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ABSTRACT

Introduction: Sanfilippo syndrome (MPS III) is
a rare, degenerative condition characterized by
symptoms impacting cognitive ability, mobil-
ity, behavior, and quality of life. Currently there
are no approved therapies for this severe life-
limiting disease. Integrating patient and care-
giver experience data into drug development
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and regulatory decision-making has become a
priority of the Food and Drug Administration
and rare disease patient communities.
Methods: This study assesses parents’ percep-
tions of their child’s Sanfilippo syndrome dis-
ease-related symptoms wusing a research
approach that is consistent with the Center for
Drug Evaluation and Research (CDER) guid-
ance. This study was initiated by the Cure San-
filippo Foundation, and all steps in the research
process were informed by a multidisciplinary
advisory committee, with an objective of
informing biopharmaceutical companies and
regulatory agencies. We explored caregiver
burden, symptoms with greatest impact, and
meaningful but unmet treatment needs. Data
were collected from 25 parents through three
focus groups and a questionnaire. Transcripts
were coded and analyzed using inductive the-
matic analysis, and descriptive analysis of
quantitative data was conducted.

Results: Participating parents’ children ranged
in age from 4 to 36 years. Participants endorsed
high caregiving burden across all stages of the
disease. Analysis revealed multiple domains of
unmet need that impact child and family
quality of life, including cognitive-behavioral
challenges in communication, relationships,
behavior, anxiety, and child safety; and physi-
cal health symptoms including sleep, pain, and
mobility. Participants reported placing high
value on incremental benefits targeting those
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symptoms, and on a treatment that would slow
or stop symptom progression.

Conclusion: Even modest treatment benefits
for Sanfilippo syndrome were shown to be
highly valued. Despite high caregiver burden,
most parents expressed a willingness to “try
anything,” including treatments with poten-
tially high risk profiles, to maintain their child’s
current state.

Keywords: Meaningful treatment benefit; MPS;
Outcome measure; Patient experience data;
Patient-focused drug development; Sanfilippo
syndrome

Why carry out this study?

Sanfilippo syndrome (MPS III) is a rare,
pediatric-onset, multi-symptom disorder
with no approved therapies.

Integrating patient-focused drug
development and the collection of patient
experience data into drug development
and regulatory decision-making by the
Food and Drug Administration (FDA).

Our study objectives included (1)
exploring caregiver perspectives on unmet
treatment needs relating to managing the
symptoms of Sanfilippo syndrome, and (2)
describing what constitutes meaningful
treatment benefits for children with
Sanfilippo syndrome and their families.

What was learned from the study?

Parents reported high burden and high
unmet treatment need across physical
health and cognitive/behavioral/
psychological domains, some with
differential impact on the child and the
caregivers.

Participants advocated for clinical trials
that shift focus from primary cognitive
outcomes to other multisystem
endpoints, and perceptions of non-
curative therapies revealed a preference
for treatment options that stop or slow the
disorder progression to maintain the
child’s current function to ensure quality
of life; thus parents express high risk
tolerance and a desire for broader
inclusion criteria for trials.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. You can
access the digital features on the article’s asso-
ciated Figshare page. To view digital features for
this article go to https://doi.org/10.6084/m9.
figshare.13247372.

INTRODUCTION

Mucopolysaccharidosis type III (MPS III, Sanfil-
ippo syndrome) is a rare, degenerative condi-
tion that impacts early development and causes
multi-system symptom progression and early
death [1-6]. The four subtypes of Sanfilippo
syndrome (types A-D) occur as a result of the
inability to break down the glycosaminoglycan
heparan sulfate [2, 3, S]. Characteristic symp-
toms of Sanfilippo syndrome typically manifest
between the ages of 2 and 6 years, but there is
variability in the timing of presentation and
disease progression between subtypes, as well as
heterogeneity within subtypes [4, 5, 7, 8]. The
earliest developmental symptoms exhibited by
most children with Sanfilippo syndrome are
delayed speech acquisition and mild motor
delays [5, 9]. Central nervous system (CNS)
manifestations predominate the evolving phe-
notype, particularly cognitive decline and
behavioral issues that impair adaptive daily
living function [2, 3, 9-11]. Behavioral symp-
toms, which wane with progressing cognitive
impairment, include hyperactivity, anxiety,
impulsivity, poor compliance, and aggressive
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actions [12, 13]. Sleep disturbances, including
frequent night waking and an inability to settle
at bedtime, are also common symptoms
[14-16].

Several studies have addressed the impact of
this multi-system disorder on caregiving parents
and families. Sanfilippo syndrome has a perva-
sive impact on family life, with a greater nega-
tive impact as the child’s needs increase [17].
Caregivers of children with Sanfilippo syn-
drome have identified agitation, impulsivity,
hyperactivity, difficulties in communication,
and sleep disturbances as some of the most
difficult behavioral challenges to manage [18].
Studies assessing the impact of the child’s ill-
ness on the caregiver’s psychosocial function
identified high levels of anxiety, depression,
and distress [19], a negative impact on a par-
ent’s quality of life [20], and a high prevalence
of post-traumatic stress disorder [21].

To date, there are no approved therapies for
Sanfilippo syndrome [1, 22]. Clinical trials are
ongoing or planned to use therapeutic approa-
ches that include gene therapy, enzyme
replacement therapy, and hematopoietic stem
cell therapy, among others [23-28]. Several tri-
als recently failed to find significant evidence of
improvement using neurocognitive outcome
measures or were terminated by the sponsor as a
management decision [29-31].

Little is known about caregivers’ priorities for
new therapy development for Sanfilippo syn-
drome. The collection and integration of
patient experience data (and in the case of
pediatric disorders, caregiver experience and
proxy-reported patient experience) into drug
development and regulatory decision-making
have become a priority of the Food and Drug
Administration (FDA) and other regulatory
authorities and payers [32]. Incorporating the
perspectives of patients and caregivers may
accelerate the development of drugs and prod-
ucts, lead to the modernization of trial designs,
and expand current product development pro-
grams [33]. Reflecting the importance of
understanding caregiver perceptions, in 2019
the FDA and National Organization for Rare
Disorders (NORD) hosted two Listening Sessions
on Sanfilippo syndrome during which they
engaged 13 caregivers about the impact of the

patient’s disease on essential activities of daily
living, the importance of preventing further
decline, caregivers’ risk tolerance, and attitudes
about clinical trials [34, 35]. Summaries from
these engagement sessions reported that care-
givers most frequently desired to preserve
communication, mobility, and sleep [27, 28]. At
the time of the Listening Sessions, the study
presented here was in process. Using a research
approach that is consistent with the Center for
Drug Evaluation and Research’s (CDER) newly
released guidance [36], this study provides rig-
orous qualitative data from a larger caregiver
sample (n = 25) that is informative for medical
product development and the FDA'’s desire to
“listen” to the voice of the community. The
outcome of the recent FDA caregiver engage-
ment through the Listening Sessions [34, 35]
complements our multistep caregiver study.

Study Objectives

The purpose of this study is to obtain data on
perspectives and experiences of the Sanfilippo
caregiver community to inform symptom tar-
gets for future therapeutic development, out-
come measure selection, and regulatory
decision-making. Our study aimed to explore
parent-reported impact of Sanfilippo syndrome
symptoms on the patient and family, which
symptoms were most important to be addressed
by future treatments, and what degree of treat-
ment benefit would be considered meaningful.
These data informed subsequent research led by
the Cure Sanfilippo Foundation [37].

METHODS

We employed an approach tailored to a rare
disease community and consistent with CDER'’s
drafted guidance on advancing patient-focused
drug development [36]. This study was devel-
oped with collaboration and support from an
advisory committee comprising parents of
children with Sanfilippo syndrome, clinicians,
industry partners, and the Cure Sanfilippo
Foundation. Three in-person focus groups were
conducted over the course of 4 months. Each
group began with a  pen-and-paper
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questionnaire to provide background context
about the respondents and their affected chil-
dren, followed by semi-structured focus group
exploration of symptom impact on child and
family, and culminating in a brief quantitative
prioritization activity (not described here). Two
focus groups were conducted at the August 2018
International MPS Symposium and the third
was a stand-alone focus group conducted in
September 2018 in a location in the region
where multiple families lived.

Participants self-reported as being a primary
caregiver for a child living with Sanfilippo syn-
drome type A, B, or C. All participants lived in
the United States and spoke English as their
primary language. Only one parent in a par-
enting dyad was included in the focus groups.
Cure Sanfilippo Foundation recruited partici-
pants using email and social media, through the
ConnectMPS Registry communication, and by
snowball recruitment through existing formal
and informal parent support networks. Written
consent was obtained from all participants. This
study was approved by the Institutional Review
Board at RTI International.

Each focus group was led by a trained mod-
erator and a second researcher who took notes
and requested clarification as needed. The
researchers involved in data collection were RTI
International staff and were unknown to the
participants prior to the focus groups. In the
focus groups, the moderator elicited responses
at the individual level while also encouraging
discussion among parents to get a broader
understanding of the range of experiences. The
focus group guide is available as S1 Appendix.
Participants were asked to describe caregiving
perspectives and identify Sanfilippo syndrome
symptoms that in their experience had the
greatest impact on (1) their child with Sanfil-
ippo syndrome, (2) themselves, and (3) their
families. They were then asked to describe
incremental, non-curative symptomatic treat-
ment targets that would have significant impact
on quality of life, and to describe their hopes for
their children. This was followed by a compo-
nent where participants had the opportunity to
raise new, but related, topics. The total duration
ranged from two to two and a half hours,
including time to complete the questionnaire,

the focus group discussion, a brief prioritization
activity (not described here), and a planned
break. Focus group discussions were recorded
and transcribed. In addition, the moderator and
second investigator took detailed and summa-
rizing notes during and after each focus group
using a standardized format, consistent with
social research methods [38].

The RTI International IRB approved
STUDY0020238 under a Social/Behavioral or
Non-Interventional Research protocol. The pro-
cedures used in this study adhere to the tenets of
the Declaration of Helsinki. Written informed
consent to participate and publish these data was
obtained from all participants. No identifying
information is included in the manuscript.

Analysis

Transcripts of the focus groups were analyzed
using an inductive thematic approach, allowing
key themes to emerge and be interpreted natu-
rally from the data [39, 40]. A codebook was first
developed based on the focus group guide and
refined through data immersion with codes
originating from the dominant categories
influenced by frequency, pattern, and signifi-
cance. The codes were then systematically
applied to the entire data set using NVivo 12
software [41] by the first author (KP), who
attended each of the three focus groups. The
coding frame was developed between two
coders, reviewed by the senior investigator, and
refined through consensus after consideration
of multiple possible meanings and how these fit
within the emerging categories.

Conceptually similar codes were collated toge-
ther to define overarching themes and domains.
Interpretation of coding reports was supported by
the standardized notes taken during and immedi-
ately after the focus groups. Transcripts were also
read “horizontally,” which grouped segments of
text by theme to assess the relationship between
the different codes [42]. Reviewing transcripts
horizontally allowed the investigators to assess
how the parent-reported symptoms affected
specific members of the family.

The emerging results from the coding pro-
cess included a summary of the thematic
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analyses. These findings were reported to the
advisory committee for a stakeholder check-in
and to allow opportunity for advisors and
experts to provide input on interpretation [43].
The coding reports were then further interro-
gated and refined to develop the final thematic
structure. By the end of this process, no new
themes emerged and nothing new was added to
the codebook, suggesting all the major themes
had been captured. [44].

RESULTS

Each focus group comprised 8-9 parent partici-
pants who provided direct care to at least one
living child with Sanfilippo syndrome, yielding
a total sample of 25 participants across the three
focus groups.

Participant Characteristics

Table 1 summarizes participants’ self-reported
demographic information. Participants were
noted to live in 17 different U.S. states, and
ranged in age from 29 to 65 years, with a med-
ian age of 38 years. Nineteen participants were
female. Twenty-four were biological parents,

Table 1 Caregiver participant demographics (7 = 25)

Demographics of caregiver

Median Range

participants
Age (in years) 38 (29-65)
Number %
Relationship to child
Biological parent 24 96%
Step-parent 1 4%
Sex
Female 19 76%
Male 6 24%
Race/ethnicity
Caucasian 23 92%
More than 1 race 2 8%

and one was a step-parent with active caregiv-
ing responsibilities. Parents provided demo-
graphic and clinical data on their oldest living
child with Sanfilippo syndrome, as indicated in
Table 2. These children ranged in age from 4 to
36 years, with a median age of 8 years. Partici-
pants’ children were diagnosed with Sanfilippo
syndrome subtype A (17), subtype B (6), or
subtype C (2). Five of the children had partici-
pated in a prior or ongoing clinical treatment
trial, testing either an enzyme replacement
therapy or a gene therapy.

Focus Group Results

All parents described a high burden of disease
for their child with Sanfilippo syndrome,
themselves, other caregivers, and other family
members. Thematic analysis revealed two over-
arching impact domains: cognitive/behavioral/
psychological and physical health. Within
those domains, parents reported 14 primary
themes related to unmet treatment needs (de-
picted in Table 3 and described in detail below).
Parents reported that addressing any of these
discrete features of Sanfilippo syndrome would
reduce burden and improve quality of life for
parents and children. The unmet needs were

Table 2 Characteristics of participants’ child with San-
filippo syndrome

Oldest child with Sanfilippo Median Range

syndrome

Age (in years) 8 (4-36)
Number %

Sanfilippo subtype

Type A 17 68%

Type B 6 24%

Type C 2 8%

Type D 0 0%

Ever participated in a clinical 5 20%

treatment trial

In the case of more than one affected child, characteristics

reflect the oldest living child
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Table 3 Domains and themes: unmet treatment needs

Domain

Symptoms

Most significant impact on...

Cognitive/behavioral/psychological

impact

Physical health impact

Communication

Relationship and social deficits
Frustration

Impulse control/aggressive behaviors
Hyperactivity

Unsafe behaviors
Anxiety/unhappiness in child

Sleep disturbance/nighttime waking®

Pain/headaches (experienced and anticipated)
Mobility

Sleep problems®

Ilness/vulnerability to illness

Seizures

Feeding and maintaining nutrition

Digestive issues and toileting

Child and family
Family

Child

Family

Child and family
Family

Child

Family

Child and family
Child and family
Child
Child and family
Child
Child
Family

* Sleep challenges were reported to have a physical impact on the child and psychological impact on the family

often reported to have a differential impact on
parents, families, and the affected children (see
Table 3).

Symptoms identified as imparting the great-
est burden were often multidimensional. They
were described as affecting relationships within
the family, impacting the well-being of the
child and others in the family, provoking pain
or distress in the child and/or parent worry
about unresolved pain or distress, and causing
parents to question their ability to provide the
best care to their child. In addition, parents
described impacts of symptoms on peer rela-
tionships and the schooling environment.

Symptom Domain 1: Cognitive/
Behavioral/Psychological Impact

Symptoms related to communication and
problematic behaviors were commonly identi-
fied as conferring the highest burden and rep-
resenting the most pressing unmet treatment
need. This was true across the spectrum of dis-
ease progression, though parents’ reports of
specific manifestations and their realistic
expectations of the potential magnitude of
treatment effect under this domain varied based
on the extent of their child’s disease
progression.

Communication and Relationships

Parents reported that their children’s commu-
nication limitations in expressive, pragmatic,
and receptive language skills were a significant
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disease burden. Parents particularly described
burden associated with their child’s decreasing
expressive language, e.g., their ability to let
others know what they want, need, or feel.
Communication limitations led to frustration
and behavioral issues in the child and signifi-
cantly impeded relationships with peers and, in
some cases, with siblings. These challenges with
communication also hindered respondents’
primary parenting goals—to maintain, to the
extent possible, the health and well-being of the
affected child and meet the child’s evolving
needs. Many parents noted that their inability
to understand their children’s verbal and non-
verbal messages caused a sense of helplessness,
frustration, and distress. This led some partici-
pants to question their parenting efficacy and
for some caused feelings of guilt. Further, some
parents reported that their child’s ability to
engage in any form of reciprocal communica-
tion was important to maintaining relation-
ships, and that even modest enhancement of
interactions such as meaningful blinking or eye
gaze would provide considerable benefit.

“If there was some way for her to be able to
communicate what’s going on...Even if it’s
just like blinks of the eyes. Or raise of the
eyebrow or squeezing of the hand. Like
how people sometimes say “I love you”
with like three hand squeezes. Something
that small can mean the world.” (FG 1)

Frustration, Hyperactivity, Impulse Control,
and Aggressive Behaviors

Almost all parents described considerable care-
giving burden due to problematic behaviors
during times in disease progression when these
symptoms were most prominent. Parents
reported a progression of problematic behaviors
that were often difficult for them to clearly
differentiate. While these behaviors were pri-
marily identified as temporally co-occurring
with cognitive decline, parents described a
cross-domain association. For example, parents
recognized frustration as a challenge stemming
from the inability to communicate needs but
also from regression in mobility function. These
behavioral challenges, however, had largely

resolved in the children who had progressed to
later-stage Sanfilippo syndrome.

“I think the hardest thing... is the frustra-
tion. There are things she wants to do,
things she sees her older sister do, things
she wants to communicate, and she knows
she’s not, and then that’s when we have
melt-downs or hitting or biting.” (FG 2)

Unsafe Behaviors

Parents were highly impacted by safety con-
cerns related to their children’s behaviors. Most
reported a current or past need to be constantly
watchful for their child’s well-being and the
safety of others. Concerns about safety were
primarily associated with symptoms of hyper-
activity and impulse control. Parents reported
considerable burden on themselves and family
members associated with chronically main-
taining this high degree of vigilance. Several
participants expressed feelings of disappoint-
ment with their own parenting when their
children were inadvertently exposed to harm
even while under parental supervision. Parents
of children who had significantly advanced in
the disease course had reduced concerns in this
domain, as their child’s diminished mobility
and function resulted in corresponding reduc-
tions in unsafe behaviors. However, those par-
ents reported that unsafe behaviors had been
highly challenging earlier in their children’s
lives.

“’Because they have no sense of safety. So,
my biggest example of that is I was outside
with [child] watching her, and somehow,
she still jumped off a play structure onto a
concrete floor and we had to go to the ER
in an ambulance, the whole bit, and so I
feel like an awful mom.” (FG 2)

Behavioral issues impacted the family
dynamic, as more attention was required to
supervise and care for a child with Sanfilippo
syndrome. Several parents mentioned the need
for their typically developing children to gain
independence more quickly than their peers
and take on a supporting role to help with their
siblings in response to behavioral challenges.
Parents indicated that their own obligation to
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anticipate challenging behaviors and mitigate
situations that may lead to problematic behav-
iors was an ongoing stressor. Several parents
described considerable worry about, and expe-
riences of, the affected child physically harming
siblings, peers, schoolmates, and caregivers. The
parents attributed these behaviors to low
impulse control and high frustration rather
than actual desire to harm.

“So that’s the impulsivity too. Like ‘Oh,
we're going down the slide. Let’s go.” And
he’ll get excited, and he’ll flap his arms,
and he’ll shove someone down the slide,
and of course we get a report from
school.... Well, [he] wasn’t hitting because
he was mad. He was hitting because he was
excited.” (FG 2)

Anxiety/Unhappiness

Parents experienced a reciprocal distress from
seeing their child unhappy or anxious. Anxiety
associated with change or new experiences was
particularly burdensome for families in day-to-
day life. They described struggling to identify
ways for their child to maintain better psycho-
logical well-being. Most parents expressed the
desire to participate in memory-making experi-
ences and special milestone activities with their
children with Sanfilippo syndrome, and yet
some parents described major barriers in taking
their children outside of highly familiar envi-
ronments due to their children’s anxiety. In
contrast, for children who were in a later stage
of disease progression, parents indicated that
these anxiety symptoms had either resolved or
were no longer discernable to the caregiver.

“Anxiety has the biggest impact for her. I
hate seeing her unhappy and scared.” (FG
1y

Sleep Disturbance/Nighttime Waking

Sleep disturbances were a commonly recognized
symptom, and aspects of its impact fall under
both domains. Many parents acknowledged
that their own inadequate sleep impacted their
day-to-day functioning. Parents cited reasons
for their own lack of sleep that included the
need to supervise the child to ensure safety at

night, lack of toilet training and frequent loose
stools requiring the need to change and clean
their child during the night, worries of their
child having a seizure, and some had anxieties
related to their child’s Sanfilippo that inter-
rupted their sleep as well.

“My child sleeps in our room in a bed
because she has seizures and she has sleep
apnea, and I want to be able to hear her.
One night she was in bed with me, and
Dad was on a trip, and I kept waking up
‘cause I'm a real light sleeper, and I'm like,
‘She’s not breathing.” And it would happen
numerous times throughout the night.”
(FG 3)

Symptom Domain 2: Physical Health
Impact

Similar to Domain 1, the specific manifestations
of symptoms vary over time based on Sanfilippo
syndrome progression. The most commonly
reported symptom under this domain was pain.

Pain

A significant theme was the challenge associ-
ated with identifying when a child is in pain,
parental worry about current or future pain, and
the inability of healthcare providers to ade-
quately identify or manage pain. This theme
has conceptual overlap with the communica-
tion challenges as well as behavioral issues
relating to a child ‘acting out’ due to pain or
discomfort. Pain was reported as particularly
problematic in that it is a difficult symptom to
identify causes of and treat appropriately in
children with cognitive and communication
impairments [45-47]. The most commonly
reported type of pain was headache. Parents
described that when their children were in pain,
they would react with verbal outbursts, holding
his or her hand over an eye or pressing their
head into people or objects during the head-
ache, or crying without solace.

“Even when she was younger, she would
express pain, but you didn't know where
the pain was coming from. It was hard for
her to locate where that pain might have
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been, even though she had a really high
pain tolerance.” (FG 3)

Mobility

Parents described limitations in their child’s
mobility as having a great effect on their child,
particularly in the mid-stage of disease pro-
gression. For children in that stage, mobility
challenges were a major cause of frustration and
impacted activities of daily living. Reduced
mobility also increased the caregiving burden
on parents. Many parents, however, described
some positive components of reduced mobility
that included fewer worries about safety and a
reduction in the child’s ability to engage in
some negative behaviors.

“In the last year she lost pretty much all
mobility as far as being able to walk, and it
was really frustrating for her... she would
thrash around on the floor and just trying
to walk I guess and just thrashing and
crawling, and we got to the point that she
was gonna hurt herself.” (FG 3)

Sleep Issues

Though some parents indicated that sleep was
not a problematic symptom for their child,
most parents reported that their children had
sleep issues now or in past stages. Some parents
identified that lack of sleep had a global impact
on their child, including their behavioral issues
and health.

“Whenever she doesn’t sleep at night, that
sets us up for a horrible day the next day.
She’s not at her best throughout the entire
day, and all day I'm like ‘It’s cause she’s
tired....” She just can’t function at her best
if she was up for five hours in the middle of
the night.” (FG 2)

Frequent Illness, Vulnerability to Illness,

and Seizures

A small number of parents reported medical
symptoms that were not well-controlled. These
included chronic congestion, respiratory con-
cerns, and lung infections. Many parents
reported that ear infections were problematic at
some point in their child’s life but that ear tubes

provided some level of management. Some
parents reported problematic seizures, which
were a contributing factor for frequent hospital
visits and resulted in stress and worry for
families.

“He always sounds congested. He always
sounds like there should be tons and tons
of gunk in his lungs, but it always seems to
be upper respiratory, and he’s just not
strong enough anymore to cough it up.”
(FG 3)

Nutrition, Feeding, and Toileting

Many of the parents described challenges with
feeding and maintaining adequate nutrition for
their children. The specific needs of the chil-
dren changed as the disease course advanced,
progressing from specific food avoidance, to
inability to self-feed, to tube-feeding. While
these symptoms primarily impacted the health
of the affected child, some parents described an
impact on the caregiver and family function,
indicating a great time commitment associated
with eating and toileting issues, often limiting
other activities for the family.

Toileting challenges across the disease pro-
gression were also commonly described. Repor-
ted challenges included chronic loose stool or
constipation, late and difficult or commonly
the inability to complete toilet training, loss of
bowel and bladder control, smearing of feces,
and issues with diapering teenage and adult
patients. Most parents reported that toileting
challenges had limited impact on their child
but had considerable impact on caregivers and
the family. Two parents identified their child’s
frustration with being able to use the toilet
independently, but often being unable to make
it to the toilet in time due to frequent diarrhea.

“It’s a digestive kind of stuff where she has
a lot of problems with going potty, and we
probably spend an hour and a half to two
hours a day on the potty with her. It just
takes up an enormous amount of our time.
It has a big impact on our day and our
ability to do other things. So, if you take
into account all the time you're feeding
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her and you're having her on the potty, it’s
like thirty percent of the day.” (FG 3)

Unmet Needs and Potential Treatment
Targets

Participants agreed that the most pressing
unmet treatment needs matched the many
symptoms they identified under the physical
health and cognitive/behavioral/psychological
domains reported above, especially related to
communication and behavior. Most partici-
pants were able to identify important treatment
targets under each domain regardless of the
extent of their child’s disease progression and
were emphatic about the importance of even
modest treatment-related benefits on the qual-
ity of life for their children and the family.
Many respondents described the importance of
symptom mitigation in supporting their ability
to meet their own “good parenting” goals.

“Our expectations in what we would like to
get from treatments for Sanfilippo are rel-
atively small... ‘cause some of those small
things have a big impact on us.” (FG 3)
“You know, I'll take that [my child] can sit
and enjoy doing something for three more
minutes than before. I'll even take an
intensive invasive medical procedure to get
me six more months. I'll take any of it, and
I think any of it would be good for [my
child].” (FG 3)

Most parents perceived that new drug
development was primarily focused on
improving the cognitive abilities of a child with
Sanfilippo syndrome. Parents stated that cog-
nitive functioning was an overarching element
to many of the symptoms identified as prob-
lematic, but all participants agreed that
improvement in global cognitive function
should not be the exclusive treatment target for
Sanfilippo syndrome. Further, if a treatment
became available that was not able to alter
cognitive ability but would positively impact
other physical aspects of the disease, this would
still be a highly desired treatment option. There
was overwhelming agreement that mainte-
nance of the child’s current level of function

was a highly acceptable outcome, regardless of
the stage of progression of participants’ chil-
dren. Parents reported hoping that their chil-
dren could maintain their current skill set or
experience a slower rate of decline.

“... just putting a pause on the disease for
six months. And then there’s six months
longer to live. That would be spectacular
even if it is just six months ... if [my
child’s] cognitive functioning was like a
six-month-old, but stably at six months, I
would be overjoyed.” (FG 2)

“I'm optimistic that one of these clinical
trials... will actually prove good enough
results that they’ll want to push it for-
ward.... I don’t care if it’s not a cure. To
keep him where he’s at right now, that
would be amazing. I would do anything for
that. So that’s what I'm hopeful for.” (FG 3)

The concept of tolerance for risky treatments
or procedures emerged during the discussion
prompted by the moderator around an ideal
treatment; there was strong support and will-
ingness among most participants to “try any-
thing” for even a modest improvement in their
child’s symptoms. Parent participants endorsed
a desire for as broad as possible access to clinical
trials and later to approved therapies. Parents of
children who were older or further progressed
in their disease course expressed disappoint-
ment in the age limitations for past and ongo-
ing treatment trials. They noted that clinical
trials were only available to young children
with Sanfilippo syndrome, yet many children
with this disorder are not diagnosed until after
the age of inclusion for clinical trials.

“We applied my child for the [name of]
trial, and they said no because he was two
months over the cutoff.... I was like ‘This is
so wrong in every way, shape, and form
that you guys are basing this off a number.’
Like, “You guys should not be basing this
off a number...." Because for them yes, it's
the measuring and everything, but it’s also
because their ultimate goal is a cure. Ours
is quality of life.” (FG 1)

Participants emphasized improving quality
of life for the child, caregivers, and family as
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their primary goal for new treatments. To rec-
ognize experiences when their child’s needs had
been met, parents were prompted to describe
the “best day” that they experienced with their
child in the past week. Participants identified
incidents where their children engaged to a
degree in fulfilling and what would be consid-
ered developmentally or age-appropriate activi-
ties, like swimming in the pool or riding
amusement park rides for the first time. Some
parents described instances when their children
were included by and expressed themselves
positively to peers. Several recounted how their
children conveyed happiness in situations
where they recognized something familiar and
cherished, such as laughing with those close to
them or pointing at a favorite cartoon character
on television. In addition, several parents
mentioned how their child “should have
declined” based on the expected course of ill-
ness, but parents felt positive that the expected
decline had not yet occurred. It is not known
whether these were children who had partici-
pated in clinical trials. These parents expressed
their appreciation for being able to witness their
child’s maintenance of valued functions.

“Even though we might be new, it's not
that we don’t know what [the diagnosis]
really means, but we don’t look at our
child as terminal.... We look for things that
help him, and we can be told that we’re in
denial all day long, and that’s fine for me
because I do know what the outcome is
gonna be, but that’s not what I'm focusing
on.... What I don’t like to be told is to
make memories.... I don’t see my life as
making memories. I see it as we're living
every day because that's what I do anyway.
My husband will look at me, and he says,
‘My child’s not temporary.” And [ don't
think he is temporary.” (FG 2)

These “best day” scenarios had conceptual
overlap with the themes associated with
potential treatment targets. Even given the high
burden of disease, most parents expressed hope
for their child’s health, well-being, and life
expectancy. Some participants, especially par-
ents of younger children or of children with
relatively less disease progression, expressed

optimism about new treatment options
becoming available during their child’s lifetime.

DISCUSSION

This study provides evidence about the signifi-
cant impact Sanfilippo syndrome has on affec-
ted children and their families, and the
symptomatic treatment priorities of caregivers
for their children. Our results overlap with the
symptom domains raised in recent FDA Listen-
ing Sessions [34, 35]; however, here we report
results from an IRB-approved research method-
ology inclusive of a larger sample of caregivers
with a focus on preferences for meaningful
treatment targets with the aim of informing
biopharmaceutical companies and decision-
makers. Most parents identified considerable
disease impact and caregiver burden associated
with Sanfilippo syndrome in their children,
consistent with prior reports [17-21]. Further,
parents identified symptoms with high impact
on their caregiving experience. When asked
about perceptions of non-curative treatments,
participants emphasized the importance of
stopping or slowing the symptoms associated
with disease progression. Studies of other severe
pediatric disorders have also reported parental
acceptance of treatments that, at best, maintain
current function [48-50].

Symptoms relating to expressive communi-
cation, problematic behaviors, mobility, and
pain were most universally identified as con-
ferring the greatest burden and representing the
most significant unmet treatment need. Partic-
ipants reported that even a modest impact on
valued symptoms was considered meaningful to
parents given the progressive nature of Sanfil-
ippo syndrome and the potential improvements
to quality of life of the affected child and the
family. In addition, parents advocated for clin-
ical trials that assess outcomes other than, or in
addition to, currently used global cognitive
measures, e.g., improvements in mobility or
treatments for pain management would be
meaningful, even in the absence of evidence for
global improvement in cognition. Additionally,
parents advocated for trials that have broad
inclusion criteria and allow participation of
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children in more advanced stages of Sanfilippo
syndrome progression, necessarily shifting
focus from cognitive to other multisystem out-
come measures.

Most parents expressed hopefulness related
to their children’s lives, which has been associ-
ated with positive coping and adaptation, con-
sidering an uncertain future [51-53]. Parents of
younger children with relatively less progressed
disease status expressed optimism that new
treatment options would become available
during their child’s lifetime. Treatment-related
optimism has also been described in other rare-
disease parent studies [54-56].

Limitations

There are several limitations to this exploratory
study. Participation in focus groups was limited
to English-speaking persons living in the United
States. Recruitment was conducted primarily
through an advocacy group, and participants
were required to attend the focus groups in
person, which may have caused selection bias,
especially for focus groups conducted during
the 2018 International MPS Symposium, which
likely required longer travel distances. As noted
in the participant characteristics table, our
sample comprised 92% Caucasians and 76%
females. Data were not collected on income,
education level, or proximity of participants to
healthcare facilities. Further research incorpo-
rating a sample of participants more closely
representative of the sociodemographic and
geographic diversity, and comprising a wider
range of caregiver roles within the Sanfilippo
syndrome population, would provide important
additional insight into the community’s expe-
riences and desired treatment goals. Partici-
pants’ children varied in disease stages and ages
among the mixed focus groups. While this
approach encouraged a rich and deep explo-
ration across the disease progression, it resulted
in less specificity within the stages of Sanfilippo
syndrome. Due to the low numbers of partici-
pants who reported about their children with
subtype B and subtype C, we were unable to
delineate the findings by subtype in this anal-
ysis. The severe communication and cognitive

impairments that occur in patients with Sanfil-
ippo syndrome typically do not allow for accu-
rate self-reporting, so we are limited to proxy
caregiver reports. Therefore, this study focused
on the caregiver experience and their interpre-
tation of disease impact upon their children, as
well as their symptom focused treatment
priorities.

CONCLUSIONS

While there is a variation in symptoms and
severity among children with Sanfilippo syn-
drome, it is evident that parents desire a treat-
ment that eases the burden on their children
and on the family. Parents can readily identify
symptoms that would provide a higher quality
of life if improved through a new therapy,
noting that even modest benefits to those
symptoms would be highly valued. Acknowl-
edging that clinical trials in Sanfilippo syn-
drome have historically focused on global
cognitive measures, parents in this study stres-
sed that they place a high value on treatment
outcomes targeted to narrower aspects and
subsets of developmental skills, as well as a
variety of non-cognitive disease manifestations.
These data provide insight into parents’ treat-
ment priorities and impact of various disease
manifestations that can be used to guide the
selection of outcome measures in clinical trials,
symptom targets for future therapeutic devel-
opment, and regulatory decision-making. Sub-
sequent research examines caregiver
perspectives around treatment priorities and
meaningful outcome measures.
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