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Abstract: 

Advanced therapy medicinal products (ATMPs), including cell and gene therapy, have short shelf life, 

and are customized manufacturing processes are increasingly gaining popularity. This presents 

unique difficulty to chemistry, manufacturing, as well as controls (CMC).  Chain-of-identity and 

chain-of-custody need to be preserved, across the lifecycle of the product, and the distinctive 

governance needs of autologous workflows are often not considered by traditional CMC frameworks 

developed to support traditional biologics.  This paper examines how tailor-made program 

governance practices have the potential to enhance the congruence between regulation compliance 

and ATMP operational realities.  Focus is placed on the cooperation of digital supply chain 

management tools, global harmonized standards and flexible regulatory pathways. Chain tracking for 

increased patient safety and product integrity Case studies on regulatory convergence, comparability 

standards, and process optimization also focus on best practices regarding risk management and 

assurance of therapeutic efficacy.  This publication highlights the importance of dynamic CMC 

governance systems to facilitate innovation and maintain patient-centric safety standards by 

proposing governance realignments that take account of real-time decision-making, regulatory 

variability around the globe, and the ethical aspects of engineered tissue and gene therapy 

development.  The findings demonstrate that flexible but robust CMC governance models are 

required to transfer ATMPs out of the bench to the bedside in a manner that is compliant, effective, 

and scalable. 
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I. INTRODUCTION 

The complexity and unique characteristics of the advanced therapy medicinal product (ATMP) (also known 

as cell and gene medicines) have posed hitherto unknown challenges in Chemistry, Manufacturing, and 

Controls (CMC).  Unlike traditional biologics, these treatments are often tailored, have low shelf life and 

require strict governance processes to ensure that the chain-of-identity and chain-of-custody remains intact 

between production and administration to the patient [1] [2]. International regulatory authorities have 

realized these challenges and have emphasized the importance of good governance frameworks to align 

therapeutic innovation to evolving regulatory demands [3] [4].  Since autologous products are very delicate 

and the coordination process of a tailored manufacturing process is complicated, the CMC programs 

governance must be adjusted, particularly when the treatment is delivered at the bedside rather than on the 

bench [5] [6].  Furthermore, international regulatory organizations have emphasized the need for 

standardized approaches to expedite approvals while preserving product quality and patient safety [7] [8].  

The scientific potential of ATMPs as well as the practical challenges of maintaining uniform quality and 

comparability across production sites were brought to light by the approval of innovative CAR-T therapies 

[9].  As a result, accelerated timeline considerations, comparability evaluations, and risk mitigation 

techniques specific to advanced therapies must all be incorporated into efficient program governance [10] 
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[11].  To optimize CMC frameworks that can adjust to the changing technological and ethical landscape of 

cell and gene therapies, scientists, regulators, and manufacturers must collaborate across disciplinary 

boundaries for ATMP development to be successful [12] [13] [15].  Thus, adjusting governance to the 

ATMP requirements are crucial for both regulatory compliance and accomplishing the ultimate objective of 

providing patients in need with safe, efficient, and easily accessible therapies.  [17] [20] [24] [25]. 

 

II.LITERATURE REVIEW 

Gutierrez et al. (2020): Pointed out the intersection of therapeutic research with regulatory guidelines, 

observe how CMC regulatory guidelines need to keep pace with gene and cell therapy development, 

especially for drugs with elaborate handling [1]. 

Rousseau et al. (2018): Paper on the translation challenge of cell and gene therapies in Europe, noting the 

need for regulatory agencies to consider manufacturing scale, short shelf-life and patient specific processes 

[2]. 

Hayakawa et al. (2016): Documented global regulatory systems that emphasized CMC global governance 

issues, chain-of-identity and chain-of-custody harmonization procedures for autologous therapies. 

Cockroft and Wilson (2021): Reviewed comparability studies of ATMPs suggesting governance reform for 

the quality assurance of cell-based products with intrinsic variability [5] 

Drago, M., et al. (2021): Evaluated regulatory innovation in gene therapy globally where adaptive 

governance models are required to address unmet clinical needs without compromising on safety in complex 

manufacturing pathways. 

Geigert (2019): Highlighted that an effective CMC strategy could be achieved if quality by design, process 

monitoring, and model-specific regulation are incorporated into governance models to bridge the 

exceptional variability of advanced therapies [7]. 

Iglesias-Lopez et al. (2021): Cross-compared EU and US streams of regulation and concluded that the 

governance framework must be accommodating to allow several approval paths and maintain consistent 

chain-of-custody for cell and gene therapies [8]. 

Seimetz et al. (2019): Outlined the initial CAR-T therapy approvals, exemplifying the necessity of the 

governance framework being accommodating to handle short shelf-life coordination, customized treatment 

streams, and post-approval surveillance [9]. 

Bachtarzi (2022): Emphasized cell and gene therapy globalization and proposed governance models 

addressing regional disparity with patient-specific chain-of-identity protection safeguarding measures [11].  

Pimpaneau and Voisin (2022): Emphasized innovative medicine research with reference to the fact that 

governance calling for flexibility and real-time choice-making needs to become the top priority for CMC of 

degradative therapies [13]. 

Fernández-Santos et al. (2022): Maximized the production of mesenchymal stromal cells, suggesting 

governance systems that guarantee consistency in therapy under managing variability of patient-derived 

material [15]. 

 

III.KEY OBJECTIVES 

➢ Integrate CMC strategies that correspond with changing therapeutic innovations and regulatory 

considerations to modify governance frameworks to handle the complexities of ATMPs.  [1] [7] [10] 

[12]. 

➢ Develop monitoring systems that address the short shelf life of ATMP products and ensure rapid and 

well-coordinated quality control processes and release activities to maintain therapeutic integrity [5] [9] 

[14] [16]. 

➢ Integrate strong documentation, comparability protocols, and regulatory alignment to fortify 

governance mechanisms for autologous manufacturing flows, which necessitate patient-specific 

production processes [6] [8] [17] [19]. 
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➢ To ensure patient-product traceability and to reduce the risk of mislabeling, contamination, or mix-ups 

throughout the supply chain, implements thorough chain-of-identity and chain-of-custody controls [3] 

[20] [21] [24]. 

➢ By standardizing regulatory requirements across areas, like the US and the EU, and addressing approval 

processes and compliance variances for advanced therapies, cross-jurisdictional governance structures 

can be strengthened [2] [8] [11]. 

➢ To maintain regulatory confidence, especially for CAR-T and gene therapy approvals, support real-time 

digital governance tools that monitor identity, custody, and release schedules [9] [15] [23] [25]. 

➢ To manage the complexity of engineered tissues and innovative bioprinting techniques while promoting 

patient safety and product consistency, program managers should incorporate ethical and quality 

governance principles [18] [22]. 

➢ To expedite access to ATMPs, promote global alignment in regulatory governance models by tackling 

issues with comparability, translation, and manufacturing scale-up tactics.  [4] [11] [13]. 

 

IV.RESEARCH METHODOLOGY 

The difficulties of advanced therapy medicinal products (ATMPs), particularly cell and gene therapies, the 

research methodology for "CMC for ATMPs: Tailoring Program Governance to Cell and Gene Therapy 

Complexity" was created.  A qualitative approach is used to investigate governance adaptations for products 

with short shelf lives, autologous production flows, and chain of identity/chain of custody requirements; 

focusing on regulatory frameworks, industry best practices, and scientific literature.  The paper begins with 

a detailed examination of the regulatory perspectives of regional and international organizations and 

assesses the impact of these organizations on the governance models for the development of ATMPs [1] [3] 

[8] [10] [12].  Case studies of cell and gene therapy products provide insights into challenges associated 

with translating between the bench and the bedside, and the need for robust monitoring systems that ensure 

patient safety and product quality whilst maintaining flexibility of manufacturing timelines [2] [4] [9].  

Because of the short shelf-life and rapid turnaround time for autologous therapies, a governance-based 

framework is applied to batch control measures, release testing and comparability practices [5] [7] [14] [16] 

[20].  To determine what differences in governance structures are likely to impact requirements for chain of 

custody, the methodology compares regulatory approvals from various jurisdictions, such as the US and the 

EU [6] [8] [11].  To understand how manufacturing controls and quality assurance can be integrated with 

governance mechanisms to maintain therapeutic efficacy, process optimization studies have been included 

[15] [17] [19] [21] [24]. In addition, the study incorporates perspectives on how technology developments, 

such as digital technologies and ERP systems, can improve governance, data integrity, and identity tracking 

[10] [14] [21] [23]. Notwithstanding the development of new clinical and societal demands, ethical issues 

are built into the methodology to ensure governance mechanisms remain aligned with these advances, 

particularly in the domains of engineered tissues and 3D bioprinting [18] [22].  In addition, the study is 

multidisciplinary in nature, integrating regulatory sciences, pharmaceutical biotechnology, and healthcare 

administration, to propose a broad governance framework that can be adapted to evolving ATMP 

environments [13] [16] and [25].  The methodology aims to integrate data from technological interventions, 

regulatory case studies and ethical perspectives to provide a governance adaptation model that accounts for 

the inherent complexity of ATMPs, ensuring autologous flows, short shelf-life products and chain-of-

identity/custody requirements are all properly addressed whilst ensuring safe, effective and equitable 

therapeutic delivery. 

 

V.DATA ANALYSIS 

The inherent complexity of cell and gene therapies, in particular their short shelf-life, autologous 

manufacturing flows and stringent chain-of-identity and chain-of-custody requirements, calls for adapted 

approaches to Chemistry, Manufacturing and Controls (CMC) governance of ATMPs.  Recent studies have 

highlighted the convergence of therapeutic innovation and regulatory change as a driver for the need for 
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adaptive governance frameworks that can cope with rapid changes in scientific development while ensuring 

product integrity and patient safety [1].  To address the translational obstacles of divergent raw material 

sources, manufacturing scale limitations and regulatory pathway differences, European perspectives have 

stressed the importance of governance mechanisms that can coordinate scientific development with ensure 

compliance.  Quality assurance in the supply chain for personalized medicine is another area of international 

regulatory discussion, where a lack of common rules could result in clinical outcomes being compromised 

by slight differences in identity tracing [3].  The governance burden of the trade-off between agility and 

stringent oversight is demonstrated by comparability challenges for ATs, particularly for autologous ATs for 

which lot sizes are patient-specific [5].  Advances in regulatory frameworks for gene therapy indicate that 

while frameworks are in transition to meet unmet needs, governance will need to adapt to variations in the 

timing of approvals and post-market monitoring requirements around the globe [6].  Risk-based approaches 

to CMC have been demonstrated to be a useful strategy to meet short shelf-life requirements, with built-in 

redundancy to ensure product availability at the point-of-care [7]. Governance must overcome transatlantic 

regulatory disparities, particularly when it comes to addressing expedited approval routes without 

sacrificing long-term safety, as further evidenced by comparative studies of U.S. and European Union 

pathways [8].  The approval of CAR-T therapies serves as an example of how governance issues in real-

time traceability and cold chain management have not yet been resolved, necessitating sophisticated digital 

infrastructure to enable end-to-end chain-of-identity monitoring [9].  Furthermore, the globalization of gene 

and cell therapies necessitates governance frameworks that can balance conflicting legal, ethical, and 

logistical frameworks to guarantee fair access while upholding scientific integrity [11].  The need for 

governance models that combine therapeutic personalization and process standardization to balance scale-up 

efficiency with individualized treatment demands is finally highlighted by mesenchymal stromal cell 

manufacturing optimization [15].  All of these results point to the need for CMC program governance for 

ATMPs to change moving away from conventional models and toward extremely dynamic, adaptable 

systems that protect identity, preserve custody, and reduce the risks related to autologous flows and short 

shelf lives. 

 

S.N

o 
Case Study Title Therapy Type 

Governance 

Challenge 
Strategy Outcome   Ref 

1 
Rapid-release CAR-

T lot release process 

CAR-T 

(autologous) 

Extremely 

short shelf-

life between 

manufacture 

and infusion 

Implement 

accelerated 

release testing 

+ predefined 

critical quality 

attribute 

(CQA) gates; 

governance-

approved 

emergency 

release SOPs 

Reduced 

infusion 

delays while 

maintaining 

safety 

[9] 

2 

Chain-of-identity 

digital tagging for 

autologous flows 

Autologous cell 

therapy 

Preventing 

patient/ 

product 

mismatch 

across sites 

Electronic 

chain-of-

identity 

(barcodes/RFI

D) tied to 

EHR and 

batch records; 

strict access 

controls 

Eliminated 

identity 

errors; 

auditability 

[1],[10] 
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3 

Decentralized 

manufacturing 

governance pilot 

Cell therapy (MSC) 

Maintaining 

comparabilit

y across 

distributed 

sites 

Standardized 

platform 

processes, 

harmonized 

analytics, 

centralized 

QA oversight 

Faster 

patient 

access with 

consistent 

quality 

[5],[15] 

4 

Cold-chain 

governance for short-

life viral vectors 

Gene therapy 

(AAV) 

Maintaining 

potency 

during 

logistics for 

temperature-

sensitive 

vectors 

Dedicated 

validated 

cold-chain 

partners, real-

time 

temperature 

telemetry, 

rapid 

contingency 

plans 

Preserved 

vector 

potency; 

traceable 

shipments 

[6],[11] 

5 

Autologous 

workflow 

contingency planning 

Autologous cell 

therapy 

Single-

patient 

batches 

vulnerable 

to disruption 

Governance 

required 

alternate 

manufacturing 

slot 

reservations, 

expedited 

transport 

lanes, and 

patient re-

scheduling 

SOPs 

Reduced 

aborted 

treatments 

and 

improved 

continuity 

[1],[20] 

6 

Regulatory pathway 

alignment across 

EU/US sites 

ATMPs 

Different 

regional 

regulatory 

expectations 

delaying 

approvals 

Governance 

committee for 

cross-region 

regulatory 

harmonization 

and 

submission 

playbooks 

Streamlined 

dossier 

preparation 

and fewer 

queries 

[8] 

7 

Comparability plan 

for process change 

during scale-up 

ATMP (allogeneic) 

Demonstrati

ng product 

sameness 

after 

manufacturi

ng changes 

Predefined 

comparability 

protocols, 

bridging 

analytics, risk-

based 

acceptance 

criteria 

Rapid 

acceptance 

of changes 

with 

documented 

comparabilit

y 

[5],[7] 

8 

ERP integration for 

production 

scheduling and 

traceability 

Multiple ATMP 

types 

Fragmented 

IT causing 

data gaps in 

traceability 

Integrate 

manufacturing 

execution 

system (MES) 

End-to-end 

product 

traceability 

and 

[10],[2

1] 
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with ERP; 

role-based 

access policies 

operational 

efficiency 

9 

Quality governance 

for 3D-bioprinted 

tissues 

Engineered tissues / 

bioprinting 

New 

modality 

with limited 

standards 

and ethical 

concerns 

Multi-

disciplinary 

review board, 

staged release 

criteria, 

enhanced 

documentatio

n templates 

Improved 

stakeholder 

confidence 

and 

regulatory 

engagement 

[18],[2

2] 

10 

Patient-centric 

transport governance 

for home infusions 

Autologous 

therapies 

Maintaining 

chain-of-

custody 

when 

delivering to 

home 

settings 

Secure courier 

SOPs, tamper-

evident 

packaging, 

patient 

verification 

steps 

Safe home 

administrati

on with 

verified 

chain-of-

custody 

[1],[11] 

11 

Rapid analytics 

deployment for 

emergency 

compassionate use 

Gene therapy 

Need for 

expedited 

product 

release 

under 

compassiona

te use 

Pre-approved 

rapid test 

panels and 

governance 

decision trees 

for emergency 

release 

Enabled 

compassion

ate 

treatments 

with 

documented 

risk 

management 

[3],[6] 

12 

Manufacturing 

platform 

standardization to 

reduce batch failures 

MSCs / cell 

therapies 

High 

variability 

and failure 

rates 

Platform 

protocols, 

operator 

training 

programs, 

centralized 

deviation 

review board 

Lower 

failure rates 

and 

consistent 

batch 

quality 

[15],[2

0] 

13 

Governance of cold-

chain subcontractor 

qualification 

Viral vector supply 

Reliance on 

third-party 

logistics 

increases 

risk 

Tiered 

qualification, 

continuous 

KPI 

monitoring, 

contractual 

quality clauses 

Improved 

on-time 

delivery and 

reduced 

excursions 

[6],[11] 

14 

Labeling & patient-

ID governance for 

multisite clinical 

campaigns 

Autologous/Allogen

eic 

Label mix-

ups across 

sites in 

multi-center 

trials 

Unified 

labeling 

templates, 

electronic 

label printing 

linked to 

batch record 

Eliminated 

label 

mismatches; 

smoother 

multi-site 

operations 

[1],[8] 
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15 

Chain-of-custody 

audit trail for cryo 

preserved autologous 

products 

Autologous cell 

therapy 

Verifying 

custody 

from 

collection to 

infusion 

Immutable 

electronic 

audit logs + 

periodic 

forensic 

reconciliation 

Complete 

auditability 

for 

inspections 

and recalls 

[1],[9] 

16 

Governance for 

comparability of 

preservation/formulat

ion changes 

Cell therapy 

Changes to 

cryoprotecta

nt or 

formulation 

affecting 

viability 

Controlled 

comparability 

studies, 

stability 

protocols, 

risk-based 

release criteria 

Allowed 

formulation 

improvemen

ts with 

documented 

safety 

[20],[5] 

17 

Adaptive governance 

for regulatory fast-

track approvals 

ATMPs with high 

unmet need 

Aligning 

CMC 

packages 

with 

accelerated 

timelines 

Rolling 

submissions, 

early regulator 

engagement, 

prioritized 

CMC 

milestones 

Faster 

patient 

access while 

meeting 

quality 

expectations 

[6],[8] 

18 

Security & access 

governance for 

sensitive 

manufacturing data 

ATMP 

manufacturers 

Protecting 

IP and 

patient data 

in 

cloud/ERP 

systems 

Role-based 

security, 

segregation of 

duties, 

periodic 

access reviews 

Reduced 

unauthorize

d access and 

improved 

compliance 

posture 

[10],[2

1] 

19 

Governance for 

bridging analytics 

after donor 

variability 

Allogeneic cell 

banks 

Donor-to-

donor 

variability 

impacts 

product 

profile 

Statistical 

pooling plans, 

defined 

acceptance 

ranges, 

stratified 

release criteria 

Controlled 

variability 

and 

defensible 

release 

decisions 

[5],[7] 

20 

End-to-end 

governance for 

commercial CAR-T 

launches 

CAR-T 

(commercial scale) 

Transition 

from clinical 

to 

commercial 

with supply 

complexity 

Cross-

functional 

launch 

governance, 

validated 

supply 

partners, KPI 

dashboards 

Smoother 

launch with 

robust 

supply and 

compliance 

monitoring 

[9],[11] 

 

Case Study 1: The application of rapid-release lot testing to CAR-T treatments solved the urgent governance 

problem of having very short shelf-life in autologous flows. By using speeded-up release testing methods 

and defining predetermined critical quality attributes as part of governance-approved emergency SOPs, 

delays to infusion were reduced. It guaranteed patient safety while keeping the risk of expired products to a 

very low level during clinical deployment [9]. 

Case Study 2: To avoid patient–product mismatches in autologous treatments, a chain-of-identity electronic 

tagging system was implemented. Governance models required electronic barcoding and RFID tracing 
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linked with electronic health records and batch systems. The strong strategy provided secure identification, 

avoided the risk of mislabeling, and offered complete auditability for regulators as well as clinical staffs [1] 

[10].  

Case Study 3: To the challenge of analyzing comparability across distributed sites for mesenchymal stromal 

cell production, governance committees managed standardized platform protocols and harmonized analysis. 

Through analyzing centralized QA control in combination with standardized protocols, the program proved 

that distributed manufacturing could ensure quality consistency while speeding patient access [5] [15].  

Case Study 4: Gene therapy with viral vectors like AAV is subject to acute governance risk through cold-

chain sensitivity. To prevent potency loss, the governance models needed validated cold-chain partners, 

real-time temperature monitoring, and emergency contingency channels. These measures ensured 

therapeutic activity and compliance with jurisdictions maintained [6] [11]. 

Case Study 5: Governance of autologous workflows involved contingency planning for batch interruption, 

considering the one-patient nature of manufacture. Oversight boards authorized alternative slot booking, 

expedited coordination, and re-scheduling procedures. This risk management system minimized treatment 

cancellation and maintained continuity of care in the face of production disruptions [1] [20]. 

Case Study 6: ATMP developers faced difficulties in coordinating EU and US regulatory routes, causing 

postponements of approvals. A cross-regional governance committee was established to harmonize dossier 

preparation by submission playbooks and regulatory interaction. This adjustment facilitated faster approvals 

and minimized the incidence of regulatory questions [8]. 

Case Study 7: Scale-up production required comparability processes to ensure similarity of product after 

process changes. Governance systems needed to link studies, pre-defined acceptance ranges and risk-based 

decision criteria. This change allowed for faster implementation of manufacturing changes without 

compromising compliance to the regulatory authority [5] [7].  

Case Study 8: ATMP production - integrated ERP with manufacturing execution systems (MES) to resolve 

fragmented data traceability Role-based access controls, and seamless integration with scheduling and 

tracing throughout the entire chain-of-custody provided enhanced control [10] [21]. 

Case Study 9: For 3D bio printed tissues, adaptation of governance entailed addressing the absence of 

predetermined regulatory standards and ethical issues. Multidisciplinary review boards governed phased 

release protocols and enhanced documentation requirements. This model enhanced regulator and 

stakeholder trust in an emerging therapeutic space [18] [22]. 

Case Study 10: Distribution of autologous therapies to patient homes needed robust governance to ensure 

chain-of-custody. Tamper-evident packaging, secure courier SOPs, and patient verification procedures were 

sanctioned under governance frameworks. Such practices ensured safe administration outside clinical 

settings along with compliance [1] [11]. 

Case Study 11: Compassionate-use gene therapies required expedited release without compromising safety. 

Governance committees pre-approved rapid testing panels and established decision trees for emergency 

product release. This governance structure enabled urgent patient access while documenting risk–benefit 

trade-offs [3] [6]. 

Case Study 12: Cell therapy manufacturing variability was minimized through standardization of platform 

protocols under governance. Operator training was required by governance committees, and deviation 

review was centralized. This reduced batch failure rates and improved reproducibility of therapy 

manufacture [15] [20].  

Case Study 13: Governance structures were applied to qualification and oversight of third-party 

coordination subcontractors handling cold-chain shipments of the sensitive viral vector therapies. Tiered 

qualification standards, KPI-driven monitoring, and contractual quality terms ensured dependable delivery 

of sensitive viral vector therapies [6] [11]. 

Case Study 14: Case Study 14 was exposed to governance risks because of a mismatch of labels in the 

multisite ATMP clinical trials. There was the imposition of governance committees, batch-based electronic 
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label printing, and coordination between different locations. These restricted opportunities of mislabeling 

and continuation of trials [1][8]. 

Case Study 15: Autologous products that were cryopreserved required unbroken chain-of-custody audit 

trail. Governance policies produced unrestrainable electronic audit logs and frequent reconciliations. The 

methodology offered a regulatory audit system that was auditing and improved patient safety assurances [1] 

[9]. 

Case Study 16: Governance frameworks conducted comparability studies and stability testing to enable 

formulation changes required to do cryopreservation. Integrity in the treatments was ensured whilst product 

optimization and innovation, based on risk-based release criteria, was enabled [20] [5]. 

Case Study 17: Regulatory approaches to fast-track approval pathways included rolling submissions, early 

contact with regulators, and top priority CMC milestones. These accommodations aligned with accelerated 

schedules to allow patients to get new treatments earlier and safely and quality [6][8]. 

Case Study 18: ATMP manufacturers adopted strict data protection governance to protect sensitive 

manufacturing and patient data. Role-based Access, Segregation of Duty and Periodical Access Audit 

reduced breach of data and enhanced compliance with regulation [10] [21]. 

Case Study 19: Allogeneic cell banks could only be governed by statistical pooling and stratified release, 

which required donor-to-donor variability. Acceptance ranges and pooling plans were set by governance 

boards that provided uniformity between extremely volatile donor sources [5] [7].  

Case Study 20: Commercial CAR-T products needed governance to bring functions and stakeholders into 

alignment. Governance boards developed approved supply partners, KPI dashboards and launch-readiness 

frameworks. This offered to introduce more efficient market with good compliance and guarantee product 

availability [9] [11]. 

 

Fig 1: Workflow of Advanced therapy medicinal product (ATMP) [2] 
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Fig 2: Challenges of Translational Medicine [4] 

 

VI.CONCLUSION 

The Program Management for Gene and Cell Therapy A forward-thinking governance model that is flexible 

enough to handle the operational, scientific, and regulatory difficulties of advanced therapies is necessary 

due to complexity.  Because cell and gene therapies are highly customized, particularly when autologous 

patient-specific products are involved, governance frameworks that guarantee strict control of chain-of-

identity and chain-of-custody at every stage of development and delivery are required.  The short shelf-life 

of most of these therapies requires real-time monitoring, digital traceability, and risk-based decision-making 

to be incorporated into manufacturing and coordination systems to maintain product integrity and patient 

safety.  Practices in foreign countries show how the to accelerate patient access without compromising 

safety or effectiveness, standardized regulatory channels, and collaborative strategies to comparability, 

validation, and quality control are still required.  To swiftly adjust to changing therapeutic modalities, future 

governance must also embrace advancements in supply chain technologies, bioinformatics, and 

manufacturing platforms.  Stakeholders can better manage variability, reduce risks, and improve global 

scalability by matching governance adaptations with the intrinsic complexity of ATMPs.  
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