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1 EXECUTIVE SUMMARY 

1.1 Introduction 

Exagamglogene autotemcel (exa-cel) is a one-time, single dose cellular product consisting of 
autologous CD34+ human hematopoietic stem and progenitor cells (hHSPCs) modified by 
CRISPR/Cas9-mediated gene editing that was developed to treat patients 12 years and older 
with severe sickle cell disease (SCD).  

SCD is a serious, rare, debilitating, and life-shortening hemoglobinopathy (disorder of 
hemoglobin) with no broadly available curative options. SCD affects approximately 100,000 
people in the US. Patients with severe SCD, as defined by recurrent vaso-occlusive crises 
(VOCs), are even more rare, estimated at 20,000 people in the US. In the US, approximately 
90% of people with SCD are of African descent.1 This demographic distribution contributes to 
SCD patients historically facing significant healthcare disparities which directly relate to the poor 
outcomes associated with SCD.1 Overall SCD patient lifespan is shortened by 2 to 3 decades 
compared to the general population2-6; the median age at death is 45 years1, with some patients 
only surviving to 20 years.2-6 Patients with severe disease have even greater morbidity and 
mortality, including increased mortality in adults and adolescents.2-4, 7-9 

All SCD patients share a common genetic cause and have the same underlying 
pathophysiology, regardless of age, sex, race, or disease genotype. SCD is caused by a 
single-nucleotide substitution which results in the amino acid valine replacing glutamic acid at 
position 6 of the β-globin chain, leading to sickle hemoglobin (HbS). In the deoxygenated state, 
HbS polymerizes, producing abnormal, sickle-shaped red blood cells (RBCs) with limited 
flexibility, increased adhesive and inflammatory properties, and a predisposition to hemolysis. 
These sickled RBCs trigger blockages in small- to medium-sized blood vessels, depriving 
downstream tissues of nutrients and oxygen, resulting in tissue infarction and 
ischemia/reperfusion injury. Clinically, these events manifest as severe, acute painful episodes 
(VOCs). These events not only require acute care at a health care facility but also culminate in 
progressive tissue damage in multiple end organs leading to their dysfunction and ultimately, 
failure. Hemolysis of RBCs leads to chronic anemia which also contributes to SCD morbidity, 
and poor quality of life, as well as contributing to mortality.10-13 Patients who have severe 
disease are at even greater risk of these disease complications and have worse outcomes.14  

There are no approved therapies developed specifically to prevent VOCs for patients with 
severe SCD; defined as 2 or more VOCs per year in each of the prior 2 years. Currently 
approved therapies require chronic use and include hydroxyurea (HU), voxelotor (Oxbryta®), 
and crizanlizumab (Adakveo®). HU has moderate efficacy in reducing but not eliminating 
VOCs15, while voxelotor and crizanlizumab have not demonstrated a decrease in VOC rates.16, 

17  

As such, patients with severe SCD have a particularly high unmet need and allogenic 
hematopoietic stem cell transplant (allo-HSCT) is often considered. While holding curative 
potential, allo-HSCT has significant limitations and is not an option for the majority of patients 
with severe disease. Allo-HSCT requires a suitable stem cell donor, typically a human leukocyte 
antigen (HLA) matched sibling donor. Unfortunately, only an estimated 18% of patients with 
SCD have a suitable donor.18 Also, there are significant risks associated with allo-HSCT, 
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including graft failure, graft-versus-host disease (GVHD), severe infection, hematologic 
malignancy, bleeding events, and death.19, 20  

Patients who undergo allo-HSCT also have a risk of hematologic malignancy post-transplant, 
particularly with non-myeloablative conditioning regimens and/or in the setting of graft failure.21 
Allo-HSCT approaches using alternative donors, such as matched unrelated donors or 
haploidentical donors, remain investigational with these approaches having even higher risks, 
particularly those associated with GVHD, graft failure, and death.20, 22 Thus, allo-HSCT, despite 
the potential to be curative for patients with severe SCD, is not widely used.  

The development of exa-cel is grounded in human genetics showing that fetal hemoglobin 
(HbF) can substitute for sickle globin in erythrocytes and mitigate the clinical consequences of 
SCD. HbF is an endogenous globin normally expressed during fetal development and in the 
neonatal period. Neonates and infants with SCD are asymptomatic as long as their HbF levels 
remain high, with symptoms only developing when HbF is replaced by sickle globin in the first 
year after birth. Variants in multiple genes including BCL11A, a repressor of the HbF gene, have 
been found that increase HbF and reduce the severity of clinical consequences of SCD.14, 23-26 
Patients with SCD who coinherit hereditary persistence of fetal hemoglobin (HPFH), in which 
HbF expression remains high into adulthood (> 20% HbF) have little or no disease and are 
generally healthy including absence of VOCs.27-29  

Exa-cel was developed as a one-time treatment that could provide a potential functional cure for 
patients with severe SCD. The mechanism of action of exa-cel is an ex-vivo CRISPR/Cas9-
mediated gene edit of the intronic erythroid-specific enhancer of BCL11A. The genomic target 
was selected as optimal because (a) edits at this erythroid specific enhancer downregulate 
BCL11A expression only in the erythroid lineage, (b) this intronic location is > 25 kb from any 
protein coding region and (c) the specific target DNA sequence is unique in the genome, 
minimizing potential for off-target editing. Consistent with this mechanism and site of action, 
comprehensive non-clinical studies did not identify any off-target editing by exa-cel. Moreover, 
exa-cel’s gene editing mechanism of action leads to persistent and irreversible reactivation of 
HbF expression in erythroid cells regardless of age, sex, race, or SCD disease genotype.  

The exa-cel development program in SCD consists of Study 121, a pivotal Phase 1/2/3 study, 
and Study 131, a long-term safety and efficacy follow-up study. The pivotal study included 
pre-specified interim analyses (IA), and as described in this briefing document, the Sponsor 
proposes the data support either traditional or accelerated approval by the FDA.  

The primary efficacy endpoint in Study 121 was absence of severe VOCs for at least 
12 consecutive months (VF12) to support a traditional approval. The study also included 
evaluation of a surrogate efficacy biomarker, HbF (%) ≥ 20% at Month 6, and an interim clinical 
endpoint (ICE), absence of severe VOCs for at least 9 consecutive months (VF9), to support 
accelerated approval. These endpoints are described in greater detail in Section 1.3.1. For 
context, accelerated approval is a pathway allowing drugs for serious diseases that fulfill an 
unmet medical need to be approved faster than a traditional pathway. As described, severe 
SCD is a severe disease with high unmet need and thus meets these criteria. 

The pivotal study, Study 121 met the primary efficacy endpoint of VF12: 29 of 30 (97%) patients 
in the primary efficacy set (PES) achieved VF12. Study 121 also met the key secondary 
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endpoint of free from inpatient hospitalization for severe VOCs for at least 12 consecutive 
months (HF12): 30 of 30 (100%) patients in the PES achieved HF12. These data are 
transformational given that 1) these patients had an average of 3.9 VOC per year over the 
previous 2 years, and 2) spontaneous remission of VOCs rarely occurs in patients with recurrent 
VOC per the 121 study eligibility criteria (2 or more VOC in the each of the prior 2 years).30 In 
addition, transformational benefit is also demonstrated by 30 of 30 patients who were 
hospitalization free for 12 consecutive months, given that on average these patients had 
2.7 hospitalizations per year and spent 17.1 days per year in the hospital over the previous 
2 years. Data to support accelerated approval were similarly strong. Specifically, 40 of 40 
(100%) patients achieved the surrogate efficacy biomarker of HbF ≥ 20% at Month 6, which was 
highly predictive of clinical benefit in eliminating VOC and achieving VF12. As mentioned above, 
natural history studies of SCD patients with HPFH demonstrate that patients with HbF levels 
over 20% are generally healthy and do not experience VOC. Finally, 31 of 32 (97%) patients 
achieved the intermediate clinical endpoint (ICE) of VF9, an endpoint that has been shown to 
predict longer term efficacy. Both surrogate endpoints are strongly supportive of accelerated 
approval.  

Data included in the BLA consists of 44 patients dosed with exa-cel and followed for a median 
of 19.3 months and a mean of 20.1 months. The longest follow-up is 48.1 months with 
30 patients having at least 18 months of follow-up post exa-cel treatment. The safety profile of 
exa-cel was generally consistent with that expected from myeloablative busulfan conditioning 
and HSCT, with delayed platelet engraftment the only exa-cel specific risk identified.  

Taken together, the results from the exa-cel program in severe SCD are unprecedented. 
Exa-cel has demonstrated transformative efficacy, a strong safety profile, and a highly positive 
benefit-risk for treatment of severe SCD patients.  

Post approval, to ensure safe use of exa-cel, the Sponsor considers product labeling (USPI and 
patient information) to communicate the relevant safety information for use of exa-cel and 
post-marketing pharmacovigilance (PV) surveillance to be sufficient and appropriate. In addition 
to standard post marketing PV surveillance, the Sponsor’s PV program includes follow-up of 
patients enrolled and dosed in Study 121 for 15 years in the long term follow-up study 
(Study 131), as well as a proposed post-approval 15-year registry-based study to follow patients 
treated with commercial product.  

This document is submitted in support of Sponsor’s application for marketing approval of 
exa-cel to treat patients with SCD ages ≥ 12 years who have recurrent VOCs. 

1.2 Product Development Rationale 

1.2.1 Product Description 

Exa-cel is a cellular product consisting of autologous CD34+ hematopoietic stem and progenitor 
cells (HSPCs) that are collected from the patient during apheresis and modified ex-vivo by 
highly specific CRISPR/Cas9-mediated gene editing of the intronic erythroid-specific enhancer 
region of the BCL11A gene. Specifically, the CRISPR-Cas9 components are introduced into the 
CD34+ stem cells by electroporation and the resultant gene edited exa-cel drug product is 
cryopreserved and tested for release for patient dosing (Section 3.5). 
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Exa-cel is a single-dose intravenous treatment that is administered after fully myeloablative 
conditioning. The minimum recommended dose of exa-cel is 3 × 106 CD34+ cells/kg. After 
successful engraftment of exa-cel, the precise, permanent, and irreversible ex-vivo edit results 
in increased production of HbF to levels that have been demonstrated to prevent VOCs and are 
protective against complications from SCD (Section 3.3). There is no known or hypothesized 
mechanism whereby a DNA edit would revert to reduce the reactivation of HbF after exa-cel 
treatment. The long-term engraftment of edited cells also demonstrates the successful editing of 
long-term HSCs that are known to persist for a person’s lifetime.  

The proposed indication is for the treatment of SCD in patients 12 years and older with recurrent 
VOCs. An indication for treatment of transfusion-dependent β-thalassemia (TDT) in patients of 
the same age is also being sought under a separate BLA application. 

1.2.2 Rationale for Development of Exa-cel 

The discovery and development of exa-cel is grounded in human genetics. Reactivation of HbF 
can result from inherited changes in multiple genes that lead to improvement in symptoms of 
SCD. Patients with SCD who co-inherit HPFH mutations, in whom HbF expression continues at 
a high level throughout adulthood, have little or no disease symptoms and are generally healthy. 
Patients with SCD-HPFH who have HbF levels above 20%, rarely, if ever, experience VOCs.14, 

27, 28 Specifically, when HbF accounts for ≥ 20% of total Hb, disease complications are reduced. 
14, 27, 28, 31 Naturally occurring common genetic variants in the intronic erythroid specific enhancer 
of BCL11A were also found to increase HbF levels resulting in decreased severity of SCD in 
population-based human genetic studies.9, 23, 26, 32  

Mechanistic studies33, 34 identified that disruption of the intronic erythroid specific enhancer of 
the BCL11A gene results in reduction in BCL11A protein levels only in maturing RBCs. This 
reduction in BCL11A protein levels leads to increased HbF production. The specificity of the 
erythroid specific target is shown by studies examining genetic variability at the intronic region of 
the BCL11A erythroid specific enhancer showing the absence of any other phenotype.35 The 
exa-cel program was designed to use CRISPR-Cas9 and a highly specific guide sequence that 
has no off-target effects, precisely editing the site of the naturally occurring genetic variant in the 
BCL11A enhancer that is associated in human populations with increased HbF and reduced 
SCD severity. The editing process is performed ex-vivo in only CD34+ cells and is transient, so 
there is no residual gene editing activity in the cells delivered to the patient.  

1.2.3 Regulatory Considerations 

The clinical development program in SCD includes one pivotal Phase 1/2/3 study (Study 121) 
and one long-term follow-up study (Study 131). Both studies were designed in consultation with 
the Agency: Study 121 has a sample size of approximately 45 patients and is 2 years in 
duration. Study 131 is the long-term follow-up study designed to evaluate patients who roll over 
from Study 121 and provides a total of up to 15 years of follow-up after exa-cel infusion 
(Section 4.1 Table 5). Study 121 has completed enrollment and dosing of all planned patients 
(46 patients in total). Follow-up in both studies (Study 121 and Study 131) is ongoing.  

The clinical data package submitted with the initial BLA included data from a prespecified 
interim analysis 2 (IA2; data cutoff date 10 February 2023), which included 20 patients with at 
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least 16 months of follow-up in the PES. Results at IA2 were alpha-protected from family-wise 
type-1 error and crossed statistical significance thresholds for the primary and both key 
secondary endpoints, establishing statistically significant efficacy when tested against a 
prespecified null hypothesis of 50%.  

An updated data analysis, based on a 14 June 2023 data cutoff, was requested by FDA. In this 
updated data set, 30 patients with at least 18 months of follow-up were included in the PES and 
were available for evaluation of the primary efficacy endpoint. Data from the updated data cutoff 
was highly consistent with the initial BLA and are presented in this briefing document.  

Exa-cel has received Fast Track, Orphan Drug Designation, Regenerative Medicine Advanced 
Therapy (RMAT) Designation, Rare Pediatric Disease Designation, and Priority Review for the 
treatment of SCD. Throughout the clinical program, the Sponsor has engaged with FDA for 
alignment on many key elements, including trial design, sample size, definitions of clinically 
meaningful endpoints, and statistical analysis plans (Section 4.2).  

Prior to submission of the Biologics License Application (BLA), the FDA encouraged the 
Sponsor to submit all data and justification to support either traditional or accelerated approval. 
The data for traditional approval are based on 29 of 30 (97%) patients achieving the primary 
endpoint (VF12) with at least 18 months of follow-up and supported by the key secondary and 
additional endpoints. The data for accelerated approval are based on 40 of 40 (100%) patients 
achieving the surrogate efficacy biomarker of HbF ≥ 20% at Month 6, and 31 of 32 (97%) 
patients achieving the ICE, defined as proportion of patients who have not experienced any 
severe VOC for ≥ 9 consecutive months (VF9) (Sections 7.2.4 and 7.2.10). Per FDA guidance, if 
a drug is approved via an accelerated pathway, the Sponsor must complete a confirmatory trial 
to verify the clinical benefit. For exa-cel, the requirement for the completion of a confirmatory 
trial can be met by completion of Study 121, which is fully enrolled and has dosed all patients. 
Final data for Study 121, which follows patients for a two-year period, will be available the 
second half of 2025. 

1.3 Clinical Development Program and Results 

The exa-cel clinical development program was designed with the goal of eliminating VOCs and 
thereby offering a one-time, potential functional cure for severe SCD. The program consists of 
Study 121, a Phase 1/2/3 single arm study of ~45 patients with two years of follow-up and 
Study 131, a 15-year long-term follow-up study for patients who roll-over from Study 121. The 
clinical development program was initiated in 2018. Study 121 is a global study and includes 
15 sites. The efficacy results included in the BLA consist of 30 patients treated with exa-cel in 
Study 121 and followed for a minimal duration of 18 months, a median duration of 26 months, 
and a maximum duration of 48.1 months, including follow-up in Study 131. Seventeen patients 
have rolled into Study 131 and have a median follow-up duration after exa-cel infusion of 
28.3 months. The Sponsor proposes the efficacy, safety, and benefit-risk profile of exa-cel as 
demonstrated in Study 121 and Study 131 support either traditional or accelerated approval, 
and seeks an indication for exa-cel for the treatment of severe SCD in patients 12 years of age 
and older with recurrent VOCs.  
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1.3.1 Study 121/131 Design 

Study 121 is a pivotal, single-arm, open-label, global Phase 1/2/3 study for patients ages ≥ 12 to 
≤ 35 years who have SCD with recurrent VOCs (Section 7.1.1; Figure 7). The study follows 
patients for 2 years after exa-cel infusion. Evaluation of the primary and two key secondary 
endpoints starts 60 days after last RBC transfusion for post-transplant support or SCD 
management. 

Study 121 is performed in four stages (Figure 7, See Section 7.1.1.1): 

• Stage 1: screening and premobilization, including prophylactic RBC exchange or simple 
transfusions for ≥ 8 weeks before mobilization and conditioning to maintain HbS < 30% to 
minimize SCD-related complications or VOCs during mobilization/apheresis and 
peri-transplant, in accordance with recommended HSCT and gene therapy protocols.  

• Stage 2: mobilization with plerixafor, autologous CD34+ cell collection via apheresis, and 
exa-cel manufacture.  

• Stage 3: myeloablative conditioning with pharmacokinetically adjusted busulfan for 
4 consecutive days, followed by exa-cel infusion (Study Day 1). 

• Stage 4: in-hospital follow-up until neutrophil engraftment, followed by outpatient follow-up 
for approximately 2 years after exa-cel infusion. 

Patient selection for Study 121 included a requirement that participants had ≥ 2 severe VOC 
events per year during each of the 2 years immediately before study screening, while receiving 
appropriate supportive care. Severe VOCs were defined as any one of the following events: 

• Acute pain that requires a visit to a medical facility and administration of pain medications 
(opioids or non-steroidal anti-inflammatory drugs [NSAIDs]) or RBC transfusions 

• Acute chest syndrome (ACS), as indicated by the presence of a new pulmonary infiltrate 
associated with pneumonia-like symptoms, pain, or fever 

• Priapism lasting > 2 hours and requiring a visit to a medical facility 
• Splenic sequestration, as defined by an enlarged spleen, left upper quadrant pain, and an 

acute decrease in Hb concentration of ≥ 2 g/dL. 

In this document from here on the term “severe VOC” will be referred to as “VOC” for clarity. 
VOCs in the 2 years prior to screening and after exa-cel infusion were adjudicated by an 
independent adjudication committee.  

Patients with βS/βS, βS/β0, or βS/β+ genotypes were eligible to enroll, and exa-cel’s mechanism of 
action was expected to provide clinical benefit irrespective of genotype.  

Endpoints assessed in Study 121 were discussed and aligned with FDA and are presented in 
Table 1, as grouped according to their clinical manifestation in SCD (See Section 7.1.1.3). 
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Table 1: Efficacy Endpoints for Study 121 

Endpoint Group: Description 
VOC-related endpoints 

Primary Endpoint 
(VF12)a 

Proportion of patients who have not experienced any severe VOC for at least 
12 consecutive months after exa-cel infusion, starting 60 days after the last 
RBC transfusion for post-transplant support or SCD management. Patients 
with ≥ 16 months of follow-up are evaluable for this endpoint. 

Second Key 
Secondary Endpoint 
(VF9) 

Proportion of patients who have not experienced any severe VOC for at least 9 
consecutive months at any time after exa-cel infusion, starting 60 days after 
last RBC transfusion for post-transplant support or SCD management. 
Patients with ≥ 12 months of follow-up are evaluable for this endpoint. 
VF9 was assessed as an intermediate clinical endpoint (ICE) 

Secondary Endpoint Duration of VOC-free in patients who achieve the primary endpoint of VF12 
Hospitalization-Related Endpoints 

First Key Secondary 
Endpoint (HF12) 

Proportion of patients free from inpatient hospitalization for severe VOCs 
sustained for at least 12 months after exa-cel infusion, starting 60 days after 
the last RBC transfusion for post-transplant support or SCD management. 
Patients with ≥ 16 months of follow-up are evaluable for this endpoint. 

Hematologic Parameters 

Secondary Endpoints 

• HbF as percentage of total Hb (HbF [%]) over time, including HbF (%) ≥ 20% 
at Month 6 (surrogate efficacy biomarker) 

• Levels of total Hb and HbF over time  
• Reductions from baseline in the number of annualized RBC transfusions 
• Measures of hemolysis 

Exploratory Endpoint Changes in the proportions of F-cells over time 
Allelic Editing 

Secondary Endpoint Proportion of alleles with intended genetic modification in peripheral blood 
leukocytes and CD34+ cells of the bone marrow over time 

Patient-Reported Outcomes (All Secondary Endpoints) 

Adults 
(ages ≥ 18 years) 

• Pain-scale: 11-point Numeric Rating Scale (NRS) 
• Functional Assessment of Cancer Therapy — Bone Marrow Transplant 

(FACT-BMT) 
• Adult Sickle Cell Quality of Life Measurement System (ASCQ-Me) 
• EuroQol Questionnaire-5 dimensions-5 levels of severity (EQ-5D-5L) 

Adolescents 
(ages 12 to <18 
years) 

• Pain-scale: 11-point Numeric Rating Scale (NRS) 
• Pediatric Quality of Life Inventory (PedsQL) — teen self-report and parent 

proxy versions 
• PedsQL Sickle Cell Disease Module — teen self-report and parent proxy 

versions 
• EuroQol Questionnaire-5 dimensions-5 levels of severity youth version 

(EQ-5D-Y) — self-report and parent proxy versions 
Hb=hemoglobin; HbF=fetal hemoglobin; RBC=red blood cell; SCD=sickle cell disease; VOC=vaso-occlusive crisis. 
a. VF12 estimate was compared against a null response rate of 50%, selected based on the 3-year event free 
survival in patients without a matched related donor and only could receive haplo- or matched unrelated donor 
transplant, a proportion that is approximately 50%. Thus, this response rate was utilized for the null comparison on 
all primary and key secondary efficacy analyses. 
Efficacy endpoints include endpoints discussed in this document. 
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Primary and key secondary efficacy endpoints were assessed in Study 121 in a hierarchical 
manner: VF12 (primary), followed by HF12 (first key secondary), then VF9 (second key 
secondary). The overall type I error rate was controlled accounting for interim and final analyses 
and multiple tests of primary and key secondary endpoints (See Section 7.1.1.4.3). 

Study 121 included three analysis sets:  

• Full Analysis Set (FAS) included all patients who received exa-cel infusion. 
• Primary Efficacy Set (PES) is subset of the FAS defined as patients who are evaluable for 

the primary endpoint (VF12; 12 consecutive months without a VOC) who have been 
followed for at least 16 months after exa-cel infusion. The 16-month follow-up was included 
because the evaluation of VF12 starts 60 days after the last RBC transfusion for post-
transplant support or SCD management which allows for the expected post-transplant 
transfusions. Patients who had less than 16 months follow-up due to death or 
discontinuation due to adverse events (AEs) related to exa-cel were also included in this set. 
Importantly, at the request of the Agency the primary endpoint was also evaluated when 
patients reached at least 18 months of follow-up after exa-cel infusion. 

• Early Efficacy Set (EES) was defined as a subset of the FAS that includes patients who are 
evaluable for VF9 (9 consecutive months without a VOC) who have been followed for at 
least 12 months after exa-cel infusion. The evaluation of VF9 started 60 days after the last 
RBC transfusion for post-transplant support or SCD management. Patients who had less 
than 12 months of follow-up due to death or discontinuation due to AEs related to exa-cel 
were also included in this set. This set was used for the evaluation of VF9 as an 
intermediate clinical endpoint (Section 7.1.1.3 and Section 7.1.1.4.2 for a complete listing of 
analysis sets and endpoints assessed). 

Study 131 is an ongoing long-term follow-up study for patients who received exa-cel infusion in 
Study 121 and will provide up to a total of 15 years of follow-up after exa-cel infusion. The 
primary endpoints of Study 131 are safety related (new malignancies, new or worsening 
hematologic disorders, mortality, and adverse events). Secondary endpoints of Study 131 
include efficacy measures that provide longer follow-up of endpoints assessed in Study 121 
described above (See Section 7.1.2 for additional details). Analysis that includes data from both 
Study 121 and Study 131 is referred to as the SCD[PES] for patients who were evaluable for the 
primary endpoint and SCD[FAS] for all patients who received exa-cel.  

1.3.2 Study 121/131 Efficacy Results 

Results from Studies 121 and 131 demonstrated transformational, consistent, and durable 
clinical benefit. In Study 121, all primary and key secondary endpoints showed overwhelming 
clinical benefit, as measured by both elimination of VOC events and freedom from VOC-related 
hospitalizations among patients with severe SCD. Findings were statistically significant at the 
prespecified IA2 (data cutoff date of 10 February 2023; all p-values < 0.0001) and are wholly 
supported by results from the 14 June 2023 additional data cutoff requested by the FDA. 
Durability of the efficacy response was confirmed in Study 131 with additional follow-up 
informing the duration VOC-free and duration of freedom from VOC-related hospitalizations. 
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Primary Endpoint 

Study 121 met its primary endpoint of VF12: 29 of 30 (96.7%) patients in the PES achieved 
VF12 (95% CI: 82.8%, 99.9%; 1-sided p < 0.0001 [against a 50% response rate]) (Table 2; 
Section 7.2.3). The magnitude of this treatment effect is transformational. Patients with severe 
SCD who have recurrent VOCs over a multiple year period are highly unlikely to spontaneously 
remit. Given that the patients in the PES had a mean of 3.9 VOCs per year in the previous 
2 years prior to screening, achieving VF12 in 96.7% of patients is highly clinically meaningful. 
The mean (SD) follow-up duration of patients in the PES was 25.6 (7.29) months after exa-cel 
infusion, including follow-up in Study 131.  

Table 2: Primary Endpoint Results: Proportion of Patients Who Achieved VF12 
(Study 121, PES) 

Primary Endpoint, n (%) 
PES 
N=30 

Proportion of Patients who achieved VF12 29 (96.7) 
2-sided 95% CI (82.8, 99.9) 
1-sided p-valuea  < 0.0001a 

EAC=endpoint adjudication committee; exa-cel=exagamglogene autotemcel; IA=interim analysis; N=total sample 
size; n=size of subsample; PES=Primary Efficacy Set; RBC=red blood cell; SCD=sickle cell disease; 
VF12=absence of any severe VOCs for at least 12 consecutive months after exa-cel infusion; 
VOC=vaso-occlusive crisis. 
Notes: The evaluation of VF12 started 60 days after last RBC transfusion for post-transplant support or SCD 
management. The last RBC transfusion refers to that in the period of initial RBC transfusions for post-transplant 
support or SCD management. The prohibited medication treatment period was excluded from the VOC-free 
duration. The percentage of patients who achieved VF12 was calculated relative to the number of patients in the 
PES. The 2-sided 95% CI was calculated using the exact Clopper-Pearson method. Only severe VOCs 
adjudicated by an EAC as meeting the protocol definition of severe VOCs were included in the analysis. 
a. Statistical significance was established at IA2; this was against a 50% response rate. 

Key Secondary Endpoint: HF12 

Study 121 also met the first key secondary endpoint (HF12) which measures VOCs that lead to 
in-patient hospitalization. Specifically, 30 of 30 (100%) patients in the PES achieved HF12 (95% 
CI: 88.4%, 100%; 1-sided p < 0.0001 [against a 50% response rate]) (Table 3; Section 7.2.4.1). 

Patients in the PES had a mean (range) of 2.7 (0.5 to 8.5) inpatient hospitalizations for severe 
VOCs per year with a mean (range) duration of 17.1 (2.0 to 64.6) days of inpatient 
hospitalizations per year in the 2 years prior to screening (Table 10; Section 7.2.2); therefore, all 
patients being free from inpatient hospitalization for at least 12 months is highly clinically 
meaningful.  
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Table 3: First Key Secondary Endpoint Results: Proportion of Patients Who 
Achieved HF12 (Study 121, PES) 

Patients Achieving HF12, n (%) 
PES 
N=30 

Proportion of Patients who achieved HF12 30 (100) 
2-sided 95% CI  (88.4, 100) 
1-sided p-valuea < 0.0001a 

Exa-cel=exagamglogene autotemcel; HF12=free from inpatient hospitalization for severe VOCs for at least 
12 months after exa-cel infusion; IA=interim analysis; N=total sample size; n=size of subsample; PES=Primary 
Efficacy Set; RBC=red blood cell; SCD=sickle cell disease; VOC=vaso-occlusive crisis. 
Notes: The evaluation of HF12 started 60 days after last RBC transfusion for post-transplant support or SCD gate 
management. The last RBC transfusion refers to that in the period of initial RBC transfusions for post-transplant 
support or SCD management. The prohibited medication treatment period was excluded from the HF duration. The 
percentage of patients who achieved HF12 was calculated relative to the number of patients in the PES. The 
2-sided 95% CI was calculated using the exact Clopper-Pearson method. Only severe VOCs adjudicated by an 
EAC as meeting the protocol definition of severe VOCs were included in the analysis. 
a. Statistical significance was established at IA2; this was against a 50% response rate. 

Hematologic Parameters and Allelic Editing 

The primary and key secondary endpoints are supported by hematologic parameters and 
evidence of allelic editing in the bone marrow and peripheral blood. After exa-cel infusion, 
HbF (%) increased rapidly. The mean HbF (%) reached >40% by Month 6. Individual patient 
HbF (%) levels were stable through the duration of follow-up (Section 7.2.6; Figure 11; 
Section 7.2.6.2; Figure 13). These levels are well above 20% HbF that has been shown to be 
protective and prevent VOCs.14, 27, 28, 36 After exa-cel, HbF was pancellular, being present in 
≥90% of circulating RBCs, as measured by F-cells, which are circulating RBCs expressing 
detectable levels of HbF, demonstrating broad protection of RBCs by exa-cel.  

High and stable allelic editing was also observed through the duration of follow-up 
(Section 7.2.7; Figure 14; Figure 15). Overall, allelic editing data in the bone marrow and 
peripheral blood indicate durable engraftment of edited long-term hematopoietic stem cells 
(LT-HSCs) and reflect the permanent nature of the edit at the intronic erythroid-specific 
enhancer of the BCL11A gene.  

Hemolysis Measures 

Reduction in hemolysis is an additional measure of benefit following exa-cel treatment. In SCD, 
RBCs are prone to hemolysis which is associated with significant morbidity and mortality.13, 37 
The dominant mechanism of hemolysis in SCD, intravascular hemolysis, is measured by lactate 
dehydrogenase (LDH) and haptoglobin. Decreased LDH and increase to detectable levels of 
haptoglobin indicate improvements in hemolysis.38, 39 Mean LDH levels normalized by Month 9 
and all patients with follow-up data generally had detectable and durable haptoglobin levels 
after Month 6 (Sections 7.2.8.1 and 7.2.8.2). Taken together, these results indicate that exa-cel 
confers broad protection of RBCs and the resolution of hemolysis.  
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Patient-Reported Outcomes 

Additionally, results from multiple patient-reported outcomes (PROs) indicated substantial and 
clinically meaningful improvement across all instruments and domains. PROs demonstrated 
clinically meaningful and substantial improvement across all instruments including those specific 
to general well-being, HSCT, and SCD. Assessments of PRO domains related to general 
health, physical, emotional, social, and functional well-being all demonstrated improvement. In 
addition, all pain-related PRO scores improved, including clinically meaningful improvement in 
pain numeric rating scale (NRS) and in the Adult Sickle Cell Quality of Life Measurement 
System (ASCQ-Me) pain subscales (Section 7.2.9). 

Long-Term Response 

Long term response following exa-cel treatment was also assessed in the clinical development 
program and the data demonstrate long term durability (See Section 7.2.5). As described 
above, exa-cel led to the engraftment of LT-HSCs edited at the BCL11A intronic erythroid 
specific enhancer, resulting in durable expression of HbF. This is expected, given that genome 
editing of DNA is permanent and that stable engraftment has occurred, with LT-HSCs known to 
persist for the lifetime of an individual. Clinical efficacy was consistent with this and was durable: 
for the 29 of 30 patients who achieved VF12, the mean (SD) VOC-free duration was 22.4 (7.2) 
months, with total VOC free duration of up to 45.5 months (Figure 1 and Section 7.2.5.1). All 
patients in the PES remained free from inpatient hospitalization for VOCs for up to 45.5 months, 
starting 60 days after the last RBC transfusion, except for one patient. This patient was 
hospitalized nearly 23 months after exa-cel infusion in the context of acute parvovirus B19 
infection after achieving VF12 and HF12. Parvovirus B19 is known to cause severe, life-
threatening infections in SCD patients often resulting in profound anemia due to parvovirus 
associated RBC aplasia typically requiring prolonged RBC transfusion support, prolonged 
hospitalization often in an intensive care unit, and increased risk of ACS and life-threatening 
complications.40 In contrast, this exa-cel treated patient recovered uneventfully from the 
documented Parvovirus B19 infection within a few days without any complications and without 
the need for RBC transfusion indicating the protection from severe complications provided by 
exa-cel. Following recovery from the parvovirus infection, the patient has remained VOC-free 
and hospitalization free through 12.3 months of follow-up after the event through the data cutoff 
for analysis (Section 7.2.5.3.1). 
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Figure 1: Duration of Severe VOC-Free Period for Individual Patients (Studies121 and 
131, [SCD]FAS) 
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EAC=adjudication endpoint committee; exa-cel=exagamglogene autotemcel; [SCD]FAS=Full Analysis Set including 
data from Study 121 and Study 131; PES=Primary Efficacy Set; RBC=red blood cell; SCD=sickle cell disease; 
VOC=vaso-occlusive crisis. 
Notes: Only severe VOCs that were adjudicated by an EAC as meeting the protocol criteria were included. Severe 
VOC free duration starts 60 days after the last RBC transfusion for post-transplant support or SCD management. The 
numbers to the right of the purple bars indicate the duration of VOC free starting 60-day after last RBC transfusion or 
from the last VOC. and this duration is indicated by the numbers to the right of the purple bars. The RBC washout 
period refers to the duration of 60 days after the last RBC transfusion for post-transplant support or SCD 
management.  

Efficacy in Subgroups 

The efficacy results were consistent across age groups, including adolescents (ages  
12 to <18 years), sex, race, and disease genotype (Section 7.2.11). Key secondary and 
secondary endpoints also showed clinically meaningful improvements and demonstrated overall 
benefit of exa-cel treatment, including elimination of transfusions and improvement in hemolysis 
assessments. In adolescents, exa-cel demonstrated consistent clinical benefit similar to adults, 
as expected based on the similar disease pathophysiology and exa-cel mechanism of action in 
reactivating HbF. Adolescents represented a significant percentage of the patient population for 
evaluation of treatment effect (Figure 2): 12 adolescent patients received exa-cel, representing 
~30% of all patients who have received exa-cel, with 6 adolescents being evaluable for the 
primary efficacy endpoint, representing 20% of evaluable patients. All adolescent patients 
evaluable for the primary endpoint (6 of 6 [100%]) achieved VF12 and HF12.  
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Figure 2: Duration of Severe VOC-Free Period for Individual Adolescent and Adult 
Patients (Studies 121 and 131, [SCD]FAS) 

 
EAC=Endpoint Adjudication Committee; exa-cel=exagamglogene autotemcel; [SCD]FAS=Full Analysis Set including 
data from Study 121 and Study 131; SCD=sickle cell disease; PES=Primary Efficacy Set; RBC=red blood cell; 
VOC=vaso-occlusive crisis.  
Notes: Only severe VOCs that were adjudicated by an EAC as meeting the protocol criteria were included. Severe 
VOC-free duration starts 60 days after the last RBC transfusion for post-transplant support or SCD management. The 
numbers to the right of the purple bars indicate the duration of VOC free starting 60-day after last RBC transfusion or 
from the last VOC. The RBC washout period refers to the duration of 60 days after the last RBC transfusion for post-
transplant support or SCD management. 

Surrogate Efficacy Biomarker and Intermediate Clinical Endpoint in Support of 
Accelerated Approval 

HbF (%) ≥ 20% at 6 months and VF9 were assessed as a surrogate efficacy biomarker and an 
ICE reasonably likely to predict clinical benefit of VF12. Epidemiology and real-world evidence 
data support that elevated HbF ≥ 20% is predictive of clinical benefit, specifically in avoiding 
VOC.7, 14, 28, 36 Real-world evidence studies (using Medicaid data and Center for International 
Blood and Marrow Transplant Research [CIBMTR] data41) from patients with SCD after 
allo-HSCT support that VF9 is predictive of VF12. In Study 121, 40 of 40 (100%) patients met 
the surrogate biomarker endpoint of HbF (%) ≥ 20% at 6 months including 11 of 11 (100%) 
adolescents and 31 of 32 (97%) patients met the endpoint of VF9, including 7 of 7 (100%) 
adolescents. Results from the surrogate biomarker and ICE endpoints are robust and can 
strongly support accelerated approval. 

Efficacy Conclusions 

Overall, the totality of exa-cel efficacy data across the primary, key secondary, and secondary 
endpoints show transformational and durable clinical benefit, regardless of age, sex, race, or 
disease genotype. Adolescent patients (ages 12 to <18 years) demonstrated similar responses 
to adult patients (ages 18 to 35 years). Clinical findings are supported by increases in HbF (%), 
F-cells (%), and evidence of stable allelic editing, which were also consistent across age 
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groups. Further support for overall clinical efficacy was shown by consistent improvement in 
patient reported outcomes, which demonstrated substantial clinically meaningful and sustained 
improvements.  

Additionally, analyses comparing results in the PES show that early response predicts long-term 
efficacy: hematologic response (HbF [%] ≥ 20% at 6 months) and clinical response (VF9) can 
serve as surrogate and intermediate clinical endpoints that predict for efficacy at 12 months and 
beyond. 

In conclusion, the totality of efficacy data demonstrates transformational and consistent benefit 
for both adolescents and adults and supports either traditional or accelerated approval in both 
age groups. 

1.3.3 Safety Results  

The safety of exa-cel has been comprehensively evaluated in non-clinical and clinical studies, 
both of which demonstrated a favorable safety profile. 

Extensive off-target assessment in CD34+ samples from both healthy donors and SCD patients 
revealed no detectable off-target edits or evidence of chromosomal abnormalities following 
treatment with exa-cel. Clinically, exa-cel was generally safe and well tolerated among the 
44 patients with SCD who received treatment with exa-cel infusion. The safety profile of exa-cel 
treatment was consistent with the use of busulfan for myeloablative conditioning and autologous 
HSCT, with delayed platelet engraftment the only exa-cel specific risk (Section 8). The safety of 
exa-cel was also consistent across adult and adolescent sub-groups.  

1.3.3.1 Summary of Nonclinical Findings 

Results from the nonclinical pharmacology, pharmacokinetics (PK), and toxicology studies 
demonstrate a favorable benefit-risk profile, and demonstrated (Section 5): 

• No evidence of chromosomal abnormalities or translocations. 
• No evidence for off-target editing in healthy volunteer or SCD patient CD34+ samples 
• No evidence for induction of the innate immune response was seen when CD34+ cells 

were genetically modified with CRISPR/Cas9 
• No adverse findings, tumorigenicity, or unwanted biodistribution to non-target tissues in 

NSG mice at a higher dose than was assessed in human clinical trials. 

1.3.3.2 Summary of Clinical Findings 

Adverse Events 

In total, all 46 severe SCD patients in Study 121 have been dosed. As of the 14 June 2023 data 
cutoff date, 44 patients have received exa-cel, who provide 73.5 patient-years of exposure after 
exa-cel infusion (Section 8.1; Table 22). The most common AEs reported are identified in the 
busulfan prescribing information by Preferred Term (PT) or related medical concept (Table 24). 
The most common AEs (occurring in ≥ 40% of patients) after myeloablative busulfan 
conditioning and exa-cel infusion were nausea, stomatitis, vomiting, febrile neutropenia, 
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abdominal pain, headache, pruritus, decreased appetite, platelet count decreased, constipation, 
pain in extremity, arthralgia, and pyrexia. 

The incidence of AEs was comparable between adolescent patients (ages 12 to <18 years) and 
adults (ages 18 to 35 years) (Section 8.5.1; Table 4). 

No serious adverse events (SAEs) were considered as related or possibly related to exa-cel 
(Section 8.2.5; Table 28). 

Table 4: Summary of Adverse Events From Exa-cel Infusion through 2 Years of 
Follow-up, Including by Age Group at Screening (Study 121, FAS) 

Adverse Events, n (%) 

Age at Screening 

Total 
N=44 

12–<18 Years 
N=12 

18-35 Years 
N=32 

Patients with any AE 12 (100) 32 (100) 44 (100) 
AE related or possibly related to exa-cel 2 (16.7) 11 (34.4) 13 (29.5) 
AE related or possibly related to busulfan 12 (100) 32 (100) 44 (100) 
Grade 3/4 AE 10 (83.3) 32 (100) 42 (95.5) 
SAE 5 (41.7) 15 (46.9) 20 (45.5) 
SAE related or possibly related to exa-cel 0 0 0 
SAE related or possibly related to busulfan 0 4 (12.5) 4 (9.1) 
AE leading to study discontinuation 0 0 0 
AE leading to death 0 1a (3.1) 1a (2.3) 

AE=adverse event; exa-cel=exagamglogene autotemcel; FAS=Full Analysis Set; N=total sample size; n=size of 
subsample; SAE=serious adverse event;. 
Notes: An AE missing relationship to busulfan/exa-cel is counted as related to busulfan/exa-cel.  
a. Patient died of respiratory failure due to complications from COVID-19 that was considered unrelated to exa-cel.  

There was 1 death (reported as not related to exa-cel and possibly related to busulfan), which 
was due to respiratory failure from COVID-19. Otherwise, no patient had an AE resulting in 
discontinuation after exa-cel infusion. There were no malignancies. 

The safety profile was also generally consistent across subgroups, including age, race, region, 
sex, and disease genotype (Section 8.5).  

Engraftment 

All 44 (100%) of patients who have received exa-cel as of the 14 June 2023 data cutoff date 
achieved neutrophil engraftment by Study Day 43, the protocol-defined cut-off for successful 
engraftment. No patients had neutrophil engraftment failure, and none received backup CD34+ 
cells (Section 8.4). All patients also achieved platelet engraftment, with 43 of 44 achieving 
platelet engraftment by the time of data cutoff for analysis and the remaining patient achieving 
platelet engraftment (subsequent to data cutoff) on Study Day 26. 

The median (range) time to neutrophil engraftment was 27.0 (15, 40) days (Section 8.4.1; 
Table 29; Figure 18), which is consistent with the times to neutrophil engraftment observed in 
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the allo-HSCT literature as well as other genetic therapies. The median (range) time to platelet 
engraftment was 35.0 (23, 126) days (Section 8.4.2; Table 30; Figure 21), which is consistent 
with median times reported with other genetic therapies for SCD, however the median time to 
platelet engraftment is longer than those reported in allo-HSCT literature.56, 113-116 As such, the 
Sponsor considers potential for longer time to platelet engraftment as a risk included as part of 
the Pharmacovigilance Plan (Section 8.11). There were no AEs of graft failure or graft rejection 
(Section 8.2). 

Pharmacovigilance Plans 

The sponsor proposes the following PV plans: 

1. Product labeling describing exa-cel must be used in conjunction with busulfan 
myeloablative conditioning and HSCT and the attendant risks associated with this 
regimen as well as the exa-cel specific risk of delayed platelet engraftment. 

2. Continuation of the long-term extension Study 131. 
3. Establishment of a long-term registry-based study to follow patients treated with 

commercial exa-cel product post approval.  

The totality of safety data demonstrates that exa-cel is safe and well tolerated in both 
adolescents and adults and supports a favorable benefit-risk in both populations. The safety 
profile of exa-cel was generally consistent with that expected from myeloablative busulfan 
conditioning and HSCT, with delayed platelet engraftment the only exa-cel specific risk. 
Otherwise, there were no additional exa‑cel specific findings identified. Safety manifestations of 
myeloablation followed by exa-cel infusion are both monitorable and manageable by physicians 
and treatment centers with experience in HSCT. The proposed product information includes 
guidance and relevant information from the clinical trial experience, including AEs, SAEs, and 
engraftment. 

The long-term safety of exa-cel will be further characterized in the ongoing Study 131, where 
patients who received exa-cel will be followed for a total follow-up of 15 years after treatment. 
Additionally, the Sponsor proposes patients treated with commercial exa‑cel drug product 
post-approval will be followed for 15 years through a post-approval, registry-based, prospective 
study. 

Post-marketing surveillance will be performed with the use of standard pharmacovigilance 
activities, including active follow-up of relevant clinical events (e.g., delayed neutrophil or 
platelet engraftment, and any hematologic malignancy). 

In conclusion, the safety profile of exa-cel is generally consistent with that of myeloablative 
busulfan conditioning and HSCT. In combination with robust post-approval pharmacovigilance 
surveillance, including the ongoing long-term Study 131 and the proposed 15-year post-
approval registry-based study to follow patients treated with commercial product, the product 
labeling (USPI and patient information) is considered appropriate to communicate the relevant 
safety information for use of exa-cel. 
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1.4 Summary 

Exa-cel has been developed to treat SCD patients 12 years and older with recurrent VOCs. 
SCD is a rare disease affecting approximately 100,000 patients in the US. Severe SCD is even 
more rare affecting approximately 20,000 patients in the US. Severe SCD is a debilitating and 
life-shortening disease with a high unmet need, for which there are no broadly available, 
potentially curative options. 

The efficacy of exa-cel is transformational and consistent across subgroups including age, sex, 
and disease genotype. Overall: 

• 29 of 30 (96.7%) patients in the PES achieved VF12, including 6 adolescent patients 

• 30 of 30 (100%) patients in the PES achieved HF12, including 6 adolescent patients 

Results for the surrogate efficacy biomarker, HbF (%) ≥ 20% at 6 months and the ICE, VF9, are 
equally robust:  

• 40 of 40 (100%) patients achieved the surrogate efficacy biomarker of HbF ≥ 20% at 
Month 6, including 11 adolescent patients 

• 31 of 32 (97%) patients in the EES achieved the ICE, VF9, including 7 adolescent 
patients 

The permanent, highly specific edit in exa-cel resulted in rapid, robust, and durable increase in 
HbF levels and F-cells. Mean HbF (%) production of approximately ≥40% from Month 6 was 
observed. As would be expected with the permanent nature of the highly specific edit, the 
increases in HbF were sustained throughout the duration of follow-up for all patients, 
demonstrating the durability of the treatment effect out to Month 48.  

Allelic editing data in the bone marrow and peripheral blood indicate durable engraftment of 
edited LT-HSCs and reflect the permanent nature of the intended edit. 

The safety profile of exa-cel was generally consistent with that expected from myeloablative 
busulfan conditioning and HSCT, with delayed platelet engraftment the only exa-cel specific 
risk. There were no clinically significant differences in observed AE profile between adult and 
adolescent patients (the same was observed for sex, race, and genotype).  

Exa-cel has demonstrated transformative efficacy, a strong safety profile, and highly favorable 
benefit-risk for treatment of severe SCD patients ages 12 years and older. Based on these 
results, the Sponsor considers exa-cel appropriate for either traditional or accelerated approval. 
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2 BACKGROUND ON SICKLE CELL DISEASE 

Summary 

• SCD is an inherited hemoglobinopathy with high morbidity and mortality 
o The estimated lifespan for a person with SCD is 45 years of age, with higher risk of earlier 

mortality in severe SCD 
o In the US, over 90% of people with SCD are of African descent; people of Middle Eastern, 

Mediterranean, Indian, and Asian descent are also affected by SCD 
o Approximately 100,000 people in the US have SCD, of whom about 20,000 have severe 

disease 
• Severe SCD is characterized by recurrent vaso-occlusive crises (VOCs), painful events driven by 

abnormal sickle Hb (HbS) resulting in obstruction of blood vessels 
o Recurrent VOCs culminate in progressive tissue damage in multiple end organs leading to 

progressive multi-organ damage and failure 
• There are no approved therapies developed specifically to prevent VOCs for patients with severe 

SCD 
o Allo-HSCT can be curative, but only about 18% of patients have an HLA-matched sibling 

donor, and the procedure is associated with substantial risks, including chronic GVHD, 
primary/secondary graft failure, infections, and death 

2.1 Sickle Cell Disease Background 

Sickle cell disease (SCD) is an inherited genetic disorder whose clinical hallmark is recurrent 
painful vaso-occlusive crises (VOCs) which result in the high morbidity and mortality of the 
disease (Figure 3). SCD occurs at disproportionately high rates among individuals of African 
descent and, to a lesser extent, among individuals of Middle Eastern, Mediterranean, Indian, 
and Asian descent.42, 43 In the US, over 90% of SCD patients are of African descent.42, 43 The 
prevalence of SCD in the US has been reported as approximately 100,000 cases5 and among 
these, approximately 20,000 have severe disease defined by recurrent VOC who would be 
considered for curative therapy.30, 44-47  

SCD is caused by a single-nucleotide substitution in which the amino acid valine replaces 
glutamic acid at position 6 of the β‑globin chain leading to abnormal sickle hemoglobin (HbS). 
The most prevalent form of SCD occurs due to the presence of homozygous HbS mutation 
(βS/βS genotype). However, SCD can also result from compound heterozygosity of one HbS 
mutation and one β-thalassemia mutation (i.e., βS/β0 or βS/β+ genotypes), or with another 
hemoglobin (Hb) variant (e.g., βS/βC). Importantly, individuals with all SCD genotypes can have 
severe disease as defined by recurrent VOC events because they share a common 
pathophysiology driven by HbS. In the deoxygenated state, HbS polymerizes producing 
abnormal, sickle-shaped red blood cells (RBCs) with limited flexibility, increased adhesive and 
inflammatory properties, and a predisposition to hemolysis. Sickle RBCs trigger painful VOCs 
and chronic hemolytic anemia. Chronic hemolytic anemia contributes to SCD morbidity, 
including increased hospitalizations, need for RBC transfusions, poor quality of life, as well as 
contributing to mortality.39 VOCs result from blockages in small- to medium-sized blood vessels 
that deprive downstream tissues of nutrients and oxygen resulting in tissue infarction and 
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ischemia/reperfusion injury. VOC events culminate in progressive tissue damage in multiple end 
organs leading to their dysfunction, and ultimately failure.10-12  

Figure 3: Overview of Sickle Cell Disease Pathology and Symptoms 
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HbF=fetal hemoglobin; VOC=vaso-occlusive crisis. 

VOCs require care at a health care facility, with a subset requiring inpatient hospitalization. 
Painful VOC events are the most common cause of hospitalizations for individuals with SCD.8, 

46, 48, 49 VOCs result in approximately 100,000 hospitalizations per year in the US with an 
average length of hospital stay of 5.0 days.50 Patients who have severe disease are at even 
greater risk of these disease complications and have worse outcomes, including increased 
mortality.2-4, 7, 9, 51, 52   

Overall, SCD patient lifespan is shortened by 2 to 3 decades compared to the general 
population; the median age at death is 45 years, with some patients only surviving to 20 years.2-

4, 6, 9 Patients with severe disease have even greater morbidity and mortality, including increased 
mortality in adults and adolescents. 2-4, 7, 9, 52  

2.2 Unmet Medical Need 

No currently approved product offers the potential for a cure for SCD, and there are no 
approved therapies that have been demonstrated to ameliorate disease complications in SCD 
patients with recurrent VOC who are at the highest risk for morbidity and mortality. The current 
approved treatments for SCD require chronic administration, are only partially effective and do 
not eliminate VOCs. HU provides modest efficacy and may reduce some complications of SCD; 
however, many patients have an insufficient response or are intolerant to HU treatment. HU has 
not been shown to eliminate VOCs.15 Although two additional chronic therapies, voxelotor 
(Oxbryta®) and crizanlizumab (Adakveo®), were approved in 2019 for SCD; neither have 
efficacy in reducing or eliminating VOCs.16, 17  

Allogenic hematopoietic stem cell transplantation (allo-HSCT) is a potential curative option for 
SCD, with the best outcomes being when allo-HSCT is performed with human leukocyte antigen 
(HLA)-matched sibling donors and when transplant is done at younger ages before 
accumulating SCD-related end-organ damage. However, only 18% of patients with SCD have 



Vertex Pharmaceuticals Incorporated 
Exagamglogene autotemcel Advisory Committee Briefing Document 

BLA125787 

 

  Page 30 of 119 
 

HLA-matched sibling donors, thus highlighting the unmet need for effective potentially curative 
therapies.53 Also, there are significant risks associated with allo-HSCT, including graft failure, 
acute and chronic graft-versus-host disease (GVHD), severe infection, hematologic malignancy, 
bleeding events, and death. Chronic GVHD occurs at a frequency of up to 14% to 18% after 
allo-HSCT19, 20, 54-56, with primary and secondary graft failure occurring at a frequency of up to 
7% to 9%.19, 20, 54 Allo-HSCT approaches using alternative donors, such as matched unrelated 
donors or haploidentical donors, remain investigational with these approaches associated with 
higher risks than matched sibling donor allo-HSCT, particularly for complications of GVHD, 
primary/secondary graft failure, and transplant-related mortality.57  

In contrast, exagamglogene autotemcel (exa-cel) is a one-time potentially functional curative 
therapy with an autologous product that does not require an allogeneic donor. Exa-cel uses fully 
myeloablative conditioning and has shown high rates of engraftment. Because it is an 
autologous therapy, there is no acute and chronic GVHD or immunologic risks of secondary 
graft failure/rejection associated with allogeneic transplant. Finally, post-transplant 
immunosuppressive therapies are not needed. 
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3 PRODUCT DESCRIPTION 

Summary 

• The proposed indication for exa-cel is for the treatment of sickle cell disease (SCD) in patients 
12 years and older with recurrent vaso-occlusive crises (VOCs) 

• Exa-cel consists of autologous CD34+ HSPCs, which are modified ex-vivo by CRISPR/Cas9 
o The recommended minimum dose is 3 × 106 CD34+ cells/kg 

• Development of exa-cel is grounded in human genetics showing that elevated levels of HbF ≥ 20% 
are known to be protective against disease complications, including preventing VOCs 

• The mechanism of action of exa-cel is to reactivate high levels of HbF via CRISPR/Cas9 gene 
editing targeting an intronic erythroid specific enhancer of the BCL11A gene  

• The specific and irreversible edit reduces expression of BCL11A only in erythroid cells 
o BCL11A regulation and function in other cell types is unchanged 

• CD34+ cells are edited using electroporation of a ribonucleoprotein (RNP) complex composed of 
the Cas9 nuclease and a highly specific guide RNA; a non-viral system 

• Exa-cel has been extensively characterized for off-target editing, and no evidence of off-target 
editing has been observed 

3.1 Proposed Indication 

The proposed indication for exa-cel is for the treatment of SCD in patients 12 years and older 
with recurrent VOCs. 

3.2 Drug Product 

Exa-cel is a cellular product consisting of autologous CD34+ HSPCs that are collected from the 
patient during apheresis and modified ex-vivo by highly specific CRISPR/Cas9-mediated gene 
editing of the intronic erythroid-specific enhancer region of the BCL11A gene.  

Exa-cel is a single-dose intravenous (IV) treatment that is administered after fully myeloablative 
conditioning. The minimum recommended dose of exa-cel is 3 × 106 CD34+ cells/kg. Because 
exa-cel is an autologous therapy, there is no identified maximum dose. The drug product is 
composed of 1 or more vials of exa-cel, suspended in a cryopreservative medium. 

3.3 Rationale for Development of Exa-cel 

The development of exa-cel is grounded in human genetics showing that elevated levels of HbF 
result in improved morbidity and mortality in patients with SCD. Elevated HbF addresses the 
underlying cause of SCD by preventing HbS from inducing RBC sickling, which is the proximate 
cause of disease manifestations.27  

The protection garnered from elevated HbF in patients with SCD are demonstrated in 2 
examples from natural history, neonates/infants with SCD and SCD-HPFH individuals. 
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• Neonates and infants with SCD are typically asymptomatic while their HbF levels remain 
high and become symptomatic during the first year after birth when the synthesis of HbF 
declines.58  

• Elevated HbF (%) levels ≥ 20% are known to be protective against disease complications, 
including preventing VOCs, as in individuals with SCD who coinherit HPFH (SCD-HPFH). 
Individuals with SCD-HPFH with levels ≥ 20% and higher are generally healthy and have 
few if any disease complications. 14, 27, 28, 31 

3.4 Mechanism of Action 

Exa-cel is a nonviral system that uses CRISPR/Cas9 gene editing to specifically downregulate 
expression of BCL11A in erythroid progenitors of the bone marrow to reactivate production of 
endogenous HbF. The mechanism of action (MOA) of exa-cel treatment results in reactivation of 
HbF production to levels known to eliminate disease complications (HbF ≥20%).14, 27, 28, 59 The 
genomic target edited by CRISPR/Cas9 in exa-cel is an intronic erythroid specific enhancer of 
the BCL11A gene that is optimal for the following reasons. First, the erythroid specific enhancer 
was identified by human genetics as carrying naturally occurring genetic variation that raises 
HbF levels, mitigates clinical severity of SCD, and has no other clinical consequences. Second, 
the intronic location means that the target is non-coding, > 25kb from any protein coding 
sequence, and thus on-target gene edits have no potential impact on function of the encoded 
BCL11A protein. Third, the erythroid specific nature of the enhancer dictates that the level of 
BCL11A protein is lowered only in the erythroid lineage, and thus on target edits have no effect 
in other hematopoietic cell lineages such as B lymphocytes and HSCs. Fourth, the target 
sequence is unique in the genome, enabling a highly specific guide RNA that doesn’t bind 
elsewhere where it could cause off-target editing. In summary, the selection of this intronic 
erythroid specific enhancer is a key element in ensuring the efficacy, precision, and safety 
profile of exa-cel.  

The permanent, irreversible, and precise edit in exa-cel generated by CRISPR/Cas9 is directed 
by the highly specific guide RNA, SPY101, which targets a critical binding site of the 
transcription factor GATA1 in the non-coding erythroid lineage-specific enhancer region of the 
BCL11A gene on chromosome 2.33, 34, 60 Repair of these breaks by nonhomologous end joining 
produces insertions and deletions (indels) in the DNA that disrupt GATA1 binding, thereby 
lowering BCL11A transcription in erythroid cells only, preserving the normal function of BCL11A 
in other cell types. The reduction of BCL11A gene transcription leads to increases in levels of 
HbF (Figure 4). Reactivation of HbF via exa-cel treatment is the same, regardless of age, sex, 
race, or disease genotype. 
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Figure 4: Mode of Action of BCL11A Suppression and Resultant γ-Globin 
De-Repression 
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Note: Modified from Reference 61. 

Exa-cel has the following advantages: 

1. The approach is precise with a single specific genomic target.  

2. The effects are permanent, as there is no known mechanism to revert an edit to wild 
type nor change the native reactivation of HbF. 

3. The MOA results in increases in HbF regardless of age, sex, race, or disease genotype.  

4. There is no risk of insertional mutagenesis as the product does not rely on viral vector 
insertion.62 

5. As detailed in Section 5, exa-cel has been extensively characterized for off-target 
editing, and no evidence of off-target editing has been observed. 

On-target and potential off-target editing were systematically evaluated using multiple 
complementary methods62; see Section 5. These data show high levels of on-target editing and 
no evidence of off-target editing down to the level of detection of highly sensitive methods and 
no evidence of chromosomal translocations. 

3.5 Chemistry, Manufacturing, and Controls 

Exa-cel drug product is made with a continuous manufacturing process without an isolated drug 
substance. The drug product formulation has remained unchanged throughout development. In 
addition, the same or equivalent manufacturing equipment and controls have been used 
throughout development and clinical manufacturing. Finally, the manufacturing process has 
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remained the same, with only minor changes and step optimizations throughout clinical 
development. The manufacturing steps are:  

1. CD34+ Enrichment 

2. Electroporation 

3. Cryopreservation and Release Testing (Figure 5) 

Specifically, editing of the CD34+ cells occurs following electroporation of a ribonucleoprotein 
(RNP) complex composed of the Cas9 nuclease and a highly specific guide RNA for the intronic 
erythroid specific enhancer of the BCL11A gene. The ex-vivo editing process is transient, so 
there is no residual gene editing activity in the cells delivered to the patient. The drug product is 
tested for release for patient dosing via a robust quality system, including specifications for 
appearance, identity, purity, potency, cell count/viability, and safety. The release tests and 
specifications ensure that the product will be manufactured consistently over time and with the 
appropriate quality. The exa-cel drug product shelf life is 24 months. 

Figure 5: Overview of Manufacturing Process for Exa-cel Drug Product 

CD34+ Enrichment

Electroporation
of gRNA and Cas9 into the cells

Cryopreservation
Release testing

Manufacturing facility
CRISPR/Cas9 gene editing

 
exa-cel=exagamglogene autotemcel; Cas9=CRISPR-associated protein-9; CRISPR=clustered regularly interspaced 
short palindromic repeats. 
Note: Manufacturing steps were unchanged throughout development, including CD34+ enrichment, electroporation, 
cryopreservation, and release testing. 
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4 CLINICAL DEVELOPMENT PROGRAM 

Summary 

• The overall clinical development program consists of two pivotal Phase 1/2/3 studies and one 
Phase 3 long-term follow-up study 
o Study 121 evaluated efficacy and safety in patients with SCD ages 12 to 35 years 
o Study 111 evaluated efficacy and safety in patients with TDT ages 12 to 35 years 
o Study 131 continues efficacy and safety evaluations for up to 15 years of total follow-up in all 

patients from Studies 121 and 111 who received exa-cel infusion 
• All studies were designed in consultation with the Agency: 121 and 111 studies have a sample size 

of approximately 45 patients each and are 2 years in duration. 
• Study 121 has completed enrollment and dosing of all planned patients (46 patients) 
• 44 patients with SCD had received exa-cel as of the 14 June 2023 data cutoff date, 12 of whom 

are adolescents between the ages of 12–18 years  
• Exa-cel has received Fast Track, Orphan Drug Designation, Regenerative Medicine and Advanced 

Therapy Designation, Rare Pediatric Disease Designation, and Priority Review for SCD 
• During discussions with the Agency, it was agreed that all data would be submitted for review 

including analysis to support traditional and accelerated approval options. 

4.1 Clinical Development Program 

Exa-cel was designed as a one-time, potential functional cure for patients with SCD. The 
development plan included a parallel program to develop exa-cel as a potential functional cure 
for transfusion-dependent beta-thalassemia (TDT) using the same MOA. Therefore, the overall 
development program for exa-cel includes 2 pivotal studies: Study 121 in SCD and Study 111 in 
TDT, and a long-term follow-up study (Study 131 for both indications; Table 5). The BLA for 
TDT was submitted separately and is currently under review by the Agency. 

All studies were designed in consultation with the Agency: 121 and 111 studies have a sample 
size of approximately 45 participants, with approximately 30% adolescent patients age 12 to 
<18 years, and are 2 years in duration. The 131 study is the long term follow-up study designed 
to study patients who roll-over from the 111 and 121 studies and provides a total of up to 15 
years of follow-up after exa-cel infusion (Section 4.1 and Table 5).  

Study 121 has completed enrollment and dosing of all planned patients (46 patients in total). 
The clinical data package for SCD includes data from prespecified interim analysis 2 (IA2; data 
cutoff date 10 February 2023) from Study 121 which was submitted with the initial BLA and 
included 20 patients in the Primary Efficacy Set (PES). The updated data analysis based on a 
14 June 2023 cutoff, was requested by FDA to further assess durability and safety. In this 
updated data, 30 patients with at least 18 months of follow-up were included in the PES, 
6 patients between ages 12 to <18 years, and were available for evaluation of the primary 
efficacy endpoint (See Section 7.2.11 for details)  
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Table 5: Overview of Studies in Exa-cel Clinical Development Program  

Study 
(Indication; 
Status) 

Phase and 
Objective Population Design Duration 

Countries with 
Enrolled Patients 

Study 121 
(SCD; 
Ongoing) 

Phase 1/2/3, 
pivotal study to 

evaluate the 
efficacy and 

safety of exa-
cel 

Patients with 
severe SCD ages 

12-35 years 
(inclusive) 

 
βS/βS, βS/β0, or 
βS/β+ genotype 

Single-arm, 
single-dose, 
multi-center 

2 years 
after 

exa-cel 
infusion 

United States, 
Canada, United 

Kingdom, France, 
Belgium, 

Germany, and 
Italy 

Study 111 
(TDT; 
Ongoing) 

Phase 1/2/3, 
pivotal study to 

evaluate 
efficacy and 

safety of exa-
cel 

Patients with TDT 
ages 12-35 years 

(inclusive) 
 

β0/β0 and non-
β0/β0 genotype 

Single-arm, 
single-dose, 
multi-center 

2 years 
after 

exa-cel 
infusion 

United States, 
Canada, United 

Kingdom, 
Germany, and 

Italy 

Study 131 
(SCD+TDT; 
Ongoing) 

Phase 3, long-
term follow-up 

to evaluate 
long-term 
safety and 
efficacy of 

exa-cel 

Patients with TDT 
or SCD who 

received exa-cel in 
Studies 111 or 

121 

Long-term 
follow-up 

Total 
follow-up 

of 15 
years after 

exa-cel 
infusion 

United States, 
Canada, United 

Kingdom, 
Germany, and 

Italy 

Exa-cel=exagamglogene autotemcel; SCD=sickle cell disease; TDT=transfusion-dependent β-thalassemia.  

Two additional studies in pediatric patients ages 2 to 11 years are ongoing (Study 151 in 
children with SCD and Study 141 in children with TDT).  

4.2 Regulatory History 

IND 018143 was opened with the Office of Tissues and Advanced Therapies by CRISPR 
Therapeutics on 10 October 2018 for the treatment of SCD and TDT. On 30 November 2018, 
the IND was transferred to Vertex Pharmaceuticals Incorporated (Sponsor). 

In the US, exa-cel has been granted Fast Track, Orphan Drug Designation, Regenerative 
Medicine Advanced Therapy (RMAT) Designation, Rare Pediatric Disease Designation, and 
Priority Review for treatment of SCD.  

Throughout the clinical program, the Sponsor has engaged with FDA for alignment on many key 
elements, including trial design, sample size, definitions of clinically meaningful endpoints, and 
statistical analysis plans. 

4.3 Basis for Traditional and Accelerated Approval  

During discussions with the Agency, it was agreed that all data would be submitted for review 
including analysis to support traditional and accelerated approval options. The data for 
traditional approval is based on the primary endpoint of absence of any severe VOC (i.e., VOC 
free) for at least 12 consecutive months (VF12); after exa-cel infusion 29 of 30 (97%) patients 
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achieved VF12 with at least 18 months follow-up and is supported by the key secondary and 
exploratory endpoints. 

The data for accelerated approval is based on the surrogate efficacy biomarker of HbF (%) 
≥ 20% at 6 months and the intermediate clinical endpoint (ICE) of absence of severe VOC i.e., 
VOC free) for at least 9 consecutive months (VF9) as reasonably likely to predict clinical benefit 
of VF12. Epidemiology and real-world evidence data support that elevated HbF (%) ≥ 20% is 
predictive of clinical benefit, specifically in avoiding VOC.27, 28, 32 Real-world evidence studies 
(using Medicaid data and CIBMTR data41) from patients with SCD after allo-HSCT support that 
VF9 is predictive of VF12. In the 121 study, 40 of 40 (100%) patients met the surrogate 
biomarker endpoint of HbF (%) ≥ 20% at 6 months, including 11 of 11 (100%) adolescents and 
31 of 32 (97%) patients met the endpoint of VF9, including 7 of 7 (100%) adolescents. Per FDA 
guidance, if a drug is approved via an accelerated pathway, the Sponsor should complete a 
confirmatory trial to verify the clinical benefit. For exa-cel this requirement for the completion of 
a confirmatory trial can be met by completion of Study 121 which is fully enrolled and has dosed 
all patients. Final data for Study 121, which follows patients for a two-year period, will be 
available the second half of 2025. 
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5 SUMMARY OF NONCLINICAL ASSESSMENTS 

• High rates of allelic editing at the on-target site (~80%) were observed in vitro during analyses of 
exa-cel in CD34+ HSPCs, with 76% of clones carrying biallelic edits.  

• On-target editing increased γ-globin mRNA expression and HbF protein expression which were 
similar in CD34+ HSPC’s from both healthy donors and patients with SCD.  

• No adverse findings or tumorigenicity were observed in-vivo after engraftment of exa-cel in NSG 
mice at doses up to 11-fold higher than those assessed in human studies. 

• Biodistribution of human CD45+ cells in non-hematopoietic tissues (brain, heart, jejunum, 
mammary gland, ovary, pancreas, prostate, skeletal muscle, testis, and uterus) following 
engraftment of exa-cel in NSG mice was low and the same as mice engrafted with unedited cells.  

• Editing rates were maintained over 16 weeks following transplant with exa-cel in NSG mice, 
indicating successful editing of the long-term HSCs. Levels of engraftment in vivo was 
indistinguishable between exa-cel and unedited cells.  

• No evidence for induction of the innate immune response was seen when CD34+ cells were 
genetically modified with CRISPR/Cas9 

• Extensive off-target assessment in CD34+ samples from both healthy donors and SCD patients 
revealed no detectable off-target edits or evidence of chromosomal abnormalities following 
treatment with exa-cel.  

5.1 Overview of Nonclinical Safety and Toxicology Evaluations 

In-vitro editing rate at the target BCL11A erythroid specific enhancer and induction of HbF were 
assessed in SPY101-RNP-edited CD34+ HSPCs from healthy donors and patients with SCD 
and β-thalassemia. An in-vivo nonclinical study was performed to test engraftment of exa-cel in 
sub-lethally irradiated NOD/SCID/IL2Rγnull (NSG) xenotransplant mice. The NSG mouse model 
was selected as a relevant animal model for all in-vivo studies because human CD34+ HSPCs 
can engraft, proliferate, and develop in these immunocompromised mice.63, 64 Moreover, the 
NSG mouse has been used to support nonclinical studies and registration of cell therapy 
products with historical background data available. This model was used to evaluate long-term 
engraftment potential and persistence of editing of exa-cel at 16 and 20-week timepoints. At 
termination, various hematopoietic lineages derived from exa-cel were tested to evaluate 
multilineage differentiation in-vivo. 

Peripheral blood, mobilized with granulocyte colony-stimulating factor (G-CSF) plus plerixafor, 
derived CD34+ human hematopoietic stem and progenitor cells (hHSPCs) were evaluated as 
part of process qualification runs. The nonclinical research drug product is considered 
representative of the clinical product.  

To evaluate the potential for off-target editing, an exhaustive off-target editing assessment was 
performed with three different experiments encompassing 14 individuals including 4 of African 
ancestry of which 3 were SCD patients (Figure 6). These off-target studies examined sites 
nominated based on information about human genetic variation in homology searches down to 
a frequency of 1% in samples of African ancestry from the 1000 Genomes Project.65 While each 
experiment showed high rates of editing at the on-target site (as a positive control), no evidence 
for off target editing was observed in any sample or at any nominated site.  
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Figure 6: Overview of Off-Target Editing Assessments 
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5.1.1 Pharmacology 

Editing Efficiency and Induction of HbF among Healthy Donors 

SPY101-RNP editing of CD34+ hHSPCs in cell lots manufactured by a process consistent with 
the manufacturing process used in clinical studies showed a mean allele editing frequency of 
80% (n=10; SD ± 6%). In vitro erythroid differentiation of CD34+ hHSPCs derived from healthy 
donors with normal β-globin levels showed a robust increase in γ-globin mRNA transcript levels 
with mean γ-globin mRNA frequencies of 29% (SD ± 16%) in SPY101-RNP-edited samples, 
compared to 9% (SD ± 6%) in unedited controls. Similarly, SPY101-RNP-edited samples 
showed elevated γ-globin mRNA frequencies of 41% (SD ± 15%) compared to 16% (SD ± 11%) 
in unedited control CD34+ hHSPCs. 

An analysis of individual colonies demonstrated that SPY101-RNP-edited indels consistently 
upregulated γ-globin by introducing indels into the GATA1 transcription factor binding site in the 
erythroid-specific enhancer region of the BCL11A gene (See Section 3.4 for additional details 
on MOA). Overall, ≥ 90% of colonies had at least one allele containing indels that support 
exa-cel’s MOA of disrupting/deleting the GATA-1 binding site in the erythroid-specific enhancer 
region of the BCL11A gene (See Section 2.3 for additional details on MOA). The majority (76%) 
of colonies had bi-allelic indels, which corresponds with the highest levels of γ-globin 
production. Analyses of individual colonies aligned with those of the originating bulk population, 
as the single cell colonies’ most frequent indel species also occurred with the highest frequency 
in the originating bulk population of CD34+ hHSPCs. 

Additional genotype analysis was performed to see if there was any difference between specific 
indel patterns and γ-globin expression. All clones containing bi-allelic indels showed consistent 
and significant upregulation of γ-globin and HbF as compared to unedited clones suggesting 
that all indels that disrupt the GATA1 binding site in the erythroid enhancer of BCL11A 
upregulate HbF to the same extent.  
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In summary, treatment of CD34+ hHSPCs with SPY101-RNP causes efficient editing and 
increases γ-globin transcription upon erythroid differentiation. Genotype analysis of erythroid 
colonies derived from SPY101-RNP-edited CD34+ hHSPCs revealed that most colonies 
contained indels on both alleles of the erythroid lineage-specific enhancer of the BCL11A gene. 
In addition, most indels disrupt the GATA1 binding site sequence within the erythroid enhancer 
of BCL11A intron 2 and are associated with γ-globin upregulation. This is consistent with the 
expected mechanism of SPY101-RNP mediated de-repression of γ-globin gene expression 
through GATA1 regulation of BCL11A expression. These data demonstrate a correlation 
between editing frequency and expression of gamma globin mRNA. The dose-dependency is 
driven by the number of edited alleles. Colonies with bi-allelic edits had significantly higher 
gamma globin mRNA than those with mono-allelic edits or colonies without edited alleles. 

Editing Efficiency and Induction of HbF in Samples from Patients with SCD 

High editing frequencies were observed in peripheral blood mononuclear cell (PBMC)-purified 
CD34+ cells from one patient with SCD and one healthy donor (75% in both). All samples 
showed upregulation of γ-globin mRNA with SPY101-RNP treatment, which ranged from 20% to 
56% in samples from healthy donors and 38% to 65% in samples from patients with SCD. In 
samples from healthy donors, HbF (%) increased from 25% to 28% in cells edited with 
SPY101-RNP, as compared to 4% to 8% in the control group. Similarly in samples from patients 
with SCD, HbF (%), increased from 30% to 48% in samples edited with SPY101-RNP, as 
compared to 8% to 18% in the control group. 

Persistence of Edited Cells 

Long-term repopulating HSCs represent a small subset of the overall bulk CD34+ cell 
population. Nonclinical evaluation of editing of this long-term hematopoietic stem cell (LT-HSC) 
population was performed by measuring persistence over 16 weeks in transplant studies in 
NSG mice. Highly efficient editing by SPY101-RNP was observed in bulk CD34+ hHSPCs and 
the edit persisted through 16 weeks after transplantation with allelic editing rate of 91% (n=44, 
SD ± 15%) in bone marrow at Week 16. Erythroid differentiation was unchanged following 
editing with SPY101-RNP and high persistence of on-target editing was seen following erythroid 
differentiation of cells obtained from the bone marrow of mice 16 weeks post-engraftment. 

In-vivo Pharmacology 

Exa-cel was evaluated in an engraftment study in NSG mice to assess the long-term and 
multilineage engraftment potential of the edited cells, as compared to controls; and to 
demonstrate long-term persistence of the edited cells at 16- or 20-weeks after transplant. 
Results at both timepoints showed no difference in engraftment chimerism between exa-cel or 
control-treated CD34+ hHSPCs that went through the same cell manufacturing process. The 
engrafted cells retained their multi-lineage potential.  

5.1.2 Pharmacokinetics 

A 20-week GLP biodistribution and persistence study was performed in sub-lethally irradiated 
NSG mice to assess the potential of CRISPR/Cas9-edited human cells to engraft in target 
tissues, as well as migrate to, accumulate, and persist in non-target organs. Detection of human 
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cells (i.e., SPY101-RNP-edited hHSPCs and any progeny) was performed in blood, bone 
marrow, spleen, brain, heart, injection site (tail), intestine (jejunum), kidney, liver, lung, 
mammary gland, ovary, pancreas, prostate, skeletal muscle, testis, and uterus. 

Following exa-cel infusion of 1 × 106 cells/mouse, engraftment of human cells was confirmed in 
whole blood, spleen, and bone marrow. Generally, there was no difference observed in 
engraftment between exa-cel and unedited CD34+ HPSCs. Biodistribution of human CD45+ cells 
in non-hematopoietic tissues following engraftment of exa-cel in NSG mice was low (< 2.4% in 
highly vascularized and perfused tissues [liver, lung, kidney], < 0.6% at injection site, and 
< 0.3% in less-vascularized tissues [brain, heart, jejunum, mammary gland, ovary, pancreas, 
prostate, skeletal muscle, testis, and uterus]) and indistinguishable from mice injected with 
unedited CD34+ HSPCs. This is consistent with human tissue resident macrophages and innate 
lymphoid cells in the humanized mouse model.66 

5.1.3 Toxicology 

Single-Dose Toxicity 

Studies in NSG mice yielded a no observed adverse effect level for IV exa-cel of 
1 × 106 cells/mouse (approximately 3.33 × 107 cells/kg), which was the only dose tested and is 
10-fold higher than the minimum recommended dose for patients ages ≥ 12 years. 

Off-Target Analysis 

A comprehensive analysis was performed to evaluate whether treatment with exa-cel created 
any changes to genomic DNA outside of the on-target site at the BCL11A intronic erythroid 
specific enhancer. No evidence for chromosomal abnormalities or off-target editing was found.  

No chromosomal translocations or other detectable abnormalities were observed by karyotyping 
of CD34+ HSPCs following treatment with SPY101-RNP from healthy donors. Long-range PCR 
and split-read analysis of hybrid capture data at the on-target region indicate the majority of 
edits introduced by SPY101-RNP are small indels (less than 30 bp), with no evidence to 
indicate the presence of translocations. 

No off-target editing was observed spanning three off-target assessments performed in CD34+ 
HSPCs from healthy donors and patients. Two of these studies assessed the potential for 
off-target editing in healthy donors, and one study addressed the potential impact of genetic 
variation on off-target editing and directly addressed off-target editing in the relevant patient 
populations. In total these evaluations spanned 14 individuals including 3 patients with SCD and 
4 individuals of African descent.  

In each off-target assessment, candidate off-target sites were nominated using two orthogonal 
methods: one based on sequence homology of the guide to any other sites in the human 
genome, and the second an empirical method unbiased by sequence homology termed 
GUIDE-Seq.67 As an internal positive control for each GUIDE-seq experiment, it was required 
that the on-target site (the BCL11A enhancer) was successfully detected, with a high coverage 
of GUIDE-seq reads (>8,000). All candidate sites nominated by either method were then 
evaluated in an independent editing experiment using a highly sensitive next-generation 
sequencing hybrid capture method searching for any off-target change in DNA sequence 
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between edited and unedited CD34+ HSPCs. Similar to the GUIDE-seq experiment, as a 
positive control for each hybrid capture experiment, it was required that high and statistically 
significant editing was observed at the on-target site. Moreover, to ensure sensitivity, high 
sequencing coverage was obtained across the nominated candidate off-target sites (>2,500x 
median coverage). The first two experiments studied healthy volunteers. The third experiment 
evaluated off-target potential in patients with SCD and TDT, and also incorporated knowledge of 
human genetic variation from the 1000 Genomes Project to nominate additional candidate off-
target sites that might be created by inherited genetic variants.65 (Note that a potential off-target 
site recently nominated in the literature based on genetic variation68 was included in all three 
off-target assessments). 

No off-target editing was observed in any individual at any site in any of the three experiments.  

Details of the three assessments are as follows: 

Assessment 1 studied CD34+ HSPCs from four healthy donors edited with SPY101. Site 
nomination included (1) a broad homology search that included any site with up to 5 
mismatches or up to 2 mismatches and 1 gap relative to the on-target sequence, and (2) 
GUIDE-Seq performed in 1 healthy donor under multiple experimental conditions. This 
homology search incorporated any site matching both canonical (NGG) and non-canonical 
PAMs (NAG, NGA, NAA, NCG, NGC, NTG, NGT). A total of 5,007 homology regions and 
857 GUIDE-Seq regions were nominated. Hybrid capture deep sequencing (> 2,500× median 
coverage) was performed on each candidate regions in four healthy volunteers. Candidate 
off-target sites were evaluated for an indel frequency difference between edited and unedited 
samples of ≥ 1.0%.  

No off-target editing was observed. 

Assessment 2 studied CD34+ HSPCs from four additional healthy donors. This assessment 
focused on: (1) candidate off-target sites most likely to have off-target editing based on 
3 mismatches or up to 2 mismatches and 1 gap relative to the on-target sequence; and 
(2) additional regions nominated by a second GUIDE-Seq experiment using CD34+ HSPCs from 
2 healthy donors under a single, optimized experimental condition. In total, 223 nominated 
candidate off-target regions were sequenced in four healthy donors using ultra-deep sequencing 
(> 15,000× median coverage) enabling sensitivity down to an even more stringent difference 
threshold of ≥ 0.2%.  

No off-target editing was observed. 

Assessment 3 studied potential for off-target editing in SCD and TDT patients. Edited and 
unedited CD34+ HSPCs from 6 patients (3 with SCD and 3 with TDT) enrolled in exa-cel clinical 
studies were evaluated for off-target editing. In addition to (1) the 223 regions evaluated in the 
second off-target study, additional sites were nominated based on (2) variant-aware homology 
search for any off-target regions created by inclusion of SNPs from the 1000 Genomes Project, 
and (3) additional GUIDE-Seq experiments performed in CD34+ HSPCs from each of the 
6 patients. The variant-aware homology search identified 9 additional candidate off-target sites 
where a common SNP (MAF > 10%) would create a site that met our homology criteria (3 
mismatches or 2 mismatches and 1 gap, with a PAM of NGG, NGA, NAG, NAA, NCG, NGC, 
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NTG, NGT). This search used all relevant SNPs from the 1000 Genomes Project database65, 
which evaluated individuals with diverse genetic backgrounds, including 661 individuals of 
African ancestry. Ultra-deep hybrid capture sequencing (>19,000x median coverage) was 
performed at each of these candidate regions in each of the 6 patients. Genotyping was 
performed at each variant site for each of the 6 patient samples; at least one patient sample 
carried the variant allele at each of the 9 variant allele sites. Search for off-target editing was 
performed with sensitivity to detect editing down to an indel frequency difference threshold of 
0.2%.  

No off-target editing was observed at any site in any patient sample, including those carrying the 
variant allele at the nominated variant aware site. 

Finally, to assess any potential impact of genetic variation of even lower frequency, we 
performed a variant-aware homology search using SNPs present at a low frequency (> 1%) in 
any one of the 5 continental groups from the 1000 Genomes Project (Africa, East Asia, South 
Asia, Europe, and the Americas). This analysis nominated 41 additional candidate off-target 
sites. We performed ultra-deep hybrid capture sequencing (> 10,000x median coverage) at 
each of these 41 candidate regions in 3 patient samples; 1 SCD and 2 TDT. Genotyping was 
performed at each variant site for each of the 3 patient samples. As expected, given the rare 
variants in this search, fewer variant alleles were identified for these 41 sites as compared to the 
9 sites (above) based on more common variants: for 3 of 41 rare variant aware sites, at least 
one patient sample carried the variant allele. Search for off-target editing was performed with 
sensitivity to detect editing down to an indel frequency difference threshold of 0.2%. 

No off-target editing was observed at any site in any patient sample, including those carrying the 
variant allele at the nominated variant aware site. 

In summary, across all 3 assessments, no off-target editing was observed at any region in any 
donor sample.  

Carcinogenicity 

The toxicity and potential for tumorigenicity was evaluated in a GLP 20-week study in NSG 
mice. The positive control for tumorigenicity (HL-60 cells) was selected based on a 55-day 
non-GLP exploratory study. 

In the pivotal 20-week GLP combined toxicity and tumorigenicity study, sub-lethally irradiated 
NSG mice were administered a single dose of any of: 1 × 106 cells/mouse of exa-cel; 
1 × 106 cells/mouse of unedited CD34+ hHSPCs; 0.2 × 106 cells/animal of HL-60 (positive 
control); or vehicle. Engraftment of cells from all donors was confirmed in whole blood, bone 
marrow and spleen, and no difference in chimerism was observed between edited and unedited 
cells. Exa-cel was well tolerated, and there were no exa-cel-related deaths, clinical signs, 
effects on clinical chemistry parameters, or blood and bone marrow smears, or macroscopic 
observations. After a 20-week follow-up period, no neoplasms were identified in mice that 
received either exa-cel or unedited CD34+ hHSPCs. 
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Immunogenicity 

A nonclinical study was conducted in CD34+ hHSPC to determine whether electroporation with 
SPY101-RNP leads to an innate immune response and cell death in vitro. Results showed that 
cell viability was > 80% for all treatment groups at all timepoints, with a slight decrease in 
viability at 48 hours with SPY101-RNP treated CD34+ cells, relative to other groups. Compared 
to untreated CD34+ cells, treatment of CD34+ cells with SPY101-RNP did not result in increased 
expression of genes that would indicate a type-1 interferon (IFN) response. Treatment of 
PBMCs with the IFN-inducing positive control (resiquimod [R-848]) significantly increased 
expression of all genes that would indicate a type-1 IFN response; however, it did not increase 
gene expression in CD34+ cells.  

5.2 Conclusions from Nonclinical Assessments 

Results from the nonclinical pharmacology, biodistribution, and toxicology studies support 
approval of exa-cel as a treatment for patients ages ≥ 12 years with SCD. Nonclinical 
assessments support clinical findings, demonstrating that exa-cel has:  

• No evidence of chromosomal abnormalities or translocations. 
• No evidence for off-target editing. 
• Low risk for inducing an innate immune response during ex-vivo editing. 
• Resulted in no adverse findings, tumorigenicity, or unwanted biodistribution to non-target 

tissues in NSG mice at a higher dose than was assessed in human clinical trials. 
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6 OVERVIEW OF CLINICAL PHARMACOLOGY 

Summary 

• Busulfan pharmacokinetics were sufficient to allow engraftment of exa-cel with a targeted cAUC of 
74 mg·h/L to 90 mg·h/L following once daily dosing or 59 mg·h/L to 89 mg·h/L following every 
6-hour dosing 
o Safety of busulfan myeloablative conditioning was consistent with its known safety profile 
o Patient demographics and medical characteristics did not alter busulfan’s effects 

• Exa-cel doses in humans have ranged from 2.9 to 14.4 × 106 cells/kg with successful engraftment 
and well tolerated safety profile 
o The minimum recommended dose is 3.0 ×106 cells/kg with no maximum dose identified 
o Literature supports no maximum dose for CD34+ transplantation and a standard practice to 

infuse all CD34+ cells available 
• Allelic editing was high and stable  
• Fetal hemoglobin, measured in both g/dL and as a percentage of total Hb (HbF [%]) were 

maintained at levels known to be protective against disease in both SCD and TDT 
• There were no identified or expected effects either from intrinsic factors, such as age, sex, race, or 

genotype, or from extrinsic factors 

Standard approaches to characterize drug dose, PK, and pharmacodynamics, including dose-
ranging, mass balance, and drug-drug interaction studies, do not apply to cell and gene 
therapies in the same manner as for small molecule therapies. Instead, the proportion of alleles 
with the intended genetic modification (allelic editing) in the peripheral blood and in the CD34+ 
cells of the bone marrow was assessed to evaluate persistence of the edited cells. Other 
efficacy endpoints (e.g., HbF [%]) indicative of the pharmacology resulting from successful 
delivery and engraftment of the edited LT-HSCs were evaluated. These parameters are 
discussed in the context of exa-cel efficacy in Section 7. 

Myeloablation is a required step before exa-cel infusion in order to deplete endogenous HSCs 
from the patient’s bone marrow and allow hematopoietic repopulation with gene-edited 
LT-HSCs. Busulfan was used as a single agent for myeloablative bone marrow conditioning in 
Study 121. 

Busulfan’s effectiveness in myeloablation is dependent on cumulative exposure (cumulative 
area under the concentration versus time curve [cAUC]) over 4 days of dosing. Patient doses 
were adjusted based on PK monitoring with the aim of meeting target busulfan AUC levels per 
guidance provided in the protocol. Administered busulfan regimens and cumulative exposures 
were evaluated for correlations with key treatment milestones, such as neutrophil and platelet 
engraftment, and are discussed in Section 6.1. No clinically relevant relationship was observed 
between individual patient time to neutrophil or platelet engraftment and observed busulfan 
cAUC or busulfan dose regimen. 

6.1 Busulfan Pharmacokinetics 

Pharmacokinetically adjusted single-agent busulfan was used for myeloablation in Study 121, 
with a targeted cAUC of 74 mg·h/L to 90 mg·h/L following once daily dosing or 59 mg·h/L to 
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89 mg·h/L following every 6-hour dosing. The latest analysis performed on PK of busulfan was 
performed at IA2 (N=42). These results are summarized below. A total of 44 patients have 
received busulfan conditioning, with two after the IA2 data cut-off date. These two additional 
patients had PK parameters similar to results from IA2 and were within the protocol-specified 
target range. 

At the time of IA2, a total of 42 patients underwent busulfan conditioning with either once daily 
(qd) or every 6 hours (q6h) regimens. Patient demographics and medical characteristics did not 
alter busulfan’s effects. Myeloablation, as performed in this study, was adequate and sufficient 
because all patients with sufficient follow-up (at least 44 days) after exa-cel infusion achieved 
profound neutropenia and achieved engraftment of edited cells, with stable allelic editing over 
time. 

6.2 Exa-cel Dose Rationale 

The clinical data supports the selection of the minimum dose of 3.0 × 106 CD34+ cells/kg. A total 
of 44 patients have received doses of exa-cel ranging from 2.9 to 14.4 × 106 CD34+ cells/kg 
(median of 4.0 × 106 CD34+ cells/kg). All administered doses led to successful neutrophil 
engraftment, and no patients received rescue backup cells (Section 8.4). All doses studied were 
well tolerated with a favorable safety profile that was generally consistent with the risks of 
myeloablative busulfan conditioning and HSCT (Section 8). Also, patients with sufficient 
follow-up time had increases in HbF (%) from baseline and the results for the primary and key 
secondary endpoints were statistically significant and clinically meaningful (Section 7.2).  

A maximum dose is not proposed for exa-cel. The dose of CD34+ cells is constrained only by 
the number of cells collected from the patient and subsequently edited. This is consistent with 
the autologous HSCT literature, in which there is no maximum CD34+ dose described, and with 
standard clinical practice to infuse all CD34+ cells available. 

In summary, the recommended minimum dose of 3.0 × 106 CD34+ cells/kg has been shown to 
result in a favorable benefit-risk in patients with SCD. 

6.3 Persistence of Edited Cells 

The proportion of alleles with the intended genetic modification (allelic editing) in the bone 
marrow and in peripheral blood was assessed to evaluate persistence of the edited cells. As 
expected, based on the permanent and irreversible edit, stable and durable allelic editing was 
observed in the bone marrow and peripheral blood. Stability of allelic editing in the bone marrow 
and peripheral blood over time indicates successful and durable engraftment of edited 
LT-HSCs. These results are discussed in Section 7.2.7. 

6.4 Pharmacodynamics: HbF (%) and F-cell (%) 

Consistent with the MOA of exa-cel, HbF (%) and circulating RBCs expressing detectable levels 
of HbF( F-cell) (%) levels were observed to increase early after exa-cel treatment and were 
sustained over time. These results are discussed in Section 7.2.6. 
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6.5 Intrinsic Factors 

Subgroup analyses were performed by age at screening, sex, race, and genotype for the 
following secondary efficacy endpoints: HbF and total Hb, F-cells (%), and allelic editing in 
peripheral blood and in CD34+ cells of bone marrow. 

Overall, results in all subgroups analyzed (age, sex, race, and genotype) were consistent with 
each other and with results from the main analyses of these secondary efficacy endpoints 
(Section 7.2.11), indicating that the exa-cel MOA works independently of these factors and 
weight-based dosing is appropriate to provide clinically meaningful HbF (%) that leads to clinical 
benefit (absence of VOCs). Therefore, dose adjustment of exa-cel is not needed for any of the 
evaluated intrinsic factors.  

6.6 Extrinsic Factors 

No drug-drug interaction studies were performed with exa-cel. Drug-drug interactions are not 
anticipated with exa-cel, as it does not affect human physiological processes that can in turn 
alter the PK profiles of co-administered medications. Exa-cel is not expected to interact with the 
CYP P450 enzymes or drug transporters. 
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7 CLINICAL EFFICACY IN SICKLE CELL DISEASE 

Summary 

• All patients who received exa-cel received substantial clinical benefit. The study met the primary 
and both key secondary endpoints.  

• The pivotal Study 121 and long-term follow-up Study 131 showed transformational clinical benefit 
in adults and adolescents: 
o 29 of 30 (96.7%) patients in the PES achieved VF12, including 6 adolescent patients; 
o 30 of 30 (100%) patients in the PES achieved HF12, including 6 adolescent patients; 
o 40 of 40 (100%) patients achieved the surrogate efficacy biomarker of HbF ≥ 20% at Month 6, 

including 11 adolescent patients; 
o 31 of 32 (97%) patients achieved the intermediate clinical endpoint (ICE), VF9 including 

7 adolescent patients. 
• Adolescents (ages 12 to 17 years) comprised ~30% of the total population (n=11). 

Transformational clinical benefit was consistent between adolescents and adults: 
o Patients achieved rapid, robust, and durable levels of HbF that exceeded the 20% level 

known from natural history studies to be protective against disease complications, including 
avoidance of VOCs  

o Allelic editing in the bone marrow and peripheral blood was stable, consistent with the durable 
engraftment of edited long-term hematopoietic stem cells (LT-HSCs) and reflect the 
permanent nature of the intended edit 

o HbF levels ≥ 20% at Month 6 is a surrogate efficacy biomarker, and VF9 is an intermediate 
clinical endpoint that is supportive of accelerated approval 

• Markers of hemolysis improved: Mean LDH levels normalized by Month 9 and haptoglobin levels 
were detectable after Month 6 

• Clinically meaningful improvements in Patient Reported Outcomes were observed across all 
instruments and domains, including those related to pain, general health, physical, emotional, 
social, and functional well-being. 

7.1 Study Designs in Sickle Cell Disease (Studies 121 and 131) 

The evidence of exa-cel efficacy in SCD is provided from the pivotal Phase 1/2/3 Study 121 and 
long-term follow-up Study 131 (See Sections 7.1.1 and 7.1.2 for overviews of respective study 
designs). 

7.1.1 Study 121 Design 

Study 121 is a pivotal, single-arm, open-label, global Phase 1/2/3 study for patients ages 12 to 
35 years who have SCD with recurrent VOCs. This study evaluates efficacy and safety for 
2 years after exa-cel infusion. 

An open-label, single-arm study was chosen because of the need for mobilization, apheresis, 
myeloablation, and subsequent transplant procedures, all of which would be unethical to 
perform as sham procedures in a control group. Additionally, a concurrent allogenic HSCT 
control group was deemed inappropriate because allo-HSCT requires different conditioning 
agents as well as immunosuppressive treatments for prophylaxis and/or treatment for GVHD 
and graft rejection, which are potential complications of allo-HSCT, but are not risks for exa-cel 
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treatment. To ensure study integrity and minimize potential operational bias, key trial data 
including the primary and key secondary endpoints, as well as hematologic endpoints (total Hb, 
HbF, and allelic editing) were restricted.  

A 2-year follow-up was selected because patients were expected to receive RBC transfusions 
for SCD management and/or post-transplant support after exa-cel infusion for 2 months or 
longer, as a bridge between transplantation and engraftment. After supportive transfusions, 
patients transition into the efficacy evaluable period, which starts 60 days after the last RBC 
transfusion for post-transplant support or SCD management (i.e., a 60 -day RBC washout 
period). Therefore, Study 121 was designed to afford patients sufficient time to complete the 
RBC transfusions and 60-day RBC washout period, in addition to being evaluated for the 
primary and key secondary efficacy endpoints. 

7.1.1.1 Study Stages 

Study 121 was conducted in 4 stages (Figure 7): 

Stage 1 included screening and the premobilization period. During this stage, prophylactic RBC 
exchange or simple transfusions were recommended for a minimum of 8 weeks before the 
planned start of mobilization and conditioning regimen, to maintain HbS < 30% to minimize 
SCD-related complications or VOCs during mobilization/apheresis and peri-transplant in 
accordance with recommended HSCT and gene therapy protocols for these patients.69-71  

Stage 2 included mobilization, autologous CD34+ cell collection, exa-cel manufacture and 
disposition. During Stage 2, patients underwent apheresis for up to 3 consecutive days per 
cycle to collect CD34+ HSPCs.62, 72-75 (Table 6). 

Mobilization of bone marrow CD34+ HSPCs into the peripheral blood for patients with SCD was 
performed using plerixafor only. Per protocol, if the minimum cell dose and backup was not met, 
additional mobilization and apheresis cycles could be conducted based on the overall 
benefit/risk profile for the patient, in discussion with the medical monitor and investigator. 

Stage 3 included myeloablative conditioning (Stage 3a; Table 6) and exa-cel infusion 
(Stage 3B; Table 6). PK-adjusted single-agent busulfan myeloablative conditioning was used, 
as in other HSC based gene therapy practice for SCD. 72, 73  

Stage 4 included post-infusion in-hospital follow-up (until neutrophil engraftment; Stage 4A) and 
post-discharge follow-up for up to approximately 2 years after exa-cel infusion (Stage 4B). 



Vertex Pharmaceuticals Incorporated 
Exagamglogene autotemcel Advisory Committee Briefing Document 

BLA125787 

 

  Page 50 of 119 
 

Figure 7: Study Design for Study 121 

 
CRISPR/Cas9=clustered regularly interspaced short palindromic repeats and CRISPR-associated nuclease 9; 
exa-cel=exagamglogene autotemcel; gRNA=guide RNA; Hb=hemoglobin; HbS=sickle hemoglobin; 
HSCT=hematopoietic stem cell transplantation; M=month; RBC=red blood cell 
Notes: Starting at least 8 weeks before first day of mobilization in Stage 2, patients received RBC transfusions to 
maintain HbS level of < 30% of total Hb while keeping total Hb concentrations ≤ 11 g/dL from Stage 1 through the 
start of busulfan conditioning in Stage 3A. 
a. Includes collection of CD34+ cells as back-up for rescue therapy in the event of non-neutrophil engraftment with 
exa-cel. 

 

Table 6: Dosing and Administration of Study Drugs, Including Apheresis, 
Myeloablative Conditioning, and Exa-cel Infusion in Study 121 

Study Stage Description for Study 121 
Stage 2: Mobilization and 
autologous CD34+ stem cell 
collection 

• CD34+ cell mobilization with plerixafor  
• Plerixafora administered subcutaneously at 0.24 mg/kg approximately 

2 to 3 hours before apheresis 

Stage 3a: Myeloablative 
conditioning 

• Busulfan administered intravenously: 
o 3.2 mg/kg/day qd for 4 consecutive days OR 
o 0.8 mg/kg q6h for 4 consecutive days 
o Dose adjustment based on PK of the first dose 

Stage 3b: Exa-cel infusion 
Exa-cel administered via infusion through central venous catheter: 
• Minimum dose of 3 × 106 CD34+ cells/kg 

exa-cel=exagamglogene autotemcel; G-CSF=granulocyte colony-stimulating factor; PK=pharmacokinetics; 
q6h=every 6 hours; qd=once daily; SCD=sickle cell disease; VOC=vaso-occlusive crisis. 
a. Plerixafor alone was used because the administration of G-CSF for mobilization has been shown to induce 
VOCs in patients with SCD, which can be fatal. 
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7.1.1.2 Key Enrolment Criteria 

7.1.1.2.1 Key Inclusion Criteria 

Severe SCD (Patients with Recurrent VOCs) 

Severe SCD was defined by the occurrence of at least 2 of the following VOC events per year 
during the 2-year period before screening, while receiving appropriate supportive care (e.g., 
pain management plan, HU): 

• Acute pain event that required a visit to a medical facility and administration of pain 
medications (opioids or IV non-steroidal anti-inflammatory drugs [NSAIDs]) or RBC 
transfusions 

• Acute chest syndrome (ACS), as indicated by the presence of a new pulmonary infiltrate 
associated with pneumonia-like symptoms, pain, or fever  

• Priapism lasting > 2 hours and requiring a visit to a medical facility 
• Splenic sequestration, as defined by an enlarged spleen, left upper quadrant pain, and 

an acute decrease in Hb concentration of ≥ 2 g/dL. 

Criteria similar to the severe VOC criteria listed above, such as recurrent acute pain VOC 
(≥ 2/year for several years) or recurrent priapism requiring healthcare utilization, or ACS with 
recurrent hospitalizations while receiving appropriate supportive care and HU are among the 
disease severity criteria used when considering allo-HSCT for patients with SCD. 76 The most 
common of these are recurrent episodes of pain exacerbation requiring healthcare utilization.18, 

76  

An independent Endpoint Adjudication Committee (EAC) adjudicated each individual historical 
VOC (during the 2 years prior to screening) to ensure that the events met the study’s severe 
VOC definition. FDA concurred that this approach defined a broad, inclusive, and objective VOC 
definition, which captures all VOC events. 

Genotype 

Patients with SCD with all genotypes can have recurrent VOCs and be severely affected by 
their disease.77 The key underlying pathophysiology, production of HbS that triggers VOC 
events, is identical across genotypes. Therefore, Study 121 enrolled patients with genotypes 
(βS/βS, βS/β0, or βS/β+) representative of a severe SCD population. Based on the MOA of 
exa-cel, which reactivates HbF production, it is expected that exa-cel treatment will lead to the 
prevention of VOC in all SCD genotypes.  

Age 

Patients aged 12–35 years were included in Study 121, and Sponsor has an ongoing study in 
patients aged 2-11 years. The upper age limit of subjects in Study 121 was 35 years due to the 
increased age related risks of busulfan myeloablation in older SCD patients who have 
accumulated disease related end-organ damage. However, there is no universal upper age limit 
that defines fitness for busulfan myeloablative conditioning in SCD patients; it is patient specific 
based on individual characteristics and benefit/risk and thus study results can be extrapolated to 
older age patients. SCD has the same pathophysiology independent of age, with the same 
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mutation resulting in production of HbS that triggers VOC events. In addition, the protective 
effect of HbF against disease complications, including avoidance of VOC, is the same 
regardless of age and the MOA of exa-cel in reactivating HbF is the same across ages as well. 
Importantly, treating the disease early will likely provide even greater benefit in adolescents and 
young children, as they have better tolerability of study procedures, including myeloablative 
conditioning and transplantation, and treating these patients early may help to preserve end-
organ function.19, 55, 78, 79  

In Study 121, adolescent patients (ages 12 to <18 years) were enrolled and treated once 
efficacy and safety had been shown in adults (ages 18 to 35 years). In total, 12 adolescent 
patients have a median follow-up duration after exa-cel infusion of 16.7 months, with the longest 
follow-up duration in the adolescent age group being 20.6 months. Study 151, in patients with 
SCD ages 2 to 11 years, is underway and is currently enrolling and dosing. 

Hematopoietic Stem Cell Transplant Eligibility 

Transplant eligibility was confirmed according to standard practice. The adequate physical 
function of the patients was confirmed to minimize complications during myeloablative 
conditioning and transplantation. Therefore, patients ages ≥ 16 years were required to have 
Karnofsky performance status of ≥ 80%; patients ages <16 years were required to have Lansky 
performance status of ≥ 80%. All patients were required to have adequate lung, heart, and 
kidney function. These were defined as: lung, diffusing capacity of the lung for carbon monoxide 
(DLco) ≥ 50% (corrected for Hb and/or alveolar volume); heart, left ventricular ejection fraction 
(LVEF) ≥ 45%; and kidney, estimated glomerular filtration rate ≥ 60 mL/min/1.73 m2.  

7.1.1.2.2 Key Exclusion Criteria 

Patients with any of the following were excluded from study participation: 

Insufficient liver function 

Because busulfan is metabolized primarily through the liver, patients with advanced liver 
disease were excluded from the study. Patients were excluded if they had evidence of 
advanced liver disease as defined by any of: alanine transaminase (ALT) > 3 × the upper limit of 
normal (ULN); direct bilirubin value > 2.5 × ULN; Baseline prothrombin time (international 
normalized ratio [INR]) > 1.5 × ULN; a history of cirrhosis; evidence of bridging fibrosis; or active 
hepatitis. 

Patients With Significant Chronic Pain 

In addition to VOCs, patients with SCD may also experience chronic pain. Chronic pain may be 
the result of end-organ damage, such as avascular necrosis (AVN). Chronic pain may also 
relate to other mechanisms reflecting chronic, non-VOC effects of SCD, such as neuropathic 
pain and hyperalgesia syndromes resulting from chronic changes in central and peripheral pain 
pathways.80 Patients with SCD may also experience acute exacerbations of chronic pain, 
particularly in context of AVN or as a consequence of chronic pain medication adjustments.80 
Given the potential confounding effect of chronic pain on the assessment of severe VOCs, 
patients with more than 10 unplanned hospitalizations or emergency department visits related to 
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SCD in the 1 year before screening that, in the opinion of the investigator, are consistent with 
significant chronic pain, rather than acute vaso-occlusive pain crises, were excluded.  

Patients Unable to Suspend Chronic Transfusions 

Patients who were treated with regular RBC transfusions that, in the opinion of the investigator, 
could not be interrupted after engraftment were excluded because ongoing transfusions could 
potentially confound measurement and evaluation of the effect of exa-cel on HbF level and 
other efficacy measures.  

Abnormal TCD in Patients 12 to 18 Years Old 

An abnormal transcranial Doppler (TCD) velocity (time-averaged mean of the maximum velocity 
[TAMMV] ≥ 170 cm/sec for non-imaging TCD and ≥ 155 cm/sec for imaging TCD) in specific 
cerebral arterial segments in children and adolescents aged 12 to 16 years with SCD indicates 
a high risk of stroke and is an indication for chronic transfusion programs as primary stroke 
prevention.81, 82 Patients ages 12–16 years with abnormal TCD at screening or patients ages 
12–18 years with a history of abnormal TCD (TAMMV ≥ 200 cm/sec for non-imaging TCD and 
≥ 185 cm/sec for imaging TCD) were excluded prior to the benefit-risk of exa-cel being known. 

Pregnancy or Breastfeeding 

Patients who were pregnant or lactating were excluded from the study in accordance with the 
busulfan and plerixafor prescribing information.83, 84 

7.1.1.3 Endpoint Definitions 

Prespecified endpoints for Study 121 included the following: 

VOC-Related Endpoints 

An independent Endpoint Adjudication Committee (EAC) adjudicated each individual historical 
VOC (during the 2 years prior to screening) and each on-study VOC to ensure that the events 
met the study’s severe VOC definition. The EAC was composed of an independent, external 
group of experts with appropriate clinical and scientific background to evaluate VOCs. 
Investigators submitted all available medical records for each individual event to the EAC for 
review and adjudication.  

Additionally, all pain-related events and other experiences that could potentially be interpreted 
as a VOC were identified and evaluated by the Sponsor. Based on careful review of each event 
and investigator input, the Sponsor concluded that the EAC received and reviewed all events 
that could potentially meet the protocol definition of a VOC and no events were missed.  

• Primary Endpoint (VF12): Proportion of patients who have not experienced any severe 
VOC for at least 12 consecutive months after exa-cel infusion. The evaluation of VF12 
starts 60 days after last RBC transfusion for post-transplant support or SCD 
management. Patients evaluable for the primary efficacy endpoint had at least 16 
months of follow-up. 



Vertex Pharmaceuticals Incorporated 
Exagamglogene autotemcel Advisory Committee Briefing Document 

BLA125787 

 

  Page 54 of 119 
 

• Second Key Secondary Endpoint (VF9): Proportion of patients who have not 
experienced any severe VOC for at least 9 consecutive months any time after exa-cel 
infusion. The evaluation of VF9 starts 60 days after last RBC transfusion for post-
transplant support or SCD management for patients who reach at least 12 months of 
follow-up. 

• Secondary Endpoint: Duration of severe VOC-free in patients who achieved VF12 (the 
primary endpoint) 

A severe VOC is defined as any one of the following events: 

• Acute pain event that requires a visit to a medical facility and administration of pain 
medications (opioids or IV NSAIDs) or RBC transfusions 

• ACS, as indicated by the presence of a new pulmonary infiltrate associated with 
pneumonia-like symptoms, pain, or fever  

• Priapism lasting >2 hours and requiring a visit to a medical facility 
• Splenic sequestration, as defined by an enlarged spleen, left upper quadrant pain, and 

an acute decrease in Hb concentration of ≥ 2 g/dL 

Hospitalization-Related Endpoints 

• First Key Secondary Endpoint (HF12): Proportion of patients free from inpatient 
hospitalization for severe VOCs sustained for at least 12 months after exa-cel infusion. 
The evaluation of HF12 starts 60 days after the last RBC transfusion for post-transplant 
support or SCD management. Patients evaluable for HF12 had at least 16 months of 
follow-up. 

Hematologic Parameters (All Secondary) 

• Proportion of patients with sustained HbF ≥ 20% at the time of analysis for at least 
3 months, 6 months, or 12 months. The evaluation starts 60 days after the last RBC 
transfusion for post-transplant support or SCD management  

• HbF concentrations (in absolute value and %) over time 
• Total Hb concentration over time 
• Reductions from baseline in the number of annualized RBC Transfusions 
• Change in proportion of F-cells over time (exploratory endpoint) 

Evidence of Allelic Editing (All Secondary) 

• Proportion of alleles with intended genetic modification present in peripheral blood 
leukocytes over time 

• Proportion of alleles with intended genetic modification present in CD34+ cells of the 
bone marrow over time 

Markers of Hemolysis (All Secondary) 

• Change from baseline in haptoglobin over time 
• Change from baseline in lactate dehydrogenase (LDH) over time 



Vertex Pharmaceuticals Incorporated 
Exagamglogene autotemcel Advisory Committee Briefing Document 

BLA125787 

 

  Page 55 of 119 
 

Patient-Reported Outcomes (All Secondary) 

• Change in patient-reported outcomes (PROs) over time in adults (ages ≥ 18 years) using 
o Pain-scale: 11-point numeric rating scale (NRS) 
o Functional Assessment of Cancer Therapy – Bone Marrow Transplant 

(FACT-BMT)  
o ASCQ-Me 
o EuroQol Questionnaire-5 dimensions-5 levels of severity (EQ-5D-5L) 

• Change in PROs over time in adolescents (12 to <18 years of age) using 
o Pain-scale: 11-point NRS 
o Pediatric Quality of Life Inventory (PedsQL; teen self-report and parent proxy 

versions)  
o PedsQL SCD module (teen self-report and parent proxy versions) 
o EuroQol Questionnaire – 5 dimensions – 5 levels of severity – youth version 

(EQ-5D-Y) self-report and parent proxy version 

7.1.1.4 Statistical Analysis Plan 

7.1.1.4.1 Sample Size Justification 

With a sample size of 45 patients planned to receive exa-cel, 3 IA could be performed following 
a group sequential testing procedure in the study to allow for early evaluation of efficacy. This 
sample size provided ≥ 95% power to rule out a response rate of 50% when the true response 
rate is 80% for both the primary and key secondary efficacy endpoints with one-sided alpha of 
0.025. 

Response rate of 50% was selected because the 3-year event-free survival in patients who do 
not have a matched related donor and could only receive haplo- or matched unrelated donor 
transplant is approximately 50%.20, 22 Additionally, there is a < 10% probability that a patient with 
≥ 2 VOC events per year in each of the 2 years before treatment would have a spontaneous 
VOC elimination in a 12-month period, based on data from the Harvard University/Brigham and 
Women’s Hospital natural history study of 5,874 patients with SCD.30, 85 

7.1.1.4.2 Analysis Sets 

Endpoints in Study 121 were assessed in one of three analysis sets: PES, Early Efficacy Set 
(EES), and Full Analysis Set (FAS). Table 7 presents the analysis set(s) assessed for each 
endpoint. 
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Table 7: Summary of Efficacy Endpoints and Analysis Sets in Study 121 

Endpoint 
Category Endpoint Definition Analysis Set(s) 
Alpha-controlled endpointsa 

Primary VF12: Proportion of patients who have not experienced any severe 
VOC for at least 12 consecutive months after exa-cel infusion 

PES 
First key 
secondary 

HF12: Proportion of patients free from inpatient hospitalization for 
severe VOCs sustained for at least 12 months after exa-cel infusion 

Second 
key 
secondary 

VF9: Proportion of patients who have not experiences any severe 
VOC for at least 9 consecutive months after exa-cel infusion 
(intermediate clinical endpoint) 

EES 

Secondary Non-alpha controlled endpoints 

Secondary 

• HbF levels over time, including HbF (%) at Month 6 (surrogate 
efficacy biomarker) 

• Total hemoglobin concentration over time 
• Allelic editing 
• Duration of severe VOC free period 
• Reduction in RBC Transfusions 

FAS 
PES 

 

• Markers of hemolysis 
• Patient-reported outcomes 

PES 

Exploratory F-cells over time FAS 
PES 

EES=Early Efficacy Set; FAS=Full Analysis Set; F-cells= circulating RBCs expressing detectable levels of HbF; 
Hb=hemoglobin; HbF=fetal hemoglobin; IA=interim analysis; PES=Primary Analysis Set; RBC=red blood cell; 
VOC=vaso-occlusive event. 
Note: Primary and key secondary endpoints were assessed hierarchically as follows: VF12 (primary endpoint), 
HF12 (first key secondary endpoint), VF9 (second key secondary endpoint). 
a. Primary and both key secondary endpoints were alpha controlled for type-1 error and determined as statistically 
significant at IA2. Results presented are from data cutoff date of 14 June 2023, which was not prespecified and 
therefore not alpha controlled. 

Study 121 included three analysis sets:  

• FAS includes all patients who received exa-cel infusion. The analyses of patients in this set 
included data through the end of Study 121. Safety assessments were performed on the 
FAS. 

• PES is subset of the FAS and includes subjects who had been followed for at least 
16 months after exa-cel infusion. The evaluation of VF12 started 60 days after the last RBC 
transfusion for post-transplant support or SCD management. Subjects who had less than 
16 months follow-up due to death or discontinuation due to adverse events related to 
exa-cel were also included in this set. 

• EES was used for the evaluation of VF9 as an intermediate clinical endpoint 
(Section 7.1.1.3) and was defined as a subset of FAS that includes all patients who have 
been followed for at least 12 months after exa-cel infusion. The evaluation of VF9 started 60 
days after the last RBC transfusion for post-transplant support or SCD management. 
Subjects who had less than 12 months of follow-up due to death or discontinuation due to 
adverse events related to exa-cel were also included in this set. 
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To evaluate long-term efficacy, data from Studies 121 and 131 were analyzed together (See 
Section 7.1.2.3). 

7.1.1.4.3 Analysis Methods 

Results presented in the original BLA was based on the pre-specified IA2 (data cutoff date of 
10 February 2023) with familywise type 1 error control for the primary and key secondary 
endpoints. All primary and key secondary endpoints crossed the pre-specified efficacy boundary 
and therefore demonstrated statistical significance. At the request of FDA, Sponsor performed 
additional analyses on several efficacy endpoints, including the primary and key secondary 
endpoints, at the time of the 90-day Safety Update. Results from this most recent data cutoff 
date of 14 June 2023 are presented in Section 7.2 and are consistent with the findings from IA2, 
providing further support of the efficacy and safety of exa-cel.  

The study included up to three pre-specified IAs to allow early examination of efficacy. The 
familywise type-I error rate was controlled by an alpha spending approach for tests at interim 
and final analyses and a sequential testing of the primary and key secondary efficacy endpoints 
at each IA. The key secondary efficacy endpoint HF12 based on the PES was tested only if the 
primary efficacy endpoint of VF12 had crossed the efficacy boundary. The key secondary 
efficacy endpoint VF9 based on the EES was tested one-time and only if both the primary and 
the key secondary efficacy endpoints of HF12 had crossed the efficacy boundary. VF9 based on 
the EES was tested with a targeted one-sided alpha of 0.025. 

The operating characteristics of the efficacy boundaries and the corresponding alpha spent at 
each IA and the final analysis to control the type-1 error at one-sided 0.025 across multiple 
looks, based on the exact binomial distribution for the primary efficacy endpoint (VF12) and the 
key secondary efficacy endpoint (HF12), both based on the PES, are presented in Table 8. 

Table 8: Operating Characteristics of Efficacy Boundaries for the Primary and Key 
Secondary Efficacy Endpoints in Study 121  

Analysis 
Stage 

Efficacy 
Boundary 

Response Rate 
Boundary (95% CI) 

Probability of Crossing Efficacy 
Boundaries Under Different Response 

Rates (p1)a 
Alpha 

Spent at 
Each IA 
or Final* p1 = 80% p1 = 85% p1 = 90% 

IA1 
(N=10) 9/10 90.0% 

(55.5%, 99.7%) 37.6% 54.4% 73.6% 1.074% 

IA2b 
(N=17) 14/17 82.4% 

(56.6%, 96.2%) 54.9% 75.6% 91.7% 0.366% 

IA3 
(N=30) 22/30 73.3% 

(54.1%, 87.7%) 87.1% 97.2% 99.8% 0.540% 

Final 
(N=45) 31/45 68.9% 

(53.4%, 81.8%) 97.5% 99.8% > 99.9% 0.440% 

Overall Power 97.9% 99.9% > 99.9%  
Overall α Spending 2.420% 
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Analysis 
Stage 

Efficacy 
Boundary 

Response Rate 
Boundary (95% CI) 

Probability of Crossing Efficacy 
Boundaries Under Different Response 

Rates (p1)a 
Alpha 

Spent at 
Each IA 
or Final* p1 = 80% p1 = 85% p1 = 90% 

HF12= free from inpatient hospitalization for severe VOCs sustained for at least 12 months after exa-cel infusion; 
IA=interim analysis; N=total sample size; VF12= not experienced any (i.e., absence of) severe VOC for at least 12 
consecutive months after exa-cel infusion. 
* Assuming 50% response rate. 
a. Marginal probability of crossing the efficacy boundary at a specific IA or final analysis. 
b. IA1 was not conducted. Therefore, the alpha planned for this IA was recovered for the subsequent analysis, and 
the primary (VF12) and first key secondary endpoint (HF12) were considered as statistically significant if the 
corresponding 1-sided p-value was < 0.0144 during IA2. 

Analysis of the primary efficacy endpoint was based on the PES. The proportion of patients 
achieving VF12 was provided, with 1-sided p-value (against a null hypothesis of 50% response 
rate) using binomial distribution and 2-sided 95% exact Clopper-Pearson CI. 

Analysis of the first key secondary efficacy endpoint (HF12) was based on the PES, and the 
second key secondary endpoint of VF9 was analyzed based on the EES. Both analyses used 
the same method as the primary efficacy endpoint.  

In addition, to demonstrate that the second key secondary endpoint of VF9 is likely to predict 
the primary endpoint of VF12, the number and proportion of patients who achieve VF9 in the 
PES who also achieved VF12 in the PES was provided with the 2-sided 95% exact Clopper-
Pearson CI.  

The secondary efficacy endpoints analyses were based on the PES and FAS. All analyses for 
the secondary efficacy endpoints were descriptive. Continuous endpoints were summarized with 
mean, SD, median, and min/max. Categorical endpoints were summarized with counts and 
percentages.  

A summary of efficacy endpoints and analysis sets used is presented in Table 7 and includes 
analyses used in both Study 121 and Study 131 (Section 7.1.2). 

7.1.2 Study 131 Design 

7.1.2.1 Key Enrollment Criteria 

Study 131 is a safety and efficacy long term follow-up study to provide up to 15 years of follow-
up data after exa-cel infusion. Study 131 enrolled patients who completed or discontinued the 
pivotal Studies 121 (SCD) and 111 (TDT) following exa-cel infusion. 

7.1.2.2 Endpoint Definitions 

Study 131 continues the evaluation of safety and efficacy after exa-cel in SCD patients. The 
primary objective of the study is the long-term safety of exa-cel. The primary endpoints of 
Study 131 are safety related (new malignancies, new or worsening hematologic disorders, 
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mortality, and adverse events). Secondary endpoints of Study 131 include efficacy measures 
that provide longer follow-up of endpoints assessed in Study 121. 

In Study 131, efficacy is assessed in secondary and exploratory endpoints which include most 
of the efficacy endpoints described for the pivotal Study 121 (Section 7.1.1.3)). These 
secondary endpoints included: severe VOCs; inpatient hospitalizations for severe VOCs; 
hemolysis markers (reticulocytes/erythrocytes, LDH, haptoglobin, and total and indirect 
bilirubin); Hb (absolute value) and HbF (in absolute value and %) concentrations; proportion of 
alleles with intended genetic modifications in peripheral blood; disease-related RBC 
transfusions; and PROs. Additional exploratory endpoints assessed in Study 131 included Hb 
fractionation (supportive of Hb and HbF assessments), circulating erythrocytes expressing γ-
globin (HbF; F-cells), and blood erythropoietin level.  

7.1.2.3 Analysis Methods 

Efficacy endpoints in Study 131 were descriptive. Efficacy endpoints using pooled data from 
Study 121 and Study 131 were analyzed based on the respective datasets [SCD]PES and/or 
[SCD]FAS at the time of parent study data cut-off dates. The continuous endpoints were 
summarized with mean, SD, median, min, and max; and categorical endpoints were 
summarized with counts and percentages. 

7.2 Study 121/131 Results 

As discussed in Section 7.1.1.4.3, results from Study 121 based on prespecified IA2 were 
statistically significant for the primary and both key secondary endpoints. Results reported 
below are results based on an updated data-cutoff date after the pre-specific IA2 performed at 
the request of the FDA, which includes 30 patients with 18 months of follow-up in the PES (1 
patient had 17.8 months of follow-up). These updated results are consistent with findings at IA2 
demonstrating transformational and durable clinical benefit after infusion with exa-cel. Study 131 
includes efficacy measures that provide long-term follow-up of secondary endpoints assessed in 
Study 121. 

7.2.1 Patient Disposition 

At the updated 14 June 2023 data cutoff date, Study 121 had completed enrollment with 63 
patients enrolled (Figure 8). Of these, 58 patients had started mobilization. Forty-four of these 
patients had received exa-cel and are included in the [SCD]FAS, and 30 patients had sufficient 
follow-up after exa-cel infusion to be included in the [SCD]PES. Eleven participants 
discontinued after the start of mobilization but before start of myeloablative conditioning and did 
not receive exa-cel; none of the discontinuations were due to AEs. Of these 11 participants, 
6 discontinued as they were unable to achieve a full dose of the drug product; 1 participant 
discontinued due to no longer meeting eligibility criteria for renal function; 1 participant 
discontinued due to non-compliance, and 3 participants withdrew consent. 

Of the 44 patients who received exa-cel, seventeen patients completed Study 121, all of whom 
enrolled in Study 131. After the 14 June 2023 data cutoff date, dosing of all planned patients (46 
in total) was completed in Study 121. 
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Figure 8: Patient Disposition for Studies 121 and 131 (Enrolled Set and 
[SCD]Enrolled Set) 

Enrolled
N = 63

Started Mobilization
N = 58

5 discontinued prior to mobilization

Evaluable for PES
N = 30

Not Currently 
Evaluable for PES

N = 13

Completed Study 121 and 
Enrolled in Study 131

N = 17

3 not yet dosed
11 discontinued after starting

mobilization

1 death due to 
respiratory failure 
(COVID-19)

Dosed with 
exa-cel (FAS)

N = 44

 
EES=Early Efficacy Set; exa-cel=exagamglogene autotemcel; FAS=Full Analysis Set; N=total sample size; 
PES=Primary Efficacy Set; SCD=sickle cell disease; VF9= not experienced any (i.e., absence of) severe VOC for at 
least 9 consecutive months after exa-cel infusion. 
Note: Of the 3 patients not yet dosed in Study 121 as of the data cutoff date, 2 subsequently were dosed with exa-cel 
and 1 discontinued prior to dosing.  
. 
Note: In addition to the PES, the EES (N=32; not shown in figure) is a subset of the FAS (N=44) were evaluable for 
the intermediate clinical endpoint (VF9; Section 7.2.10.2). 
a. The FAS included all patients who received exa-cel infusion.  
b. Reason for discontinuation after exa-cel: death due to COVID-19 infection that resulted in respiratory failure and 
was not related to exa-cel. 

7.2.2 Patient Demographics and Baseline Medical Characteristics 

Overall, the patient demographics and baseline medical characteristics of participants in 
Studies 121 and 131 are representative of the US patient population with SCD who would be 
treated with exa-cel (Table 9). 

Patient demographics was similar between the PES and FAS. For the FAS, the median (range) 
age was 20 (12 to 34) years. There were 12 (27.3%) adolescent patients (ages 12 to 
<18 years). Most patients were Black or African American (86.4%), and patients were balanced 
by sex. 
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Table 9: Patient Demographics (Study 121, PES and FAS) 

Demographics 
PES 
N=30 

FAS 
N=44 

Sex, n (%)   
Male 16 (53.3) 24 (54.5) 
Female 14 (46.7) 20 (45.5) 

Age at screening (years)   
Mean (SD) 22.1 (6.0) 21.2 (6.1) 
Median (min, max) 21.0 (12, 34) 20.0 (12, 34) 

Age category at screening, n (%)   
12–<18 years (adolescent) 6 (20.0) 12 (27.3) 
18–35 years (adult) 24 (80.0) 32 (72.7) 

Race, n (%)   
White 1 (3.3) 3 (6.8) 
Black or African American 26 (86.7) 38 (86.4) 
Other 3 (10.0) 3 (6.8) 

Ethnicity, n (%)   
Hispanic or Latino 2 (6.7) 2 (4.5) 
Not Hispanic or Latino 27 (90.0) 41 (93.2) 
Not collected per local regulations 1 (3.3) 1 (2.3) 

FAS=Full Analysis Set; N=total sample size; PES=Primary Efficacy Set. 

Baseline medical characteristics were representative of the overall US patient population with 
SCD who would be treated with exa-cel (Table 10).  

Table 10: Baseline Characteristics (Study 121, PES and FAS) 

Baseline Characteristics 
PES 
N=30 

FAS 
N=44 

Genotype, n 30 44 
βS/βS, n (%) 29 (96.7) 40 (90.9) 
βS/β0, n (%) 1 (3.3) 3 (6.8) 
βS/β+, n (%) 0 1 (2.3) 

HbF (g/dL), n 29 43 
Mean (SD) 0.5 (0.4) 0.5 (0.4) 
Median (min, max) 0.4 (0.0, 1.5) 0.4 (0.0, 1.5) 

HbF (%), n 30 44 
Mean (SD) 5.2 (3.8) 5.4 (3.9) 
Median (min, max) 5.3 (0.0, 14.7) 5.0 (0.0, 14.7) 

Total Hb (g/dL), n 29 43 
Mean (SD) 9.0 (1.6) 9.1 (1.6) 



Vertex Pharmaceuticals Incorporated 
Exagamglogene autotemcel Advisory Committee Briefing Document 

BLA125787 

 

  Page 62 of 119 
 

Baseline Characteristics 
PES 
N=30 

FAS 
N=44 

Median (min, max) 9.4 (5.7, 12.6) 9.4 (5.7, 12.6) 
Annualized ratea of severe VOCs, n 30 44 

Mean (SD) 3.9 (2.1) 4.1 (3.0) 
Median (min, max) 3.3 (2.0, 9.5) 3.5 (2.0, 18.5) 

Annualized ratea of inpatient 
hospitalizations for severe VOCs, n 30 44 

Mean (SD) 2.7 (2.0) 2.7 (2.0) 
Median (min, max) 2.0 (0.5, 8.5) 2.5 (0.5, 9.5) 

Annualized durationb of inpatient 
hospitalizations for severe VOCs (days), n 30 44 

Mean (SD) 17.1 (14.3) 19.7 (21.9) 
Median (min, max) 12.3 (2.0, 64.6) 14.0 (2.0, 136.5) 

Annualized unitsc of RBCs transfused for 
SCD-related indication, n 30 44 

Mean (SD) 8.4 (14.9) 11.3 (18.4) 
Median (min, max) 3.3 (0.0, 75.5) 5.0 (0.0, 86.1) 

Weight (kg), n 30 44 
Mean (SD) 65.5 (14.9) 65.7 (17.3) 
Median (min, max) 65.5 (43.0, 95.0) 67.0 (34.0, 116.0) 

Haptoglobin (g/L), n 29 43 
Mean (SD) 0.1 (0.1) 0.1, (0.2) 
Median (min, max) 0.0 (0.0, 0.3) 0.0 (0.0, 0.9) 

Lactate dehydrogenase (U/L), n 29 43 
Mean (SD) 474.3 (200.3) 479.3 (224.4) 
Median (min, max) 448.0 (168.0, 913.0) 419.0 (168.0, 1228.0) 

EAC=endpoint adjudication committee; FAS=Full Analysis Set; Hb=hemoglobin; HbF=fetal hemoglobin; n=size of 
subsample; PES=Primary Efficacy Set; RBC=red blood cell; SCD=sickle cell disease; VOCs=vaso-occlusive 
crises.  
Notes: Baseline severe VOCs, inpatient hospitalizations for severe VOCs, and RBC transfusions were based on 
the 2 years before the most recent screening. Only severe VOCs adjudicated by an EAC as meeting the protocol 
definition of severe VOCs were included. Hemoglobin measurements were from central laboratories. For 
hemolysis markers, values with “below detectable limit” were entered as 0. 
a. Annualized rate=total number of events/number of years. 
b. Annualized duration=total duration of events/number of years. 
c. Annualized units=total units/number of years. 

7.2.3  Primary Endpoint — Proportion of Patients without Severe VOC for ≥ 12 
Consecutive Months after Treatment (VF12) 

Study 121 met its primary endpoint of VF12 with statistical significance at IA2, and results as of 
the 14 June 2023 data cut-off date remained consistent with the prespecified findings. 
Specifically, 29 of 30 (96.7%) patients in the PES achieved VF12 (95% CI: 82.8%, 99.9%; 
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1-sided p < 0.0001 against a 50% response rate) (Table 11). Sixteen of the 17 (94.1%) 
patients who continued into Study 131 remained VOC-free throughout the duration of follow-up.  

In adolescent patients (ages 12 to <18 years), 6 of 6 (100%) achieved VF12 (See 
Section 7.2.11 for details). 

The one patient in the PES who did not achieve VF12 still received meaningful clinical benefit 
from exa-cel therapy. This patient had a complex medical history including SCD-related chronic 
pain. Prior to exa-cel, the patient had a history of 3.5 hospitalizations per year during the 2 years 
before Study 121 with an average of 28.5 days per year in the hospital. After exa-cel, this 
patient had no hospitalizations for VOC (see Section 7.2.4.1 [HF12]; additional details on this 
patient are presented in Section 7.2.5.3.1). 

Table 11: Primary Endpoint Results: Proportion of Patients Who Achieved 
VF12 (Study 121, PES) 

Primary Endpoint, n (%) 
PES 
N=30 

Patients who achieved VF12 29 (96.7) 
2-sided 95% CI (82.8, 99.9) 
1-sided p-value  < 0.0001a 

EAC=endpoint adjudication committee; exa-cel=exagamglogene autotemcel; N=total sample size; n=size of 
subsample; PES=Primary Efficacy Set; RBC=red blood cell; SCD=sickle cell disease; VF12=absence of any 
severe VOCs for at least 12 consecutive months; VOC=vaso-occlusive crisis. 
Notes: The evaluation of VF12 started 60 days after last RBC transfusion for post-transplant support or SCD 
management. The last RBC transfusion refers to that in the period of initial RBC transfusions for post-transplant 
support or SCD management. The prohibited medication treatment period was excluded from the VOC-free 
duration. The percentage of patients who achieved VF12 was calculated relative to the number of patients in the 
PES. The 2-sided 95% CI was calculated using the exact Clopper-Pearson method. Only severe VOCs 
adjudicated by an EAC as meeting the protocol definition of severe VOCs were included in the analysis. 
a. This was against a 50% response rate. 

7.2.4 Key Secondary Endpoints 

Study 121 met both key secondary endpoints of HF12 and VF9 with statistical significance at 
IA2, and results as of the data cutoff date of 14 June 2023 remained consistent with the 
prespecified findings. The key secondary endpoints were tested hierarchically.  

7.2.4.1 First Key Secondary Endpoint — Elimination of Hospitalizations Due to VOCs 
for ≥ 12 Consecutive Months after Treatment (HF12) 

Assessment of inpatient hospitalization for VOCs is a clinically meaningful endpoint, as VOC 
events are the most common cause of hospitalizations for individuals with SCD.46, 48, 49, 86 The 
primary efficacy endpoint definition of VOCs is broad and includes events treated in an 
outpatient clinic, emergency room, or inpatient hospital setting. The evaluation of the subset of 
VOCs that require inpatient hospitalization is a stringent efficacy measure and allows 
assessment of the most severe events associated with the greatest mortality risk and informs 
the overall impact of exa-cel treatment.86, 87 
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Study 121 met the key secondary efficacy endpoint of free from inpatient hospitalization for 
severe VOCs for ≥ 12 consecutive months following exa-cel infusion (HF12). All (100%) 30 
patients in the PES achieved HF12 (95% CI: 88.4%, 100%; 1-sided p < 0.0001 against a 50% 
response rate; Table 12). 

In the 2 years before screening (i.e., starting Study 121), patients in the PES averaged (range) 
2.7 (0.5 to 8.5) separate inpatient hospitalizations per year for severe VOCs. Moreover, patients 
spent an average of 17.1 (range: 2.0 to 64.6) days per year as inpatients in a hospital during the 
same 2 years before Study 121 (Table 10). Therefore, all patients being free from inpatient 
hospitalization for at least 12 months is highly clinically meaningful. 

Table 12: Key Secondary Endpoint Results: Proportion of Patients Who Achieved 
HF12 (Study 121, PES) 

Patients Achieving HF12, n (%) 
PES 
N=30 

Proportion of Patients who achieved HF12 30 (100) 
2-sided 95% CI (88.4, 100.0) 
1-sided p-value < 0.0001a 

Exa-cel=exagamglogene autotemcel; HF12=free from inpatient hospitalization for severe VOCs for at least 
12 months after exa-cel infusion; IA=interim analysis; N=total sample size; n=size of subsample; PES=Primary 
Efficacy Set; RBC=red blood cell; SCD=sickle cell disease. 
Notes: The evaluation of HF12 started 60 days after last RBC transfusion for post-transplant support or SCD 
management. The 2-sided 95% CI was calculated using the exact Clopper-Pearson method. Only severe VOCs 
adjudicated by an EAC as meeting the protocol definition of severe VOCs were included in the analysis. 
a. Statistical significance was established at IA2; this was against a 50% response rate 

7.2.4.2 Second Key Secondary Endpoint — Proportion of Patients without Severe VOC for ≥ 9 
Consecutive Months after Treatment (VF9) 

Study 121 met the second key secondary efficacy endpoint of VF9 with 31 of 32 patients 
(96.7%) in the EES free from severe VOCs for ≥ 9 consecutive months after infusion with exa-
cel (95% CI: 83.8%, 99.9%; 1-sided p < 0.0001 against a 50% response rate; Table 13). 

VF9 was tested in the EES as an intermediate clinical endpoint that is reasonably likely to 
predict VF12 (see Section 7.2.3). All patients in the PES who achieved VF9 also achieved 
VF12. 
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Table 13: Key Secondary Endpoint Results: Proportion of Patients Who Achieved 
VF9 (Study 121, EES) 

Patients Achieving VF9, n (%) 
EES 
N=32 

Patients who achieved VF9 in the EES Population 31 (96.9) 
2-sided 95% CI (83.8, 99.9) 
1-sided p-value < 0.0001a 

EAC=endpoint adjudication committee; EES=Early Efficacy Set; IA=interim analysis; N=total sample size; n=size 
of subsample; RBC=red blood cell; SCD=sickle cell disease; VF9=absence of any severe VOCs for ≥ 9 
consecutive months after exa-cel infusion; VOC=vaso-occlusive crisis. 
Notes: The evaluation of VF9 started 60 days after last RBC transfusion for post-transplant support or SCD 
management. The last RBC transfusion refers to that in the period of initial RBC transfusions for post-transplant 
support or SCD management. The prohibited medication treatment period was excluded from the VOC-free 
duration. The percentage of patients who achieved VF9 was calculated relative to the number of patients in the 
EES. The 2-sided 95% CI was calculated using the exact Clopper-Pearson method. Only severe VOCs 
adjudicated by an EAC as meeting the protocol definition of severe VOCs were included in the analysis. 
a. Statistical significance was established at IA2; this was against a 50% response rate. 

7.2.5 Duration VOC-Free and Hospitalization- Free 

To evaluate the durability of clinical efficacy, the duration VOC-free and the duration 
hospitalization-free were evaluated as secondary endpoints. To fully describe the long-term 
durability of exa-cel, the data below include the total follow-up duration after exa-cel infusion in 
Study 121 and Study 131. This population is referred to as the SCD[PES].  

7.2.5.1 Duration of VOC-Free among Patients who Achieved VF12 

For the 29 patients who achieved VF12, the mean (SD) VOC-free duration was 
22.4 (7.2) months, including follow-up in Study 131 (Table 14; Figure 9). Twenty-eight of 
29 (96.6%) patients who achieved VF12 remained VOC-free throughout follow-up in 
Studies 121 and 131, up to 45.5 months starting 60 days after the last RBC transfusion, 
demonstrating the durability of treatment effect.  

One patient achieved VF12 and remained VOC-free for 23 months after exa-cel infusion, then 
had a single event adjudicated as a VOC by the EAC in the setting of parvovirus infection. This 
patient has subsequently been VOC free for 12.3 months, up to the data cutoff date (additional 
details of this patient are presented in Section 7.2.5.3.1). 
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Table 14: Duration of Severe VOC-Free for Patients Who Achieved VF12 (Studies 121 
and 131, [SCD]PES) 

Category 
[SCD]PES 

N=30 
Patients who achieved VF12, n (%) 29 (96.7) 

Duration of severe VOC-free (months)  
Mean (SD) 22.4 (7.2) 
Median (min, max) 22.2 (14.8, 45.5) 

EAC=Endpoint Adjudication Committee; exa-cel=exagamglogene autotemcel; N=total sample size; n=size of 
subsample; RBC=red blood cell; PES=Primary Efficacy Set; SCD=sickle cell disease; SD: standard deviation; 
VF12: absence of any severe VOCs for at least 12 consecutive months; VOC: vaso-occlusive crisis. 
Notes: If there were multiple severe VOC free periods, the longest severe VOC free period was used in the 
summary. Only severe VOCs adjudicated by an EAC as meeting the protocol definition of severe VOCs were 
included. 

 

Figure 9: Duration of Severe VOC-Free in Individual Patients Who Received Exa-cel 
(Studies 121 and 131, [SCD]FAS) 
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EAC=Endpoint Adjudication Committee; exa-cel=exagamglogene autotemcel; FAS=Full Analysis Set; PES=Primary 
Efficacy Set; RBC=red blood cell; SCD=sickle cell disease; VOC=vaso-occlusive crisis. 
* One patient died from respiratory failure due to COVID-19 infection 6.0 months after the end of the RBC 60-day 
RBC transfusion washout period; the adverse event was considered unrelated to exa-cel. 
Notes: Only severe VOCs that were adjudicated by an EAC as meeting the protocol criteria were included. Severe 
VOC-free duration starts 60 days after the last RBC transfusion for post-transplant support or SCD management. The 
numbers to the right of the purple bars indicate the duration of VOC free starting 60-day after last RBC transfusion or 
from the last VOC. The RBC washout period refers to the 60 days immediately following the last RBC transfusion for 
post-transplant support or SCD management. 
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7.2.5.2 Duration of Hospital-Free Due to VOC among Patients Treated with Exa-cel 

For the 30 patients who achieved HF12, the mean (SD) hospitalization free duration was 
22.5 (7.0) months, including follow-up in Study 131. Twenty-nine of 30 patients who achieved 
HF12 remained free of hospitalizations due to VOCs throughout follow-up in Studies 121 and 
131, up to 45.5 months starting 60 days after the last RBC transfusion, again demonstrating the 
durability of treatment effect (Figure 10). 

The one patient who achieved HF12 and then had an hospitalization is the same patient 
described above who had a single event in the setting of a parvovirus infection approximately 
23 months after exa-cel infusion, and has subsequently had no additional hospitalizations due to 
VOC for 12.3 months up to the data cutoff date (additional details of this patient are presented in 
Section 7.2.5.3.1). 

Figure 10: Duration of Hospital-Free for VOCs in Individual Patients Who Received 
Exa-cel (Studies 121 and 131 [SCD]FAS) 
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EAC=Endpoint Adjudication Committee; exa-cel= exagamglogene autotemcel; FAS=Full Analysis Set; PES=Primary 
Efficacy Set; pRBC: packed red blood cell; RBC: red blood cell; SCD: sickle cell disease; VOC: vaso-occlusive crisis. 
* One patient died from respiratory failure due to COVID-19 infection 6.0 months after the end of the RBC 60-day 
RBC transfusion washout period; the adverse event was considered unrelated to exa-cel. 
Notes: Only severe VOCs that were adjudicated by the EAC as meeting the protocol criteria were included. 
Hospitalization-free duration starts 60 days after the last RBC transfusion for post-transplant support or SCD 
management. The numbers to the right of the purple bars indicate the duration of hospitalization free starting 60-day 
after last RBC transfusion or from the last hospitalization for VOC. The RBC washout period refers to the duration 
between the last RBC transfusion for post-transplant support or SCD management to the start of the hospitalization 
free period. 

7.2.5.3 Discussion of Patients with VOC Events after Exa-cel Infusion 

Pain events presenting as VOCs are known to occur in a subset of SCD patients after allo-
HSCT, including patients after successful allo-HSCT who have achieved high donor chimerism 
and low-to-no detectable HbS and have therefore achieved a cure for their disease.86, 88-91 This 
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includes both early events in the peri-transplant period (i.e., when patients are still recovering 
from the transplant procedure including myeloablation and/or prior to full reconstitution of RBCs) 
as well as later events that may occur 1 to 2 years after allo-HSCT. 

Additionally, interpretation of pain events after HSCT for SCD is complicated because post-
transplant pain can be caused by factors other than VOC events. Examples include 
exacerbations of pre-existing conditions, such as acute exacerbation of chronic pain (e.g., from 
avascular necrosis), and pain hypersensitivity/hyperalgesia syndromes that all represent 
features of pre-existing SCD related end-organ damage. Given these features, attribution of 
pain to a VOC event directly related to HbS associated vaso-occlusion can, in some cases, be 
difficult in the post- HSCT setting. To minimize bias, in Study 121, an independent EAC 
adjudicated each individual VOC based on the protocol definition.  

While the EAC adjudicated each VOC individually, the overall clinical situation of the patients 
can provide context to additional factors that inform a more comprehensive view of the overall 
efficacy response after exa-cel treatment. Individual patient descriptions are described below for 
the patients with events adjudicated as VOCs that occurred after the 60-day RBC washout 
period following exa-cel infusion: 

7.2.5.3.1 Discussion of Events Adjudicated As VOCs in Patients in the Primary Efficacy Set 

After exa-cel infusion, only 2 of the 30 patients in the [SCD]PES had events adjudicated as 
VOCs after the 60-day RBC washout period. However, both patients experienced clinical benefit 
from exa-cel therapy, as evidenced by achieving VF12 and/or HF12 with dramatically reduced 
numbers of events and supported by stable HbF (%) levels and allelic editing that are consistent 
with the overall patient population in the PES:  

• The first patient, previously described in Section 7.2.5.1, had a single VOC event 
approximately 23 months after exa-cel in the context of a parvoviral infection and achieved 
both VF12 and HF12. Prior to exa-cel, this patient averaged 4 VOCs and 3 hospitalizations 
for VOCs per year during the 2 years before starting Study 121, with an average of 
17.5 days per year in the hospital. The single event in this patient at approximately 
23 months after exa-cel was associated with a documented Parvovirus B19 infection. 
Parvovirus B19 is well known for causing severe, life-threatening infections in SCD patients 
often resulting in profound anemia due to parvovirus associated RBC aplasia typically 
requiring prolonged RBC transfusion support, prolonged hospitalization often in an intensive 
care unit, and increased risk of ACS and life threatening complications.40, 92, 93 In contrast, 
this patient recovered uneventfully without any complications and without the need for RBC 
transfusion, which was a milder clinical course of parvovirus B19 infection than would 
otherwise be expected in SCD.40 The patient’s total Hb decreased from 14.1 to 9.7 g/dL 
during the event, consistent with Parvovirus B19 associated anemia, and then had a 
spontaneous recovery of Hb levels to 12 g/dL within 40 days after the event. This rapid, 
spontaneous recovery of Hb in the absence of RBC transfusion highlights the normal 
function and capacity of the exa-cel graft to respond appropriately to a hematopoietic 
challenge. In addition, the overall clinical course of this event highlights the protection from 
severe complications provided by exa-cel. Overall, the patient has had a robust increase in 
HbF after exa-cel therapy that was consistent with other patients in the PES. Specifically, 
HbF (%) levels surpassed 30% starting at Month 3 and were sustained throughout the 
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duration of follow-up. At the most recent Month 33 study visit, HbF (%) was stable at 35.7% 
and total Hb was stable at 13.5 g/dL, consistent with other subjects in the study who have 
achieved VF12 and HF12. Additionally, the patient had stable blood and bone marrow allelic 
editing over time (71.4% at Month 6 and 73.5% at Month 24 in peripheral blood; 80.4% at 
Month 6 and 81.0% at Month 24 in bone marrow) consistent with other patients in the PES. 
As of the data cutoff date, the patient has remained VOC free for 12.3 months after the 1 
event.  
 

• The second patient, previously described in Section 7.2.3, did not achieve VF12, and 
experienced 9 events adjudicated as VOCs after exa-cel. This patient still received clinical 
benefit from exa-cel and achieved HF12 with no hospitalizations due to VOCs in the 
28.3 months of follow-up after exa-cel therapy. The patient had a complex medical history, 
including SCD-related chronic pain. In the 2 years prior to Study 121, the patient had a 
history of 3 VOCs per year and 3.5 hospitalizations per year, with an average of 28.5 days 
per year in the hospital. The patient achieved clinical benefit as evidenced by achieving 
HF12 in the context of a dramatic overall reduction in hospitalizations after exa-cel. 
Moreover, approximately 20 months after exa-cel infusion, the patient underwent an 
uncomplicated Heller cardiomyotomy (a surgical procedure to treat pre-existing achalasia) 
under general anesthesia without any preoperative optimization (e.g., RBC transfusion), 
which would have been otherwise required for patients with SCD. The patient experienced 
none of the postoperative complications that are common for patients with SCD — e.g., 
ACS, infections, and VOCs.94 This patient also had robust increases in HbF after exa-cel 
treatment and allelic editing that were consistent with other patients in the PES. Specifically, 
HbF (%) levels surpassed 40% starting at Month 3 and were sustained throughout the 
duration of follow-up. At the most recent Month 24 study visit (Study Day 729), HbF (%) was 
stable at 49.1% and total Hb was stable at 11.9 g/dL, consistent with other subjects in the 
study who have achieved VF12 and HF12. The patient had stable peripheral blood and 
bone marrow allelic editing over time (75.9% at Month 6 and 80.7% at Month 24 in 
peripheral blood; 91.7% at Month 6 and 92.9% at Month 24 in bone marrow) consistent with 
other patients in the PES.  

7.2.5.3.2 Discussion of Events Adjudicated as VOC events in Patients not in the PES 

There are 14 additional patients who received exa-cel that are not yet in the PES because they 
do not yet have sufficient follow-up time after exa-cel to evaluate the primary efficacy endpoint 
VF12 (16 months of follow-up after exa-cel). Of the 14 patients, 4 patients have experienced 
VOCs early after the 60-day RBC washout period following exa-cel infusion (Figure 9). These 
patients have HbF % and allelic editing levels similar to patients in the PES (see Figure 12, 
Figure 14, and Figure 15) and retain the potential to achieve VF12 and/or HF12.  

7.2.6 Hematologic Parameters 

7.2.6.1 HbF (%) and Total Hb Levels over Time 

After exa-cel infusion, patients achieved rapid, robust, and durable levels of HbF (%) that are 
associated with clinical benefit, including absence of VOCs (Figure 11).  
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Figure 11: Summary of Total Hb and HbF over Time (Studies 121 and 131, [SCD]FAS) 

 
BL=baseline; FAS=Full Analysis Set; Hb=hemoglobin; HbF=fetal hemoglobin; SE=standard error. 
Notes: Baseline was defined as the most recent non-missing measurement (scheduled or unscheduled) collected 
before the start of mobilization in Study 121. Analysis visit was used in the figure. 

The MOA of exa-cel treatment is to reactivate HbF production (Section 3.5). Importantly, 
HbF (%) levels ≥ 20% are protective against disease complications, including VOCs, as 
documented in cases in which people with SCD genotypes also co-inherit HPFH (Section 3.3). 
Therefore HbF (%) over time was assessed as a biomarker of successful treatment and a 
surrogate for efficacy that is reasonably likely to predict clinical benefit (Section 7.2.10.1). Mean 
HbF (%) was maintained generally at ≥ 40% from Month 6 throughout the duration of follow-up 
(Figure 12). 
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Figure 12: HbF (%) over Time in Individual Patients (Studies 121 and 131 [SCD]FAS) 
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BL=baseline; FAS=Full Analysis Set; HbF=fetal hemoglobin; SE=standard error. 
Notes: Dashed red line=20% HbF threshold for protection against disease (See Section 3.3). Baseline was defined 
as the most recent non-missing measurement (scheduled or unscheduled) collected before the start of mobilization in 
Study 121. Analysis visit was used in the figure. 
* Indicates Subject (b) (6) who died due to COVID-19 infection that resulted in respiratory failure and was not related to 
exa-cel. 

Overall, increases in HbF and total Hb occurred early and were maintained over time at 
clinically significant levels: 

• The mean (SD) total Hb levels were 11.9 (1.5) g/dL at Month 3 and were maintained with 
mean ≥ 11.1 g/dL from Month 6 onward.  

• The mean (SD) proportion of total Hb composed of HbF (HbF [%]) was 36.9% (9.0%) at 
Month 3 and was generally maintained at ≥ 40% from Month 6 through the duration of 
follow-up. 

These observations of rapid and robust increases in mean levels of total Hb and HbF (%) that 
were maintained over time were similar across patients, regardless of their duration of follow-up. 
Therefore, patients with shorter follow-up who were not yet evaluable for assessment of the 
primary endpoint at the time of data cutoff date are expected to maintain clinically meaningful 
total Hb and HbF (%) levels and have similar clinical benefit as the patients in the [SCD]PES. 

7.2.6.2 Change in Proportion of F-Cells over Time 

Measurement of the proportion of F-cells allows measurement of the distribution of HbF across 
the RBCs in circulation. The high percentage of F-cells (≥ 90%) observed after exa-cel infusion 
is consistent with a pancellular distribution of HbF, indicating that almost all RBCs in circulation 
are derived from exa-cel, and recapitulates what is known in SCD HPFH to be associated with 
absence of VOCs (Section 3.3).27, 28, 32 
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The ratio of F-cells grew consistently in relation to increases in HbF. The mean (SD) proportion 
of F-cells was maintained with mean ≥ 93% from Month 6 and ≥ 96% from Month 12 through the 
4-year follow-up (Figure 13). 

Figure 13: Mean F-Cell Level (%) over Time (Studies 121 and 131, [SCD]FAS) 

 
FAS=Full Analysis Set; F-cells=circulating RBCs expressing detectable levels of HbF; RBC=red blood cell; 
SCD=sickle cell disease; SE=standard error. 
Notes: Baseline was defined as the most recent non-missing measurement (scheduled or unscheduled) collected 
before the start of mobilization in Study 121. Analysis visit was used in the figure. 

This rapid increase in F-cell % also occurred among patients in the two [SCD]FAS subsets: 
(1) the [SCD]PES (i.e., patients who have been followed for ≥ 16 months after exa-cel infusion; 
N=30), and (2) those who were not yet eligible for the [SCD]PES (i.e., patients with < 16 months 
follow-up; N=14). Taken together, these data indicate that all patients follow similar kinetics of 
efficacy and achieve F-cell levels that correlate with clinical benefit. Thus, patients with shorter 
follow-up who are not yet evaluable for the primary endpoint are expected to maintain these 
F-cell (%) levels and have consistent, durable clinical benefit. 

7.2.6.3 Reduction in RBC Transfusions Starting 12 Months after Treatment 

Consistent with HbF increases from exa-cel that ameliorated anemia, patients in the PES no 
longer required RBC transfusions for any SCD-related indication starting 12 months after 
treatment. This was a 100% reduction from baseline in RBC transfusions: at baseline, patients 
in the PES were receiving a yearly mean (SD) of 8.4 (14.9) units of RBC transfusions. Twelve 
months after exa-cel treatment, the number was zero. 

7.2.7 Allelic Editing 

The proportion of alleles with the intended genetic modification (allelic editing) in bone marrow 
and in peripheral blood over time indicate durable engraftment of edited LT-HSCs and reflect 
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the permanent nature of the intended edit. Results in bone marrow and peripheral blood 
remained consistent among patients in the two subsets of the [SCD]FAS: the [SCD]PES (N=30) 
and those not yet eligible for the [SCD]PES (N=14). Patients who were not yet evaluable for the 
primary endpoint are also expected to maintain percent allelic editing over time, based on the 
permanent nature of the intended edit. 

7.2.7.1 Bone Marrow Allelic Editing over Time 

In the [SCD]FAS, allelic editing in the bone marrow remained stable for the duration of follow-up 
(up to 2 years), indicating successful engraftment of edited LT-HSCs and supporting durability 
of effect (Figure 14). Patients who had the lowest levels of bone marrow editing at Months 12 
and 24 achieved the primary endpoint of VF12. The stable, durable allelic editing is consistent 
with stable, durable HbF production over time and indicates that the clinically meaningful effect 
of elimination of VOCs will be durable.  

Figure 14: Individual Bone Marrow Allelic Editing (%) over Time (Study 121, FAS) 
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FAS=Full Analysis Set. 
Notes: Analysis visit was used in the figure. 

7.2.7.2 Peripheral Blood Allelic Editing over Time 

Similar to CD34+ bone marrow cells, allelic editing in peripheral blood remained stable for the 
duration of follow-up (up to 3.5 years, as measured for peripheral blood), indicating stable 
engraftment of edited LT HSCs and supporting durability of effect (Figure 15). As with bone 
marrow allelic editing, patients who had the lowest levels of peripheral blood (nucleated cells) 
editing at Months 12 and 24 achieved the primary endpoint of VF12. The stable, durable allelic 
editing is consistent with stable, durable HbF production over time and indicates that the 
clinically meaningful effect of elimination of VOCs will be durable. 
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Figure 15: Peripheral Blood Allelic Editing (%) in Individual Patients over Time 
(Studies 121 and 131, [SCD]FAS) 
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BL=baseline; FAS=Full Analysis Set; SCD=sickle cell disease. 
Notes: Baseline was defined as the most recent non-missing measurement (scheduled or unscheduled) collected 
before the start of mobilization in Study 121. Analysis visit was used in the figure.  

7.2.8 Markers of Hemolysis 

Reduction in hemolysis is an additional benefit of exa-cel infusion. In SCD, RBCs are prone to 
hemolysis, which is associated with significant morbidity and mortality.49 The key mechanism of 
hemolysis in SCD is intravascular hemolysis, which can be measured by LDH and 
haptoglobin.38, 39 Assessments of these biomarkers show that exa-cel treatment leads to 
normalization of hemolysis assessments, which is expected to correlate with reduced organ 
damage27, 28, 31 a reduction in other disease complications. 

7.2.8.1 Decrease in LDH over Time 

Elevated LDH, a hemolytic marker, is associated with increased morbidity and mortality in 
SCD.13, 37 At baseline, patients in the [SCD]PES (N=30) had elevated mean (SD) LDH levels of 
1.7 (0.7) times the ULN. Following exa-cel infusion, mean LDH levels progressively decreased 
and normalized by Month 9. Thereafter, Mean LDH levels remained within the normal range 
through 4 years of follow-up. 

7.2.8.2 Increase in Haptoglobin Starting 6 Months after Therapy 

Haptoglobin is a sensitive measure of intravascular hemolysis and is generally 
low-to-undetectable in patients with SCD.31, 95 Consistent with this, patients in the [SCD]PES 
(N=30) had low mean (SD) haptoglobin levels of 0.4 (0.4) × lower limit of normal at baseline, 
and only 22 (73.3%) patients had detectable haptoglobin at baseline. Following exa-cel infusion, 
29 of 30 patients (96.7%) with follow-up data generally had detectable haptoglobin levels at 
Month 6 through follow-up. 
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Conclusions from Hemolysis Markers 

Overall, the data show that treatment with exa-cel leads to normalization of hemolysis 
assessments. The normalization of hemolysis after exa-cel infusion is consistent with the known 
protective effect of HbF and is consistent with the observed pancellular distribution of HbF after 
exa-cel infusion. Resolution of hemolysis is expected to correlate with reduced end- organ 
damage27, 28, 31 and a reduction in other disease complications.  

7.2.9 Patient-Reported Outcomes 

Findings from PROs are based on results as assessed at the second IA2 (data cutoff date of 
10 February 2023). Results of PROs were not updated at the 14 June 2023 data cutoff date. 

Adult participants completed four PRO instruments to assess the patient perspective on health 
status and quality of life. Instruments used were EQ-5D-5L, FACT-BMT, Adult Sickle Cell 
Quality of Life Measurement System (ASCQ-Me), and Pain NRS. As determined by an 
FDA-convened panel, in partnership with the American Society of Hematology, the three key 
PRO domains in SCD are: pain (acute and chronic), affect (emotional impact, sleep quality, and 
fatigue), and functioning (social, physical, and cognitive functioning, as well as self-efficacy for 
disease management and occupational function).96 Most of these domains are included in one 
or more PRO tools used in Study 121 and show clear clinical benefit. 

ASCQ-Me is validated in SCD, and the other instruments are well-established tools used 
frequently across numerous conditions, including SCD and HSCT in hematologic 
malignancies.97, 98 The minimal clinically significant difference (MCID) thresholds are SCD-
specific for ASCQ-Me but not for the other tools; however, they are largely consistent across 
numerous hematologic conditions.98 

The following sections discuss PRO data through 2 years of follow-up. 

EQ-5D-5L 

The EQ-5D-5L assesses an adult patient’s health status in a standardized way, is widely used in 
multiple diseases, and consists of 2 parts: 

• EQ-5D-5L descriptive system  
• EuroQol Quality of Life Scale – Visual Analog Scale (EQ-VAS).  

The mean EQ-5D-5L health utility scores at baseline were lower than the US and UK general 
population scores (US: 0.71 vs 0.85, UK: 0.76 vs 0.86), indicating significant health-related 
quality of life impairment before exa-cel infusion.99, 100 Clinically meaningful improvements in 
EQ-5D-5L were observed from Month 6 onward, with the mean (SD) increase from baseline at 2 
years after infusion of US and UK index scores of 0.23 (0.20) points and 0.19 (0.18) points, 
respectively (Table 15). Any increase ≥ 0.078 (US) and ≥ 0.08 (UK) is considered clinically 
meaningful (the MCID).101 These results indicate an impressive improvement in overall health 
status after exa-cel infusion, even exceeding general population norms, that was sustained 
through follow-up. 
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EQ visual analog scale (VAS) scores demonstrated substantial improvement at Month 6 
onward, with the mean (SD) increase from baseline at 2 years after infusion of 
28.3 (16.2) points, far exceeding the MCID for EQ VAS of 7 to 10 points, indicating early and 
meaningful improvement in patients’ self-rated health status.102  

Table 15: Results of EQ-5D-5L over Time (Study 121, PES at IA2) 

PRO, 
Mean (SD) 

Baseline 
n=17 

Change at 
Month 6 

n=16 

Change at 
Month 12 

n=17 

Change at 
Month 18 

n=16 

Change at 
Month 24 

n=8 MCID 
EQ VAS 63.5 (22.5) 24.3 (27.1) 25.3 (23.2) 30.3 (25.5) 28.3 (16.2) 7–10 points 
US Index 
Score 0.71* (0.23) 0.13 (0.23) 0.13 (0.22) 0.18 (0.21) 0.23 (0.20) 0.078 

UK Index 
Score 0.76* (0.19) 0.10 (0.19) 0.11 (0.17) 0.14 (0.17) 0.19 (0.18) 0.08 

IA2=second prespecified interim analysis with data cutoff date of 10 February 2023; MCID=minimal clinically 
important difference; n=size of subsample; PES=Primary Efficacy Set; PRO=patient-reported outcome. 
Note: Shaded cells represent domains that met or exceeded MCID. 
* Population norms are 0.85 for US and 0.86 for UK. 

FACT-BMT 

The FACT-BMT is commonly used in adult patients undergoing bone marrow transplantation 
and is a self-report questionnaire that includes two components: 

• FACT-General (FACT-G) measures general physical, social, family, emotional, and 
functional well-being 

• Bone marrow transplantation subscale (BMTS) measures treatment-specific concerns of 
bone marrow transplantation. 

For both components, higher values indicate better quality of life. 

FACT-BMT total scores demonstrated substantial improvement as early as Month 6, with the 
greatest mean (SD) increase from baseline occurring 2 years after exa-cel infusion: increase of 
33.6 (16.7) points, indicating robust improvement in general well-being and quality of life that 
were sustained through follow-up. 

On the FACT-G, improvement was observed in all four subscales, including physical, 
social/family, emotional, and functional well-being. Starting at 6 months after exa-cel infusion, 
overall scores far exceeded the MCID of 3 to 7 points (Table 16).98, 103-105 The mean (SD) 
change from baseline for FACT-G was 29.8 (17.2) points at 2 years after exa-cel infusion. 

The BMTS score also improved, with change in baseline exceeding the MCID of 2 to 3 points 
starting at Month 6, indicating clinically meaningful improvement in transplantation-related 
well-being.105, 106 The mean (SD) increase from baseline for BMTS was 3.9 (5.7) points at 2 
years after exa-cel infusion. 



Vertex Pharmaceuticals Incorporated 
Exagamglogene autotemcel Advisory Committee Briefing Document 

BLA125787 

 

  Page 77 of 119 
 

Table 16: Change in PRO Scores over Time on FACT-G, BMTS, and FACT-BMT 
(Study 121, PES at IA2) 

PRO, 
Mean (SD) 

Baseline 
n=17 

Change at 
Month 6 

n=16 

Change at 
Month 12 

n=17 

Change at 
Month 18 

n=16 

Change at 
Month 24 

n=8 MCID 
FACT-G 
Total Score 67.5 (18.3) 16.5 (17.4) 20.5 (18.0) 21.8 (22.3) 29.8 (17.2) 3–7 points 

BMTS 26.1(3.5) 3.6 (6.2) 5.3 (4.5) 5.4 (5.1) 3.9 (5.7) 2–3 points 
FACT-BMT 93.6 (19.5) 20.0 (21.9) 25.8 (20.4) 27.2 (26.0) 33.6 (16.7) – 
BMTS= bone marrow transplantation subscale; FACT-BMT=Functional Assessment of Cancer Therapy – Bone 
Marrow Transplant; FACT-G=Functional Assessment of Cancer Therapy – General; IA2=second prespecified 
interim analysis with data cutoff date of 10 February 2023; MCID=minimal clinically important difference; n=size of 
subsample; PES=Primary Efficacy Set; PRO=patient-reported outcome. 
Notes: Shaded cells represent domains that met or exceeded MCID.MCID not available for FACT-BMT total score. 

ASCQ-Me 

ASCQ-Me is a disease-specific health-related quality-of-life questionnaire that measures 
physical, mental, and social health, along with information on severity of disease in adult 
patients with SCD. 

All ASCQ-Me subscales (emotional, social, stiffness, and sleep impact) improved more than the 
5-point MCID at 2 years after infusion, indicating meaningful improvement in after treatment with 
exa-cel (Table 17). The mean (SD) increases from baseline at 2 years were: 17.7 (9.8) points 
for emotional, 23.8 (6.7) points for social functioning, 7.9 (12.9) points for stiffness, and 8.4 
(8.3) points for sleep impact. 

Additionally, the three ASCQ-Me pain-related subscale scores improved as early as Month 6 
and continued to improve through 2 years. The mean (SD) changes from baseline for the pain-
related subscales at 2 years were 10.9 (14.7) points for pain impact, -22.8 (8.2) points for 
pain-episode frequency, and -7.6 (15.2) points for pain-episode severity, compared with the 
MCID of 5 points for pain impact and -5 points for pain-episode frequency and pain-episode 
severity. 

The level of impairment at baseline on these subscales indicates substantial disease burden of 
SCD in all domains measured within the ASCQ-Me. The improvements observed underscore 
the improvement in quality-of-life after treatment with exa-cel. 

Table 17: Change in PRO Scores over Time on ASCQ-Me (Study 121, PES at IA2) 

Category, 
Mean (SD) 

Baseline 
n=17 

Change at 
Month 6 

n=16 

Change at 
Month 12 

n=17 

Change at 
Month 18 

n=16 

Change at 
Month 24 

n=8 MCID 
Emotional Impact 50.2 (8.2) 9.5 (11.0) 10.2 (10.6) 10.1 (10.5) 17.7 (9.8) 5 
Pain Impact 51.8 (9.5) 5.4 (9.8) 5.6 (9.6) 10.1 (9.8) 10.9 (14.7) 5 
Social Functioning 47.0 (8.4) 11.0 (11.7) 15.6 (11.0) 15.6 (13.3) 23.8 (6.7) 5 
Stiffness Impact 50.8 (8.5) 0.6 (13.1) 4.7 (10.9) 4.7 (8.7) 7.9 (12.9) 5 
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Category, 
Mean (SD) 

Baseline 
n=17 

Change at 
Month 6 

n=16 

Change at 
Month 12 

n=17 

Change at 
Month 18 

n=16 

Change at 
Month 24 

n=8 MCID 
Sleep Impact 45.3 (8.0) 4.8 (12.1) 4.3 (7.8) 2.9 (9.4) 8.4 (8.3) 5 
Pain Episode 
Frequency 52.8 (6.5) -14.6 (8.5) -17.6 (8.1) -19.7 (9.2) -22.8 (8.2) -5 

Pain Episode 
Severity 53.8 (7.5) -1.9 (11.9) -1.4 (11.9) -2.6 (12.1) -7.6 (15.2) -5 

ASCQ-Me= Adult Sickle Cell Quality of Life Measurement System; IA2=second prespecified interim analysis with 
data cutoff date of 10 February 2023; MCID=minimal clinically important difference; n=size of subsample; 
PES=Primary Efficacy Set; PRO=patient-reported outcome. 
Note: Shaded cells represent domains that met or exceeded MCID. 

Pain NRS 

Pain NRS is a measure of reporting intensity of pain in adults and adolescents. It is a commonly 
used instrument in healthcare that measures pain intensity on a 1-dimensional scale and is 
validated for use in adults and adolescents. Lower scores indicate improvement. 

Clinically meaningful improvement in reported pain started around Month 12 and was sustained 
through 2 years: the mean (SD) change from baseline at 2 years after exa-cel infusion 
was -1.8 (3.1) points and exceeded the MCID of 1-point reduction from baseline.107 At 2 years 
after exa-cel infusion, 75.0% of patients had a ≥ 1-point reduction in Pain NRS from baseline. 
As pain is a considerable aspect of the SCD patient experience, improvements in Pain NRS of 
this magnitude are particularly meaningful.96, 108  

Conclusions from PROs 

Overall, the PRO tools showed substantial and clinically meaningful improvements in scores 
over time that were sustained through 2 years of follow-up for adults with SCD. The magnitude 
of impact on the EQ-5D-5L is reflective of profound improvements in the quality of life for these 
patients who suffer from debilitating pain crises and substantial impairment of their abilities to 
perform activities of daily living. After exa-cel infusion, quality of life scores on the EQ-5D-5L 
VAS improved compared to baseline and exceed general population health utility score norms. 
These data are reinforced by the physical, social, and emotional sub-scales of the ASCQ-Me 
and FACT BMT. Improvements in the pain NRS and pain sub-scales of the ASCQ-Me provide 
additional context to the treatment benefits of exa-cel on alleviating SCD patients’ overall pain 
experience and achieving VOC independence, while signifying the overall positive impact of 
treatment with exa-cel in this population. 

7.2.10 Efficacy Analyses Supportive of HbF (%) as a Surrogate Efficacy Biomarker and 
VF9 As Intermediate Clinical Endpoint 

During the pre-BLA meeting on 09 August 2022, FDA encouraged the Sponsor to put forward all 
data and justification in support of surrogate/intermediate endpoints that would predict clinical 
benefit at the time of the BLA submission. In this section, data are presented to demonstrate 
that in patients treated with exa-cel: 
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• HbF level ≥ 20% at Month 6 is a surrogate efficacy biomarker predictive of VOC-free for 
12 consecutive months (VF12) 

• VOC free for 9 consecutive months (VF9) is an intermediate clinical endpoint predictive of 
VOC-free for longer duration, including VOC-free for 12 consecutive months (VF12) 

7.2.10.1 HbF (%) ≥20% at Month 6 as Surrogate Efficacy Biomarker Endpoint 

Data from epidemiology, real-world evidence studies7, 36, 109 and the exa-cel clinical data strongly 
support that achieving HbF (%) ≥ 20% results in > 90% likelihood of achieving VOC free for 12 
consecutive months (VF12). Epidemiology data demonstrate that individuals with SCD-HPFH 
have little or no disease and are generally healthy, particularly those with HbF levels above 
20%, in whom VOC events rarely, if ever, occur.14, 27, 28 Evaluating HbF (%) ≥ 20% at the Month 
6 time point after exa-cel infusion was selected because that is the time point that patients reach 
hematologic stability for HbF levels. 

The association between HbF (%) levels and acute pain crises (similar to VOCs) was examined 
in the data from the Cooperative Study of Sickle Cell Disease (CSSCD), a real-world evidence 
study that enrolled individuals (including newborns) with SCD who had varying levels of HbF 
(Table 18). At HbF (%) of ≥ 20%, 92.9% of individuals were free of pain crises at 24 months, 
demonstrating that HbF (%) ≥ 20% is protective against VOCs. 

Table 18: Proportion of Patient with HbF (%) ≥ 20% Who Are Pain Crisis Free at 
Month 24 (CSSCD) 

Parameter, n (%) 
Patients with HbF ≥ 20% 

N=127 
Patients Free of Pain Crisis at Month 24 118 (92.9) 
CSSCD=Cooperative Study of Sickle Cell Disease; HbF=fetal hemoglobin; N=total sample size; n=size of 
subsample.  

Consistent with the natural history and real world data noted above, in Study 121 achieving 
HbF (%) ≥ 20% at Month 6 is predictive of clinical benefit where 29 of 30 (97%) patients in the 
PES that achieved the surrogate efficacy biomarker also achieved VF12 (Table 19). 

Table 19: Summary of HbF (%) at 6 Months As Surrogate Biomarker Predictive of 
Primary Clinical Endpoint (VF12) (Study 121, PES) 

HbF (%) at Month 6: 

Primary Efficacy Set 
N=30 

Achieved VF12 Did Not Achieve VF12 
HbF (%) ≥ 20%* 29 1 
HbF (%) < 20% 0 0 
HbF=fetal hemoglobin; N=total sample size; PES=Primary Efficacy Set; VF12= not experienced any (i.e., absence 
of) severe VOC for at least 12 consecutive months after exa-cel infusion. 
*Included two patients with intermittent missing HbF(%) at Month 6; Both had Month 5 and 9 HbF(%) data 
available and were ≥ 20% 
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In Study 121, the surrogate efficacy biomarker, HbF ≥ 20% at Month 6 was assessed in 
41 patients who had been followed for at least 6 months. The patient who died due to COVID-19 
infection that resulted in respiratory failure and was not related to exa-cel was excluded from the 
analyses, as their Month-6 HbF (%) data were diluted by frequent RBC transfusions while 
hospitalized, thus reducing the number to 40 patients. Of these 40 patients, 37 had Month 6 
HbF (%) data available, and all of them were ≥ 20%. Three patients had missing Month 6 HbF 
(%) data: 

• 2 patients had intermittent missing data at Month 6; both patients had Month 5 and Month 9 
(and beyond) HbF (%) ≥ 20%; by interpolation, it was reasonable to assume both patients 
achieved Month 6 HbF (%) ≥ 20%. 

• 1 patient had missing Month 6 data due to a late visit. The Month 3, 4 and 5 HbF (%) data 
were 42.6%, 57.9% and 61.3%, respectively. By extrapolation, it was reasonable to assume 
the patient will also achieved Month 6 HbF (%) ≥ 20%. 

Overall, 40 of 40 (100%) patients achieved the surrogate efficacy biomarker of HbF ≥ 20% at 
Month 6. 

7.2.10.2 VF9 as an Intermediate Clinical Endpoint 

Per the FDA definition, an ICE is a clinical endpoint that can be measured earlier than 
irreversible morbidity or mortality that is reasonably likely to predict an effect on irreversible 
morbidity or mortality or other clinical benefit.  

Absence of VOCs for 9 consecutive months (VF9) represents a meaningful clinical benefit that 
is also reasonably likely to predict long-term efficacy. The testing of the second key secondary 
efficacy endpoint of VF9 was conducted as an intermediate clinical endpoint based on the EES.  

Support for the use of VF9 as an intermediate clinical endpoint is derived from two real-world 
evidence studies (using Medicaid data and Center for International Blood and Marrow 
Transplant Research [CIBMTR] data41) from patients with SCD after allo-HSCT. These studies 
each demonstrated that VOC-free at 12 months (analogous to VF9 in Study 121) was predictive 
of VOC-free at 16 months and longer (analogous to VF12 in Study 121) in patients with SCD 
after allo-HSCT. Specifically, 91% (Medicaid) and 100% (CIBMTR) of patients who were 
VOC-free at 12 months were VOC-free at 16 months. 

Consistent with the real world data noted above, in Study 121 (PES) achieving VF9 is predictive 
of clinical benefit where 29 of 29 patients that achieved VF9 also achieved VF12, and 1 patient 
that did not achieve VF9 also did not achieve VF12 (Table 20). 

In Study 121, 31 of 32 (97%) patients in EES achieved the intermediate clinical endpoint of VF9. 
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Table 20: Summary of VF9 As Intermediate Clinical Endpoint Predictive of Primary 
Clinical Endpoint (VF12) (Study 121, PES) 

VF9 

Primary Efficacy Set 
N=30 

Achieved VF12 Did Not Achieve VF12 
Achieved VF9 29 0 
Did Not Achieve VF9 0 1 
EAC=endpoint adjudication committee; N=total sample size; PES=Primary Efficacy Set; RBC=red blood cell; 
SCD=sickle cell disease; VF9=absence of any severe VOCs for ≥9 consecutive months after exa-cel infusion; 
VF12= not experienced any (i.e., absence of) severe VOC for at least 12 consecutive months after exa-cel 
infusion; VOC=vaso-occlusive crisis. 
Notes: The evaluation of VF9 started 60 days after last RBC transfusion for post-transplant support or SCD 
management. The last RBC transfusion refers to that in the period of initial RBC transfusions for post-transplant 
support or SCD management. The prohibited medication treatment period was excluded from the VOC-free 
duration. Only severe VOCs adjudicated by an EAC as meeting the protocol definition of severe VOCs were 
included in the analysis. 

7.2.11 Efficacy in Subgroups 

Efficacy in Adolescents 

At the time of the updated 14 June 2023 data cutoff date, adolescent patients composed 12 of 
44 (27.3%) patients in the FAS, 6 of 30 (20.0%) patients in the PES, and 7 of 32 (21.9%) 
patients in the EES (Section 7.2.2; Table 9). 

As anticipated, based on the similarity of the pathophysiology across age groups and because 
the MOA is independent of age, the overall benefits observed in adolescent patients were 
similar to those observed in adults (Figure 16). Specifically, 

• 6 of 6 (100%) adolescent patients in the PES achieved VF12 and HF12 and have been VOC 
free for up to 18.2 months (starting 60 days after the last RBC transfusion. 

• 7 of 7 (100%) adolescent patients in the EES achieved VF9, which can be considered an 
intermediate clinical endpoint that predicts these patients will achieve VF12.  

• 11 of 11 (100%) adolescent patients with at least 6 months of follow-up achieved HbF (%) ≥ 
20%, which can be considered as a surrogate biomarker that reasonably likely predicts 
these patients will achieve VF12. 

Two adolescent patients who were not yet eligible for the PES had VOCs after exa-cel infusion. 
Details are provided in Section 7.2.5.3.2. 
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Figure 16: Duration of Severe VOC-Free Period for Individual Adolescent and Adult 
Patients (Studies 121 and 131, [SCD]FAS) 

 
EAC=Endpoint Adjudication Committee; exa-cel=exagamglogene autotemcel; FAS=Full Analysis Set; SCD=sickle 
cell disease; PES=Primary Efficacy Set; RBC=red blood cell; VOC=vaso-occlusive crisis.  
Notes: Only severe VOCs that were adjudicated by an EAC as meeting the protocol criteria were included. Severe 
VOC-free duration starts 60 days after the last RBC transfusion for post-transplant support or SCD management and 
this duration is indicated by the numbers to the right of the purple bars. The RBC washout period refers to the 
duration of 60 days after the last RBC transfusion for post-transplant support or SCD management. 

Moreover, all adolescent patients with at least 6 months of follow-up (N=11), had rapid, robust, 
and durable increases in levels of HbF (%) of ≥ 20% at Month 6 that were consistent with adult 
responses and sustained until data cutoff date (Figure 17). 
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Figure 17: Summary of HbF (%) over Time in Individual Adolescent and Adult Patients 
(Studies 121 and 131 [SCD]FAS) 
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BL=baseline; exa-cel=exagamglogene autotemcel; FAS=Full Analysis Set; HbF=fetal hemoglobin; SAE=serious 
adverse event; SCD=sickle cell disease; VF12=not experienced any (i.e., absence of) severe VOC for at least 12 
consecutive months after exa-cel infusion; VOC=vaso-occlusive crisis.  
Note: Dashed red line=20% threshold for protection against disease complications. One patient (showed as the line with 
a dip at Month 4) had an exchange transfusion just before Month 4 for an SAE unrelated to exa-cel or SCD (vision 
blurred). Baseline was defined as the most recent non missing measurement collected before the start of mobilization in 
Study 121. One patient died due to respiratory failure from COVID-19 that was deemed unrelated to exa-cel. This 
patient had repeated transfusions from Study Day 115 through 265 while hospitalized and on extracorporeal membrane 
oxygenation, affecting the observed HbF (%) from Month 5 through Month 9.  

Additional Subgroup Analyses 

Comprehensive subgroup analyses were performed on the [SCD]PES for the primary (VF12) 
and key secondary (HF12) endpoints. Demographics and baseline medical characteristics 
investigated included age at screening, genotype, sex, VOC History, and race (Table 21). 

Results of these analyses showed consistent and robust response to exa-cel, demonstrating 
that the exa-cel MOA works independently of age, genotype, sex, VOC history, and race, and 
offers transformational clinical outcomes across subgroups. 

Table 21: Subgroup Analysis: Proportion of Patients Who Achieved VF12 or HF12 by 
Age, Genotype, Sex, VOC History, and Race (Studies 121 and 131 [SCD]PES) 

Subgroup, n (%); (95% CI) 
VF12 
N=30 

HF12 
N=30 

Age   
Adolescents (12-<18 years of age) (n=6) 6 (100); (54.1, 100) 6 (100); (54.1, 100) 
Adults (18-35 years of age), (n=24) 23 (95.8); (78.9, 99.9) 24 (100); (85.8, 100) 

Genotype   
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Subgroup, n (%); (95% CI) 
VF12 
N=30 

HF12 
N=30 

βs/βs, n=29 28 (96.6); (82.2, 99.9) 29 (100); (88.1, 100) 
non-βs/βs, n=1 1 (100); (–, –) 1 (100) (–, –) 

Sex   
Male, n=16 16 (100); (79.4, 100) 16 (100); (79.4, 100) 
Female, n=14 13 (92.9); (66.1, 99.8) 14 (100); (76.8, 100) 

VOC history   
≥ 3 VOCs/year for 2 years prior at baseline, n=17 16 (94.1); (71.3, 99.9) 17 (100); (80.5, 100) 

Race   
Black or African American, n=26 25 (96.2); (80.4, 99.9) 26 (100); (86.8, 100) 
Other, n=4 4 (100) (–, –) 4 (100) (–, –) 

exa-cel=exagamglogene autotemcel; HbF=fetal hemoglobin; HF12=free from in-patient hospitalization for VOC 
events for at least 12 consecutive months after exa-cel infusion; N=total sample size; n=size of subsample; 
PES=Primary Efficacy Set; SCD=sickle cell disease; VF12=not experienced any (i.e., absence of) severe VOC for 
at least 12 consecutive months after exa-cel infusion; VOC=vaso-occlusive crisis.  

7.3 Efficacy Conclusions in Sickle Cell Disease 

Exa-cel is designed to be a one-time treatment, leading to a functional cure in patients with 
SCD. 

In the pivotal clinical study (Study 121), exa-cel has been shown to reactivate HbF production to 
levels known to eliminate disease complications consistent with individuals with SCD who 
co-inherit HPFH (Section 3.3). As anticipated based on the MOA, the consistency of editing 
translates into long-term durability of effect that is observed after treatment with exa-cel. 
Treatment with exa-cel consistently resulted in rapid, robust, and durable increases in HbF 
levels, which were maintained through Study 131.  

As discussed in Section 7.2, all evaluated efficacy endpoints demonstrate maintenance of 
long-term benefit from exa-cel treatment. Efficacy was observed early and maintained through 
all subsequent follow-up (Month 48). 

Specifically: 

• The pivotal Study 121 and long-term follow-up Study 131 showed transformational clinical 
benefit in adults and adolescents: 

o 29 of 30 (96.7%) patients in the PES achieved VF12, including 6 adolescent patients; 
o 30 of 30 (100%) patients in the PES achieved HF12, including 6 adolescent patients; 
o 40 of 40 (100%) patients achieved the surrogate efficacy biomarker of HbF ≥ 20% at 

Month 6, including 11 adolescent patients; 
o 31 of 32 (97%) patients achieved the intermediate clinical endpoint (ICE), VF9 

including 7 adolescent patients. 
• Adolescents (ages 12 to 17 years) comprised ~30% of the total population (n=11). 

Transformational clinical benefit was consistent between adolescents and adults. 
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• Twenty-eight of 29 (96.6%) SCD patients who achieved VF12 have remained VOC free. The 
mean (SD) VOC free duration was 22.4 (7.2) months, ranging up to 41.1 months. 

• The mean HbF (%) levels were maintained at approximately ≥40% and mean total Hb levels 
were maintained at ≥11.1 g/dL from Month 6 through the duration of follow-up. In addition, 
prediction analyses via modeling further support the expected extended durability of HbF 
with all patients predicted to have HbF ≥20%, a level that has been shown to be associated 
with absence of VOCs. 

• High stable levels of allelic editing in peripheral blood and CD34+ cells of the bone marrow 
were achieved early and maintained, demonstrate durability of the engrafted cells. 

Benefits of exa-cel treatment also translate into long-term benefits in other secondary endpoints 
that also show improvements, including improvements in markers of hemolysis (LDH and 
haptoglobin) and in PROs. The markers of hemolysis and PROs will continue to be measured in 
the 15-year follow-up Study 131. 

By eliminating VOCs for patients with SCD, exa-cel treatment is expected to modify the 
long-term course of disease by reducing end organ damage and ultimately improving overall 
survival. 

In summary, the totality of exa-cel efficacy shows overwhelming and transformational clinical 
benefit following exa-cel treatment, supports the proposed indication, and addresses the 
significant unmet need for a curative treatment for patients with SCD. 
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8 CLINICAL SAFETY IN SICKLE CELL DISEASE 

Summary 

• A total of 46 patients have received exa-cel infusion in Study 121; this reflects all patients planned 
to dose in the study.  

• 44 patients had received exa-cel infusion at the time of data cutoff, with a mean (SD) of 20.3 (10.4) 
and median (range) follow-up of 19.3 (0.8, 48.1) months after infusion and a cumulative 73.5 
patient-years follow-up 

• Adverse events (AEs) were consistent with the use of busulfan myeloablative conditioning, HSCT, 
and underlying disease: 
o The most common adverse events were nausea (70.5%), stomatitis (63.6%), vomiting 

(56.8%), and febrile neutropenia (54.5%) 
o Most AEs, Grade 3/4 AEs and SAEs occurred within he first 3 to 6 months after myeloablative 

conditioning and exa-cel infusion and decreased thereafter 
o No SAEs were considered related or possibly related to exa-cel  
o There were no clinically significant infusion-related reactions 

• The safety profile was consistent in adolescents (ages 12 to 17 years) and adults (ages ≥ 18 
years)  

• All (100%) patients successfully achieved both neutrophil and platelet engraftment, with no 
patients experiencing graft failure or graft rejection. 

• The time to platelet engraftment is longer than that reported in the allo-HSCT literature and 
delayed platelet engraftment is considered a potential risk for exa-cel.  

• There have been no reports of hematologic malignancies in patients treated with exa-cel. There is 
a known risk of malignancy following busulfan and HSCT. However, there is no evidence from 
extensive non-clinical investigations of additional risk of hematologic malignancy from exa-cel 
treatment. 

8.1 Treatment Exposure and Mobilization 

In the exa-cel development program for SCD, all 46 severe SCD patients in Study 121 who 
were planned to be dosed have been dosed. The 44 patients who have received exa-cel as of 
the 14 June 2023 data cutoff date received exa-cel at a median dose (range) of 4.0 (2.9, 
14.4) × 106 CD34+ cells/kg. The mean (SD) of 20.3 (10.4) and median (range) follow-up 
duration after exa-cel infusion were 19.3 (0.8, 48.1) months, which corresponds to 
73.5 patient--years of exposure after exa-cel infusion (Table 22). 

Table 22: Patient Exposure to Exa-cel and Duration of Follow-up (Studies 121 and 
131, [SCD]FAS) 

Parameter 
[SCD]FAS 

N=44 
Follow-up duration after exa-cel infusion (month)   

Mean (SD) 20.1 (10.4) 
Median (min, max) 19.3 (0.8, 48.1) 

Exposure after exa-cel infusion (patient-months) 882.4 
Exposure after exa-cel infusion (patient-years) 73.5 
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Parameter 
[SCD]FAS 

N=44 
Follow-up duration after exa-cel infusion by intervala, n (%)  

≤ 3 months 1 (2.3) 
> 3 months to ≤ 6 months 2 (4.5) 
> 6 months to ≤ 1 year 8 (18.2) 
> 1 year to ≤ 2 years 16 (36.4) 
> 2 yearsa 17 (38.6) 
≥ 18 monthsb 30 (68.2) 

Exa-cel=exagamglogene autotemcel; FAS=Full Analysis Set; N=total sample size; SCD=sickle cell disease. 
a. Follow-up duration is not equivalent to study visit. Due to protocol-specified visit windows, a patient in this 
category may not have completed the Month 24 Visit in Study 121, as applicable, thus had not enrolled in Study 
131. 
b. Includes 1 patient who was 6 days prior to 18 months of follow-up at the time of the data cutoff date. 

8.2 Adverse Events 

Exa-cel’s safety profile is consistent with AEs related to myeloablative busulfan conditioning84, 
HSCT, and underlying disease10 (Table 23). Clinical findings are supported by extensive 
nonclinical investigations for potential toxicities or off-target edits, none of which were identified 
in nonclinical studies (Section 5).  

Table 23: Overview of Adverse Events From Exa-cel Infusion through 2 Years of 
Follow-up (Study 121, FAS) 

Patients with, n (%) 
FAS 
N=44 

Any AE 44 (100) 
Any AE related or possibly related to exa-cel 13 (29.5) 
Any AE related or possibly related to busulfan 44 (100) 
Grade 3/4 AE 42 (95.5) 
SAE 20 (45.5) 

SAE related or possibly related to exa-cel 0 
SAE related or possibly related to busulfan 4 (9.1) 

AE leading to study discontinuation 0 
AE leading to death 1 (2.3)a 

AE=adverse event; exa-cel=exagamglogene autotemcel; FAS=Full Analysis Set; N=total sample size; 
SAE=serious adverse event; SAS=Safety Analysis Set. 
a. One patient died due to COVID-19 infection that resulted in respiratory failure, not related to exa-cel; this 
resulted in study discontinuation.  

8.2.1 Common Adverse Events 

The most common AEs (occurring in ≥ 40% of patients) after myeloablative busulfan 
conditioning and exa-cel infusion were nausea, stomatitis, vomiting, febrile neutropenia, 
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abdominal pain, headache, pruritus, decreased appetite, platelet count decreased, constipation, 
pain in extremity, arthralgia, and pyrexia (Table 24). 

Table 24: Common Adverse Events Occurring in ≥ 25% of Patients From Exa-cel 
Infusion through 2 Years of Follow-up (Study 121, FAS) 

Preferred Terma, n (%) 
FAS 
N=44 

Patients with any AE 44 (100) 
Nausea 31 (70.5) 
Stomatitis 28 (63.6) 
Vomiting 25 (56.8) 
Febrile neutropenia 24 (54.5) 
Abdominal pain 22 (50.0) 
Headache 22 (50.0) 
Pruritus 22 (50.0) 
Decreased appetite 21 (47.7) 
Platelet count decreased 21 (47.7) 
Constipation 20 (45.5) 
Pain in extremity 20 (45.5) 
Arthralgia 19 (43.2) 
Pyrexia 18 (40.9) 
Diarrhea 17 (38.6) 
Neutrophil count decreased 17 (38.6) 
Anemia 16 (36.4) 
Fatigue 16 (36.4) 
Mucosal inflammation 16 (36.4) 
Skin hyperpigmentation 16 (36.4) 
Back pain 15 (34.1) 
Hypokalemia 15 (34.1) 
Neutropenia 13 (29.5) 
Edema peripheral 12 (27.3) 
Thrombocytopenia 12 (27.3) 
Abdominal pain upper 11 (25.0) 
Alanine aminotransferase increased 11 (25.0) 
COVID-19 11 (25.0) 
Gastritis 11 (25.0) 
Pain 11 (25.0) 
AE=adverse event; exa-cel=exagamglogene autotemcel; FAS=Full Analysis Set; N=total sample size; n=size of 
subsample. 
a. All preferred-term events are described in busulfan product information by matching term or similar medical 
concept (Otsuka 2015). 
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8.2.2 Treatment-Related Adverse Events 

All AEs considered by the investigator as possibly related or related to exa-cel that occurred in 
≥ 2 patients were laboratory-related events (CD4 lymphocyte decreased, lymphopenia, and 
neutropenia) (Table 25). All AEs considered possibly related or related to exa-cel were also 
considered possibly related or related to busulfan, except for one nonserious AE of neutropenia, 
which was considered possibly related or related to exa-cel only. 

Table 25: Adverse Events Related or Possibly Related to Exa-cel From Exa-cel 
Infusion through 2 Years of Follow-up (Study 121, FAS) 

Preferred Term, n (%) 
FAS 
N=44 

Patients with any AE related to exa-cela 13 (29.5) 
CD4 lymphocytes decreased 8 (18.2) 
Lymphopenia 5 (11.4) 
Neutropenia 2 (4.5) 
Dermatitis 1 (2.3) 
Platelet count decreased 1 (2.3) 
Thrombocytopenia 1 (2.3) 

AE=adverse event; exa-cel=exagamglogene autotemcel; FAS=Full Analysis Set; N=total sample size; n=size of 
subsample.  
a. "Related", "Possibly Related", and "Missing" are considered as related. 

8.2.3 Time to Onset of Adverse Events after Exa-cel Treatment 

Overall, the type of AEs and timing of onset were consistent with busulfan myeloablative 
conditioning and the peri-transplant period. No new trends or patterns associated with exa-cel 
were observed (Table 26). Across all intervals, most AEs were non-serious and Grade 1 or 2 in 
severity. The majority (> 70%) of AEs, serious adverse events (SAEs), and Grade 3/4 AEs 
occurred during the first 6 months after exa-cel infusion. None of the SAEs that occurred ≥ 6 
months after exa-cel infusion were considered related or possibly related to busulfan. No SAEs 
were considered related or possibly related to exa-cel during any time interval. 

Table 26: Adverse Events by Onset Time Interval From Exa-cel Infusion 
(Study 121, FAS) 

Category 

Infusion to 
< 6 Months 

N=44 

6 to < 12 
Months 

N=41 

12 to < 18 
Months 

N=33 

≥ 18 
Months 

N=29 
Patients with any AE, n (%) 44 (100.0) 29 (70.7) 22 (66.7) 16 (55.2) 
Total number of AEs 1554 209 121 64 

Patients with Grade 3/4 
AE, n (%) 

42 (95.5) 9 (22.0) 7 (21.2) 3 (10.3) 

Number of Grade 3/4 AEs 364 32 11 8 
Patients with SAE, n (%) 15 (34.1) 8 (19.5) 3 (9.1) 3 (10.3) 
Number of SAEs 46 13 3 4 
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Category 

Infusion to 
< 6 Months 

N=44 

6 to < 12 
Months 

N=41 

12 to < 18 
Months 

N=33 

≥ 18 
Months 

N=29 
Time-Adjusted AE Rates (Events/Patient-Months) 
All AEs 6.141 0.963 0.661 0.541 

AEs related to exa-cel 0.087 0.009 0.005 0 
Grade 3/4 AEs 1.438 0.147 0.060 0.068 
SAEs 0.182 0.060 0.016 0.034 

SAEs related to exa-cel 0 0 0 0 
AE=adverse event; exa-cel=exagamglogene autotemcel; FAS=Full Analysis Set; N=total sample size; n=size of 
subsample; SAE=serious adverse event.  
Notes: Any AEs missing relationship to exa-cel were counted as related to exa-cel. 

8.2.4 Grade ≥ 3 Adverse Events 

Most patients (42 of 44 [95.5%]) had at least 1 AE with a maximum severity of Grade ≥ 3 
(Table 27). However, Grade ≥ 3 AEs reported in Study 121 were consistent with the use of 
busulfan for myeloablative conditioning (e.g., cytopenias, stomatitis, and mucosal 
inflammation)84 or associated with underlying disease (e.g., cholelithiasis).110, 111 Seven (15.9%) 
patients had a Grade ≥ 3 AE considered related or possibly related to exa-cel, while 42 (95.5%) 
had a Grade ≥ 3 AEs considered related or possibly related to busulfan. 

Additionally, most Grade ≥ 3 AEs occurred within 6 months of exa-cel infusion and 
myeloablative conditioning (Section 8.2.3; Table 26).  

Table 27: Grade ≥ 3 Adverse Events Occurring in ≥ 10% of Patients From Exa-cel 
Infusion through 2 Years of Follow-up (Study 121, FAS) 

Preferred Term, n (%) 
FAS 
N=44 

Patients with any Grade ≥ 3 AE 42 (95.5) 
Stomatitis 24 (54.5) 
Febrile neutropenia 21 (47.7) 
Platelet count decreased 21 (47.7) 
Decreased appetite 18 (40.9) 
Neutrophil count decreased 17 (38.6) 
Mucosal inflammation 14 (31.8) 
Anemia 11 (25.0) 
Thrombocytopenia 11 (25.0) 
Neutropenia 10 (22.7) 
White blood cell count decreased 6 (13.6) 
Abdominal pain 5 (11.4) 
CD4 lymphocytes decreased 5 (11.4) 
Cholelithiasis 5 (11.4) 
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Preferred Term, n (%) 
FAS 
N=44 

Pruritus 5 (11.4) 
AE=adverse event; exa-cel=exagamglogene autotemcel; FAS=Full Analysis Set; N=total sample size; n=size of 
subsample. 

8.2.5 Serious Adverse Events 

After exa-cel infusion, 20 (45.5%) patients had at least 1 SAE (Table 28). No SAEs were 
reported as possibly related or related to exa-cel (Table 4), and all SAEs reported are either 
described in the busulfan product information84 by matching PT or similar medical concept, or 
are associated with underlying disease (e.g., cholelithiasis, sickle cell anemia with crisis).12, 110-

112  

Table 28: Serious Adverse Events Occurring in ≥ 2 Patients From Exa-cel Infusion 
through 2 Years of Follow-up (Study 121, FAS) 

Preferred Terma, n (%) 
FAS 
N=44 

Patients with any SAE 20 (45.5) 
Cholelithiasis 4 (9.1) 
Pneumonia 4 (9.1) 
Abdominal pain 3 (6.8) 
Constipation 3 (6.8) 
Pyrexia 3 (6.8) 
Sickle cell anemia with crisis 3 (6.8)b 
Abdominal pain upper 2 (4.5) 
Non-cardiac chest pain 2 (4.5) 
Oropharyngeal pain 2 (4.5) 
Pain 2 (4.5) 
Sepsis 2 (4.5) 
Exa-cel=exagamglogene autotemcel; FAS=Full Analysis Set; PT=Preferred Term; N=total sample size; n=size of 
subsample; SAE=serious adverse event; VOC: vaso-occlusive crisis.  
a. All PTs are either described in the busulfan product information by matching PT or similar medical concept or 
are associated with underlying disease (cholelithiasis, sickle cell anemia with crisis). 
b. Corresponds to hospitalizations for VOCs in three patients.  

8.3 Deaths 

One adult patient in Study 121 died of respiratory failure due to complications from COVID-19 
infection. The event was considered not related to exa-cel and possibly related to busulfan. A 
narrative is provided in Appendix 11.2.1. No other deaths have occurred across the exa-cel 
program. 
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8.4 Engraftment 

8.4.1 Neutrophil Engraftment and Neutrophil Recovery 

Neutrophil engraftment was defined as the first day of 3 consecutive measurements of absolute 
neutrophil count (ANC) ≥ 500/µL on 3 different days, achieved within 42 days after exa-cel 
infusion (Study Day 43), without use of unmodified CD34+ cells after reaching the nadir, defined 
as ANC < 500/µL. Engraftment failure was defined as not achieving neutrophil engraftment by 
42 days after exa-cel infusion (Study Day 43) or having to receive backup CD34+ stem cells at 
any time during the period of neutropenia. 

All 44 patients (100%) who completed busulfan conditioning and received exa-cel achieved 
neutrophil engraftment by Study Day 43, and no patients required back-up CD34+ cells 
(Table 29). 

The Kaplan-Meier plot for time to neutrophil engraftment is provided in Figure 18. 

The median (range) time to neutrophil engraftment was 27.0 (15, 40) days (Table 29). Within 
2 months after exa-cel infusion, median neutrophil counts further increased and remained 
≥ 1.5 × 109/L (Figure 19), which is Grade 1 or normal, per Common Terminology Criteria for 
Adverse Events (CTCAE). 

Relative to allo-HSCT, the median time to neutrophil engraftment with exa-cel is comparable to 
the times reported in allo-HSCT56, 113-115 and aligns with those seen with other genetic therapies 
involving HSCT73 (see Table 37 in Appendix 11.2.2 for detailed information on reference 
ranges). There was no association between infection AEs or SAEs and neutrophil engraftment 
times.  

Table 29: Summary of Neutrophil Engraftment (Study 121, FAS) 

Parameter 
FAS 
N=44 

Patients who achieved neutrophil engraftment n (%) 44 (100) 
Time to neutrophil engraftment, daysa  

 Mean (SD) 26.5 (6.1) 
 Median (min, max) 27.0 (15, 40) 

FAS=Full Analysis Set; N=total sample size; n=size of subsample. 
Notes: Neutrophil engraftment was defined as the first day of 3 consecutive measurements of absolute neutrophil 
count ≥ 500/µL on 3 different days without use of the unmodified CD34+ cells after reaching a nadir of absolute 
neutrophil count < 500/µL. 
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Figure 18: Kaplan-Meier Plot for Time to Neutrophil Engraftment (Study 121, FAS) 

FAS=Full Analysis Set; N=total sample size. 
Note: Neutrophil engraftment was defined as the first day of 3 consecutive measurements of absolute neutrophil 
count ≥ 500/µL on 3 different days, without the use of the unmodified CD34+ cells after reaching the nadir, defined as 
absolute neutrophil count < 500/µL achieved within 42 days after exa-cel infusion (Study Day 43). Exa-cel infusion 
was Study Day 1.  

Figure 19: Median Neutrophil Counts over Time (Study 121, SAS) 
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N=total sample size; PBMC=peripheral blood mononuclear cell; SAS=Safety Analysis Set. 
Note: Analysis was performed on the Safety Analysis Set (N=58), which includes all patients who started the 
mobilization regimen. Mobilization started with subcutaneous plerixafor 2-to-3 hours before the start of apheresis to 
collect PBMCs. First and third quartile values are plotted as bars at each visit. Baseline was defined as the most 
recent non-missing measurement (scheduled or unscheduled) collected before the start of the first mobilization. 
* Common Terminology Criteria for Adverse Events (CTCAE): 1.5 × 109/L to < lower limit of normal.  
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8.4.2 Platelet Engraftment and Platelet Recovery 

Platelet engraftment was defined as the first of 3 consecutive measurements on 3 separate 
days with ≥ 50,000 platelets/μL without a platelet transfusion for 7 consecutive days. For 
patients discharged early, platelet engraftment was defined per protocol as Day 7 after the last 
platelet transfusion if the next 3 platelet counts were consecutively ≥ 50,000/µL without platelet 
transfusion support. This approach is consistent with transplant guidance and the HSCT field in 
context of less frequent platelet testing, as would be the case after hospital discharge. 

Of the 44 patients who achieved neutrophil engraftment, 43 (97.7%) also achieved platelet 
engraftment as of the 14 June 2023 data cutoff date. One patient was at Study Day 24 and 
pending platelet engraftment at the time of the data cutoff date. After the 14 June 2023 data 
cutoff date, the patient subsequently achieved platelet engraftment on Study Day 26 (Table 30). 

The median (range) time to platelet engraftment was 35.0 (23 to 126) days (N=43; Table 30). 

The Kaplan-Meier plot for time to platelet engraftment is provided in Figure 20. 

Table 30: Summary of Platelet Engraftment (Study 121, FAS) 

Time to Platelet Engraftment (Days) 
FAS 
N=44 

Patients who achieved platelet engraftment, n (%) 44 (100)a 
Time to platelet engraftmentb  

 Mean (SD) 43.2 (22.2) 
 Median (min, max) 35.0 (23, 126) 

FAS=Full Analysis Set; N=total sample size; n=size of subsample; PE=platelet engraftment. 
a. One patient achieved platelet engraftment on Study Day 26, two days after the 14 June 2023 data cutoff date. 
b. Times do not include the patient who achieved engraftment after the data cutoff date (on Study Day 26). 
Notes: PE was defined as the first day of 3 consecutive measurements of unsupported (no platelet transfusions for 
the last 7 days) platelet ≥ 50,000/µL on 3 different days after exa-cel infusion after reaching nadir, defined as 
platelet < 50,000/µL, or the first platelet transfusion whichever is earlier. For patients who were discharged before 
reaching PE, PE was defined as the seventh day after the last platelet transfusion, if there were 3 subsequent and 
consecutive unsupported measurements of unsupported platelet ≥ 50,000/µL on 3 different days.  
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Figure 20: Kaplan-Meier Plot for Time to Platelet Engraftment (Study 121, FAS) 

 
Exa-cel=exagamglogene autotemcel; FAS=Full Analysis Set.  
Notes: PE was defined as first of 3 consecutive measurements on 3 separate days with platelets ≥ 50,000/µL without 
a platelet transfusion for 7 consecutive days, after reaching the nadir (defined as platelet < 50,000/µL) or the first 
platelet transfusion, whichever is earlier. For patients discharged early, Day 7 after the last platelet transfusion was 
the day of PE, as long as 3 subsequent and consecutive unsupported measurements on 3 different days were ≥ 
50,000/µL. This last platelet transfusion refers to the last platelet transfusion proceeding these 3 measurements. 
Exa-cel infusion was Study Day 1. One patient achieved platelet engraftment on Study Day 26, two days after the 
14 June 2023 data cutoff date. 

Overall platelet recovery was robust, as displayed in Figure 21, with the average platelet count 
> 100 × 109/L by Month 2 with further recovery thereafter to the normal range (>150 × 109/L) 
which was sustained through the duration of follow-up.  

The median time to platelet engraftment is consistent with other genetic therapies for SCD: 36 
days (range: 18, 136).73 However the median time to platelet engraftment is longer than those 
reported in allo-HSCT literature: 19 to 28 days (range: 9, 232 days).56, 113-116 See Table 37 in 
Appendix 11.2.2 for detailed information on reference ranges in the literature. 

There was no association between time to platelet engraftment and the incidence of bleeding 
AEs and SAEs. Nonetheless, the potential for longer time to platelet engraftment is considered 
a potential risk and is included as part of the Pharmacovigilance Plan (Section 8.11). 
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Figure 21: Median Platelet Counts over Time (Study 121, SAS) 

 
BL=baseline; N=total sample size; PBMC=peripheral blood mononuclear cell; SAS=Safety Analysis Set.  
Notes: Analysis was performed on the Safety Analysis Set (N=58), which includes all patients who started the 
mobilization regimen. Mobilization started with subcutaneous plerixafor 2-to-3 hours before the start of apheresis to 
collect PBMCs. First and third quartile values are plotted as bars at each visit. Baseline was defined as the most 
recent non-missing measurement (scheduled or unscheduled) collected before the start of mobilization. Error bars 
represent the 1st and 3rd quartiles around median. 
* Common Terminology Criteria for Adverse Events (CTCAE): 75 × 109/L to < lower limit of normal. 

8.5 Safety in Subgroups 

Subgroup analyses of safety were performed for age, sex, race, genotype, and geographic 
region. 

8.5.1 Safety in Adolescents and Adults 

Adolescent patients (ages 12 to 17 years) were enrolled and treated once efficacy and safety 
had been shown in adults (ages 18 to 35 years). The median (range) follow-up for all adolescent 
and adult patients who received exa-cel infusion in the Study 121 and Study 131 FAS were 
16.7 (4.5, 20.6) and 25.5 (0.8 to 48.1) months, respectively.  

The observed safety profile was generally similar between adolescents (ages 12 to 17 years) 
and adults (Table 31). Across age groups, AEs were consistent with the use of busulfan for 
myeloablative conditioning, HSCT, and underlying disease. No differences attributed to exa-cel 
were identified in either age group. The incidences of AEs and SAEs after exa-cel infusion 
through 2 years of follow-up were generally similar for the two age groups. 
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Table 31: Summary of Adverse Events in Adolescent and Adult Participants, through 
2 Years of Follow-up (Study 121, FAS) 

Adverse Events, n (%) 

Age at Screening 

12–<18 Years 
N=12 

18-35 Years 
N=32 

Patients with any AE 12 (100) 32 (100) 
AE related or possibly related to exa-cel 2 (16.7) 11 (34.4) 
AE related or possibly related to busulfan 12 (100) 32 (100) 
Grade 3/4 AE 10 (83.3) 32 (100) 
SAE 5 (41.7) 15 (46.9) 
SAE related or possibly related to exa-cel 0 0 
SAE related or possibly related to busulfan 0 4 (12.5) 
AE leading to study discontinuation 0 0 
AE leading to death 0 1a (3.1) 
AE=adverse event; exa-cel=exagamglogene autotemcel; FAS=Full Analysis Set; N=total sample size; n=size of 
subsample; SAE=serious adverse event;. 
Notes: An AE missing relationship to busulfan/exa-cel is counted as related to busulfan/exa-cel.  
a. Patient died of respiratory failure due to complications from COVID-19 that was considered unrelated to exa-cel.  

The most common AEs were largely consistent between adolescent patients and adults, with 
several common AEs occurring with less frequency in adolescents as compared to adults 
(Table 32). 

Table 32: Common Adverse Events Occurring in > 50% of Adolescent or Adult 
Participants, through 2 Years of Follow-up (Study 121, FAS) 

Preferred term, n (%) 

Age at Screening 

12–<18 Years 
N=12 

18–35 Years 
N=32 

Nausea 8 (66.7) 23 (71.9) 
Stomatitis 5 (41.7) 23 (71.9) 
Febrile neutropenia 3 (25.0) 21 (65.6) 
Vomiting 7 (58.3) 18 (56.3) 
Abdominal pain 5 (41.7) 17 (53.1) 
Decreased appetite 4 (33.3) 17 (53.1) 
Platelet count decreased 4 (33.3) 17 (53.1) 
Pruritus 7 (58.3) 15 (46.9) 
Mucosal inflammation 7 (58.3) 9 (28.1) 
Neutropenia 7 (58.3) 6 (18.8) 

FAS=Full Analysis Set; N=total sample size; n=size of subsample.  
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Rates of SAEs among adolescents were also consistent with adults (Table 33). No SAE 
occurred in two or more adolescent participants. 

Table 33: Serious Adverse Events Occurring in ≥ 2 Adolescent or Adult Participants, 
through 2 Years of Follow-up (Study 121, FAS) 

Preferred term, n (%) 

Age at Screening 

12–<18 Years 
N=12 

18–35 Years 
N=32 

Patients with any SAE 5 (41.7) 15 (46.9) 
Cholelithiasis 1 (8.3) 3 (9.4) 
Pneumonia 1 (8.3) 3 (9.4) 
Sickle cell anaemia with crisis 0 3 (9.4) 
Abdominal pain 1 (8.3) 2 (6.3) 
Constipation 1 (8.3) 2 (6.3) 
Pain 0 2 (6.3) 
Pyrexia 1 (8.3) 2 (6.3) 
Sepsis 0 2 (6.3) 
FAS=Full Analysis Set; N=total sample size; n=size of subsample; SAE=serious adverse event. 

Rates of severe (Grade ≥ 3) AEs were generally consistent between adolescent and adult 
patients (Table 34). 

Table 34: Grade ≥ 3 Adverse Events Occurring in ≥ 20% of Adolescent or Adult 
Participants, through 2 Years of Follow-up (Study 121, FAS) 

Preferred term, n (%) 

Age at Screening 

12–<18 Years 
N=12 

18–35 Years 
N=32 

Patients with any Grade ≥ 3 AE 10 (83.3) 32 (100) 
Stomatitis 3 (25.0) 21 (65.6) 
Febrile neutropenia 1 (8.3) 20 (62.5) 
Platelet count decreased 4 (33.3) 17 (53.1) 
Decreased appetite 4 (33.3) 14 (43.8) 
Neutrophil count decreased 3 (25.0) 14 (43.8) 
Mucosal inflammation 6 (50.0) 8 (25.0) 
Thrombocytopenia 4 (33.3) 7 (21.9) 
Anaemia 5 (41.7) 6 (18.8) 
Neutropenia 4 (33.3) 6 (18.8) 
AE=adverse event; FAS=Full Analysis Set; N=total sample size; n=size of subsample. 

Additionally, there were no clinically relevant differences in success of neutrophil or platelet 
engraftment or time to engraftment based on age (Table 35). As shown in Figure 22, 
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adolescents achieved and sustained increased neutrophil and platelet counts at consistent rates 
along similar timelines. 

Table 35: Summary of Neutrophil and Platelet Engraftment in Adolescent and Adult 
Participants, through 2 Years of Follow-up (Study 121, FAS) 

 Age at Screening 

Engraftment, days 
12–<18 Years  

N=12 
18–35 Years 

N=32 
Neutrophil engraftment   

Mean 29.8 25.2 
Median (range) 28.0 (24, 40) 25.5 (15, 38) 

Platelet engraftment   
Mean 46.2 42.0a 
Median (range) 44.5 (23, 81) 32.0 (23, 126)a 

FAS=Full Analysis Set; N=total sample size. 
Note: Adolescent patients were considered ages ≥ 12 to <18 years of age; adult patients were considered ages 
≥ 18 to < 35 years of age. 
a. At the time of the 14 June 2023 data cutoff date, 31 adults had achieved platelet engraftment and were included 
in the analysis. One patient achieved platelet engraftment on Study Day 26, two days after the 14 June 2023 data 
cutoff date. 
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Figure 22: Median Neutrophil (top) and Platelet (bottom) Counts over Time in 
Adolescent and Adult Participants, through 2 Years of Follow-up (Study 121, FAS) 
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BL=baseline; FAS= Full Analysis Set; N=total sample size; SAS=Safety Analysis Set.  
Note: Error bars represent the 1st and 3rd quartiles around the median. 
* Common Terminology Criteria for Adverse Events (CTCAE): for neutrophil count = 1.5 × 109/L to < lower limit of 
normal; for platelet count = 75 × 109/L to < lower limit of normal. 

8.5.2 Safety by Sex, Race, Genotype, and Geographic Region 

The safety profile of exa-cel was consistent across additional subgroups, with AEs (including 
Grade ≥ 3 AEs and SAEs) being mostly aligned with the use of busulfan for myeloablative 
conditioning, HSCT, underlying disease, or medical history. No clinically relevant differences 
attributable to exa-cel were identified based on gender, race, genotype, or geographic region. 
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8.6 Potential Infusion-Related Reactions 

No clinically significant infusion-related reactions were observed, and the exa-cel infusion was 
well tolerated.  

After exa-cel infusion, 6 (13.6%) patients had potential infusion-related AEs, all of which are 
known side effects of busulfan84, which patients received less than 1 week before exa-cel 
infusion. The only potential infusion-related reaction to occur in > 1 patient was abdominal pain 
(3/44 [6.8%]), and all potential infusion-related AEs were mild or moderate in severity. No 
patient had a Grade ≥ 3 or serious potential infusion-related AE, and there were no anaphylactic 
reactions at any time. 

8.7 HSCT-Associated Complications 

HSCT-associated complications are well-recognized clinical findings that can include transplant-
related mortality, graft failure, graft rejection, and acute or chronic GVHD. Other peri-transplant 
complications include febrile neutropenia, infections, bleeding, and veno-occlusive liver 
disease.53, 117-119  

Analysis of HSCT-associated complications revealed no concerns specific to exa-cel. Overall, 
the pattern, incidence, and severity of AEs reported during the peri- and post-transplant periods 
were consistent with myeloablative conditioning and autologous HSCT. No patient had graft 
failure (primary or secondary), and none had graft rejection or GVHD, neither of which were 
anticipated given exa-cel’s autologous nature. 

8.8 Laboratory Values 

Lymphocytes 

Consistent with autologous HSCT, median lymphocyte counts were lowest at Month 1 and 
increased thereafter (Figure 23). After exa-cel infusion, median lymphocyte values were 
1.0 × 109/L at Month 1 and then increased steadily through Month 5, after which time the 
median values remained ≥ 1.5 × 109/L. 
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Figure 23: Median Lymphocyte Counts over Time (Study 121, SAS) 

  
BL=Baseline; N=total sample size; SAS=Safety Analysis Set. 
Notes: Analysis was performed on the Safety Analysis Set (N=58), which includes all patients who started the 
mobilization regimen. Mobilization started with subcutaneous plerixafor 2-to-3 hours before the start of apheresis to 
collect peripheral blood mononuclear cells (PBMCs). Median values are plotted in the line, and first and third quartile 
values are plotted as bars at each visit. The numbers of patients with values available at the corresponding visits are 
shown at the bottom. Baseline was defined as the most recent non-missing measurement collected before the start of 
mobilization. Error bars represent the 1st and 3rd quartiles around the median. 
* Common Terminology Criteria for Adverse Events (CTCAE): 0.8 × 109/L to < lower limit of normal. 

Other Laboratory Values — Erythropoietin 

After exa-cel infusion, there were no clinically relevant changes from baseline in erythropoietin 
levels. Individual erythropoietin levels generally remained stable and did not increase over time 
across all HbF levels observed. No evident change in erythropoietin levels was observed when 
HbF levels represented ~40% of total hemoglobin 

8.9 Long-Term Safety: Study 131 Results 

Study 131 continues the evaluation of safety and efficacy after exa-cel in SCD and TDT patients 
who completed or discontinued pivotal Studies 121 (SCD) and 111 (TDT) for a total of 15 years 
following exa-cel infusion. The primary objective of the study is the long-term safety of exa-cel. 
The primary endpoints, include: 

• New malignancies  

• New or worsening hematologic disorders (e.g., immune-mediated cytopenias, aplastic 
anemia, primary immunodeficiencies)  

• All-cause mortality  

• All SAEs  

• CTX001-related AEs and SAEs  
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As of the June 2023 data cutoff date, a total of 17 patients with SCD had enrolled in Study 131 
after completing the Month 24 Visit in Study 121 (Table 36). The overall duration of follow-up 
(including follow-up in Study 131) for these 17 patients ranged from 25.1 to 48.1 months after 
exa-cel infusion. AE collection included: nonserious AEs considered related or possibly related 
to exa-cel, all SAEs regardless of relatedness, and all complications from SCD, new 
malignancies, and new or worsening hematologic disorders, regardless of relatedness or 
seriousness. 

Overall, no new safety findings were observed for patients enrolled in the long-term follow-up 
Study 131, including no evidence of new malignancies or new or worsening hematologic 
disorders. No patient had an AE related to SCD while in long-term follow-up. 

No deaths have occurred during Study 131, and no AEs of new malignancies or new or 
worsening hematologic AEs have occurred at any time after exa-cel infusion. One patient had 
an SAE of gastroenteritis norovirus on Study Day 799 (approximately 2.2 years after exa-cel 
infusion). The event was considered unrelated to any study drug and resolved within 4 days. 

Neutrophil, platelet, and lymphocyte count values were maintained through Study 131, with 
median values increasing or remaining stable over time. 

Table 36: Summary of Long-term Safety (Study 131) 

Parameter: 
Study 131 

 
Patients enrolled in Study 131 17 
Maximum duration of follow-up, months 48.1 
Patients with AEs > 24 months after exa-cel infusion  

AEs considered as related or possibly related to exa-cel 0 
SAEs  1 (5.9)a 
New malignancies 0 

Patients who discontinued Study 131 due to an AE 0 
AE=adverse event; SAE=serious adverse event. 
a. One patient had an SAE of gastroenteritis norovirus on Study Day 799 (approximately 2.2 years after exa-cel 
infusion). The event was considered unrelated to any study drug and resolved within 4 days.  

8.10 Risk of Hematologic Malignancy 

As of the 14 June 2023 data cutoff date, which includes up to 4 years of follow-up, there have 
been no cases of hematologic malignancy in the exa-cel program. While there is a known risk of 
hematologic malignancy with busulfan and HSCT, particularly in the setting of non-
myeloablative conditioning or graft failure in allo-HSCT, there has been no evidence from 
extensive non-clinical investigations or clinical experience of any additional malignancy risk from 
exa-cel treatment. 

The absolute risk of patients with SCD developing acute myeloid leukemia (AML) is low. In an 
observational study of 6,423 patients followed for a median of 22.2 person-years, 6 of 6,423 
patients developed AML, for an absolute risk of 0.1%.120  
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There is a known risk of hematologic malignancy after allogeneic HSCT in patients with HSCT. 
In a study with both myeloablative and non-myeloablative busulfan-based regimens, the overall 
10-year incidence of hematological malignancy was 1.7%.21 The incidence appears to be lower 
in the setting of full myeloablative conditioning; a retrospective study of 234 patients with SCD in 
France with a median of 7.9 years of follow-up after allogeneic-HSCT found that none had 
developed AML.56 The incidence of hematologic malignancies appears higher (~4%) in patients 
with SCD following both non-myeloablative allogeneic-HSCT21, 121 and HSCT with lentivirus-
based gene therapy.73, 122 Specifically, factors that increase risk of hematologic malignancy 
include the use of non-myeloablative conditioning and graft failure or rejection.21 The elevated 
risk of hematological malignancy following non-myeloablative conditioning may be due to the 
exposure of endogenous cells to the genotoxic conditioning regimen at doses insufficient to 
eliminate those cells potential for future growth as well as graft failure or rejection.21  

None of these additional risk factors apply with exa-cel, which utilizes full myeloablative 
conditioning with busulfan and, as a non-viral approach, carries no risk of insertional 
mutagenesis.  

Nonetheless, surveillance for hematologic malignancies is a key safety activity, and the Sponsor 
will continue to monitor patients as part of its pharmacovigilance activities post-approval 
(Section 8.11), including two 15-year follow-up studies, Study 131 and a post-approval, registry-
based, prospective observational study. 

In conclusion, while there is a known risk of hematologic malignancy with busulfan and HSCT, 
particularly in the setting of non-myeloablative conditioning or graft failure in allo-HSCT, there is 
no evidence from extensive non-clinical investigations or clinical experience of any additional 
risk from exa-cel treatment. Nonetheless, long-term surveillance will continue through the 
ongoing Study 131 and the proposed post-approval 15 year registry-based study.  

8.11 Pharmacovigilance Plan 

The sponsor proposes the following activities as part of their pharmacovigilance (PV) plan: 

1. Product labeling describing exa-cel must be used in conjunction with busulfan 
myeloablative conditioning and HSCT and reference to the attendant risks associated 
with the myeloablative conditioning agent (busulfan), as well as the exa-cel specific risk 
of delayed platelet engraftment 

2. Continuation of the long term extension Study 131 
3. Establishment of a long-term registry-based study to follow patients treated with 

commercial exa-cel product post approval  

The totality of safety data demonstrates that exa-cel is safe and well tolerated in both 
adolescents and adults and supports a favorable benefit-risk in both populations. The safety 
profile of exa-cel was generally consistent with that expected from myeloablative busulfan 
conditioning and HSCT, with delayed platelet engraftment the only exa-cel specific risk.  

Exa-cel will be administered in a treatment center by a physician with experience in HSCT and 
in the treatment of patients with β‑hemoglobinopathies. Safety manifestations of myeloablation 
followed by exa-cel infusion are both monitorable and manageable by physicians and treatment 
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centers with experience in HSCT. The proposed product information includes guidance and 
relevant information from the clinical trial experience, including AEs, SAEs, and engraftment. 

The long-term safety of exa-cel will be further characterized in the ongoing Study 131, where 
patients who received exa-cel will be followed for 15 years after treatment. Additionally, the 
Sponsor proposes patients treated with commercial exa‑cel drug product post-approval will be 
followed for 15 years through a post-approval, registry-based, prospective study. 

The objectives of the 15-year registry-based study are to evaluate relevant safety and efficacy 
endpoints in patients with SCD treated with exa-cel in the real-world setting post-approval. 
Leveraging established transplant Registries in the US and EU, key endpoints include: 

Safety: Neutrophil and platelet engraftment/recovery; New malignancies; Hematologic 
disorders; Mortality/survival 

Effectiveness: Severe VOCs; Hb/HbF/HbS; Disease-related end organ damage 

Post-marketing surveillance will be performed with the use of standard pharmacovigilance 
activities, including active follow-up of relevant clinical events e.g., delayed neutrophil or platelet 
engraftment, and any hematologic malignancy. 

In conclusion, the safety profile of exa-cel is consistent with that of myeloablative busulfan 
conditioning and HSCT. In combination with robust post-approval pharmacovigilance 
surveillance, including the ongoing long-term Study 131 and the proposed 15-year post-
approval registry-based study to follow patients treated with commercial product, the product 
labeling (USPI and patient information) is considered appropriate to communicate the relevant 
safety information for use of exa-cel. 

8.12 Safety Conclusions in Sickle Cell Disease 

The safety of exa-cel has been comprehensively evaluated in non-clinical and clinical studies, 
both of which demonstrated a favorable safety profile. 

Extensive off-target assessment in CD34+ samples from both healthy donors and SCD patients 
revealed no detectable off-target edits or evidence of chromosomal abnormalities following 
treatment with exa-cel.  

The clinical safety profile of exa-cel was generally consistent with that expected from 
myeloablative busulfan conditioning and HSCT, with delayed platelet engraftment being the only 
exa-cel specific risk.  

No patients experienced an SAE which was related or possibly related to exa-cel. The safety of 
exa-cel was also consistent across adult and adolescent sub-groups. 

The most common AEs were nausea (70.5%), stomatitis (63.6%), vomiting (56.8%) and febrile 
neutropenia (54.5%), all of which are common manifestations following busulfan administration 
and HSCT. 

Most AEs, SAEs and Grade 3 or higher AEs occurred within the first 3-6 months after 
myeloablation and exa-cel administration and decreased thereafter. 
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Following infusion with exa-cel, all patients (N=44) achieved neutrophil engraftment by Study 
Day 43. No patient had neutrophil engraftment failure, and none received backup CD34+ cells. 
Likewise, all patients have also achieved platelet engraftment. 

No safety findings related to exa-cel have been noted in patients in long-term follow-up, 
including no hematologic malignancies. 

In conclusion, the safety profile of exa-cel was generally consistent with that expected from 
myeloablative busulfan conditioning and HSCT, with delayed platelet engraftment the only exa-
cel specific risk. The safety data for exa-cel supports a favorable benefit-risk in adults and 
adolescents with SCD. 
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9 BENEFIT-RISK CONCLUSIONS 

Exagamglogene autotemcel (exa-cel) is a one-time, single dose cellular product consisting of 
autologous CD34+ human hematopoietic stem and progenitor cells (hHSPCs) modified by 
CRISPR/Cas9-mediated gene editing that was developed to treat patients 12 years and older 
with severe sickle cell disease (SCD). 

SCD is a serious, rare, debilitating, and life-shortening hemoglobinopathy with no broadly 
available curative options. SCD affects approximately 100,000 people in the US. Patients with 
severe SCD, as defined by recurrent vaso-occlusive crises (VOCs), are even more rare, 
estimated at 20,000 people in the US. In the US, approximately 90% of people with SCD are of 
African descent.1 This demographic distribution contributes to SCD patients historically facing 
significant healthcare disparities which directly relate to the poor outcomes associated with 
SCD.1 Overall SCD patient lifespan is shortened by 2 to 3 decades compared to the general 
population. The median age at death is 45 years5, with some patients only surviving to 
20 years.4 Patients with severe disease have even greater morbidity and 
mortality, including increased mortality in adults and adolescents.2-4, 7, 9, 52 

The exa-cel development program in SCD consists of Study 121, a pivotal Phase 1/2/3 study, 
and Study 131, a long-term safety and efficacy follow-up study. The pivotal study included pre-
specified interim analyses, and as described in this briefing document, the Sponsor proposes 
the data from these analyses can support either traditional or accelerated approval by the FDA. 

The primary efficacy endpoint in Study 121 was absence of severe VOCs for at least 
12 consecutive months (VF12) to support a traditional approval. The study also included 
evaluation of a surrogate efficacy biomarker, HbF (%) ≥ 20% at Month 6, and an interim clinical 
endpoint (ICE), absence of severe VOCs for at least 9 consecutive months (VF9), to support 
accelerated approval. The efficacy of exa-cel is transformational and consistent across 
subgroups of age (≥12 to <18 and ≥18 to 35 years), sex, baseline VOC, and disease genotype. 
Overall: 

• 29 of 30 (96.7%) patients in the PES achieved VF12, including 6 adolescent patients 
• 30 of 30 (100%) patients in the PES achieved HF12, including 6 adolescent patients 

Results for the surrogate efficacy biomarker, HbF% ≥20% at 6 months and the intermediate 
clinical endpoint (ICE), VF9 in the EES, are equally robust: 

• 40 of 40 (100%) patients achieve the surrogate efficacy biomarker of HbF ≥ 20% at 
Month 6, including 11 adolescent patients 

• 31 of 32 (97%) patients achieve the intermediate clinical endpoint (ICE), VF9, including 7 
adolescent patients 

The safety profile of exa-cel was generally consistent with that expected from myeloablative 
busulfan conditioning and HSCT, with delayed platelet engraftment the only exa-cel specific 
risk. There were no clinically significant differences in observed AE profile between adult and 
adolescent subjects (the same was observed for sex, race, and genotype). 

Post approval, to ensure safe use of exa-cel, the Sponsor considers product labeling (USPI and 
patient information) to communicate the relevant safety information for use of exa-cel and post-
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marketing pharmacovigilance (PV) surveillance to be sufficient and appropriate. In addition to 
standard post marketing PV surveillance, the Sponsor’s PV program also includes follow-up of 
subjects enrolled and dosed in Study 121 for 15 years in the long term follow-up study 
(Study 131), as well as a proposed post-approval 15-year registry-based study to follow patients 
treated with commercial product. 

Taken together, the results from the exa-cel program in severe SCD are unprecedented. 
Exa-cel has demonstrated transformative efficacy, a strong safety profile, and a highly positive 
benefit-risk profile for treatment of severe sickle cell disease patients.  



Vertex Pharmaceuticals Incorporated 
Exagamglogene autotemcel Advisory Committee Briefing Document 

BLA125787 

 

  Page 109 of 119 
 

10 REFERENCES 

1 Lee L, Smith-Whitley K, Banks S, Puckrein G. Reducing Health Care Disparities in 
Sickle Cell Disease: A Review. Public Health Rep. 2019;134(6):599-607. 

2 Platt OS, Brambilla DJ, Rosse WF, Milner PF, Castro O, Steinberg MH, et al. Mortality in 
sickle cell disease. Life expectancy and risk factors for early death. N Engl J Med. 
1994;330(23):1639-44. 

3 Powars DR, Chan LS, Hiti A, Ramicone E, Johnson C. Outcome of sickle cell anemia: a 
4-decade observational study of 1056 patients. Medicine (Baltimore). 2005;84(6):363-76. 

4 Elmariah H, Garrett ME, De Castro LM, Jonassaint JC, Ataga KI, Eckman JR, et al. 
Factors associated with survival in a contemporary adult sickle cell disease cohort. Am J 
Hematol. 2014;89(5):530-5. 

5 Lubeck D, Agodoa I, Bhakta N, Danese M, Pappu K, Howard R, et al. Estimated life 
expectancy and income of patients with sickle cell disease compared with those without 
sickle cell disease. JAMA Netw Open. 2019;2(11):e1915374. 

6 Maitra P, Caughey M, Robinson L, Desai PC, Jones S, Nouraie M, et al. Risk factors for 
mortality in adult patients with sickle cell disease: a meta-analysis of studies in North 
America and Europe. Haematologica. 2017;102(4):626-36. 

7 Castro O, Brambilla DJ, Thorington B, Reindorf CA, Scott RB, Gillette P, et al. The acute 
chest syndrome in sickle cell disease: incidence and risk factors. The Cooperative Study 
of Sickle Cell Disease. Blood. 1994;84(2):643-9. 

8 Darbari DS, Wang Z, Kwak M, Hildesheim M, Nichols J, Allen D, et al. Severe painful 
vaso-occlusive crises and mortality in a contemporary adult sickle cell anemia cohort 
study. PLoS One. 2013;8(11):e79923. 

9 Platt OS, Thorington BD, Brambilla DJ, Milner PF, Rosse WF, Vichinsky E, et al. Pain in 
sickle cell disease. Rates and risk factors. N Engl J Med. 1991;325(1):11-16. 

10 Azar S, Wong TE. Sickle Cell Disease: A Brief Update. Med Clin North Am. 
2017;101(2):375-93. 

11 Kato GJ, Piel FB, Reid CD, Gaston MH, Ohene-Frempong K, Krishnamurti L, et al. 
Sickle cell disease. 2018;4:18010. 

12 Piel FB, Steinberg MH, Rees DC. Sickle cell disease. N Engl J Med. 2017;376(16):1561-
73. 

13 Taylor JG, Nolan VG, Mendelsohn L, Kato GJ, Gladwin MT, Steinberg MH. Chronic 
hyper-hemolysis in sickle cell anemia: association of vascular complications and 
mortality with less frequent vasoocclusive pain. PLoS One. 2008;3(5):e2095. 

14 Steinberg MH, Sebastiani P. Genetic modifiers of sickle cell disease. Am J Hematol. 
2012;87(8):795-803. 

15 Charache S, Terrin ML, Moore RD, Dover GJ, Barton FB, Eckert SV, et al. Effect of 
hydroxyurea on the frequency of painful crises in sickle cell anemia. N Eng J Med. 
1995;332(20):1317-22. 

16 Vichinsky E, Hoppe CC, Ataga KI, Ware RE, Nduba V, El-Beshlawy A, et al. A phase 3 
randomized trial of voxelotor in sickle cell disease. N Engl J Med. 2019;381(6):509-19. 

17 Ataga KI, Kutlar A, Kanter J, Liles D, Cancado R, Friedrisch J, et al. Crizanlizumab for 
the prevention of pain crises in sickle cell disease. N Engl J Med. 2017;376(5):429-39. 

18 Krishnamurti L, Neuberg DS, Sullivan KM, Kamani NR, Abraham A, Campigotto F, et al. 
Bone marrow transplantation for adolescents and young adults with sickle cell disease: 
results of a prospective multicenter pilot study. Am J Hematol. 2019;94(4):446-54. 

19 Cappelli B, Volt F, Tozatto-Maio K, Scigliuolo GM, Ferster A, Dupont S, et al. Risk 
factors and outcomes according to age at transplantation with an HLA-identical sibling 
for sickle cell disease. Haematologica. 2019;104(12):e543-e46. 



Vertex Pharmaceuticals Incorporated 
Exagamglogene autotemcel Advisory Committee Briefing Document 

BLA125787 

 

  Page 110 of 119 
 

20 Eapen M, Brazauskas R, Walters MC, Bernaudin F, Bo-Subait K, Fitzhugh CD, et al. 
Effect of donor type and conditioning regimen intensity on allogeneic transplantation 
outcomes in patients with sickle cell disease: a retrospective multicentre, cohort study. 
Lancet Haematol. 2019;6(11):e585-e96. 

21 Eapen M, Brazauskas R, Williams DA, Walters MC, St Martin A, Jacobs BL, et al. 
Secondary neoplasms after hematopoietic cell transplant for sickle cell disease. J Clin 
Oncol. 2023;41(12):2227-37. 

22 Brazauskas R, Scigliuolo GM, Wang HL, Cappelli B, Ruggeri A, Fitzhugh CD, et al. Risk 
score to predict event-free survival after hematopoietic cell transplant for sickle cell 
disease. Blood. 2020;136(5):623-26. 

23 Lettre G, Sankaran VG, Bezerra MAC, Araujo AS, Uda M, Sanna S, et al. DNA 
polymorphisms at the BCL11A, HBS1L-MYB, and beta-globin loci associate with fetal 
hemoglobin levels and pain crises in sickle cell disease. Proceedings of the National 
Academy of Sciences. 2008;105(33):11869-74. 

24 Sheehan VA, Luo Z, Flanagan JM, Howard TA, Thompson BW, Wang WC, et al. 
Genetic modifiers of sickle cell anemia in the BABY HUG cohort: influence on laboratory 
and clinical phenotypes. Am J Hematol. 2013;88(7):571-6. 

25 Wonkam A, Mnika K, Ngo Bitoungui VJ, Chetcha Chemegni B, Chimusa ER, Dandara C, 
et al. Clinical and genetic factors are associated with pain and hospitalisation rates in 
sickle cell anaemia in Cameroon. Br J Haematol. 2018;180(1):134-46. 

26 Wonkam A, Ngo Bitoungui VJ, Vorster AA, Ramesar R, Cooper RS, Tayo B, et al. 
Association of variants at BCL11A and HBS1L-MYB with hemoglobin F and 
hospitalization rates among sickle cell patients in Cameroon. PLoS One. 
2014;9(3):e92506. 

27 Akinsheye I, Alsultan A, Solovieff N, Ngo D, Baldwin CT, Sebastiani P, et al. Fetal 
hemoglobin in sickle cell anemia. Blood. 2011;118(1):19-27. 

28 Ngo DA, Aygun B, Akinsheye I, Hankins JS, Bhan I, Luo HY, et al. Fetal haemoglobin 
levels and haematological characteristics of compound heterozygotes for haemoglobin S 
and deletional hereditary persistence of fetal haemoglobin. Br J Haematol. 
2012;156(2):259-64. 

29 Weatherall DJ, Clegg JB. Hereditary persistence of fetal haemoglobin. In: Blackwell 
Science Ltd, editors. The Thalassaemia Syndromes. 2008. 450-83. 

30 Desai RJ, Mahesri M, Globe D, Mutebi A, Bohn R, Achebe M, et al. Clinical outcomes 
and healthcare utilization in patients with sickle cell disease: a nationwide cohort study of 
Medicaid beneficiaries. Ann Hematol. 2020;99(11):2497-505. 

31 Steinberg MH. Treating sickle cell anemia: a new era dawns. Am J Hematol. 
2020;95(4):338-42. 

32 Steinberg MH. Fetal hemoglobin in sickle hemoglobinopathies: high HbF genotypes and 
phenotypes. J Clin Med. 2020;9(11):3782. 

33 Canver MC, Smith EC, Sher F, Pinello L, Sanjana NE, Shalem O, et al. BCL11A 
enhancer dissection by Cas9-mediated in situ saturating mutagenesis. Nature. 
2015;527(7577):192-7. 

34 Bauer DE, Kamran SC, Lessard S, Xu J, Fujiwara Y, Lin C, et al. An erythroid enhancer 
of BCL11A subject to genetic variation determines fetal hemoglobin level. Science. 
2013;342(6155):253-7. 

35 Smith EC, Luc S, Croney DM, Woodworth MB, Greig LC, Fujiwara Y, et al. Strict in vivo 
specificity of the Bcl11a erythroid enhancer. Blood. 2016;128(19):2338-42. 

36 Powars DR, Weiss JN, Chan LS, Schroeder WA. Is there a threshold level of fetal 
hemoglobin that ameliorates morbidity in sickle cell anemia? Blood. 1984;63(4):921-6. 

37 Kato GJ, McGowan V, Machado RF, Little JA, Taylor Jt, Morris CR, et al. Lactate 
dehydrogenase as a biomarker of hemolysis-associated nitric oxide resistance, priapism, 



Vertex Pharmaceuticals Incorporated 
Exagamglogene autotemcel Advisory Committee Briefing Document 

BLA125787 

 

  Page 111 of 119 
 

leg ulceration, pulmonary hypertension, and death in patients with sickle cell disease. 
Blood. 2006;107(6):2279-85. 

38 Kato GJ, Steinberg MH, Gladwin MT. Intravascular hemolysis and the pathophysiology 
of sickle cell disease. J Clin Invest. 2017;127(3):750-60. 

39 Xu JZ, Thein SL. Revisiting anemia in sickle cell disease and finding the balance with 
therapeutic approaches. Blood. 2022;139(20):3030-39. 

40 Smith-Whitley K, Zhao H, Hodinka RL, Kwiatkowski J, Cecil R, Cecil T, et al. 
Epidemiology of human parvovirus B19 in children with sickle cell disease. Blood. 
2004;103(2):422-7. 

41 (CIBMTR) CfIBMTR. 2023. Available upon request at: 
https://cibmtr.org/CIBMTR/Resources/Recipient-Donor-Data/How-to-Request-
Information. Accessed 26 September 2023. 

42 Centers for Disease Control and Prevention (CDC). 2019. Data & statistics on sickle cell 
disease. Available at: https://www.cdc.gov/ncbddd/sicklecell/data.html. Accessed 26 
September 2023. 

43 National Organization for Rare Disorders (NORD). Sickle cell disease. Available at: 
https://rarediseases.org/rare-diseases/sickle-cell-disease/. Accessed 26 September 
2023. 

44 Hankins JS, Estepp JH, Hodges JR, Villavicencio MA, Robison LL, Weiss MJ, et al. 
Sickle Cell Clinical Research and Intervention Program (SCCRIP): A lifespan cohort 
study for sickle cell disease progression from the pediatric stage into adulthood. Pediatr 
Blood Cancer. 2018;65(9):e27228. 

45 Hulihan MM, Feuchtbaum L, Jordan L, Kirby RS, Snyder A, Young W, et al. State-based 
surveillance for selected hemoglobinopathies. Genet Med. 2015;17(2):125-30. 

46 Shah N, Bhor M, Xie L, Halloway R, Arcona S, Paulose J, et al. Evaluation of vaso-
occlusive crises in United States sickle cell disease patients: a retrospective claims-
based study. J Health Econ Outcomes Res. 2019;6(3):106-17. 

47 Shah NR, Bhor M, Latremouille-Viau D, Kumar Sharma V, Puckrein GA, Gagnon-
Sanschagrin P, et al. Vaso-occlusive crises and costs of sickle cell disease in patients 
with commercial, Medicaid, and Medicare insurance - the perspective of private and 
public payers. J Med Econ. 2020;23(11):1345-55. 

48 Ballas SK, Lusardi M. Hospital readmission for adult acute sickle cell painful episodes: 
frequency, etiology, and prognostic significance. Am J Hematol. 2005;79(1):17-25. 

49 Piel FB, Tewari S, Brousse V, Analitis A, Font A, Menzel S, et al. Associations between 
environmental factors and hospital admissions for sickle cell disease. Haematologica. 
2017;102(4):666-75. 

50 Fingar KR, Owens PL, Reid LD, Mistry KB, Barrett ML. Characteristics of inpatient 
hospital stays involving sickle cell disease, 2000–2016. In: editors. Healthcare Cost and 
Utilization Project (HCUP) Statistical Briefs. Agency for Healthcare Research and Quality 
(US); 2006.  

51 Steinberg MH, McCarthy WF, Castro O, Ballas SK, Armstrong FD, Smith W, et al. The 
risks and benefits of long-term use of hydroxyurea in sickle cell anemia: a 17.5 year 
follow-up. Am J Hematol. 2010;85:403-8. 

52 Darbari DS, Sheehan VA, Ballas SK. The vaso-occlusive pain crisis in sickle cell 
disease: Definition, pathophysiology, and management. Eur J Haematol. 
2020;105(3):237-46. 

53 Angelucci E, Matthes-Martin S, Baronciani D, Bernaudin F, Bonanomi S, Cappellini MD, 
et al. Hematopoietic stem cell transplantation in thalassemia major and sickle cell 
disease: indications and management recommendations from an international expert 
panel. Haematologica. 2014;99(5):811-20. 



Vertex Pharmaceuticals Incorporated 
Exagamglogene autotemcel Advisory Committee Briefing Document 

BLA125787 

 

  Page 112 of 119 
 

54 Walters MC, Hardy K, Edwards S, Adamkiewicz T, Barkovich J, Bernaudin F, et al. 
Pulmonary, gonadal, and central nervous system status after bone marrow 
transplantation for sickle cell disease. Biol Blood Marrow Transplant. 2010;16(2):263-72. 

55 Gluckman E, Cappelli B, Bernaudin F, Labopin M, Volt F, Carreras J, et al. Sickle cell 
disease: an international survey of results of HLA-identical sibling hematopoietic stem 
cell transplantation. Blood. 2017;129(11):1548-56. 

56 Bernaudin F, Dalle JH, Bories D, de Latour RP, Robin M, Bertrand Y, et al. Long-term 
event-free survival, chimerism and fertility outcomes in 234 patients with sickle-cell 
anemia younger than 30 years after myeloablative conditioning and matched-sibling 
transplantation in France. Haematologica. 2020;105(1):91-101. 

57 Bhalla N, Bhargav A, Yadav SK, Singh AK. Allogeneic hematopoietic stem cell 
transplantation to cure sickle cell disease: A review. Front Med (Lausanne). 
2023;10:1036939. 

58 Sankaran VG, Orkin SH. The switch from fetal to adult hemoglobin. Cold Spring Harb 
Perspect Med. 2013;3(1):a011643. 

59 Steinberg MH, Chui DH, Dover GJ, Sebastiani P, Alsultan A. Fetal hemoglobin in sickle 
cell anemia: a glass half full? Blood. 2014;123(4):481-5. 

60 Vierstra J, Reik A, Chang KH, Stehling-Sun S, Zhou Y, Hinkley SJ, et al. Functional 
footprinting of regulatory DNA. Nat Methods. 2015;12(10):927-30. 

61 Canver MC, Orkin SH. Customizing the genome as therapy for the β-
hemoglobinopathies. Blood. 2016;127(21):2536-45. 

62 Frangoul H, Altshuler D, Cappellini MD, Chen YS, Domm J, Eustace BK, et al. CRISPR-
Cas9 gene editing for sickle cell disease and beta-thalassemia. N Engl J Med. 
2021;384(3):252-60. 

63 Hayakawa J, Hsieh MM, Anderson DE, Phang O, Uchida N, Washington K, et al. The 
assessment of human erythroid output in NOD/SCID mice reconstituted with human 
hematopoietic stem cells. Cell Transplant. 2010;19(11):1465-73. 

64 Ishikawa F, Yasukawa M, Lyons B, Yoshida S, Miyamoto T, Yoshimoto G, et al. 
Development of functional human blood and immune systems in NOD/SCID/IL2 receptor 
{gamma} chain(null) mice. Blood. 2005;106(5):1565-73. 

65 The 1000 Genomes Project Consortium. A global reference for human genetic variation. 
Nature. 2015;526(7571):68-74. 

66 Alisjahbana A, Mohammad I, Gao Y, Evren E, Ringqvist E, Willinger T. Human 
macrophages and innate lymphoid cells: Tissue-resident innate immunity in humanized 
mice. Biochemical Pharmacology. 2020;174:113672. 

67 Tsai SQ, Zheng Z, Nguyen NT, Liebers M, Topkar VV, Thapar V, et al. GUIDE-seq 
enables genome-wide profiling of off-target cleavage by CRISPR-Cas nucleases. Nat 
Biotechnol. 2015;33(2):187-97. 

68 Cancellieri S, Zeng J, Lin LY, Tognon M, Nguyen MA, Lin J, et al. Human genetic 
diversity alters off-target outcomes of therapeutic gene editing. Nat Genet. 
2023;55(1):34-43. 

69 Fitzhugh CD, Abraham AA, Tisdale JF, Hsieh MM. Hematopoietic stem cell 
transplantation for patients with sickle cell disease: progress and future directions. 
Hematol Oncol Clin North Am. 2014;28(6):1171-85. 

70 Stenger EO, Shenoy S, Krishnamurti L. How I treat sickle cell disease with 
hematopoietic cell transplantation. Blood. 2019;134(25):2249-60. 

71 Uchida N, Leonard A, Stroncek D, Panch SR, West K, Molloy E, et al. Safe and efficient 
peripheral blood stem cell collection in patients with sickle cell disease using plerixafor. 
Haematologica. 2020;haematol.2019.236182. doi:10.3324/haematol.2019.236182: 



Vertex Pharmaceuticals Incorporated 
Exagamglogene autotemcel Advisory Committee Briefing Document 

BLA125787 

 

  Page 113 of 119 
 

72 Esrick EB, Lehmann LE, Biffi A, Achebe M, Brendel C, Ciuculescu MF, et al. Post-
transcriptional genetic silencing of BCL11A to treat sickle cell disease. N Engl J Med. 
2021;384(3):205-15. 

73 Kanter J, Walters MC, Krishnamurti L, Mapara MY, Kwiatkowski JL, Rifkin-Zenenberg S, 
et al. Biologic and clinical efficacy of LentiGlobin for sickle cell disease. N Engl J Med. 
2022;386(7):617-28. 

74 Tisdale JF, Pierciey FJ, Jr., Bonner M, Thompson AA, Krishnamurti L, Mapara MY, et al. 
Safety and feasibility of hematopoietic progenitor stem cell collection by mobilization with 
plerixafor followed by apheresis vs bone marrow harvest in patients with sickle cell 
disease in the multi-center HGB-206 trial. Am J Hematol. 2020;95(9):E239-e42. 

75 Yannaki E, Karponi G, Zervou F, Constantinou V, Bouinta A, Tachynopoulou V, et al. 
Hematopoietic stem cell mobilization for gene therapy: superior mobilization by the 
combination of granulocyte-colony stimulating factor plus plerixafor in patients with beta-
thalassemia major. Hum Gene Ther. 2013;24(10):852-60. 

76 Krishnamurti L. Hematopoietic cell transplantation for sickle cell disease: updates and 
future directions. Hematology Am Soc Hematol Educ Program. 2021;2021(1):181-89. 

77 Quinn CT. Minireview: clinical severity in sickle cell disease: the challenges of definition 
and prognostication. Exp Biol Med (Maywood). 2016;241(7):679-88. 

78 Kanter J, Kruse-Jarres R. Management of sickle cell disease from childhood through 
adulthood. Blood Rev. 2013;27(6):279-87. 

79 Quinn CT. Sickle cell disease in childhood: from newborn screening through transition to 
adult medical care. Pediatr Clin North Am. 2013;60(6):1363-81. 

80 Ballas SK, Gupta K, Adams-Graves P. Sickle cell pain: a critical reappraisal. Blood. 
2012;120(18):3647-56. 

81 Adams RJ, McKie VC, Hsu L, Files B, Vichinsky E, Pegelow C, et al. Prevention of a first 
stroke by transfusions in children with sickle cell anemia and abnormal results on 
transcranial Doppler ultrasonography. N Engl J Med. 1998;339(1):5-11. 

82 DeBaun MR, Gordon M, McKinstry RC, Noetzel MJ, White DA, Sarnaik SA, et al. 
Controlled trial of transfusions for silent cerebral infarcts in sickle cell anemia. N Engl J 
Med. 2014;371(8):699-710. 

83 MOZOBIL (plerixafor injection) Prescribing Information. Genzyme Corporation. 
Cambridge, MA. Revised: August 2020. 

84 BUSULFEX (busulfan) for injection Prescribing Information. Otsuka America 
Pharmaceutical Inc. Rockville, MD, USA. Revised: January 2015  

85 Vertex Pharmaceuticals Inc. Report S303. VX21-SCD-002: a natural history study of 
patients with severe sickle cell disease and evaluation of vaso-occlusive crisis. Report 
date: 19 October 2022. 

86 Darbari DS, Liljencrantz J, Ikechi A, Martin S, Roderick MC, Fitzhugh CD, et al. Pain and 
opioid use after reversal of sickle cell disease following HLA-matched sibling 
haematopoietic stem cell transplant. Br J Haematol. 2019;184(4):690-93. 

87 Houston-Yu P, Rana SR, Beyer B, Castro O. Frequent and prolonged hospitalizations: a 
risk factor for early mortality in sickle cell disease patients. Am J Hematol. 
2003;72(3):201-3. 

88 Abu Al Hamayel N, Waldfogel JM, Hannum SM, Brodsky RA, Bolaños-Meade J, Gamper 
CJ, et al. Pain experiences of adults with sickle cell disease and hematopoietic stem cell 
transplantation: a qualitative study. Pain Med. 2021;22(8):1753-59. 

89 Bolaños-Meade J, Fuchs EJ, Luznik L, Lanzkron SM, Gamper CJ, Jones RJ, et al. HLA-
haploidentical bone marrow transplantation with posttransplant cyclophosphamide 
expands the donor pool for patients with sickle cell disease. Blood. 2012;120(22):4285-
91. 



Vertex Pharmaceuticals Incorporated 
Exagamglogene autotemcel Advisory Committee Briefing Document 

BLA125787 

 

  Page 114 of 119 
 

90 Leonard A, Furstenau D, Abraham A, Darbari DS, Nickel RS, Limerick E, et al. 
Reduction in vaso-occlusive events following stem cell transplantation in patients with 
sickle cell disease. Blood Adv. 2023;7(2):227-34. 

91 Shenoy S, Angelucci E, Arnold SD, Baker KS, Bhatia M, Bresters D, et al. Current 
results and future research priorities in late effects after hematopoietic stem cell 
transplantation for children with sickle cell disease and thalassemia: a consensus 
statement from the second Pediatric Blood and Marrow Transplant Consortium 
International Conference on Late Effects after Pediatric Hematopoietic Stem Cell 
Transplantation. Biol Blood Marrow Transplant. 2017;23(4):552-61. 

92 Krishnamurti L, Lanford L, Munoz R. Life threatening parvovirus B19 and herpes simplex 
virus associated acute myocardial dysfunction in a child with homozygous sickle cell 
disease. Pediatr Blood Cancer. 2007;49(7):1019-21. 

93 Serjeant GR, Serjeant BE, Thomas PW, Anderson MJ, Patou G, Pattison JR. Human 
parvovirus infection in homozygous sickle cell disease. Lancet. 1993;341(8855):1237-
40. 

94 Oyedeji CI, Welsby IJ. Optimizing management of sickle cell disease in patients 
undergoing surgery. Hematology Am Soc Hematol Educ Program. 2021;2021(1):405-10. 

95 Gbotosho OT, Kapetanaki MG, Kato GJ. The worst things in life are free: the role of free 
heme in sickle cell disease. Front Immunol. 2020;11:561917. 

96 Farrell AT, Panepinto J, Carroll CP, Darbari DS, Desai AA, King AA, et al. End points for 
sickle cell disease clinical trials: patient-reported outcomes, pain, and the brain. Blood 
Adv. 2019;3(23):3982-4001. 

97 Keller SD, Yang M, Treadwell MJ, Werner EM, Hassell KL. Patient reports of health 
outcome for adults living with sickle cell disease: development and testing of the ASCQ-
Me item banks. Health Qual Life Outcomes. 2014;12:125. 

98 King MT, Cella D, Osoba D, Stockler M, Eton D, Thompson J, et al. Meta-analysis 
provides evidence-based interpretation guidelines for the clinical significance of mean 
differences for the FACT-G, a cancer-specific quality of life questionnaire. Patient Relat 
Outcome Meas. 2010;1:119-26. 

99 Janssen MF, Szende A, Cabases J, Ramos-Goñi JM, Vilagut G, König HH. Population 
norms for the EQ-5D-3L: a cross-country analysis of population surveys for 20 countries. 
Eur J Health Econ. 2019;20(2):205-16. 

100 Jiang R, Janssen MFB, Pickard AS. US population norms for the EQ-5D-5L and 
comparison of norms from face-to-face and online samples. Qual Life Res. 
2021;30(3):803-16. 

101 Henry EB, Barry LE, Hobbins AP, McClure NS, O'Neill C. Estimation of an instrument-
defined minimally important difference in EQ-5D-5L index scores based on scoring 
algorithms derived using the EQ-VT Version 2 valuation protocols. Value Health. 
2020;23(7):936-44. 

102 Pickard AS, Neary MP, Cella D. Estimation of minimally important differences in EQ-5D 
utility and VAS scores in cancer. Health Qual Life Outcomes. 2007;5:70. 

103 Cella D, Hahn EA, Dineen K. Meaningful change in cancer-specific quality of life scores: 
differences between improvement and worsening. Qual Life Res. 2002;11(3):207-21. 

104 Maziarz RT, Waller EK, Jaeger U, Fleury I, McGuirk J, Holte H, et al. Patient-reported 
long-term quality of life after tisagenlecleucel in relapsed/refractory diffuse large B-cell 
lymphoma. Blood Adv. 2020;4(4):629-37. 

105 McQuellon RP, Russell GB, Cella DF, Craven BL, Brady M, Bonomi A, et al. Quality of 
life measurement in bone marrow transplantation: development of the Functional 
Assessment of Cancer Therapy-Bone Marrow Transplant (FACT-BMT) scale. Bone 
Marrow Transplant. 1997;19(4):357-68. 



Vertex Pharmaceuticals Incorporated 
Exagamglogene autotemcel Advisory Committee Briefing Document 

BLA125787 

 

  Page 115 of 119 
 

106 Merck Canada Inc. Letermovir (Prevymis): indication: for the prophylaxsis of 
cytomegalovirus (CMV) infection in adult CMV-seropositive recipients (R+) of an 
allogeneic hematopoietic stem cell transplant. Appendix 4, Validity of Outcome 
Measures. Canadian Agency for Drugs and Technologies in Health; 2018. 

107 Salaffi F, Stancati A, Silvestri CA, Ciapetti A, Grassi W. Minimal clinically important 
changes in chronic musculoskeletal pain intensity measured on a numerical rating scale. 
Eur J Pain. 2004;8(4):283-91. 

108 Treadwell MJ, Mushiana S, Badawy SM, Preiss L, King AA, Kroner B, et al. An 
evaluation of patient-reported outcomes in sickle cell disease within a conceptual model. 
Qual Life Res. 2022;31(9):2681-94. 

109 Saraf SL, Rondelli D. Allogeneic hematopoietic stem cell transplantation for adults with 
sickle cell disease. J Clin Med. 2019;8(10):1565. 

110 Martins RA, Soares RS, Vito FB, Barbosa VF, Silva SS, Moraes-Souza H, et al. 
Cholelithiasis and its complications in sickle cell disease in a university hospital. Rev 
Bras Hematol Hemoter. 2017;39(1):28-31. 

111 Coats T, Gardner K, Thein SL. Gallstones in sickle cell disease: a single institution 
experience. Blood. 2014;124(21):4939. 

112 Bailey K, Morris JS, Thomas P, Serjeant GR. Fetal haemoglobin and early 
manifestations of homozygous sickle cell disease. Arch Dis Child. 1992;67(4):517-20. 

113 Dedeken L, Lê PQ, Azzi N, Brachet C, Heijmans C, Huybrechts S, et al. Haematopoietic 
stem cell transplantation for severe sickle cell disease in childhood: a single centre 
experience of 50 patients. Br J Haematol. 2014;165(3):402-8. 

114 John TD, Friend B, Yassine K, Sasa G, Bhar S, Salem B, et al. Matched related 
hematopoietic cell transplant for sickle cell disease with alemtuzumab: the Texas 
Children's Hospital experience. Bone Marrow Transplant. 2021;56(11):2797-803. 

115 King AA, Kamani N, Bunin N, Sahdev I, Brochstein J, Hayashi RJ, et al. Successful 
matched sibling donor marrow transplantation following reduced intensity conditioning in 
children with hemoglobinopathies. Am J Hematol. 2015;90(12):1093-8. 

116 Shah NC, Bhoopatiraju S, Abraham A, Anderson E, Andreansky M, Bhatia M, et al. 
Granulocyte colony-stimulating factor is safe and well tolerated following allogeneic 
transplantation in patients with sickle cell disease. Transplant Cell Ther. 
2022;28(3):174.e1-74.e5. 

117 European Society for Blood and Bone Marrow Transplantation, [Carreras E, Dufour C, 
Mohty M, Kröger N, eds.]. The EBMT handbook. SpringerOpen; 2019. 

118 Mohty B, Mohty M. Long-term complications and side effects after allogeneic 
hematopoietic stem cell transplantation: an update. Blood Cancer J. 2011;1(4):e16. 

119 Slichter SJ. Relationship between platelet count and bleeding risk in thrombocytopenic 
patients. Transfus Med Rev. 2004;18(3):153-67. 

120 Brunson A, Keegan THM, Bang H, Mahajan A, Paulukonis S, Wun T. Increased risk of 
leukemia among sickle cell disease patients in California. Blood. 2017;130(13):1597-99. 

121 Lawal RA, Mukherjee D, Limerick EM, Coles W, Hsieh MM, Dillon LW, et al. Increased 
incidence of hematologic malignancies in SCD after HCT in adults with graft failure and 
mixed chimerism. Blood. 2022;140(23):2514-18. 

122 Kanter J, Thompson AA, Pierciey FJ, Jr., Hsieh M, Uchida N, Leboulch P, et al. Lovo-cel 
gene therapy for sickle cell disease: treatment process evolution and outcomes in the 
initial groups of the HGB-206 study. Am J Hematol. 2022;doi: 10.1002/ajh.26741: Online 
ahead of print. 



Vertex Pharmaceuticals Incorporated 
Exagamglogene autotemcel Advisory Committee Briefing Document 

BLA125787 

 

  Page 116 of 119 
 

11 APPENDICES 

11.1 Full Inclusion/Exclusion Criteria for Studies 121 and 131 

11.1.1 Study 121 Inclusion/Exclusion Criteria 

Inclusion Criteria 

1. Patient (or their legally authorized representative or guardian) signed and dated an 
informed consent form (ICF) and, where applicable, an assent form. 

2. Patients 12 to 35 years of age, inclusive, on the date of informed consent.  
3. Documented βS/βS, βS/β0, or βS/β+. Patients could enroll based on historical genotype 

results, but confirmation of genotype was required before busulfan conditioning. The β0 
genotypes were defined using the HbVar Database. 

4. Patients with severe SCD. Severe SCD was defined by the occurrence of at least 2 of 
the following events per year during the 2-year period before screening, while receiving 
appropriate supportive care (e.g., pain management plan, HU): 

o Acute pain event that required a visit to a medical facility and administration of pain 
medications (opioids or IV nonsteroidal anti-inflammatory drugs [NSAIDs]) or RBC 
transfusions 

o ACS, as indicated by the presence of a new pulmonary infiltrate associated with 
pneumonia-like symptoms, pain, or fever  

o Priapism lasting > 2 hours and requiring a visit to a medical facility 
o Splenic sequestration, as defined by an enlarged spleen, left upper quadrant pain, 

and an acute decrease in Hb concentration of ≥ 2 g/dL. 
o Historical severe VOCs were adjudicated by the Endpoint Adjudication Committee 

(EAC). 

5. Normal transcranial Doppler (TCD) velocity (time-averaged mean of the maximum 
velocity [TAMMV] < 170 cm/sec for non-imaging TCD and < 155 cm/sec for imaging 
TCD) in the middle cerebral artery (MCA) and the internal carotid artery (ICA) for 
patients 12 to 16 years of age  

6. Karnofsky performance status of ≥ 80% for patients ≥ 16 years of age or Lansky 
performance status of ≥ 80% for patients < 16 years of age. 

7. Eligible for autologous stem cell transplant as per investigator’s judgment.  
8. Female patients of childbearing potential (postmenarcheal, had an intact uterus and at 

least 1 ovary, and was less than 1 year postmenopausal) agreed to use acceptable 
method(s) of contraception from consent through at least 6 months after exa-cel 
infusion. 

9. Male patients of reproductive capacity agreed to use effective contraception from start of 
mobilization through at least 6 months after exa-cel infusion. 

10. Willing and able to comply with scheduled visits, treatment plan, laboratory tests, 
contraceptive guidelines, and other study procedures. 

11. Willing to participate in the long-term follow-up study (Study 131), after completion of this 
study. 
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Exclusion Criteria 

1. An available 10/10 human leukocyte antigen (HLA)-matched related donor.  
2. Prior HSCT. 
3. Clinically significant and active bacterial, viral, fungal, or parasitic infection as 

determined by the investigator. 
4. White blood cell (WBC) count < 3 × 109/L or platelet count < 50 × 109/L, not related to 

hypersplenism per investigator judgment. 
5. Treatment with regular RBC transfusions that, in the opinion of the investigator, could 

not be interrupted after engraftment. 
6. Patients with history of alloimmunization to RBC antigens and for whom the investigator 

anticipates that there would be insufficient RBC units available for the duration of the 
study. 

7. More than 10 unplanned hospitalizations or emergency department visits related to SCD 
in the 1 year before screening that, in the opinion of the investigator, were consistent 
with significant chronic pain rather than acute pain crises. 

8. HbF level > 15.0%, irrespective of concomitant treatment with HbF-inducing treatments 
such as HU. 

9. History of abnormal TCD (TAMMV ≥ 200 cm/sec for non-imaging TCD and ≥ 185 cm/sec 
for imaging TCD) for patients 12 to 18 years of age. 

10. History of untreated Moyamoya disease or presence of Moyamoya disease at Screening 
that in the opinion of the investigator put the patient at the risk of bleeding. 

11. History of a significant bleeding disorder.  
12. History of any illness or any clinical condition that, in the opinion of the investigator, 

might confound the results of the study or pose an additional risk to the patient. This 
could include, but was not limited to: history of relevant drug allergies; history of 
cardiovascular or central nervous system disease; history or presence of clinically 
significant pathology; history of mental disease; or history of familial cancer syndrome.  

13. Any prior or current malignancy or myeloproliferative disorder or a significant 
immunodeficiency disorder.  

14. Advanced liver disease, defined as: 
a. Alanine transaminase (ALT) > 3 × the upper limit of normal (ULN) or direct 

bilirubin value > 2.5 × ULN or 
b. Baseline prothrombin time (international normalized ratio [INR]) > 1.5 × ULN, or  
c. History of cirrhosis or any evidence of bridging fibrosis, or active hepatitis on liver 

biopsy. 
15. Baseline estimated glomerular filtration rate < 60 mL/min/1.73 m2. 
16. Lung diffusing capacity for carbon monoxide (Dlco) < 50% of predicted value (corrected 

for Hb and/or alveolar volume).  
17. Left ventricular ejection fraction (LVEF) < 45% by echocardiogram. 
18. Prior treatment with gene therapy/editing product.  
19. Intolerance, contraindication, or known sensitivity to plerixafor or busulfan. Patient had 

no risk factors in the opinion of the investigator that would have increased the likelihood 
of busulfan-related toxicities. Prior anaphylactic reaction with excipients of exa-cel 
product (dimethylsulfoxide [DMSO], dextran).  

20. Positive for the presence of human immunodeficiency virus-1 (HIV-1) or human 
immunodeficiency virus-2 (HIV-2) (positive for both antigen/antibody AND nucleic acid 
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tests [NAT]), hepatitis B virus (HBV) (positive for Hepatitis B core antibody [HbcAb] or 
positive hepatitis B surface antigen [HbsAg] AND NAT tests), syphilis (positive screening 
AND positive confirmatory tests), or hepatitis C virus (HCV; positive for both antibody 
[HCAb] AND for NAT tests). Additional infectious disease markers were obtained and 
tested as required by the local authority for the collection and processing of cellular 
therapy products. These additional tests (e.g., human T-cell lymphotropic virus-1 
[HTLV-1], human T cell lymphotropic virus-2 [HTLV-2], malaria, tuberculosis, 
toxoplasmosis, Trypanosoma cruzi, or West Nile virus) were evaluated to determine 
overall impact to the patient and manufacturing of exa-cel.  

21. Participation in another clinical study with an investigational drug/product within 30 days 
of screening or fewer than 5 half-lives of the investigational agent, whichever was longer 
from screening. 

22. Patients who were not able to comply with the study procedures outlined in the protocol 
as judged by the investigator. 

23. Pregnancy or breastfeeding. 

11.1.2 Study 131 Inclusion/Exclusion Criteria 

Inclusion Criteria 

Patients who met all of the following inclusion criteria were eligible for enrollment: 

1. Patients (or his or her legally appointed and authorized representative or guardian) 
signed and dated ICF and, where applicable, an assent form. 

2. Patients received exa-cel infusion in a parent study. 

Exclusion Criteria 

There were no exclusion criteria. 

11.2 Supplemental Safety Information 

11.2.1 Patient SAE Vignettes 

No patient in Study 121 had an SAE considered related or possibly related to exa-cel 
(Section 8.2.5). 

Death in Study 121: The adult patient (33 years of age) with SCD had 3.0 severe VOCs per 
year in the previous 2 years before enrollment in Study 121 and had pre-existing lung disease. 
After exa-cel, the patient had an uneventful course with neutrophil and platelet engraftment 
achieved at times consistent with other patients in the study. The patient had an AE of 
COVID-19 on Day 71 in an out-patient setting and was subsequently hospitalized for an 
extended duration (Days 112 to 268). During this time, the patient had SAEs of pneumonia, 
hypoxia and respiratory failure which were diagnosed to be due to COVID-19, with a potential 
contribution of busulfan lung injury and pre-existing lung disease. The patient had a protracted 
course in the intensive care unit with intubation and extracorporeal membrane oxygenation 
support. The SAEs were determined by the investigator as unrelated to exa-cel and related to 
COVID-19 and busulfan. Lung injury and serious infections, including fatal outcomes, are known 
risks of busulfan treatment.84 
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11.2.2 Reference Ranges for Neutrophil and Platelet Engraftment 

Table 37: Reference Ranges for Neutrophil and Platelet Engraftment for Allo- and 
Auto-HSCT 

Median (range) Time to Engraftment, days: Neutrophils Platelets 
Exa-cel SCD 27 (15, 40) 35 (23, 126) 
Other Auto-HSCT Gene Therapy in SCT   

Lovo-cel (Kanter) (N=35) 20 (12, 35) 36 (18, 136) 
Allo-HSCT in SCD   

Dedeken (N=50) 19 (7, 53) 28 (9, 232) 
Shah (N=62)a  13 (10, 34) 19 (12, 71) 

Allo=allogenic; auto=autologous; HSCT=hematopoietic stem cell therapy; SCD=sickle cell disease. 
a. All patients received granulocyte colony-stimulating factor starting at Day 7 until absolute neutrophil 

count was > 1.5 × 103 cells/mL for 3 days. 
Sources: References73, 113, 116 

 

 

 




