3.0) 33 (6.9)
Bone marrow transplant 4 (2.0) 5 (3.5) 0 (0.0) 9 (1.9)

Caregiver-reported PPS, mean (SD)
Assessment point T1 73.6 (21.2) 69.2 (20.4) 69.8 (23.4) 71.2 (21.7)
Assessment point T2 68.8 (21.6) 66.7 (20.2) 67.0 (23.9) 67.7 (21.8)

*Each variable had a small amount of missing data (<5%), and we assumed the data were missing at random. PPS ¼ Lansky Play-Performance Scale.
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Agreement levels were categorized as poor (<.20), fair (.20–.40),
moderate (.40–.60), good (.60–.80), or very good (>.80) (30).

Results

Patient Characteristics

A total of 580 child-caregiver dyads were approached for study
participation, 88 declined, and 10 withdrew before completing
the T1 survey, for a response rate of 83.1%. Table 1 provides
characteristics of the 482 participants by age group. The sample
included a diverse balance of sex (46.3% female), race or ethnicity
(41.5% not non-Hispanic white), cancer types, and treatment mo-
dalities. Although we did not achieve equal numbers of 160 chil-
dren in each group, we did attain a larger overall sample size

with oversampling in the 7- to 12-year age group. The average
number of days between T1 and T2 for children receiving chemo-
therapy was 10 days (range ¼ 7–17) and for children receiving ra-
diation was 30 days (range ¼ 26–40). A total 14% completed T2 via
email links.

Convergent and Discriminant Validity: Ped-PRO-CTCAE
and MSAS

The left half of Table 2 provides correlations between Ped-
PRO-CTCAE and MSAS questions by age group at T2.
Correlations for symptoms in common between the two
measures ranged for 7- to 12-year olds from 0.62 to 0.80, for
13- to 15-year olds from 0.44 to 0.94, and for 16- to 18-year olds
from 0.65 to 0.98. Consistently, relatively lower correlations

Table 2. Cross-sectional and longitudinal correlations of Ped-PRO-CTCAE with MSAS 10-18 and MSAS 7–12 items by age group*

Symptom and
attribute†

Ped-PRO-CTCAE and MSAS at T2 Ped-PRO-CTCAE and MSAS change T1 to T2

13–15 y 16–18 y 7–12 y‡ 13–15 y 16–18 y 7–12 y‡

Polychoric r (95% CI) Polychoric r (95% CI) Polychoric r (95% CI) Pearson r (95% CI) Pearson r (95% CI) Pearson r (95% CI)

Constipation – S 0.74 (0.58 to 0.90) 0.98 (0.95 to 1.00) — 0.45 (0.30 to 0.58) 0.59 (0.45 to 0.70) —
Constipation – I 0.52 (0.20 to 0.84) 0.81 (0.63 to 1.00) — 0.21 (0.04 to 0.37) 0.32 (0.14 to 0.47) —
Diarrhea – F 0.92 (0.86 to 0.99) 0.89 (0.79 to 0.98) — 0.71 (0.61 to 0.78) 0.72 (0.61 to 0.80) —
Diarrhea – I 0.87 (0.72 to 1.00) 0.73 (0.42 to 1.00) — 0.62 (0.50 to 0.72) 0.53 (0.38 to 0.65) —
Mucositis oral – S 0.80 (0.68 to 0.92) 0.79 (0.65 to 0.94) — 0.49 (0.35 to 0.61) 0.73 (0.63 to 0.81) —
Mucositis oral – I 0.75 (0.57 to 0.92) 0.90 (0.80 to 1.00) — 0.55 (0.42 to 0.66) 0.79 (0.71 to 0.85) —
Nausea – F 0.85 (0.77 to 0.93) 0.79 (0.68 to 0.90) 0.71 (0.60 to 0.81) 0.61 (0.48 to 0.71) 0.63 (0.51 to 0.73) 0.47 (0.35 to 0.58)
Nausea – S 0.81 (0.72 to 0.90) 0.82 (0.73 to 0.92) — 0.63 (0.51 to 0.72) 0.70 (0.59 to 0.78) —
Nausea – I 0.73 (0.59 to 0.87) 0.77 (0.64 to 0.91) 0.62 (0.47 to 0.78) 0.50 (0.36 to 0.62) 0.55 (0.41 to 0.67) 0.32 (0.19 to 0.45)
Vomit – F 0.91 (0.85 to 0.98) 0.94 (0.88 to 1.00) — 0.78 (0.70 to 0.84) 0.73 (0.63 to 0.81) —
Vomit – I 0.81 (0.68 to 0.95) 0.83 (0.68 to 0.97) — 0.63 (0.51 to 0.72) 0.67 (0.55 to 0.76) —
Fatigue – S 0.64 (0.50 to 0.77) 0.71 (0.59 to 0.83) 0.71 (0.60 to 0.82) 0.28 (0.11 to 0.43) 0.37 (0.20 to 0.52) 0.37 (0.23 to 0.49)
Fatigue – I 0.47 (0.26 to 0.67) 0.65 (0.50 to 0.80) 0.62 (0.46 to 0.78) 0.07 (–0.10 to 0.24) 0.26 (0.08 to 0.43) 0.36 (0.22 to 0.48)
Pain – F 0.89 (0.83 to 0.95) 0.95 (0.90 to 0.99) 0.80 (0.72 to 0.89) 0.67 (0.56 to 0.76) 0.68 (0.57 to 0.77) 0.47 (0.35 to 0.58)
Pain – S 0.90 (0.84 to 0.95) 0.93 (0.88 to 0.98) 0.73 (0.63 to 0.83) 0.66 (0.55 to 0.75) 0.71 (0.60 to 0.79) 0.37 (0.24 to 0.49)
Pain – I 0.81 (0.72 to 0.91) 0.83 (0.73 to 0.93) 0.74 (0.63 to 0.86) 0.63 (0.52 to 0.73) 0.54 (0.40 to 0.66) 0.35 (0.21 to 0.47)
Not hungry – F 0.80 (0.70 to 0.90) 0.88 (0.80 to 0.96) 0.63 (0.49 to 0.76) 0.39 (0.24 to 0.53) 0.51 (0.36 to 0.64) 0.23 (0.09 to 0.37)
Headache – F 0.93 (0.86 to 0.99) 0.92 (0.85 to 0.98) — 0.64 (0.52 to 0.73) 0.60 (0.47 to 0.71) —
Headache – S 0.91 (0.85 to 0.97) 0.89 (0.82 to 0.97) — 0.64 (0.52 to 0.73) 0.63 (0.51 to 0.73) —
Headache – I 0.73 (0.56 to 0.91) 0.78 (0.61 to 0.94) — 0.63 (0.51 to 0.72) 0.56 (0.42 to 0.67) —
Numbness – S 0.91 (0.83 to 0.98) 0.92 (0.85 to 0.98) — 0.63 (0.51 to 0.72) 0.45 (0.29 to 0.59) —
Numbness – I 0.44 (0.03 to 0.86) 0.74 (0.51 to 0.96) — 0.20 (0.02 to 0.36) 0.41 (0.24 to 0.55) —
Anxiety – F 0.76 (0.64 to 0.89) 0.85 (0.74 to 0.97) — 0.43 (0.28 to 0.56) 0.31 (0.14 to 0.47) —
Anxiety – S 0.80 (0.69 to 0.92) 0.83 (0.70 to 0.96) — 0.38 (0.22 to 0.52) 0.42 (0.26 to 0.57) —
Anxiety – I 0.67 (0.47 to 0.88) 0.82 (0.65 to 0.98) — 0.42 (0.26 to 0.55) 0.31 (0.13 to 0.47) —
Worry – F 0.76 (0.63 to 0.89) 0.84 (0.72 to 0.96) 0.71 (0.57 to 0.84) 0.31 (0.14 to 0.46) 0.34 (0.17 to 0.50) 0.27 (0.13 to 0.40)
Worry – S 0.78 (0.66 to 0.91) 0.77 (0.62 to 0.93) 0.70 (0.57 to 0.84) 0.27 (0.10 to 0.42) 0.34 (0.16 to 0.49) 0.29 (0.15 to 0.42)
Worry – I 0.50 (0.23 to 0.77) 0.83 (0.69 to 0.98) 0.75 (0.61 to 0.90) 0.30 (0.14 to 0.45) 0.14 (–0.04 to 0.32) 0.21 (0.06 to 0.35)
Insomnia – F 0.88 (0.82 to 0.95) 0.78 (0.66 to 0.90) — 0.53 (0.39 to 0.64) 0.57 (0.43 to 0.68) —
Insomnia – S 0.89 (0.83 to 0.95) 0.74 (0.60 to 0.88) — 0.54 (0.40 to 0.65) 0.59 (0.45 to 0.70) —
Insomnia – I 0.62 (0.43 to 0.80) 0.77 (0.63 to 0.91) 0.79 (0.67 to 0.90) 0.25 (0.07 to 0.40) 0.38 (0.21 to 0.53) 0.38 (0.25 to 0.50)
Cough – F 0.94 (0.89 to 1.00) 0.98 (0.95 to 1.00) — 0.63 (0.51 to 0.72) 0.81 (0.73 to 0.86) —
Cough – S 0.93 (0.88 to 0.99) 0.97 (0.93 to 1.00) — 0.67 (0.56 to 0.76) 0.75 (0.66 to 0.82) —
Cough – I 0.93 (0.81 to 1.00) 0.78 (0.43 to 1.00) — 0.41 (0.25 to 0.54) 0.07 (0.11 to 0.26) —
Sad – S 0.83 (0.72 to 0.93) 0.89 (0.80 to 0.97) 0.73 (0.61 to 0.85) 0.36 (0.20 to 0.50) 0.29 (0.11 to 0.45) 0.36 (0.23 to 0.48)
Sad – I 0.71 (0.51 to 0.91) 0.88 (0.77 to 0.99) 0.69 (0.52 to 0.86) 0.53 (0.39 to 0.64) 0.27 (0.09 to 0.43) 0.14 (�0.01 to 0.28)

*Magnitudes of correlation are classified as small (0.10–0.29), moderate (0.30–0.49), strong (0.50–0.69), and very strong (>0.70). AE ¼ adverse event; CI ¼ confidence inter-

val; F ¼ frequency; S ¼ severity; I ¼ interference; PRO-CTCAE ¼ Patient-Reported Outcomes version of the Common Terminology Criteria for Adverse Events; MSAS ¼
Memorial Symptom Assessment Scale; T1 ¼ time 1; T2 ¼ time 2.

†For “I”, Ped-PRO-CTCAE asks about “. . .interference with daily activities” and MSAS asks about “bother or distress.”

‡Children between 7 and 12 years of age completed the MSAS 7–12, which only included data on a limited number of symptoms (thus empty cells for this group) com-

pared with children between 13 and 18 years who completed the MSAS 10–18 questionnaire.
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were observed for comparison of Ped-PRO-CTCAE interference
questions and MSAS bother or distress items. We observed
strong correlations between measures for symptom frequency
and severity.

For evidence of discriminant validity, associations at T2 be-
tween Ped-PRO-CTCAE and MSAS for dissimilar symptoms (eg,
Ped-PRO-CTCAE pain item with MSAS fatigue item) ranged from
0.26 to 0.73 for 7- to 12-year olds, 0.01 to 0.64 for 13- to 15-year

olds, and 0.00 to 0.83 for 16- to 18-year olds (data not shown).
Consistently, correlations for dissimilar symptoms were lower than
correlations for the same symptoms assessed by Ped-PRO-CTCAE
and MSAS, supporting discriminant validity. We observed the low-
est correlations for dissimilar symptoms, such as mucositis and
constipation; higher correlations were observed for similar symp-
toms, such as depression with anxiety and fatigue with insomnia.
Similar patterns were observed for other symptom attributes.

Table 3. Correlation of Ped-PRO-CTCAE symptom AE items with PROMIS pediatric measures at T2 by age group*

7–12 y 13–15 y 16–18 y Total

Ped-PRO-CTCAE
symptom AE item

(n ¼ 180) (n ¼ 127) (n ¼ 114) (n ¼ 421)

r (95% CI) r (95% CI) r (95% CI) r (95% CI)

PROMIS Pediatric Physical Functioning – Mobility†
Neuropathy – S –0.43 (–0.60 to –0.27) –0.25 (–0.46 to –0.04) –0.42 (–0.62 to –0.23) –0.37 (–0.48 to –0.27)
Neuropathy – I –0.54 (–0.75 to –0.34) –0.29 (–0.66 to 0.07) –0.45 (–0.74 to –0.17) –0.46 (–0.61 to –0.30)
Pain – F –0.54 (–0.66 to –0.42) –0.48 (–0.63 to –0.32) –0.36 (–0.55 to –0.17) –0.47 (–0.56 to –0.39)
Pain – S –0.55 (–0.66 to –0.43) –0.48 (–0.64 to –0.33) –0.36 (–0.55 to –0.17) –0.48 (–0.56 to –0.39)
Pain – I –0.61 (–0.73 to –0.49) –0.49 (–0.66 to –0.31) –0.34 (–0.55 to –0.13) –0.50 (–0.60 to –0.41)
Fatigue – S –0.54 (–0.66 to –0.43) –0.25 (–0.43 to –0.07) –0.55 (–0.69 to –0.40) –0.46 (–0.55 to –0.38)
Fatigue – I –0.51 (–0.64 to –0.38) –0.43 (–0.60 to –0.26) –0.54 (–0.69 to –0.39) –0.50 (–0.58 to –0.41)

PROMIS Pediatric Pain Interference†
Pain – F 0.63 (0.52 to 0.73) 0.69 (0.59 to 0.80) 0.65 (0.53 to 0.77) 0.64 (0.58 to 0.71)
Pain – S 0.62 (0.52 to 0.72) 0.68 (0.58 to 0.79) 0.60 (0.47 to 0.73) 0.63 (0.56 to 0.69)
Pain – I 0.69 (0.60 to 0.78) 0.74 (0.65 to 0.84) 0.65 (0.52 to 0.78) 0.70 (0.64 to 0.76)
Abdominal pain – S 0.41 (0.27 to 0.54) 0.48 (0.32 to 0.63) 0.44 (0.27 to 0.62) 0.43 (0.34 to 0.52)
Abdominal pain – I 0.49 (0.35 to 0.62) 0.56 (0.41 to 0.71) 0.46 (0.27 to 0.65) 0.50 (0.41 to 0.59)
Headache – F 0.43 (0.29 to 0.56) 0.36 (0.18 to 0.54) 0.31 (0.10 to 0.51) 0.37 (0.28 to 0.47)
Headache – S 0.39 (0.25 to 0.54) 0.29 (0.11 to 0.48) 0.31 (0.10 to 0.51) 0.34 (0.24 to 0.44)
Headache – I 0.53 (0.39 to 0.66) 0.42 (0.23 to 0.62) 0.40 (0.19 to 0.61) 0.46 (0.36 to 0.56)
Mucositis oral – F 0.35 (0.20 to 0.50) 0.23 (0.03 to 0.42) 0.34 (0.14 to 0.54) 0.30 (0.20 to 0.40)
Mucositis oral – S 0.36 (0.21 to 0.51) 0.27 (0.08 to 0.47) 0.34 (0.14 to 0.54) 0.32 (0.22 to 0.42)
Mucositis oral – I 0.43 (0.26 to 0.61) 0.38 (0.17 to 0.58) 0.46 (0.25 to 0.67) 0.41 (0.30 to 0.53)

PROMIS Pediatric Fatigue†
Fatigue – S 0.65 (0.55 to 0.75) 0.52 (0.38 to 0.66) 0.68 (0.57 to 0.79) 0.63 (0.56 to 0.69)
Fatigue – I 0.65 (0.55 to 0.74) 0.66 (0.55 to 0.78) 0.74 (0.64 to 0.84) 0.68 (0.62 to 0.74)
Depression – S 0.56 (0.45 to 0.68) 0.49 (0.32 to 0.65) 0.62 (0.47 to 0.76) 0.55 (0.47 to 0.63)
Depression – I 0.57 (0.44 to 0.70) 0.45 (0.21 to 0.68) 0.72 (0.55 to 0.89) 0.56 (0.46 to 0.65)
Anxiety – F 0.57 (0.45 to 0.68) 0.49 (0.33 to 0.64) 0.51 (0.34 to 0.68) 0.53 (0.45 to 0.61)
Anxiety – S 0.56 (0.45 to 0.68) 0.46 (0.30 to 0.62) 0.44 (0.26 to 0.63) 0.51 (0.42 to 0.59)
Anxiety – I 0.64 (0.51 to 0.76) 0.31 (0.07 to 0.56) 0.57 (0.37 to 0.77) 0.54 (0.44 to 0.64)

PROMIS Pediatric Depressive Symptoms†
Depression – S 0.75 (0.67 to 0.83) 0.80 (0.72 to 0.88) 0.76 (0.66 to 0.86) 0.76 (0.71 to 0.81)
Depression – I 0.66 (0.55 to 0.77) 0.62 (0.45 to 0.78) 0.90 (0.82 to 0.99) 0.67 (0.59 to 0.75)
Anxiety – F 0.64 (0.54 to 0.74) 0.57 (0.43 to 0.70) 0.74 (0.63 to 0.85) 0.64 (0.57 to 0.71)
Anxiety – S 0.61 (0.51 to 0.72) 0.57 (0.44 to 0.71) 0.64 (0.51 to 0.78) 0.60 (0.53 to 0.67)
Anxiety – I 0.65 (0.53 to 0.77) 0.40 (0.20 to 0.61) 0.73 (0.58 to 0.88) 0.59 (0.50 to 0.68)
Fatigue – S 0.41 (0.27 to 0.54) 0.36 (0.19 to 0.52) 0.42 (0.25 to 0.58) 0.40 (0.31 to 0.49)
Fatigue – I 0.39 (0.26 to 0.53) 0.40 (0.23 to 0.56) 0.45 (0.29 to 0.61) 0.42 (0.33 to 0.50)

PROMIS Pediatric Anxiety†
Anxiety – F 0.69 (0.60 to 0.78) 0.68 (0.57 to 0.79) 0.72 (0.61 to 0.83) 0.69 (0.63 to 0.75)
Anxiety – S 0.67 (0.58 to 0.76) 0.73 (0.64 to 0.83) 0.64 (0.51 to 0.77) 0.68 (0.62 to 0.74)
Anxiety – I 0.67 (0.56 to 0.78) 0.54 (0.38 to 0.70) 0.65 (0.49 to 0.81) 0.62 (0.54 to 0.70)
Depression – S 0.64 (0.54 to 0.74) 0.55 (0.41 to 0.69) 0.60 (0.47 to 0.74) 0.61 (0.54 to 0.67)
Depression – I 0.59 (0.47 to 0.71) 0.52 (0.34 to 0.69) 0.64 (0.47 to 0.80) 0.58 (0.50 to 0.67)
Fatigue – S 0.40 (0.26 to 0.53) 0.23 (0.05 to 0.41) 0.39 (0.22 to 0.56) 0.35 (0.26 to 0.44)
Fatigue – I 0.38 (0.25 to 0.52) 0.30 (0.13 to 0.48) 0.43 (0.26 to 0.59) 0.37 (0.28 to 0.46)

*Magnitudes of correlation are classified as small (0.10–0.29), moderate (0.30–0.49), strong (0.50–0.69), and very strong (>0.70). Polyserial correlations were used to look

at association. AE ¼ adverse event; CI ¼ confidence interval; F ¼ frequency; S ¼ severity; I ¼ interference; Ped-PRO-CTCAE ¼ Pediatric Patient-Reported Outcomes ver-

sion of the Common Terminology Criteria for Adverse Events; PROMIS ¼ Patient-Reported Outcomes Measurement Information System; T2 ¼ time 2.

†The PROMIS Pediatric Physical Functioning - Mobility scale is scored so that higher scores represent better functioning. The PROMIS Pediatric symptom scales are

scored so that higher scores represent worse symptom experiences.
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Convergent and Discriminant Validity: Ped-PRO-CTCAE
and PROMIS Pediatric

Table 3 provides correlations between Ped-PRO-CTCAE and
PROMIS Pediatric measures by age group at T2. Stronger correla-
tions were observed when symptoms matched (ie, pain interfer-
ence r¼ 0.70, 95% CI ¼ 0.64 to 0.76; fatigue severity r¼ 0.63, 95% CI
¼ 0.56 to 0.69; depression severity r¼ 0.76, 95% CI ¼ 0.71 to 0.81;
and anxiety severity r¼ 0.68, 95% CI ¼ 0.62 to 0.74). Dissimilar
symptoms associations were in the low to moderate range.

Known Groups Validity: Ped-PRO-CTCAE and Play-
Performance Status

Table 4 and Figure 1 provide mean Ped-PRO-CTCAE symptom AE
scores categorized by PPS at T2. Consistently, mean symptom

scores worsen from “normal activity” to the poorest functioning
group (“moderate to severe restriction”). Twenty-one of the 38
(55.3%) Ped-PRO-CTCAE items had a statistically significant differ-
ence between the normal activity group and either of the restricted
activity groups. Thus, of the 15 core symptom AEs, 11 (73%) had at
least one item with a statistical difference by performance level, ex-
cept for AEs of constipation, headache, numbness, and depression.

Known Groups Validity: Ped-PRO-CTCAE and
Medication Use

Table 5 and Figure 2 provide mean Ped-PRO-CTCAE symptom
AE scores at T2 for children whose caregivers reported they took
medication for an experienced symptom during the past 7 days.
Consistently, children in the group taking medication reported
worse symptom AE scores than the group not taking

Table 4. Evaluation of known groups validity of Ped-PRO-CTCAE items across Lansky PPS levels at T2*

Ped-PRO-CTCAE
symptom AE item

Moderate to severe restriction
(n¼ 62)

Mild to moderate restriction
(n¼ 179)

Normal activity
(n¼ 179) Analysis of variance test

Mean (95% CI) Mean (95% CI) Mean (95% CI) P

Abdominal pain – F 0.92 (0.70 to 1.14) 0.66 (0.55 to 0.77) 0.45 (0.37 to 0.54) <.01
Abdominal pain – S 0.84 (0.63 to 1.05) 0.68 (0.57 to 0.79) 0.42 (0.34 to 0.51) <.01
Abdominal pain – I 0.66 (0.43 to 0.88) 0.35 (0.25 to 0.45) 0.18 (0.11 to 0.24) <.01
Constipation – F 0.60 (0.39 to 0.81) 0.43 (0.33 to 0.53) 0.36 (0.26 to 0.45) .06
Constipation – S 0.56 (0.35 to 0.77) 0.38 (0.29 to 0.47) 0.31 (0.22 to 0.40) .03
Constipation – I 0.25 (0.09 to 0.40) 0.11 (0.06 to 0.17) 0.07 (0.04 to 0.11) .01
Diarrhea – F 0.58 (0.35 to 0.82) 0.35 (0.25 to 0.45) 0.25 (0.17 to 0.32) <.01
Diarrhea – I 0.20 (0.05 to 0.35) 0.11 (0.06 to 0.16) 0.06 (0.02 to 0.10) .03
Mucositis oral – F 0.53 (0.32 to 0.74) 0.49 (0.38 to 0.60) 0.35 (0.26 to 0.45) .10
Mucositis oral – S 0.52 (0.30 to 0.73) 0.52 (0.40 to 0.64) 0.33 (0.23 to 0.42) .03
Mucositis oral – I 0.27 (0.10 to 0.44) 0.25 (0.16 to 0.34) 0.09 (0.05 to 0.14) .01
Nausea – F 0.87 (0.64 to 1.10) 0.82 (0.70 to 0.95) 0.52 (0.42 to 0.62) <.01
Nausea – S 0.98 (0.73 to 1.23) 0.81 (0.69 to 0.94) 0.49 (0.40 to 0.59) <.01
Nausea – I 0.67 (0.45 to 0.89) 0.50 (0.40 to 0.60) 0.24 (0.17 to 0.32) <.01
Vomiting – F 0.68 (0.47 to 0.89) 0.48 (0.39 to 0.58) 0.28 (0.21 to 0.36) <.01
Vomiting – I 0.52 (0.29 to 0.75) 0.23 (0.16 to 0.30) 0.17 (0.10 to 0.24) <.01
Fatigue – S 1.28 (1.01 to 1.55) 1.08 (0.96 to 1.20) 0.74 (0.64 to 0.85) <.01
Fatigue – I 0.90 (0.64 to 1.16) 0.70 (0.59 to 0.80) 0.37 (0.28 to 0.46) <.01
Pain – F 0.87 (0.63 to 1.10) 0.75 (0.63 to 0.88) 0.49 (0.39 to 0.58) <.01
Pain – S 0.93 (0.67 to 1.20) 0.83 (0.69 to 0.96) 0.49 (0.39 to 0.58) <.01
Pain – I 0.55 (0.32 to 0.78) 0.53 (0.41 to 0.65) 0.29 (0.20 to 0.37) <.01
Anorexia – F 1.08 (0.80 to 1.37) 0.69 (0.55 to 0.82) 0.47 (0.37 to 0.57) <.01
Headache – F 0.58 (0.37 to 0.79) 0.49 (0.38 to 0.59) 0.40 (0.31 to 0.50) .19
Headache – S 0.55 (0.33 to 0.77) 0.51 (0.40 to 0.62) 0.39 (0.29 to 0.49) .18
Headache – I 0.33 (0.14 to 0.53) 0.24 (0.16 to 0.33) 0.21 (0.13 to 0.28) .34
Neuropathy – S 0.43 (0.24 to 0.63) 0.35 (0.26 to 0.45) 0.32 (0.24 to 0.39) .43
Neuropathy – I 0.17 (0.03 to 0.30) 0.09 (0.04 to 0.14) 0.05 (0.02 to 0.09) .07
Anxiety – F 0.51 (0.28 to 0.73) 0.55 (0.44 to 0.66) 0.39 (0.28 to 0.50) .13
Anxiety – S 0.45 (0.26 to 0.64) 0.52 (0.41 to 0.64) 0.32 (0.23 to 0.41) .03
Anxiety – I 0.30 (0.12 to 0.48) 0.20 (0.12 to 0.28) 0.14 (0.07 to 0.21) .11
Insomnia – F 0.93 (0.70 to 1.17) 0.79 (0.67 to 0.92) 0.44 (0.33 to 0.54) <.01
Insomnia – S 0.75 (0.53 to 0.97) 0.74 (0.61 to 0.86) 0.43 (0.32 to 0.53) <.01
Insomnia – I 0.47 (0.30 to 0.63) 0.34 (0.25 to 0.43) 0.21 (0.13 to 0.28) .01
Cough – F 0.53 (0.35 to 0.72) 0.46 (0.35 to 0.56) 0.29 (0.22 to 0.37) .01
Cough – S 0.52 (0.32 to 0.72) 0.39 (0.30 to 0.49) 0.24 (0.17 to 0.31) <.01
Cough – I 0.08 (0.01 to 0.16) 0.07 (0.02 to 0.12) 0.03 (0.01 to 0.06) .35
Depression – S 0.58 (0.36 to 0.81) 0.49 (0.38 to 0.61) 0.32 (0.23 to 0.40) .01
Depression – I 0.37 (0.18 to 0.55) 0.15 (0.09 to 0.21) 0.14 (0.08 to 0.20) <.01

*Groups were considered statistically different when CIs did not overlap between children with different performance levels. Caregivers reported the child’s PPS. PPS

scores are categorized as 80–100 “able to carry on normal activity,” 50–70 “mild to moderate restriction,” and 10–40 “moderate to severe restriction.” AE ¼ adverse event;

CI ¼ confidence interval; F ¼ frequency; S ¼ severity; I ¼ interference; Ped-PRO-CTCAE ¼ Pediatric Patient-Reported Outcomes version of the Common Terminology

Criteria for Adverse Events; PPS ¼ Lansky Play-Performance Scale; T2 ¼ time 2.
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medication. Twenty-six (81.2%) of 32 Ped-PRO-CTCAE items
were statistically significantly different between the two
groups. AEs that did not have a statistically significant associa-
tion included depression and diarrhea, which had the smallest
sample sizes for taking medications (n¼ 37 and 11,
respectively).

Responsiveness: Ped-PRO-CTCAE and MSAS

The right half of Table 2 presents correlations of change from T1
to T2 in Ped-PRO-CTCAE with MSAS 10–18 and MSAS 7–12 by age
group. For 13- to 15-year-olds and 16- to 18-year-olds, strong corre-
lations were noted between both measures, but less so for associa-
tions among the 7- to 12-year-olds. Because children self-reported
few symptom changes over time, correlations of change over time
between Ped-PRO-CTCAE and MSAS are notably lower than corre-
lations of Ped-PRO-CTCAE and MSAS at each time point (25).

Substudy Test-Retest Reliability

The independent cohort included 46 ALL children or adoles-
cents (70% female, 67% non-Hispanic white, mean age ¼
10.2 years). The median and average number of days between
T1 and T2 for the sample was 7 days (range ¼ 5–9 days).
Supplementary Table 1 (available online) includes ICCs and per-
cent agreement for the core Ped-PRO-CTCAE items. Most chil-
dren did not report symptoms and the range was limited.
Agreement between T1 and T2 ranged from 54.3% to 93.5%.

Discussion

Despite marked advances in cancer treatment and supportive
care, children and adolescents (hereafter referred to as children)
receiving cancer therapy experience multiple, subjective toxic-
ities and symptoms secondary to treatment (31–33). Before
starting therapy, children and their parents want to know how
a given therapy may help them, and they are often most con-
cerned with how they will feel during therapy (34,35). The
answers to these questions rely heavily on recorded AEs in pre-
vious clinical trials; however, symptom AEs are underreported
by clinicians (3–6), and evidence shows that more than 90% of
children receiving cancer treatment did not report burdensome
subjective toxicities unless directly asked by clinicians (12).
Symptom AEs describe the child’s experiences with cancer and
treatment, and the child is the most qualified person to report
them. Patient-reported measures, such as the Ped-PRO-CTCAE
measurement system, used in a standard manner with children
receiving cancer treatment may be the best way to capture the
child’s voice. Our supportive findings from this study of the
Ped-PRO-CTCAE indicate that children in cancer treatment and
their caregivers are willing (eg, >80% enrollment rate, high re-
tention from T1 to T2) and able to self-report their subjective
treatment experiences. The Ped-PRO-CTCAE items demon-
strated strong convergent, discriminant, and known groups va-
lidity and responsiveness over time. Findings were consistent
across age groups (ranging from 7 to 18 years) and at each time
point.

Evidence for test-retest reliability was provided for Ped-PRO-
CTCAE items in a substudy sample of children receiving ALL

Figure 1. Evaluation of known groups validity of Pediatric Patient-Reported Outcomes version of the Common Terminology Criteria for Adverse Events (Ped-PRO-CTCAE) item

mean scores across Lansky Play-Performance Scale (PPS) levels at time 2. F ¼ frequency of symptom; S ¼ severity of symptom. Means and 95% confidence intervals are provided

for each PPS level. n¼179 in the normal activity PPS level, n¼179 in the mild to moderate restriction PPS level, and n¼62 in the moderate to severe restriction PPS level.
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therapy in maintenance. ICCs were lower than expected; how-
ever, ICCs assume data are continuous and Ped-PRO-CTCAE
items are ordinal. In addition, many children were not symp-
tomatic; thus, there was a restricted range (28). Perfect agree-
ment over time was also presented (26), and we observed most
of the Ped-PRO-CTCAE items were in the good to very good
range (30).

In sum, previously validated and established pediatric self-
report symptom measures, the MSAS and PROMIS Pediatric
measures, support the construct validity of the Ped-PRO-CTCAE
items. Although the MSAS and PROMIS measures assess symp-
toms and functioning, they were not designed to align with
clinician-graded CTCAE, which remains the gold standard for
all AE grading. Thus, it is recommended that the Ped-PRO-
CTCAE measurement system be used for safety and tolerability
assessment to capture symptom AE experiences and question-
naires like PROMIS and MSAS be used as primary or secondary
outcomes of intervention efficacy in pediatric trials.

The Ped-PRO-CTCAE measurement system is currently
intended to provide data directly from the child to guide clini-
cians to grade AEs within the CTCAE framework and is not
meant to replace clinician grading. The child’s answer to each

Ped-PRO-CTCAE question should be summarized at the individ-
ual item level. A separate study has provided an algorithm that
converts a child’s responses from the Ped-PRO-CTCAE items to
recommended CTCAE grades based on input from a sample of
pediatric oncology clinicians (36). The data from Ped-PRO-
CTCAE are likely limited to CTCAE grades corresponding to
grade 3 or lower. More serious AEs (ie, grade 4 that typically cor-
responds to life-threatening consequences, and grade 5 that
typically corresponds with a death) are not captured by Ped-
PRO-CTCAE.

Only pediatric oncology patients receiving cure-directed, up-
front cancer treatment were included in this initial validation
study, and sicker children (ie, those with relapsed cancer, on
palliative care, or experiencing severe toxicities) are not repre-
sented. Additionally, not all items in the Ped-PRO-CTCAE library
had a similar level of evidence. Core symptom AE items were
collected from all participants, but less prevalent items were
tested with fewer children to reduce response burden and need
to be evaluated in future studies. We also delayed enrollment of
participants for several weeks after their cancer diagnosis in an
effort to reduce patient burden. This may have contributed to
high symptom frequency at T1, meaning our hypothesis that

Table 5. Evaluation of known groups validity of Ped-PRO-CTCAE item mean scores by medication use at T2*

Medication taken for† Ped-PRO-CTCAE symptom AE item

Did not take medication in past 7 days Took mediation in past 7 days
ttest

No. Mean (95% CI) No. Mean (95% CI) P

Nausea Nausea – F 118 0.29 (0.19 to 0.39) 299 0.86 (0.77 to 0.95) <.01
Nausea – S 118 0.29 (0.18 to 0.40) 298 0.86 (0.77 to 0.95) <.01
Nausea – I 118 0.13 (0.06 to 0.20) 299 0.53 (0.45 to 0.60) <.01
Vomiting – F 119 0.13 (0.07 to 0.20) 299 0.54 (0.46 to 0.61) <.01
Vomiting – I 119 0.08 (0.02 to 0.13) 299 0.31 (0.24 to 0.38) <.01

Insomnia Insomnia – F 328 0.58 (0.49 to 0.66) 84 1.04 (0.84 to 1.23) <.01
Insomnia – S 328 0.52 (0.44 to 0.60) 85 0.95 (0.76 to 1.14) <.01
Insomnia – I 329 0.24 (0.18 to 0.30) 84 0.55 (0.40 to 0.70) <.01

Constipation Constipation – F** 243 0.20 (0.14 to 0.26) 174 0.74 (0.62 to 0.85) <.01
Constipation – S 244 0.15 (0.10 to 0.20) 173 0.69 (0.57 to 0.81) <.01
Constipation – I 243 0.02 (0.01 to 0.04) 174 0.24 (0.16 to 0.32) <.01

Diarrhea Diarrhea – F 406 0.33 (0.27 to 0.39) 11 1.00 (0.15 to 1.85) .11
Diarrhea – I 407 0.09 (0.06 to 0.12) 11 0.27 (0.16 to 0.71) .37

Mucositis Mucositis – F 326 0.30 (0.24 to 0.36) 92 0.97 (0.77 to 1.17) <.01
Mucositis – S 326 0.29 (0.23 to 0.34) 91 1.02 (0.80 to 1.24) <.01
Mucositis – I 327 0.06 (0.03 to 0.09) 92 0.64 (0.45 to 0.83) <.01

Neuropathy Neuropathy – S 339 0.29 (0.24 to 0.35) 74 0.62 (0.44 to 0.80) <.01
Neuropathy – I 338 0.06 (0.03 to 0.09) 74 0.23 (0.10 to 0.36) .01

Headache Headache – F 296 0.28 (0.22 to 0.33) 117 0.96 (0.80 to 1.11) <.01
Headache – S 298 0.26 (0.20 to 0.32) 117 1.01 (0.84 to 1.17) <.01
Headache – I 298 0.12 (0.08 to 0.16) 117 0.55 (0.40 to 0.70) <.01

Depression Depression – S 377 0.44 (0.36 to 0.51) 37 0.57 (0.29 to 0.85) .36
Depression – I 376 0.16 (0.12 to 0.21) 36 0.33 (0.12 to 0.55) .12

Anxiety Anxiety – F 345 0.44 (0.36 to 0.51) 69 0.74 (0.51 to 0.97) .02
Anxiety – S 348 0.40 (0.33 to 0.47) 69 0.64 (0.43 to 0.84) .03
Anxiety – I 348 0.15 (0.10 to 0.20) 69 0.38 (0.18 to 0.57) .03

Pain Abdominal pain – F 328 0.52 (0.45 to 0.59) 90 0.89 (0.73 to 1.05) <.01
Abdominal pain – S 328 0.50 (0.43 to 0.57) 90 0.90 (0.74 to 1.06) <.01
Abdominal pain – I 329 0.26 (0.20 to 0.32) 90 0.48 (0.33 to 0.63) <.01
Pain – F 325 0.50 (0.43 to 0.58) 90 1.21 (1.03 to 1.39) <.01
Pain – S 325 0.51 (0.43 to 0.59) 90 1.36 (1.17 to 1.54) <.01
Pain – I 325 0.30 (0.23 to 0.36) 89 0.88 (0.69 to 1.07) <.01

*Groups were considered statistically different when CIs did not overlap between children with different performance levels. AE ¼ adverse event; CI ¼ confidence inter-

val; F ¼ frequency; S ¼ severity; I ¼ interference; Ped-PRO-CTCAE ¼ Pediatric Patient-Reported Outcomes version of the Common Terminology Criteria for Adverse

Events; T2 ¼ time 2.

†Medication use was reported by the caregiver or parent.
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symptoms would be statistically significantly worse at T2 did
not prove to be true for all patients or symptoms. For this rea-
son, responsiveness of the items should be further explored in
longitudinal studies designed with strong clinical anchors to
best capture change over time. Additional studies that include
non-English-speaking participants are also warranted.

In conclusion, this study provides strong evidence to support
use of the Ped-PRO-CTCAE measurement system with children
and adolescents (7–18 years) receiving cancer treatment.
Coupled with mounting support for the inclusion of patient-
reported data for evaluating safety and efficacy of cancer treat-
ments in trials (37), the demonstrated validity and reliability of
the Ped-PRO-CTCAE support its incorporation into future pedi-
atric oncology trials. Further, these items have been designed
for ease of administration and interpretation and lend them-
selves well to longitudinal use in pediatric oncology care.
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