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Abstract. The advent of gene therapy for inherited coagulation disorders 

represents a paradigm shift in hematology, yet the translation from promising 

preclinical models to widespread clinical implementation faces substantial 

obstacles. Despite regulatory approvals of adeno-associated virus (AAV)-based 

therapies for hemophilia A and B, numerous unresolved challenges constrain 

research advancement and clinical accessibility. This article examines 

contemporary problems in gene therapy research for bleeding disorders, analyzing 

immunological barriers, manufacturing limitations, durability uncertainties, 

economic constraints, and disparities in global access. Pre-existing anti-AAV 

neutralizing antibodies exclude 20-60% of potential candidates, vector production 

capacity remains insufficient for global demand, costs of $2-3 million per patient 

create prohibitive barriers, and long-term durability beyond 10-15 years remains 

unproven. Additionally, research infrastructure deficiencies in resource-limited 

settings, regulatory complexities, ethical considerations regarding patient 

selection, and technological limitations of current vector systems compound these 

challenges. Understanding and addressing these multifaceted problems is essential 

for advancing gene therapy research toward achieving equitable, durable, and 

cost-effective treatments for the global bleeding disorder population. 
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Gene therapy for coagulation disorders has achieved remarkable scientific 

milestones, with multiple products receiving regulatory approval and 

demonstrating sustained factor expression following single administration. 

However, the journey from laboratory discovery to bedside implementation reveals 

fundamental challenges that constrain research progress and limit patient access. 

These obstacles span basic science questions about vector biology and immune 

responses, translational barriers in manufacturing and clinical trial design, and 

systemic issues including economic sustainability and global health equity. 

Contemporary gene therapy research must simultaneously address biological 

limitations inherent to current technologies while navigating complex regulatory 

landscapes, ethical dilemmas, and resource disparities that characterize modern 

healthcare systems. 

The hemophilia population, numbering approximately 400,000 individuals 

worldwide, represents an ideal target for gene therapy given the monogenic nature 

of disease, well-characterized molecular defects, and dramatic clinical benefit from 

modest factor level increases. Yet fewer than 1% of this population has accessed 

gene therapy to date, reflecting the magnitude of challenges facing the field. This 

article systematically examines the major problems confronting contemporary gene 

therapy research, analyzing their scientific basis, clinical implications, and 

potential solutions. 
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Perhaps the most significant biological barrier to gene therapy success is 

pre-existing immunity against AAV vectors. Natural AAV infections are 

ubiquitous, with seroprevalence studies demonstrating neutralizing antibodies 

(NAbs) in 30-60% of healthy adults depending on serotype and geographic 

population. These antibodies, generated through prior wild-type AAV exposure, 

prevent therapeutic vector transduction by binding capsid epitopes and blocking 

cellular entry or facilitating vector clearance through complement activation and 

opsonization. 

The prevalence of anti-AAV immunity varies substantially across 

serotypes. AAV2 demonstrates the highest seroprevalence at 50-70%, reflecting its 

prevalence as a natural human pathogen. AAV5 shows intermediate rates of 30-

50%, while AAV8 demonstrates 20-40% seropositivity in most populations. 

Geographic variation is substantial, with some studies reporting higher rates in 

developing countries, potentially reflecting increased environmental exposure to 

wild-type AAV through poor sanitation or crowded living conditions. 

Current clinical protocols exclude candidates with NAb titers exceeding 

predetermined thresholds, typically 1:5 to 1:10 depending on the specific assay and 

product. This exclusion criterion eliminates 20-60% of potential recipients, 

representing a fundamental access barrier. Moreover, successful gene therapy 

administration induces high-titer NAbs against the administered serotype, 

preventing re-dosing with the same vector if therapeutic expression wanes. This 

"one-shot" limitation means treatment failure necessitates return to conventional 

therapy without gene therapy re-treatment options. 

http://www.uznauka.uz/


 

XII-RESPUBLIKA ILMIY-AMALIY KONFERENSIYA 

YAKUNLARI BO'YICHA ILMIY ISHLAR TO'PLAMI 

Issue - 12(2024)      Available at www.uznauka.uz Y 

 
 

22 
 

Research strategies to overcome pre-existing immunity face substantial 

challenges. Immunosuppression protocols using combinations of rituximab, 

cyclophosphamide, and corticosteroids have shown limited success in small studies 

but carry significant toxicity risks including opportunistic infections and 

malignancy. Plasmapheresis and immunoadsorption can temporarily reduce 

antibody titers but require repeated procedures and demonstrate limited efficacy 

for high-titer NAbs. Empty capsid administration to saturate existing antibodies 

shows promise in preclinical models but requires enormous capsid quantities 

potentially exceeding manufacturing capabilities. 

Development of novel AAV serotypes or engineered capsids with altered 

epitopes to evade existing antibodies represents an active research area, but the 

vast diversity of human anti-AAV antibody repertoires means no serotype appears 

universally non-immunogenic. Directed evolution and rational design approaches 

have generated variants with reduced neutralization by pooled human sera, yet 

individual patient antibody profiles demonstrate unpredictable cross-reactivity 

patterns. Each new serotype requires extensive preclinical characterization, clinical 

trial evaluation, and regulatory approval, consuming years and hundreds of 

millions of dollars. 

The problem of pre-existing immunity fundamentally constrains gene 

therapy accessibility and represents among the most pressing challenges facing 

contemporary research. Without solutions enabling treatment of seropositive 

individuals or re-dosing after expression loss, gene therapy will remain 

inaccessible to the majority of bleeding disorder patients. 

http://www.uznauka.uz/
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Even in seronegative recipients, cellular immune responses against AAV 

capsid antigens presented on transduced hepatocytes threaten therapeutic success. 

Transient aminotransferase elevations occurring in 20-50% of recipients reflect 

CD8+ T cell-mediated cytotoxic responses against capsid peptides displayed via 

MHC class I molecules on hepatocyte surfaces. These capsid-specific T cells 

recognize and lyse transduced hepatocytes, causing transgene expression loss if 

uncontrolled. 

The cellular immune response typically manifests 3-4 months post-

infusion, though cases occurring weeks to years later have been reported. Clinical 

monitoring protocols mandate weekly aminotransferase assessments during this 

high-risk period, with elevated levels triggering immediate corticosteroid 

administration. Prompt immunosuppression successfully preserves transgene 

expression in most cases, but delayed intervention or steroid-refractory responses 

result in irreversible expression loss. 

The unpredictability of capsid-directed immunity represents a major 

research challenge. Despite extensive investigation, reliable biomarkers predicting 

which individuals will develop cellular immune responses remain elusive. Pre-

treatment assays measuring capsid-specific T cell frequencies show poor predictive 

value, likely because memory T cells require priming and expansion post-vector 

exposure to mediate hepatocyte destruction. HLA typing has identified 

associations between certain alleles and immune response risk, but predictive 

accuracy remains insufficient for clinical decision-making. 

Research investigating the mechanisms underlying capsid immunogenicity 

has revealed unexpected complexity. Capsid epitopes displayed on hepatocytes 

http://www.uznauka.uz/
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originate both from intact transduced cells and from cross-presentation of capsid 

antigens by professional antigen-presenting cells. The balance between these 

pathways, influenced by vector dose, administration route, and individual immune 

system characteristics, determines whether tolerogenic or immunogenic responses 

predominate. Hepatocytes possess inherent tolerogenic properties through 

expression of immunoregulatory molecules, yet this tolerance proves insufficient 

in a substantial minority of recipients. 

Strategies to enhance immune tolerance face significant challenges. 

Transient immunosuppression protocols using corticosteroids represent current 

standard practice, but optimal timing, dosing, and duration remain undefined. More 

aggressive immunosuppression incorporating rituximab or other agents carries 

toxicity concerns unjustified for a non-life-threatening condition. Vector 

modifications including removal of immunogenic capsid epitopes or incorporation 

of immune-regulatory transgenes show promise preclinically but face substantial 

technical hurdles and regulatory uncertainty. 

The problem of transgene product immunogenicity, while less prevalent 

than capsid immunity, poses severe consequences when occurring. Inhibitory 

antibodies against FVIII or FIX that neutralize therapeutic protein function develop 

rarely in gene therapy recipients, with rates below 5% in most trials. However, 

inhibitor development represents a catastrophic outcome, eliminating benefit from 

both gene therapy and conventional replacement therapy while potentially 

necessitating immune tolerance induction protocols requiring months to years of 

intensive treatment. 

http://www.uznauka.uz/
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Most clinical trials have enrolled previously treated patients with 

established immune tolerance to clotting factors, limiting inhibitor risk. Extension 

to previously untreated patients, particularly those with null mutations conferring 

complete absence of endogenous protein, raises substantial concerns about 

transgene immunogenicity. The hepatocyte expression pattern achieved through 

gene therapy differs from the pharmacokinetic profile of exogenous factor 

administration, potentially influencing immune recognition. Whether gene therapy-

mediated transgene expression promotes tolerance or precipitates inhibitor 

formation in immunologically naive individuals remains incompletely understood, 

representing a critical knowledge gap constraining pediatric applications. 

AAV vector manufacturing represents a fundamental bottleneck limiting 

gene therapy accessibility and research advancement. Current production methods 

using adherent or suspension mammalian cell culture in bioreactors yield limited 

vector quantities with substantial batch-to-batch variability. A single patient dose 

requires approximately 5x10^13 to 2x10^14 vector genomes depending on body 

weight and product, necessitating production runs consuming weeks and 

generating yields sufficient for only tens to hundreds of patients per manufacturing 

campaign. 

Global manufacturing capacity across all producers can generate vector for 

perhaps 2,000-5,000 patients annually, vastly insufficient for the worldwide 

hemophilia population of 400,000 individuals. Even assuming gene therapy is 

appropriate only for severe hemophilia, representing approximately 50% of cases, 

current capacity would require 40-100 years to treat existing patients, not 

http://www.uznauka.uz/
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accounting for new births. This manufacturing constraint fundamentally limits 

research opportunities, clinical access, and economic viability. 

The technical challenges underlying manufacturing limitations are 

substantial. AAV production requires transfection or transduction of mammalian 

cells with plasmids or helper viruses encoding capsid genes, rep genes for viral 

replication, and the therapeutic transgene cassette. This complex process 

demonstrates inherent inefficiency, with most cells failing to produce vector and 

substantial proportions of generated particles being empty capsids lacking genomic 

cargo. Separation of full from empty particles requires sophisticated purification 

methods including ultracentrifugation or chromatography, further reducing yields 

and increasing costs. 

Quality control requirements for gene therapy vectors exceed those of 

conventional biologics, necessitating extensive testing for vector titer, capsid-to-

genome ratio, residual process-related impurities, adventitious agents, and 

biological activity. These analyses consume substantial time, resources, and vector 

material, further constraining supply. Batch failures due to quality defects result in 

complete product loss, representing enormous financial and temporal setbacks. 

Research investigating alternative manufacturing platforms faces 

significant challenges. Insect cell-based production using baculovirus systems 

demonstrates improved scalability but generates vectors with distinct glycosylation 

patterns potentially affecting immunogenicity or efficacy. Mammalian cell-free 

systems and bacterial production approaches remain early in development with 

unproven clinical viability. Each platform requires extensive process development, 

analytical method validation, preclinical comparison to reference vectors, and 

http://www.uznauka.uz/
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clinical bridging studies to establish comparability, consuming years and 

substantial investment. 

The manufacturing problem extends beyond production to distribution and 

administration logistics. Gene therapy vectors require frozen storage and transport 

at -80°C to maintain stability, necessitating specialized cold chain infrastructure. 

Product thawing, dilution, and infusion must occur rapidly according to precise 

protocols to prevent vector degradation. These requirements constrain treatment to 

specialized centers with appropriate facilities and trained personnel, limiting 

geographic accessibility particularly in resource-limited settings lacking such 

infrastructure. 

Long-term durability of transgene expression remains incompletely 

characterized, representing a fundamental uncertainty affecting gene therapy value 

assessment. While some recipients demonstrate sustained factor levels extending 

10-15 years, others experience gradual decline with mechanisms poorly 

understood. The longest published follow-up from the 2011 hemophilia B trial 

shows persistent FIX expression beyond 13 years in several participants, but 

whether this represents typical outcomes or exceptional responders remains 

unclear. 

AAV vectors exist as episomal concatemers in transduced hepatocyte 

nuclei rather than integrating into chromosomal DNA. This episomal persistence 

enables long-term expression in non-dividing cells but creates vulnerability to 

dilution through cell division. While adult hepatocytes rarely divide under 

homeostatic conditions, liver injury, disease progression, age-related changes, and 

potentially normal turnover may gradually reduce transduced cell numbers over 

http://www.uznauka.uz/
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decades. The kinetics and magnitude of hepatocyte turnover in healthy adults 

remain incompletely defined, making predictions of lifelong expression 

impossible. 

Some recipients demonstrate stable factor levels for years followed by 

unexplained decline. Possible mechanisms include late-onset immune responses 

against capsid or transgene products, clonal expansion of transduced hepatocytes 

followed by senescence, epigenetic silencing of transgene expression, or liver 

disease progression reducing functional hepatocyte mass. Without clear biomarkers 

predicting which individuals will experience loss, and limited ability to intervene 

once decline begins, this uncertainty affects treatment decision-making particularly 

for young patients facing potentially 60-80 year life expectancies. 

The inability to re-dose with the same AAV serotype compounds 

durability concerns. Expression loss necessitates resumption of conventional 

therapy without gene therapy alternatives unless different serotypes demonstrate 

efficacy and accessibility. Research investigating re-dosing strategies using 

alternative serotypes faces challenges including limited clinical experience with 

sequential vector administration, potential cross-reactive immunity between 

serotypes, and manufacturing constraints limiting availability of multiple products. 

Mathematical modeling attempts to project lifelong durability based on 

early-phase kinetics, but limited follow-up data and inter-individual variability 

render predictions uncertain. Pharmacoeconomic analyses assume 10-20 year 

durability to justify high upfront costs, but these assumptions remain unproven. 

Should substantial proportions of recipients lose therapeutic expression within 5-10 

http://www.uznauka.uz/
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years, cost-effectiveness arguments collapse and value propositions shift 

dramatically. 

The durability problem affects research design, regulatory requirements, 

and clinical decision-making. Fifteen-year mandatory safety surveillance required 

by regulatory agencies will provide critical long-term data but delays definitive 

durability assessment for years. Young patients facing the longest potential 

treatment horizons and greatest cumulative bleeding risk paradoxically have the 

least durability data to inform decisions. This uncertainty represents among the 

most significant challenges facing contemporary gene therapy research and 

implementation. 

Gene therapy costs of $2-3 million per patient rank among the highest 

prices for any therapeutic, creating profound economic challenges for healthcare 

systems, payers, and patients. While pharmaceutical companies cite research and 

development costs, regulatory expenses, and limited patient populations to justify 

pricing, the resulting financial barriers severely constrain access and generate 

ethical concerns about distributive justice. 

Pharmacoeconomic models developed by manufacturers and some 

independent groups suggest potential cost-effectiveness compared to lifetime 

conventional therapy, which costs approximately $100,000-300,000 annually per 

patient. Models typically assume 10-20 year durability with quality-adjusted life 

year (QALY) calculations incorporating quality of life improvements from reduced 

bleeding and treatment burden. Using willingness-to-pay thresholds of $150,000-

200,000 per QALY, some analyses conclude gene therapy achieves cost-

effectiveness within these time horizons. 

http://www.uznauka.uz/
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However, these models rely on uncertain assumptions about durability, 

incorporate manufacturer-provided quality of life data potentially subject to bias, 

and use discounting methods that may undervalue long-term conventional therapy 

costs. Alternative analyses using more conservative assumptions or different 

methodological approaches reach opposite conclusions, finding gene therapy fails 

to meet cost-effectiveness thresholds. This analytic uncertainty compounds 

economic challenges by preventing consensus about value. 

Healthcare systems face impossible budget impact calculations. Treating 

all eligible severe hemophilia patients within a single country would consume 

billions of dollars, potentially exhausting annual pharmaceutical budgets. Most 

systems implement strict rationing through restrictive eligibility criteria, 

prioritizing candidates with highest bleeding rates, poorest quality of life, or 

greatest risk of complications. This prioritization creates ethical dilemmas about 

distributive justice and appropriate allocation of scarce resources. 

Payer negotiations have resulted in confidential rebate agreements and 

novel contracting arrangements including outcomes-based payments where full 

payment occurs only if therapeutic thresholds are achieved. While potentially 

mitigating financial risk, these arrangements create administrative complexity, 

confidentiality concerns preventing transparent policy-making, and implementation 

challenges verifying outcomes and triggering payment adjustments. 

Individual patients approved for treatment may face cost-sharing 

obligations of hundreds of thousands of dollars, creating catastrophic financial 

burdens. Charitable copayment assistance programs mitigate costs for some but 

face regulatory scrutiny and limited funding. Many patients decline treatment 

http://www.uznauka.uz/
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despite clinical eligibility due to financial concerns or inability to navigate 

complex reimbursement processes. 

The economic problem extends to research funding, where the high costs 

of gene therapy trials limit investigator-initiated research and concentrate 

development among well-resourced industry sponsors. Academic institutions and 

small biotechnology companies struggle to compete, potentially reducing 

innovation diversity and perpetuating industry dominance in determining research 

priorities. 

Global disparities in gene therapy access represent perhaps the most 

troubling contemporary challenge, with treatment concentrated almost exclusively 

in high-income countries while the majority of bleeding disorder patients reside in 

low- and middle-income countries lacking access. Approximately 75% of people 

with hemophilia live in resource-limited settings where conventional factor 

replacement therapy remains unavailable or inconsistently accessible, rendering 

gene therapy an impossibly distant aspiration. 

The challenges facing gene therapy implementation in resource-limited 

settings are multifaceted. Direct costs of $2-3 million per patient vastly exceed 

annual healthcare budgets for entire hospitals or regions in many countries. 

Infrastructure requirements including specialized treatment centers, cold chain 

logistics, laboratory capacity for eligibility screening and safety monitoring, and 

trained personnel are absent. Regulatory frameworks for gene therapy evaluation 

and approval are underdeveloped or non-existent in many jurisdictions. 

More fundamentally, the prioritization of gene therapy research and 

development toward markets in wealthy countries reflects broader structural 
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inequities in global health. Pharmaceutical companies rationally direct resources 

toward populations able to pay, creating a vicious cycle where diseases 

disproportionately affecting poor populations receive inadequate research 

investment while conditions affecting wealthy populations generate intense 

competition and innovation. 

Proposals to address global access disparities face substantial obstacles. 

Tiered pricing arrangements where manufacturers charge lower prices in poor 

countries create complexities around parallel importation, reference pricing in 

wealthy markets, and manufacturer willingness to accept lower margins. 

Technology transfer enabling local production encounters intellectual property 

barriers, technical know-how transfer challenges, quality assurance concerns, and 

limited manufacturing expertise in recipient countries. 

Humanitarian access programs where manufacturers donate product or 

provide at nominal cost face sustainability questions given limited manufacturing 

capacity and uncertain corporate commitment timeframes. International financing 

mechanisms through organizations like Gavi, the Global Fund, or World Bank 

could theoretically subsidize access but face competing priorities for scarce 

resources, questions about cost-effectiveness compared to other interventions, and 

political challenges in mobilizing billions of dollars for treatment benefiting 

relatively small populations. 

Research infrastructure deficiencies compound access challenges. Patient 

registries documenting disease burden, treatment patterns, and outcomes are absent 

or incomplete in many countries, preventing needs assessment and healthcare 

planning. Molecular diagnostics capabilities for genetic characterization are 

http://www.uznauka.uz/


 

XII-RESPUBLIKA ILMIY-AMALIY KONFERENSIYA 

YAKUNLARI BO'YICHA ILMIY ISHLAR TO'PLAMI 

Issue - 12(2024)      Available at www.uznauka.uz Y 

 
 

33 
 

limited, impeding patient identification and counseling. Clinical trial participation 

is minimal, excluding populations from research benefits and limiting 

generalizability of predominantly European and North American trial data. 

The global access problem raises profound ethical questions about the 

purposes of medical research and innovation. If gene therapy research culminates 

in treatments accessible only to privileged minorities while the majority of affected 

individuals remain untreated, the societal value of these innovations becomes 

questionable. Contemporary gene therapy research must grapple with obligations 

to ensure equitable benefit distribution, not merely technical success in select 

populations. 

Current AAV vector technology possesses inherent limitations 

constraining therapeutic potential even in ideal circumstances. The episomal nature 

of AAV transgene maintenance creates vulnerability to dilution as discussed 

previously, while packaging capacity constraints limit therapeutic gene options and 

preclude inclusion of optimal regulatory elements or multiple transgenes. 

For hemophilia A, the large F8 gene necessitates B-domain deletion and 

codon optimization to achieve AAV packaging, resulting in bioengineered proteins 

differing from native FVIII. While these variants maintain coagulation activity, 

their altered structure raises theoretical concerns about immunogenicity, though 

clinical experience suggests acceptable safety profiles to date. The inability to 

package full-length FVIII represents a permanent limitation unless alternative 

vectors or delivery strategies are developed. 

Liver-directed AAV gene therapy relies on systemic intravenous 

administration with hepatocyte transduction driven by natural AAV tropism. This 
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approach results in whole-body vector biodistribution with off-target transduction 

of various tissues including heart, skeletal muscle, and dorsal root ganglia. While 

transgene expression remains hepatocyte-specific through promoter restriction, the 

presence of vector in non-target tissues raises theoretical safety concerns including 

potential for insertional mutagenesis in dividing cells or immune responses primed 

in lymphoid tissues. 

Dose-limiting toxicities including liver enzyme elevations and capsid 

immunity prevent vector dose escalation to achieve higher factor levels in many 

recipients. The therapeutic window between insufficient dose failing to achieve 

adequate expression and excessive dose triggering toxicity proves narrow, with 

substantial inter-individual variability complicating dose selection. Achieving 

consistently high therapeutic factor levels across all recipients remains challenging 

with current vector systems. 

Research investigating alternative delivery approaches faces substantial 

challenges. Direct hepatic artery or portal vein administration to enhance liver-

specific transduction requires invasive procedures carrying risks of vascular injury, 

thrombosis, or bleeding particularly concerning in coagulopathic patients. Regional 

delivery has shown improved hepatocyte targeting in preclinical models but 

requires extensive clinical development to establish safety and efficacy. 

Non-viral delivery systems including lipid nanoparticles, although 

successful for mRNA vaccines, face challenges for gene therapy applications 

requiring stable long-term transgene expression. DNA plasmids or minicircles 

delivered via electroporation or hydrodynamic injection demonstrate hepatocyte 

transduction in animal models but with efficiency insufficient for clinical 
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translation. CRISPR-based gene editing approaches offer potential for permanent 

genetic correction but face delivery challenges, off-target editing concerns, and 

early-stage clinical development limiting near-term applicability. 

The technological limitations of current AAV platforms mean gene therapy 

success remains constrained by vector biology, necessitating continued research 

into next-generation delivery systems. However, each novel technology requires 

extensive preclinical development, clinical trial evaluation, and regulatory 

approval, consuming years to decades before potential clinical implementation. 

The field faces a tension between optimizing existing AAV platforms 

incrementally versus investing in potentially transformative but uncertain 

alternative technologies. 

Pediatric gene therapy faces unique challenges balancing potential lifelong 

benefit against developmental uncertainties and limited long-term safety data. 

Children with severe hemophilia experience substantial disease burden from early 

ages, with recurring hemarthroses causing progressive joint damage, intracranial 

hemorrhages threatening life and neurological function, and psychosocial impacts 

from treatment burden and activity restrictions. Gene therapy offering sustained 

bleeding protection from childhood could prevent these complications, maximizing 

benefit over long lifetimes. 

However, the developing liver undergoes substantial growth from 

childhood through adolescence, with hepatocyte proliferation potentially diluting 

episomal AAV vectors more rapidly than in adults with quiescent hepatocytes. 

Limited preclinical data in growing animals demonstrates more rapid transgene 

expression loss compared to mature animals, raising concerns about durability in 
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pediatric populations. Clinical trials have enrolled predominantly adults, providing 

minimal data on pediatric efficacy and safety. 

Theoretical oncogenic risks from AAV integration near proto-oncogenes 

may prove higher in children with decades of potential follow-up and greater 

cumulative cell division events. While adult clinical experience extending 10-15 

years shows no increased cancer incidence, extrapolating these findings to children 

facing 70-80 year life expectancies involves substantial uncertainty. Regulatory 

agencies require 15-year safety surveillance, meaning comprehensive pediatric 

safety data will require decades to accumulate. 

Informed consent challenges arise when considering gene therapy for 

young children unable to provide autonomous assent. Parents must make decisions 

on behalf of children based on incomplete information about long-term risks and 

benefits, creating ethical dilemmas about appropriate decision-making standards. 

Adolescents transitioning to adult care may question decisions made on their 

behalf years earlier if outcomes prove suboptimal. 

Research investigating optimal age for gene therapy administration 

remains limited. Very young children offer longest potential benefit duration but 

greatest uncertainty about developing liver kinetics and long-term safety. 

Adolescents and young adults represent a compromise, having largely completed 

growth while maintaining long life expectancies justifying high upfront costs. 

Current clinical practice concentrates on adults, leaving pediatric applications 

incompletely explored despite representing perhaps the ideal target population if 

concerns about durability and safety can be adequately addressed. 
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Regulatory frameworks for gene therapy evaluation and approval are 

evolving rapidly but face challenges balancing expedited access against rigorous 

safety assessment. The complexity of gene therapy products including vector 

characterization, transgene expression kinetics, and immune response monitoring 

exceeds traditional pharmaceutical evaluation paradigms, necessitating specialized 

expertise and novel regulatory approaches. 

Accelerated approval pathways based on surrogate endpoints such as factor 

levels rather than clinical outcomes have expedited access but create uncertainty 

about real-world effectiveness and long-term safety. Post-marketing surveillance 

requirements mandate 15-year follow-up including periodic imaging, laboratory 

monitoring, and cancer registry linkage, generating enormous data burdens and 

costs while potentially revealing safety signals years after widespread use. 

International regulatory harmonization remains incomplete, with different 

approval standards, trial requirements, and post-marketing obligations across 

jurisdictions creating complexity for manufacturers, increasing development costs, 

and potentially delaying global access. Variations in antibody screening thresholds, 

dosing recommendations, and patient selection criteria across regulatory agencies 

reflect scientific uncertainty but create challenges for standardized global 

implementation. 

Pharmacovigilance systems for detecting rare adverse events face 

challenges given limited patient numbers, long latency periods for potential 

complications like cancer, and difficulties attributing causality for events occurring 

years post-treatment. Spontaneous reporting systems likely underestimate true 
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adverse event rates, while mandatory registry participation faces patient reluctance, 

consent complexities, and resource limitations. 

Research conduct faces regulatory complexity around novel trial designs 

including platform trials evaluating multiple products simultaneously, master 

protocols enabling adaptive approaches, and real-world evidence generation 

supplementing traditional randomized controlled trials. Regulatory acceptance of 

these innovations varies across jurisdictions, potentially constraining 

methodological advancement. 

The regulatory challenge involves balancing societal demands for rapid 

access to promising therapies against obligations to ensure safety and efficacy, a 

tension particularly acute for rare diseases where traditional trial paradigms prove 

challenging and patients face limited alternatives. Contemporary gene therapy 

research occurs within this complex regulatory landscape, requiring navigation of 

evolving requirements while maintaining scientific rigor. 

Patient selection for gene therapy involves complex clinical and ethical 

considerations creating challenges for research and implementation. Current 

eligibility criteria typically require severe or moderately severe disease with 

significant bleeding history, absence of inhibitors, minimal liver disease, negative 

anti-AAV antibodies below defined thresholds, age typically 18-65 years, and 

absence of significant comorbidities including active infections, malignancies, or 

immunosuppression. 

These criteria exclude substantial patient populations who might benefit 

from treatment. Individuals with inhibitor antibodies, representing 20-30% of 

severe hemophilia A patients, face exclusion despite representing perhaps the 
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population with greatest unmet need given limited treatment options and highest 

healthcare costs. Patients with mild to moderate hemophilia experiencing 

problematic bleeding but failing to meet severity thresholds face exclusion despite 

potential benefit. Elderly patients excluded by age criteria may have accumulated 

substantial arthropathy potentially preventable through earlier intervention. 

The restrictive eligibility criteria reflect appropriate caution given limited 

safety data, theoretical concerns about adverse events in vulnerable populations, 

and manufacturers' desires to maximize success rates in pivotal trials. However, 

these restrictions create ethical tensions between protecting individual research 

participants and ensuring equitable access to potentially beneficial therapies. 

Prioritization among eligible candidates when demand exceeds supply 

creates additional ethical challenges. Should priority favor those with most severe 

disease and highest bleeding rates, who face greatest medical need but potentially 

shorter life expectancies reducing cost-effectiveness? Or should younger patients 

with longer potential benefit duration receive priority despite possibly less severe 

current disease burden? Should psychosocial factors including quality of life, 

depression, or treatment adherence challenges influence decisions? These 

allocation questions lack clear ethical frameworks, resulting in ad hoc decision-

making varying across institutions and healthcare systems. 

Informed consent for gene therapy involves uncertainties complicating 

autonomous decision-making. Long-term durability remains unknown, with 

possibility of expression loss requiring return to conventional therapy after years of 

benefit. Late adverse events including cancer remain theoretical but cannot be 

excluded. The inability to re-dose with the same vector means treatment failure 

http://www.uznauka.uz/


 

XII-RESPUBLIKA ILMIY-AMALIY KONFERENSIYA 

YAKUNLARI BO'YICHA ILMIY ISHLAR TO'PLAMI 

Issue - 12(2024)      Available at www.uznauka.uz Y 

 
 

40 
 

precludes future gene therapy options with that product. Patients must balance 

potential transformative benefits against uncertain risks and costs, a calculus 

complicated by hopeful expectations potentially fostering unrealistic optimism. 

Research participation versus clinical treatment creates additional 

complexities. Phase 3 trials required for regulatory approval often randomize 

participants to delayed treatment or continued conventional therapy, creating 

ethical tensions when preliminary evidence suggests probable benefit. Participants 

motivated by altruism to advance scientific knowledge may face delayed personal 

benefit, while those motivated by treatment access may feel coerced by limited 

alternatives. Post-approval registry participation mandated by regulators requires 

years of follow-up potentially burdensome for patients eager to resume normal 

lives after gene therapy. 

Gene therapy research for coagulation disorders in contemporary settings 

faces multifaceted challenges spanning biological limitations of current 

technologies, immunological barriers excluding substantial patient populations, 

manufacturing constraints limiting global availability, economic factors restricting 

access to wealthy populations, and systemic issues including regulatory complexity 

and ethical dilemmas. These problems are deeply interconnected, with solutions to 

individual challenges often creating or exacerbating others. 

Overcoming pre-existing anti-AAV immunity through novel serotypes or 

immunosuppression may increase manufacturing complexity or safety risks. 

Expanding pediatric access maximizes potential benefit duration but increases 

uncertainty about long-term risks. Reducing costs to improve accessibility may 

reduce profit margins limiting commercial investment in continued innovation. 
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Each challenge requires not only technical solutions but consideration of broader 

implications for research sustainability, clinical implementation, and health equity. 

The field stands at a critical juncture. Early-generation gene therapies have 

proven biological feasibility and clinical benefit, establishing gene therapy as 

viable treatment for coagulation disorders. However, current limitations constrain 

implementation to select populations in wealthy countries, leaving the majority of 

affected individuals unserved. Whether gene therapy evolves into broadly 

accessible standard care or remains a boutique therapy for privileged minorities 

depends on successfully addressing the contemporary challenges outlined in this 

analysis. 

Future research priorities must emphasize not only technological 

advancement but also implementation science, health economics, and global health 

equity. Next-generation vectors overcoming immunological barriers, scalable 

manufacturing platforms enabling global production, economic models ensuring 

sustainability while expanding access, and infrastructure development in resource-

limited settings all require urgent attention. The scientific community, industry, 

regulators, payers, and patient advocates must collaborate to navigate these 

challenges toward achieving the transformative potential of gene therapy for all 

individuals with bleeding disorders worldwide. 
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