Received: 29 July 2020

Revised: 19 January 2021

W) Check for updates

Accepted: 19 March 2021

DOI: 10.1002/ajmg.a.62220

ORIGINAL ARTICLE

AMERICAN JOURNAL OF EXE
medical genetlcs WILEY

Natural history study of adults with Wolf-Hirschhorn
syndrome 2: Patient-reported outcomes study

John C. Carey?

!Department of Pediatrics, Division of Medical
Genetics, University of Utah, Salt Lake City,
Utah, USA

24p-Support Group, Delaware, Ohio, USA

3Sanford Research, Sioux Falls, North
Dakota, USA

“Department of Developmental Neuroscience,
IRCCS Stella Maris Foundation, Pisa, Italy

Correspondence

John C. Carey MD, MPH, Professor of
Pediatrics, University of Utah Health,
295 Chipeta Way, Salt Lake City,

UT 84108, USA.

Email: john.carey@hsc.utah.edu

Funding information
American Society of Human Genetics

1 | INTRODUCTION

| AmandaLortz? | Alyssa Mendel® | Agatino Battaglia*

Abstract

Wolf-Hirschhorn syndrome (WHS) is a contiguous gene disorder consisting of prena-
tal and postnatal growth deficiency, distinctive craniofacial features, intellectual dis-
ability, and seizures. The condition is caused by a partial loss of material from the
distal portion of the short arm of chromosome 4 (4p16.3). While there are many
reports of individuals with WHS, useful data on long-term survival and life status of
adults with the syndrome are very limited. There are only 11 reports of individuals
over the age of 18 years in the literature. Establishing the medical manifestations of
adults with WHS would be helpful in establishing appropriate health supervision
guidelines. This study was one component of a two-part investigation on adults with
WHS. This patient-reported outcomes study (PROS) was accomplished by using the
registry of rare diseases at Sanford Research, Coordination of Rare Diseases (CoRDS)
at Sanford. Thirty family members or caretakers of 30 adults with WHS/4p- entered
into the CoRDS registry and completed some or all of the survey data. Twelve care-
takers completed the recently-added survey on activities of daily living. Two of the
individuals with WHS were partly independent while 10 required total care. The
results provide novel information on daily life and independence in adults with WHS.
Importantly, the majority of caretakers reported that the adults were in good health.
The data from both parts of the study will contribute to our knowledge of the natural
history of the syndrome and guide in establishing appropriate health supervision
guidelines for adults with WHS.
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Information, however, on long-term survival and status of older per-

sons is very limited with only 11 well-characterized adults recorded in

The Wolf-Hirschhorn syndrome (WHS) is a contiguous gene disorder
consisting of the four defining core manifestations of growth defi-
ciency (both prenatal and postnatal), recognizable craniofacial fea-
tures, varying degrees of intellectual disability, and seizures (Battaglia
et al, 2015). The syndrome is caused by a partial loss of material from
the distal portion of the short arm of chromosome 4, band 4p16.3
(Battaglia et al., 2015). There are many reports and case series of indi-
viduals with WHS documented since the original two papers in 1966
by Wolf and Hirschhorn (Battaglia et al., 2015; Hirschhorn, 2008).

the medical scientific literature (Battaglia et al., 2018, 2021;
Opitz, 1995). Knowledge of natural history and manifestations in
adulthood of the syndrome would inform clinicians in the establish-
ment of appropriate health supervision guidelines throughout life, not
just for childhood.

Documentation of clinical and phenotypic data derived from
patient registries has become an important method in the investiga-
tion of the natural history of rare syndromes (Glassford et al., 2016).

In recent years, patient-reported outcome studies have been

Am J Med Genet. 2021;185A:2065-2069.

wileyonlinelibrary.com/journal/ajmga

© 2021 Wiley Periodicals LLC. | 2065


https://orcid.org/0000-0002-6007-8518
https://orcid.org/0000-0002-7128-7606
mailto:john.carey@hsc.utah.edu
http://wileyonlinelibrary.com/journal/ajmga
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fajmg.a.62220&domain=pdf&date_stamp=2021-05-05

CAREY ET AL.

2066 AMERI.EAN JUURNAL.UF PART
—I—Wl LE'Y —medical genetics

recognized as a valuable source of data (Deshpande et al., 2011). The
purpose of this study is to delineate the natural history of adults with

WHS using patient-reported data from an international rare disease

registry.

2 | METHODS

This overall investigation comprises two methodologies divided into
two parts: A case series of 28 individuals, which is reported in a sepa-
rate paper (Battaglia et al., 2021), and this patient-reported outcomes
study (PROS). Thirty caretakers and parents of individuals over
18 years of age voluntarily answered a survey instrument consisting
of demographic, cytogenetic, and medical issues. These data were
entered into the online Coordination of Rare Diseases at Sanford
(CoRDS) database (https://research.sanfordhealth.org/rare-disease-
registry). CoRDS is based at Sanford Research in Sioux Falls, South
Dakota, and is a nonprofit research institution that hosts a centralized
international patient registry for rare diseases. CoRDS works with
patient advocacy groups, individuals, and researchers to capture medi-
cal information of a rare diagnosis. Currently, CoRDS has 77 “partners”
and over 50 have developed registries. The CoRDS 4p minus Support
Group Registry was created in 2014 and is one of the longest standing
registries within the system. Currently, 103 caretakers of persons of
all ages with 4p- have registered with CoRDS and entered data into
the online survey.

The survey was developed by the authors using a framework cre-
ated by CoRDS for the registries. The questions for the survey were
adapted from the comprehensive questionnaire on the medical issues of
the syndrome used by two of the authors in prior work (AB, JCC)
(Battaglia et al., 2015). Three parents recruited by one of the authors
(AL) completed the survey providing input about the clarity of questions
and the time for completion; their input led to some revisions. A number
of scientific publications have been published on survey data developed
by CoRDS in collaboration with their partner groups, and an example
was recently published in this journal (Giangiobbe et al., 2020).

Thirty parents or caretakers of 30 individuals with 4p- over
18 years of age entered online, gave consent, and answered the ques-
tions. (The survey instrument is available in the Supplemental Files
online.) The submitted information is curated by the team at CoRDS.
The University of Utah team sought and received Institutional Review
Board (IRB) approval from both the University of Utah Health IRB and
the IRB at Sanford Research. The patient data were anonymized by
the CoRDS staff (AM) and sent to one of the authors (JCC) digitally.
The data were analyzed and tabulated by the authors and represent
the results of this study, which focuses on the adult-onset medical

problems and activities of daily living in individuals with WHS.

3 | RESULTS

Caretakers of 30 adults over the age of 18 years completed some or
all of the survey by September 30, 2019. Families of individuals with

WHS/4p- were recruited by the 4p- Family Support Group to enroll
into the CoRDS registry in July of 2014; enrollment gradually
increased from 2014 to 2019, and in the summer of 2019 the families
were informed by a coauthor (AL) that additional survey questions
had been added regarding older individuals with the condition (com-
plete survey in Supplemental Information online). Denominators men-
tioned below varied according to the number that responded to the
survey question. Twelve caretakers of adults enrolled on the website
in September of 2019 and represent the bulk of the data presented
below. Table 1 displays the number of parents/caretakers who com-
pleted the sections of the survey.

Four of the 30 adults had their 4p deletion due to an unbalanced
translocation, the remainder having a presumed simple deletion of 4p.
All of the participants had deletions involving the critical region of
4p16.3, most detected by a banded chromosome study due to their
age of diagnosis being prior to the availability of cytogenomic microar-
ray. Twenty-six of the 30 were from the United States and four indi-
viduals were from Europe, Canada, and Australia. Two of the
30 individuals were deceased. Twenty-one of 28 individuals were
female (two of the 30 registered did not answer this question), con-
firming the female predominance of WHS documented previously in
the literature (Battaglia et al., 2015). The average age of the 30 individ-
uals with WHS was 30 years (rounded to the nearest year, range
22-64 years), similar to the average of the 12 individuals (29 years)
whose parents or caretakers enrolled in September 2019.

Notable results regarding medical issues are documented in the
bar graphs (see Figure 1). Five of the 12 caretakers indicated that their
family member was having seizures. Ten of the 12 had delayed erup-
tion of adult teeth with retention of deciduous teeth. Two of the
12 were being followed for scoliosis, one of the 12 had osteoporosis,
one had a previous history of leukemia, and one of the 12 had diabe-

tes of unknown type. Further medical details on these medical

TABLE 1 Summary of major sections of the CoRDS registry
survey instrument and Number of caretakers completing the section

# of parents/caretakers

Major sections® completing section

Instructions 30
Permissions and data sharing® 30
Demographic information® 30
Diagnosis 30

Primary diagnosis

Rare disease symptoms

Anomalies
Genetic diagnosis 30
Gestation/Birth 30
Medical history 30
Seizures/Epilepsy 30
Daily living 12

2The entire survey is available in Supplemental Information online.
PNot available to the authors.
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FIGURE 1 The bar graph displays the frequency distribution of
the health status of the 12 adults in the PROS part of the overall
study. No further information is available on the medical details of the
osteoporosis, glaucoma, and diabetes. The person with osteoporosis
could have been in the 6 of 12 requiring a wheelchair for locomotion
(see Results) [Color figure can be viewed at wileyonlinelibrary.com]
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FIGURE 2 The bar graph displays the frequency distribution of
the Independence status of the 12 adults. Ten of the 12 individuals
required total care, that is, needing assistance in feeding, diapering,
bathing, and dressing; 4 of 10 were able to walk independently, and
six required a wheelchair. Two of 12 were partially independent and
able to feed and dress themselves to some degree, but needed
supervision and assistance with personal hygiene and had variable
bowel and bladder control [Color figure can be viewed at
wileyonlinelibrary.com]

problems are not available in the survey but are worthy of further
investigation. Notably, 11 of the 12 reported the individual to be in
good health. None in this sample had hepatic adenomas as reported
in the accompanying paper, the other part of this study (Battaglia
et al.,, 2021). Two indicated that their family member had moderate
and 10 indicated severe/profound developmental disability.

Regarding activities of daily living, 10 of the 12 individuals with
WHS required total care, meaning that they needed assistance in

feeding, diapering, bathing, and dressing; four of these 10 were able
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to walk independently, and the other six required a wheelchair for
locomotion (see Figure 2). Two of the 12 indicated that they were
partially independent and able to feed and dress themselves to some
degree, but needing supervision and assistance with personal hygiene.
Those two were able to walk unassisted and had variable bowel and
bladder control. These figures varied somewhat from the 28 individ-
uals in the case series reported in the accompanying paper (Battaglia
et al., 2021) where nine of 28 individuals were partly independent and
one was fully independent.

Five of the 12 individuals with WHS lived in their parents' home,
five lived in a group home, and the remaining two resided in a care

facility.

4 | DISCUSSION

The survey study herein provides information on health issues, activi-
ties of daily life, and degree of independence of adults with WHS.
Prior knowledge of this came entirely from single case reports, which
were often very limited in how much was provided about the living
situation and independence of the adult.

Of note, most of the caretakers in the study reported that the
adult was generally in good health. This is important since younger
children with WHS, especially those having significant seizures and
developmental disability, are recognized as having major challenges in
health and living with the serious impact of chronic disease. Thus, as
underscored by Battaglia and coauthors (2020), this observation var-
ies from the general perception of poor prognosis for health and out-
come portrayed for patients with WHS/4p- in early years of life.

The sample of adults in the PROS may have a selection bias
that affects the outcomes. Most of the individuals in this study
were born in the 1990s or earlier. The different seizure manage-
ment capabilities two decades ago or earlier may have resulted in
now-adult patients suffering neurological insult as a result of poor
seizure control, which may have in turn resulted in sampling bias
with more severely developmentally disabled patients. These indi-
viduals, however, may have had milder seizure courses leading to
better survival to adulthood, i.e., a survival bias. Additionally, the
detection of the deletion was by a G-banded karyotype and/or
FISH, selecting against patients with the smallest of microdeletions
being included in this sample.

The occurrence of seizures in children with WHS/4p- is a widely
discussed topic (Battaglia et al., 2009; Battaglia & Carey, 2005).
Worthington et al. (2008) investigated the course of seizures in a
cross-sectional study of older persons with WHS. These authors
suggested that seizures in the syndrome decreased in complexity and
frequency over time. Five of the 12 individuals in our PROS investiga-
tion were experiencing seizures into the adult years. In this survey, we
were unable to distinguish whether the seizures had stopped in child-
hood and resumed in adulthood or were continuously a problem.
From the experience of the authors, the latter seems more likely; this
question deserves study and we intend to add text questions to the

CoRDS registry to distinguish this and obtain more information on

95UB017 SUOWIWIOD aA11e81D) 3ol jdde ay) Aq peuenob ase ool VO '8sN JO o[l 1oy Akeid178UIIUQ AB]IAA UO (SUONIPUOD-PUR-SWSIALIOD™AB| 1M Afe.d 1 |Bul [UO//ScY) SUORPUOD pue SWie 1 84} 88S *[7202/70/50] Uo AkeiqiTauljuo A|IM w1 eH -sexa L JO Aisiealun Aq 0zzzg'e Bule/z00T 0T/I0p/wod A8 M Aseiq 1 pul|uo//Scny wouy papeojumoq ‘2 ‘T20Z ‘€E8v2SST


http://wileyonlinelibrary.com
http://wileyonlinelibrary.com

CAREY ET AL.

2068 AMERI.EAN JUURNAL.UF PART
—I—Wl LE'Y —medical genetics

the nature and complexity of the seizures in the adults. This theme is
also discussed in the accompanying paper (Battaglia et al., 2021).

One of the challenges of caring for adults with syndromes and
rare diseases like WHS is the transition of care from the pediatric to
adult providers. This issue is of high importance to older individuals
with WHS who have a medically complex condition involving manage-
ment of multiple systems. The American Academy of Pediatrics has
provided guidelines for this important milestone (White et al., 2018).
Because of their unique training experience, the physicians who have
completed the combined accredited medicine-pediatrics residencies in
the United States represent an appropriate potential specialist to
assume this complex care in the primary care setting.

Investigations of patient (or parent) reported outcomes represent
an important methodology for the study of the natural history of rare
conditions (Deshpande et al, 2011). Historically, Unique-the
Rare Chromosome Disorder Support Group (http://www.rarechromo.
org/html/home.asp) based in the United Kingdom, has provided
parent-reported data on persons with chromosome disorders for over
three decades; this invaluable resource has the potential for the study
of the natural history of many rare syndromes. Glassford et al. (2016)
capitalized on this opportunity and analyzed the extant data on indi-
viduals with the 3g29 deletion syndrome, providing a prototypic work
on this model. Recently, Murali et al. (2020) demonstrated the value
of patient-reported outcome measures in physical functioning in chil-
dren with various forms of osteogenesis imperfecta.

41 | Strengths and limitations

The main strength of the PROS part of the WHS adult investigation is
that the participants consist of caretakers in the 4p- Family Support
group who chose to enter their family member into the CoRDS Regis-
try without any selection by the authors. While the number with com-
plete information about adult issues (12) is relatively small, the figure
still exceeds the number of individual case reports of adults in the
medical literature and will likely increase over time. Despite these
numbers, we think that this information is generalizable to adults with
WHS because it fits our joint experience (AB, JCC) with participation
at support group conferences for WHS in several countries in the
world.

The main limitations of our study are mentioned above: the
potential selection bias toward those individuals who survived com-
plex medical issues of more than two decades ago (survival bias) and
the exclusion of patients with 4p- who have microdeletions that
would not have been detected until the last 15 years.

Based on the data from this part of the WHS adult investigation,
we would add the following recommendations to the previously publi-
shed guidelines on routine care: annual ophthalmology examination;
annual HbA1C; referral to neurology if any signs of seizures; DEXA
scan if any occurrence of fractures. Based on the other part of the
study (Battaglia et al., 2021) and the existing literature (Battaglia
et al,, 2018), we would recommend annual abdominal sonograms of

the liver looking for hepatic adenomas and referral to a

gastroenterologist and/or oncologist if detected. The age at which this
screening would stop is not known and deserves further investigation.

In conclusion, we have documented the overall health issues,
independence, and life situation of a series of adults with WHS whose
caretakers have anonymously participated in a voluntary registry data-
base. Coupled with the more detailed clinical observations in the
accompanying case series part of the study, the PROS adds to our
sparse knowledge of the natural history and the outcome of adults
with WHS and informs on daily care issues of adults. This information
provides the framework for development of health supervision guide-

lines for older individuals with WHS and related rare conditions.
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