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ABSTRACT

Aldose reductase inhibitors (ARI) have been identified as a potential treatment for phosphomannomutase-2 congenital disor-
der of glycosylation (PMM2-CDG), a serious condition for which no treatments are approved. We treated a single patient for
36 months 30 months of age at enrollment, under a single-patient investigational new drug expanded access request, with gov-
orestat (AT-007), a novel, highly selective, once daily, brain penetrant ARI at a starting dose of 1 mg/kg oral suspension, which
was escalated to 30 mg/kg. The primary endpoint was safety. Secondary assessments included liver transaminases, factor XI,
antithrombin III, and whole blood and urine sorbitol. Clinical outcomes were also assessed, including Nijmegen Pediatric CDG
Rating Scale (NPCRS), Bayley Scales of Infant Development, and Vineland Adaptive Behavioral Scale. Govorestat was well tol-
erated; no adverse effects were noted. Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels improved
from a pre-treatment 12-month average of 205 and 268 U/L to 63 and 68 U/L, respectively, averaged over 36 months of govorestat
treatment at 30 mg/kg. Antithrombin IIT and factor XTI fluctuated with illness throughout the study period but overall increased
by 60%-100%, approaching the normal range (>83% activity) at the 5mg/kg dose. Whole blood sorbitol decreased in a dose-
dependent fashion, normalizing at the 30 mg/kg dose. The NPCRS improved by 9 points (46%) over the course of treatment. In
conclusion, our patient tolerated govorestat without safety concerns. Improvements in liver transaminases, clotting factors, and
whole blood sorbitol were observed along with improvements in clinical measures. These findings support further study of gov-
orestat as a potential treatment for PMM2-CDG.

1 | Introduction

Phosphomannomutase-2 congenital disorder of glycosylation
(PMM2-CDG) is a rare autosomal recessive multisystem genetic
disorder caused by loss of PMM2 enzyme activity due to bial-
lelic variants in the PMM2 gene [1, 2]. The overall prevalence
of genetic diseases affecting protein glycosylation has been re-
ported as 0f3000 to 30000 persons in the US, with an estimated
prevalence of 1/20000 in Europeans, 1/288000 in Africans,

and 1/367000 in Asians [1, 3]. Approximately 1000 patients
worldwide are reported with PMM2-CDG though many more
are suspected with an expected frequency of up to 1:20000
[2]. PMM2-CDG is characterized by a spectrum of clinical in-
volvement from an infantile multisystem phase with cognitive
impairment to a stable adult disease with disability. Clinical
manifestations and disease severity vary, but individuals with
PMM2-CDG often have liver dysfunction worsened by illness
and metabolic stressors, clotting derangements with risk of both
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+ Neurological disorders

bleeding and thrombosis, stroke-like episodes of unclear etiol-
ogy, ataxia limiting mobility, global developmental delay, and
intellectual impairment [1, 2].

The PMM2 enzyme performs an essential role in the N-linked
glycosylation of proteins, a process that is evolutionarily con-
served because some degree of glycosylation is required at all
times in all cellular tissues throughout development until the
end of life. PMM2 catalyzes the conversion of mannose-6-
phosphate to mannose-1-phosphate [2].

Currently, no treatments have been approved for PMM2-CDG.
Aldose reductase inhibitors (ARIs) were identified in a novel
worm model, drug-repurposing screen to have potential ther-
apeutic benefit in PMM2-CDG [4, 5]. Aldose reductase inhi-
bition may shunt glucose metabolism away from the polyol
pathway to glucose-1,6-bisphosphate, which is an endoge-
nous stabilizer of the phosphomannomutase-2 enzyme [6].
Previously developed ARIs inhibited aldehyde reductase—an
enzyme responsible for detoxification of biomolecules in the
liver—as well as the structurally similar target, aldose reduc-
tase, and thus were not developed further due to their lack of
target specificity [7, 8]. In contrast, govorestat, a novel, highly
selective, brain-penetrant ARI in late-stage clinical develop-
ment for classical galactosemia and sorbitol dehydrogenase
(SORD) deficiency, has high specificity for aldose reduc-
tase, with no off-target aldehyde reductase inhibitory activ-
ity. Govorestat has been shown to have a pharmacokinetics
profile that supports a once daily dosing regimen [9]. In vitro
studies have shown increased PMM2 enzyme activity follow-
ing treatment with govorestat, confirming findings with pre-
viously developed ARIs [4, 5]. Based on these observations, we
sought to explore the safety and tolerability of govorestat in a
single patient with PMM2-CDG. We also explored potential
markers of clinical improvement.

2 | Materials and Methods

Under a single-patient investigational new drug (IND) expanded
access request, we treated a single male patient, age 30 months
at enrollment, with govorestat.

PMM2 enzyme activity was evaluated in fibroblasts derived
from the study patient and cultured according to the method
previously described [5].

Govorestat was administered as an oral suspension once daily
after at least 8h of fasting (typically first thing in the morning
prior to breakfast). We began treatment with a starting dose of

1mg/kg and escalated to a target dose of 30 mg/kg while closely
monitoring safety parameters, including liver and clotting
function.

The primary endpoint was safety. Secondary exploratory end-
points included biochemical testing, including factor XI, anti-
thrombin III, aspartate aminotransferase (AST) and alanine
aminotransferase (ALT); serum transferrin isoelectrofocusing;
PMM enzyme activity in fibroblasts; and whole blood and urine
sorbitol. Whole blood sorbitol was measured with a validated
LC-MS/MS assay.

The calibration range of the method is 25.0-5000ng/mL using a
50.0 uL sample aliquot. The level of sorbitol in whole blood sam-
ples from fasting healthy adults ranges between200 and 400 ng/
mL.

Clinical outcome measures included growth as assessed by
pediatric weight percentile, the Nijmegen Pediatric CDG
Rating Scale (NPCRS), Bayley Scales of Infant and Toddler
Development, 3rd and 4th Editions (BSID-III, BSID-4), and
the Vineland Adaptive Behavior Scales, 3rd Edition (VABS-3)
[10-15].

3 | Results

Prior to the administration of the first dose of govorestat, PMM?2
enzyme activity in fibroblasts cultured in the absence of govor-
estat was 211 nmol/h/mg, while in those exposed to govorestat,
the value was 298 nmol/h/mg, corresponding to a ~40% increase
in enzyme activity.

Over 36 months of treatment, govorestat was well tolerated with
no notable safety concerns. There was no evidence of hepato-
toxicity (Figure 1A). Over the 12 months prior to starting treat-
ment, the participant's baseline AST and ALT averaged between
205 and 268 U/L when he was clinically well. Of note, he was
hospitalized with confirmed HHV-6 viral illness prior to initia-
tion on govorestat. With this illness, he experienced a significant
increase in serum transaminases, with AST/ALT >3000U/L.
If considering these values, his 12-month prior liver function
was considerably variable with average AST and ALT 1122 and
1016 U/L respectively; at the remission of the viral illness, his
AST/ALT average was at3-5 times the upper limit of normal be-
fore starting govorestat.

At target dose of 30mg/kg govorestat, AST and ALT levels av-
eraged 63 and 68 U/L, respectively. Variability in ALT and AST
levels occurred with concurrent viral illnesses while on treat-
ment with govorestat, but they never reached levels observed
prior to the initiation of treatment with govorestat (Figure 1
Panel A). Typically, the AST and ALT levels decreased as the
subject recovered from the viral illness. No adverse effects were
noted, and govorestat was well tolerated by the subject. Early in
the treatment period, prior to achieving target dose, the subject
experienced an episode of lethargy and altered mental status,
which prompted hospitalization for evaluation and observa-
tion. Encephalopathy resolved without intervention, and the
subject was discharged following 24-h observation with nor-
mal EEG and MRI findings redemonstrating known cerebellar

20f7

JIMD Reports, 2025

85U801 7 SUOWILLOD BAIERID 3|qed|(dde 8y} Aq paueoh 8Je Sajolfe YO 8sn Jo S8|nJ 10} ArIgITaUIUO AB]1/ UO (SUOIPUOO-pUR-SLLIBI WD A3 1M ATe1q 1 [Bul|UO//SAIY) SUORIPUOD Pue SWB | 8U3 885 *[G20e/TT/ET] uo AriqiTauliuo A8|Im ‘88 L Ag £7002 ZPW (/200T 0T/10p/wo0" A8 | Areiq Ul juo//SARY WOJ4 papeo|umoq ‘9 ‘SZ0C ‘ZTESZ6TZ



A
4000 -+ 4000 - ~@-ALT =e—=AST - --Refrange, <45U/L
3500 - 3500 -
3000 A 3000 -
-
2 2500 - 2500 -
]
@
8
£ 2000 - 2000 -
£
©
®
£ 1500 - 1500 -
S
£
]
2 1000 - 1000 -
3
500 A 500 -
0o+ I — . = =i
8888 BL1 23456738 12 18 24 30 36
& d S O Month
~ (o) -~ —
- B
|l.|_5.|1Q |20, |30 mgikg R
1 Year prior to Govorestat dose
treatment
B 100 - 100 - —m—Factor XI —e—ATIll - - -Refrange, <83%
90 -
80 A
__ 704
9
® 60
)
kit
& 50 A
o
g ./'
E 40 -
o
30 A
20 A 20 1
10 A 10 A
0 - 0 L— — —
S g BL1 23456738 12 18 24 30 36
N 3 Month
g 2]
<
th'hg l20__, |30 mgikg R
1 Year prior to Govorestat dose
treatment
1000 1
900 - 862
I 800 -
E
g 700 -
S 600 -
3
S
3 500 -
Ee) 415
8 400 -
S
) i 284
3 300
£
S 200 A
100 -
0 A
Pretreatment 10 mg/kg 20 mg/kg 30 mg/kg
FIGURE1 | Legend on nextpage.
3of 7

85U801 7 SUOWILLOD BAIERID 3|qed|(dde 8y} Aq paueoh 8Je Sajolfe YO 8sn Jo S8|nJ 10} ArIgITaUIUO AB]1/ UO (SUOIPUOO-pUR-SLLIBI WD A3 1M ATe1q 1 [Bul|UO//SAIY) SUORIPUOD Pue SWB | 8U3 885 *[G20e/TT/ET] uo AriqiTauliuo A8|Im ‘88 L Ag £7002 ZPW (/200T 0T/10p/wo0" A8 | Areiq Ul juo//SARY WOJ4 papeo|umoq ‘9 ‘SZ0C ‘ZTESZ6TZ



FIGURE 1 | Changes in biochemical parameters during the 12months prior to baseline and at subsequent timepoints during the study. Ref
range =reference range. (A) Average level of aspartate aminotransferase (AST) and alanine aminotransferase (ALT). (B) Antithrombin III (AT-III)
and factor XI (FXI) as percentages of normal. (C) Dose-dependent changes in whole blood sorbitol levels.
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FIGURE2 | Growth (in kg) of study participant over the treatment period.

hypoplasia. The subject had one additional emergency room
visit during the study period for an unwitnessed fall with no
associated loss of consciousness, but complaints of headache
and a single episode of emesis. A Head CT was performed and
was unremarkable, and he was discharged home without fur-
ther intervention. Additional adverse events noted through the
study period include upper respiratory infections, acute gastro-
enteritis, and febrile illnesses commensurate with what would
be expected in a pediatric population during 36 months, none of
which required hospitalization or intervention during the study
period. No adverse events or serious adverse events were thought
to be related to the study drug according to the investigator.

Antithrombin IIT and factor XI increased approaching the nor-
mal range at the 5mg/kg dose (Figure 1B). Dose-dependent
reductions in whole blood sorbitol were observed, with nor-
malization at 30mg/kg (Figure 1C). Urine sorbitol levels were
within the normal range prior to the initiation of treatment and
were further reduced to 8 mmol/creatinine while on treatment.
The blood sample collection for measurement of sorbitol was
performed in the fasting state to limit any potential interference
that could derive from the diet. No previous food-effect studies
have been conducted to support the administration of AT007
in the fed state, as such dosing was recommended in the fasted
state. No changes in the patient's diet were made during the
study, other than ensuring that morning dosing was performed
following a period of at least 8h of fasting overnight, just after
waking and ~30 min before eating breakfast.

Prior to treatment, the participant exhibited poor growth ve-
locity with a weight consistently below the 3rd percentile in
12 months prior to the initiation of govorestat. Weight increased
during treatment and increased to the 10th percentile during the
36 months of treatment (Figure 2).

The NPCRS improved by 9 points (46%), from a baseline of 25-15
over the course of 36 months on govorestat (Figure 3).

The subject was initially evaluated for his baseline visit at the
age of 29 months (2years, 5months), with follow-up occurring
when he reached the target drug dose at 37months (3years,
1month) and then again at 69 months (5years, 9 months). Both
BSID and VABS-3 indicated that some developmental improve-
ment occurred, although the patient continued to function at a
level below what would be expected at his given age (Table 1).
While we are encouraged that our subject continued to make
developmental strides during this study, we note that natural
history studies of PMM2 deficiency suggest that developmental
gains are expected over this period of observation and a direct
relationship between treatment and clinical improvement can-
not be established based on this open label single patient study.

4 | Discussion

PMM2-CDG has serious, life-long impacts on growth and
development, with no currently approved therapy. In most

4 0of 7

JIMD Reports, 2025

85U801 7 SUOWILLOD BAIERID 3|qed|(dde 8y} Aq paueoh 8Je Sajolfe YO 8sn Jo S8|nJ 10} ArIgITaUIUO AB]1/ UO (SUOIPUOO-pUR-SLLIBI WD A3 1M ATe1q 1 [Bul|UO//SAIY) SUORIPUOD Pue SWB | 8U3 885 *[G20e/TT/ET] uo AriqiTauliuo A8|Im ‘88 L Ag £7002 ZPW (/200T 0T/10p/wo0" A8 | Areiq Ul juo//SARY WOJ4 papeo|umoq ‘9 ‘SZ0C ‘ZTESZ6TZ



Aug 2021 Apr 2022 Feb 2023
(Baseline) (2 months of govorestat 30 mg/kg) (1 year of govorestat 30 mg/kg)
Current function
Vision }= 0 k0 0
N kO *O
Communication e— — | 1
r— 1 0] O
Self care ——— % r— ) :_ 1
Educational achievement ] - ) : i ] 1 2 i 1 2
. 0 1 2 3 4 50 1 2 3 4 5 0 1 2 3 4 5
System-specific
involvement _ i i M 5= Severe
1Y kO kO B 5 - Moderate
Encephalopathy e 1 f— i Y : 1= Mild
Gl ko0 1 ®0 1 *0 1 0 = Normal
) ) FO *O0
Respiratory 0 1N0) r0
rO kO 1LY
Renal 0 0 k0
— p— 1 (r—
BIOOd = 0 T T T T 1 _. 0 T T T T 1 _. 0 T T T T 1
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
Current clinical
assessment _ _ _
Growth jmss—— 1 moO FoO
o 5 | 5] 5
Vision p 0 rO Y
Jr— Jr— 4 *o
Myopathy |me— D —— 1 1
. [— 2 [— 2 — 2
Pyramidal = 0 O mO0
[— 1 1 0 . 0
Neuropathy ' 1 . 0] . 0}
0 1 2 3 4 5 0 1 2 3 4 50 1 2 3 4 5
Total NPCRS Score 25 20 15
Mild: 1-14
Moderate: 15-25
FIGURE3 | Results from the Nijmegen Progression CDG Rating Scale (NPCRS) assessment of study participants over the treatment period.

PMM2-CDG cases, neurologic symptoms manifest soon after
birth, including strabismus and abnormal eye movements, cer-
ebellar hypoplasia, hypotonia, ataxia, and hyporeflexia. Up to
20% of infants die from multiorgan failure associated with se-
rious liver, kidney, and cardiac conditions within the first year
of life. In addition to phenotypic features such as strabismus,
inverted nipples, and abnormal fat pads, affected children may
develop retinitis pigmentosa, stroke-like episodes, and seizures,
speech and motor delays, and peripheral neuropathy. Although
some of these unique features, like abnormal fat pad deposition
in children, may resolve with age, adults continue to have neuro-
logical involvement, including cognitive impairment, peripheral
neuropathy, and cerebellar ataxia, as well as musculoskeletal
and endocrine abnormalities. In addition, decreased serum co-
agulation factors may put patients at increased risk of thrombo-
sis and easy bleeding [2].

To date, govorestat has been safely used in clinical trials involv-
ing patients with classic galactosemia and SORD deficiency.
The child with PMM2-CDG treated in this study has tolerated
govorestat for more than 36 months without significant safety
signals. We also observed improvements in biochemical param-
eters, including liver transaminases, clotting factors, and whole
blood sorbitol. Clinical outcome assessments further suggest
early signs of improvement in the NPCRS clinical severity scale
with a final rating (15) nearing the mild disease severity cate-
gory (0-14).

Although our single patient on govorestat continues to function
at a level below what would be expected at his given age, the age

equivalents from both the BSID and VABS continue to move in a
positive direction over time. Outcomes from his three evaluation
timepoints indicate that he continues to gain new skills as he
develops. Several areas of the patient's development show par-
ticularly notable skill acquisition. According to both his BSID
and VABS outcomes, the patient's ability to both understand
(receptive language) and communicate (expressive language)
increased during the course of the study, indicating a trajectory
of continued learning. Additionally, the patient gained many
new fine motor skills during the course of the study time period.
Coupled with his language growth, the patient's new skills have
enabled him to function more independently in both the home
and school environments.

A previous study with epalrestat, an older-generation ARI, was
conducted in a child with PMM2-CDG. After 12months, epal-
restat treatment improved PMM2 enzyme activity, glycosylation
biomarkers, NPCRS score, ataxia, and growth measures [4].
Epalrestat is approved in some Asian countries for the treat-
ment of diabetic neuropathy, but it has not been approved for
any indication in the United States or Europe [7, 16]. Epalrestat
requires multiple daily administrations due to its short half-life,
while govorestat is administered once daily. Govorestat has
high specificity for aldose reductase and therefore may be less
likely to cause liver dysfunction. Indeed, in our study, AST and
ALT levels improved during govorestat treatment. While spon-
taneous improvement of transaminases has been documented
in PMM2-CDG [17, 18], the observation from this trial is par-
ticularly relevant as first-generation ARIs were often associated
with liver toxicity.
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TABLE 1 | Results from Bayley scale of infant and toddler development and the vineland adaptive behavioral scales.

Bayley scales of infant and toddler development

Age equivalent at 29- Age equivalent at 37- Age equivalent at 69-
BSID subtest month evaluation? month evaluation® month evaluation®
Cognitive 17months 25months 34months
Receptive language 16 months 28 months 30months
Expressive language 13 months 21 months 27 months
Fine motor 16 months 17 months 31 months
Gross motor 9months 10 months 12months
Vineland adaptive behavior scales
Age equivalent at 29- Age equivalent at 37- Age equivalent at 69-
VABS-3 subdomain month evaluation month evaluation month evaluation
Receptive language 13months 26 months® 24 months©
Expressive language 9months 17 months 23months
Written n/a <36months 38 months
Personal 10 months 15months 21 months
Domestic n/a <36 months <36 months
Community n/a <36months <36 months
Interpersonal relationships 10 months 13months 16 months
Play and leisure 10months 16 months 21 months
Coping skills <25months <24 months <24 months
Fine motor 16 months 22months 37months
Gross motor 12months 12months 12months
BSID-IIL.
"BSID-4.

¢Although subject age equivalent dropped slightly between these two timepoints, the discrepancy is minor.

This was an exploratory study in a single individual and there-
fore conclusions are limited. Nevertheless, our observations that
govorestat was well tolerated and appeared to improve clinical
manifestations of PMM2-CDG warrant further study of this
compound in PMM2-CDG.
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