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Abstract

BACKGROUND: Clinicians are the standard source for adverse event (AE) reporting in oncology 

trials, despite the subjective nature of symptomatic AEs. The authors designed a pediatric patient-

reported outcome (PRO) instrument for symptomatic AEs to support the National Cancer 

Institute’s Common Terminology Criteria for Adverse Events (CTCAE) (the Pediatric PRO-

CTCAE). The current study developed a standardized algorithm that maps all possible Pediatric 

PRO-CTCAE response patterns to recommended CTCAE grades to improve the accuracy of AE 

reporting in pediatric oncology trials.

METHODS: Two rounds of surveys were administered to experienced cancer clinicians across 9 

pediatric hospitals. In round 1, pediatric oncologists assigned CTCAE grades to all 101 possible 

Pediatric PRO-CTCAE response patterns. The authors evaluated clinician agreement of CTCAE 

grades across response patterns and categorized each response pattern as having high or low 

agreement. In round 2, a survey was sent to a larger clinician group to examine clinician 

agreement among a select set of Pediatric PRO-CTCAE response patterns, and the authors 

examined how clinical context influenced grade assignment.

RESULTS: A total of 10 pediatric oncologists participated in round 1. Of the 101 possible 

patterns, 89 (88%) had high agreement. The Light weighted kappa was averaged across the 10 

oncologists (Light kappa = 0.73; 95% CI, 0.66–0.81). A total of 139 clinicians participated in 

round 2. High clinician agreement remained for the majority of generic response patterns and the 

clinical context did not typically change grades but rather improved agreement.

CONCLUSIONS: The current study provides a framework for integrating child self-reported 

symptom data directly into mandated AE reporting in oncology trials. Translating Pediatric PRO-

CTCAE responses into clinically meaningful metrics will guide future cancer care and toxicity 

grading.

Keywords

adverse events; patient-reported outcomes; pediatric oncology; toxicity grading

INTRODUCTION

Up to 60% of children diagnosed with cancer participate in a clinical trial.1–3 The federal 

government mandates that all trials collect and report adverse events (AEs), defined by the 

National Cancer Institute as “Adverse Event (AE) is any unfavorable and unintended sign 

(including an abnormal laboratory finding), symptom, or disease temporally associated with 

the use of a medical treatment or procedure that may or may not be considered related to the 

medical treatment or procedure.”4 Thus, AE reporting is an essential activity to ensure 
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patient safety and to provide data to sponsors, regulators, patients, caregivers, and clinicians 

regarding treatment effects. The standard practice in oncology trials is for clinicians to grade 

and report all AEs using the National Cancer Institute’s Common Terminology Criteria for 

Adverse Events (CTCAE).5

Evidence from multiple studies in pediatric cancer populations has demonstrated that 

clinicians and caregivers underreport the number and severity of symptoms, such as nausea 

and insomnia, compared with self-report from children.6–9 These studies have suggested that 

there is a need to better capture the symptom experiences through direct self-report by the 

child. More accurately measured symptom AEs will help clinicians to improve the AE 

grading required for clinical trials, as well as enhance patient care, by guiding treatment 

modifications and supportive care guidelines to reduce symptom burden and morbidity.

In response to this need, our team designed the Pediatric Patient-Reported Outcome version 

of the Common Terminology Criteria for Adverse Events (Pediatric PRO-CTCAE), which to 

the best of our knowledge is the first pediatric self-report symptom AE measure designed for 

use in pediatric oncology trials. As previously described, the Pediatric PRO-CTCAE item 

library can assess up to 62 symptom AEs that are relevant and content valid for children and 

adolescents receiving cancer treatment.10,11 However, for the Pediatric PRO-CTCAE 

measurement system to be adopted in pediatric oncology trials and cancer care settings, we 

must translate self-report data from the Pediatric PROCTCAE questions into meaningful 

units for clinicians. This approach may enhance clinicians’ understanding of the child’s 

symptom AE experience and guide appropriate toxicity grading and cancer care.

The goal of the current study was to develop a mapping algorithm to be used as a clinician 

decision aid that will convert all possible Pediatric PRO-CTCAE response patterns into 

recommended CTCAE grades that are interpretable to clinicians. This mapping process was 

performed through a consensus process with pediatric oncologists and other clinicians 

experienced in treating children and CTCAE grading in pediatric oncology trials. These 

recommended grades provide complementary information from the child and/or adolescent 

to facilitate more comprehensive clinician CTCAE grading and to enhance understanding of 

the patient’s symptoms in clinical care.

MATERIALS AND METHODS

Participants

The current study involved 2 survey rounds and built on our established collaborations with 

the 9 pediatric hospitals involved in the design of the Pediatric PRO-CTCAE system: 

Children’s Healthcare of Atlanta, Children’s Hospital Los Angeles, Children’s Hospital of 

Philadelphia, University of Pittsburgh Medical Center Children’s Hospital of Pittsburgh, 

Children’s National Health System, Dana-Farber Cancer Institute, Duke University (round 2 

only), St. Jude Children’s Research Hospital, and the University of North Carolina at Chapel 

Hill. The University of North Carolina at Chapel Hill Office of Human Research deemed the 

study exempt research.
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Measures

Pediatric PRO-CTCAE measurement system—The Pediatric PRO-CTCAE was 

designed for children and adolescents to self-report symptom AEs they experience while 

undergoing cancer treatment.10,11 The system consists of a library of 62 symptom AEs 

assessed by 130 items. Each AE (eg, fatigue) has up to 3 attributes that were selected by 

experienced pediatric oncology clinicians in a prior study.11 Attributes include symptom 

presence, frequency, severity, and/or interference with daily activities. The recall period for 

all items is “the past 7 days,” and each question within an attribute has up to 4 response 

options. Figure 1 depicts the Pediatric PRO-CTCAE questions and response categories for 

pain as an exemplar. An adult PRO-CTCAE exists with a different number of items, more 

response options, and different item wording; for these reasons, a different mapping 

algorithm to CTCAE will be made available.

Common Terminology Criteria for Adverse Events—The CTCAE (version 5.0) is a 

lexicon for clinicians to grade severity and report up to 837 AEs experienced by patients 

receiving cancer treatment.4 Although each AE has its own specific grading criteria, in 

general the grades are characterized as grade 0 (no AE), grade 1 (mild symptoms), grade 2 

(moderate symptoms limiting instrumental activities of daily living [ADL]), grade 3 (severe 

symptoms limiting self-care ADL), grade 4 (life threatening), and grade 5 (AE-related 

death). In the current study, we did not include CTCAE grades 4 or 5 because patients would 

not be able to self-report these grades (Fig. 1). Previously, this group of investigators 

reviewed the CTCAE (version 4.0) terms that were amenable to self-report by children aged 

≥7 years, resulting in the 62 symptom AEs selected for inclusion in the Pediatric PRO-

CTCAE.11

Study Design

Round 1 survey—The goal of the first round of surveys was to assess levels of clinician 

agreement regarding CTCAE grades across all possible Pediatric PRO-CTCAE response 

patterns to understand when there was consensus in grading. We created a mapping sheet 

that would enable pediatric oncologists to provide their expert opinion regarding translating 

generic Pediatric PRO-CTCAE response combinations (ie, without clinical information such 

as the type of symptom AE) into equivalent recommended CTCAE grades. The mapping 

sheet contained all possible combinations of responses to the Pediatric PRO-CTCAE and 

included corresponding blank spaces for oncologists to assign their recommendation for the 

comparable CTCAE grade (see Fig. 2 for example). In total, there were 101 possible 

combinations.

Participants were pediatric oncologists who were attending physicians with ≥5 years of 

experience grading the CTCAE and treating diverse pediatric oncologic diseases. Individual 

oncologists who assisted with the design of the Pediatric PRO-CTCAE were invited to 

participate in the first round of surveys. The mapping sheet was distributed by email to 

facilitate easy completion, and each oncologist was sent a $10 gift card once the mapping 

sheet was returned. Next, completed mapping sheets were summarized and CTCAE 

recommendations were tallied for each response combination. Each Pediatric PRO-CTCAE 

response pattern was categorized as high agreement or low agreement using the Cohen 
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kappa statistic. Given multiple raters and ordinal ratings, we adopted the Light version12 

(averaging Cohen kappa statistics across all possible pairs among the 10 oncologists) of 

weighted kappa13 (multiplying each cell of the observed contingency table by squared 

distances between 2 ratings). The influence of prevalence on kappa has been found to be 

negligible.14 For further assurance, we also calculated the intra-class correlation for 

quantifying agreement among raters (2-way random with single measure).15 High agreement 

was defined as an individual CTCAE grade (grade 0–3) with ≥70% agreement noted among 

the senior pediatric oncologists. Low agreement was defined as no single grade for a 

response pattern having a percentage >70%. Landis and Koch classified a 70% level of 

agreement as “substantial agreement.”16 Two calls were held with all participating 

oncologists once the votes were tallied to review the results. To reduce respondent burden 

for the subsequent survey, these senior oncologists voted on which low agreement response 

patterns should be passed forward to round 2 of the study to seek input from a broader range 

of clinicians. If one oncologist voted to seek additional input on a response pattern, then the 

response pattern was moved forward to round 2.

Round 2 survey—The second survey round had 4 goals. The first goal was to evaluate 

clinician agreement regarding CTCAE grading for generic Pediatric PRO-CTCAE response 

patterns with low levels of agreement from round 1 among a large, diverse group of pediatric 

oncology clinicians. We did not expect our larger sample to reach consensus, but rather we 

wanted to confirm which response combinations were challenging to grade as well as 

understand the distribution of recommended grades among these items. The second goal was 

to confirm that Pediatric PRO-CTCAE response patterns categorized as high agreement in 

round 1 continued to be categorized as high agreement among the larger group of clinicians 

in round 2. We included a subset of high agreement response patterns from round 1 only to 

reduce respondent burden. The third goal was to assess whether clinicians assigned different 

CTCAE grades to generic Pediatric PRO-CTCAE response patterns when compared with 

the same response patterns for which additional clinical information was provided (eg, 

cancer type, treatment modality, and AE). This evaluation addressed the variation in 

assigning a CTCAE grade to a generic Pediatric PRO-CTCAE response pattern based on the 

clinical characteristics of the child. Finally, the fourth goal was to evaluate whether the 

context changed clinician CTCAE grading when patient-level factors varied (eg, boy or girl, 

chemotherapy or radiotherapy) within clinical scenarios.

The round 2 survey included 2 parts. The first part asked the clinicians to assign CTCAE 

grades to generic Pediatric PRO-CTCAE response patterns with low agreement that were 

passed forward from round 1, as well as a subset of high agreement generic response 

patterns from round 1. To assess whether context influences clinician grading, investigators 

(including pediatric oncologists) created clinical vignettes using Pediatric PRO-CTCAE 

response patterns that varied AE information (eg, fatigue vs nausea) and patient 

characteristics (ie, age, sex, treatment modality, and cancer diagnosis). The second part of 

the survey included these clinical vignettes with added context to inform CTCAE grading 

decisions. Figure 3 presents an example scenario, including the level of detail provided. The 

majority of the clinical vignettes had a generic Pediatric PRO-CTCAE response pattern 

counterpart that appeared earlier in the survey, which allowed us to determine whether 
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grading differed. In addition, the survey included demographic questions regarding clinician 

characteristics (eg, institution and years of practice).

Physicians, nurse practitioners, and physician assistants with at least 2 years of experience 

grading the CTCAE and treating diverse pediatric oncologic diseases were eligible to 

participate. A representative from each of our 9 sites recommended clinicians from their 

respective site and provided contact information for those individuals. In total, we received 

contact information for 238 clinicians. Investigators then drafted an email that explained the 

goals of the study and each site representative sent this email to their nominated clinician 

colleagues. Afterward, clinicians were sent an individual survey link through Qualtrics, and 

2 additional reminders. As a show of gratitude, each clinician was given a $5 gift card.

Generic Pediatric PRO-CTCAE responses were categorized as low agreement and high 

agreement using the same thresholds as in round 1. Given a repeated-measures design and 

rank data, we used the Wilcoxon signed rank test to compare scenarios in which we varied 

one element (eg, age, diagnosis, or treatment) within the clinical vignettes. We also used the 

Wilcoxon signed rank test when comparing generic Pediatric PRO-CTCAE response 

patterns with response patterns containing clinical context.

RESULTS

Round 1 Survey

In round 1, a total of 10 senior pediatric oncologists, representing 8 institutions, were 

approached to participate and all 10 completed the mapping sheet. For overall levels of 

interrater agreement, Light’s weighted kappa for ordinal measures averaged 45 possible 

pairs across the 10 oncologists was 0.73 (95% CI, 0.66–0.81). As an alternative measure of 

rater agreement, the intraclass correlation was 0.729 (95% CI, 0.67–0.79). Both statistics 

indicate a substantial level of agreement and good clinical significance.17

Of the 101 possible Pediatric PRO-CTCAE response patterns, 69 (68%) had high agreement, 

with 23 response patterns having unanimous agreement. The remaining 32 response patterns 

were categorized as low agreement; of these, the clinician members of our team selected 19 

patterns to be passed to round 2 of the survey.

Low-agreement patterns included unlikely scenarios, such as if a patient reported symptom 

frequency of “almost all the time,” symptom severity of “did not have any,” and symptom 

interference of “a whole lot.” In addition, clinicians disagreed with regard to which response 

combinations warranted moving to a higher recommended CTCAE grade. There was 

particular disagreement concerning when a response pattern should remain at grade 2 and 

when it should be moved to grade 3. Overall, we observed that oncologists were more likely 

to assign a higher CTCAE grade to a response combination if the AE interfered with daily 

activities. In other words, oncologists tended to rely more on the interference attribute than 

frequency or severity.
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Round 2 Survey

A total of 27 generic Pediatric PRO-CTCAE response combinations (8 high agreement and 

19 low agreement) and 25 clinical vignettes were included in the round 2 survey. In round 2, 

a total of 238 clinicians were sent the survey link and 139 participated (response rate, 58%) 

(see Supporting Table 1). For overall agreement across 139 clinicians, considering all 27 

(generic) response patterns, the Light’s weighted kappa was 0.57 (95% CI, 0.48–0.63). The 

median amount of time needed to complete the survey was 16 minutes.

Of the 19 low-agreement response patterns included in round 2, 13 patterns (68%) remained 

low agreement among the 139 clinicians (see Supporting Table 2). Of the 8 high-agreement 

response patterns from round 1, 5 response patterns (63%) continued to have high agreement 

in round 2.

There were 14 clinical vignettes with a generic response pattern counterpart. For 8 of the 14 

response patterns (57%), the median assigned CTCAE grade differed significantly when 

clinical context was provided, based on the Wilcoxon signed rank test (Table 1). Among 

those 8 pairs that differed significantly, the most recommended CTCAE grade remained the 

same across the generic response pattern and clinical vignette for 5 cases: pruritus, vomiting, 

fecal incontinence, dyspepsia, and constipation. For 2 response patterns, adding clinical 

context (ie, diarrhea, chills) resulted in the most recommended CTCAE grade to shift down 

from a grade 3 to a grade 2. The final significant response pattern changed from a grade 1 

(without context) to a split between grades 1 and 2 when neuropathy was indicated for the 

response pattern. However, in general, clinician agreement regarding recommended CTCAE 

grade assignment improved when clinical information was added to the response patterns. 

This finding was consistent across all the response patterns we assessed in round 2, with the 

exceptions of neuropathy, abdominal pain, and chills.

Within clinical vignettes, we paired scenarios and varied the treatment type (chemotherapy 

vs radiotherapy), type of symptom AE (nausea vs anxiety; edema vs fatigue), patient sex 

(boy vs girl), patient age (9 years vs 16 years), and type of cancer (Ewing sarcoma vs acute 

lymphoblastic leukemia). There were no statistically significant differences noted between 

any of the pairs in terms of the median clinician recommended CTCAE grade (P > .01).

DISCUSSION

We believe the current mapping study provides a framework for integrating child and 

adolescent self-report symptom AE data into mandated AE reporting in oncology trials. The 

overall study goal was to develop a standardized algorithm for translating Pediatric PRO-

CTCAE response patterns into recommended CTCAE grades that would inform the 

clinicians’ AE grading. After 2 survey rounds with experienced pediatric clinicians, we 

herein have presented Pediatric PRO-CTCAE response patterns that are mapped to 

recommended CTCAE grades (see Supporting Table 3). Prior pediatric studies have shown a 

poor correlation between PROs and clinician perception of patient symptoms and side 

effects.8,18 As such, incorporating the patient’s voice via the Pediatric PROCTCAE could 

enhance clinician understanding of symptom AEs, and augment clinician-patient 

communication regarding the identification and treatment of therapy-related AEs.
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In certain cases of low agreement, we recommended 2 possible grades, with the final 

decision to be made by the clinician after conversation with the patient. We believe this 

approach may be a strength in certain settings. For example, for a patient with neuropathy, 

there may be a subjective distinction if a patient presents with some symptoms that fall into 

grade 2 but some that fall into grade 3 (eg, tripping), and these decisions may be influenced 

by such things as the patient’s age or activity level. Our approach allows for more depth and 

flexibility for a given symptom AE, and the recommended CTCAE grade based on this 

algorithm should not be accepted blindly, but rather taken into consideration along with a 

thorough review with the child.

Clinicians for the most part were consistent with their grading, especially when clinical 

information was added to response combinations. The current study findings support the 

generalizability of the mapping algorithm. However, there were instances (Table 1) when 

clinician-assigned grades differed when context was provided compared with response 

patterns when no context was provided. In one case, adding the symptom of neuropathy to a 

generic response pattern resulted in a change in the most endorsed grade from grade 1 (91% 

endorsed with generic) to grade 2 (58% endorsed with neuropathy). Differences in grading 

are important because they may lead to dose reductions or delays in the provision of 

chemotherapy or other treatments. In certain cases, a difference of 1 grade could lead to the 

patient being removed from protocol therapy. As an example, grade 3 vincristine-related 

neuropathic pain may lead to dose modification of a drug that is an important component of 

curative therapy. Current use of CTCAE and the Balis scale both are subjective and difficult 

to assess in children.5,19 The current study finding that clinicians may be influenced in their 

grading of AEs by contextual information indicates that the addition of patient input via 

Pediatric PRO-CTCAE may better inform the clinician as to the true severity of the 

symptom AE and give guidance regarding the risk/benefit ratio in specific patients and their 

treatment. This information highlights how the Pediatric PRO-CTCAE system may enhance 

the accuracy of AE reporting in pediatric oncology trials. Presenting the child’s responses to 

the clinician has the potential to have a large impact, especially in trials for new novel agents 

with low-grade, chronic toxicities, or those for which the symptom pattern profile is unclear.

In addition, we found that clinicians tended to give greater weight to the symptom attribute 

of interference with daily activities compared with other attributes such as symptom severity 

or frequency. This finding suggests that clinicians perceive interference as an important 

factor when determining the tolerability of a drug, which is consistent with the CTCAE, 

which tends to shift grades higher if ADLs are impaired.

There were limitations to the current study. In the second round of surveys, we repeatedly 

asked about the same response patterns, but in different contexts, and it is possible that some 

clinicians may have remembered what grade they assigned the earlier pattern in the survey. 

However, we did not alert the clinicians that they would see the same response patterns 

repeatedly, and clinicians most likely were not focused on this survey as a memory test. In 

addition, although we made every effort to sample clinicians from different pediatric 

hospitals using different cancer treatment protocols, it is possible that the clinicians 

participating in the current survey may not be generalizable to the larger population of 

pediatric oncology clinicians. All these pediatric cancer hospitals also were academic cancer 
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centers, which are the institutions at which the majority of children with cancer receive care, 

and at which most clinical trials take place.

After the current study, we will examine how this mapping algorithm performs using data 

we have collected from children and adolescents and their providers who have participated 

in our longitudinal study. We will evaluate how the recommended CTCAE grades from the 

current study correlate with actual CTCAE grades assigned by clinicians for children who 

are actively undergoing cancer treatment. In addition, we plan to evaluate the feasibility of 

the routine collection and use of the Pediatric PROCTCAE in pediatric oncology trials and 

clinical practice. Success will rely in part on how well the children’s reported data are 

presented to the clinicians. We recommend presenting both the child’s individual responses 

to the Pediatric PRO-CTCAE and the recommended CTCAE grade(s), based on this 

mapping algorithm, to the clinician to maximize understanding of the child’s experiences. 

We also encourage discussion between the clinician and the child to determine the final 

CTCAE grade.

Accurate AE monitoring is an essential component of trial safety, design, and outcomes 

because differences in AE grading can lead to dose modifications or removal of a patient 

from a trial. Equally important, better AE reporting will improve patient safety and enhance 

drug labeling accuracy. Although the CTCAE system was designed for use in oncology 

trials, it often is used in clinical care to guide treatment decisions, including drug dosing and 

supportive care interventions.20–22 The availability of both the child’s reported symptom AE 

experience from the Pediatric PRO-CTCAE system and the recommended CTCAE grade(s) 

will greatly promote consistent and valid data with which to inform decision making.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
The Pediatric Patient-Reported Outcome version of the Common Terminology Criteria for 

Adverse Events (Pediatric PRO-CTCAE) questions for pain and corresponding response 

options presented alongside the CTCAE grades for pain. ADL indicates activities of daily 

living.
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Figure 2. 
A sample subsection of the mapping sheet that oncologists completed. Pediatric PRO-

CTCAE indicates Pediatric Patient-Reported Outcome version of the Common Terminology 

Criteria for Adverse Events.
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Figure 3. 
An example of the type of scenario presented to clinicians for the round 2 survey. ADL 

indicates activities of daily living; Pediatric PRO-CTCAE, Pediatric Patient-Reported 

Outcome version of the Common Terminology Criteria for Adverse Events.
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