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Patient Reported Outcomes Measurement Information System and
Quality of Life in Neurological Disorders Measurement System to
Evaluate Quality of Life for Children and Adolescents with
Neurofibromatosis Type 1 Associated Plexiform Neurofibroma

CrossMark

Jin-Shei Lai, PhD, OTR/L"*3, Sally E. Jensen, PhD'*, Joel Charrow, MD*°, and Robert Listernick, MD*®

Objective To assess the health-related quality of life of children with neurofibromatosis type 1-related plexiform
neurofibromas (pNF) using a battery of patient-reported outcome measures selected based on a conceptual frame-
work derived from input by patients, parents, and clinicians regarding the most important pNF symptoms and concerns.
Study design There were 140 children with pNF ages 8-17 years who completed the Patient-Reported Out-
comes Measurement Information System (including domains anxiety, depressive symptom, psychosocial stress ex-
periences, fatigue, pain interference, meaning and purpose, positive affect, peer relationships, physical function-
mobility) and Quality of Life in Neurological Disorders measurement system (stigma) via an online platform. T-scores
for each measure were compared with US population norms.

Results Children with pNF reported significantly worse scores than the population norms on 8 of 10 domains.
Children with at least 1 family member having a diagnosis of neurofibromatosis type 1 and those having pain re-
ported significantly worse symptoms and functioning on all domains. Boys reported significantly worse pain inter-
ference, stigma, meaning and purpose, mobility function, and upper extremity function than girls.

Conclusions Children with pNF experience significantly worse health-related quality of life on all but 1 domain,
highlighting the importance of monitoring children’s quality of life over time in clinical research and practice. Future
research should evaluate the replicability of these findings and evaluate the validity of the Patient-Reported Out-
comes Measurement Information System and Quality of Life in Neurological Disorders measurement system in re-
lation to clinical characteristics among children with pNF. (J Pediatr 2019;206:190-6).

eurofibromatosis type I (NF1) is an autosomal-dominant, tumor suppressor gene syndrome characterized by the de-
velopment of multiple nerve sheath tumors in the central and peripheral nervous system and affects approximately 1
in 2700 individuals." A subset of individuals with NF1 (25%-50%) develop plexiform neurofibromas (pNFs), benign
peripheral nerve sheath tumors with expanded extracellular matrix that grow along the length of a nerve, involving its mul-
tiple fascicles and branches.”* Generally congenital, pNFs vary in growth across the lifespan, with morbidity depending on their
size and location.” Aside from their potentially significant effect on cosmesis, pNF may cause substantial morbidity to owing
compression and invasion of organs and lead to pain or dysfunction ultimately conferring substantial decrements to quality of
life (QOL).**® Complete surgical resection is generally impossible because pNF
tend to intertwine with surrounding tissue, but chemotherapy, previously unsuc-
cessful, has begun to yield promising preliminary results.”*’ The significant symptom
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Recent research used interviews with pediatric patients,
parents, and clinicians to develop a conceptual framework in-
cluding 5 domains important to include when assessing pNF
outcomes: pain, social functioning, physical function impact,
stigma, and emotional distress’; instruments to measure these
domains are available in Patient-Reported Outcomes Mea-
surement Information System (PROMIS),"" and Quality of Life
in Neurological Disorders measurement system (Neuro-QoL),"
This article reports the results from our study to evaluate QOL
reported by children with pNF using the PROMIS and
Neuro-QolL.

Eligible participants were recruited from 3 sources: (1) the Chil-
dren’s Tumor Foundation NF Patient Registry (NF registry)
by identifying eligible patients in the database, (2) the re-
gional NF1 organizations across the country by posting the in-
vitation to participate on their websites and their social media
communication channels, and (3) the Ann & Robert H. Lurie
Children’s Hospital of Chicago by placing study flyers in the
clinic as well mailing invitation letters to eligible patients. Eli-
gible patients were ages 8-17 years old, had a confirmed
diagnosed of NF1, had at least 1 pNF in any location
(symptomatic or asymptomatic), and were fluent in English.
Parents of eligible participants needed to be fluent in English
to provide informed consent. Children aged 12-17 were re-
quired to provide assent. This study was approved by the Ann
& Robert H. Lurie Children’s Hospital Institutional Review
Board.

Participants were provided a custom link to complete
questionnaires. Children completed pediatric measures from
the PROMIS, including domains anxiety,” depressive
symptoms," psychosocial stress experiences,' fatigue,”” pain
interference,'® meaning and purpose,"” positive affect,'® peer
relationships, physical function-mobility,"” and physical
function—upper extremity function'® via computerized adap-
tive tests (CAT).”**' Participants also completed an 8-item
stigma® from the Neuro-QoL measurement system and a
single 0-10 rating for pain intensity. Positive (eg, meaning
and purpose) and negative (eg, pain interference) worded
measures were grouped separately and were randomly admin-
istered to balance order effect. Parents provided demographic
and clinical information of their children and rated their
children’s symptom burden using a 9-item PROMIS global
health.” These measures were chosen to capture key con-
cerns addressed by children with pNF, their parents, and
experts in pNE° All these measures demonstrated acceptable
psychometric properties and were available for CAT admin-
istration. In CAT, all participants first completed a screening
item. An initial score was estimated based on the response
using the preprogrammed algorithm and the next most
informative item around the estimated score on the measure-
ment continuum was administered by the algorithm, following
which the score was reestimated based on the participant’s
response to that item. This iterative estimation process
continued until the stopping rule was met. As a result,
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precise estimation could be achieved by using just a few
items because only the most informative item was chosen.”»** 2
CATs were used in this study to capture children’s health-
related QOL (HRQOL) in a comprehensive manner without
adding too much respondent burden. Scores were reported
using a T-score metric with a norm of 50 and SD of 10.
Thus, the scores from these measures can be compared
with the US general population as well as other pediatric
patient populations, providing a standard benchmark for
the interpretation of scores. Higher scores represent worse
functioning on measures of stigma, anxiety, depression,
psychosocial stress experiences, fatigue, and pain interfer-
ence. For other measures, higher scores represent better
functioning.

Statistical Analyses

We compared patients’ HRQOL with the US general popula-
tion using means with 95% Cls. Test-statistics and analysis
ANOVA were used to evaluate whether there were signifi-
cantly different HRQOL scores between sex and the family
history of a NF1 diagnosis (yes/no); and whether HRQOL
discriminated patients based on (1) the presence or absence
of pain or itch, (2) age at diagnosis (<5, 5-9, and 10-17 years
old), (3) numbers of café-au-lait spots (0, <6, 6-20, and
>20), (4) reported cognition (no problems, learning prob-
lems, attention problems, and both learning and attention
problems), and (5) other clinical characteristics. ANOVA was
also used to evaluate how well HRQOL discriminates chil-
dren’s health as measured by using parent-reported PROMIS
Global Health measuring general health, overall QOL, physi-
cal health, mental health, sadness, peer relationships (having
fun with friends), family communications (your child feels
that you listen to his or her ideas), fatigue, and trouble
sleeping owing to pain.

Data from 140 children with pNF were analyzed. Their de-
mographic and clinical information are shown in Table I. Mean
age was 12.5 years (SD, 2.7), 64.3% were boys, 62.3% were white,
32.3% attended mainstream schools without receiving an in-
dividualized educational program, and 44.3% had at least 1
family member who was diagnosed having NF1. The average
number of missed school days in the past month was 3.94 (SD,
5.58). More than 50% received a pNF diagnosis when they were
younger than 5 years old; 48.6% had 6-20 and 37.9% had more
than 20 café-au-lait spots; 35.6% reported having chronic itch;
and 67.1% had pain. The top 5 locations that children re-
ported their pNFs located were back (42.9%), neck (31.4%),
head (29.3%), chest (22.1%), and legs (21.4%).

Analyses

The Figure and Table I show descriptive information and
score distributions of the HRQOL measures. The Figure
depicts patient-reported HRQOL scores compared with norms
using T-scores metric (50; SD, 10). Figure, A shows domains
in which higher scores represent worse functioning and
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Table I. Patient demographic and clinical information
Mean
Variables (SD) or %
Age (years) 12.53 (2.7)
Days missed school in the past month 3.94 (5.58)
Sex
Boy 64.29
Girl 35.71
Type of classroom attending
Mainstream classroom, no IEP 32.03
Mainstream classroom, with IEP 55.47
Special education classroom within a regular school 4.69
Special education school 2.34
Home school 5.47
Race
White 64.29
Black or African American 30.00
Family history of NF1
None 4714
Yes 44.29
Not sure 8.57
Age at diagnosis (years)
<5 57.14
5-9 26.43
10-17 16.43
Café-au-lait spots: how many?
No 0.71
Yes: <6 12.86
Yes: 6-20 (inclusive) 48.57
Yes: >20 37.86
pNF(s): how many?
No 4.29
Yes: 1 39.29
Yes: 1-5 42.86
Yes: >5 6.43
Don't know/not sure 7.15
Chronic itching
No 58.57
Yes 38.57
Unsure 2.86
Received chronic itching treatment
No treatment 62.96
Yes 37.04
Pain
No 32.86
Yes 67.14
pNF locations
Head 29.29
Neck 31.43
Chest 22.14
Arms 15.71
Legs 21.43
Abdomen 12.14
Spine 19.29
Back 42.86
Not sure 3.57
Treatment received
Drug 37.86
Radiation 10.00
Surgery 17.86
No treatment 45.71
Not sure 0.71
Any learning or attention problems in school
No 12.50
Learning problems 37.50
Attention problems 11.67
Both learning and attention problems 36.67
L Not sure 1.67 )

IEP, individualized education plan.
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Figure, B depicts domains in which higher scores represent
better functioning. Respondents reported significantly worse
scores than the norms on 8 of 10 domains. Patients reported
fatigue (mean, 50.3) and pain interference similar to that
which was reported by the general population. Patients re-
ported 1 SD (10 T-scores) worse meaning and purpose
(mean, 40.1) and upper extremity function (mean, 39.7)
than the norm, 0.5 SD (5 T-scores) worse than the norm on
psychological stress experience (mean, 56.8), mobility (mean,
40.9), and peer relationships (mean, 43), and 0.25 SD (2.5
T-scores) worse than the norm on anxiety (mean, 53.2),
depressive symptoms (mean, 53.5), stigma (mean, 53.3), and
positive affect and well-being (mean, 46.4). As shown in
Table I, the number of items administered by CAT ranged
from 5.2 (meaning and purpose) to 8 (upper extremity
function).

The top 3 concerns reported by parents regarding their chil-
dren were sadness (29.45% always or often), physical health
(23.94% poor or fair), and trouble sleeping when the child had
pain (23.45% often or almost always). The least frequently re-
ported concerns were listening to the child’s ideas (7.57% never
or rarely), general health (13.01% poor or fair), and having
fun with friends (14.48% never or rarely). All HRQOL mea-
sures significantly differentiated participants with different levels
of health as measured by parents’ responses to the PROMIS
Pediatric Global Health measure, with P <.001 on all com-
parisons (health, QOL, physical health, mental health, feeling
really sad, having fun with friends, listening to child’s ideas,
pain), except “my child got tired easily” on meaning and
purpose (P < .05), peer relationships (P <.05), and positive
affect and well-being (P <.01).

ANOVA and test statistics results are summarized in Table II.
A post hoc analysis (Tukey test) indicated that boys reported
worse pain interference, stigma, meaning and purpose, mo-
bility, and upper extremity function than girls. Children with
at least 1 family member having a diagnosis of NF1 and those
having pain reported significantly worse symptoms and func-
tioning on all HRQOL domains. Children with chronic itch
reported worse peer relationships. Children who were diag-
nosed under age 5 (vs 5-9 years and 10-17 years of age) re-
ported fewer symptoms and better functioning on all HRQOL
domains except peer relationships. Children with 1-5 pNFs (vs
only 1) reported worse depressive symptoms, fatigue, and pain
interference. Unexpectedly, children with more than 20 café-
au-lait spots reported better meaning and purpose, mobility,
and upper extremity function than those with 6 or fewer café-
au-lait spots. Children with learning problems reported worse
anxiety, depressive symptoms, fatigue, stigma, pain interfer-
ence, psychological stress experiences, mobility, and upper ex-
tremity function than those who did not report either learning
or attentional problems. Children with both learning and
attentional problems reported worse depressive symptoms,
fatigue, stigma, psychological stress experiences, mobility, peer
relationships, and upper extremity function. Significant upper
extremity function scores were found on all comparisons, except
between children with attentional problems vs those with both
learning and attentional problems. There were no significantly
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Figure. Child-reported HRQOL compared with those of the norming sample, in which the mean is 50 and the SD is 10. Error
bars represent 95% Cls. A, Measures with higher scores represent worse functioning (mean, 53.2, 53.54, 50.25, 53.32, 49.75,
and 56.76 for anxiety, depressive symptom, fatigue, stigma, pain interference, and psychological stress experiences, respec-
tively). B, Measures with higher scores represent better functioning (mean = meaning and purpose, mobility, peer relationship,
positive affect and well-being, and upper extremity function, respectively).

different HRQOL scores found on other demographic and clini-
cal characteristics.

Children with NF1 are likely to experience poorer HRQOL than
their peers in multiple domains, such as motor, cognitive, social
functioning, self-esteem, positive and negative emotions, and
psychological adjustment.””*° Although children with NF1 who
have pNF have been considered to experience relatively infe-
rior HRQOL, most studies have been performed in children
with NF1 irrespective of pNF status. To fill this gap, we evalu-
ated HRQOL reported by children with pNE. Our results in-
dicate that children with NF1 with pNF report worse scores
in almost all domains when compared with a normative sample
of the pediatric PROMIS measures. Fatigue and pain inter-
ference were the only domains in which children with pNF did
not differ from the normative sample on average. However, both
measures had medians of 52 and the 75th percentile were about

62 (Table III), suggesting that some children experienced worse
fatigue and pain interferences; however, their scores were av-
eraged out by those who did not. Because children likely ex-
perience symptoms throughout their lifespan owing to the
noncurable nature of pNF and their HRQOL remains af-
fected into adulthood,”"* exploring potential factors influ-
encing their HRQOL could assist in developing interventions
to alleviate the negative impact from pNFs.

Pain, family history, and age at diagnosis were the 3 most
prominent factors contributing to children’s functioning. Sixty-
seven percent of our sample reported having pain, which was
higher than reported in the literature.”** This finding was ex-
pected because previous studies included a mixed sample of
NF1 and pNF, and our sample was restricted to only children
with pNFE. The finding that pain negatively affected children’s
HRQOL was not surprising and has previously been recog-
nized in the literature.®*"*>* In contrast, children with a family
history of NF1 unexpectedly reported worse functioning and
well-being than those who did not. Because there is no extant
literature on the impact of NF1 family history on patients’
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Table II. Comparisons of HRQOL scores on demographic and clinical characteristics
Number of
Family w/NF1 Chronic Age at café-au-lait Number Attention or
Sex besides your child itch Pain diagnosis spots of pNFs learning problems
Anxiety NS <.0001 NS <.0001 0.0004 NS NS .0293
Depressive symptoms NS <.0001 NS <.0001 <.0001 NS .0097 .0071
Fatigue NS <.0001 NS <.0001 .0013 NS .0126 .0094
Stigma .0123 <.0001 NS <.0001 .0118 NS NS .007
Pain .0065 <.0001 NS <.0001 .0004 NS .0293 .0331
Psychological stress experiences NS <.0001 NS <.0001 .0003 NS NS .0115
Meaning and purpose .0018 .0249 NS <.0001 <.0001 .031 NS NS
Mobility .0011 <.0001 NS <.0001 <.0001 .0151 NS .0004
Peer relationships NS .0232 .0468 .0022 NS NS NS NS
Positive affect and well-being NS .0001 NS .0033 .0154 NS NS NS
L Upper extremity function .0017 <.0001 NS <.0001 <.0001 0134 NS <.0001 )

NS, not significant.

Age at diagnosis: <5 years old (n = 80); 5 (inclusive) to 10 (n = 37); 10 (inclusive) to 17 years (n = 23).

Number of café-au-lait spots: <6 (1-6, n = 18; no, n = 1); 6-20 (n = 68); >20 (n = 53).
Number of pNF: no (n=6); 1 (n=55); 1-5 (1=60); > 5 (n=9).

Attention or learning problems: no problem (n = 15); attentional problem only (n = 14); learning problems only (n = 45); both attentional and learning problems (n = 44).

HRQOL, replication of this finding is warranted to explore its
underpinnings. Another unexpected finding was how numbers
of café-au-lait spots impacted patient-reported meaning and
purpose, mobility, and upper extremity function. Similar to
the NF1 family history, future studies with a large and repre-
sentative sample are needed to understand the relationship
between numbers of café-au-lait and patients reported QOL.

Deficits in cognitive functioning, attention skills, language
development, and behavioral regulation have all been associ-
ated with poorer social competence and outcomes in chil-
dren and adolescents with NF1.%*7%*% Gutmann et al further
suggest that attention deficit/hyperactivity disorder and social
perception problems are perhaps the most devastating com-
plications of NF1 in childhood.” Our results showed that chil-
dren with attentional and/or learning problems report worse
symptoms and functioning on most domains, including stigma;
however, no significant differences were found on peer rela-
tionships, meaning and purpose, or positive affect and
well-being.

This study has several strengths as well as limitations. This
study used CATs to measure HRQOL reported by children with
pNE. Because CATs provide precise estimation with few in-
formative items, we were able to obtain more comprehensive

HRQOL information by administering multiple PROMIS mea-
sures without increasing substantial response burden to
children.” Instead of exclusively recruiting children from local
NF1 clinics, we expanded our recruitment nationwide via sup-
portive organizations, such as the Children’s Tumor Founda-
tion. As a result, we were able to obtain a relatively large and
more diverse sample compared with those in current avail-
able literature. However, we relied on parents’ report of their
children’s clinical information because we were unable to access
medical records. Past studies have compared clinical informa-
tion obtained from self-report and extracted from medical chart
review with various conclusions. For example, Gupta et al
studied data from more than 5000 patients with breast cancer
and found high validity for patient self-reported informa-
tion for a variety of disease and treatment-related variables."'
Conversely, Caterino and Graham found that patients in the
emergency department identified more antimicrobial resis-
tance risk factors by themselves than chart review.” Informa-
tion reported by our study sample was similar to those variables
documented in the literature (eg, pain, family history, etc),
which enhanced the validity of clinical characteristics re-
ported by our sample. We used the same clinical form used
by the Children’s Tumor Foundation registry to ensure

4 )

Table III. HRQOL score distributions among patients surveyed
95% CI Score distribution (in percentile)

HRQOL measure No. of items (SD)*  Mean SD Lower bound  Upperbound  Minimum 25th  50th  75th  Maximum
Anxiety 7.2 (2.8) 53.2 12.2 51.2 55.2 31.9 439 543 629 83.2
Depressive symptoms 6.7 (2.9) 53.5 12.2 5185 55.6 31.8 454 550 647 82.1
Fatigue 7.3(2.7) 50.2 14.0 479 52.6 25.6 4.7 51.4 61.9 84.0
Meaning and purpose 52 (1.1) 40.1 7.7 38.7 415 20.0 356 377 456 64.3
Mobility 6.2 (2.8) 40.9 9.8 39.2 425 22.4 32.5 38.5 46.8 61.7
Pain interference 7.3(3.2) 49.8 134 47.5 52.0 32.0 354 517 618 82.3
Peer relationship 5.9 (2.2 43.0 91 415 44.6 19.2 384 405 464 66.0
Positive affect and well-being 53 (1.1) 46.4 7.6 451 47.7 27.2 422 43.6 49.1 69.7
Psychological stress response 5.7 (2.0) 56.8 9.8 55.1 58.5 34.6 487 579 647 76.2
Upper extremity function 8.0 (3.3 39.7 124 37.6 41.9 16.0 26.8 37.7 50.9 57.3

L Stigma* 8 (0) 53.3 8.0 52.0 54.7 37.1 485 550  59.1 70.1 )

*Number of items administered in CAT. Stigma was assessed using an 8-item short-form.
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consistency between the 2 databases for future studies. Infor-
mation such as socioeconomic status was not available and we
were unable to evaluate contributions from environment or
family factors to children’s HRQOL. Future studies should take
these factors into accounts.

In conclusion, we found that children with NF1 with pNFs
experience significantly worse HRQOL on all but 2 domains
when compared with the normative sample, highlighting the
importance of monitoring children’s HRQOL over time during
their follow-up visits so as to provide prompt interventions.
We have developed a guide to select appropriate measures
for evaluating HRQOL for children with pNF (http://
www.healthmeasures.net/applications-of-healthmeasures/
guidance/recommended-healthmeasures). Studies are needed
to evaluate the replicability of our findings and to evaluate the
validity of the PROMIS measures in relation to clinical char-
acteristics. PROMIS CATs provide precise estimates of HRQOL
without adding substantial response burden and has been in-
tegrated into the EPIC medical record system (2017 version
or later), which allow for systematically monitoring patients’
symptoms from childhood into adulthood. B
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