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study
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Objective: Fabry disease is a progressive disorder caused by deficiency of the
a-galactosidase A enzyme (a-Gal A), leading to multisystemic organ damage with
heterogenous clinical presentation. The addition of the oral chaperone therapy
migalastat to the available treatment options for Fabry disease is not yet universally
reflected in all treatment guidelines. These consensus recommendations are
intended to provide guidance for the treatment and monitoring of patients with
Fabry disease receiving migalastat.

Methods: A modified Delphi process was conducted to determine consensus
on treatment decisions and monitoring of patients with Fabry disease receiving
migalastat. The multidisciplinary panel comprised 14 expert physicians across nine
specialties and two patients with Fabry disease. Two rounds of Delphi surveys were
completed and recommendations on the use of biomarkers, multidisciplinary
monitoring, and treatment decisions were generated based on statements that
reached consensus.
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Results: The expert panel reached consensus agreement on 49 of 54 statements,
including 16 that reached consensus in round 1. Statements that reached consensus
agreement are summarized in recommendations for migalastat treatment and
monitoring, including baseline and follow-up assessments and frequency. All patients
with Fabry disease and an amenable mutation may initiate migalastat treatment
if they have evidence of Fabry-related symptoms and/or organ involvement.
Treatment decisions should include holistic assessment of the patient, considering
clinical symptoms and organ involvement as well as patient-reported outcomes
and patient preference. The reliability of a-Gal A and globotriaosylsphingosine as
pharmacodynamic response biomarkers remains unclear.

Conclusion: These recommendations build on previously published guidelines
to highlight the importance of holistic, multidisciplinary monitoring for patients
with Fabry disease receiving migalastat, in addition to shared decision-making
regarding treatments and monitoring throughout the patient journey.

KEYWORDS

chaperone therapy, alpha-galactosidase A, globotriaosylsphingosine, amenability,
treatment decisions, patient journey

Multidisciplinary panel:
» 14 expert healthcare professionals (nine specialties)
« Two patients with Fabry disease

Modified Delphi consensus process:
+ Covering seven key areas:

a-GalA | lyso-Gb, | Patient [ Treatment
testing testing i itori health

Round 2 survey: 38 statements Overall: 49 of 54 statements
33 reached consensus reached consensus

Patient-
reported

Treatment
decisions

Mental

outcomes

Consensus recommendations for migalastat treatment and monitoring
in Fabry disease included:
Baseline evaluations and monitoring:

Treatment decisions:

Migalastat initiation Treatment switch Treatment cessation

Patient-
reported

Fabry-related symptoms

activity

GRAPHICAL ABSTRACT

1. Introduct

ion

primarily globotriaosylceramide (Gb;), and globotriaosylsphingosine
(lyso-Gbs) (2, 3), causing multisystem cellular dysfunction, chronic

Fabry disease is a progressive, multisystemic, X-linked disorder ~ inflammation, and fibrosis (4, 5), and ultimately resulting in

caused by variants in the GLA gene resulting in partial or absolute  irreversible tissue and organ damage (5-12).

deficiency of a-galactosidase A (a-Gal A) activity (1-3). This leads to Fabry disease is highly variable in terms of age of onset, symptom

progressive intracellular accumulation of glycosphingolipids,  presentation, and organ involvement (2, 13, 14). Patient presentations
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may be broadly classified as an early-onset classical phenotype and a
non-classic, late-onset phenotype (13, 14). Patients with the classic
phenotype present with absent or very low a-Gal A activity, resulting in a
severe disease course leading to peripheral manifestations of
angiokeratoma, acroparesthesia, cornea verticillata and sweating
abnormalities, as well as multiorgan failure and premature death if
untreated (13). The late-onset phenotype encompasses patients with
higher levels, although still deficient, of residual a-Gal A activity and
disease predominantly of the heart. Notably, this is often without the
peripheral manifestations of pain, eye changes, and sweating abnormalities
(13, 15-18). Recent studies have demonstrated that the late-onset
phenotype is more common than previously estimated (17, 19), with
potential late-onset GLA variants found in over 88% of patients with
Fabry disease identified by newborn screening across Taiwan, Italy, Japan,
and New York (20-24). Systematic screening programs for Fabry disease
predominantly identify male patients (17, 20-23, 25, 26), with enzyme-
based screening approaches being less reliable for female patients who
may present with normal plasma or leukocyte a-Gal A activity (19, 27).

Intravenous enzyme replacement therapy (ERT) with agalsidase beta
(Fabrazyme®) is approved for patients with Fabry disease aged
>2 years in the United States of America (USA) and > 8years in Europe
(28, 29), and ERT with agalsidase alfa (Replagal®) is approved for use in
patients with Fabry disease, with dosage recommendations for ages
7-65years (30). An international panel of Fabry disease experts across
seven subspecialties developed consensus recommendations for
management and treatment of adults with Fabry disease receiving ERT
which were published in 2018 (15). These recommendations highlighted
the importance of monitoring both Fabry-related symptoms and organ
involvement (15). Due to initial asymptomatic presentation of patients
diagnosed through family screening, treatment is not always initiated
immediately following diagnosis (31). Multidisciplinary monitoring can
help to facilitate early treatment initiation, which is important to avoid
irreversible tissue/organ damage (15, 31-33). Monitoring frequency can
vary by phenotype (15), but one should always consider the whole clinical
picture relevant to an individual. This includes key affected organs, i.e.,
cardiac, renal, and cerebrovascular, symptoms such as pain and
gastrointestinal (GI) manifestations, and negative impacts on mental
health and quality of life (QoL) (15, 34-37).

The oral chaperone therapy migalastat (Galafold®; Amicus
Therapeutics, Philadelphia, PA, United States) is approved for use in
patients with Fabry disease with amenable GLA mutations aged
>16years in Australia, >12years in Europe, and >18years in the
United States and Canada (38-41). Amenability is defined using a
good laboratory practice (GLP)-validated in vitro assay of human
embryonic kidney (HEK) cells transfected with the GLA mutation and
incubated with migalastat (42). Mutations are categorized as amenable
if the transfected cells display a >1.2-fold increase above baseline and
a>3% absolute increase in wild-type a-Gal A activity (42). As of May
2022, 1,386 variants were classified as amenable to migalastat (39);
labeling may vary by region (38, 40) and this overall value is updated
as new variants are identified and tested in the amenability assay.

Owing to the different mechanisms of action and approved
indications for migalastat and ERT, they may require different
monitoring and treatment guidelines. For example, a-Gal A activity
has been hypothesized to provide an indication of the biological
activity of migalastat (42-45), suggesting potential value as a
pharmacodynamic response biomarker. Additionally, lyso-Gb; may
not correlate with clinical outcomes in patients treated with either
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migalastat or ERT (46, 47), although its use at diagnosis may aid in
predicting disease progression (48-51). Consideration should also
be given to defining disease progression, stability, and improvement
in patients with Fabry disease, in order to aid treatment decisions in a
landscape where there are now multiple options available. Consistency
in the monitoring of patients on migalastat will help to evaluate
treatment-specific outcomes (15).

We conducted a modified Delphi process (52) with a panel of
expert physicians and patients with Fabry disease to determine
consensus on treatment initiation and monitoring of patients receiving
migalastat; the results and recommendations are reported here.

2. Methods

The modified Delphi process used in this study is summarized in
Figure 1. A consultative survey-based technique was used to reach
consensus on best practice for the management of Fabry disease with
migalastat using a modified Delphi approach (52, 53).

2.1. Selection of co-chairs and expert panel

The co-chairs and expert panel were selected from participants of
a series of three roundtable meetings (in-person and virtual) that
occurred between September and December 2020. Meeting attendees
included expert physicians and Fabry patient advocates. Meeting
attendees were compensated for their participation in roundtable
meetings; none of the authors were compensated for their input into
the Delphi process or the publication. Expert physicians came from a
wide range of Fabry-related medical disciplines, and all had experience
in management of patients with Fabry disease on migalastat. The
meetings aimed to identify key areas where updates to existing
treatment and monitoring guidelines were required, specifically in
relation to management of patients with Fabry disease on migalastat.

Three of the leading global experts in Fabry disease in attendance
were invited, and subsequently agreed, to be co-chairs for this
modified Delphi consensus study. Fourteen panelists agreed to
participate in the consensus survey, including 12 expert panelists and
two patient advocates, all of whom attended one or more of the
meetings. One expert declined to participate after round 1 and was
excluded from the analysis. Overall, the three co-chairs and 11 expert
panelists represented 11 countries and eight specialties (Table 1).

The consensus committee convened to agree on the objectives of the
study and provide guidance on the development of Delphi statements.
Before the meeting, a non-exhaustive literature search was conducted
(see Supplementary Appendix A.1) to identify guidelines or management
recommendations for patients with Fabry disease receiving migalastat,
with results presented to the committee during the meeting. Overall,
seven sources were identified that provided country-specific
recommendations for migalastat (from Spain, Germany,
United Kingdom, Italy, and Canada) (54-60). No international guidelines
for migalastat were available. During the meeting, the committee agreed
that the consensus process should build on available recommendations
for Fabry disease and migalastat by focusing on key decision and
communication points within the journey of a patient with Fabry disease

receiving migalastat: diagnosis, baseline assessments, treatment
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Concepts and questions directed by the
co-chairs

Round 1
4-point Likert scale and free-text responses
(1 = strongly agree; 2 = agree; 3 = disagree;
4 = strongly disagree)

e Agreement = 100% of panelists

rank statement < 2

* Disagreement = 100% of panelists
rank statement = 3
= agreement

e Consensus

Methodology and administration
supported independently

Recruitment of expert panel
n =12 experts; n = 2 patients

Data collected, summarized, and analyzed
by administrator

* Non-exhaustive literature search

» Statements reformulated for round 2

¢ Round 1 summary/analysis and round 2
statements reviewed by co-chairs

Round 2
5-point Likert scale and free-text responses
(1 = strongly agree; 2 = agree; 3 = neither agree
nor disagree; 4 = disagree; 5 = strongly disagree)

e Agreement

=267% (= 9/13 panelists)
rank statement < 2

* Disagreement = = 33% (= 5/13 panelists)
rank statement = 4

* Consensus = agreement

FIGURE 1
The modified Delphi methodology used in this study.

« Data collected, summarized, and
analyzed by administrator

« Consensus scores reviewed by the co-chairs

» Final consensus summarized

» Treatment and management algorithm for
patients with Fabry disease receiving
migalastat generated and reviewed by
co-chairs and panelists

decisions, and continual monitoring. During the meeting, the following
key areas where a consensus opinion would be beneficial were agreed:
the utility of a-Gal A and lyso-Gb; monitoring, the importance of the
patient perspective, treatment monitoring [including mental health and
patient-reported outcomes (PROs)], and criteria that may inform
treatment decisions.

2.2. Modified Delphi process

All stages of the Delphi process were overseen by the co-chairs and
conducted by an independent third-party administrator (Comradis,
London, United Kingdom). Seventy Delphi statements were developed
by the administrator to focus the consensus process on the key areas
identified in the consensus committee meeting. Results from the initial
non-exhaustive literature search (Supplementary Appendix A.1) along
with expert opinion from discussions during the meeting were used to
inform the development of the statements.

Panelist responses were gathered by the administrator via an online
survey platform for round 1 and a questionnaire document for round 2.
Responses were anonymized before sharing with the co-chairs.
Circulation of the questionnaires, collection of responses, and processing
of responses was conducted between March and July 2022.

Frontiers in Medicine

In round 1, panelists were asked to complete an anonymous
questionnaire with 70 statements (Supplementary Appendix B). A
summary of the key decision and communication points identified
during the committee meeting was provided to all panelists with the
round 1 statements. Statements were ranked using a four-point Likert
scale (1=strongly agree, 2=agree, 3=disagree, and 4=strongly disagree)
and panelists were asked to provide rationale/supporting evidence or
reasoning for disagreement in a free-text response. Agreement was
defined as 100% of responses ranked <2; statements that reached
agreement in round 1 were determined to have reached consensus. The
administrator collated all round 1 responses and performed a
non-exhaustive literature search guided by panelists’ Likert scale and free-
text responses (Supplementary Appendix A.2). Statements that did not
achieve consensus were reformulated and presented with supporting
literature from the two non-exhaustive literature searches
(Supplementary Appendix A) for round 2. Statements that achieved
consensus in round 1 (n=16) were not reformulated for round 2. The
round 1 statements, a selection of representative anonymized panelists
responses from round 1, the percentage agreement or disagreement from
round 1, a summary of relevant literature from a non-systematic literature
search, and the statements for round 2 (n=38) were presented to the
co-chairs for review, before being presented to the panelists

(Supplementary Appendix A).
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TABLE 1 Expert physician author experience with Fabry disease and

migalastat (n = 3 co-chairs; n = 11 expert panelists).

Country
Argentina 1
Brazil 1
Canada 1*
France 1
Italy 1
Norway 1
Portugal 1
Spain 1
Taiwan 2
United Kingdom 1%
United States 3%
Specialty’
Cardiology 1
Genetics 5%
Hematology 1*
Lysosomal diseases 1
Metabolism 2
Nephrology 4%
Neurology 1
Pediatrics 3%
Internal medicine 2

Duration of Fabry disease clinical experience, years

Mean (SD) 20 (6)
0-10 0
11-20 7
21-30 7
>30 0

Experience with migalastat (research, managing patients), years

Mean (SD) 7 (4)
0-5 8
5-10 3
>10 3

Number of patients with Fabry disease managed

Mean (SD) 123 (121)
1-10 0
11-50 4
51-100 4
>100 6

Summary of patients managed, mean (range)

Male 55 (12-200)
Female 64 (0-300)
Classic 69 (10-250)
Non-classic 50 (2-250)

*Indicates n =1 co-chair; 'Some experts have multiple specialties.
SD, standard deviation.
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In round 2, panelists ranked statements on a five-point Likert
scale (1=strongly agree, 2 =agree, 3=neither agree nor disagree,
4=disagree, and 5=strongly disagree). The five-point scale was
selected for round 2 because free-text responses from round 1 strongly
indicated that a neutral option would be beneficial for areas outside of
panelists’ expertise. Agreement was defined a priori as >67%
(two-thirds, or >9/13 panelists) of responses ranked <2. Disagreement
was defined a priori as >33% (one-third, or>5/13 panelists) of
responses ranked >4. Statements that reached agreement in round 2
were determined to have reached consensus. Statement Likert scale
ranks were compiled by the administrator and reviewed by the
co-chairs, as in previous modified Delphi methods (31, 61).

After reviewing panelists’ anonymized free-text responses to the
statements that did not reach consensus criteria, the co-chairs agreed
that there was such a large difference of opinion between panelists
(that was not resolved with reformulation in round 2) that further
reformulation of the statements in a third round would not be more
likely to reach consensus. Statements that reached consensus were
used to generate recommendations for monitoring and treatment
decisions in patients with Fabry disease. Statements that did not reach
consensus are addressed in the discussion.

2.3. Statistical analyses

All data are reported descriptively because of the exploratory nature
of the Delphi consensus process. To standardize responses between
rounds 1 and 2, Likert scale rankings were assigned a numerical score
between —2 and 2 (strongly disagree =—2; disagree =—1; neither agree nor
disagree=0; agree=1; strongly agree=2); as per a previously reported
Delphi study (53), mean consensus scores were then calculated for each
statement to give an indication of the relative degree of agreement/
disagreement across statements. Results are presented as mean consensus
score, along with the number of panelists with an agreement score (> 1)
or disagreement score (< —1) and whether the statement reached
consensus according to the a priori-defined criteria (see Figure 1). A mean
consensus score of 0.1 is the lowest possible score where agreement (as
per our a priori definition of >67% of responses ranked <2) can
be reached. A mean consensus score of 1.0 is the lowest possible score
where all panelists responded with agree or strongly agree. Moderate
consensus was therefore considered to be a mean consensus score of
0.1-1.0; strong consensus was considered to be a score of 1.0-2.0.

3. Results

Overall, 16/70 round 1 statements and 33/38 round 2 statements
reached consensus across four key areas: a-Gal A measurements in
patients receiving migalastat, lyso-Gbs;, treatment monitoring
(including PROs, the patient perspective, and mental health), and
criteria for making treatment switch/stop decisions. Considerations
for migalastat made up 59% of the statements; given the importance
of the patient experience and multisystemic involvement of Fabry
disease, the remainder of the statements considered monitoring and
treatment decisions in the context of these topics.

Of the nine statements regarding oa-Gal A measurement in
patients receiving migalastat, six reached consensus, two reached
disagreement, and one did not reach either criterion (Table 2). Of
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the 14 statements regarding lyso-Gb, measurement in patients with
Fabry disease, 12 reached consensus (three at round 1; nine at round
2) and two did not reach either criterion by round 2 (Table 3). All 10
statements regarding monitoring assessments in patients with Fabry
disease reached consensus (two at round 1; eight at round 2; Table 4).
All 21 statements regarding treatment decisions in patients with
Fabry disease reached consensus (Table 5). All three statements
regarding patient involvement and 8/13 statements regarding
treatment initiation reached consensus in round 1.
Recommendations for monitoring and treatment decisions in
patients with Fabry disease based on the consensus results are

presented in Table 6.

TABLE 2

10.3389/fmed.2023.1220637

4. Discussion

4.1. a-Gal A measurements in patients
receiving migalastat

Recommendations based on consensus results for a-Gal A are
presented in Table 6. The panel reached consensus on the recommendation
to monitor a-Gal A activity in patients receiving migalastat (statements 1C
and 1F); however, a-Gal A activity should not inform clinical decision-
making (statements 1A, 1B, 1D, and 1E). Decisions on whether to continue
migalastat in both male and female patients should be made regardless of
changes in a-Gal A activity; such decisions should utilize a holistic

Results of the round 1 and 2 modified Delphi consensus process relating to a-Gal A measurement in patients receiving migalastat.

Statement Rank,* n Verdict Mean consensus
. score’
Agreement Neutral = Disagreement
Migalastat should be continued in female patients
with amenable mutations who are showing a
Consensus
1A stabilization or improvement in Fabry-related 10 2 1 1.2
(agreement)
symptoms, regardless of the change in a-Gal A
activity
Measurement of a-Gal A activity in female
Consensus
1B patients should not be used to make decisions 12 0 1 1.1
(agreement)
about whether to continue migalastat treatment
In male patients receiving migalastat, a-Gal A
enzyme activity in leukocytes should be measured Consensus
1C 9 3 1 1.0
before initiation of migalastat and as part of (agreement)
routine follow-up
Migalastat should be continued in male patients
with amenable mutations who are showing a
Consensus
1D stabilization or improvement in Fabry-related 10 1 2 1.0
(agreement)
symptoms, regardless of the change in a-Gal A
activity
Migalastat should be continued in both male and
female patients with stable or improved organ Consensus
1E 10 0 3 0.8
function, regardless of any change in the a-Gal A (agreement)
activity
a-Gal A activity in leukocytes should be routinely
Consensus
1F measured from migalastat initiation to inform an 9 1 3 0.6
(agreement)
assessment of the biological activity of migalastat
In male patients receiving migalastat, an increase
in a-Gal A activity to 10-20% of normal levels Criteria not
1G 8 2 3 0.5
indicates biological activity of migalastat and reached
supports a clinical decision to continue treatment
An increase in a-Gal A activity by 20-30% from
baseline indicates biological activity of migalastat
1H 5 3 5 Disagreement 0.1
and supports a clinical decision to continue
treatment
In female patients receiving migalastat, a-Gal A
enzyme activity in leukocytes should be measured
11 1 6 6 Disagreement -0.4
before initiation of migalastat and as part of
routine follow-up

“The number of panelists with a Likert scale rank of agreement (“agree” or “strongly agree”), neutral (“neither agree nor disagree”), or disagreement (“disagree” or “strongly disagree”) for each

statement is presented; "Strongest agreement = 2, strongest disagreement = -2. «-Gal A, a-galactosidase A.
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TABLE 3 Results of the round 1 and 2 modified Delphi consensus process relating to lyso-Gb; measurement in patients with Fabry disease.

ID

Statement

Agreement

Rank,* n Verdict

Neutral Disagreement

Mean consensus
score’

Frontiers in Medicine

07

Lyso-Gb; analysis should be performed in all Consensus
2A* 13 0 0 1.5
patients at diagnosis (agreement)
Following any increase in lyso-Gb; from baseline,
where there has been no change in treatment, Consensus
2B* 13 0 0 1.5
patients should be asked about their adherence to (agreement)
migalastat
Adherence and compliance with migalastat should
Consensus
2C be discussed with the patient in a systematic way, 13 0 0 1.5
(agreement)
reviewing the patientss current dosing and posology
Current migalastat treatment should be continued
Consensus
2D in any patient showing stable or improved organ 12 1 0 1.3
(agreement)
function, if lyso-Gb; is stable or declining
In ERT-experienced male patients switched to
migalastat, stable (or declining) lyso-Gb; levels after
12 months of migalastat treatment, relative to lyso- Consensus
2E 12 0 1 1.1
Gb; levels while receiving ERT, indicate biological (agreement)
activity of migalastat and support a clinical decision
to continue treatment
Current migalastat treatment should be continued
in any patient showing a s tomatic response Consensus
2F P gasymp P 12 1 0 11
(response in symptoms), if lyso-Gbs is stable or (agreement)
declining
Lyso-Gb; analysis should be performed every
Consensus
2G 6 months-1year in patients receiving treatment 11 1 1 1
(agreement)
with migalastat
In treatment-naive male patients, a decrease in
lyso-Gb; from pre-treatment baseline within
Consensus
2H <12months after migalastat initiation 10 3 0 1
(agreement)
that is sustained indicates biological activity of
migalastat
In ERT-experienced female patients switched to
migalastat, stable (or declining) lyso-Gb; levels after
12 months of migalastat treatment, relative to lyso- Consensus
21 11 0 2 0.9
Gb; levels while receiving ERT, indicate biological (agreement)
activity of migalastat and support a clinical decision
to continue treatment
Lyso-Gb; analysis should be performed every
Consensus
2] 6 months-1year in patients receiving treatment 10 1 2 0.8
(agreement)
with ERT
In treatment-naive female patients, any decrease in
lyso-Gb; from pre-treatment baseline within Consensus
2K 9 4 0 0.8
<12months after migalastat initiation indicates (agreement)
biological activity of migalastat
In treatment-naive female patients, failure to reduce
lyso-Gb; from pre-treatment baseline within Consensus
2L 9 2 2 0.6
<12 months of migalastat treatment is an indication (agreement)
to consider changing treatment
(Continued)
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TABLE 3 (Continued)

Statement

Agreement

10.3389/fmed.2023.1220637

Mean consensus
score’

Rank,* n Verdict

Neutral Disagreement

In treatment-naive male patients, failure to reduce
lyso-Gb; from pre-treatment baseline within

2M 8
<12 months of migalastat treatment is an indication

to consider changing treatment

Criteria not

reached

Lyso-Gb; is a reliable pharmacodynamic biomarker
2N for monitoring treatment response in patients 5

receiving migalastat

Criteria not

reached

*The number of panelists with a Likert scale rank of agreement (“agree” or “strongly agree”), neutral (“neither agree nor disagree”), or disagreement (“disagree” or “strongly disagree”) for each
statement are presented; 'Strongest agreement = 2, strongest disagreement = -2; “Indicates statement reached consensus in round 1.

ERT, enzyme replacement therapy; lyso-Gbs, globotriaosylsphingosine.

assessment, considering clinical factors such as Fabry-related symptoms
and/or organ involvement. The utility of a-Gal A as a pharmacodynamic
response biomarker remains unclear. The routine, systematic measurement
of a-Gal A activity in leukocytes in both male and female patients on
migalastat (statements 1C and 1F) could inform investigators about the
validity and relevance of a-Gal A as a potential biomarker to assess
treatment response. Collection and entry of these data into a registry (such
as the followME Fabry Pathfinders registry) could in part facilitate this.

Notably, consensus was not reached regarding an in vivo threshold
increase in o-Gal A activity from baseline or normal levels that would
indicate biological activity of migalastat. The threshold increase in the in
vitro GLP-validated amenability assay is 20% from baseline activity (42);
however, how this translates into an in vivo threshold increase is unknown
(62). Specific protocols considering a-Gal A pharmacokinetic (PK) and
pharmacodynamic parameters (e.g., time from migalastat dose and time
from blood draw to enzyme activity measurement) are required to
standardize a-Gal A measurement across centers so that individual
patient results can be compared. Additionally, whether there is a
correlation between a-Gal A in leukocytes and podocytes/cardiomyocytes
is unknown. Potential research avenues to investigate the identified data
gaps for a-Gal A are described in Table 7.

Additionally, there was disagreement regarding the utility of
a-Gal A measurement at follow-up in female patients receiving migalastat
(statement 1I; no consensus [—0.4]) given that 40% of female patients
present with normal leukocyte a-Gal A activity at baseline (64, 65).
Panelists noted that monitoring of a-Gal A in female patients with Fabry
disease receiving migalastat would be useful for research purposes to better
characterize its change over time. In male or female patients in whom
a-Gal A is abnormal at baseline, we might expect improvement over time.

4.2. Lyso-Gbs;

Recommendations based on consensus results for lyso-Gb; are
presented in Table 6.

Our consensus results support a lack of agreement within the field
regarding the utility of lyso-Gb; as a pharmacodynamic biomarker for
monitoring treatment response in patients with Fabry disease. While it
was recommended that lyso-Gb; analysis should be carried out at
diagnosis and follow-up, no consensus was reached regarding the
reliability of lyso-Gb; as a pharmacodynamic biomarker for monitoring
treatment response in patients with Fabry disease receiving migalastat.
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In the PREDICT-FD modified Delphi consensus initiative, there was
similarly no consensus reached on the use of lyso-Gb; as an indicator for
treatment initiation (31). Within the literature, there is also conflicting
evidence regarding the utility of lyso-Gb; as a biomarker to monitor
treatment response (13, 46, 47, 49). Although plasma lyso-Gb; has been
shown to decrease or stabilize in patients receiving treatment with ERT
(47, 66, 67) and migalastat (45, 68), several studies demonstrated that
neither lyso-Gb; concentration nor rate of change predicts the risk of
Fabry-associated clinical events in either ERT-or migalastat-treated
patients (46, 47). Additionally, the exact mechanism by which substrate
accumulation acts in Fabry disease is not completely understood (5, 46).
Continued lyso-Gb; measurement at follow-up in patients receiving
migalastat will provide further evidence on the extent of the relationship
between lyso-Gb; and clinical outcomes in patients receiving treatment for
Fabry disease, which may differ depending on sex and phenotype severity.

Similar to a-Gal A, some patients may present with lyso-Gb; within
the normal range at diagnosis, particularly patients with late-onset
phenotypes and females; lyso-Gb; may therefore be more useful as a
biomarker in patients in whom it is clearly elevated at baseline, while
further research is needed in patients with late-onset phenotypes and
females. Additionally, some female patients present with elevated lyso-Gb;,
but normal a-Gal A activity at diagnosis (48, 51, 69); the importance of
each parameter for treatment monitoring may differ depending on its
baseline value.

Responses to migalastat in treatment-naive compared with treatment-
experienced patients may be different; in treatment-naive patients, a
decrease in lyso-Gb; and improvement in symptoms might be expected,
while stability may be acceptable in treatment-experienced patients. In this
consensus process it was unclear whether a change in treatment should
be considered in treatment-naive patients in whom there is no decrease in
lyso-Gb; within 12months of migalastat initiation. Although failure to
reduce lyso-Gb; from baseline within <12months of migalastat initiation
in treatment-naive female patients was regarded as an indication to
consider changing treatment (statement 2L; moderate consensus [0.6]),
panelists noted that this may not apply to all female patients; a reduction
in lyso-Gb; is not a therapeutic goal in female patients with normal lyso-
Gb; at baseline. No consensus was reached regarding failure to reduce lyso-
Gb; from pre-treatment baseline within <12months of migalastat
treatment being an indication to consider changing treatment in
treatment-naive male patients (statement 2M, no consensus [0.5]).
Although reduction in lyso-Gb; has been regarded as a treatment goal in
males with classical Fabry disease, there is phenotype heterogeneity within
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TABLE 4 Results of the round 1 and 2 modified Delphi consensus process relating to treatment monitoring.

Statement Rank,” n Verdict = Mean consensus
. score’
Agreement Neutral Disagreement
Mental health and PROs
All patients with Fabry disease should be evaluated for pain
Consensus
3A* | and GI symptoms at baseline (i.e., prior to treatment 13 0 0 1.6
(agreement)
initiation)
All patients with Fabry disease should be evaluated for
Consensus
3B¢ mental health by a healthcare professional, using a 13 0 0 1.5
(agreement)
validated screening tool
All patients with Fabry disease should have a mental health
Consensus
3C assessment at baseline and at 12-month intervals by a 13 0 0 1.2
(agreement)
healthcare professional, using a validated screening tool
All patients with Fabry disease should have interval
evaluations with PROs (e.g., EQ-5D, SF-36) every Consensus
3D 13 0 0 1.2
6-12months, depending on disease severity, patient needs, (agreement)
and usual frequency of specialist appointments
As part of routine care, all patients should be referred to an
appropriate mental healthcare professional (e.g., genetic Consensus
3E pprop P &8 11 1 1 0.9
counselor, licensed therapist, social worker, and (agreement)
psychologist)
Organ function
All patients should undergo an evaluation of Fabry-related
Consensus
4A symptoms at baseline and every 6-12 months thereafter, 13 0 0 1.5
(agreement)
depending on disease severity
All patients with Fabry disease should have an evaluation
of renal and cardiac function at baseline and every Consensus
4B 12 1 0 1.4
6-12months thereafter, depending on disease severity, (agreement)
clinical presentation, and patient needs
For any patient presenting with severe or rapidly declining
symptoms and/or organ involvement from baseline on two
Consensus
4C consecutive readings at least 6 months apart, more frequent 12 1 0 14
(agreement)
follow-up evaluations (approximately every 3 months)
should be considered
All patients with Fabry disease should have an evaluation
of neurological function at baseline and every <3 years Consensus
4D 12 1 0 1.2
thereafter, depending on disease severity and clinical (agreement)
presentation of neurological symptoms
A one-time follow-up evaluation at 3 months’ post-
treatment initiation or switch should be considered before Consensus
4E 10 1 2 0.8
deciding on the frequency of subsequent follow-up (agreement)
evaluations

#The number of panelists with a Likert scale rank of agreement (“agree” or “strongly agree”), neutral (“neither agree nor disagree”), or disagreement (“disagree” or “strongly disagree”) for each
statement are presented; 'Strongest agreement = 2, strongest disagreement = -2; *Indicates statement reached consensus in round 1.
EQ-5D, European quality of life-5 dimensions; GI, gastrointestinal; PRO, patient-reported outcome; SF-36, 36-item short form health survey.

males and therefore lyso-Gb; should be considered in the context of the
clinical picture of the patient.

The discrepancy between the consensus results on the utility of lyso-
Gb; to guide treatment decisions in treatment-naive female and male
patients receiving migalastat is driven by a single survey response,
highlighting that there is not strong agreement in this area and that
further research is required. In particular, the timeframe for potential
changes in lyso-Gb; may be considered; 12 months may not be enough
time to demonstrate a decrease in lyso-Gb;.
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Our recommendations note that if an increase in lyso-Gb; from
baseline is observed, treatment adherence with migalastat should
be discussed (Table 6); however, this consensus initiative did not
consider further treatment recommendations in this case. Further
research is required to assess the utility of a marked increase in
lyso-Gb; as a biomarker to inform treatment decisions.
Recommendations for treatment decisions are addressed in more
detail in Section 3.5, highlighting that a holistic view of the patient
must be considered.
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TABLE 5 Results of the round 1 and 2 modified Delphi consensus process
relating to treatment decisions.

ID  Statement Rank,* n Verdict Mean consensus
t
o score
Agreement Neutral Disagreement
Patient involvement
Patients should be given an overview of all suitable Consensus
5AF 13 0 0 1.8
available therapies (agreement)
Patients should be encouraged to be involved in shared
Consensus
5B* decision-making when starting, changing, or stopping 13 0 0 1.8
(agreement)
therapy
Patient choice should be taken into consideration in
Consensus
5C* regard to any decision to start therapy, change therapy, 13 0 0 1.6
(agreement)
or stop therapy
Treatment initiation
Male patients may be started on migalastat if they have
Consensus
6A* evidence of Fabry-related symptoms and an amenable 13 0 0 1.6
(agreement)
mutation
Female patients may be started on migalastat if they
Consensus
6B* have evidence of Fabry-related symptoms and an 13 0 0 1.6
(agreement)
amenable mutation
Female patients with classic mutations that are
Consensus
6C* amenable to migalastat should commence treatment if 13 0 0 1.6
(agreement)
they have evidence of organ involvement
Male patients may be started on migalastat if they have
Consensus
6D evidence of Fabry-related organ involvement and an 13 0 0 1.5
(agreement)
amenable mutation
Female patients may be started on migalastat if they
Consensus
6E have evidence of Fabry-related organ involvement and 13 0 0 1.5
(agreement)
an amenable mutation
Patients with classic or late-onset Fabry disease may
Consensus
6F* both be started on migalastat if they have evidence of 13 0 0 1.5
(agreement)
Fabry-related symptoms and an amenable mutation
Male and female patients with late-onset mutations
Consensus
6G* that are amenable to migalastat should commence 13 0 0 1.5
(agreement)
treatment if they have evidence of organ involvement
Patients with classic or late-onset Fabry disease may
Consensus
6H* both be started on migalastat if they have evidence of 13 0 0 1.4
(agreement)
organ involvement and an amenable mutation
Female patients may be started on migalastat in the
presence of a classic Fabry mutation, amenable to Consensus
6l 13 0 0 1.4
migalastat, if they have at least one Fabry-related (agreement)
symptom
Migalastat and enzyme replacement therapy should
Consensus
6J* follow the same guidelines and recommendations 13 0 0 1.3
(agreement)
when it comes treatment cessation
Family history should be considered when deciding
Consensus
6K whether to initiate treatment, but is not the only factor 13 0 0 1.3
(agreement)
for this decision
Male patients may be started on migalastat in the
Consensus
6L presence of a classic Fabry mutation, amenable to 12 1 0 1.3
(agreement)
migalastat, even in the absence of organ involvement

(Continued)
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TABLE 5 (Continued)

Statement

Agreement

10.3389/fmed.2023.1220637

Verdict Mean consensus

score!

Rank,* n

Neutral Disagreement

There should be a single set of treatment guidelines
and recommendations to follow for initiation and
cessation of both treatments for Fabry disease

oM (migalastat and enzyme replacement therapy),
including criteria such as amenability and enzyme

activity measurements

Consensus
0.8
(agreement)

Treatment switch/stop

When considering whether to switch or stop treatment
A in patients with Fabry disease, treatment compliance,
7
patient-reported outcomes, and patient choice should

be taken into account

Consensus

(agreement)

Migalastat treatment should be continued in patients
B with stable or improving Fabry-related symptoms,

7!
even if they show no improvement in organ function

from baseline

Consensus

(agreement)

Deterioration of renal, neurological, or cardiac organ
function (or architecture) from baseline on two

7C consecutive readings at least 6 months apart is an
indication to consider switching ERT or migalastat

treatment due to lack of efficacy

Consensus

(agreement)

Deterioration of symptoms alone from baseline on two
consecutive readings at least 6 months apart is not an
7D indication to consider stopping or switching treatment;
organ involvement, patient-reported outcomes, and

patient choice should also be considered

Consensus
0.9
(agreement)

Patients with stabilization or improvement from

baseline in >1 organ should consider remaining on
7E
treatment, even if function of another organ

deteriorates

Consensus
0.9
(agreement)

*The number of panelists with a Likert scale rank of agreement (“agree” or “strongly agree”), neutral (“neither agree nor disagree”), or disagreement (“disagree” or “strongly disagree”) for each

statement are presented; 'Strongest agreement = 2, strongest disagreement = -2; “Indicates statement reached consensus in round 1.

ERT, enzyme replacement therapy.

4.3. Recommended monitoring
assessments

Recommendations regarding organ involvement and Fabry-
related symptoms (Table 8) aligned with the more extensive
monitoring assessment recommendations described by Ortiz
et al. (15). Strong consensus was reached regarding the need for
all patients with Fabry disease to be regularly evaluated for
mental health, PROs, pain, and GI symptoms. These evaluations
can identify early symptoms of Fabry disease and facilitate timely
treatment decisions, if appropriate. The recommendation for
mental health monitoring supports an abundance of literature
emphasizing the high prevalence of psychiatric disorders such as
depression, anxiety, panic attacks, and social-adaptive
dysfunction (15, 34, 35, 70). Follow-up frequency of each
monitoring assessment should depend on the presentation of the
patient, including clinical parameters and PROs. An appointment
3months after any treatment initiation or switch should
be considered to assess adverse events, treatment adherence,

and doubts.
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4.4. Treatment decisions

Our recommendations (Table 8) provide guidance on initiating
migalastat in patients with different Fabry disease phenotypes and align
with previously published recommendations for the initiation of ERT (32).
Regarding treatment switch or cessation, a holistic view of the patient
(including clinical presentation, PROs, patient choice) should
be considered on two consecutive assessments at least 6months apart,
including relative change compared with baseline disease progression. For
example, if deteriorating organ function at baseline continues to deteriorate
at the same rate during treatment, this may not be an indication to consider
treatment switch or cessation. When making treatment decisions,
healthcare practitioners should consider that organ function is unlikely to
improve, as renal damage, stroke, and cardiac fibrosis are progressive and
irreversible; changes from pre-treatment baseline should be considered as
some patients may have significant organ damage at the start of treatment.
For patients with advanced disease and irreversible damage, deterioration
in one organ may not necessarily indicate lack of treatment response in
other organs. Additionally, stabilization of symptoms alone does not
indicate improvement in disease state, as Fabry disease is a slowly
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TABLE 6 Recommendations for a-Gal A measurement and lyso-Gbs, in patients with Fabry disease.

a-Gal A measurements in patients receiving migalastat Lyso-Gbz; measurements

No consensus was reached regarding a threshold percentage increase in o-Gal No consensus was reached regarding the reliability of lyso-Gb; as a

A activity from baseline or normal levels that would indicate biological activity = pharmacodynamic biomarker for monitoring treatment response in patients with

of migalastat (statements 1G and 1H; no consensus [0.5 and 0.1, respectively]); Fabry disease receiving migalastat (stati t 2N; no c [0.3]). This should

therefore, the utility of «-Gal A as a pharmacodynamic treatment response be considered when evaluating all other lyso-Gb;-related recommendations.
biomarker for migalastat remains unclear.
o Lyso-Gb; analysis should be performed in all patients at diagnosis (statement 2A;

o a-Gal A activity in leukocytes should be measured before migalastat initiation strong consensus [1.5]), and every 6 months-1year in patients receiving either ERT
and during routine follow-up to inform assessment of the biological activity of (statement 2J; moderate consensus [0.8]) or migalastat (statement 2G; moderate
migalastat (statement 1F; moderate consensus [0.6]). consensus [1.0]).

« In female patients receiving migalastat, a-Gal A activity should not be used to « Inboth male and female treatment-naive patients, a decrease in lyso-Gb, from BL
make decisions about whether to continue migalastat treatment (statement 1B; within <12 months after migalastat initiation indicates biological activity of migalastat
strong consensus [1.1]). Migalastat should be continued in female patients (statements 2H and 2K; moderate consensus [1.0 and 0.8, respectively]).
showing stabilization or improvement in Fabry-related symptoms and/or organ « In ERT-experienced male (statement 2E; strong consensus [1.1]) or female (statement
involvement, regardless of the change in a-Gal A activity (statement 14; strong 2I; moderate consensus [0.9]) patients switched to migalastat, stable or declining
consensus [1.2]). lyso-Gb; levels after 12 months of migalastat treatment relative to during ERT

« In male patients receiving migalastat, a-Gal A activity should be measured as treatment indicate biological activity of migalastat and support a clinical decision to
part of routine follow-up (statement 1C; moderate consensus [1.0]). Migalastat continue treatment.
should be continued in male patients showing stabilization or improvement in « Migalastat treatment should be continued in any patient showing a symptomatic
Fabry-related symptoms, regardless of the change in a-Gal A activity (statement response and/or stable or improved organ function, if lyso-Gb; is stable or declining
1D; moderate consensus [1.0]). (statements 2F and 2D; strong consensus [1.1 and 1.3, respectively]).

« Migalastat should be continued in both male and female patients with stable or « Following any increase in lyso-Gb;, from BL, where there has been no change in
improved organ function, regardless of any change in a-Gal A activity (statement treatment, patients should be asked about their adherence to migalastat (statement 2B;
1E; moderate consensus [0.8]). strong consensus [1.5]). Treatment adherence with migalastat should be discussed in a

systematic way, reviewing the patient’s current dosing and posology (statement 2C;
strong consensus [1.5]).

Food and caffeine should not be consumed at least 2h prior to and 2h after taking migalastat to give a minimum 4h fast (38, 39).
a-Gal A, a-galactosidase A; BL, baseline; ERT, enzyme replacement therapy; and lyso-Gbs, globotriaosylsphingosine.

TABLE 7 Recommendations for further research based on the modified Delphi consensus results (consensus scores and free-text responses).

o-Gal A*

« PK/PD studies for a-Gal A post-migalastat and post-blood draw.
« o-Gal A levels in different cell types (leukocytes, podocytes, and cardiomyocytes) throughout disease progression and their relationship to plasma «-Gal A and lyso-Gb'.

Relationship of a-Gal A to clinical outcomes in patients receiving migalastat [analysis by phenotype (classic/late-onset) and sex]. Data entry into registries to enable analysis
of larger cohorts over time.

Lyso-Gb,*

* Lyso-Gb; and clinical outcomes in patients receiving migalastat or ERT". Data entry into registries to enable analysis of larger cohorts over time.
* Molecular studies evaluating the mechanism by which lyso-Gb; is related to disease progression.

¢ Collect “baseline” and post-treatment (re)initiation lyso-Gb, values from patients who experience a > I-month treatment interruption.

Treatment guidelines

¢ Single set for ERT and migalastat, including similarities and differences in initiation and monitoring.

*a-Gal A and lyso-Gb; testing can be accessed through multiple laboratories (63). Availability and standardization of testing for these parameters is key; "This could be assessed using a
prospective study of a-Gal A and lyso-Gb; in patients with amenable mutations receiving migalastat over a period of >2years and including patients across all phenotypes over a wide age
range.

a-Gal A, a-galactosidase A; ERT, enzyme replacement therapy; lyso-Gbs, globotriaosylsphingosine; PD, pharmacodynamic; and PK, pharmacokinetic.

progressive disorder and may initially have only minor or no symptomsin  treatment decisions should take all measured parameters into account,
late-onset phenotypes and females. With the implementation of  including all Fabry-related symptoms, signs of organ involvement, and
individualized therapeutic goals, consideration of phenotype is therefore ~ pharmacodynamic biomarkers.
necessary to determine how the disease is progressing with or without These recommendations are intended to guide the consideration of
treatment. More sensitive monitoring methods may be required to have  treatment switch, taking into account a holistic view of the patient, patient
confidence in disease stability. choice, and alternative explanations for any observed disease progression
Regarding migalastat treatment specifically, consensus was reached  (e.g., treatment adherence). Treatment decisions should be discussed with
that decisions to continue migalastat in both male and female patients  the healthcare team and the patient themselves. Although outside the
should be made regardless of the change in a-Gal A activity (see Table 6);  scope of this publication, a single set of guidelines would be preferable to
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TABLE 8 Recommendations for monitoring and treatment decisions in patients with Fabry disease.

Monitoring assessments Treatment decisions

The following recommendations consider monitoring of
Fabry-related symptoms and organ involvement in patients
with Fabry disease. Recommendations regarding o-Gal A and

lyso-Gb; monitoring should also be considered.

« All patients with Fabry disease should have a mental health
assessment at BL and every 12 months thereafter conducted by
an HCP, using a validated screening tool (statements 3B and
3G; strong consensus [1.5 and 1.2, respectively]). After the
evaluation, as part of routine care, patients should be referred
to an appropriate HCP, who can provide guidance/treatment
for any identified issues (e.g., genetic counselor, licensed
therapist, social worker, psychologist) (statement 3E; moderate
consensus [0.9]).

« All patients with Fabry disease should be evaluated for pain
and GI symptoms at BL prior to treatment initiation
(statement 3A; strong consensus [1.6]).

« All patients with Fabry disease should have evaluations with
PRO:s (e.g., EQ-5D, SF-36) every 6-12 months, depending on
disease severity, patient needs, and the usual frequency of
specialist appointments (statement 3D; strong consensus [1.2]).

o All patients with Fabry disease should have an evaluation of renal
function, cardiac function (statement 4B; strong consensus [1.4]),
and Fabry-related symptoms (statement 4A; strong consensus
[1.5]) at BL and every 6-12 months thereafter, and neurological
function at BL and every <3 years thereafter (statement 4D; strong
consensus [1.2]). Frequency of follow-up evaluations should
be decided based on disease severity, clinical presentation, and
patient needs (statements 4B and 4A).

« For any patient presenting with severe or rapidly declining
symptoms and/or organ involvement from BL on two
consecutive readings at least 6 months apart, more frequent
follow-up evaluations (approximately every 3 months) should
be considered (statement 4C; strong consensus [1.4]).

o A one-time follow-up evaluation 3 months post-initiation or
treatment switch should be considered before deciding on the
frequency of subsequent follow-up evaluations (statement 4E;

moderate consensus [0.8]).

« Patients should be given an overview of all suitable available therapies (statement 5A; strong consensus
[1.8]). Patients should be encouraged to be involved in treatment decisions, and their choice taken into
consideration for any decision to start, change, or stop treatment (statements 5B and 5C; strong consensus

[1.8 and 1.6, respectively]).

o There should be a single set of guidelines to follow for treatment initiation (statement 6M; moderate
consensus [0.8]) and cessation (statement 6]; strong consensus [1.3]) of both migalastat and ERT,
capturing the similarities and differences between criteria for these treatments (e.g., approved indication
and the requirement for amenability to migalastat).

Treatment initiation (in eligible patients according to licensed indications):

« Family history (e.g., history of organ involvement, symptoms or clinical events that could be related to
Fabry disease, and/or history of Fabry disease diagnosis) should be considered when deciding whether
to initiate treatment, but is not the only factor for this decision (statement 6K; strong consensus [1.3]).

« All patients with Fabry disease (male, female, classic, late-onset) and an amenable mutation may
be started on migalastat if they have evidence of Fabry-related symptoms and/or organ involvement
(statements 6A, 6B, 6D, 6E, 6F, and 6H; strong consensus [range 1.4-1.6]).

» Male patients with Fabry disease and a classic, amenable mutation may be started on migalastat, even in
the absence of organ involvement (statement 6L; strong consensus [1.3]).

« Female patients with Fabry disease and a classic, amenable mutation may be started on migalastat if they
have >1 Fabry-related symptom (statement 61; strong consensus [1.4]).

« Female patients with Fabry disease and a classic, amenable mutation should begin treatment (with either
ERT or migalastat) if they have evidence of organ involvement (statement 6C; strong consensus [1.6]).

o Male and female patients with late-onset, amenable mutations should begin treatment (with either ERT
or migalastat) if they have evidence of organ involvement (statement 6G; strong consensus [1.5]).

Treatment switch/stop

o When considering whether to switch or stop treatment in patients with Fabry disease, treatment
adherence, PROs, and patient choice should be considered (statement 7A; strong consensus [1.5]).

» Migalastat treatment should be continued in patients with stable or improving Fabry-related symptoms,
even if they show no improvement in organ function from BL (statement 7B; strong consensus [1.2]).

« On two consecutive assessments >6 months apart:

- Relative deterioration of renal, neurological, or cardiac organ function (or architecture) compared with
BL disease progression is an indication to consider switching treatment (ERT or migalastat) (statement
7C; moderate consensus [1.0])

- Relative deterioration of symptoms alone compared with BL disease progression is not an indication to
consider switching or stopping treatment (ERT or migalastat); organ involvement, PROs, and patient
choice should also be considered (statement 7D; moderate consensus [0.9])

« Patients with stabilization or improvement compared with BL disease progression in >1 organ should
consider remaining on treatment (ERT or migalastat), even if function of another organ deteriorates

(statement 7E; moderate consensus [0.9]).

Food and caffeine should not be consumed at least 2h prior to and 2h after taking migalastat to give a minimum 4h fast (38, 39).
BL, baseline; EQ-5D, European quality of life-5 dimensions; ERT, enzyme replacement therapy; GI, gastrointestinal; HCP, healthcare professional; PRO, patient-reported outcome; and SF-36, 36-Item Short

Form Health Survey.

guide treatment initiation and cessation/switch of both ERT and
migalastat. Such guidelines should incorporate recommendations from
this consensus survey and the guidelines of Ortiz et al. (15), and be adapted
to consider the latest randomized controlled trial data, real-world evidence,
and different populations, cultures, and reimbursement policies.

4.5. The consensus process in context

This consensus process began with consideration of the patient
journey in Fabry disease, focusing on decision points (including diagnosis,
baseline assessments, treatment decisions, and continual monitoring) (71,
72). The panel identified how decision-making at each point in the journey
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impacts the patient, highlighting the importance of providing appropriate
information, guidance, and support to optimize psychological as well as
physical outcomes. The Delphi process led to the generation of consensus
recommendations for migalastat treatment initiation, monitoring, and
treatment decisions (Table 6), which are summarized in the treatment
algorithm (Figure 2). These recommendations emphasize the importance
of discussing treatment decisions with the patient and monitoring PROs
and mental health as well as clinical symptoms. The recommendations of
this publication should be considered with a focus on the patient’s
psychological health during their lifelong journey with Fabry disease.
Several key gaps were identified in this publication and should
be addressed in future research (Table 7); however, it also placed an
emphasis on the importance of patient preference in making treatment
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As part of routine supportive care, refer
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FIGURE 2

Delphi consensus recommendations for a migalastat treatment and monitoring algorithm in Fabry disease. The suggested treatment algorithm and
recommendations within are not intended as a replacement for clinicians’ best judgment. *Diagnosis by a-Gal A activity testing and confirmation by
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FIGURE 2 (Continued)

GLA genotyping. Patient eligibility for migalastat varies by country: see Pl and SmPC for Galafold® (38, 39); 'Monitoring tools for Fabry-related organ
involvement are recommended in Ortiz et al. (15); ‘Consensus was not reached on values of lyso-Gb; and a-Gal A required for treatment decisions;
monitoring should be carried out for research purposes; ‘Consensus statement recommendation 1C stated “a-Gal A activity in leukocytes should

be routinely measured from migalastat initiation,” authors suggest 6-12-monthly measurements. a-Gal A, a-galactosidase A; CVE, cerebrovascular
event; eGFR, estimated glomerular filtration rate; EQ-5D, European Quality of Life-5 Dimensions; ERT, enzyme replacement therapy; Gl,
gastrointestinal; GLA, a-galactosidase A gene; HCP, healthcare professional; HEK, human embryonic kidney; LVH, left ventricular hypertrophy; LVM, left
ventricular mass; lyso-Gbs, globotriaosylsphingosine; Pl, prescribing information; PRO, patient-reported outcome; SF-36, 36-Item Short Form Health
Survey; SmPC, summary of product characteristics; and WML, white matter lesion.

decisions. Where research is lacking, discussion of the available
evidence between healthcare professionals (HCPs) and patients can
address doubts and empower the patient in the process.

4.6. Strengths and limitations

of this the
multidisciplinary expertise of the chairs and panel as well as the

Strengths consensus process include
inclusion of two patients to provide a lived experience
perspective. While our panel was relatively small and highly
specialized, this reflects the rare and multisystemic nature of
Fabry disease. Despite not representing all countries in which
patients with Fabry disease are monitored or treated, our panel
demonstrated long-term expertise with Fabry disease across
male, female, classic and late-onset patients (Table 1).

Expert opinion (usually supplemented with a non-exhaustive
literature review) is often used to develop recommendations for rare
diseases such as Fabry disease, given the paucity of available data to guide
a more systematic approach (15, 31, 53, 73). We used a modified Delphi
method to achieve this. The Delphi method is a validated technique which
has been widely used to achieve consensus among experts when limited
evidence is available (52, 53), including for generation of recommendations
in Fabry disease (31, 74-76). Modifications of this method are common
to suit the aims of different consensus initiatives (31, 52, 73, 77, 78).
We chose a previously used modification of the Delphi method in which
only statements that failed to reach consensus in round 1 were reformulated
and presented for panelists to rank in round 2 (52, 77, 78); the standard
Delphi method presents all items to the panel for ranking in round 2,
regardless of their ratings in round 1 (52). We chose this modification to
streamline round 2 for focus on key areas where there was division of
opinion; as our criterion for consensus was 100% agreement in round 1
(see section 2.2) and given the limited evidence base available for Fabry
disease, it was deemed likely that round 1 responses reflected the true
opinion of the panel.

While we based our methods on those commonly used to develop
guidelines in rare diseases, they were associated with several potential
limitations. Our use of a non-exhaustive rather than a systematic literature
search may have meant we did not identify every relevant publication for
statement development. Additionally, expert opinion has the potential for
bias based on panelist experience and how representative their opinions
are of wider HCPs involved in the management of patients with
Fabry disease.

The majority of statements (91%) reached consensus and
resulted in recommendations after two rounds of Delphi
statements; however, five statements regarding a-Gal A and lyso-
Gb; failed to reach consensus. This highlights the difference of
opinion among experts regarding the utility of these potential
biomarkers for monitoring patients with Fabry disease receiving
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migalastat, and the recommendations herein (Tables 6, 8) should
be interpreted in this context. Further research is needed
regarding the utility of a-Gal A and lyso-Gb; measurement in
Fabry disease (see Table 7) and clinicians should consider this
when utilizing these recommendations.

Additionally, this publication does not specify how organ
involvement, Fabry-related symptoms, and PROs should be measured in
clinical practice; we refer HCPs to the guidelines developed by Ortiz et al.
(15). Lastly, the presentation of literature with round 2 Delphi statements
was intended to inform the panel about their co-panelists’ rationale for
round 1 responses, and therefore reformulation of statements for round
2; however, this approach could have potentially introduced bias into
panelists’ round 2 responses.

4.7. Implications for future research

These consensus results highlight that the utility of lyso-Gb,
and a-Gal A as pharmacodynamic biomarkers to evaluate
treatment response in patients with Fabry disease is unclear. As
such, we are lacking a reliable and validated biomarker for
patients with Fabry disease; this is important given the
heterogenous presentation of Fabry disease, to understand and
potentially predict disease progression in order to initiate timely
treatment, particularly in those patients who would benefit from
early treatment initiation. Further research is required to
investigate current and potential biomarkers (including a-Gal A
and lyso-Gb; but not limited to substrate biomarkers) and
determine any other potential prognostic tools. Furthermore,
several therapies are in development for Fabry disease, including
substrate reduction therapy, gene therapy, and combination
therapies (79, 80). Future guideline updates will need to consider
this developing treatment landscape while maintaining a focus
on the patient journey and emotional experience.

5. Conclusion

The heterogenous clinical presentation of patients with Fabry
disease necessitates detailed guidelines that consider phenotype
and multidisciplinary monitoring assessments, to recommend
appropriate treatment and monitoring decisions (15, 80).
Migalastat is an addition to the treatment armamentarium that
has not yet been reflected in all treatment guidelines (15, 81).
This consensus process aimed to complement and build on
previously published guidelines (15) by addressing treatment
initiation and management in patients receiving migalastat, as
well as highlighting the importance of the patient journey
(Figure 2). These recommendations comprise up-to-date
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guidance collected during a modified Delphi process involving
14 leading experts and two patient advocates. We hope that this
publication will lead to the provision of consistent high-quality
care with a shared decision-making process considering a
holistic view of the patient’s experience, including clinical
presentation, PROs, and patient preference.
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