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Abstract

Purpose: To assess the magnitude of benefit to early treatment initiation, enabled by newborn
screening or prenatal diagnosis, in patients with cross-reactive immunological material (CRIM)-
negative infantile Pompe disease (IPD), treated with enzyme replacement therapy (ERT) and
prophylactic immune tolerance induction (ITI) with rituximab, methotrexate, and IVIG.

Methods: A total of 41 CRIM-negative IPD patients were evaluated. Amongst patients who were
treated with ERT+ITI (n=30), those who were invasive ventilator-free at baseline and had =6
months of follow-up were stratified based on age at treatment initiation: 1) early (<4 weeks), 2)
intermediate (>4 and <15 weeks), and 3) late (>15 weeks). A historical cohort of 11 CRIM-
negative patients with IPD treated with ERT monotherapy served as an additional comparator

group.
Results: Twenty patients were included; five, seven, and eight in early, intermediate, and late
treatment groups, respectively. Genotypes were similar across the three groups. Early-treated
patients showed significant improvements in left ventricular mass index, motor and pulmonary
outcomes, as well as biomarkers creatine kinase and urinary glucose tetrasaccharide, compared to
those treated later.

Conclusion: Our preliminary data suggest that early treatment with ERT+ITI can transform the
long-term CRIM-negative IPD phenotype, which represents the most severe end of the Pompe
disease spectrum.

INTRODUCTION

Pompe disease (OMIM #232300, glycogen storage disease 1) is an autosomal recessive
disorder caused by pathogenic variants in the GAA gene, resulting in a deficiency of enzyme
acid a-glucosidase (GAA) and accumulation of lysosomal glycogen in cardiac, skeletal, and
smooth muscles®. Classic infantile Pompe disease (IPD) is characterized by progressive
muscle weakness, hypertrophic cardiomyopathy, and eventually respiratory insufficiency,
leading to death due to cardiac and/or respiratory failure prior to one year of age?3. The
advent of enzyme replacement therapy (ERT) with recombinant human acid a-glucosidase
(rhGAA, alglucosidase alfa) drastically transformed the natural history of the disease,
allowing prolonged survival and improving cardiac and motor outcomes*—. However,
patient outcomes on ERT vary due to factors such as cross-reactive immunological material
(CRIM) status®7=9, the development of anti-rhGAA immunoglobulin G (IgG)
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antibodies®10-12 age at ERT initiation®13-15 dose of ERT16-18, as well as severe cardiac
involvement, invasive ventilation, and failure to thrive at baselinel®.

CRIM-negative IPD patients have two null variants in the GAA gene that result in a
complete inability to produce native enzyme’. These patients respond poorly to ERT due to
the development of high and sustained anti-rhGAA 1gG antibody titers (HSAT; defined as
>51,200 at or beyond 6 months on ERT) or sustained intermediate titers (SIT; defined as
>12,800 and <51,200)19-12, CRIM-positive IPD patients produce some amount of
endogenous GAA and are therefore typically expected to produce low anti-rhGAA 1gG
antibody titers (LT; defined as <6,400), and exhibit a better response to ERT%19. While a
subset of CRIM-positive IPD patients also develop HSAT leading to poor clinical
outcomes?Y, it is well-recognized that CRIM-negative status is associated with significant
immunological challenges, earlier symptom onset, a more aggressive disease course, and
poorer survival’:19,

In order to prevent and/or mitigate the detrimental effects of anti-rhGAA 1gG antibodies,
several approaches to immune modulation, both prophylactic and therapeutic, have been
attempted in patients with IPD21. A short, five-week course of immune tolerance induction
(ITI) with rituximab, methotrexate, and intravenous immunoglobulin (IVIG) in the ERT-
naive setting has been shown to induce immune tolerance to ERT in the largest cohort of
patients with IPD, leading to significantly improved overall survival and reduced
cardiomyopathy, and is now considered the optimal approach for the treatment of CRIM-
negative IPD22-25,

Initiation of ERT at an early age can also improve treatment outcomes by intervening in the
early stages of the disease, prior to extensive involvement and loss of tissue function.
Amongst IPD patients diagnosed via newborn screening (NBS) in Taiwan, of whom all were
CRIM-positive, early treatment with ERT within the first month of life led to improved long-
term clinical outcomes including independent walking and ventilator-free survival?8. The
extent of these benefits in CRIM-positive patients has been shown to increase with even
earlier initiation of ERT (within the first few days of life)1. Additionally, increasing
evidence suggests that the administration of ERT doses higher than the standard 20 mg/kg

every other week (EOW) can improve long-term clinical outcomes in patients with
|pD16,18,27_

While prophylactic ITI and early ERT initiation are beneficial, the extent of these benefits is
not well-characterized in CRIM-negative IPD, the most severe Pompe disease phenotype.
The purpose of this study was to assess the benefit of early ERT+ITI treatment in CRIM-
negative patients with IPD.

PATIENTS AND METHODS

Patients and Inclusion Criteria

A retrospective chart review of an international pediatric Pompe cohort was conducted.
Patients were selected based on the following inclusion criteria: (a) confirmed diagnosis of
CRIM-negative IPD* 28: (b) prophylactic ITI with rituximab, methotrexate, and IVIG as
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previously published?2:23; (c) ERT at a cumulative dose of 20-40 mg/kg weekly or EOW;
(d) not invasively ventilated at baseline; and (e) =6 months of follow-up data available.
Invasively ventilated patients were excluded to eliminate potential selection bias due to
disproportionately higher risk of ventilator-dependence and/or death at follow-up. Eligible
patients were stratified based on age at ERT+ITI: 1) early treatment group (ETG, <4 weeks),
2) intermediate treatment group (ITG, >4 and <15 weeks), and 3) late treatment group (LTG,
>15 weeks). A previously reported cohort of CRIM-negative IPD patients treated with ERT
monotherapy and not invasively ventilated at baseline served as an additional comparator
group’.

Data Collection and Analysis

Clinical data including GAA pathogenic variants, age and doses of ERT+ITI treatment,
overall and invasive ventilator-free survival, left ventricular mass index (LVMI), feeding
status, motor status, creatine kinase (CK), urinary glucose tetrasaccharide (Glcy), and anti-
rhGAA IgG antibodies were extracted from medical records provided by each patient’s
principal care provider. CRIM status, anti-rhGAA IgG antibody titers, and urinary Glc4 were
determined as previously described: 422:28.29 The upper limit of normal urinary Glcs was
determined to be the 95™ percentile of age-matched controls (20 mmol/mol creatinine, 0-6
months; 14 mmol/mol creatinine, 6-12 months; 8.3 mmol/mol creatinine, 1-3 years; 3.0
mmol/mol creatinine, >3 years)30. LVMI was measured using 2D, M-mode, and/or Doppler
echocardiography. Data collection was completed on December 15t, 2019 or when at least
six months of follow-up were available.

Lifelong average dose of ERT was calculated using a previously published method,
averaging the product between the proportion of time the patient spent on each dose, and a
multiplier relative to the standard labeled dose (e.g. both 20 mg/kg W and 40 mg/kg EOW
are assigned a multiplier of 2, as they are twice the standard dose of 20 mg/kg EOW)3L. In
addition to Kaplan-Meier analysis of invasive ventilator-free survival outcomes, pulmonary
outcomes were described in terms of the type of ventilation required, and the three groups
were compared in terms of the likelihood of requiring either invasive or non-invasive
ventilation by the time of final assessment. Comparisons of LVMI measurements were made
at baseline and final assessment, and longitudinal L\VVMI was assessed for time to
normalization. Feeding status was described in terms of oral feeding or use of any feeding
support such as nasogastric tube (NG-tube) or gastrostomy tube (G-tube). Motor status was
described as either ambulatory or non-ambulatory, and/or whether age-appropriate
developmental milestones were achieved. The likelihood of achieving independent
ambulation and the likelihood of oral feeding by the time of final assessment were compared
across the three groups. CK and urinary Glc, values were compared at baseline and six
months on ERT and observed for differences in longitudinal trends beyond six months.
Longitudinal anti-rhGAA IgG antibody titers were assessed for peak titers; patients were
classified as being immune tolerant (LT or seronegative), SIT, or HSAT.

In the ERT monotherapy comparator group, overall and invasive ventilator-free survival,
anti-rhGAA IgG antibodies, and LVMI were evaluated as available. To determine the
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outcomes of ERT+ITI, ETG, ITG, and LTG were combined and compared to the ERT
monotherapy group.

Statistics

Data were described using n (%) and median (minimum-maximum) as appropriate. The
Kaplan-Meier method was used to analyze overall and ventilator-free survival data with the
log-rank test to generate 2-tailed P-values. Comparisons of continuous variables were
conducted using the Wilcoxon/Kruskal-Wallis rank-sum test32. Chi-square tests of
independence were used to determine the significance of categorical factors. Statistical
analyses were conducted in JMP® Pro version 1533,

RESULTS

Patient demographics and treatment details (Table 1)

In the international pediatric Pompe cohort, 30 CRIM-negative IPD patients received ERT
+ITI with rituximab, methotrexate, and IVIG. No other immunomodulatory regimens were
administered in the ERT-naive setting. Ten patients were excluded due to invasive ventilation
at baseline (n=8) or insufficient follow-up (n=2), leaving 20 patients for inclusion and
analysis. These patients were further stratified into the ETG (n=5), ITG (n=7), and LTG
(n=8). The historical ERT monotherapy cohort consisted of 11 CRIM-negative patients.

Median age at ERT initiation was 2.1 weeks (0.3-3.4 weeks), 7.6 weeks (4.4-13.3 weeks),
and 17.9 weeks (15.4-28.3 weeks) in the ETG, ITG, and LTG, respectively. Three ETG
patients were diagnosed via NBS and the two remaining were diagnosed prenatally. Two
ITG patients were diagnosed via NBS and the remaining five were diagnosed by clinical
symptomology. All LTG patients were diagnosed by clinical symptomatology. In the ERT
monotherapy group, median age at ERT initiation was 13.0 weeks (1.1-30.4 weeks).

Of all GAA variants (n=40) in the accumulated cohort of patients treated with ERT+ITI,
25.0% (n=10) were the common African American GAA variant ¢.2560C>T, which
accounted for 3/10 (30.0%), 3/14 (21.4%), and 4/16 (25.0%) of variants in the ETG, ITG,
and LTG, respectively3*. Genotypes were similar in the ERT monotherapy group’.

All patients were initiated on the standard cumulative ERT dose of 20 mg/kg EOW except
for patients E2 and L2, who began ERT at 40 mg/kg EOW (Table 1). None of the other
patients (n=18) transitioned to a higher dose of ERT within the first six months (Figure
S1A). The median lifelong average dosage of ERT was 1.57 (1.04-2.01), 1.39 (1.17-2.98),
and 1.00 (1.00-3.93) in the ETG, ITG, and LTG respectively, with no significant difference
between groups. There was no significant difference in age or time on ERT at dose
escalation across the three groups (Figure S1B).

Overall and invasive ventilator-free survival

All five ETG patients (100%) and all seven ITG patients (100%) were alive at median ages
of 28.3 months (9.3-51.8 months) and 83.4 months (21.4-113.3 months), respectively. 6/8
LTG patients (75.0%) were alive at a median age of 49.6 months (28.1-135.5 months).
Patients L1 and L4 were deceased at 56.9 months and 15.0 months respectively; in both
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cases, the cause of death was respiratory failure due to disease progression. No statistical
difference (p=0.135) in overall survival was found between ETG, ITG, and LTG (Figure
1A). Patients treated with ERT+ITI exhibited significantly prolonged overall survival than
those treated with ERT monotherapy (P<0.0001), who were all deceased at a median age of
28.8 months (18.0-50.2 months) (Figure 1C).

As defined by the inclusion criteria, none of the patients were invasively ventilated at
baseline (Table 2). All five ETG patients (100%) remained invasive ventilator-free
throughout the course of ERT, and none required non-invasive ventilation such as BiPAP or
CPAP. 6/7 ITG patients (85.7%) and 6/8 LTG patients (75.0%) remained invasive ventilator-
free. Patients 14, L4, and L6 became invasive ventilator-dependent at age 29.0 months, 15.0
months, and 63.3 months, respectively. Additionally, three ITG patients (11, 13, 17) and two
LTG patients (L5, L8) required either BiPAP, CPAP, or cough assist vest. There was no
significant difference in invasive ventilator-free survival between groups (p=0.158) (Figure
1B). However, compared to the ETG, use of either invasive or non-invasive ventilation was
significantly more likely in both the ITG (p=0.034) and the LTG (p=0.044). Invasive
ventilator-free survival was significantly improved in patients treated with ERT+ITI,
compared to the ERT monotherapy group (P<0.0001), who were all deceased and/or
ventilator-dependent at a median age of 13.8 months (8.2-27.1 months) (Figure 1D).

Cardiac Function: LVMI

At a median age of 0.9 weeks (0.0-3.3 weeks), the ETG had a median baseline LVMI of
111.7 g/m? (55.5-173.3 g/m2, n=4). At a median age of 8.9 weeks (4.0-13.0 weeks), the
ITG had baseline LVMI of 158.5 g/m? (140.6-180.4 g/m2, n=7). The LTG had a baseline
median LVMI of 433.1 g/m? (176-448.9 g/m?2, n=7), measured at a median age of 18.6
weeks (14.1-25.3 weeks), which was significantly higher than both the ETG (p=0.011) and
the ITG (p=0.011) (Figure 2A).

In the ETG, median LVMI was 46.4 g/m? (41.4-63.0 g/m?2, n=5) at a median follow-up time
of 47.0 weeks on ERT (26-163 weeks) (Table 2). The ITG and LTG had median LVMI of
57.8 g/m? (53.5-80.4 g/m?2, n=7) and 68.0 g/m? (48.0-257.0 g/m2, n=7) at median follow-up
times of 217 weeks (23-437 weeks) and 105 weeks (26-274 weeks), respectively. LVMI at
final assessment was significantly higher in the LTG than in the ETG (p=0.023); there was
no significant difference between ETG and ITG (Figure 2B). Although LVMI decreased in
all patients, two ITG patients (11, 15) and three LTG patients (L1, L4, L7) had LVMI above
the normal range of 64.0 g/m? at final assessment3°. By 21 weeks on ERT, LVMI was
normalized in all ETG patients; only one ITG patient (14) and one LTG patient (L8) had
normalized LVMI within this period.

Feeding Status

All five ETG patients (100%) remained on oral feeds from baseline throughout the course of
ERT (Table 2). Four ITG patients (57.1%; 12, 13, 14, 17) were feeding orally throughout the
study period. Patients 11, 15, and 16 required NG-tube feeds at baseline; at final assessment,
patients 15 and 16 had transitioned to oral feeds, whereas patient 11 still required a G-tube. In
the LTG, two patients (25.0%; L1 and L3) remained on oral feeds. Patient L2 fed orally at
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baseline, yet required G-tube at final assessment. Four patients (L4, L5, L6, L7) required
NG-tube and one patient (L8) required G-tube at baseline; patient L5 was able to transition
to oral feeds by final assessment, whereas patients L4, L6, L7, and L8 required either NG-
tube, G-tube, or gastrostomy-jejunostomy tube (GJ-tube). Early-treated patients were
significantly less likely to require enteral feeding support at final assessment than those in
the LTG (p=0.009).

Motor Status

Biomarkers:

Anti-rhGAA

Follow-up motor status was available for 4/5 early-treated patients, of whom all (100%)
were independently ambulatory or meeting age-appropriate developmental milestones. By
comparison, 5/7 ITG patients (71.4%) were independently ambulatory. In the LTG, follow-
up motor status was available for 7/8 patients, of whom only three (42.9%) were
independently ambulatory at final assessment. In the ETG, independent ambulation was
significantly more likely than in the LTG (p=0.028) and nearly significantly more likely than
in the ITG (p=0.052).

CK and Urinary Glcg4

At baseline, median CK measurements were elevated at 826.5 U/L (738-1877 U/L) in the
ETG (n=4), 619 U/L (338-846 U/L) in the ITG (n=6), and 907 U/L (773-1002 U/L) in the
LTG (n=5), with no significant difference between groups. At six months on ERT, all five
patients in the ETG achieved normalized CK (median 178.0 U/L, 87-258 U/L), relative to
the upper limit of normal range (320 U/L; age 0 to 9 years). In contrast, median CK
decreased but did not normalize in any ITG patients (551.5 U/L, 344-2071 U/L), with four
patients exhibiting increasing trends. In the LTG, CK remained abnormally elevated (median
969.5 U/L, 665-2255 U/L). There was significant improvement in the ETG compared to
both ITG (p=0.020) and LTG (p=0.020).

Baseline urinary Glc4 was significantly more elevated (p=0.037) in the LTG (n=6, median
48.4 mmol/mol creatinine; 40.2-59.7 mmol/mol creatinine) than in the ITG (n=5, median
28.7 mmol/mol creatinine, 22.8-39.6 mmol/mol creatinine), and substantially more elevated
(p=0.052) than in the ETG (n=3, median 20.6 mmol/mol creatinine, 13.9-25.6 mmol/mol
creatinine). At six months on ERT, urinary Glc, was within normal range in all five ETG
patients (median 5.9 mmol/mol creatinine, 3.1-9.1 mmol/mol creatinine) 3036, This was
significantly lower (p=0.014) than in the LTG (median 22.8 mmol/mol creatinine, 8.4-40.8
mmol/creatinine) and not significantly lower (p=0.074) than in the ITG (median 13.9
mmol/mol creatinine, 8.4—27.1 mmol/mol creatinine).

The ETG continued to exhibit improved and relatively stable longitudinal trends for CK and
urinary Glcg levels beyond the first six months, whereas the ITG and LTG showed persistent
CK and Glc,4 elevation and greater fluctuation over time, with a number of patients showing
increasing trends in both parameters (Figure 3).

IgG Antibodies

All five ETG patients (100%) remained immune tolerant to ERT with a median follow-up
duration of 31 weeks (28-174 weeks). 5/7 ITG patients (71.4%) remained immune tolerant
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to ERT with four (11, 12, 15, 16) remaining seronegative and one (I13) maintaining LT. Patient
17 developed SIT, yet subsequently became immune tolerant without any further immune
modulation; patient 14 developed HSAT. All LTG patients (100%) were immune tolerant to
ERT with two (L1, L6) remaining seronegative, and six (L2, L3, L4, L5, L7, L8)
maintaining LT. The number of immune tolerant patients did not differ significantly between
groups, yet ETG patients were significantly more likely to remain seronegative than those in
both the ITG (p=0.047) and LTG (p=0.003).

In contrast to CRIM-negative IPD patients treated with ERT monotherapy, of whom median
peak titer was 204,800 (n=10, 25,600-1,638,400), patients treated with ERT+ITI had
significantly lower median peak titer of 0 (n=20, 0-51,200) (p<0.0001) (Figure S2).

DISCUSSION

This study in the largest reported cohort of CRIM-negative IPD patients illustrates
significant improvements in overall clinical outcomes in those who were treated with ERT
+ITI within the first month of life, compared to those treated at a later age. All ETG patients
were alive at final assessment without need of any respiratory assistive device or enteral
feeding, had normal cardiac function, met age-appropriate developmental milestones, and
were immune tolerant to ERT. This clinical picture represents a drastically transformed
phenotype from what has historically been the expected clinical course for patients with
CRIM-negative IPD, who were all either deceased or invasive ventilator-dependent by 27.1
months of age’.

The differences in clinical outcomes based on age at ERT+ITI initiation are likely attributed
to more extensive involvement and increased disease burden at baseline in late-treated IPD
patients. Histologic response may be improved with earlier treatment initiation, as lower
glycogen content at baseline is associated with more sustained post-treatment glycogen
clearance3’. For example, significantly elevated baseline LVMI in the LTG coincided with
significantly higher LVMI at final assessment and delayed normalization of median LVMI
when compared to the ETG, likely due to the development of more severe cardiomyopathy
prior to treatment initiation. Additionally, 66% (10/15) of patients in ITG and LTG required
an assistive breathing device during the course of treatment. As the primary cause of death
in IPD is cardiorespiratory failure3, early intervention with ERT+ITI is essential to halt the
progression of cardiac involvement and ensure invasive ventilator-free survival.

A similar pattern is present upon comparison of feeding status. None of the patients in the
ETG required feeding support throughout the study period, whereas in ITG and LTG
patients, 53.3% (8/15) and 40.0% (6/15) required enteral feeding at baseline and at study
end, respectively. This is consistent with previous reports suggesting that IPD patients who
required non-oral feeding support under six months of age go on to require long-term non-
oral feeding support38. Although ERT has been shown to improve dysphagia in certain
individuals3?, our findings suggest that early intervention prior to onset of severe muscle
weakness may prevent the need for enteral feeding, hence improving the long-term
prognosis and quality of life.
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Longitudinal biomarker data in early-treated patients show a trend that is distinct from those
treated at a later age. While abnormal elevation of baseline Glc4 and CK was seen in all
three groups, early-treated patients showed normalization of these parameters within the first
six months, with continued stability throughout the duration of follow-up. The trend of
persistent elevation in biomarker levels observed in the ITG and LTG is consistent with what
has been previously described in long-term survivors of IPD?. Because both Glcs and CK
offer a quantitative assessment of long-term muscle damage as a result of glycogen
accumulation in Pompe disease38, the observed biomarker trend suggests that early
treatment may alleviate some the clinical challenges that are currently seen in long-term IPD
survivors.

Another factor that may have played a role in these clinical improvements is the dose of ERT
administered. Long-term survivors of IPD initially respond well to ERT at the standard dose
of 20 mg/kg EOW, yet may exhibit clinical plateau and subsequent decline noted at 20-24
months on ERT®:26, Increasing evidence in clinically diagnosed CRIM-positive IPD patients
who were immune tolerant or had low antibody titers to ERT suggests that some of these
complications can be addressed by increasing ERT doses up to 40 mg/kg weekly16:27 The
benefits of higher ERT dose include improvement of muscle function, cardiac status, and
ventilator-free survival, as well as a significant reduction in biomarkers, such as urinary
Glc4, suggesting efficient tissue glycogen clearancel®-18.27 Of note, a recent report has also
demonstrated the importance of early initiation of higher ERT doses, prior to biomarker
changes, which typically precede clinical deterioration3l. Additionally, increased ERT doses
have been safely tolerated with no significant changes to anti-rhGAA IgG antibody
responsel®. In this study, those who received higher lifelong average ERT doses in the LTG
remained invasive ventilator-free throughout the study period and had comparatively less
severe disease burden than those receiving the standard dose. However, their outcomes were
not as ideal as those in the ETG group, particularly in terms of cardiac, motor, and
biomarker parameters. Our findings expand upon previous reports to suggest that the
significant clinical benefits brought upon by early ERT+ITI initiation may be further
enhanced by increasing the ERT dose in CRIM-negative IPD patients.

Compared to the historical ERT monotherapy cohort, who were initiated on ERT at a similar
range of ages and were invasive ventilator-free at baseline, patients treated with ERT+ITI
exhibit significantly prolonged survival, reduced cardiomyopathy, and significantly
attenuated anti-rhGAA 1gG antibody response. Additionally, despite being excluded from
analysis, patients with less than six months of follow-up data (n=3), including one patient
who was treated within the first month of age, were reviewed for survival and safety of ITI
to eliminate selection bias; none were deceased or experienced adverse events related to ITI
administration. We have reported the long-term ITI safety outcomes of 25 CRIM-negative
and 9 CRIM-positive IPD individuals, including all patients in the present study,
demonstrating normal CD19%, adequate immune humoral response post-rituximab, and
absence of any serious sequelae or deaths related to 1T administration40.

Our data suggest that the first few weeks after birth may be a critical period in newborns
with CRIM-negative IPD, during which clinical symptoms may not yet be fully apparent,
but timely treatment initiation can result in drastically improved clinical outcomes. The
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long-term prognosis of Taiwanese CRIM-positive IPD patients diagnosed via NBS and
treated within the first 34 days of life has shown significantly improved overall and invasive
ventilator-free survival compared to both clinically diagnosed patients and untreated
patients, with all patients ambulating independently2®. Although early intervention is also
expected to yield significant clinical benefits in the CRIM-negative IPD population, who
have significant immunological challenges and represent the most severe end of the Pompe
disease spectrum, the extent and nature of these benefits has not been well-characterized.
Our study expands upon previous findings to provide insight into an emerging, early-treated
CRIM-negative phenotype with distinct characteristics, highlighting the importance of NBS
and early treatment initiation in CRIM-negative IPD. One limitation of the study is the
relatively young age and small sample size of the ETG. Although clinical plateau and/or
deterioration may occur in long-term survivors of IPD, even those treated at an early age*!,
our current findings in the ETG show a promising prognosis. Nevertheless, further
longitudinal follow-up with a larger cohort is needed in order to better characterize this
early-treated CRIM-negative IPD phenotype. We suggest that an ideal approach is early
treatment with ERT+ITI, combined with an increased ERT dose. Furthermore, every effort
should be made to shorten the delay between diagnosis and treatment initiation, even in an
NBS setting, to ensure that these particularly vulnerable infants are offered the best
opportunity for an optimal clinical course.
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ERT Monotherapy vs. ERT+ITI Combined
— ERT Monotherapy (n=11) ==+ ERT+ITI (n=20)
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Figure 1. Kaplan-Meier survival analysis of CRIM-negative | PD patientstreated with ERT
monother apy compared to thosetreated ERT+I T (combined and by individual groups)

A & B) Comparison of overall and invasive ventilator-free survival in all patients treated
with ERT+ITI (n=20) versus those treated with ERT monotherapy (h=11). Both overall and
invasive ventilator-free survival were significantly prolonged in patients treated with ERT
+ITI (p<0.0001). C & D) Comparison of overall and invasive ventilator-free survival in
early (n=5), intermediate (n=7), and late (n=8) treatment groups, and the ERT monotherapy
group (n=11).
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Figure2. LVMI in CRIM-negative | PD patientstreated with ERT+ITI at baseline and final
assessment

A) Comparison of LVMI (g/m?) in ETG (n=4), ITG (n=7), and LTG (n=7) at baseline; B)
Comparison of LVMI (g/m?) in ETG (n=5), ITG (n=7), LTG (n=7) at final assessment.
Upper limit of normal range is 64.0 g/m?2.
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Figure 3. Longitudinal CK and Urinary Glcg in CRIM-negative | PD patientstreated with
+ITI

ERT

A-C: CK in early, intermediate, and late treatment groups, respectively. D-F: urinary Glc, in

early, intermediate, and late treatment groups, respectively. The early treatment group
exhibited continued stable trends in both CK and urinary Glcy at or near normal range

(CK

upper limit of normal: 320 U/L, age 0-9 years; Glcy upper limit of normal: 20 mmol/mol

creatinine, age 0-6 months; 14 mmol/mol creatinine, age 6—12 months; 8.3 mmol/mol

creatinine, age 1-3 years; 3.0 mmol/mol creatinine, age >3 years). Persistent elevation of

biomarkers was seen in both intermediate and late treatment groups with a number of

patients exhibiting worsening trends over time. This pattern is consistent with previously

reported findings in long-term survivors of IPD.
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Table 1.
Patient demographics and treatment details
Median Median GAA Pathogenic Variants
agein ERT ERT Dose Lifdlon Aliveor agein
Patient | weeksat | Doseat at Final Avera g months at Race/
ID ERT | Initiation | Assessment | A7 at final final Ethnicity Allde1 Allde2
initiation a a ose assessment | assessment
(mgrkg) (mg/kg)
(range) (range)
Early Treatment Group (n=5)
El 20 EOW 40 EOW 1.38 Alive Hispanic €.2560C>T €.2560C>T
Caucasian/
E2 40 EOW 40 EOW 2.00 Alive African ¢.525delT €.2560C>T
American
2.1 28.3
E3 (0.3-3.4) 20 EOW 40 EOW 1.57 Alive (9.3-51.8) Caucasian €.1051delG €.1579delA
E4 20 EOW 40 EOW 1.04 Alive Caucasian €.525delT ¢.525delT
f Caucasian,
E5 20 EOW 40W 1.75 Alive Hispanic €.1827C>G €.2662G>T
Intermediate Treatment Group (n=7)
. Caucasian, €.1694_1697delTC
11 20 EOW 40 EOW 1.32 Alive Hispanic ¢.525delT TC
Caucasian/
12 20 EOW 40 EOW 1.38 Alive African €.525delT €.2560C>T
American
African
13 76 20 EOW 40W 2.29 Alive 83.4 America}n/ €.2560C>T ¢.2560C>T
(4.4- (21.4- Hispanic
13.3) 113.3) -
. African €.1754+2T>
14 20 EOW 40W 2.98 Alive American A €.1822C>T
5 20EOW | 40EOW 1.39 Alive Caucasian | ©230246de ¢.236_246del
16 20 EOW 40W 1.17 Alive Hispanic €.2608C>T €.2608C>T
17 20 EOW 30W 2.05 Alive Caucasian ¢.258dupC €.2227C>T
Late Treatment Group (n=8)
L1 20 EOW N/A N/A Deceased Caucasian ¢.1548G>A ¢.525delT
Caucasian/
Native
L2 40 EOW 40W 3.93 Alive American/ €.2560C>T ¢.525delT
African
American
L3 20EOW | 40EOW 1.25 Alive Caucasian | 34034 | ¢ 340 341insT
17.9 49.7 African
L4 (15.4- 20 EOW 20 EOW 1.00 Deceased (15.0- American €.2560C>T €.2560C>T
28.3) 135.5)
Caucasian, | &1~ ¢.1105-18 2190
L5 20 EOW 40 EOW 1.86 Alive p < 18_2190- ' =
Hispanic 20del
20del
. African
L6 20 EOW 20 EOW 1.00 Alive American €.546+2T>C €.546+2T>C
Caucasian/
L7 20 EOW 20 EOW 1.00 Alive African c1548G>A c2560C>T
American
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Median Median GAA Pathogenic Variants
agein ERT ERT Dose Lifdlon Alive or agein
Patient | weeksat | Doseat at Final Avera: g deceased months at Race/
ID ERT | Initiation | Assessment | A 9 at final final Ethnicity
_ERT . . ose Alldle1 Allde2
initiation (mg/kg) (mg/kg) assessment | assessment
(range) (range)
L8 20EOW | 20EOW 1.00 Alive cavcasian/ | ¢ 2237G>A C.437delT

aFor consistency, ERT doses of 20 mg/kg weekly were considered the same as those who received 40 mg/kg every other week.

GAA: gene encoding enzyme acid alpha-glucosidase; F: Female; M: Male; EOW: every other week; W: weekly; ERT, enzyme replacement
therapy; N/A: not available.

Genet Med. Author manuscript; available in PMC 2021 July 25.




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Lietal.

Table 2.

Clinical outcomes in CN IPD patients treated with ERT+ITI

Page 19

LVMI (g/m?) Ventilation Status Motor Status Feeding Status
Patient Follow-
Follow-up
ID Base- up . Follow-up : Follow-up (weeks :
line (weeks Baseline (weeks on ERT) Baseline on ERT) Baseline (wgak%on
on ERT)
Early Treatment Group (n=4)
58.8 CPAP fora Head lag, central _Ambulating
El 65.4 a No support (221) L independently Oral Oral (221)
(48) week hypotonia (221)
Age appropriate Meeting
E2 55.5 46.4 (35) | No support No support (27) | gross motor skill developmental Oral Oral (27)
development® milestones (27)
Active with
AIMS percentile | walking, running
rank <5%, and jumping. 25th
E3 158.0 | 46.0 (47) No support | No support (156) delayed percentile on Oral Oral (156)
. d Peabody
milestones locomotion test
(88)
AIMS percentile
E4 173.3 | 41.4(26) Oxygen No support (33) rank 1&’%_25% N/A Oral Oral (33)
Ambulatory,
b 63.0 normal
E5 NA (163) No support No support (162) NA developmental Oral Oral (162)
milestones (162)
Intermediate Treatment Group (n=7)
Generalized
hypotonia, unable
Overnight BiPAP - to bear weight. G Tube
11 180.4 80.4 (23) No support (59) Hypotonia AIMS Score <1 NG Tube (59)
percentile rank for
age (50)
Ambulatory,
60.2 . . meeting normal
12 156.2 (141) No support No support (101) Mild hypotonia developmental Oral Oral (101)
milestones (101)
Motor status and
53.8 CPAP with nasal milestones
13 140.6 (252) No support mask (199) appropriate for Ambulatory (224) Oral Oral (213)
her age
Not ambulatory.
Can raise hands to
53.5 Invasively ] mouth, holds head
14 84.0 @17) No support ventilated (204) Hypotonia up, sits with and Oral Oral (204)
without support
(211)
Severe
hypotonia,
80.0 Ambulates
15 277.0 Oxygen No support (76) floppy baby, no . NG Tube Oral (76)
(334) head or neck independently (76)
control
Ambulates
16 160.3 578 Oxygen | No support (450) h eag{c!ﬁ?a Totor Wﬂiﬁﬁgﬁjﬂs NG Tube | Oral (450)
' (437) Y9 PP yp del a' needed mostly for
y transportation
(450)
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LVMI (g/m?) Ventilation Status Motor Status Feeding Status
Patient Follow-
Follow-up
ID Base- up . Follow-up . Follow-up (weeks .
line (weeks Baseline (weeks on ERT) Basdline on ERT) Baseline (w;eRk%on
on ERT)
53.8 Vest/cough assist -
17 156.7 (208) No support ©73) Hypotonia Ambulatory (273) Oral Oral (273)
Late Treatment Group (n=8)
Not ambulatory.
Prop-sit
independently, sits
briefly without
257.0 Transient hand support, rolls
L1 440.0 (63') ventilation No support (67) Hypotonia from supine to side Oral Oral (80)
for 3 days lying, bears weight
through lower
extremities in
supported standing
(80)
e
67.6 symmetric bulk, Not ambulatory
L2 433.1 (169) No support No support (169) appeared to have (169) Oral some oral
intake
normal tone (169)
L3 NA NA No support No support (378) Hypotonia Ambulatory (378) Oral Oral (378)
Unable to Not able to
Invasively independently independently hold GJ Tube
L4 220.0 83.0(39) No support ventilated (46) hold head or sit head or sit NG Tube (46)
unsupported unsupported (46)
Recommended gﬁjbgsf%c:
62.7 Requires CPAP at night, Delayed motor Oral and y
L5 448.9 (185) nasal 02 severe OSA milestones Ambulatory (195) NG Tube flrsazEgg?rs
(195) (195)
Head lag, Not ambulatory.
L6 4458 68.0 Oé}’ggg ':r;d Invasively antigravity Can move arms NG tube G Tube
’ (274) niaht ventilated (271) movements against gravity (271)
9 arms> legs (286)
Mild hypotonia, Ovr:ﬁglitgg'
192.5 delayed head jumps féeds sélf NG tube
L7 211.9 ¢ No support | No support (136) control at 3 ISt NG tube and oral
(26) months but plays with siblings, (136)
rollin dresses self, walks
9 up stairs (136)
48.0 : : - G Tube
L8 176.0 (105) BiPAP BiPAP (92) Hypotonia N/A G tube 92)

LVMI: left ventricular mass index; CPAP: continuous positive airway pressure; BiPAP: bilevel positive airway pressure; N/A: not available; NG
tube: nasogastric tube; G tube: gastrostomy tube; GJ tube: gastrostomy-jejunostomy tube; AIMS: Alberta Infantile Motor Scale; OSA: obstructive
sleep apnea; ERT: enzyme replacement therapy

a . . . . .
Echocardiographs have shown normal cardiac structure and function throughout 221 weeks of follow-up; LVMI calculations not available beyond

48 weeks on ERT

bBaseIine echocardiograph indicated moderate biventricular hypertrophy

CAssessed at 19 days on ERT

dAssessed at 3 weeks on ERT
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