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ABSTRACT
Beta-thalassemia is a hereditary blood disorder, with one
of the most severe forms being transfusion-dependent
thalassemia (TDT). Zynteglo is a cell-based gene therapy
that seeks to provide an alternative for routine
blood transfusions required in the
TDT. The manufacturing process of  Zynteglo
begins with the collection and modification of a
patient’s hematopoietic stem cells. Functional

copies of the beta-globin gene are then introduced

to  restore normal  hemoglobin
clinical ~ trials,  Zynteglo has  demonstrated its
effectiveness as a treatment for TDT, with an
assessment report led by Northwestern University
78.6% of American patients achieving complete
transfusion independence. However, staggering
costs,  accessibility = issues, and safety  concerns
hinder the acceptance of the drug in major
regions of the world. Future considerations must
address the risks and barriers associated with the
treatment process to foster greater accessibility.

production.  In

treatment  of
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INTRODUCTION
Beta-thalassemia is one of two categories of thalassemia, a
group of recessively inherited blood disorders. Thalassemia
is characterized by little to no production of hemoglobin,
resulting in anemia of varying severity.! It occurs as a result of a
genetic mutation of the beta-globin gene (HBB), which causes a
reduced beta-globin chain availability in the assembly of mature
hemoglobin.! The most severe form of beta-thalassemia is
transfusion-dependent thalassemia (TDT). Also known as beta-
thalassemia major, patients with this variation require lifelong
routine blood transfusions for survival, starting in infancy or early
childhood.? Blood transfusions introduce a variety of challenges,
including transfusion-associated iron overload, infection, allergic
reactions, and hemolytic reactions.” In addition, routine blood
transfusions are time consuming and inconvenient which can be
mentally taxing for many patients and contribute to a decreased
quality of life.> With 1 in 100,000 individuals estimated to exhibit
some form of symptomatic beta-thalassemia, more long-term
and sustainable treatments for TDT are required to improve
the overall quality of life of patients suffering from this disease.!
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MECHANISMS OF ACTION
Zynteglo, a cell-based gene therapy, presents a novel approach
to the treatment and management of TDT. This treatment aims
to help beta-thalassemia patients achieve long-term transfusion
independence, potentially eliminating the need for transfusion
entirely.* The process begins with the collection of autologous
blood stem cells, or hematopoietic stem cells (HSCs), from the
patient In the manufacturing phase, Zynteglo is created by
using a lentiviral vector (LVV) to incorporate functional copies
of a HBB gene, fA-T87Q-globin, into the genome of collected
HSCs.> The patient then undergoes myeloablative conditioning
with busulfan, or chemotherapy, to suppress the immune
system and prepare the body to receive the stem cells.* The
resulting modified autologous stem cells are then reintroduced
into the patient’s body through intravenous infusion.’ The stem
cells subsequently initiate the production of red blood cells
containing active PA-T87Q-globin.’ This produces normal
beta-globin molecule pairs with alpha-globin molecules to
form functional hemoglobin and repopulate normal blood.**

BENEFITS OF ZYNTEGLO
The Phase 1/2 HGB-205 trial enrolled patients with TDT,
with the primary goal of the study being the achievement of
transfusion independence.® Transfusion independence is a
critical milestone indicative of Zynteglos ability to address the
underlying genetic defect causing beta-thalassemia. The results
from this trial noted a reduction in the frequency of blood
transfusions observed in the treated cohort. Most significantly,
78.6% of American patients treated with Zynteglo in the HGB-
205 trial achieved complete transfusion independence.” The
therapy demonstrated its ability to induce sustained production
of functional hemoglobin, a clinically meaningful achievement
that eliminates transfusion comorbidities such as iron overload.”

Two additional Phase 3 studies, HGB-207 and HGB-212, further
validated the therapeutic potential of Zynteglo. These investigations
aimed to confirm and extend the findings of HGB-205, providing
additional data on the efficacy and safety of the treatment through
long-term observation of a broader patient population. The
results of Phase 3 reinforced the promising outcomes observed
in previous trials, with a consistent reduction in transfusion
dependence and a sustained improvement in hemoglobin
levels. Specifically, 32 out of 36 evaluable patients across HGB-
207 and HGB-212 had attained transfusion independence
and achieved a normal or near-normal total hemoglobin.®

Adverse events associated with Zynteglo primarily consisted of
patients displaying mild side effects.’® LVVs with incorporated
transgenes can transduce dividing and non-dividing cells,
variably insert transgenes into the host genome. This promotes
long-term gene expression to correct, introduce or delete
DNA sequences. Across all Zynteglo trials, there has been
no evidence of insertional oncogenesis, nor any reported
instances.'” Although the risk is still present, the absence of
such adverse events in Zynteglo-treated patients provides an
additional layer of confidence in the safety of this gene therapy.

The comprehensive and rigorous evaluation of Zynteglo
in these clinical trials has not only provided evidence of
its efficacy and safety but has also offered insights into the

broader impact of the treatment in the lives of TDT patients.
The reduction or elimination of the need for regular blood
transfusions has profound implications for the overall well-
being and quality of life of individuals living with TDT.

CHALLENGES OF ZYNTEGLO
There are several drawbacks of Zynteglo, particularly regarding
its accessibility and safety. Zynteglos market price is incredibly
high, ranging from $1.8 million USD in European markets to
$2.8 million USD in American markets, which is largely due to
the manufacturing company seeking to recoup the high costs
of development and drug testing.'"* However, this has led to
the drug being rejected from European markets after initial
approval, as the company failed to negotiate reimbursements
within their National Health Systems to cover costs.”” With
Europe being one of the three major continents where TDT is
prevalent, this has proven to be a major setback in the usage
and accessibility of gene therapy for medicinal purposes.'*

TDT is also prevalent in the Mediterranean, Middle East,
North and Central Africa, and Southeastern and Southern
Asia."* In fact, these areas are more at risk for TDT compared
to the Americas, with only 0-3% beta-thalassemia related
gene mutations, in contrast to 0-19% in Europe, 2-18% in the
Middle East, 0-12% in Africa, and 0-11% in Southeast Asia.’®
As such, Africa and Asia are two major continents where the
feasibility of implementing Zynteglo should be considered.

Although the prevalence of beta-thalassemia is quite high in
Africa, the high-cost of a drug like Zynteglo may make for difficult
implementation.*Instead, theymayfirstprioritizethefocusofhealth
infrastructure on more pressing health issues such as tuberculosis,
acute respiratory infections, and HIV/AIDS.” In addition, the
heightened prevalence of beta-thalassemia in Africa does not
necessarily predict the incidence of TDT or severity of the disorder.

Zynteglo has not been approved in any Asian countries,
which may be due to the differing and lengthy procedures
regarding drug approval. For example, it typically takes
China an additional five years to approve imported drugs
compared to the vast majority of countries around the world.*®

While Zynteglo has been approved in the United States of America,
accessibility concerns remain. Theinitial high cost of the treatment,
along with the limited clinical infrastructure needed to support
and monitor the toxic busulfan myeloablative conditioning
process, creates several barriers for individuals to access the
treatment.'? As such, the accessibility of Zynteglo and the feasibility
of its implementation in various regions becomes an issue.

The safety of Zynteglo has also been an area of concern due
to the lack of long-term follow-up after clinical trials, small
sample size, and adverse reactions. Typically, long-term
follow-up consists of observing participants after 15 years
of the initial study. However, due to Zynteglos novelty, there
is no follow-up data of this magnitude, leading to multiple
concerns being raised over potential side effects and whether
patients will continue to remain transfusion-independent.'

A small portion of patients across all Zynteglo trials experienced



adverse events while undergoing treatment including neutropenia,
thrombocytopenia, leukopenia, anemia, and lymphopenia, with
over 50% of all adverse reactions occurring at a high degree of
severity.”” Furthermore, within the most recent follow-up for two
clinical trials, 37% of patients exhibited severe adverse events, with
the most common symptoms being pyrexia, thrombocytopenia,
liver veno-occlusive disease, febrile neutropenia, neutropenia,
and stomatitis.” Symptoms of mild severity can be treated
with antibodies, corticosteroids, and other minimally invasive
administrations.'** However, severe symptoms typically require
intravenous solutions and potential hospitalization.”*® While
some of these issues may be a result of the busulfan myeloablative
conditioning rather than the actual drug, this step is still essential
for the administration of Zynteglo. As a result, safety concerns
for the overall procedure remain. The small sample size of the
studies also creates uncertainty when evaluating patient outcomes.
Thus, the accessibility and safety concerns that arise from
Zynteglo prove that the viability of the treatment is still uncertain.

NEXT STEPS
While Zynteglo has immense potential, it also has several
drawbacks that still need to be addressed to improve the viability
of the drug. One potential inclusion would be to minimize the
immune risk associated with receiving Zynteglo, particularly
during the busulfan myeloablative conditioning process. Busulfan
myeloablative conditioning can lead to the following adverse side
effects: hepatic veno-occlusive disease, interstitial pulmonary
fibrosis, seizures, hyperpigmentation, emesis, wasting syndrome,
thrombocytopenia, and medullary aplasia.”® As such, further
research on thisstep is essential toimproving Zynteglo's safety profile.

However, it is important to note that Zynteglo is one of several
gene therapies that have the potential to target TDT. For example,
CASGEVY, a non-viral, ex vivo CRISPR-Cas9 gene edited cell
therapy, recently received approval from the Medicines and
Healthcare Products Regulatory Agency in the United Kingdom.*
Similar to Zynteglo, the treatment process involves the removal of
autologous stem cells from the bone marrow. However, they are then
genetically altered in a laboratory using CRISPR technology and
returned to the patient.”? Currently, the treatment is awaiting further
approval from the National Institute for Health and Care Excellence,
with the decision likely to be finalized in April or May of 2024.2

CONCLUSION
Zynteglo has demonstrated promise across Phase 1/2 and
Phase 3 clinical trials by reducing TDT patients’ dependence
on blood transfusions. However, additional considerations
still need to be taken to increase the overall accessibility of

the drug and improve the safety profile in both short and
long-term settings. Moreover, Zynteglo has become a model
of what the future of gene therapy might hold, inspiring
future treatments for TDT, such as CASGEVY, and hopefully
improving the livelihoods of many patients to come.
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