The Clinical Blueprint: Gene Therapy for Sickle Cell Disease

Distilled Practice Recommendations from the ASTCT and ISCT Consensus Guidelines
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A Standalone Visual Reference Manual for Multidisciplinary Care Teams
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The Paradigm Shift: From Symptom Management

to Durable Genetic Correction

#

The Burden

7.7 Million affected globally, facing
lifelong socioeconomic barriers and
medical neglect.

Legacy disease-modifying drugs
leave many with poor disease control.

Recurrent vaso-occlusive crises
(VOCs) cause cumulative, irreversible
end-organ damage.

The Breakthrough

i

-

2023 FDA approvals of the first two
gene therapies mark a transformative
milestone.

Potential for a one-time, durable
treatment using ex vivo gene editing
or addition.

Offers freedom from severe VOEs for
severe SCD patients.

o
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The Curative Intent Matrix:

Allo-HCT vs. Gene Therapy

Mechanism

Approach

5-year EFS >90%. Limited donor availability
L : 140
Matched Sibling Donor | Myeloablative (MAC)/ | Extended follow-up (8 14’6]_' 2
Allo-HCT Non-myeloablative (NMA) | >15 years. Graft rejection risk.
Lower cost. High GvHD risk.
I(-Iigh toxicity )
_ . _ = ds d | cyclophosphamide).
Haploidentical & Non-myeloablative / sigﬂiafrc;nﬂ?w g Delayed immune
T-Cell Depleted CD19+ depletion : reconstitution.
P b Reduced GvHD. Specialized processing
required.
High-dose busulfan toxicity.
: No donor needed. Requires multiple apheresis
Gene Therapy Myeloablative s . -
Avoids immunologic GvHD | cycles. Unknown impact on
(General) Autologous g dult vaseulopathy:

and graft rejection.

~5x the cost of Allo-HCT.
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Vector Technologies Comparison:

FDA-Approved Therapies

CXd-Cel \Lasgceyvy ]

I

Mechanism:

CRISPR-Cas9 based. Introduces double-
stranded breaks to disrupt the BCL11A erythroid

enhancer, inducing fetal hemoglobin (HbF).

Key Risk Profile:

Potential for off-target editing. Requires full
off-target editing and karyotype analysis prior
to approval.

lovo-cel (Lyfgenia)

Mechanism:

Lentiviral vector (LVV) gene addition. Semi-
random integration of a modified beta-globin
gene designed for anti-sickling activity.

Key Risk Profile:
Potential for insertional mutagenesis.

CLINICAL WARNING: Standard HIV tests
post-treatment may yield false positives.
Clinicians MUST use HIV-1 proviral DNA PCR.
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The Clinical Course Roadmap
The 6-to-12 Month Patient Journey

1. Screening 2. Transfusions 3. Apheresis 4. Manufacturing
(2-3 weeks) (2-3 months) (1-4 months) & Conditioning
4-6 ks inpatient
 Eligibility & fithess » Halt hydroxyurea, « 3-4 days/cycle, ( Weersinba
assessment. start red cell spaced 4-6 weeks « CD34+ isolation,
exchanges. apart. transduction,

myeloablative
busulfan, and cell
infusion.

2. Long-Term

Follow-Up
(Lifelong)

e Lifelong surveillance

for late effects.
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Patient Selection: Eligibility Matrix
B2

©
Standard Candidates Q Age 12 to 45 years.

2
(Proceed) ﬂ History of severe VOEs (e.qg., greater than or equal to
® 2 admissions/year despite max hydroxyurea).

Genotypes HbSS or HbS beta-0-thalassemia.

Compound heterozygous genotypes (HbSC, HbSD) - lacking trial
data.

Extensive iron overload or liver fibrosis - significantly increases
increases VOD/SOS risk with busulfan.

)

Proceed with Caution §?
(Multidisciplinary
Review Required)

>

=

~« Greater than or equal to 2 alpha-globin deletions (causes ineffective
- erythropoiesis, especially for lovo-cel).

Contraindications
#@ Prior stroke or abnormal transcranial Doppler.

(Stop)

'#é Active viral or fungal infections; active cancer.
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Pre-Procedural Hurdle: Fertility Preservation

WARNING: Busulfan conditioning is highly gonadotoxic.
(g" Somatic gene therapy does NOT resolve the heritability of
R sickle cell trait to offspring. Early counseling is mandatory.

Path A: Ovaries

Ovarian Tissue Cryopreservation (OTC)
Primary option for prepubescent patients.

Path B: Testes

Testicular Tissue Cryopreservation
Primary option for prepubescent patients.

Ovarian Stimulation

Takes 2-3 weeks. High vigilance required for VOEs,
thromboses, and steroid complications.

I

Ejaculated Sperm Preservation

Oligospermia is common in SCD. A hydroxyurea
washout period is often required to allow sperm
recovery before collection.
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The Harvest: Pre-Apheresis Clinical Protocol

Step 1: Halt Disease
Modifying Agents

Stop hydroxyurea explicitly prior
to mobilization.

Rationale: Reduces
myelosuppression and maximizes
CD34+ cell yield during collection.

Step 2: Transfusion
Support

Initiate automated Red Cell
Exchange (RCE) for a minimum of
2-3 months prior.

; Critical Target: Maintain
' Hemoglobin S fraction below 30%
| (ideally less than or equal to 20%).

Requires early coordination with
transfusion medicine due to
allo-antibody risks.

Step 3: Venous Access

Plan for early central venous
catheter insertion.

Required when peripheral access
is inadequate for exchange
transfusions, apheresis, and the
upcoming inpatient conditioning.
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The Apheresis Challenge
in SCD

1. Large-Volume Leukapheresis

The chaotic cellular interface requires processing | +—
greater than 4 Total Blood Volumes (TBV) over
6-8 hours to capture adequate cells.

2. Deeper Collection Depths

Clinicians must accept higher RBC contamination
in the collection bag to successfully capture the
elusive CD34+ stem cells amidst the aggregates.

3. Extreme VOE Vigilance

Strict fluid balance and electrolyte maintenance is
mandatory during the 6-8 hour collections to
prevent triggering acute vaso-occlusive events.

| | I
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Mobilization Kinetics & Protoco

CLINICAL CONTRAINDICATION:

G-CSF is STRICTLY CONTRAINDICATED
in SCD due to the severe risk of life-
threatening leukocytosis, neutrophil

activation, and fatal VOEs.

T-Minus 2-4 Hours

Administer single-agent
plerixafor. (Note:

T-Zero

Motixafortide is under Peak peripheral CD34+ :

investigation as a count achieved (3-6 Cycle Duration

higher-yield alternative). hours post-dose). Repeat daily for 2 to 4
Begin leukapheresis consecutive days as Between Cycles
immediately. tolerated. If target yield fails,

space the next apheresis
attempt by at least 4
weeks to allow recovery.
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The Forge: Manufacturing Critical Quality Attributes (CQAS)

Efficacy Drivers

I

Total HSPC Dose

Higher cell dose mathematically
correlates with faster, more robust
engraftment in the marrow.

Safety & Release Checks

Standard CQAs

Rigorous laboratory testing for:
- Purity and Identity

- Potency (sickle cell functional
assessment)

- Sterility, Endotoxin, and Mycoplasma

Vector Copy Number (VCN) /
Editing Frequency
Higher average gene insertions lead to

superior phenotype reversal. (Tradeoff:

higher VCN theoretically increases
insertional mutagenesis risk).

A

Vector-Specific Checks

lovo-cel: Requires Replication-Competent
Lentivirus (RCL) testing.

exa-cel: Requires full off-target editing and
karyotype analysis to confirm safety prior to

regulatory release.
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Conditioning Kinetics:
The Busulfan Goldilocks Curve

AUC <80 AUC 80-100 AUC > 100
(Underexposure) (The Optimal Window) (Overexposure)

Target AUC: 90 mg*h/L.
Absolute requirement for
validated population PK
modeling, not standard
trapezoidal math.

Danger: Risks of graft Danger: Severe organ
failure, poor engraftment toxicity, Hepatic Veno-
of gene-marked cells, Occlusive Disease /

and suboptimal disease Sinusoidal Obstruction
correction. Syndrome (VOD/SOS).

Clinical Outcomes

Busulfan Exposure (AUC over 4 days in mg*h/L)
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The 4-6 Week Inpatient Recovery Period

Qz' Hepatic VOD/SOS Mucositis & Pain

Extremely high risk with myeloablative Tissue injury amplifies baseline sickle cell
busulfan. Risk is amplified in SCD pain. Requires highly individualized pre-
patients with pre-existing liver fibrosis transplant analgesia plans and extended
from iron overload. weaning timelines, entirely distinct from

non-SCD transplants.

@ﬁ Transfusion Support % Infection & Nutrition
)
Maintain Hb between 9 and 11 g/dL to Mandatory prophylactic antimicrobials
avoid hyperviscosity and acute anemia. until full immune recovery.
Strictly keep platelets = 50,000/uL to Enteral feeding or TPN may be required

prevent intracranial hemorrhage. during periods of severe mucositis.
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The Horizon: The Dual-Track Recovery

Model

Immune engraftment
and mucositis healing
(Weeks 4-8).

Physical Recovery

Hemoglobin
stabilization
(Months 2-6).

Established chronic pain (from
avascular necrosis or central
sensitization) may take 1-2 years to
resolve post-treatment. Long-term
opioid weaning is required.

Psychological Transition

The profound identity shift:
Transitioning from a chronically

il individual with limited life
expectancy to wellness-
centered living.

Navigating ‘The New
Normal’: Learning what
constitutes normal pain
VErsus crisis.

Addressing new familial
pressures and the need for
dedicated psychiatric
rehabilitation and social
reintegration.
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The Long-Term Surveillance Radar
(15-Year FDA Mandate)

Domain 1: Conditioning Late Effects

Lifelong monitoring for gonadal failure and busulfan-
induced secondary solid cancers or leukemias.

L

/4

Domain 2: Vector & Editing Risks

. | Monitoring for insertional mutagenesis (lovo-cel) or off-
target effects (exa-cel). Requires specific assays like
Integration Site Analysis (ISA) at minimum 6 months
post-infusion to detect clonal expansion.

A
N

Domain 3: Legacy SCD Damage

. | Crucial Insight: Gene therapy halts future sickling but
cannot reverse past cellular damage. Requires
continued monitoring of progressive vasculopathy and
pre-existing end-organ dysfunction.

/4
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The Rea'l'?WOrld B-arriers _

$2.2M - $3.1M

The staggering upfront cost per patient.

- Massive fragmentation of healthcare
payers.

- Hidden travel and lodging costs for
specialized treatment centers.

- The tragedy of total inaccessibility for low
and middle-income countries where SCD
prevalence is highest.

Systemic Interventions j

CMS Cell and Gene Therapy
Access Model

» Centralized price negotiations.
* Qutcomes-based payment models.

» Patient-centered benefits covering fertility
preservation and case management.

* Absolute necessity of participating in
unified national and international registries
to track durability.
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The Multidisciplinary Care Ecosystem

Transplant
& Cellular
Therapy

Hematology
(SCD

Transfusion
Medicine
(Exchanges)

Psychology Reproductive
& Pain Endocrinology
Specialists (Fertility)

Successful gene therapy is not just a triumph of CRISPR or Lentiviral
biotechnology—it is a triumph of massive, orchestrated health system coordination.
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Require multidisciplinary evaluation
across all specialties.

ASTCT & ISCT Core Recommendations

Select patients based on comprehensive
2 fitness and psychosocial context, not just
genotype.

Use Plerixafor-only mobilization
(G-CSF strictly contraindicated).

4 Execute automated red cell exchange
pre-procedure to minimize complications.

Use PK-guided myeloablative busulfan
conditioning and proactively manage
toxicity.

6 Intervene early with fertility preservation
counseling and treatments.

~ (| O (| WD

Mandate lifelong surveillance across
conditioning late effects, gene
modification risks, and legacy SCD damage]

Participate in national/international

8 reqgistries to track real-world durability

and toxicities.

A holistic, patient-centered approach is fundamental to
achieving durable outcomes in this new era of SCD care.
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