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LIST OF ABBREVIATIONS 
 

Abbreviation Definition 
ABW actual body weight 
AE adverse event 
aGVHD acute graft versus host disease 
AHR aryl hydrocarbon receptor 
AIBW adjusted ideal body weight 
AIC autoimmune cytopenia 
ALC absolute lymphocyte count 
ALT alanine aminotransferase 
ALD Adrenoleukodystrophy 
ANC absolute neutrophil count 
AST aspartate aminotransferase 
ATG antithymocyte globulin 
AUCcum cumulative area under the plasma concentration-time curve 
AUC area under the plasma concentration-time curve 
AUCÐ area under the plasma concentration-time curve from time zero to infinity 
AUClast area under the plasma concentration-time curve from time zero to time of last 

measurable concentration 
BLA Biologics License Application 
BMT bone marrow transplant 
BU busulfan 
BUN blood urea nitrogen 
cALD cerebral adrenoleukodystrophy 
CBU cord blood unit 
CFR Code of Federal Regulations 
cGVHD chronic graft versus host disease 
CLIA Clinical Laboratory Improvement Amendment 
Cmax maximum observed concentration 
CMV Cytomegalovirus 
CNS central nervous system 
CsA cyclosporine A 
CSF cerebrospinal fluid 
CTCAE Common Toxicity Criteria Adverse Event 
CY cyclophosphamide 
DNA deoxyribonucleic acid 
DMC data monitoring committee 
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Abbreviation Definition 
DUCBT double umbilical cord blood transplantation 
ECG Electrocardiogram 
eCRF electronic case report form 
ERT enzyme replacement therapy 
EBV Epstein-Barr virus 
FDA Food and Drug Administration 
GAG Glycosaminoglycan 
GCP Good Clinical Practice 
G-CSF granulocyte-colony stimulating factor 
GGT gamma-glutamyl transferase 
GLD globoid cell leukodystrophy 
GM-CSF macrophage-colony stimulating factor 
GVHD graft versus host disease 
HR hazard ratio 
HBcAb hepatitis B core antibody 
HBsAg hepatitis B surface antigen 
hCG human chorionic gonadotropin 
HCV hepatitis C virus 
HIV human immunodeficiency virus 
HLA human leukocyte antigen 
HNA human neutrophil antigen 
HSC hematopoietic stem cells 
HSCT hematopoietic stem cell transplantation 
HSV herpes simplex virus 
HTLV1/2 human T cell lymphotropic virus ½ 
IB Investigator’s Brochure 
IBW ideal body weight 
ICF informed consent form 
ICH International Council for Harmonisation 
IEC Independent Ethics Committee 
Ig immunoglobulin 
IMD inherited metabolic disorders 
IRB institutional review board 
IUD intrauterine device 
IUS intrauterine system 
IV intravenous 
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Abbreviation Definition 
IVIg intravenous immunoglobulin 
LDH lactate dehydrogenase 
LFT liver function test 
LLOQ lower limit of quantification 
LMW low molecular weight 
LVEF left ventricular ejection fraction 
MAC myeloablative conditioning 
Magenta Magenta Therapeutics, Inc. 
MFI mean fluorescence intensity 
MedDRA medical dictionary for regulatory activities 
MLD metachromatic leukodystrophy 
MMF mycophenolate mofetil 
MP Methylprednisolone 
MRI magnetic resonance imaging 
MPS-HAQ Mucopolysaccharidosis-Health Assessment Questionnaire 
MPS-IH mucopolysaccharidosis-IH 
MSD matched sibling donor 
NFS neurological function score 
NMAC non-myeloablative conditioning 
NOAEL no observed adverse effect level 
NRE non-reducing-end 
PES pre-engraftment syndrome 
PFT pulmonary function test 
PK pharmacokinetic 
PMBC peripheral blood mononuclear cells 
PO oral(ly) (per oral) 
SAB single antigen bead 
SAE serious adverse event 
SOP standard operating procedure 
SR-1 StemRegenin-1 
SUCBT single umbilical cord blood transplantation 
TEAE treatment-emergent adverse events 
TID three times a day 
TRALI transfusion-related acute lung injury 
TNC total nucleated cell 
TREC T cell receptor excision circles 
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Abbreviation Definition 
TRSALI transfusion-related acute lung injury 
TRM transplant-related mortality 
UCB umbilical cord blood 
UCBT umbilical cord blood transplant 
ULN upper limit of normal 
US United States 
VLCFA very long chain fatty acids 
WHO World Health Organization 
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SYNOPSIS 
 

Protocol number IMD-001 

Title A Phase 2, single-arm, open-label study to evaluate the safety and efficacy of MGTA-456 
in patients with selected inherited metabolic disorders (IMD) undergoing hematopoietic 
stem cell (HSC) transplantation (HSCT) 

Brief title MGTA-456 in patients with inherited metabolic disorders undergoing HSCT 

Sponsor and Clinical 
Phase 

Magenta Therapeutics, Inc.; Phase 2 

Intervention type Intravenous (IV) administration of HSC therapy product 

Study type Interventional 

Purpose and rationale To evaluate the safety and efficacy of MGTA-456 after myeloablative conditioning to 
induce rapid and sustained hematopoietic engraftment with replacement of the specific 
protein product missing or defective in the patient with an IMD. The study aims to 
enhance the efficacy of umbilical cord blood (UCB) transplantation (UCBT), to preserve 
neurodevelopment in patients with selected IMDs. Since MGTA-456 offers increased 
numbers of HSCs over standard UCB, it is expected to reduce the risks of prolonged 
neutropenia and thrombocytopenia and graft failure, and potentially transplant-related 
mortality (TRM). 

Primary Objective(s) To evaluate the effect of MGTA-456 on the rate and incidence of neutrophil recovery in 
patients with IMD undergoing HSCT 

Secondary Objectives • To evaluate the safety of MGTA-456 in patients with IMD undergoing HSCT 
• To characterize engraftment following transplantation with MGTA-456 and to 

evaluate the effect of MGTA-456 on chimerism in the CD3 and CD33/66 (or 
CD15) hematopoietic compartments 

• To assess the incidence of acute and chronic graft versus host disease (GVHD) 
• To assess transplant-related mortality (the incidence of TRM) 

Study design This is a Phase 2, open-label, single-arm study in which patients with IMDs will receive 
MGTA-456 as a stand-alone HSC graft after MAC. Approximately 12 patients with IMD 
will be enrolled and followed for one year, with the option to include up to approximately 
15 additional patients in an expansion cohort. 

Population Children age < 2.5 years with Hurler syndrome, age 2-17 years with cerebral 
adrenoleukodystrophy (cALD), age <16 years with metachromatic leukodystrophy 
(MLD) and age Ò 10 years with globoid cell leukodystrophy (GLD) (also referred to as 
Krabbe). 

Inclusion criteria Male and female, age < 2.5 years with Hurler syndrome, age 2-17 years with cerebral 
adrenoleukodystrophy (cALD), age < 16 years with metachromatic leukodystrophy 
(MLD) and age Ò 10 years with globoid cell leukodystrophy (GLD) (also referred to as 
Krabbe). 
Diagnosed with one of the following IMDs: 

• Hurler syndrome (Mucopolysaccharidosis I Hurler [MPS-IH]) 
• MLD: asymptomatic late-infantile, or asymptomatic/minimally symptomatic 

juvenile onset patients 
• GLD, or early attenuated disease 
• cALD with Loes score Ò10, and with neurologic functional score (NFS) Ò1. 
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 Patient must have a minimum life expectancy of 6 months in the judgment of the 
Investigator. 
Recipients must meet the following criteria: 

• Lansky score Ó50% 
• Renal: serum creatinine Ò2.5 × upper limit of normal (ULN) corrected for age 
• Hepatic: total bilirubin and alanine aminotransferase (ALT) Ò3 Ĭ ULN corrected 

for age 
• Pulmonary function: oxygen saturation Ó92% without an oxygen requirement; 

an exception may be made as documented in the medical record for patients 
with abnormal sleep studies (such as Hurler patients) 

• Cardiac: left ventricular ejection fraction Ó30. 
Required graft characteristics: 

• The UCB unit must be at least 6/8 HLA-A, HLA-B, HLA-C, and HLA-DRB1 
matched with the recipient at the allele level. This is based upon a recent 
publication which showed that allele-level matching at HLA-A, HLA-B, HLA-C 
and HLA-DRB1 between the UCB unit and its recipient is associated with best 
survival and lowest occurrence of graft failure in children with non-malignant 
diseases. 

• The UCB units must come from a qualified UCB bank(s) per institutional 
standard operating procedures (SOPs). Any matched unit not from a qualified 
UCB bank must be pre-approved for use by the Sponsor. If the UCB unit is 
“unlicensed” (most commonly based on location [e.g., European countries], 
testing by non-CLIA (Clinical Laboratory Improvement Amendment) approved 
laboratories, or collection before May 25, 2005), the Sponsor will make the final 
decision on patient eligibility based on the reason why the UCB unit is 
unlicensed 

• The minimal total nucleated cell (TNC) count for the selected UCB unit is to be 
1.0 × 107/kg of the recipient’s body weight 

• In a case where there is a better HLA-matched UCB unit with a lower cell dose, 
it may be selected over a less well-matched unit with a higher cell dose 

• The patient must not have donor-specific anti-HLA antibodies considering HLA 
A, B, C, DRB1, DQ and DP (Mean Fluorescence Intensity [MF]I >1000). 

• A suitable back-up HSC source (UCB unit or unaffected haploidentical donor) 
must be available. 

• Cord blood grafts require genetic testing and/or demonstration of enzyme 
activity for patients with Hurler syndrome, MLD or GLD and are tested for very 
long chain fatty acids (VLCFA) to confirm there is no evidence of VLCFA 
consistent with ALD 

Exclusion criteria • Availability of 8/8 HLA-matched related donor who is not a carrier of the same 
genetic defect. 

• Active infection at Screening (defined as requiring parenteral antibiotics because 
of persistent changes consistent with infection based on imaging studies and/or 
positive cultures) including active infection with Aspergillus or other fungus 
within 30 days prior to screening, or severe concomitant diseases which in the 
judgment of the Investigator would lead to the patient’s inability to tolerate the 
protocol specified conditioning regimen. 

• Prior myeloablative conditioning. 
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1. INTRODUCTION 

1.1 Background 

1.1.1 Inherited Metabolic Disease 

Inherited metabolic diseases (IMD), including cerebral adrenoleukodystrophy (cALD), globoid 
cell leukodystrophy (GLD or Krabbe), metachromatic leukodystrophy (MLD), and Hurler 
syndrome are a group of rare, inherited disorders that result in a progressive loss of neuromotor 
and cognitive abilities. Untreated, these disorders are progressive and lethal. Enzyme 
replacement of lysosomal disorders cannot correct the central nervous system (CNS) defects due 
to lack of penetration of the blood-brain-barrier. The only effective neurologic therapy for MLD, 
GLD, cALD, and Hurler syndrome is allogeneic hematopoietic stem cell transplantation (HSCT), 
after which immature cells of hematopoietic origin migrate to tissues, including the CNS 
(Orchard et al 2007; Prasad et al 2008). 
In cALD, mutations in the ABCD1 gene cause a defect in peroxisome membrane transport and 
lead to accumulation of VLCFA. High levels of VLCFA in turn cause inflammation and 
demyelination within the CNS white matter resulting in progressive disease. Microglia derived 
from allogeneic bone marrow progenitors are hypothesized to ameliorate the defect by 
processing VLCFA. One general mechanism known as cross-correction has been shown in 
Hurler syndrome where microglia capable of providing the Ŭ-L-iduronidase enzyme to the CNS 
of Hurler patients supply the defective enzyme and serve as a permanent source of cellular 
enzyme replacement (Krivit et al 1995). This same mechanism is thought to provide clinical 
benefit to those with early and/or attenuated MLD and GLD. 
While allogeneic HSCT is considered the standard of care for these diseases, the morbidity and 
mortality of transplantation are significant, with peri-transplant mortality reported as 20% to 
30% (Prasad et al 2008; Boelens et al 2013). Transplant-related mortality (TRM) is in part 
caused by the conditioning regimen, which traditionally has included myeloablative doses of 
chemotherapy and/or radiation and was independent of the specific indication. Reducing TRM is 
a high priority in this patient population. 
Most of the mortality in patients with IMD occurs within the first 6 months of HSCT, most often 
secondary to transplant-related complications. The best outcomes are achieved in patients 
receiving a genotypic-identical sibling donor bone marrow transplant (BMT) or a human 
leukocyte antigen (HLA)-matched, unrelated UCB transplant (UCBT) prior to the onset of 
irreversible neurologic complications (Boelens et al 2013). 
UCB has become a preferred choice for patients lacking a HLA matched related donor due to its 
rapid availability and permissiveness for HLA allele mismatching. In one center, an outcome 
study of 159 patients with IMDs undergoing UCBT (Prasad et al 2008; Figure 1), overall 
survival was 71.8% at 1 year. Median time to neutrophil engraftment was 22 days with a 
cumulative incidence by Day 42 of 87%. Platelet engraftment occurred in a median of 87 days 
with a cumulative incidence of 71% at 180 days. Factors significantly affecting neutrophil 
engraftment included HLA match of at least 5/6 (hazard ratio [HR] 1.4, p=0.04), higher CD34+ 
cell dose (HR 1.76, p<0.01) and higher TNC (HR 1.78, p<0.01) (Figure 1). In terms of GVHD, 
the incidence of grade II-IV acute graft versus host disease (aGVHD) was approximately 41% 
and grade II-IV was 10.2%. Chronic GVHD was observed in 20.9% at 1 year. Graft failure 
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occurred in 8.2% of patients; however additional studies have reported higher rates of 
approximately 20% (Miller et al 2011; Martin et al 2006; Beam et al 2007). 
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Figure 1: Impact of Graft Characteristics on the Probability of Engraftment and Overall Survival 
 

 
MSD=matched sibling donor; CB=cord blood; MUD=matched unrelated donor; MMUD=mismatched unrelated donor; OS=overall survival; TNC=total 
nucleated cell. Event-free survival is defined as alive with donor-derived engraftment. 
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Note: Probability plots are shown for the each of the 4 quartiles. Panels A, E, and I depict the impact of cryopreserved TNCs (x 107/kg recipient weight) on 
neutrophil engraftment, platelet engraftment, and OS, respectively. Panels B, F, and J depict the impact of infused TNCs (x 107/kg recipient weight) on 
neutrophil engraftment, platelet engraftment, and OS, respectively. Panels C, G, and K depict the impact of infused CD34 cells (x 105/kg recipient weight) on 
neutrophil engraftment, platelet engraftment, and OS, respectively. Panels D, H, and L depict the impact of infused CFUs (x 104/kg recipient weight) on 
neutrophil engraftment, platelet engraftment, and OS, respectively. P values are shown with each plot for the quartile analysis. 

Source: Prasad et al 2018 
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In the double UCB (DUCBT) cohort of CHSC835X2201, the incidence of neutrophil recovery 
was 100% for both adult (n=15) and pediatric patients (n=3) occurring at a median of 16 days 
(6-30) and 7 days, respectively. The incidence of platelet recovery was 73% and 67% for adult 
and pediatric patients at a median of 59 days for adults (range, 28 to 108 days) and 22 and 
59 days for the 2 of 3 pediatric patients. Of the 18 patients, 1 had transient hypotension 4 hours 
after the infusion of MGTA-456 which was subsequently demonstrated to be due to an occult 
bacterial contamination of the MGTA-456 product. Otherwise, no infusional toxicities were 
noted and no other adverse effects were attributed to MGTA-456. Grade III aGVHD was 
diagnosed in 3 adult patients and Grade IV aGVHD was reported in one patient. None of the 
pediatric patients developed Grade III or IV aGVHD. The adverse event (AE) profiles between 
day 0 and day 30 were comparable to those commonly observed after UCB transplantation. In 
addition, no patient had late graft failure with the longest follow-up of 687+ days. In terms of 
other transplant outcomes, overall survival for adult and pediatric patients combined (10/18, 
55.6%) was similar to the historical cohort. Primary causes of death were acute GVHD (n=4), 
alveolar hemorrhage (n=2), idiopathic pneumonia (n=1), and relapse (n=1). 
In the single UCB (SUCBT) cohort of CHSC835X2201 (n=9), there were 8 adults and 
1 pediatric patient. The incidence of neutrophil recovery was 100%, at a median of 17 days 
(range: 7-32 days) for the adults and day 8 for the single pediatric patient. For adults transplanted 
with MGTA-456 as a stand-alone product, the incidence of platelet recovery was 63% at 
Day 180 at a median of 50.5 days (range 42 to 181 days). The single pediatric patient had platelet 
recovery after 97 days. 
The primary endpoint of the SUCBT clinical trial was to determine the safety of MGTA-456. 
There were no infusional toxicities noted within the first 24 hours after transplant and no other 
adverse effects were observed that could be attributed to the product infusion. In addition, no 
patient had late graft failure within the follow-up period. In terms of other transplant outcomes, 
Grade II-IV and Grade III-IV aGVHD occurred in 4 and 2 of 9 patients, respectively, at a median 
of 34.5 days after transplant. Thus far, TRM has been low with 1 of 9 dying due to non-disease 
related reasons. 

The median follow-up is 6 months (range: 1 to 38 days). At time of the last data cut off, 6 of 9 
were alive with deaths due to relapse (n=2), alveolar hemorrhage (n=1). 
Overall, the median time to engraftment for the 27 patients in the study was 14 days (range 6 to 
32 days), which compares favorably with the time to neutrophil recovery reported for DUCBT 
patients at the University of Minnesota receiving the same conditioning regimen and GVHD 
immune prophylaxis, which was 26 days (Brunstein et al 2010). The pace of hematopoietic 
recovery was remarkably rapid in patients where MGTA-456 with a CD34 cell dose 
>10 million/kg could be administered. Similarly, the fraction of patients achieving platelet 
recovery was greater in patients receiving MGTA-456 and the pace of platelet recovery was 
accelerated relative to DUCBT patients (for details see the published results of the DUCBT 
patients enrolled in this study (Wagner et al 2016). Of note, the length of hospitalization was 
significantly reduced in recipients of MGTA-456 (median of 27 days compared to 46 days in the 
control population, p<0.001). 
Study CHSC835X2202 was a single-arm, open-label study evaluating the safety and tolerability 
of MGTA-456 as single stand-alone graft (SUBCT) in patients with hematologic malignancies 
undergoing a reduced dose conditioning to minimize TRM in an older population or those with 
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2. OBJECTIVES AND ENDPOINTS 
 

 Objective Endpoint 

Primary To evaluate the effect of 
MGTA-456 on the rate of 
neutrophil recovery in 
patients with IMD undergoing 
HSCT 

Incidence of engraftment with 
MGTA-456, engraftment 
defined as achieving an 
absolute neutrophil count 
(ANC) Ó0.5 Ĭ 109/L for 
3 consecutive days 
Time to neutrophil recovery 
defined as the first day of 
3 consecutive days with an 
ANC Ó0.5 Ĭ 109/L 

Secondary To evaluate the safety of 
MGTA-456 in patients with 
IMD undergoing HSCT 

Incidence of infusion 
toxicities (incidence of 
MGTA-456-related AEs that 

  limit MGTA-456 
  administration) 
  Incidence of TEAEs 
 To characterize engraftment 

following transplantation with 
MGTA-456 and to evaluate 
the effect of MGTA-456 on 
chimerism in the CD3 and 
CD33/66 (or CD15) 
hematopoietic compartments 

Incidence of late 
hematological graft failure 
defined as meeting 1 of the 
following 3 criteria: 
(1) <5% donor whole blood 
or myeloid chimerism in 
peripheral blood or bone 

  marrow beyond Day 42 
  post-transplant in patients 
  with prior hematopoietic 
  recovery with Ó5% donor 
  cells by Day 42 
  post-transplant; (2) Sustained 
  decline in the ANC to 
  <500/mm3 for 3 consecutive 
  measurements on different 
  days, unresponsive to growth 
  factor therapy after initial 
  hematopoietic recovery by 
  Day 42; (3) Subsequent bone 
  marrow aplasia identified 
  after initial hematopoietic 
  recovery by Day 42 
  Number of days with 
  neutropenia from the day of 
  transplant through Day 42 
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3. INVESTIGATIONAL PLAN 

3.1 Study Design 
This is a Phase 2, open-label, single-arm study in which patients with IMD will receive 
MGTA-456 as a stand-alone HSC graft after MAC. Approximately 12 patients will be enrolled 
into 1 of 2 sequential cohorts, with the option to include up to approximately 15 additional 
patients in an expansion cohort following dosing of Cohort 2. Cohort 1 will comprise 
approximately 6 patients who will receive MGTA-456 fresh expanded CD34+ cells and Cohort 2 
will comprise approximately 6 patients who will receive MGTA-456 cryopreserved expanded 
CD34+ cells. Up to approximately 15 additional patients may be included in an expansion cohort 
following dosing of Cohort 2; these patients will receive MGTA-456 cryopreserved expanded 
CD34+ cells. All patients will be followed up to the end of study visit at 1 year after 
post-transplant. The design is presented in Figure 3. 

Figure 3: Study Design 
 

Note: Up to approximately 15 additional patients may be included in the study following dosing of Cohort 2 and will receive 
cryopreserved MGTA-456 product. 

 
 
For each patient in Cohort 1 (see Section 3.1.1) and Cohort 2 (see Section 3.1.2), the study will 
consist of an approximately 50-day screening period (Day -60 to Day -10). The patient must 
meet all eligibility criteria before the expansion culture will be initiated. Following MGTA-456 
manufacturing, patients will be admitted to begin the transplant conditioning regimen (Day -9 to 
Day -1 [see Section 5.1.2 for details]). The day of MGTA-456 administration will be considered 
Day 0 and will consist of the infusion of the expanded CD34+ fraction followed by the infusion 
of the CD34-depleted fraction of the cord blood unit (CBU). Infusional toxicity will be assessed 
within 48 hours after transplant. Each patient will remain hospitalized until neutrophil recovery 
is achieved (refer to Section 7.3.1 for neutrophil recovery definition). The patient will be 
monitored with protocol-specific procedures for 1 year following transplant to assess 
engraftment, graft failure, and late hematological graft failure (refer to Section 7.3.1 for 
definitions) and other study endpoints. 
Any patient (or guardian) withdrawing their consent or any patient withdrawn because of an 
event unrelated to the study, at any time during the study, will be replaced to ensure 
approximately 6 evaluable patients in each cohort. 
After 1 year, patients may be transferred to a separate long-term follow up study, if eligible and 
willing (after signature of the specific study informed consent form [ICF]). 
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For both cohorts, starting on Day 0 of the study, 2 therapeutic cell preparations will be infused 
sequentially in the following order. 

1. A minimal dose of 10 × 106 CD34+ cells per kg body weight within a range of 20 x 106 to 
270 × 106 TNC per kg body weight will be administered. 

2. The remaining and entire CD34-depleted fraction derived from the same UCB unit as the 
ex vivo expanded CD34+ cells (the CD34-depleted fraction). All available CD34-negative 
cells will be administered. 

The MGTA-456 production process results in a median >800-fold TNC expansion and a median 
>300-fold CD34+ cell expansion. The absolute number of CD34+ cells in the final product is 
affected by the number of CD34+ cells available in the starting UCB unit and the rate of 
differentiation of the unit during the culture. Due to differences between UCB units, the final 
CD34+ cell fraction of MGTA-456 constituted a median of 31.5% of all nucleated cells (range of 
19.3% to 53.7%; see Table 2 for a comparison of TNC required to achieve the target CD34 cell 
dose). Furthermore, the final CD34+ cell dose is also affected by the patient's body weight 
resulting in a range of administered TNC and CD34+ cell doses. 

Overcoming the engraftment barrier in IMD patients (who have not received prior 
immunosuppressive or cytoreductive therapy prior to transplant conditioning as is typical in 
oncology patients) undergoing UCBT is challenging, and historically required fully 
myeloablative conditioning regimens (Prasad et al 2008; Boelens et al 2013). It is expected that 
the higher dose of CD34+ cells present in MGTA-456 compared to a conventional UCB unit will 
promote engraftment in IMD patients. The need for high doses of CD34+ cells must be balanced 
with potential safety risks associated with the infusion of high numbers of nucleated cells. 
Therefore, the study will target the administration of a CD34+ cell dose (targeting 10 × 106 
CD34+ cells per kg body weight compared to typically less than 1 × 106 CD34+ cells per kg 
body weight in a conventional UCB unit) and allow the use of up to 270 × 106 TNC/kg body 
weight in the IMD pediatric population which is the upper limit of the dosing window that has 
been investigated and has showed a favorable safety profile in oncology patients. 
The rationale for selecting the above cell doses is based on the following observations: 

• Higher CD34+ cell doses speed up neutrophil engraftment and establish long term 
chimerism in IMD (Martin et al 2006, Boelens et al 2013). 

• MGTA-456 has shown a relationship between infused cell dose and engraftment 
(Figure 2, Investigator Brochure attached) 

• In IMD specifically, the successful use of reduced dose conditioning regimens has 
been impeded by a suboptimal engraftment (Aldenhoven et al 2015a). However, IMD 
patients, unlike malignancy patients, do not typically receive myelotoxic and 
immunosuppressive chemotherapy as initial therapy for malignancy prior to HSCT. 
Additionally, in models of IMD in mice (e.g., Hurler syndrome) the accumulation of 
toxic byproducts in the bone marrow leads to impaired homing of stem cells (Watson 
et al 2014; Aldenhoven et al 2015a). 

• Even with MAC, there is a substantial risk of graft failure. In the COBLT trial report 
on UCBT in IMD, the median number of CD34+ cells was 0.2 × 106/kg (range: 0.04 
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4. POPULATION 
The study population will include pediatric patients age < 2.5 years with Hurler syndrome, age 2- 
17 years with cerebral adrenoleukodystrophy (cALD), age < 16 years with metachromatic 
leukodystrophy (MLD) and age Ò 10 years with globoid cell leukodystrophy (GLD) (also 
referred to as Krabbe) Approximately 12 patients will be enrolled in the study, with the 
possibility of expanding to include up to approximately 15 additional patients. 
The study will enroll pediatric patients with an IMD in which enzyme replacement treatment is 
not effective in preventing CNS deterioration likely due to the enzyme’s inability to cross the 
blood brain barrier. Furthermore, only those disorders will be included for which there is 
considerable published evidence either from registries or from single institutions demonstrating 
the efficacy of allogeneic HSCT in limiting disease progression. Therefore, we will recruit only 
patients with diseases and disease stages in which allogeneic HSCT is considered ‘standard’ and 
in which HSCT is considered a treatment option per International EBMT guidelines (The EBMT 
Handbook 2008-Chapter 41) and a recent publication (Boelens et al 2014). Therefore, Hurler 
syndrome, cALD, MLD, and GLD will be included. 
Any patient (or guardian) withdrawing their consent or any patient withdrawn because of an 
event unrelated to the study, at any time during the study, will be replaced to ensure 
approximately 6 patients in each cohort. 
The patient must meet all inclusion criteria before the expansion culture will be initiated. 

After 1 year, patients may be transferred to a separate long-term follow up study, if eligible and 
willing (after signature of the specific study ICF). 

4.1 Inclusion Criteria 
Patients must fulfill all the following criteria to be eligible for this study: 

1. Written informed consent must be obtained from the patient or parent/guardian before any 
assessment is performed. Study assents will also be prepared for children and adolescents 
to review when applicable. 

2. Male and female, age < 2.5 years with Hurler syndrome, age 2-17 years with cerebral 
adrenoleukodystrophy (cALD), age < 16 years with metachromatic leukodystrophy 
(MLD) and age Ò 10 years with globoid cell leukodystrophy (GLD) (also referred to as 
Krabbe)Diagnosed with 1 of the following IMD: 

a. Hurler syndrome (mucopolysaccharidosis MPS-IH) 
b. MLD; asymptomatic late-infantile, or asymptomatic/minimally symptomatic juvenile 

onset patients 
c. GLD; asymptomatic infants, or asymptomatic/minimally symptomatic attenuated 

disease 
d. ALD; with active cerebral disease as established by radiographic review of brain MRI 

demonstrating a Loes score Ò10 and with a neurological function score (NFS) Ò1 
(Moser, Arch Neurol 2005;62:1073-1080) 
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3. Able to complete all study procedures, measurements and visits; and parent/guardian and 
patient has adequately supportive psychosocial circumstances, in the opinion of the 
Investigator. 

4. Patient must have a minimum life expectancy of 6 months in the judgment of the 
Investigator. 

5. Recipients must meet the following: 

• Lansky score Ó50% 

• Renal: serum creatinine Ò2.5 × upper limit of normal (ULN) corrected for age 

• Hepatic: total bilirubin and ALT Ò3 Ĭ ULN corrected for age 

• Pulmonary function: oxygen saturation Ó92% without an oxygen requirement (an 
exception may be made as documented in the medical record for patients with 
abnormal sleep studies [such as patients with Hurler syndrome]) 

• Cardiac: left ventricular ejection fraction (LVEF) Ó30%. 

6. Graft Characteristics 

• The unrelated UCB grafts must be at least 6/8 HLA-A, HLA-B, HLA-C, and 
HLA-DRB1 matched with the recipient at the allele level. This is based upon a recent 
publication which showed that allele-level matching at HLA-A, HLA-B, HLA-C and 
HLA-DRB1 between the UCB unit and its recipient is associated with best survival 
and lowest occurrence of graft failure in children with non-malignant diseases. 

• UCB units must come from a qualified UCB bank(s) per institutional standard 
operating procedures (SOPs). A matched UCB unit from an unlicensed bank must be 
pre-approved by the sponsor before use. If the UCB unit is unlicensed (most 
commonly based on location [eg, European countries], testing by non- Clinical 
Laboratory Improvement Amendment (CLIA)-approved laboratories, or collection 
before 25 May 2005), Magenta will make the final decision on patient eligibility 
based on the reason why the UCB unit is unlicensed. 

• The minimal TNC count for the selected UCB unit is to be 1.0 × 107/kg body weight. 

• In a case where there is a better HLA-matched UCB unit with a lower cell dose, it 
may be selected over a less well-matched unit with a higher cell dose 

• The patient must not have donor specific anti HLA antibodies considering HLA A, B, 
C, DRB1, DQ and DP (MFI >1000). 

• A suitable back-up HSC source (UCB unit or unaffected haploidentical donor) must 
be available. 

• Cord blood grafts require genetic testing and/or demonstration of enzyme activity for 
patients with Hurler syndrome, MLD or GLD and are tested for very long chain fatty 
acids (VLCFA) to confirm there is no evidence of VLCFA consistent with ALD. 
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4.2 Exclusion Criteria 
Patients fulfilling any of the following criteria are not eligible for inclusion in this study. No 
additional exclusions may be applied by the Investigator, to ensure that the study population will 
be representative of all eligible patients. 

1. Availability of a HLA 8/8 matched-related donor who is not a carrier of the same genetic 
defect. 

2. Active infection at screening (defined as requiring parenteral antibiotics because of 
persistent changes consistent with infection based on imaging studies and/or positive 
cultures) including active infection with Aspergillus or other fungus within 30 days prior to 
screening, or severe concomitant diseases which in the judgment of the Investigator would 
lead to the patient’s inability to tolerate conditioning regimen. 

3. Prior myeloablative conditioning. 

4. Prior use of an investigational study drug or procedure within 3 months before Screening 
that might confound study outcomes. Use of investigational study drugs is prohibited 
throughout the course of the study unless approved by Magenta. Except for approved 
Enzyme Replacement Therapy (ERT), use of investigational study drugs is prohibited 
throughout the course of the study unless approved by Magenta. 

5. Pregnant or nursing (lactating) women, where pregnancy is defined as the state of a female 
after conception and until the termination of gestation, confirmed by a positive human 
chorionic gonadotropin (hCG) laboratory test. 

6. Females of child-bearing potential, defined as all women physiologically capable of 
becoming pregnant (including women whose career, lifestyle, or sexual orientation 
precludes intercourse with a male partner and women whose partner have been sterilized by 
vasectomy or other means), unless they are using highly effective methods of contraception 
from the day of transplant and for 1 year after infusion. Highly effective contraception 
methods include: 

• Total abstinence (when this is in line with the preferred and usual lifestyle of the 
patient. Periodic abstinence (e.g., calendar, ovulation, symptothermal, post-ovulation 
methods) and withdrawal are not acceptable methods of contraception). 

• Use of oral, injected or implanted hormonal methods of contraception or placement of 
an intrauterine device (IUD) or intrauterine system (IUS) or other forms of hormonal 
contraception that have comparable efficacy (failure rate <1%), for example hormone 
vaginal ring or transdermal hormone contraception. 

7. Sexually active male patients unless they are using condoms as contraception starting on 
the first day of conditioning regimen (Day -9) until 1 year after infusion or off immune 
suppression, whichever is last. 

8. History of human immunodeficiency virus (HIV) infection. 
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5. TREATMENT 

5.1 Study Treatment 
Details on the management of study medication, and instructions for administration are outlined 
in the Site Operations Manual. 
Descriptive information regarding potential treatment risks, including infusional toxicity, 
peri-infusion infection, and pre-engraftment syndrome (PES) may be found in the IB. 

5.1.1 Investigational Treatment 

Starting on Day 0 of the protocol, the day of stem cell infusion, 2 separate therapeutic cell 
preparations will be infused sequentially in the following order. 

1. A minimal dose of 10 × 106 CD34+ cells/kg body weight within a range of 20 x 106 to 
270 × 106 TNC/kg body weight. 

2. The entire CD34-depleted fraction derived from the same UCB unit as the ex vivo 
expanded CD34+ cells (referred to as the CD34-negative fraction). 

The CD34-depleted fraction will be infused approximately one hour after the CD34+ fraction 
when all side effects relative to the CD34+ fraction have resolved, but may be infused as late as 
24 hours after the CD34+ fraction if adverse events occurred with the expanded fraction or other 
reason approved by the principal investigator. 

Each patient will be treated only once. A back-up HSC graft must be available in the event that 
the MGTA-456 product does not meet release criteria. 

 
5.1.2 Additional Study Treatment 

 
5.1.2.1 Conditioning Regimen 

The dosing scheme using busulfan (BU), CY, and rabbit antithymocyte globulin (ATG) 
serotherapy will be used uniformly at all clinical sites participating in this study based on 
Bartelink et al 2008, Bartelink et al 2009, Bartelink et al 2014, and Prasad et al 2008. 

The conditioning regimen will be initiated on Day -9 and will consist of: 

• BU will be administered via IV for 4 days (Days -9 to -6). 
(A) Patients will receive a total of 4 doses (recommended initial dose: 120 mg/m2 for 

age >1 year and 80 mg/m2 for age <1 year) given once daily over 3 hours and 
adjusted to achieve targeted dose range (see below). Initial dose may also be 
determined by institutional nomogram or test dose. 

OR 
 

(B) Patients will receive a total of 16 doses (recommended initial dose 1 mg/kg) 
given every 6 hours and adjusted to achieve the targeted dose range (see below). 
Initial dose may also be determined by institutional nomogram or test dose. 
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• Leveteracetam (Keppra) prophylaxis against seizures will be given starting with a 
loading dose on the day before the first dose of BU and continued until 24 hours after 
the final dose of BU. 

• CY will be administered via IV for 4 days (Days -5 to -2) at a dose of 50 mg/kg each 
day (total dose 200 mg/kg). Mesna prophylaxis will be administered per institutional 
protocol. The CY dose will be adjusted if the patient’s actual body weight is more 
than 125% of the ideal body weight (IBW). The first dose of CY will begin >24 hours 
after the final dose of BU. 

• ATG (rabbit; Thymoglobulin-Sanofi/Genzyme) will be administered over at least 
6 hours at 2.5 mg/kg/dose each day on Days -5 to -2. If no initial adverse reactions 
occur, the infusion rate may be increased per institutional guidelines. 

 
GVHD prophylaxis will consist of cyclosporine A (CsA) and mycophenolate mofetil (MMF). 

Pre-medications for the conditioning regimen should be administered per Section 5.8.1. 

Table 3: Conditioning Regimen Scheme and GVHD Prophylaxis 
 

Day Conditioning Regimen GVHD Prophylaxis 

Day -9 BUa IV given once daily over 3 hours (A) OR q6h IV given over 
2 hours (B) 

-- 

Day -8 BUa IV given once daily over 3 hours (A) OR q6h IV given over 
2 hours (B) 

-- 

Day -7 BUa IV given once daily over 3 hours (A) OR q6h IV given over 
2 hours (B) 

-- 

Day -6 BUa IV given once daily over 3 hours (A) OR q6h IV given over 
2 hours (B) 

-- 

Day -5 CY 50 mg/kg once daily over 1 hour + Mesna prophylaxis 
ATG once daily IV over at least 6 hoursb 

-- 

Day -4 CY 50 mg/kg once daily over 1 hour + Mesna prophylaxis 
ATG once daily IV over at least 6 hoursb 

-- 

Day -3 CY 50 mg/kg once daily over 1 hour + Mesna prophylaxis 
ATG once daily IV over at least 6 hoursb 

Begin CsA and 
MMF 

Day -2 CY 50 mg/kg once daily over 1 hour + Mesna prophylaxis 
ATG once daily IV over at least 6 hoursb 

-- 

Day -1 -- -- 

Day 0 MGTA-456 infusion  

Day 1 -- Begin G-CSFc 
Abbreviations: ANC=absolute neutrophil count; CY=cyclophosphamide; BU=busulfan; ATG=antithymocyte 
globulin; CsA=Cyclosporine A; MMF=mycophenolate mofetil; G-CSF= granulocyte-colony stimulating factor; 
IV=intravenous; q6h=every 6 hours; Css=steady state concentration 
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a BU will be targeted to achieve cumulative AUC of 74 to 82 mg*h/L (18,050 to 20,000 ɛM*min/L) OR 
770 to 850 ng/mL Css. 
b If the first dose of ATG is well tolerated, subsequent doses may be administered over a shorter time frame per 
institutional guidelines. 
c G-CSF will be started on Day+1 and continued until the ANC Ó2,500/ɛL for 2 consecutive days. 

 
Dosing of BU: 

Busulfan dosing will target a cumulative AUC of 74 to 82 mg*hr/L with a goal of 
78 mg*hr/L (equivalent to 18,050 to 20,000 ɛM*min/L with a goal of 
19,025 ɛM*min/L). 
Pharmacokinetic evaluation of BU: 

The BU cumulative exposure (AUCcum) goal is an AUC range of 74 to 82 mg*hr/L with a 
target of 78 mg*hr/L for dose adjustments. This is equivalent to 18,050 to 
20,000 ɛM*min/L with a goal of 19,025 ɛM*min/L. 

The BU daily exposure goal is an AUC range 18 to 20 mg*hr/L with a goal of 
19 mg*hr/L. This is equivalent to approximately 4500 to 5000 ɛM*min/L with a goal of 
4570 ɛM*min/L. 
The BU single dose goal (if dosage regimen is Q6h) is an AUC range of 4.5 to 5 mg*hr/L 
with a target of 4.8 mg*hr/L. This is equivalent to approximately 1100 to 
1220 uM*min/L with a goal of 1160 uM*min/L. 

The steady state concentration (Css) goal is 770 to 850 ng/mL with a target of 810 ng/mL. 
(A) Once daily dosing: BU will be given IV over 3 hours and adjusted to maintain an 

AUC target or Css target as indicated above. Recommended calculation of the AUC is 
performed on blood samples obtained: predose, 15 minutes, 1 hour, 3 hours, 5 hours, 
and 7 hours after the end of infusion. Recommended calculation of Css is performed 
on blood samples obtained: predose, 60 minutes, 115 minutes (5 minutes before end), 
150 minutes, 3 hours, 4 hours, 5 hours, and 6 hours (prior to next dose). Busulfan 
dose is adjusted when the predicted cumulative AUC or Css falls outside the range. If 
possible, an evaluation of the AUC or Css after dose adjustment may be performed on 
subsequent days and used to confirm that the BU exposure is within the range. 
Busulfan PK may alternatively be calculated based on institutional guidelines, 
including the use of test doses, to achieve the specified target AUC or Css. Initial 
starting BU doses may also be calculated according to institutional nomogram or test 
dose. 
OR 

(B) Q6h dosing: BU will be given IV over 2 hours and adjusted to achieve an AUC target 
or Css target as indicated above. Recommended calculation of the AUC is performed 
on blood samples obtained: predose, 15 minutes, 1 hour, 3 hours, 5 hours, and 7 hours 
after the end of infusion. Recommended calculation of Css is performed on blood 
samples obtained: pre dose, 60 minutes, 115 minutes (5 minutes before end), 
150 minutes, 3 hours, 4 hours, 5 hours, 6 hours (prior to next dose). Busulfan dose is 
adjusted when the predicted cumulative AUC or Css falls outside the range. If 
possible, an evaluation of the AUC or Css after dose adjustment may be performed on 
subsequent days and used to confirm that the BU exposure is within the range. 
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Busulfan PK may alternatively be calculated based on institutional guidelines, 
including the use of test doses, to achieve the specified target AUC or Css. Initial 
starting BU doses may also be calculated according to institutional nomogram or test 
dose. 

 
Calculations used for AUC/Css conversions are as follows: 

• AUC(mg*h)/L = AUC (ɛM*min)/L* 246 ɛg/ɛM * 1 mg/1000ɛg * 1hr/60 min 

• Css (ng/ml) = AUC (ɛM*min)/L* 246 ɛg/ɛM * 1 hr/60 min * 1000 ng/1 ɛg * 
1 L/1000 mL/(Dosing frequency) 

 
For Css calculations: 

• Dosing frequency for single dose AUC for Q6h dosage regimen = 6 

• Dosing frequency for single day AUC for Q6h or Q24h = 24 

• Dosing frequency for total exposure (cumulative) for Q6h or Q24h AUC = 96 

Dosing of CY: 
Route of Administration: The total daily dose will be given as a 1-hour IV infusion in 
5% dextrose in normal saline (D5NS). Patients should receive additional hydration with 
3000 mL/m2/day of appropriate maintenance IV fluids starting 10 hours prior to CY and 
continued until 24 hours after the final dose. Patients will also receive mesna prophylaxis 
per institutional guidelines. 
Dose Adjustment: Adjustment of the dose is required if the actual body weight (ABW) 
is more than 125% of the IBW for the age and gender. The dose should be calculated 
using adjusted ideal body weight (AIBW): 

IBW Formula: 
Less than 60 inches: 

• IBW = (ht2 × 1.65)/1000 where ht = cm, IBW = kg 
More than 60 inches 

• Males IBW = 39.0 + [2.27 × (ht – 60)] where ht = inches, IBW = kg 

• Females IBW = 42.2 + [2.27 × (ht – 60)] where ht = inches, IBW = kg 
AIBW Formula: 

• AIBW = IBW + [(0.25) × (ABW - IBW)] 

Immunosuppression: 
All patients will receive the immunosuppression regimen per the study treatment plan as 
described below: 

• CsA: Initiate on Day -3. Administer per institutional guidelines with adjustment to 
maintain target serum trough levels of 200 to 400 ng/ml. Cyclosporine A weaning 
begins at Day 270 if the patient is stably engrafted and has no active GVHD. The 
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