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Abstract
Background: Individuals with genetic neurodevelopmental disorders (GNDs]) or intellectual

disability (ID) are often affected by complex neuropsychiatric comorbidities. Targeted treatments

are increasingly available, but due to the heterogeneity of these patient populations, choosing a
key outcome and corresponding outcome measurement instrument remains challenging.
Objectives: The aim of this scoping review was to describe the research on outcomes and
instruments used in clinical trials in GNDs and ID.

Eligibility criteria: Clinical trials in individuals with GNDs and ID for any intervention over the
past 10years were included in the review.

Sources of evidence: MEDLINE, PsycINFO, and Cochrane CENTRAL were searched. Titles
and abstracts were independently screened for eligibility with a subsample of 10% double-
screening for interrater reliability. Data from full texts were independently reviewed.
Discrepancies were discussed until consensus was reached.

Charting methods: Information was recorded on patient populations, interventions, designs,
outcomes, measurement instruments, and type of reporter when applicable. Qualitative and
descriptive analyses were performed.

Results: We included 312 studies reporting 91 different outcomes, with cognitive function
most frequently measured (28%). Various outcome measurement instruments (n=457)
were used, with 288 in only a single clinical trial. There were 18 genetic condition-specific
instruments and 16 measures were designed ad-hoc for one particular trial. Types of report
included proxy-report (39%), self-report (22%), clinician-report (16%]), observer-report (6%),
self-assisted report (1%), or unknown (16%]).

Conclusion: This scoping review of current practice reveals a myriad of outcomes and
outcome measurement instruments for clinical trials in GNDs and ID. This complicates
generalization, evidence synthesis, and evaluation. It underlines the need for consensus

on suitability, validity, and relevancy of instruments, ultimately resulting in a core outcome
set. A series of steps is proposed to move from the myriad of measures to a more unified
approach.
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Plain Language Summary

individuals and patient-centered care.

Navigating the maze of outcome measures in rare disorders

Treatments for genetic neurodevelopmental disorders and intellectual disability are
increasingly available. However, it is hard to find appropriate instruments to measure
whether these treatments are working. This hampers research and means some patients
might not get the treatment they need. This scoping review provides an overview of
investigated outcomes in this group, and with which instruments these are measured.
It reveals that many different and overlapping outcomes are measured, complicating
gathering, combining, and comparing of evidence. This scoping review underlines the
need for harmonization and consensus on suitability, validity, and relevancy. Steps are
proposed to move from the maze of outcome measures to a unified approach. Also,
we provided recommendations for researchers to measure what matters to affected

Keywords: intellectual disability, measures, outcomes, psychiatry, quality of life, rare genetic

disorders
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Introduction

Intellectual disability (ID) occurs in 1-3% of the
population and is characterized by substantial
limitations in both intellectual functioning and
adaptive behavior, originating during the devel-
opmental period.-> Exogenous factors such as
an infection and birth complications may cause
ID,* and with novel techniques such as exome
and genome sequencing, a genetic etiology can

(a)

be identified in up to 50% of the individuals with
ID with many more awaiting diagnosis>® (Figure
1). Although these genetic neurodevelopmental
disorders (GNDs), including syndromic ID and
neurometabolic disorders, are individually rare,
collectively they are common.”® In GNDs, the
level of intellectual functioning is variable, rang-
ing from normal or borderline functioning to
profound ID.%!! Although GNDs and ID
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Figure 1. [Continued]
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Figure 1. (a) Schematic representation of target populations. Importantly, it represents an indication rather than a precise scaled
proportion of target populations. (b) Domains of interest (blue boxes) to this review (symptom and functional status related to
neurological functioning, and the overarching concepts of perceived health and overall quality of life). This is based on the conceptual
model of health outcomes from Valderas and Alonso which incorporates both the commonly used models of the ICF and Wilson and

Cleary.'2'3 Figure adapted from Valderas and Alonso.
ICF, International Classification of Functioning, disability and h

populations have often been separately studied,
there is substantial overlap in patient
populations.

Individuals with GND and ID are often affected
by complex somatic and neuropsychiatric
comorbidity, with great inter- and intra-individ-
ual variability. Neuropsychiatric manifestations
typically cause the greatest burden for the
affected individual, their families, and on health-
care systems, with a substantial clinical and
economic burden.'* The Food and Drug

ealth.

Administration (FDA) considers clinical out-
come assessments (COAs), including patient-
reported outcomes (PROs), clinician-reported
outcomes (ClinROs), observer-reported out-
comes (ObsROs), and performance outcomes
(PerfOs), well-defined and reliable assessments
of affected individuals’ symptoms, overall mental
state, or how they function (Box 1).15-17

Knowledge about the genetic etiology of GNDs
rapidly increases and offers disorder-specific
treatment options which can be targeted to the
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Box 1. Definitions and abbreviations of commonly used terminology with regard to outcomes and outcome measurement
instruments.12.15.18.19

Definition Abbreviation Explanation

Clinical outcome assessment* COA A clinical outcome assessment describes or reflects how a person feels,

Outcome

Outcome measurement
instrument

functions, or survives and can be reported by the affected individual, a
non-clinical observer (such as parent), a health-care provider, or through
performance of an activity or task.

An outcome refers to a construct or domain. In the context of a clinical trial, it
refers to what is being measured on trial participants to examine the effect of
exposure to a health intervention (e.g. anxiety).

An outcome measurement instrument specifically refers to how the outcome is
being measured. It is a tool to measure a quality or quantity of the outcome. It
can be used to identify meaningful change for the individual, evaluate the effect of
interventions, demonstrate the impact and value of interventions, identify areas
for improvement, and benchmark against other interventions. Power calculations
are often based on the chosen primary outcome measure. In literature, the term
outcome measure has often been inconsistently and interchangeably used to
refer to both the outcome and outcome measurement instrument; we consider
using ‘outcome measure’ as an abbreviation of ‘outcome measure instrument’.

Patient-reported outcome PRO A type of clinical outcome assessment, based on a report that comes directly
from the affected individual about the status of the health condition.

Patient-reported outcome PROM Instrument or tool utilized to measure PROs to evaluate the affected individuals’

measure* health status from their perspective. For individuals with an ID who are not able
to complete a measure, a PROM can also be a proxy-report provided that it is
someone who knows the affected individual well and fills out the PROM from the
affected individual’s perspective.

Clinician-reported outcome* ClinRO A type of clinical outcome assessment, based on a report that comes from a
trained health-care professional after observation of a patient’s health condition.

Performance outcome* PerfO A type of clinical outcome assessment, based on standardized task(s) actively
undertaken by an affected individual according to instructions.

Observer-reported outcome*  0bsRO A type of clinical outcome assessment, based on a report of observable signs,

Proxy

Generic outcome measure

Condition-specific outcome
measures

Personalized outcome
measure

events, or behaviors related to an affected individual’s health condition by
someone other than the affected individual or a health-care professional, such as
a parent, teacher, or caregiver.

Someone who reports an outcome as if they were the affected individual
themselves. Proxies report on behalf of the affected individual, in contrast
to an observer-report in which the informant provides information about the
manifestations and condition.

A measure for a health concept that is relevant to a wide range of patient groups,
enabling aggregation and comparison across varied conditions and settings.

A measure capturing elements of health relevant to a particular patient group or
designed for a specific patient population.

A measure that refers to an instrument in which the domains and/or weights
are not fixed. Outcome areas are specific for each individual and the affected
individual (or proxy) is involved in identifying and setting specific outcome
areas. In clinical trials, these are intended for standardized evaluation of an
intervention’s effectiveness based on individualized problems or goals.

*Adapted from the FDA.
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gene, protein, or downstream biological path-
way.20 It allows for personalized care, which is the
implementation of etiology-drive health monitor-
ing and treatments.2! For neuropsychiatric mani-
festations, targeted treatments are underway?2-2>
and guidelines are increasingly available.2°

However, interventional research in GNDs and
ID is challenging. This is due to the rarity, com-
plexity, and variability of health manifestations,
even among individuals with the same disorder,
as well as the heterogeneity in treatment
response.?’” Other hurdles in these populations
include varying cognitive and adaptive abilities,
environmental factors, high rate of behavioral and
emotional disturbances, a lack of stability, prac-
tice effects, and lack of consensus on the best
measures within a particular construct.?® Many
outcomes have been measured in the past, but
assessments of disease severity using clinical rat-
ing scales omitted patient perspectives about
issues of relevance to their health. Deciding upon
an appropriate outcome measure can be a daunt-
ing task, taking into account the acceptability and
feasibility, and important measurement proper-
ties, such as validity, reliability, and responsive-
ness to change.

Noticeably, selection of outcome measures for a
study has far-reaching implications. Previous tri-
als that did not demonstrate significant clinical
benefits based on the primary endpoints have
been deemed ‘negative’ or ‘failed’ even though
improvement on secondary endpoints or in clini-
cal subgroups may be present,?® as happened for
clinical trials investigating the effects of Arbaclofen
in Fragile X syndrome.?%30 As such, inappropri-
ate outcomes Or outcome measurement instru-
ments can result in negative results about the
effectiveness of interventions, potentially mean-
ing that truly effective treatments do not become
available to patients and their families.20-3!

The aim of this scoping review was to provide an
overview of outcomes and outcome measurement
instruments selected in clinical trials in individu-
als with ID and GNDs, measured by COAs
focusing on neurological functioning, mental and
social functioning, and the overarching concepts
of perceived health and health-related quality of
life (HR-QoL). The findings from this scoping

review may serve as a starting point for discussion
about relevant outcomes and outcome measure-
ment instruments and result in a series of steps
and recommendations to move to a more unified
approach in clinical trials in individuals with ID
and GNDs.

Methods

We followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis
(PRISMA) Protocols, and the PRISMA exten-
sion for Scoping Reviews (PRISMA-ScR) check-
list32:33  (see Supplemental Figure 1). The
methodological framework was posted in advance
on the Open Science Framework: https://osf.
i0/2zmxv/.

Eligibility

Clinical trials for any intervention were included
in the review, including comparative studies (ran-
domized and non-randomized), single-case trials
and single-arm case series (retrospective and pro-
spective), and trial protocols. Validation and fea-
sibility studies, and economic evaluations were
excluded. GNDs were defined as disorders with a
genetic etiology affecting the nervous system in
early development. GNDs associated with ID
were included (Figure 1). ID was defined as sub-
stantial limitations in both intellectual function-
ing and adaptive behavior, originating during the
developmental period.! Neurometabolic disor-
ders, consisting of a subgroup of rare genetic
hereditary conditions in which the impairment of
a biochemical pathway is essential to the patho-
physiology of the disease,?* were included in case
they are associated or presented with intellectual
deficits/impairment. Studies were included when
a participant showed intellectual impairments.
Exclusion criteria included ID explicitly stated to
be due to exogenous factors.

Studies were included if these used a COA, that
is, a PRO, ClinRO, ObsRO, or PerfO, with regard
to at least one domain of interest (Box 1; Figure
1). Condition-specific and personalized outcome
measures were included as well (Box 1). Biological
and physiological variables were excluded.
Clinical trials with only epilepsy characteristics or
motor function as outcome without another COA
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about mental or social functioning, general health
perceptions, or HR-QoL were excluded to nar-
row the scope of the review. Eligible assessments
included descriptions related to neurological
functioning, mental and social functioning, and
general health perceptions or HR-QoL.

Search strategy and study selection

MEDLINE (Ovid), PsycINFO, and Cochrane
CENTRAL were searched from 2012 to 2022,
with assistance of a clinical research librarian
(JGD). A list of genetic disorders associated with
ID was composed using the human phenotype
ontology (HPO) database on https://hpo.jax.org/
app/. All terms describing a genetic disease
assigned to the subontology ID were included;
collectively the HPO-ID list of GNDs.
Furthermore, a search strategy for ID without
known genetic etiology was used in combination
with terms for trials (https:/osf.io/2zmxv/). A
time limit of the last 10years was applied due to
feasibility reasons and abundancy, and to identify
the most recent clinical trials, as the field of trials
for rare diseases is emerging quickly. Additional
papers were identified by reference list checking.
To enhance precision of search results, VOSviewer
was used to visually identify potentially irrelevant
terms eligible for exclusion with corresponding
network visualization, contributing to disam-
biguation. These included Duchenne muscular
dystrophy, retinitis pigmentosa, and Charcot-
Marie-Tooth disease (Supplemental Material
Figure 2). Prior to excluding a category, records
were screened and checked to confirm exclusion
criteria. When for a specific trial both a research
article and trial protocol from a register were
available, only the research article was included.

The application Rayyan was used for screening.3>
Titles and abstracts were independently screened
for eligibility by six reviewers (AM, BdH, EB, LB,
MB, and AvE) who all screened one-sixth of the
selected items, with a subsample of 10% double-
screening for interrater reliability. The proportion
of discrepancies in the double-screening varied
from 0% to 5%, mainly due to uncertainty about
whether a specific disorder was associated with
intellectual impairments. Discrepancies were dis-
cussed until consensus was reached. In case of
uncertainty about whether the population met
inclusion criteria, an expert with regard to the
specific condition was consulted. Full texts were

screened for eligibility, and data were indepen-
dently reviewed by seven reviewers (AM, BdH,
EB, LB, MB, NvS, and AvE) with a sample of
10% double-reviewing for interrater reliability.
Potential discrepancies were solved through
discussion.

Data extraction

The following data were extracted: title, year of
publication, first author, journal, countries of
study, type of study, number of participants,
GND/neurometabolic  disorder/heterogeneous
ID of unknown cause (if neurometabolic disor-
der, this category was used; GNDs and neuro-
metabolic disorders can overlap), diagnosis,
patient characteristics (including age, sex, sever-
ity of ID), design, duration of trial, randomiza-
tion, blinding, intervention, comparator used,
type of COA, reported outcomes, outcome meas-
urement instruments and version, whether it con-
cerned a condition-specific or personalized
outcome measure, type of report, number of
assessments, mode of data collection, setting, and
involvement of patient/parent perspectives
regarding the choice of outcome measures. The
reported outcomes were classified according to
the most commonly used terms by the authors of
the included studies. As for outcomes related to
behavior, the term ‘behavior’ was used when gen-
eral behavior was reported or when it was not fur-
ther specified. Otherwise, terminology for specific
behavior was reported, such as ‘repetitive behav-
ior’. When version of the outcome measurement
instrument was specified, information is provided
in the Supplemental tables when reported by the
authors of the included clinical studies. Due to
limited reporting and the large number of differ-
ent instruments used, numbers corresponding to
the outcome measurement instruments were used
regardless of different versions.

Outcome measurement instruments were classi-
fied based on the reported outcomes and infor-
mation provided in the articles using a conceptual
model of health outcomes from Valderas and
Alonso, which is a combination of the classifica-
tion system of Wilson and Cleary and the
International Classification of Functioning,
Disability and Health [Figure 1(b)].12:3¢ Domains
included symptoms, physical function, mental
function, social function, general health percep-
tions, and HR-QoL. Additionally, cognitive
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function was included as a separate domain to
better distinguish mental health domains, consid-
ering the target population.

Results

Of 4507 identified citations, 312 studies met the
inclusion criteria, with 251 research articles and
61 trial protocols in registers.

Study characteristics, population,

interventions, and methodology

Study populations differed across the studies,
including heterogeneous populations with ID of
unstated etiology (=143, 46%), GNDs (=135,
43%), and neurometabolic disorders (n=34,
11%). Specific genetic or metabolic diagnoses
that were included are presented in Table 1.

Sample sizes of identified trials ranged from 1 to
452 (median=40) participants. Interventions
included drug (n=123, 39%), diet or supplement
(n=14, 4%), and non-drug interventions such as
behavioral  interventions (n=175, 56%).
Randomization was used in 224 (72%) of the stud-
ies. Studies were not blinded (=155, 50%), sin-
gle-blinded (=10, 3%), double-blinded (n=85,
27%), or blinding was unclear (n=62, 20%).

In 7 (2%) of the clinical trials, it was explicitly
mentioned that affected individuals or represent-
atives were involved in the choice of outcome
measures.

Reported outcomes

There were 438 different outcomes reported
(Supplemental Material A), which we clustered
into 91 different outcomes based on the most
commonly used terminology (Table 2). Cognitive
function was measured most frequently (z=333,
28% of the measurements). Twenty-eight
reported outcomes (31%) consisted of a combi-
nation of several outcomes, such as cognitive
function and motor function.

Outcome measurement instruments

Of the 457 different outcome measurement
instruments that were identified, 213 (47%) were
classified as instruments for PROs, 54 (12%) as
ClinROs, 48 (11%) as ObsROs, and 157 (34%)

Table 1. Number of clinical trials in ID of unstated etiology, genetic and

neurometabolic disorders included in this review.

Diagnosis N
ID of unstated etiology? 143
Down syndrome 33
Fragile X syndrome 23
Prader-Willi syndrome 23
Tuberous Sclerosis Complex 17
Mucopolysaccharidosis®:c 12
Neurofibromatosis type 1 9
Rett syndrome 8
Phenylketonuria® 7
Angelman syndrome 6
22q11.2 deletion syndrome 5
Niemann-Pick disease type C 4
Fragile X premutation-associated conditions 3
Smith-Magenis syndrome 3
1p36 deletion syndrome 2
Coffin-Siris syndrome 2
Cornelia de Lange syndrome 2
Kabuki syndrome 2
Metachromatic leukodystrophy 2
Phelan-McDermid syndrome 2
Succinic semialdehyde dehydrogenase deficiency 2
Williams syndrome 2
XYY syndrome¢ 2

Aicardi-Goutieres Syndrome
Alpha-mannosidosis
Classic galactosemia

Congenital lipomatous overgrowth, vascular
malformations, and epidermal nevi (syndrome)

Cyclin-dependent kinase like-5 deficiency disorder

Klippel-Trenaunay syndrome

1

[Continued)

journals.sagepub.com/home/trd


https://journals.sagepub.com/home/trd

THERAPEUTIC ADVANCES in

Rare Disease

Volume 5

Table 1. (Continued)

Diagnosis N
Leigh syndrome 1
Mitochondrial disorders 1
Pantothemate kinase-associated 1
neurodegeneration

Phosphomannomutase-2 congenital disorder of 1
glycosylation

Propionic acidemiac 1
Smith-Lemli-Opitz syndrome 1

20ne study included a participant with mucopolysaccharidosis type IV (Morguio
A syndrome) which was however not considered associated with the diagnosed

syndrome.

bMucopolysaccharidosis type | (n1=3), type Il (n=1), type IlIA (n=4), type lIB (n=3).
cDisorders that are not always associated with ID (i.e. due to advanced screening
and therapies), but (some) participants included in these studies were affected with
intellectual impairments.

as PerfOs. There were 288 (63%) outcome meas-
urement instruments that were used in only one
clinical trial. Another 16 (4%) outcome measure-
ment instruments were self-designed for the par-
ticular trial, classified as instrument for PROs
(n=12) and ObsROs (n=4). The outcome meas-
urement instruments used to measure PROs,
ClinROs, and ObsROs are reported in
Supplemental Material B. Instruments for PerfOs
measured cognitive function and physical func-
tion (Supplemental Material C). There were 18
condition-specific outcome measurement instru-
ments used in 30 (10%) clinical trials in total,
including instruments for Down syndrome,
Prader-Willi syndrome, phenylketonuria, mito-
chondrial disease, Rett syndrome, Fragile X syn-
drome, Niemann-Pick disease type C, and
phosphomannomutase deficiency congenital dis-
order of glycosylation (Supplemental Material B).
Two condition-specific outcome measurement
instruments were designed ad-hoc for the specific
trial.

The outcome measurement instruments classi-
fied as PROs, ClinROs, and ObsROs were used
as self-report (=183, 22%), self-assisted report
(n=17, 1%), proxy-report (n=327, 39%),
observer-report (=46, 6%), clinician-report
(n=132, 16%) or unclear (n=136, 16%). Within
proxy-report, parent-report was mentioned for
218 outcome measurements and teachers

reported for 31 measurements (Supplemental
Material B).

The instruments, classified according to the
Valderas and Alonso model (when applicable),
revealed representation of all health domains:
symptoms (n=26, 5%), physical function (n=34,
7%), mental function (=141, 29%), social func-
tion (n=80, 17%), general health perceptions
(n=16,3%), (HR-)QoL (=23, 5%), and cogni-
tive function including both performance-based
tests and rating scales (=161, 33%).

Discussion

This scoping review is the first overview of the
myriad of outcomes and outcome measurement
instruments used in clinical trials in GNDs and
ID of unknown cause. It provides insight into the
large number of (often differently reported) out-
comes and measurement instruments. Cognitive
function was most frequently measured. The
majority of instruments was used in only one clin-
ical trial. This review demonstrates the need for
harmonization, consensus on terminology, classi-
fication, and development of a core outcome set.
It serves as a starting point for discussion about a
more universal approach to the selection of rele-
vant outcomes and instruments, creating a bridge
between GNDs and ID fields to enable evidence-
based general ID care and measuring effective-
ness of innovative therapies.

Reported outcomes

From a total of 312 studies, there were 438 differ-
ent reported outcomes clustered into 91 different
outcomes. We encountered differences in termi-
nology for similar constructs, such as ‘aberrant
behaviors’, ‘challenging behaviors’, ‘behavioral
problems’, and ‘severe behavioral manifesta-
tions’. This may conflict with generalizability and
clarity among clinical trials, demonstrating the
need for semantic harmonization. Similarly, over-
lap in PROs across the International Consortium
for Health Outcomes Measurement standard sets
was recently examined, identifying 307 different
PROs referring to 22 unique PRO concepts.3?
Furthermore, (HR-)QoL was reported in 74 clin-
ical trials, wusing 23 different instruments.
Although HR-QoL is an important outcome, this
broad, abstract, and multidimensional concept
can cover different concepts, obscuring the
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Table 2. Reported outcomes and number of outcome measurement instruments used, clustered according to frequency of use (for
unclustered reported outcomes, see Supplemental Material A).

Reported outcomes Frequency Number of different PRO ClinRO ObsRO PerfO
outcome measurement
instruments used

Cognitive function 333 141 33 16 15 269
(HR-)QoL 74 23 72 2 0 0
Aberrant behavior [e.g. challenging/ 64 18 59 2 3 0

maladaptive/dysfunctional/destructive
behavior/(severe] behavioral
problems/manifestations]

(Clinical) global impression (including 64 16 15 49 0 0
severity/improvement)

Communication 59 35 " 0 13 35
Behavior (general/not specified) 45 23 36 3 6 0
Adaptive behavior 33 5 29 2 2 0
Depression and mood disorders 33 15 27 3 3 0
Autism 31 14 15 " 5 0
Anxiety 27 15 26 1 0 0
Mental health (e.g. global, well-being, 27 16 18 7 2 0

feelings, psychological wellness/
distress, symptoms of mental

disorder]

Social behavior 27 13 22 1 4 0
Sleep 26 12 19 0 7 0
Other/unclear 22 17 14 3 3 0
Motor function 20 19 3 7 2 8
Participation 18 (N 13 0 5 0
Personalized goals 14 6 13 1 0 0
Emotion regulation 13 (N 12 0 1 0
Activity M 7 9 0 2 0
Syndrome-specific symptoms 10 8 9 5 0 0
Academic skills 9 9 2 0 1 6
Attention 9 9 9 1 8 0
Repetitive behavior 9 2 8 1 0 0
Aggression 9 1 1 0 b 0
Anger 8 4 8 0 0 0

(Continued)
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Table 2. (Continued)

Reported outcomes Frequency Number of different PRO ClinRO ObsRO PerfO
outcome measurement
instruments used

Hyperphagia 8 1 7 1 0 0
Pain 7 6 7 0 0 0
Irritability 7 1 7 0 0 0
Self-injurious behavior 6 5 5 1 0 0
Eating behavior 9 4 5 0 0 0
Epilepsy 5 2 5 0 0 0
Psychiatric symptoms 5 3 1 4 0 0
Self-efficacy 5 5 3 1 1 0
Self-esteem 9 1 5 0 0 0
Ataxia 4 3 0 4 0 0
Neurological function 4 1 0 4 0 0
Social support 4 3 4 0 0 0
Stress 4 4 4 0 0 0
Substance use 4 3 4 0 0 0
Concerns 3 3 1 2 0 0
Psychosocial function 3 2 3 0 0 0
Post-traumatic stress disorder 3 2 3 0 0 0
Alertness 2 1 2 0 0 0
Coping behavior 2 2 2 0 0 0
Mentalizing abilities 2 2 0 0 0 2
Obsession and compulsivity 2 1 0 2 0 0
Resilience 2 2 2 0 0 0
Suicide 2 2 2 0 0 0
(Self-]Jcompassion 1 1 1 0 0 0
Acceptance 1 1 1 0 0 0
Apathy 1 1 1 0 0 0
Confusion 1 1 1 0 0 0
Dysarthria 1 1 0 1 0 0
Dyskinesia 1 1 0 1 0 0
Dystonia 1 1 0 0 1 0
[Continued]
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Table 2. (Continued)

Reported outcomes Frequency Number of different PRO ClinRO ObsRO Perf0
outcome measurement
instruments used

Empowerment 1 1 1 0 0 0
Hyperactivity 1 1 1 0 0 0
Life events 1 1 1 0 0 0
Psychosis 1 1 1 0 0 0
Satisfaction 1 1 1 0 0 0
Self-determination 1 1 1 0 0 0

Combined terms*

Attention; hyperactivity; impulsivity 11 6 10 1 0 0
Anxiety; depression and mood 7 2 7 0 0 0
disorders

Cognitive function; adaptive behavior 5 4 2 1 0 2
Cognitive function; motor function D 4 1 0 2 2
Behavior; emotion regulation 4 2 4 0 0 0
Self-efficacy; social support 4 2 4 0 0 0
Cognitive function; motor function; 3 3 0 1 1 1

communication

Behavior; cognitive function 2 1 0 2 0 0
Cognitive function; communication 2 2 0 0 0 2
Communication; activity; social 2 1 2 0 0 0
behavior

Depression and mood disorders; 2 1 2 0 0 0
behavior

Emotion regulation; social behavior 2 1 2 0 0 0
Emotion regulation; social behavior; 2 1 2 0 0 0

eating behavior

Aggression; social behavior 1 1 1 0 0 0
Anxiety; irritability 1 1 1 0 0 0
Cognitive function; behavior 1 1 0 0 0 1
Cognitive function; Communication; 1 1 1 0 0 0

social behavior

Cognitive function; Emotion regulation 1 1 0 0 0 1
Cognitive function; global impression 1 1 0 1 0 0
(Continued]
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Table 2. (Continued)
Reported outcomes Frequency Number of different PRO ClinRO ObsRO PerfO
outcome measurement
instruments used
Cognitive function; motor function; 1 1 0 0 0 1
emotion regulation
Communication; social behavior 1 1 1 0 0 0
Eating behavior; mental health 1 1 1 0 0 0
Emotion regulation; Social behavior; 1 1 1 0 0 0
activity
Irritability; hyperactivity 1 1 1 0 0 0
Mental health; autism 1 1 0 1 0 0
Pain; mental health; social behavior 1 1 0 0 1 0
Pain; stress; social behavior 1 1 0 1 0 0
Satisfaction; mental health 1 1 1 0 0 0

*Combined terms include outcomes that are measured with one instrument, consisting of a combination of several outcomes.
ClinRO, clinician-reported outcome; ObsRO, observer-reported outcome; PerfO, performance outcome; PRO, patient-reported outcome.

construct to be measured. According to the FDA,
an HR-QoL measure should at a minimum cap-
ture physical, psychological (including emotional
and cognitive), and social functioning.!8

Outcome measurement instruments

We identified 457 different outcome measure-
ment instruments to measure PROs (n=213),
ClinROs (n=54), ObsROs (#=48), and PerfOs
(n=157), with 288 instruments (63%) only used
in one clinical trial in the past decade. The large
number of different instruments used in clinical
trials is not surprising, considering the heteroge-
neity in levels of intellectual functioning, patients
and researcher preferences, availability of instru-
ments that are appropriate to specific conditions,
and regional preferences. Furthermore, for novel
drugs with yet unknown efficacy, multiple
domains might be studied requiring different
instruments, to investigate effectiveness and iden-
tify potential subgroups who benefit most from
the intervention. This is also reflected by the large
amount of ad-hoc designed symptom- specific
and condition-specific instruments, hampering
extrapolation and interpretation of the results.
Yet, it is laborious to examine validity, reliability,
and responsiveness of so many instruments. It

underlines the need for consensus on outcomes
and instruments, such as the Outcome Measures
Working Groups and expert groups convened by
the NIH,?%3° the ERICA PROMs Repository
(Endo-ERN), and the establishment and valida-
tion of the National Institutes of Health Toolbox
Cognitive Battery (NIH-TCB) for individuals
with ID.28:40,41

Type of reporter

Although instruments are generally developed as
one specific type of COA, similar instruments
were completed by different types of reporters
(e.g. a ClinRO instrument used as ObsRO by par-
ents). Furthermore, proxy-reports were substan-
tially more used (39%) than self-(assisted) reports
(23%). Although the use of proxy-reports is not
surprising in populations with ID, the validity of
proxy reflections of unobservable internal states
(e.g. anxiety or depression) is limited, as the per-
sonal perspective can only truly be understood by
the individual’s self-report.¥> Proxy-raters often
assess (HR-)QoL worse compared to individuals
themselves, indicating bias.¥>4° PROs may thus
be difficult to measure by proxy-reports,>®
although still providing valuable information.5! It
has been suggested that adolescents with ID can
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reliably report on their mental health status, with
instruments appropriate to their age, cognitive,
and visuospatial functioning.’?>3> However, a
recent study illustrated that there is currently no
self-report instrument with acceptable psycho-
metric properties available for assessing (HR-)
QoL and subjective well-being of adolescents with
ID.%2 Novel methods are upcoming such as expe-
rience sampling methods with the use of apps and
ID-friendly instruments.5455

The emergence of condition-specific and
personalized outcome measurement

instruments

In an attempt to measure the impact of a disease
and target-specific phenotypes without the need
for multiple tools,>%37 condition-specific (n=18)
and personalized (z=6) outcome measurement
instruments were used. Also, tools particularly
designed for a specific trial (r=16) were used.
Condition-specific PROMs have also been devel-
oped due to unavailability of proxy-versions for
adults with ID and criticism on appropriateness
of the existing instrument’s content and meas-
urement properties for the target population.>%-58
Such instruments might contain more relevant
items to complete, increasing acceptability
among affected individuals. However, results
might be difficult to generalize or interpret.
Furthermore, it is not feasible and desirable to
use condition-specific PROMs for more than
7000 rare disorders.5® It may also not be neces-
sary, as research has shown that PRO domains
that patients consider important are very similar
among patient populations.37

Generic instruments have the advantage of allow-
ing comparison of outcomes between different
disease (sub)groups. Generally, all individuals
want to feel and function well, such as living with-
out symptoms and being able to carry out daily
activities. Feelings and functions can be affected
by different health conditions, and these can
result to similar problems with considerable
overlap in relevant PROs across conditions,
which could be measured with one set of generic
outcome measures across conditions.?%37 Metho-
dological innovations, such as item response the-
ory (IRT), have been used to develop PROMs
with good measurement properties that are
applicable across different health conditions,
such as Patient-Reported Outcomes Measurement

Information System (PROMIS®).60-62 [RT-based
item banks are large sets of calibrated questions
measuring the same construct, enabling efficient
measurement through short forms or computer-
ized adaptive testing (CAT).41:63 This provides a
valuable solution, since redundant items for spe-
cific individuals will be minimized, increasing rel-
evance and efficiency.%*

To ensure relevance, personalized outcome meas-
urement instruments have gained emerging inter-
est, especially for rare and heterogeneous patient
populations since health manifestations are often
specific, variable, and complex.%> Instruments
such as Goal Attainment Scaling enable focusing
on personal goals and abilities.®® Additionally, by
including outcomes that are specifically relevant
to the affected individual, treatment adherence
might be enhanced as well.6” Also regulatory
agencies have increasing interest in the relevance
of what is being measured,® as treatment effects
might be statistically significant, but not clinically
or socially relevant, or vice versa.®

Recommendations for selecting outcomes

and instruments

In order to measure what matters to patients, sev-
eral factors should be taken into account when
selecting outcome measurement instruments in
clinical trials’® (Table 3). First, it should be
ensured that the construct being measured is rel-
evant to the patient. Including relevant outcomes
also contributes to recruitment and treatment
compliance.?867 Affected individuals and repre-
sentatives of the target population should be for-
mally involved in the choice of measured
outcomes, while now involvement was mentioned
in only 2% of the clinical trials.

When selecting instruments, their acceptability,
feasibility, and measurement properties should
be taken into account, for example, by validation
studies and using Consensus-based Standards
for the Selection of Health Measurement
Instruments criteria’! (Table 3). For already
over-burdened caregivers, outcome measure-
ment instruments can be time-consuming to
complete, and are often experienced as confront-
ing due to inappropriateness of questions, lead-
ing to poor acceptability.’® As such, IRT-based
item banks could be used to enable efficient
measurement through short forms or CAT.41:63
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Table 3. Recommendations, as provided by the authors, with regard to selecting outcomes and outcome
measurement instruments in clinical trials for individuals with GNDs and/or ID.

Considerations when selecting
outcomes and instruments

Recommendations

What construct will be measured?

Make sure the construct is relevant to the affected individual(s)

Formally involve affected individuals and/or representatives in
the selection of measured outcomes

What instrument(s) could be used?

Take into account measurement properties, such as validity,

reliability, and responsiveness to change
Consider PROMIS®, core outcome sets, NIH-TCB, ERICA PROMs

Repository

Consider using different types of outcome measurement
instruments, such as personalized measures, PROMs, and
biological or mechanistic measures, which may also be relevant
for translational research (e.g. measurable in animal studies)
to enable comparison of candidate drugs across models and

biomarkers

Is the instrument appropriate for this
target population?

Take into account acceptability and feasibility to increase
recruitment and compliance

Minimize study visits and burden and maximize measurements
in a natural setting (e.g. remote measurements and experience
sampling methods)

Who will be the reporter?

Attempt to (also) acquire information directly from the affected

individual, adapted to the level of functioning (e.g. smileys and
other symbols]

ERICA, European Rare Disease Research Coordination and Support Action consortium; GND, genetic neurodevelopmental
disorders; ID, intellectual disability; NIH-TCB, National Institutes of Health Toolbox Cognitive Battery; PROM,
patient-reported outcome measure; PROMIS, Patient-Reported Outcomes Measurement Information System.

Furthermore, it is recommended to attempt to
include (user-friendly) PROMs to acquire infor-
mation from the patient perspective, as also
encouraged by regulatory authorities such as the
FDA and European Medicines Agency
(EMA).72.73

Future outcome measure landscape

Because of the overgrowth of available outcome
measurement instruments, clinical researchers
need guidance in choosing appropriate outcome
measures in clinical trials. Regulatory agencies,
such as the EMA and FDA, encourage maintain-
ing consistency in assessment methods and are
placing focus on capturing the patient experience,
but poorly defined PRO objectives have hindered
the utility of PROs in regulatory decisions.%7¢ A
core outcome set or generic measure with disor-
der-specific or comorbidity-specific extensions
may provide a solution to ensure generalizability

and interpretation, and effectively target-specific
phenotypes in individuals with GNDs and ID. To
move from this ‘mess of measures’ to a more uni-
fied approach for future interventional research
for GNDs and ID, the field could take the follow-
ing steps:

e Reach (international) consensus on out-
comes (e.g. Delphi procedure) and estab-
lish a core outcome set for individuals with
GNDs and ID: terminology and constructs
should be relevant, clear, harmonized and
operationalized, in collaboration with
affected individuals, caregivers, and (meth-
odological and clinical) experts.

e Reach (international) consensus on the
most suitable instruments to be selected per
outcome, taking into account relevance,
applicability, patient preferences, validity,
reliability, responsiveness to change, (strat-
egies for controlling) learning effects, and
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language and culture barriers. Some instru-
ments may need to be adapted to individu-
als with ID.

e Implement the core outcome set or
(ID-friendly) generic measure(s) with
appropriate versions for different levels of
ID. This could be extended with disorder-
or comorbidity-specific measures (e.g.
symptom checklists) to cover relevant
condition-specific aspects.

Strengths and limitations

This scoping review is the first overview of out-
comes and outcome measurement instruments
used in clinical trials in GNDs and ID, examin-
ing the broad array of outcomes related to health
manifestations common in these patient popula-
tions, using state of the art classifications.
However, when conducting this review, we
faced some challenges. We initially aimed to
cluster the outcomes and outcome measure-
ment instruments according to the Valderas and
Alonso model.!? Domain assessment has rather
been an indication, as instruments should ide-
ally be assessed per subscale (unidimensional),
which was not feasible due to the enormous
amount of different outcome measurement
instruments. Furthermore, the terminology
used for the outcomes and outcome measure-
ment instruments was often unclear, lacking, or
inconsistently reported. We clustered reported
outcomes based on frequency of used terminol-
ogy, and thus do not refer to a standardized ter-
minology. Finally, we cannot recommend
specific outcome measurement instruments,
because psychometric properties were not inves-
tigated in this review.

Conclusion

This review provides insight into the large num-
ber of outcomes and outcome measurement
instruments reported in clinical trials for GNDs
and ID. The abundancy of available tools is prob-
lematic from an efficiency and generalizability
perspective, highlighting the need for a more uni-
versal approach to the selection of outcomes and
instruments. Moving forward, further collabora-
tive efforts are recommended to achieve consen-
sus on outcome selection. The output of this
review may serve as a starting point for discussion
about relevant outcomes and instruments in

GNDs and ID, and to develop a core outcome set
for these populations. Preferably, it will be appli-
cable for care as well as research purposes with
possible implications for market authorization
and reimbursement of (orphan) drugs to improve
patient-centered care by measuring what matters
to affected individuals.
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