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ABSTRACT

Introduction: Alpha-mannosidosis is an ultra-rare lysosomal storage disorder resulting from the deficient activity
of lysosomal alpha-mannosidase. Alpha-mannosidosis presents as a highly heterogenous condition with large
variations in symptom severity and disease progression rates. Quantitative and qualitative data for alpha-
mannosidosis patients and their caregivers provide important insights into their daily experiences.

Methods: A survey of nine alpha-mannosidosis patients was carried out in the UK between August 2017 and
January 2018. Patient demographics, health-related quality of life (HRQoL), and qualitative data from patients
and carers relating to clinical characteristics and impact of the disease and treatment were analysed.

Results: At the time of survey completion, patient age ranged from 7 to 37 years. Five patients were described as
‘walking unassisted’, one as ‘walking with assistance’, one as ‘wheelchair-dependent’, and two as ‘severely im-
mobile’. In addition to best supportive care, three patients had received haematopoietic stem cell transplantation
(HSCT) and one had received velmanase alfa enzyme replacement therapy (ERT). Patient HRQoL results for the
EQ-5D-5L questionnaire and the Health Utilities Index-3 showed that patients with more severe ambulatory
health states reported lower utility values than patients who were more mobile. Patients who received HSCT or
ERT experienced improved HRQoL. Carer HRQoL results for the Hospital Anxiety and Depression Scale and
Caregiver Strain Index demonstrated that carers experience high levels of stress and anxiety from their car-
egiving responsibilities.

Conclusions: This survey confirmed the heterogeneity of alpha-mannosidosis and the large impact of the disease
and treatment on patients, carers, and families. Early diagnosis and access to treatment offers the best chance of
slowing the disease progression and may provide some relief to patients and carers.

1. Introduction

including immunodeficiency, hearing impairment, facial and skeletal
abnormalities, and cognitive impairments [3]. Disease-modifying

Alpha-mannosidosis (OMIM 248500) is an ultra-rare lysosomal
storage disorder, with a prevalence estimated at 1:250,000 to
1:1,000,000 live births [1,2]. This hereditary and progressive disorder
results from the deficient activity of lysosomal alpha-mannosidase
(E.C.3.2.1.24) owing to mutations in the MAN2B1 gene (609458).
Alpha-mannosidase deficiency leads to intracellular accumulation of
mannose-containing oligosaccharides and consequently impaired cell
function and apoptosis.

Alpha-mannosidosis presents as a highly heterogenous condition
and is characterised by a broad spectrum of clinical manifestations,
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treatments for alpha-mannosidosis are limited, with most patients re-
ceiving best supportive care, which focusses on addressing symptoms
and clinical features as they arise. Beyond best supportive care, treat-
ment options include allogeneic haematopoietic stem cell transplanta-
tion (HSCT) [4] and, in Europe as of April 2018, velmanase alfa enzyme
replacement therapy (ERT) [5] where it is indicated for the treatment of
non-neurological manifestations in patients with mild to moderate
alpha mannosidosis.

Given the broad range of symptoms experienced by patients, the
large number of different healthcare professionals they are likely to

Received 12 February 2019; Received in revised form 29 May 2019; Accepted 29 May 2019

Available online 08 June 2019

2214-4269/ © 2019 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/BY/4.0/).


http://www.sciencedirect.com/science/journal/22144269
https://www.elsevier.com/locate/ymgmr
https://doi.org/10.1016/j.ymgmr.2019.100480
http://omim.org/entry/248500
https://doi.org/10.1016/j.ymgmr.2019.100480
mailto:S.Lloyd@chiesi.com
https://doi.org/10.1016/j.ymgmr.2019.100480
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ymgmr.2019.100480&domain=pdf

J. Adam, et al.

interact with, and the degenerative nature of the disease, alpha- man-
nosidosis places a large burden on patients and their families. Rare-
disease strategies across Europe note the importance of a qualitative
understanding of managing and coping with a rare disease and the
experiences of families caring for these patients [6,7].

In addition to recording the pathophysiological aspects and natural
history of alpha-mannosidosis, a primary aim of this survey was to
understand the individual journey experienced by each patient with
alpha-mannosidosis and their families, the challenges they face in ev-
eryday life, and the impact this has on both patient and carer quality of
life (QoL). This paper presents the demographic characteristics of pa-
tients with alpha-mannosidosis, outcomes of the validated QoL mea-
sures of the patients and their carers, and qualitative data from patients
and carers relating to clinical characteristics and impact of the disease
and treatment on QoL, health, and social integration, as retrospectively
reported by the patients or carers.

2. Methods
2.1. Participants

The survey was carried out between August 2017 and January 2018.
Patients were eligible to participate in the survey if they had a con-
firmed diagnosis of alpha-mannosidosis, were enrolled in the MPS
Society UK's Registry, and were resident in the UK. Broad consent was
given by patients and carers at point of enrolment into the MPS
Society's Registry to be contacted and invited to participate in surveys
and research projects. At initial contact, all patients and carers were
sent an information pack, which contained copies of the surveys in
addition to the relevant consent/assent forms which were completed by
patients or carers. Carers were all identified as family members and
survey responses were fully pseudonymised.

2.2. Survey design

The survey was conducted in three phases, involving one postal
questionnaire (phase one) and two interviews (phases two and three),
which were conducted either face-to-face or via teleconference. During
each phase, responses were sought from both patients and carers
through a patient survey and a carer survey. Although patient-reported
data were sought, all carers were also asked to respond as proxy in
addition to patient responses to allow comparison of results. Due to the
cognitive impairment of patients, patient-collected data was unable to
be obtained for all patients, and when collected may have been un-
reliable, as such proxy results were used as baseline. Carers also com-
pleted separate surveys to determine the impact of caring for someone
with alpha-mannosidosis on their own QoL. Patient demographics were
collected during each phase. Quantitative data included current age,
age at diagnosis of alpha-mannosidosis, treatment received, and
walking ability (Table 1).

In phase one, quantitative data relating to the natural history of
alpha-mannosidosis were collected. In phases two and three, both
quantitative and qualitative data relating to the impact of alpha-man-
nosidosis and treatment on the patients, carers, and families were col-
lected. Phase two also included validated patient QoL questionnaires

Table 1
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[EuroQol-5 Dimension-5 Level questionnaire (EQ-5D-5L) or EuroQol-5
Dimension-Youth questionnaire (EQ-5D-Y), and Health Utility Index-3
(HUI-3)] and carer QoL questionnaires [Hospital Anxiety and
Depression Scale (HADS) and Caregiver Strain Index (CSI)]. All ques-
tionnaires used are available as supplementary data.

2.3. Validated quality-of-life questionnaires

The EQ-5D-5 L and EQ-5D-Y questionnaires are generic standardised
measures of health status developed by the EuroQol group that are
applicable to a wide range of health conditions and therapies [8]. Each
questionnaire also contains an EQ Visual Analogue Scale (VAS) asses-
sing self-rated health on a scale of 1 to 100, with 1 indicating worst
health and 100 indicating best health. In order to compare values for 3-
level and 5-level value sets, a crosswalk link function was used to map
utility values to the 5-level version, based on the existing value sets for
the 3-level version. In this survey, patients (self-report or by proxy)
completed this questionnaire.

The HUI-3 questionnaire is a generic health status measure that
includes a comprehensive health status classification system and overall
health-related QoL utility value that is applicable to all people aged
= Syears in both clinical and general populations [9]. It comprises
eight attributes: vision, hearing, speech, ambulation, dexterity, emo-
tion, cognition, and pain. There are five to six levels of functional
ability/disability within each attribute, with 1 indicating ability and 5
or 6 indicating severe disability. In this survey, patients (self-report or
by proxy) completed this questionnaire.

To assess the impact of caring for someone with alpha-mannosidosis
on QoL, two questionnaires were completed by carers. The HADS
questionnaire was selected by the investigators during the trial as a
measure of anxiety and depression in a general clinical population [10]
and the CSI questionnaire was selected as a measure of strain related to
care provision [11]. The major domains of strain measured by CSI are
physical health, time demands, social interactions, employment, and
finances. Responses for each item were either positive or negative.

2.4. Statistical methods

Patient responses (self- and/or proxy) to the survey questions were
analysed. Frequency distributions were used for categorical variables.
Analyses for walking ability (ambulatory health state) were performed
using simple pooling. Patients with the same walking ability were
combined. Descriptive statistics were used to assess pooled data.
Responses to open-ended questions were listed.

For the EQ-5D-5L, EQ-5D-Y, and HUI-3 questionnaires, analyses
were performed using algorithms/tariffs as specified in each respective
questionnaire manual to translate raw questionnaire responses into
utility values [8,9,12]. Utility values for EQ-5D-Y were mapped to EQ-
5D-5 L using the nonparametric crosswalk method [13]. For the HADS
and CSI questionnaires, responses were calculated and compared
against the thresholds as specified in the questionnaire manuals
[10,11].

Walking ability as defined in multi-stage UK clinical expert (n = 5) teleconference interviews.

State Description

Walking unassisted
Walking with assistance

The patient is able to walk and go upstairs unassisted

distances, hand rails etc.)
Wheelchair dependent

The patient requires any form of assistance to walk (e.g. help from another person, footwear to support stability, a walking cane, wheelchair for long

The patient is wheelchair-bound but can still operate walking aids/use assistance to traverse short distances. The patient can still transfer themselves

without carer support (e.g. the patient can transfer from the wheelchair into bed independently)

Severe immobility

The patient requires a wheelchair/mobility device continuously and cannot transfer independently (i.e. requires hoists and other assistive equipment)
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Table 2
Patient demographics and disease characteristics.

Demographic Patients with AM (N = 9)
Age range”, years 7-37

Age group”

= 6-11years 1

12-17 years 3

= 18years 5

Age at first symptoms

< 18years 9

= 18 years 0

Age at diagnosis”

< 6years 3
= 6-11 years 1
12-17 years 2
= 18 years 2
Range 17 months-23 years
= 6-11years 12-17years = 18years All age
groups
n=1) (n=23) (n=5) (n=9)
Time since diagnosis®, years
Range 2 9-14 2-27°¢ 2-27¢
Treatment for AM
BSC 0 1 4 5
BSC + allogeneic HSCT? 1 2 0 3
BSC + ERT 0 0 1 1
Walking ability™P, no.
Unassisted 1 2 2 5
With assistance 0 0 1 1
Wheelchair-dependent 0 0 1 1
Severely immobile 0 1 1 2

Abbreviations: AM, alpha-mannosidosis; BSC, best supportive care; ERT, en-
zyme replacement therapy; HSCT, haematopoietic stem cell transplantation.

2 At time of survey completion.

> Responses taken from phase 3 of the survey responses (most recent data),
except for one patient with missing data.

¢ 2-year age range given, upper limit may be as low as 25 years.

4 Treatment was described as bone marrow transplant in survey responses.

3. Results
3.1. Patient demographics

At the time of this survey, 24 patients were enrolled in the MPS
Society UK Registry and all were invited to take part. Responses for nine
unique patients (38%) were received. Patient self-reported data were
collected in three cases, and patient data reported by proxy were col-
lected in all nine cases. Patient demographics are summarised in
Table 2. At the time of survey completion, patient age ranged from 7 to
37 years. In all cases, symptoms were present from an early age (birth to
5 years). There was a broad range of ages at which alpha-mannosidosis
was diagnosed, with the majority (7 of 9, 78%) diagnosed in childhood
or adolescence. Four patients (44%) had received disease-modifying
treatment for alpha-mannosidosis in addition to best supportive care. Of
these patients, three (one paediatric and two adolescents) received al-
logeneic HSCT - two patients at 3 years of age, one at 5 years. All three
patients received allogeneic HSCT within a year of diagnosis with
alpha-mannosidosis. One patient received velmanase alfa ERT as part of
a clinical trial at age 30, 15 years after diagnosis. At the time of survey
completion, this patient remained on compassionate use with ERT.

The walking ability of patients was ascertained as per the definitions
outlined in Table 1. Over half of patients (5 of 9, 56%) were described
as ‘walking unassisted’. One patient was described as ‘walking with
assistance’, one as ‘wheelchair-dependent’, and two as ‘severely im-
mobile’. All three patients (one adolescent and two adults) who were
described as ‘wheelchair-dependent’ or ‘severely immobile’ had not
received treatment beyond best supportive care for alpha-mannosidosis
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and had experienced symptoms of alpha-mannosidosis for at least
14 years.

3.2. Patient quality-of-life assessments

Of the nine unique patients, three provided self-reported patient
utility values and nine were received by proxy via the EQ-5D-5L or EQ-
5D-Y and HUI-3 questionnaires. Responses by proxy are reported here
for overall consistency, comparability, and greater contextual in-
formation. Discrepancies between patient self-reported (n = 3) and
respective proxy-reported responses were noted and were attributed to
the reduced cognitive ability of these patients, and as a result proxy-
reported results were considered more reliable. Carers also provided
their own responses to the CSI and HADS questionnaires. Overall, it was
seen from the EQ-5D-5 L and HUI-3 utility values that there was a high,
yet heterogeneous, disease impact of alpha-mannosidosis on patient
health-related quality of life (HRQoL).

Responses were completed for seven patients for the EQ-5D-5L
questionnaire, and for two patients for the EQ-5D-Y questionnaire who
were aged < 16 years. Utility values for EQ-5D-Y were mapped to EQ-
5D-5L using the nonparametric crosswalk method [13]. Patients with
the least mobility had the lowest EQ-5D-5 L utility values, indicating a
lower HRQoL. Patients who were described as severely immobile
(n = 2) had a mean utility value of —0.011 compared with a mean
utility value of 0.794 for patients who were described as walking un-
assisted (n = 5) (Fig. 1). The lower utility values for these patients re-
sult from the severely reduced mobility itself and the impact this has on
the patients' ability to undertake self-care activities. This result can be
seen from the mobility and self-care domain values for these patients
(Supplementary Table 1). It must also be noted, however, that reduced
mobility is multifactorial and a decline in mobility may be a marker of
CNS disease, which also effects self-care. Patients who had no prior
treatment for alpha-mannosidosis beyond best supportive care reported
poor HRQoL. Most patients in this subgroup (4 of 5, 80%), with an age
range of 16 to 37 years, are adults who have lived with this progressive
condition for a long period; all three patients who were wheelchair-
dependent or severely immobile were in this group. Interestingly, the
plot of EQ-5D-5L scores by domain demonstrated heterogeneity of
impact of disease on HRQoL (Fig. 2). There was a wide range of VAS
scores for self-rated health across all walking abilities and prior treat-
ment status (mean 74.8, range 33-100). A comparison between patient-
reported and proxy-reported responses for the three patients who re-
sponded showed that patients tended to report a lower score than carers
in the ‘usual activities’ domain.

Six complete HUI-3 questionnaires were obtained by proxy, data for
the remaining three patients were incomplete and scores were unable to
be calculated. Analysis of the HUI-3 utility scores for the six patients
showed that HRQoL was again most negatively affected for patients
who were described as wheelchair-dependent or severely immobile and
patients who had no prior treatment for alpha-mannosidosis beyond
best supportive care (Fig. 3). Notably, cognition was the most severely
affected attribute, with a score indicating moderate-to-severe disability
recorded in 6 patients (83%). Patients who were wheelchair-dependent
or severely immobile also had prominent areas of moderate-to-severe
impairment in hearing. When comparing patient-reported and proxy-
reported responses, two of the three patients reported no or mild dis-
ability for cognition compared with the moderate level reported by
proxy. Two of the three patients reported a higher overall HUI-3 utility
score than those reported by proxy.

3.3. Carer quality-of-life assessments

Responses were received from all nine carers for the HADS and CSI
questionnaires to assess carer anxiety and depression, and caregiver
strain, respectively. Eight carers also reported how much time they
spent caregiving each day. Overall, these measures demonstrated that
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EQ-5D-5L by walking ability (N = 9)
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Fig. 1. HRQoL of nine patients as reported by proxy
measured using the EQ-5D-5L questionnaire ac-
cording to walking ability (top) and prior treatment
(bottom). A score of 1 indicates ‘perfect health’, a
score of 0 indicates ‘death’. Negative values indicate
‘feeling worse than death’. Utility values for two pa-
tients were mapped from EQ-5D-Y to EQ-5D-5 L using
the nonparametric crosswalk method [15].
Abbreviations: BSC, best supportive care; EQ-5D-5L,
EuroQol 5 Dimensions 5 Levels; ERT, enzyme re-
placement therapy; HRQoL, health-related quality of
life; HSCT, haematopoietic stem cell transplantation;
SI, severe immobility; WC, wheelchair-dependent;
WU, walking unassisted; WWA, walking with assis-
tance.

Fig. 2. HRQoL by domain of seven patients
as reported by proxy measured using the
EQ-5D-5L questionnaire. Each line re-
presents the carer-reported domain score
by proxy for an individual patient (N = 7).
Please note that identical scores were re-
ported for patients 4 and 5 so these appear
to be one line. Responses for the EQ-5D-Y
questionnaire were completed for two pa-
tients; these are not represented here as

e Patient 2 €ach dimension on the EQ-5D-Y has three

levels compared with five levels on the EQ-
5D-5L. Higher scores indicate a higher

Patient 4  level of perceived problems for that domain

of the EQ-5D-5L questionnaire.

-Patient 5 pppreviations: EQ-5D-5L, EuroQol 5
Patient 6 Dimensions 5 Levels; EQ-5D-Y, EuroQol-5

Dimension-Youth; HRQoL, health-related

= < Patient 7 quality of life.
Patient 9
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Table 3 and an abnormal case of depression. QoL was most negatively affected

HADS scores for nine carers of patients with alpha-mannosidosis. For HADS,
carer scores for anxiety and depression subscales go up to 21 each. 0-7: no case;
8-10: borderline abnormal case; 11-21: abnormal case. Abbreviation: HADS,
Hospital Anxiety and Depression Scale.

HADS subscale Mean Normal case  Borderline Abnormal case
(range) abnormal case
n (%) n (%) n (%)
Anxiety 6.2 5 (56%) 4 (44%) 0
2-10)
Depression 5.7 6 (67%) 2 (22%) 1 (11%)
0-13)

caring for someone with alpha-mannosidosis has a large impact on
carer QoL.

The HADS anxiety and depression scores are presented in Table 3.
Analyses showed that at least half of carers surveyed (5 of 9, 56%)
reported having a borderline abnormal or abnormal case in at least one
subscale. Whilst a ‘normal’ HADS score is not defined in the literature,
experts drawing on experience commonly classify combined scores of
8-10 or 11-21 as borderline abnormal or abnormal cases, respectively.
One carer had a borderline abnormal case of both anxiety and de-
pression, and another carer had a borderline abnormal case of anxiety

for carers of patients who were described as wheelchair-dependent or
severely immobile; however, caring for a patient with less severe am-
bulatory health states was not necessarily associated with decreased
carer anxiety or depression (Fig. 4).

For the CSI questionnaire, carers had a mean score of 7.9 (range
5-11) for the level of stress related to care provision. A score of 7 or
more, indicating high levels of stress related to care provision, was seen
in seven of nine carers (78%). QoL was most negatively affected for
carers of patients who were wheelchair-dependent or severely im-
mobile (Fig. 4).

The mean time spent caregiving per day was 16.6 h (range 4-24).
The number of hours spent per day caring for the patient increased as
the ambulatory health state of the patient deteriorated (Fig. 4).

3.4. Qualitative analyses

All patient-reported and proxy-reported qualitative responses were
analysed to assess the natural history of alpha-mannosidosis, the
pathway to diagnosis, and the impact of the disease and treatment on
the patients, carers, and their families. It was noted that initial signs and
symptoms of alpha-mannosidosis were present from an early age (birth
to 5 years) for all patients, with patients and/or carers reporting at least
one of the following initial symptoms: facial features, umbilical hernia,
talipes (club foot), enlarged head, spine curvature, hearing impairment,
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HADS by walking ability of patient (N = 9)
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Fig. 4. QoL of carers measured by walking ability of the patient using the HADS
questionnaire (top), CSI questionnaire (middle) and caregiver time per day
(bottom) For HADS, carer scores for anxiety and depression subscales go up to
21 each. 0-7: no case; 8-10: borderline abnormal case; 11-21: abnormal case.
For CSI, carer scores go up to 12, with a score of 7 or higher indicating the carer
is under a high level of stress related to care provision. Blue horizontal dotted
lines indicate the level at which there is a borderline abnormal case for HADS
for each subscale or a high level of stress related to care provision for CSI.
Abbreviations: CSI, Caregiver Strain Index; HADS, Hospital Anxiety and
Depression Scale; HRQoL, health-related quality of life; SI, severe immobility;
WC, wheelchair-dependent; WU, walking unassisted; WWA, walking with as-
sistance. (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)

dislocated hips, hepatosplenomegaly (enlarged liver and spleen), cog-
nitive impairment, and respiratory, ear, and eye infections. The age at
diagnosis varied widely (17 months to 23 years), though seven of nine
(78%) were diagnosed in childhood or adolescence (< 18 years).

The majority of patients were diagnosed by a metabolic specialist;
however, many were seen by a range of healthcare professionals and
specialists before receiving a diagnosis of alpha-mannosidosis. A typical
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pathway to diagnosis involved GP appointments followed by referrals
to various specialists before eventual diagnosis by metabolic specialists.
The number of GP appointments prior to specialist referral varied from
a single visit to > 25 visits; for one patient, a health visitor was seen
more often than the GP. The number of GP visits were retrospectively
reported, and thus patient recalls may not be accurate. Initial symptoms
that prompted the first GP visit included curved spine, not meeting
milestones, enlarged head, and hearing problems. Referral to a spe-
cialist occurred between birth to over 5 years of age with a median age
at referral of 18 months. Most patients received their first specialist
referral more than a year and up to 5 years after first presenting with
symptoms. For over half of the patient cases in the survey, at least three
specialist referrals were required before receiving a formal diagnosis.
One patient was first referred to a specialist within months of a GP visit
with initial symptoms of delayed walking and talking and an abnor-
mally large head, but the speed of this referral was unusual and may
have been due to the symptom presentation and proximity to a centre of
excellence in lysosomal storage disorders.

Following diagnosis, patients accessed a broad range of healthcare
services, including physiotherapy and occupational therapy, speech and
language therapy, and wellbeing counselling. All patients received
speech and language therapy during their schooling years; notably, two
of these patients only received their diagnosis of alpha-mannosidosis in
adulthood. Social services accessed included Disability Living
Allowance (DLA), Personal Independence Payment (PIP), Employment
Support Allowance (ESA), and Jobseeker's Allowance (JSA). Two pa-
tients also received support in the form of an education, health, and
care (EHC) plan for special education needs.

The clinical manifestations of alpha-mannosidosis have a consider-
able impact on patient health and HRQoL. In addition to the initial
symptoms as previously stated, all patients reported hearing problems,
including deafness (2 of 9, 22%), hearing impairment (2 of 9, 22%),
glue ear (fluid build-up in the ear canal; 4 of 9, 44%), and ear infections
(1 of 9, 11%). As a result, eight received hearing aids (2 of 9, 22%) or
grommets (6 of 9, 67%). Sleep apnoea was reported for two patients
(22%), one of whom required a BiPAP (biphasic positive airways
pressure) machine. Many patients underwent surgical procedures to
treat the symptoms and physical manifestations of alpha-mannosidosis,
such as surgery on bones and/or joints (5 of 9, 56%), and removal of
adenoids and/or tonsils (4 of 9, 44%). All clinical events mentioned
above generally first emerged in childhood or adolescence.

Of the five adult patients surveyed, two were employed part time
and one was at college three days a week. All three were described as
walking unassisted or walking with assistance. Employment data for the
other two adults were missing.

The impact of caring for someone with alpha-mannosidosis is evi-
dent from carer responses. Patients' carers and families reported con-
siderable pressure involved in caring for a family member with alpha-
mannosidosis; the stress and anxiety caused by the disease put pressure
on family relationships and dynamics. Alpha-mannosidosis also im-
paired the social integration of patients, their carers, and their families.
Carers reported providing 4-24 h of care per day to patients and, as a
result of their caring commitments, most carers (7 of 9, 78%) were
unable to work full-time.

Treatment of alpha-mannosidosis beyond best supportive care had
an overall positive impact on patients, their carers, and their families.
Three patients included in the survey had previously received treatment
with allogeneic HSCT and one patient had initiated and continued to
receive treatment with velmanase alfa ERT. All patients who received
allogeneic HSCT were under 6 years of age at the time of transplanta-
tion, with two patients having received allogeneic HSCT at 3 years and
one patient at 5years of age. At the end of the study period, these
patients were 12 and 16, and 7, respectively. The carers of all patients
who had received allogeneic HSCT noted the value of this treatment.
Allogeneic HSCT was reported by carers to improve the patient's alpha-
mannosidosis-related symptoms and increase the health and HRQoL of
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patients and carers. Improvements were seen in patients' physical
symptoms, including coordination, infection rates, speech, hearing, and
walking. Following allogeneic HSCT treatment, carers commented on a
reduction in their anxiety levels, and the ability to better appreciate life
and see the bigger picture. All three patients who received allogeneic
HSCT were walking unassisted at the time of the survey (average age:
12 years) and had relatively higher mean EQ-5D-5L utility values of
0.720 compared with 0.378 for patients who received best supportive
care only (average age: 20 years) (Fig. 1). The patient who received ERT
was 30 years old when treatment was initiated and at the end of the
study period was 34 years old. Treatment with ERT was reported by the
patient to improve the physical symptoms, causing a reduction in joint
pain and rate of ear infections, and a patient-perceived improvement in
gait. The health and HRQoL of both the patient and their carers im-
proved. The patient was walking with assistance (using supportive
footwear) at the time of the survey. As seen in Fig. 1, the EQ-5D-5L
utility value for this patient was 0.758 compared with 0.378 for pa-
tients who received best supportive care only.

4. Discussion

The natural history, quality-of-life outcomes, and qualitative data
reported in this UK survey support the observation that alpha-manno-
sidosis is a heterogeneous disease that follows a degenerative course.
Clinical manifestations reported in this survey, such as hearing loss and
musculoskeletal abnormalities, are in line with output from a long-
itudinal, prospective study of 43 patients with alpha-mannosidosis re-
ceiving best supportive care [14]. Similarly, high incidence of recurrent
infections in the first decade of life, which were reported in a long-
running (> 20 years), retrospective study of 125 patients with alpha-
mannosidosis was a consistent observation in this survey [15].

Disease progression varies from patient to patient. In this survey,
some patients were able to walk unassisted for > 10 years from the
initial appearance of symptoms, while other patients progressed to a
wheelchair or became severely immobile within the same time frame.
These observations are in keeping with the heterogeneity in clinical
progression. Such large variations in disease progression of alpha-
mannosidosis have been previously noted. The longitudinal study re-
ported large variations in severity and rates of disease progression, with
only slight progression of a few clinical findings within the observa-
tional period (24 months) [14].

In all patients who responded to the survey, symptoms were present
from early childhood (birth to 5years). However, diagnosis of alpha-
mannosidosis was slow in many cases, taking a decade or longer for
almost half of the patients surveyed. There were different routes to
diagnosis, which could take months or years as initial symptoms were
often non-specific and managed by multiple healthcare professionals,
rather than being considered as part of a multi-systemic disease. This
situation caused frustration to carers and resulted in a delay in diag-
nosis. Increased awareness of alpha-mannosidosis may lead to shorter
time to diagnosis; it was found in this survey that the GPs and specia-
lists (community paediatricians, neurologists, etc.) who referred the
patients to metabolic specialists early in the diagnostic pathway played
a key role in faster diagnosis. Data from this survey suggest that earlier
diagnosis and access to treatment for alpha-mannosidosis beyond best
supportive care may improve not only symptoms of the disease, but also
quality of life of the patient.

Allogeneic HSCT is typically considered for patients with a severe
form of alpha-mannosidosis in patients diagnosed in early childhood
[4]. This treatment option has variable outcomes and carries significant
morbidity and mortality risks, which increase with the age of the pa-
tient [3,16]. Historically, the risk-benefit profile of allogeneic HSCT is
more favourable in younger patients; when carried out in young pa-
tients, it can slow disease progression, and the risk of transplant-related
complications is minimised [3]. Although specific mortality rates for
alpha-mannosidosis related to allogeneic HSCT are not available,
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studies of Hurler's syndrome demonstrate that post-HSCT mortality
rates have improved and may continue to improve as experience in
allogeneic HSCT increases, techniques are optimised, and procedures
evolve, such as therapeutic monitoring for busulfan and better human
leukocyte antigen (HLA) matching [17,18].

In one retrospective analysis of 17 patients with alpha-mannosidosis
before and after HSCT, the survival rate was 88% [16]. Most patients
received allogeneic HSCT before the age of 6years (median age
3.6 years; range 1.3-23.1 years). Median follow-up post-transplantation
was 5.5years (range 2.1-12.6 years). Overall, all patients showed de-
velopmental improvements after HSCT in terms of improved hearing
ability in some patients, and mild or progressive dysostosis (bone de-
velopment); however, no patients achieved normal development [16].
Additionally, positive outcomes with allogeneic HSCT have been re-
ported in a case report of two siblings with alpha-mannosidosis in the
UK, who were aged 6 months and 13 years respectively at the time of
transplantation [19]. Three patients who responded to this survey had
received allogeneic HSCT. In all cases, carers reported that this treat-
ment had improved patients' symptoms, including co-ordination and
hearing and reduced rates of infection without receiving long term
antibiotic treatments.

Since April 2018, velmanase alfa has been licensed as ERT for the
treatment of non-neurological manifestations in patients with mild to
moderate alpha-mannosidosis [5]. One patient in this survey had in-
itiated velmanase alfa ERT as part of a clinical trial and continued to
receive it through a compassionate use programme. This patient re-
ported several improvements in the physical symptoms of alpha-man-
nosidosis following ERT including a reduction in joint pain, fewer ear
infections, and a patient-perceived improvement in gait. A prospective
study of long-term efficacy and safety of velmanase alfa ERT analysed
data from 33 alpha-mannosidosis patients. After an average of
29.3 months of treatment exposure, data showed significant improve-
ments in serum oligosaccharide levels and 3-min stair climb tests [20].
Interestingly, improvements in the 3-min stair climb test were even
more pronounced in the paediatric subgroup (n = 19) compared to
adults. Improvements in endurance, pulmonary function, and motor
proficiency were also noted up to 48 months [20]. Shortly following the
publication of these results, a post-hoc analysis reported the global
treatment response for velmanase alfa in alpha-mannosidosis patients
(n = 15). After 12 months, a global treatment response was achieved by
87% of the velmanase alfa-treated patients [21]. At last observation,
data showed 88% of patients achieved global response, including 100%
of paediatric patients [21]. These types of improvement are particularly
pertinent in the context of a progressively worsening disease that effects
the QoL of the patient and their caregivers.

The results of this current survey show that alpha-mannosidosis has
a considerable impact on the QoL of patients, their carers, and their
families, with patient walking ability as a key factor. Patients with the
most severe ambulatory health states had the lowest EQ-5D-5 L utility
values, with a mean utility value of —0.011 (range — 0.048-0.027) for
two patients who were severely immobile, and 0.100 for one patient
who was wheelchair-dependent compared with 0.794 (range
0.592-1.000) for five patients who were described as walking un-
assisted. Lower scores indicate lower patient HRQoL, and negative
utility values show that the ambulatory health states of severely im-
mobile patients are considered worse than death. However, it is ac-
knowledged that grouping patients according to ambulatory health
states may have resulted in bias as two of the five patients in the
walking assisted group were considered to have a less severe form of
alpha-mannosidosis whilst the other three patients in this group had
received allogeneic HSCT. The increased dependence of patients who
were wheelchair-dependent or severely immobile on their carer for all
aspects of daily life results in a higher level of strain related to care
provision for the carer and poorer QoL outcomes for the patient. It was
noted that in some cases, cognitive impairment meant that patients did
not understand the full impact of alpha-mannosidosis on their lives and
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this may have contributed to the variation in results observed between
patient-reported and proxy-reported HRQoL results. All these factors
contribute to the greater negative impact on patient and carer QoL as
patients progress to more severe ambulatory health states.

Of the three patients who were able to respond on their own, one
described the impact of the disease on their health including poor
hearing and vision, reduced mobility (due to joint and bone problems),
learning difficulties, and difficulties in comprehension and under-
standing. In contrast, another patient stated that alpha-mannosidosis
had not had an impact on their health or QoL, although the carer re-
marked that the disease had affected the patient's intellectual ability,
understanding, and fine motor skills.

Caring for a child or patient with alpha-mannosidosis had a negative
impact on the health and QoL of carers, particularly with regards to
their mental health. The responsibilities of looking after a child with
alpha-mannosidosis caused stress and anxiety for carers. While carer
QoL was most negatively affected for carers of patients who were
wheelchair-dependent or severely immobile, interestingly, caring for
more mobile patients was not necessarily associated with lower carer
anxiety or depression.

To try to determine the level of impact of alpha-mannosidosis on
patient QoL, this survey used the EQ-5D-5L questionnaire. This ques-
tionnaire has been used to evaluate patient QoL in many other disease
areas, allowing comparisons of the utility values for alpha-mannosi-
dosis with those generated for other, more prevalent, conditions. The
mean EQ-5D-5 L utility values of patients with alpha-mannosidosis who
were walking unassisted (0.794) or walking with assistance (0.758) in
this survey were comparable to that reported for patients with mod-
erate rheumatoid arthritis (0.730) [22]. It should be noted that two
patients included in this survey who were walking unassisted had
presented primarily with mild ataxia-related symptoms. Consequently,
the utility values, and self-care and pain/discomfort domain scores in
the EQ-5D-5 L for this group of patients are likely to under-represent the
level of disability experienced by patients with alpha-mannosidosis.
The utility values of patients who were described as wheelchair-de-
pendent (0.100) or severely immobile (—0.011) were much lower than
those reported for patients with severe rheumatoid arthritis (0.300)
[22], and only slightly higher than those of patients with multiple
sclerosis who were bed ridden or completely immobile (—0.049)
[23,24]. Patient QoL data were also reported in the longitudinal study
[14], and in the velmanase alfa clinical trial analyses [25,26]. All stu-
dies showed that patients with alpha-mannosidosis were dependent
upon third party assistance in daily living.

Data in this survey provide additional insights into what patients
with this ultra-rare, progressive disease and their carers experience
daily. Although the number of respondents to this survey was small,
representing 40% of the known UK MPS Society's enrolled alpha-
mannosidosis population, the quantitative and qualitative data clearly
demonstrate the large impact of alpha-mannosidosis on the patient and
their families and caregivers. Nonetheless, the small number of re-
spondents constitutes a limitation of this study, and it remains to be
elucidated as to whether the results are generalisable to a larger patient
population hence results should be interpreted with caution. However,
it should be noted that the available patient population for a condition
with a low prevalence, such as alpha-mannosidosis, is small and sig-
nificant efforts were made to include a larger number of patients in this
study. Nevertheless, this may introduce a level of bias into the survey
results as factors preventing participation have not been captured and
thus results may not be generalisable to the entire UK alpha-mannosi-
dosis population. It must also be noted that although this paper sought
to understand how the condition progresses and its impact on patients
and carer HRQoL, the reliance on patient and carer memory and recall
does not allow for accurate measurement of symptom or HRQoL pro-
gression over time or as a result of specific treatments.
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5. Conclusions

Alpha-mannosidosis is an ultra-rare disease. The heterogeneity of
this disease means that patients can present symptoms with different
severity and progress at different rates. Clinicians should be aware of
the red flags of alpha-mannosidosis symptom presentation that may
hasten diagnosis and therefore maximise the opportunity for interven-
tion at the earliest stage possible. However, if severely progressive
forms of alpha-mannosidosis are identified or for those with severe
cognitive impairment, it is unlikely that current treatment options will
be effective. This survey demonstrated that patient QoL utility values
decreased as the patient's ambulatory health state progressed. Early
identification of patients who can benefit from treatment beyond best
supportive care and early access to treatment offers the best chance of
slowing disease progression and may provide some relief to patients
and carers, as evidenced by the differences in QoL scores reported by
treated and untreated patients. Even during best supportive care, there
is a need to manage symptoms effectively through co-ordination and
organisation of care across different medical specialties and treatment
centres. Carers of patients with alpha-mannosidosis experience high
levels of stress and anxiety from the day-to-day responsibilities they
face. Consequently, efforts to better manage and co-ordinate the patient
journey could help reduce carer burden and provide the best care for
patients. Ultimately, best practice for supporting patients and families
coping with a rare disease can only be formulated with a clear and
rounded understanding of the unique daily challenges they face.
Surveys that collate both quantitative and qualitative data for patients
and their caregivers are an important source of this information.
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