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Abstract

Background: Infantile-onset Pompe disease (IOPD) is a rare and devastating, autosomal recessive lysosomal storage
disorder that manifests immediately after birth. In severe IOPD cases, complete/almost-complete acid alpha-
glucosidase enzyme deficiency is observed. Considering the rapid progression of the disease, timely diagnosis and
treatment are important; even slight delays can remarkably alter the course of the disease. Enzyme replacement
therapy (ERT) with recombinant human acid alpha-glucosidase is safe and beneficial for IOPD patients. However,
there is heterogeneity in the patient response to ERT. The factors influencing treatment effectiveness include the
patient’s age at the time of treatment initiation, pre-existing muscle damage, and cross-reactive immunologic
material (CRIM) status at baseline. Immunomodulation along with ERT is the recently developed therapeutic approach
that has been included in the therapeutic armamentarium of IOPD for optimizing clinical benefits, particularly in
CRIM-negative IOPD patients. However, there is a dearth of published data on the early diagnosis and clinical position
of the immunomodulation protocol along with ERT in the treatment of IOPD in the Gulf region.

Methods and results: Expert panel meetings, involving six experts from the Kingdom of Saudi Arabia, Kuwait, Oman,
Qatar, and the United Arab Emirates, were convened to develop consensus-based recommendations addressing
current diagnostic and management challenges for patients with IOPD in the Gulf region. Furthermore, this
consensus guideline may be implemented in clinical practice for the timely diagnosis and management of patients
with IOPD.

Conclusion: The expert consensus will help clinicians to make appropriate and timely decisions regarding
immunomodulation initiation and ERT treatment in IOPD patients in the Gulf region.

Keywords Cross-reactive immunologic material status, Enzyme replacement therapy, Gulf countries, Infantile-onset
Pompe disease, Immunomodulation protocol
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Take-home message.

Immunomodulation in combination with ERT plays
an effective role in the management of Pompe disease,
particularly in patients with CRIM-negative status, when
compared to ERT monotherapy.

Background

Glycogen storage disease type II (OMIM 232,300), also
known as Pompe disease, is a severe, autosomal recessive,
and progressive genetic condition caused due to muta-
tions in the acid alpha-glucosidase (GAA) gene, thereby
leading to a reduction in the activity of the GAA enzyme
in the lysosomes [1, 2]. Infantile-onset Pompe disease
(IOPD) is a rare, devastating, and lysosomal storage
disorder that manifests immediately after birth [2]. It is
broadly classified into two categories: classic IOPD and
nonclassic IOPD [3]. The clinical onset of the classic form
of IOPD occurs usually before 12 months of age and is
associated with clinical symptoms such as hypertrophic
cardiomyopathy (HCM), hypotonia, and muscle weak-
ness [1, 3]. The typical feature of the classic-onset form
is the presence of HCM at birth, whereas this symptom
is presented several months later in the case of nonclassic
IOPD [3].

The global incidence of IOPD is commonly reported
to be 1 in 150,000 births [4]. Clinical studies elucidate
that 28% of Pompe disease cases are IOPD cases [5, 6].
Of these, 85% of cases comprise the classic infantile-
onset form and 25% of these patients have a cross-reac-
tive immunologic material (CRIM)-negative status [5, 6].
Ethnicity appears to exhibit varying effects on the inci-
dence of Pompe disease [7]. The estimated frequencies of
IOPD are 1 in 138,000 in the Caucasian population, 1 in
50,000 in the Chinese population, and 1 in 31,000 among
those of African ancestry [7]. Epidemiologic studies in
the Middle East region indicate a rising IOPD burden in
the Gulf region. In particular, the prevalence of IOPD in
the United Arab Emirates (UAE) has been reported as
2.66 per 100,000 [8]. There is a scarcity of population-
based data on the incidence of IOPD in the Kingdom of
Saudi Arabia (KSA) [9]. It is noteworthy that the possible
reason for the high incidence of the disease may be the
high degree of consanguinity in the region [9]. Therefore,
there is a need for early and appropriate diagnostic and
treatment strategies for the management of IOPD.

Underdiagnosis, poor recognition, and diagnostic
delays are significant barriers to the early and accurate
diagnosis of IOPD [10]. Lagler et al. investigated the diag-
nostic delays in Pompe disease based on the opinions of
patients, parents, and physicians. The key findings of this
study group are as follows: (1) metabolic specialists or
pediatricians play a pivotal role in the accurate diagno-
sis of the disease rather than other physicians who hold
expertise in other specialties, and (2) direct referral of
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patients to metabolic expert centers reduces diagnos-
tic delays considerably rather than when several physi-
cians having expertise in different areas are consulted for
diagnosis. Therefore, direct referral to expert centers is a
novel diagnostic strategy that can assist in early disease
diagnosis [10].

Enzyme replacement therapy (ERT) with alglucosidase
alfa is the approved therapeutic option for managing
IOPD. Prompt treatment initiation through early diag-
nosis could certainly reduce the morbidity and mortal-
ity associated with the disease. The varied clinical effects
associated with ERT are due to several factors, such as
the age when treatment was initiated, dosage, severity of
the disease, and prescribed course of ERT treatment [3].
Study findings of a 52-week, open-label study depicted
a mortality rate of 33.3% (6/18) in infants with Pompe
disease who received ERT [11]. Additionally, study find-
ings of Chakrapani et al. reported a mortality rate of
35% (7/20) in ERT-received infants with Pompe disease
[12]. A recent retrospective study conducted on 18 Saudi
patients concluded that, despite effective ERT treatment,
the mortality rate was 83.3% (15/18) [1]. The determina-
tion of the CRIM status of infants with Pompe disease is
considered extremely important because it plays a piv-
otal role in deciding the ERT dose, thereby potentially
improving patient outcomes [1, 5]. The significant draw-
back associated with ERT is the development of immu-
noglobulin G (IgG) antibody titers against ERT, which
reduces treatment efficacy and safety outcomes [13]. On
the one hand, in the case of CRIM-negative patients who
lack or do not produce endogenous GAA protein at all,
the infused enzyme is identified as a foreign protein by
the patient’s immune system and the patient’s body pro-
duces high titers of neutralizing antibodies, which dete-
riorate the clinical benefit of ERT in the later course of
treatment, although an initial improvement is seen [2].
On the other hand, in the case of CRIM-positive patients
who have specific levels of endogenous GAA, the infused
recombinant human acid alpha-glucosidase (rhGAA) is
not identified as a foreign protein and the neutralizing
antibody titer production remains low, leading to effec-
tive ERT treatment [2]. To overcome this problem of
neutralizing antibody titer production, a novel strategy
has been developed in the therapeutic armamentarium
of Pompe disease, which is immunomodulation therapy
or immune tolerance induction (ITI) [14]. This protocol
has proved to induce immune tolerance to ERT, thereby
improving overall survival, particularly in ventilator-
dependent IOPD patients with CRIM-negative status
who developed IgG antibodies when managed with ERT
monotherapy [13]. Even in patients with CRIM-positive
status, coadministration of immunomodulation ther-
apy along with ERT decreased the development of IgG
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antibodies compared to cases managed with ERT mono-
therapy [13].

In the Gulf settings, consensus-based guidelines from
the Middle East and North Africa region had provided
practical recommendations regarding the initiation of
ERT and diagnostic and treatment algorithms for late-
onset Pompe patients [15]. These guidelines recom-
mended an alglucosidase alfa dosage of 20 mg/kg body
weight administered every other week (EOW) as an
intravenous infusion for the management of late-onset
Pompe disease (LOPD) [15]. It is noteworthy that there is
a dearth of such recommended guidelines for the diagno-
sis and treatment of IOPD in the Gulf region. Therefore,
it is necessary to publish consensus-based guidelines to
ensure an up-to-date frame of reference for healthcare
professionals and patients. Furthermore, considering
the CRIM status, several concerns on the management
of IOPD with ERT and immunomodulation protocol
remain unanswered. A thorough investigation of the role
of the immunomodulation protocol in the management
strategies of IOPD is crucial in the Gulf settings as there
is a lack of qualitative evidence on the management of
IOPD with immunomodulation protocol and ERT in this
Gulf region.

With this background, an effort was made to under-
stand the unmet clinical challenges of diagnostic and
treatment approaches for IOPD patients, especially
from the Gulf perspective. Based on their clinical knowl-
edge and after careful evaluation of available evidence,
the panelists presented their expert opinions and views
regarding the diagnosis and management of IOPD
patients. Therefore, the present consensus document
aims at giving the complete picture of the Pompe dis-
ease situation to clinicians across the Gulf region to bet-
ter diagnose and manage IOPD patients, especially with
the appropriate use of novel treatment strategies, such as
immunomodulation protocol.

Methods

The expert group advisory committee meeting, encom-
passing six experts from the KSA, Kuwait, Oman, Qatar,
and the UAE, was convened in October 2020 and April
2021 to generate a list of recommendations on the fol-
lowing Gulf concerns: current diagnostic and manage-
ment challenges of IOPD. The meeting was conducted
based on the request from advisors to develop recom-
mendations to fill the current gaps in IOPD management
in the Gulf region. The consensus was developed based
on expert insights on the early diagnostic challenges
and management dilemmas related to the initiation and
dosage of ERT in CRIM-negative and CRIM-positive
patients and the introduction of immunomodulation
protocol in IOPD patients. The structural representation
of the consensus development is presented in Fig. 1. The
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experts reached a consensus regarding the diagnostic and
management approaches of IOPD.

Results

The meeting recommendations were based on the con-
sensus reached by the participants, which was supported
by their clinical experience and research findings.

Evidence for current diagnostic approaches of IOPD

Early diagnosis is a significant factor in the effective man-
agement of IOPD. Various ancillary tests and diagnostic
methods are presented in Table 1 [2, 9, 16]. Chest X-ray;
electrocardiogram; echocardiogram; electromyography;
muscle magnetic resonance imaging; and nonspecific
laboratory biomarkers including blood tests, such as
creatine phosphokinase, lactate dehydrogenase (LDH),
alanine transaminase (ALT), and aspartate transaminase
(AST), and urine tests, such as glucose tetrasaccharide
(HEX4), should be done in clinically suspected infants
with Pompe disease [2, 16]. GAA activity in dried blood
spots (DBS) is a good practical screening test for Pompe
disease, whereas the diagnostic workup includes GAA
activity in lymphocytes or leukocytes and performing
mutation testing [2, 16].

Current clinical challenges in the diagnosis of IOPD

Initial diagnostic delays are significant barriers; specifi-
cally, enzyme assay tests can extend up to 6 weeks and
can delay the diagnosis of a disease [2]. In particular,
based on the clinical experience of experts in the UAE
region, the diagnostic delay is a major reason for death
in IOPD patients. In addition, the diagnosis itself is clini-
cally challenging due to the heterogeneous presenta-
tion of nonspecific symptoms, which may overlap with
other myopathies or neuromuscular disorders [17]. The
symptoms of IOPD that mimic other diseases have been
presented in Table 2 [16, 18]. These nonspecific clini-
cal features, including HCM, respiratory insufficiency,
hypotonia, and myopathy, hinder initial diagnosis and
thereby cause diagnostic delays [19]. Therefore, differen-
tial diagnoses play a crucial role in the accurate diagnosis
of IOPD. Besides diagnostic delays, variants of unknown
significance are also a significant hurdle for early diagno-
sis as these need to be further analyzed for the initiation
of treatment [15]. Physicians who have expertise in meta-
bolic and neuromuscular diseases, with support from a
skilled multidisciplinary team, can overcome the diag-
nostic challenges to a great extent.

Consensus statement on diagnostic approaches to IOPD in
the Gulf region
+ In the presence of a family history of confirmed
diagnosis and phenotype that is consistent with
IOPD with hypotonia, HCM, and hyperCKemia, an
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Two virtual expert group advisory committee meetings were
conducted in October 2020 and April 2021

Participants (n=6) from different regions: the KSA, Kuwait,
Oman, Qatar, and the UAE

1

Meeting objectives were defined

Identified gaps in clinical
practice and reviewed
literature

Current diagnostic challenges Current treatment challenges

[ ]

Clinical experiences or cases and
relevant study findings presented by the Open discussion
experts from their respective regions

l

l

Seek or call for the consensus

Discuss the concerns and resolve

them by providing evidence Consetsusachinyiod

Key practice recommendations ready for
implementation into clinical practice

KSA: Kingdom of Saudi Arabia; UAE: United Arab Emirates.

Fig. 1 Flowchart representation of consensus development

initiation of treatment is recommended even before a. Enzyme activity on DBS plus GAA screening for
confirmatory testing is available. known founder mutations in the family/tribe.

«+ In the absence of a family history of IOPD, the expert b. If the results of DBS testing and mutation testing
group recommendations are as follows: are positive, then initiation of treatment is

recommended.
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Table 1 Laboratory tests and diagnostic methods to confirm

IOPD
Diagnostic approaches Confirmatory findings
CPK Elevated (not more than 1500-2000 IU/L)

Blood tests, such as ALT, AST, Elevated
LDH, and urine tests, such

as HEX4

Chest X-ray Reduction in lung volume, cardiomegaly,

and/or areas of atelectasis

Short PR interval, inverted T-wave, wide/
broad QRS complex

Hypertrophic cardiomyopathy with

or without ventricular outflow tract
obstruction; the late stages of the dis-
ease are often characterized by dilated
cardiomyopathy

Greater axial muscle involvement; com-
plete involvement of lumbar paraverte-
bral muscles and psoas;

T1-weighted images are sufficient for an
adequate assessment

Electrocardiogram

Echocardiogram

MRI (not routinely indicated)

Muscle biopsy
(histopathology)

Severe glycogen storage and vacuolar
myopathy, positive acid phosphatase,
positive PAS staining, and reduced
myofibrils

ALT: Alanine transaminase; AST: Aspartate transaminase; CPK: Creatine
phosphokinase; HEX4: Glucose tetrasaccharide; IU/L: International units per
liter; IOPD: Infantile-onset Pompe disease; LDH: Lactate dehydrogenase; MRI:
Magnetic resonance imaging; PAS: Periodic acid Schiff

c. In the absence of known founder mutations, full
GAA testing is recommended.

d. Based on the mutation results, CRIM status can be
predicted. If the CRIM status associated with the
mutation is not known, then the determination of
CRIM status is recommended.

« Late diagnosis is a significant barrier associated with
Pompe disease. The confirmation of Pompe disease
is the biggest challenge, even with a greater clinical
disease suspicion. In the majority of cases, a clinical
decision is reached based only on genetic testing
(targeted mutation analysis) as enzyme assay test
reports are received usually after treatment initiation.

+ As per the local guideline-based approach, family
history plays an important role in diagnosing
Pompe disease. In a newborn with positive family
history, if the clinical phenotype is highly suggestive
of Pompe disease with hypotonia, HCM, and
hyperCKemia and the history suggests a confirmed
Pompe disease case, treatment initiation is strongly
recommended even before confirmatory testing is
available. However, it should be done only under
the supervision of an expert in the management of
IOPD.

«+ In the presence of a previously affected child with
Pompe disease, prenatal testing is crucial for early
diagnosis, which may enable early treatment. Pompe
disease is a potentially fatal illness; hence, in some
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Table 2 Differential diagnoses of IOPD

Shared symptoms between
I0OPD and other disorders

Disorder

Shared symptoms with IOPD

Spinal muscular atrophy | (acute Hypotonia
Werdnig-Hoffman disease) Progressive proximal muscle
weakness

Absence of reflexes

Difficulties in feeding

Elevated levels of CK

Severe hypotonia

Severe weakness in muscles
Hypotonia

Enlarged tongue (macroglossia)

Congenital muscular dystrophy
Hypothyroidism

Endocardial fibroelastosis Dyspnea (breathlessness)
Difficulties in feeding
Enlarged heart (cardiomegaly)
Heart failure

Danon disease Hypertrophic cardiomyopathy
Skeletal muscle myopathy
Vacuolar glycogen storage
Elevated levels of CK
Carnitine deficiency Cardiomyopathy
Weakness in muscle
Glycogen storage diseases llland IV Enlarged heart (cardiomegaly)
Weakness in muscle

Elevated levels of CK

Enlarged liver (hepatomegaly)
Hypotonia

Idiopathic hypertrophic Biventricular hypertrophy
cardiomyopathy
Myocarditis Enlarged heart (cardiomegaly)
Mitochondrial/respiratory chain Enlarged liver (hepatomegaly)
disorders Cardiomyopathy

Myopathy

Elevated levels of CK
Peroxisomal disorders Hypotonia

Enlarged liver (hepatomegaly)

CK: Creatine kinase; IOPD: Infantile-onset Pompe disease

centers, termination of pregnancy is offered. The
treating physician should follow the country’s law
and hospital regulations in this regard.

Newborn screening can be a screening tool for the
diagnosis of IOPD

Newborn screening (NBS) can be an excellent approach
for early diagnosis and timely treatment initiation. Early
diagnosis and implementation of timely treatment can
change the natural history of the disease and, to a great
extent, reduce mortality [20]. NBS is now becoming a
platform for the diagnosis of IOPD in several countries.
After the NBS program was devised in Taiwan, from 2016
to 2019, 100% of newborns were screened and 14 infants
were detected to be at a high risk of Pompe disease,
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whereas classic IOPD was diagnosed in 4 infants. Over-
all, the Taiwan Pompe disease screening and diagnostic
programs have led to prompt and successful diagnosis
and management of IOPD patients [20]. The NBS pro-
gram conducted in Illinois among 684,290 infants during
2015-2019 identified 395 infants (0.06%) with positive
screening for Pompe disease. Upon further diagnostic
assessment, a total of 29 patients were confirmed with
Pompe disease, of which 3 patients were with IOPD and
26 patients with LOPD [21]. In the Middle East region,
the incidence of inherited metabolic diseases is common
due to a high consanguinity rate of 25-70% and a greater
extent of first-cousin marriages [22]. Therefore, there is
a need for the initiation of preventive steps by develop-
ing nationwide NBS strategies in this region based on the
experiences of regional and international level screening
programs.

Consensus statement on the NBS approach

+ There are limited pilot studies conducted in the
Gulf region. Pilot studies are highly recommended
as they may help in analyzing data and expecting
the outcome and may be indicative of the cost-
effectiveness of performing NBS in these cases.
Adequate laboratory infrastructure is very important
for NBS, which is lacking in the Gulf region, to
perform screening for Pompe disease.

«+ In addition, there are insufficient data concerning
the natural history of the disease, percentage of
LOPD, long-term outcomes of CRIM-negative
cases, and the outcomes of intervention with
immunomodulation in the Gulf region as they are
time-consuming studies. Furthermore, there are
no clear guidelines on when to start treatment for
LOPD cases detected by NBS.

+ Currently, the NBS approach for Pompe disease is
not a priority. Thus, it would be very difficult to make
a recommendation for universal screening for Pompe
disease. However, the expert group recommends
the periodic evaluation of Pompe disease in the NBS
programs in the regions, if conditions permit.

«+ Itis very important to identify high-risk groups,
including patients with early-onset infantile HCM
and positive family history. These high-risk groups
can help in identifying high-risk patients by focusing
on IOPD and thereby helping in the early initiation
of treatment.

« Asa part of preventive measures, not only prenatal
diagnosis but also premarital and preimplantation
genetic diagnosis can be offered in extending carrier
screening for at-risk family members. Performing
such focused preconception and prenatal screening
of these families will significantly help in the
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prevention of Pompe disease in the subsequent
generations.

+ Obstetricians and fetomaternal specialists should
play a pivotal role in suspecting Pompe disease by
the identification of cardiomegaly through prenatal
screening during pregnancy.

Evidence on current management approaches of IOPD
Pompe disease is a multisystemic condition; thus, a mul-
tidisciplinary team, headed by a metabolic specialist with
expertise in the management of IOPD, is quite essential
for its effective management [16]. Although an estab-
lished ERT protocol is available for the management of
IOPD, a supportive or nonspecific treatment measure
should also be part of the management based on cardiac,
pulmonary, neurologic, musculoskeletal, and gastrointes-
tinal symptoms. The specific treatment approved for the
management of IOPD is ERT with rhGAA at the standard
dose (20 mg/kg/EOW) [1, 2, 17]. However, there is no
strong evidence on which dosing regimen, that is, 20 mg/
kg or 40 mg/kg, is effective for the management of IOPD
[23] because there are studies supporting the optimal
efficacy with the 40 mg/kg dosing schedule of ERT [3, 24,
25]. Even a recent European Pompe Consortium’s obser-
vational cohort study emphasized that the survival rate
significantly improved in IOPD patients treated at a high
dose (40 mg/kg/ week) than that in patients who were
managed with a standard dose (20 mg/kg/EOW) [26].
Furthermore, poor survival rates or patient outcomes,
such as a decline in motor function, were associated with
ERT standard dose [22]. However, the CRIM status of the
patient significantly affects treatment outcomes and will
decide the ERT dosing regimen [2, 27]. Overall, evidence
from real-world experiences depicted that early and high
doses of alglucosidase alfa improve outcomes in IOPD
patients [3].

It is known that high neutralizing antibody titers
develop in some CRIM-positive and all CRIM-negative
patients under ERT [27, 28]. The clinical benefit of venti-
lator-free survival in high-titer CRIM-positive and high-
titer CRIM-negative patients is very poor and is similar
to that of untreated patients. Furthermore, based on the
clinical experience of experts in the Oman region, in
some cases, severe phenotype CRIM-negative status with
high antibody titers is the reason for mortality despite the
early diagnosis. In some cases, an unknown CRIM status
with suboptimal rhGAA dosing can also be the reason for
death. Therefore, to prevent the development of high IgG
antibody titers in some CRIM-positive patients and all
CRIM-negative patients, a prophylactic immunomodu-
lation therapy or ITI was proposed [14]. Rapid determi-
nation of the CRIM status is essential because ITI must
begin before the initiation of ERT, but the CRIM test
should not postpone the initiation of ERT. In conclusion,
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treatment with I'TI plus ERT has to be started in patients
with IOPD with unknown CRIM status [28].

Based on the existing literature, the recommended ITI
protocol lasts for approximately 5 weeks and includes
one course of intravenous rituximab 375 mg/m? (if body
surface area is <0.5 m? then 12.5 mg/kg) weekly four
times; subcutaneously methotrexate 0.4 mg/kg daily
for the first 3 days of a week along with first three ERT
infusions, thus a total of nine doses, with or without
intravenous immunoglobulin [14, 25]. This intravenous
immunoglobulin (400-500 mg/kg) is administered every
month for 5-6 months. The addition of bortezomib in
patients with established high antibody titers has shown
beneficial effects in reducing antibody titers [29]. The
study findings of Banugaria et al. and Kazi et al. dem-
onstrated the clinical benefits of an ITI regimen when it
was started along with ERT [14, 30]. Even the results of a
retrospective study conducted among 34 IOPD (9 CRIM-
positive and 25 CRIM-negative) patients demonstrated
that a short course of prophylactic ITI protocol along
with ERT was effective when compared to ERT alone
[13]. Thus, prophylactic ITI protocols before ERT initia-
tion or simultaneous initiation of ERT and ITI protocols
is considered a standard of care for IOPD patients.

Current clinical challenges in the treatment of IOPD

The first and foremost challenge in the treatment of
IOPD is the response of patients with IOPD to ERT as it
is very heterogeneous. To date, no international studies
have been conducted to evaluate the long-term clinical
outcomes of ERT in a large cohort of IOPD patients [3,
31]. Late initiation of ERT is a significant barrier that is
associated with poor patient outcomes [25]. The develop-
ment of anti-rhGAA IgG antibodies is another challenge;
however, ITI protocol can be a solution as it may improve
the poor outcomes of ERT [32]. The other unmet needs
are the treatment of neurocognitive problems in patients
with IOPD with ERT because rhGAA does not pass
through the blood—brain barrier [31]. Overall, early ini-
tiation of ERT concurrently with ITI protocol would
to some extent resolve treatment-related challenges of
IOPD.

Consensus statement on treatment approaches of IOPD in
the Gulf region
+ DPatients with IOPD should be managed as early
as possible with immunomodulation plus a low-
dose ERT (20 mg/kg/EOW). However, a dose
increment to 40 mg/kg (EOW [off-label]) plus
immunomodulation is suggested if poor outcomes
are noted.
+ However, emerging data based on international
as well as regional experiences demonstrate
that a dose increment to 40 mg/kg/week plus
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immunomodulation may have a good outcome,
especially in Pompe patients with CRIM-negative
status. However, the expert group agrees that a dose
increment to 40 mg/kg/weekly (off-label use) should
be individualized and should only be done in a center
with experience in treating Pompe disease (should be
given with caution) [33].

+ In CRIM-positive Pompe patients with a mutation
of mild effect and with less severe phenotype
presentation, a lower dose of ERT (20 mg/kg/EOW)
is suggested. Higher doses (20 mg/kg/weekly [off-
label]) may be considered in some patients based on
their clinical assessment and response.

Key expert opinion for practice

+ IOPD is a debilitating, progressive, and mostly fatal
neuromuscular disorder with a broad spectrum of
clinical phenotypes.

+ A clinical confirmation is reached based only on
genetic testing (targeted mutation analysis).

+ Inanewborn with positive family history, treatment
initiation is strongly recommended even before
confirmatory testing is available if the clinical
phenotype is highly suggestive of Pompe disease with
hypotonia, HCM, and hyperCKemia, and the history
suggests a confirmed Pompe disease case.

+ The main aim of ERT is to prevent, reverse, stabilize,
or slow the progression of the disease depending on
the disease stage and severity at the time of diagnosis
and treatment initiation.

+ Early diagnosis and treatment predict the outcomes
of IOPD.

+ Immunomodulation protocol should be initiated in
all patients with IOPD as it significantly improves
outcomes, mortality, and morbidity. Specifically,
immunomodulation protocol should be initiated
along with ERT in patients with a CRIM-negative
status, severe phenotype, and early disease onset.
Overall, immunomodulation in combination with
ERT plays an effective role in the management of
Pompe disease with CRIM-negative status when
compared to ERT monotherapy.

+ An individualized, stepwise approach is
recommended for IOPD management, and the dose
of ERT depends on the severity of clinical phenotype
and CRIM status. Initially, treatment should be
started with 20 mg/kg EOW in combination with the
ITI regimen, irrespective of CRIM status. However,
there is a need for a higher ERT dose (40 mg/
kg/weekly) in combination with ITT if significant
improvement in clinical outcomes was not reported
with a lower ERT dose (20 mg/kg/EOW). Therefore,
immunomodulation initiated before a higher dose of
ERT (40 mg/kg/weekly) may improve the outcomes
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of IOPD patients with greater severity and should
be done under the supervision of an expert with

a multidisciplinary team. If the CRIM status is
unknown, then an aggressive approach has to be
initiated as if it is CRIM-negative and the treatment
strategy could be modified once the CRIM status is
confirmed.

Important considerations of immunotherapy

« Mutation status should be known to predict the
CRIM status. Assessment of CRIM status should
not delay the initiation of treatment of confirmed or
highly suspected IOPD cases.

+ Anti-rhGAA antibodies should be quantified at
baseline and regularly by the primary physician
throughout treatment.

+ Repetition course of immunotherapy is determined
by increasing anti-rhGAA antibodies to > 6400
on two or more occasions, and a cluster of
differentiation 19% (CD 19%) recovery at more than
5 months after the last immunotherapy.

« Laboratory investigations in conjunction with ITI
protocol should be performed as per published data
[16].

Discussion

IOPD is a multisystemic condition that develops mul-
tiple clinical manifestations, including symptoms related
to cardiovascular, gastrointestinal, neurologic, and pul-
monary systems, in the first year of life [16]. Therefore,
for the proper management of IOPD, a multidisciplinary
team with sound knowledge of the natural history of
the disease and associated challenges, including the

Metabolic dietitian ‘\Q/

) N
Genetic counselor §'\\5’
A
\\J

Otolaryngologist,
speech therapist,
audiologist

Q

Fig. 2 Multidisciplinary team for the management of patients with IOPD.

Multidisciplinary team
(metabolic specialist:
care coordinator)
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emotional and psychological effects of the disease on
families of IOPD patients, is necessary (Fig. 2) [16].

The treatment strategy available for the management of
IOPD is ERT with alglucosidase alfa, which has changed
the disease course in IOPD patients [34]. The recent
introduction of the ITI protocol into the therapeutic
armamentarium of IOPD, in combination with ERT, has
substantially changed the disease course and has shown
improved survival outcomes when compared to that of
ERT alone in patients with IOPD [13].

To our knowledge, this document is the first to give
region-specific consensus-based guidelines for the Gulf
region on IOPD diagnosis and management, consider-
ing the diagnostic and treatment challenges in the region.
This region-specific consensus manuscript aids physi-
cians by facilitating early diagnosis, effective treatment,
and prompt monitoring, which may provide optimal clin-
ical benefits. It is noteworthy that underdiagnosis, delay
in diagnosis, and delay in treatment are the consequences
of a lack of awareness about the disease in the region.
Therefore, increasing awareness among physicians may
ensure prompt diagnosis and early treatment initiation in
diagnosed IOPD patients.

Besides increasing awareness in healthcare profession-
als, educating patient families about the disease is needed
as they are reluctant to consult a physician in the early
stages of the disease, which may lead to a delay in diag-
nosis and poor treatment outcomes. It is important to
increase awareness of the importance of family screening
in high-risk families. Overall, parents of patients need to
seek medical advice of the patient during the early and
mild course of the disease, and lifelong treatment without
any refusal is needed for effective outcomes. The experts

Specialists in cardiology,
neurology, pulmonology,
pediatrics, and
rheumatology

td

@f@ Physical therapist

zal

-

Occupational
therapist
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hope that the dissemination of these consensus reports
will aid clinicians in attaining a prompt diagnosis and
facilitating effective management and proper monitoring
of patients with IOPD to minimize the disease burden.

Conclusion

The management of IOPD is challenging as ERT has not
shown satisfactory results. Based on existing literature,
immunomodulation therapy may be effective in treat-
ing IOPD patients. In the Gulf region, there is a dearth
of qualitative evidence on the position of immunomod-
ulation agents in the treatment of IOPD. The current
expert-based consensus, along with the clinical experi-
ence shared by experts, would establish comprehensive
and practical approaches for the positioning of ERT
and the immunomodulation protocol in the manage-
ment algorithm of IOPD in clinical settings. NBS offers
an early diagnosis and presymptomatic ERT initiation. It
prevents cardiac and respiratory complications and helps
in achieving normal growth and development in patients
with IOPD.

Abbreviations

ALT Alanine transaminase.

AST Aspartate transaminase.

CPK Creatine phosphokinase.

CRIM Cross-reactive immunologic material.
EOW Every other week.

ERT Enzyme replacement therapy.

GAA Acid alpha-glucosidase.

HEX4 Glucose tetrasaccharide.

HCM Hypertrophic cardiomyopathy.
1u/L International units per liter.
[e]€] Immunoglobulin G.

IOPD Infantile-onset Pompe disease.
Tl Immune tolerance induction.
KSA Kingdom of Saudi Arabia.

LDH Lactate dehydrogenase.

LOPD Late-onset Pompe disease.

MRI Magnetic resonance imaging.

NBS Newborn screening.

rhGAA  Recombinant human acid alpha-glucosidase.
UAE United Arab Emirates.

Acknowledgements

Sanofi Genzyme offered logistical support by providing medical writing
services for the development of this consensus statement. BioQuest Solution
provided editorial support for the development of this manuscript.

Author contributions

All authors made a significant contribution to the work reported, that is, in
the conception, study design, execution, acquisition of data, analysis, and
interpretation, or in all these areas; took part in drafting, revising, or critically
reviewing the article; gave final approval of the version to be published; have
agreed on the journal to which the article has been submitted; and have
agreed to be accountable for all aspects of the work.

Funding sources
Sanofi Genzyme.

Data Availability
Not applicable.

Page 9 of 10

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

All authors have received a personal fee in the form of honoraria for attending
the two advisory board meetings conducted by Sanofi Genzyme, but they
have not received fees for writing the manuscript.

Received: 15 June 2022 / Accepted: 4 October 2022
Published online: 27 October 2022

References

1. Al-Hassnan ZN, Khalifa OA, Bubshait DK, Tulbah S, Alkorashy M, Alzaidan
H, et al. The phenotype, genotype, and outcome of infantile-onset Pompe
disease in 18 Saudi patients. Mol Genet Metab Rep. 2018;15:50-4. https://doi.
0rg/10.1016/jymgmr.2018.02.001.

2. BayLB, Denzler |, Durand C, Eiroa H, Frabasil J, Fainboim A, et al. Infantile-
onset Pompe disease: Diagnosis and management. Arch Argent Pediatr.
2019;117(4):271-8. https://doi.org/10.5546/aap.2019.eng.271.

3. ChienYH, Tsai WH, Chang CL, Chiu PC, Chou YY, Tsai FJ, et al. Earlier and higher
dosing of alglucosidase alfa improve outcomes in patients with infantile-
onset Pompe disease: Evidence from real-world experiences. Mol Genet
Metab Rep. 2020;23:100591. https://doi.org/10.1016/j.ymgmr.2020.100591.

4. Elenga N, Verloes A, Mrsic Y, Basurko C, Schaub R, Cuadro-Alvarez E, et al.
Incidence of infantile Pompe disease in the Maroon population of French
Guiana. BMJ Paediatr Open. 2018;2(1):e000182. https://doi.org/10.1136/
bmjpo-2017-000182.

5. Dasouki M, Jawdat O, Almadhoun O, Pasnoor M, McVey AL, Abuzinadah A, et
al. Pompe disease: Literature review and case series. Neurol Clin. 2014;32:751—
9. https://doi.org/10.1016/j.ncl.2014.04.010.

6. Martinez M, Romero MG, Guereta LG, Cabrera M, Regojo RM, Albajara L, et
al. Infantile-onset Pompe disease with neonatal debut: A case report and
literature review. Med (Baltim). 2017,96:€9186. https://doi.org/10.1097/
MD.0000000000009186.

7. LiuY,YangY,Wang B,Wu L, Liang H, Kan Q, et al. Infantile Pompe disease: A
case report and review of the Chinese literature. Exp Ther Med. 2016;11:235-
8. https://doi.org/10.3892/etm.2015.2862.

8. Al-Jasmi FA, Tawfig N, Berniah A, Ali BR, Taleb M, Hertecant JL, et al. Prevalence
and novel mutations of lysosomal storage disorders in United Arab Emirates:
LSD in UAE. JIMD Rep. 2013;10:1-9. https://doi.org/10.1007/8904_2012_182.

9. Mahnashi M, Alshehri A, Cupler E, Faden M, Malibari O, Hakami A, et al. Diag-
nosis and management of Pompe disease in Saudi Arabia. Am J Med Med
Sci. 2021;11:373-81.

10. Lagler FB, Moder A, Rohrbach M, Hennermann J, Mengel E, Gokce S, et
al. Extent, impact, and predictors of diagnostic delay in Pompe disease: A
combined survey approach to unveil the diagnostic odyssey. JIMD Rep.
2019;49:89-95. https://doi.org/10.1002/jmd2.12062.

11. Kishnani PS, Corzo D, Leslie ND, Gruskin D, Van der Ploeg A, Clancy JP, et
al. Early treatment with alglucosidase alpha prolongs long-term survival
of infants with Pompe disease. Pediatr Res. 2009,66:329-35. https://doi.
0rg/10.1203/PDR.0b013e3181b24e94.

12. Chakrapani A, Vellodi A, Robinson P, Jones S, Wraith JE. Treatment of infantile
Pompe disease with alglucosidase alpha: The UK experience. J Inherit Metab
Dis. 2010;33:747-50. https://doi.org/10.1007/510545-010-9206-3.

13. Desai AK, Li C, Rosenberg AS, Kishnani PS. Immunological challenges and
approaches to immunomodulation in Pompe disease: A literature review.
Ann Transl Med. 2019;7:285. https://doi.org/10.21037/atm.2019.05.27.

14. Banugaria SG, Prater SN, Patel TT, Dearmey SM, Milleson C, Sheets KB, et al.
Algorithm for the early diagnosis and treatment of patients with cross reac-
tive immunologic material-negative classic infantile Pompe disease: A step
towards improving the efficacy of ERT. PLoS ONE. 2013;8:e67052. https://doi.
org/10.1371/journal.pone.0067052.


https://doi.org/10.1016/j.ymgmr.2018.02.001
https://doi.org/10.1016/j.ymgmr.2018.02.001
https://doi.org/10.5546/aap.2019.eng.271
https://doi.org/10.1016/j.ymgmr.2020.100591
https://doi.org/10.1136/bmjpo-2017-000182
https://doi.org/10.1136/bmjpo-2017-000182
https://doi.org/10.1016/j.ncl.2014.04.010
https://doi.org/10.1097/MD.0000000000009186
https://doi.org/10.1097/MD.0000000000009186
https://doi.org/10.3892/etm.2015.2862
https://doi.org/10.1007/8904_2012_182
https://doi.org/10.1002/jmd2.12062
https://doi.org/10.1203/PDR.0b013e3181b24e94
https://doi.org/10.1203/PDR.0b013e3181b24e94
https://doi.org/10.1007/s10545-010-9206-3
https://doi.org/10.21037/atm.2019.05.27
https://doi.org/10.1371/journal.pone.0067052
https://doi.org/10.1371/journal.pone.0067052

Al-Hassnan et al. Orphanet Journal of Rare Diseases

20.

21

22.

23.

24,

25.

26.

(2022) 17:388

MENA Pompe Working Group. Al Jasmi F, Al Jumah M, Algarni F, Al-Sanna’a

N, Al-Sharif F, et al. Diagnosis and treatment of late-onset Pompe disease

in the Middle East and North Africa region: Consensus recommendations
from an expert group. BMC Neurol. 2015;15:205. https://doi.org/10.1186/
512883-015-0412-3.

Kishnani PS, Steiner RD, Bali D, Berger K, Byrne BJ, Case LE, et al. Pompe
disease diagnosis and management guideline [published correction appears
in Genet Med. 2006;8(6):382. ACMG Work Group on Management of Pompe
Disease [removed]; Case, Laura [corrected to Case, Laura E]]. Genet Med.
2006;8:267-288. https://doi.org/10.1097/01.gim.0000218152.87434.f3.
Tarnopolsky M, Katzberg H, Petrof BJ, Sirrs S, Sarnat HB, Myers K, et al. Pompe
disease: Diagnosis and management. Evidence-based guidelines from

a Canadian Expert Panel. Can J Neurol Sci. 2016;43:472-85. https://doi.
0rg/10.1017/cjn.2016.37.

Gilbert-Barness E. Review. Metabolic cardiomyopathy and conduction system
defects in children. Ann Clin Lab Sci. 2004;34:15-34.

Owens P, Wong M, Bhattacharya K, Ellaway C. Infantile-onset Pompe disease:
A case series highlighting early clinical features, spectrum of disease severity
and treatment response. J Paediatr Child Health. 2018;54:1255-61. https://
doi.org/10.1111/jpc.14070.

Chiang SC, Chien YH, Chang KL, Lee NC, Hwu WL. The timely needs for
infantile onset Pompe disease newborn screening-practice in Taiwan. Int J
Neonatal Screen. 2020;6:30. https://doi.org/10.3390/ijns6020030.

Burton BK, Charrow J, Hoganson GE, Fleischer J, Grange DK, Braddock SR, et
al. Newborn screening for Pompe disease in lllinois: Experience with 684,290
infants. Int J Neonatal Screen. 2020;6:4. https://doi.org/10.3390/ijns6010004.
Saadallah AA, Rashed MS. Newborn screening: Experiences in the Middle East
and North Africa. J Inherit Metab Dis. 2007;30:482-9. https://doi.org/10.1007/
510545-007-0660-5.

Chen M, Zhang L, Quan S. Enzyme replacement therapy for infantile-onset
Pompe disease. Cochrane Database Syst Rev. 2017;11:CD011539. https://doi.
0rg/10.1002/14651858.CD011539.pub2.

van Gelder CM, Poelman E, Plug |, Hoogeveen-Westerveld M, van der Beek
NAME, Reuser AJJ, et al. Effects of a higher dose of alglucosidase alfa on
ventilator-free survival and motor outcome in classic infantile Pompe disease:
An open-label single-center study. J Inherit Metab Dis. 2016;39:383-90.
https://doi.org/10.1007/510545-015-9912-y.

Khan AA, Case LE, Herbert M, DeArmey S, Jones H, Crisp K, et al. Higher dos-
ing of alglucosidase alfa improves outcomes in children with Pompe disease:
A clinical study and review of the literature. Genet Med. 2020;22:898-907.
https://doi.org/10.1038/541436-019-0738-0.

Ditters IAM, Huidekoper HH, Kruijshaar ME, Rizopoulos D, Hahn A, Mongini
TE, et al. Effect of alglucosidase alfa dosage on survival and walking ability

27.

28.

29.

30.

31.

32

33.

34.

Page 10 of 10

in patients with classic infantile Pompe disease: A multicentre observational
cohort study from the European Pompe Consortium. Lancet Child Adolesc
Health. 2022,6:28-37. https://doi.org/10.1016/52352-4642(21)00308-4.
Kishnani PS, Goldenberg PC, DeArmey SL, Heller J, Benjamin D, Young S, et
al. Cross-reactive immunologic material status affects treatment outcomes
in Pompe disease infants. Mol Genet Metab. 2010,99:26-33. https://doi.
0rg/10.1016/jymgme.2009.08.003.

Hahn A, Hennermann JB, Huemer M, Kampmann C, Marquardt T, Mengel E, et
al. Diagnosis and care of infants and children with Pompe disease [published
online ahead of print, 2020 February 18]. Klin Padiatr. 2020. https://doi.
0rg/10.1055/a-1110-7335. https://doi.org/10.1055/a-1110-7335.

Banugaria SG, Prater SN, McGann JK, Feldman JD, Tannenbaum JA, Bailey

C, et al. Bortezomib in the rapid reduction of high sustained antibody titers
in disorders treated with therapeutic protein: Lessons learned from Pompe
disease. Genet Med. 2013;15:123-31. https://doi.org/10.1038/gim.2012.110.
Kazi ZB, Desai AK, Berrier KL, Troxler RB, Wang RY, Abdul-Rahman OA, et al.
Sustained immune tolerance induction in enzyme replacement therapy-
treated CRIM-negative patients with infantile Pompe disease. JCl Insight.
2017;2:€94328. https://doi.org/10.1172/jci.insight.94328.

Hahn A, Schanzer A. Long-term outcome and unmet needs in infantile-
onset Pompe disease. Ann Trans| Med. 2019;7:283. https://doi.org/10.21037/
atm.2019.04.70.

Stenger EO, Kazi Z, Lisi E, Gambello MJ, Kishnani P. Immune tolerance strate-
gies in siblings with infantile Pompe disease-advantages for a preemp-

tive approach to high-sustained antibodly titers. Mol Genet Metab Rep.
2015;4:30-4. https://doi.org/10.1016/jymgmr.2015.05.004.

Li C, Desai AK, Gupta P, Dempsey K, Bhambhani V, Hopkin RJ, et al. Transform-
ing the clinical outcome in CRIM-negative infantile Pompe disease identified
via newborn screening: The benefits of early treatment with enzyme replace-
ment therapy and immune tolerance induction. Genet Med. 2021;23:845-55.
https://doi.org/10.1038/541436-020-01080-y.

Kishnani PS, Corzo D, Nicolino M, Byrne B, Mandel H, Hwu WL, et al.
Recombinant human acid [alpha]-glucosidase: Major clinical benefits in
infantile-onset Pompe disease. Neurology. 2007;68(2):99-109. https://doi.
0rg/10.1212/01.wnl.0000251268.41188.04.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1186/s12883-015-0412-3
https://doi.org/10.1186/s12883-015-0412-3
https://doi.org/10.1097/01.gim.0000218152.87434.f3
https://doi.org/10.1017/cjn.2016.37
https://doi.org/10.1017/cjn.2016.37
https://doi.org/10.1111/jpc.14070
https://doi.org/10.1111/jpc.14070
https://doi.org/10.3390/ijns6020030
https://doi.org/10.3390/ijns6010004
https://doi.org/10.1007/s10545-007-0660-5
https://doi.org/10.1007/s10545-007-0660-5
https://doi.org/10.1002/14651858.CD011539.pub2
https://doi.org/10.1002/14651858.CD011539.pub2
https://doi.org/10.1007/s10545-015-9912-y
https://doi.org/10.1038/s41436-019-0738-0
https://doi.org/10.1016/S2352-4642(21)00308-4
https://doi.org/10.1016/j.ymgme.2009.08.003
https://doi.org/10.1016/j.ymgme.2009.08.003
https://doi.org/10.1055/a-1110-7335
https://doi.org/10.1055/a-1110-7335
https://doi.org/10.1038/gim.2012.110
https://doi.org/10.1172/jci.insight.94328
https://doi.org/10.21037/atm.2019.04.70
https://doi.org/10.21037/atm.2019.04.70
https://doi.org/10.1016/j.ymgmr.2015.05.004
https://doi.org/10.1038/s41436-020-01080-y
https://doi.org/10.1212/01.wnl.0000251268.41188.04
https://doi.org/10.1212/01.wnl.0000251268.41188.04

	﻿Expert Group Consensus on early diagnosis and management of infantile-onset pompe disease in the Gulf Region
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Results
	﻿Evidence for current diagnostic approaches of IOPD
	﻿Current clinical challenges in the diagnosis of IOPD
	﻿Consensus statement on diagnostic approaches to IOPD in the Gulf region
	﻿Newborn screening can be a screening tool for the diagnosis of IOPD
	﻿Consensus statement on the NBS approach
	﻿Evidence on current management approaches of IOPD
	﻿Current clinical challenges in the treatment of IOPD
	﻿Consensus statement on treatment approaches of IOPD in the Gulf region
	﻿Key expert opinion for practice
	﻿Important considerations of immunotherapy

	﻿Discussion
	﻿Conclusion
	﻿References


