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Hematopoietic Xem Cell Transplantation for Children With InbornErrors
of Metabolism: Single Center Experience Over Two Decades
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Objective: We present outcome data on hematopoietic stem cell transplantation (HSCT) in
children with inborn errors of metabolism (IEM). Methods: We retrospectively analyzed
data on children up to 18 years of age, diagnosed with IEM, who underwent HSCT between
January, 2002 and December, 2020. Results: 24 children, (mucopolysaccharidosis — 13,
Gaucher disease — 4, X-linked adrenoleukodystrophy — 4, metachromatic leukodystrophy
— 2, Krabbe disease — 1) were included. Donors were matched family donors in 24%,
matched unrelated donors in 34%, and haploidentical fathers in 42% of the transplants, with
engraftment in 91% of children. Overall survival was 72% (55-100%) with a median follow-
up of 76.5 (10-120 ) months, and progression-free survival of 68% (MPS-76%, X-ALD -
60%, Gaucher disease —50%, and 100% in MLD and Krabbe disease). Conclusion: HSCT
is an available curative option, and early age at HSCT prevents end-organ damage.
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nborn errorsof metabolism (IEM) areauniquegroup

of diseasesin children with disordered lysosomal and

peroxisomal function resulting in multiple organ

damage. Enzyme replacement therapy (ERT) is
feasible; however, it has its disadvantage [1]. Hema
topoietic stem cell transplantation (HSCT) isthe standard
of care in Hurler syndrome, metachromatic leuko-
dystrophy (MLD) (late infantile and adult-onset), late-
onset globoid leukodystrophy (Krabbe disease), and
peroxisomal disorderslikethe cerebral form of X- linked
adrenoleukodystrophy (X-ALD) [2]. The principle of
HSCT in metabolic disordersiscrosscorrection, wherethe
engrafted leukocytes secrete the enzymes that are
deficientinthehost [3].

Accessibility to ERT can be challenging, particularly
in developing countries, due to social and financial
constraints and lack of local production [4]. We present
our experienceinHSCT inchildrenwith IEM in India, and
aimto analyzevariablesthat impact the outcome.

METHODS

This review of hospital records was conducted in the
pediatric blood and marrow transplantation unit at a
tertiary care referral center in Southern India. Inclusion
criteriawere all children up to 18 year of age, diagnosed
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withan IEM, who underwent HSCT between January, 2002
and December, 2020. Exclusion criteriaincluded children
diagnosed to have inborn errors of immunity other than
thoseincludedinthedefinition of IEM.

In children suspected of having an IEM, thediagnosis
was confirmed either by quantitative enzyme analysis or
identifying the underlying gene mutation. All children
were evaluated by pediatric cardiologist (including an
echocardiography), and a pediatric neurol ogist eval uated
all childrenwith X-ALD and MLD. Skeletal manifestations
were assessed with radiology images including X-rays.
Visual evoked potential and brainstem auditory evoked
potential tests were performed in all children. Neuro-
radiol ogic assessment included MRI brainin childrenwith
conditions including X-linked adrenoleukodystrophy.
Neuropsychologic assessment was performed in the
neurodevel opment clinic with atrained pediatric psycho-
logist. Inthosewith X-ALD, HSCT wasoffered only if the
Loesscoreintheir MRI brainwaslessthan 8[5]. All family
members, particularly the siblings, were screened for the
underlying condition at the time of the diagnostic
evaluation.

High resolution HLA typing was performed for the
child, siblings (if any), and both parents. In case of no
compatible match within thefamily, search wasperformed
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for unrelated donorsin registriesworldwide. Thedecision
to proceed with an avail able matched unrel ated donor or a
haploidentical family donor was based upon the under-
lying condition, the urgency for transplant, and the
family’s decision. The study was approved by the Insti-
tutional Review Board, and written informed consent was
obtained from parents/guardiansof al children at thetime
of the conduct of the study.

RESULTS

Twenty-four children (18 boys) (mucopolysaccharidosis—
13(MPSI-10, MPSII-1, MPSVI-2), Gaucher disease -4,
X-ALD -4, MLD -2, Krabbe disease —1) underwent 26
HSCTsat our center for IEM.

Among the children with Hurler syndrome, eight were
2yearsof ageor younger at thetimeof HSCT, and onechild
each wasaged 3 year and 5 year, respectively, with normal
develop-mental milestones. The five-year-old boy with
MPS | was diagnosed to have Hurler-Scheie syndrome,
with pre-dominantly skeletal involvement and mild
developmental delay. The child with MPS Il was three-
year-old, and among the two children with MPS V1, one
each was younger and older than two year. Among the
children with X-ALD, Loes scorewas 2 in three children
and 8inonechild. Among thefour children with Gaucher
disease, two had undergone splenectomy before HSCT.
We docu-mented mild peripheral neuropathy in the
childrenwith MLD, and right-sided foot drop in the child
with Krabbe disease.

Of the 26 transplants, six children (24%) had fully
matched family donors (MFD), nine (34%) had matched
unrelated donors (MUD), and eleven children (42%) had a
haploidentical father as the stem cell donor. Twenty one
children (84%) received myel oablative conditioning. The
conditioning regimen included treosulfan/fludarabine/
thiotepa in 14 children, busulfan/cyclophosphamide in
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Fig. 1Kaplan-Meier survival curvedepicting overall survival of
72% with amedian follow up of 76.5 (range 56.8-96.2) months.
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three children, and fludarabine/busulfan in four children.
Reduced-toxicity conditioning was used in five children
(16%), of whom three children received fludarabine/
treosulfan, one child received fludarabine/melphalan, and
one immediate second transplant received TBI 4 gray.
Twenty children (76%) had received peripheral blood stem
cellsastheir stem cell source, and we used bone marrow and
umbilical cord blood unitinthreechildren (11.5%) each.

One child died before engraftment due to diffuse
aveolar hemorrhage. Of the remaining 23 children, 21
(91%) engrafted with complete chimerism. Two children
had primary graft failure, and two children had secondary
graft failure within 90 days. The engraftment rate and
overall graft failure in this cohort were 91% and 17%,
respectively.

Acute GVHD was documented in 14 children (56%)
withgradel/ll skinGVHD in4 (17%), gradelll/ IV skinin
four children (17%), gradel/ll gut GVHD infour children
(17%), gradel11/1V gut GVHD inonechild (5%) and grade
Il acute liver GVHD in one child (5%). One child had
limited chronic GVHD involving the skin (5%), and one
had musculoskeletal GVHD (5%). Treatment included
steroids and second line agents, including etanercept and
ruxolitinib. Grade |V gut GVHD wasthe cause of deathin
one child who underwent MFD HSCT for Hurler’s
syndrome.

Themedian (IQR) overdl survival was 72% (55-100%)
with a median follow up of 76.5 (10-120) months and
progression-free survival of 68%, with amedian follow up
of 68.5 months (Fig. 1). Disease-specific survival in our
cohort was 76%in M PS, 60%in X-ALD, 50% in Gaucher
disease, and 100% in MLD and Krabbe disease. Surviva
based upon donor source in our cohort was 83% in MFD,
75% in the MUD, and 70% in the haploidentical HSCT

group (Fig. 2).
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Fig. 2 Kaplan-Meier survival curve depicting overal survival
based upon donor source - 83% in MFD, 75% in aMUD, and
70% in haploidentical HSCT.
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optimal outcome for these children.

WHAT THIS STUDY ADDS?

* Hematopoietic stem cells transplantation is an available curative option, and if offered early, may provide

Seven children died in our cohort. Among those who
died, two children had Gaucher disease, two had X-ALD,
and three children had Hurler syndrome. Onechild with X-
ALD (Loes score 8) died of secondary graft failure and
rapid disease progression.

Among those with MPS, the children who underwent
matched unrelated HSCT had documented normal enzyme
levelswithin oneyear post-HSCT (Web Tablel). Children
who received related and hapl oidentical HSCT had alow
average enzyme level. Facial dysmorphism, cornea
haziness, and organomegaly improved despite suboptimal
enzymelevels. Bone diseasewith kyphoscoliosisrequired
orthopedic correction. Children who underwent HSCT for
Gaucher disease had resol ution of organomegaly after six
months. Children with X-ALD with a durable graft had
stable MRI findings. Among children with MLD, we
observed significant residual peripheral neuropathy
requiring intensive physiotherapy and rehabilitation.

DISCUSSION

The present study reports outcome data on HSCT in
children with inborn errors of metabolism in India, with
overall survival of 72% and progression-free survival of
68%. Early referral for HSCT prior to onset of end organ
damageresulted in better outcomes. Thelimitationsof the
study include the retrospective study design, the hetero-
geneous nature of underlying |EM disordersinthecohort,
and thenon-availability of enzymelevelsfor al children.

For HSCT in IEM, patient selection is the key to an
optimal outcome. HSCT isbetter suited for MPSI, |1, and
VI and not suitedfor MPStypelll and 1V [6]. INX-ALD, the
treatment options include observation for a score of zero
toavoiding HSCT inahigher score (Loes score>9) asthe
HSCT accel eratesthe neurodegenerationin children with
advanced disease[7].

Thegraft enzymekineticsandtheageat HSCT arethe
two main predictorsof optimal outcome. HSCT performed
early before the onset of organ damage results in a
favorable outcome[8,9]. HSCT providesaconstant source
of enzyme production in vivo and helpsin stabilizing the
disease, particularly neuroregression, and corneal and
cardiac-related issues[10]. The skeletal systemisusually
refractory tothe HSCT and requirescorrective surgery [6].

HSCT in IEM has an impact on the finances of the
family as well. There has been along-standing delay in
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diagnosisand treatment of childrenwith IEM inIndia, with
resultant latereferral for HSCT [11]. Thecost for amatched
family donor HSCT in Indiawould be approximately INR
15,00,000. For a10 kg child with Gaucher disease, the cost
for enzyme replacement would be approximately INR
7,20,000 per year, which needsto be continued throughout
life

Thestudy highlightsthecurative potential of HSCT in
inborn errors of metabolism and theimpact of early HSCT
on reversal of somatic features and halting further neuro-
regression. Long term follow-up with amulti-disciplinary
team including cardiologists, neurologists, ophthalmo-
logists, orthopedic surgeons and physiotherapists is
essential to positively impact the quality of life. Shared
care between pediatriciansand specialistsis paramount to
early diagnosis and referral, particularly in developing
countries where access to long-term ERT can be
challenging.
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Web Table I Pre- and Post-HSCT Enzyme Levels for Patients Who Underwent
HSCT for Inborn Errors of Metabolism (N=10)

Type of donor Enzyme involved Enzymelevel | Post HSCT
at diagnosis | enzyme level
Mucopolysaccharidosis|
Matched unrelated donor Alphaiduronidase | 0.1 23(20-108)
Matched family donor Alphaiduronidase | 5.7 28 (20-108)
Haploidentical father donor | Alphaiduronidase | 8.1 25 (20-108)
Haploidentical father donor | Alphaiduronidase | 6.2 30(20-108)
Matched family donor Alphaiduronidase | 3.2 42 (20-108)
Matched unrelated donor Alphaiduronidase | 2.5 26 (20-108)
Mucopolysaccharidosis VI
Matched sibling donor Aryl sulfatase B 1.8 52 (84-452)
Haploidentidal father donor | Aryl sulfatase B 0.8 42 (84-452)
Gaucher disease
Matched sibling donor Beta glucosidase 0.1 6.2 (4-24)
Matched family donor Beta glucosidase 0 4.7 (4-24)

HSCT — Hematopoietic Stem Cell Transplantation; done 1 year post HSCT.
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